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refineries, kraft pulp mills and steel mills.

Registration
Certified Industrial Hygienist, ABIH
Fields of Competence

Overall direction and management of projects;
extensive experience in air quality testing and studies;

industrial hygiene investigations and air quality

studies; professional services associated with
management of hazardous waste and asbestos;
expert witness for environmental matters; research
projects associated with chromatographic analysis
and reduced sulfur analysis.

Experience Summary

Broadly based experience as a consultant and’

researcher.  Extensive training in environmental

regulations in all media; compliance management -

project experience in pulp and paper, chemicals and
petrochemicals,. oil and gas production, food and

electronics manufacturing. Dr. Ferguson has directed -

more than 800 source emission tests for
hydrocarbons and sulfur species from petroleum

over 250 routine emission tests at refineries, foundries,

pharmaceutical plants, magnetic tape coating plants -

and high density urban areas. Directed over 400 tests

utilizing EPA Reference Methods of Particulate, NOx,

SOz2, and other routine compounds.
Credenﬁals

B. S., Chemistry/Mathematics —‘-Athens.CoIIege
(1968)

(1974)
American Chemical Society

Air Pollution Control Association

Directed

S., Physical Chemlstry - Vanderbllt Unlversrty_
: (1973) .
Ph.D., Physical Chemistry — Vanderbllt University

B-ruc‘e B. Ferguson, CIH

Employment History

1983-Present WESTON

1977-1983 Harmon Engineering and Testing
1974-1977 PBR Electronics

1972-1973 College Grove Smelter

Key Projects

Project Manager for site assessments and surveys for
the Navy Assessment and Control of installation
Pollutants (NACIP) program. Projects were conduct-
ed in South Carolina, Tennessee and Texas. The
multi-faceted programs encompassed a variety of
waste disposal practices and waste site locations at
various Naval Installations.

Served as Project Manager for a $517,000 three year
NASA contract at Marshall Space Flight Center in
Alabama. He directed the efforts of seven full time
people to monitor contamination .of controlled
environments, compressed gases, fuel, life suppon
gases, source emissions, wastewater, plating solutions
and rocket booster propellants. As Senior Scientist
on the project, he developed a technique to trap and
.analyze hydrocarbons from contaminated areas in the
sub ppb range.

Project Director for asbestos survey and abatement
‘project for the deveiopment of methods/technology
for containment and/or remedial action at Wright-
Patterson Air Force Base. Such methods involve
testing, identification and recording of potential
hazards, documentatnon and program implementa-
tion.

Principal-in-Charge for a full-scale asbestos survey of
10 U. S. Army installations-covering 2.2 million sq. ft.
in the Republic of Korea. Major work tasks included
the characterization of various hazards and
prioritization of recommendations for the development
of treatment methods.

Professional Profile
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Served as Principal Investigator for a U. S. Army
Project to develop a transportable gas
chromatograph-mass spectrometer. The instrument
was used to monitor emissions from solid "rocket
firings.

Served as Principal Scientist for two EPA contracts in
Research Triangle Park, North Carolina. He directed
laboratory and field evaluations of EPA Reference
Methods 15 and 16. Other tasks under these
contracts involved long-term evaluation of process
rate monitors; review and editing of QA procedures for

EPA Reference Methods 13A and 13B; long-term’

laboratory and field evaluation of CO and H2S CEM's
and report review.

Principal Investigator for a multi-year EPA contract for
development of source tests methodology for reduced
sulfur compounds at kraft pulp mills and petroleum
refineries.  Tasks assigned involved evaluating
methodology, developing new methodology and field
validating the new procedures. As a result of the
contract, new methodology was presented in the
Federal Register.

Served as Project Director for a project requiring
claims documentation testing on an indoor air quality

. cleaning device. Testing was performed on the device

in a closed chamber to demonstrate the reduction and
removal deficiency for such compounds as light
weight hydrocarbons, formaldehyde, sulfur dioxide,

- hydrogen sulfide and other common pollutants. the '

project resulted in information submitted to the
Federal Trade Commission to document the
manufacturer’s claim. '

Served as Project Director for developing VOC
emission inventories and for defining Reasonably

" Available Control Technology (RACT) for VOC

emissions; developed permit documentation for VOC
incinerators and conducted equipment evaluation and

- cost studies for projects. These projects have been

performed for such clients as -Upjohn Chemical,
Republic Steel, Richmond Gravure, Southern Wood

Piedmont and International Paper Company.

Prepared RCRA-required ground water sampling,

monitoring and compliance plans for companies such.

as Prestolite, Wolverine, Courtaulds, Fruehauf and TR
Miller Company in Alabama; Merck Pharmaceuticals,
International Paper Company and Mount Pine Wood
Treating in Texas, Missounr, Virginia, . Georgia,
Mississippi, Louisiana and Arkansas.

Directed efforts of a commercial laboratory to obtain
accreditation for all parameters by the American
Industrial Hygiene Association. Directed the firm’s

participation in the NIOSH proficiency analytical

" testing programs and the EPA Round Robin test

programs, and subsequent accreditation under the
National Institute of Standards and Technology's
(NIST) National Voluntary Laboratory Accreditation
Program (NVLAP).

Publications

Elam, D. E. and B. B. Ferguson. ('1985) "Quality
Assurance Aspects of Total Reduced Sulfur

~ Continuous Emission Monitoring Systems.”

Continuous Emission Monitor Specialty Conference
of the Air Pollution Control Association. Baltimore,
MD.

Ferguson, B. B. (1985) “TRS Continuous Emission
Monitoring in the Pulp and Paper Industry - One Year
Later." Engineering Foundation Conference on
Source Testing, Santa Barbara, CA.

Margeson, J. H., J. E. Knoll, M. R. Midgett, B. B.
Ferguson and P. J. Schworer. (1985) "A Manual
Method for Measurement of Reduced Sulfur -
Compounds." J. of the Air Pollution Control
Association, 35(12), 1280.

Elam, D. E. and B. B. Ferguson. (1983) "Quality
Assurance Requirements of Total Reduced Sulfur
Emission Testing.” Specialty Conference on
Measurement and Monitoring of Non-Criteria (Toxic)
Contaminants in Air. Air Pollution Control Association,
Chicago, IL

Fergusori,’-B.' B."(1982) "Role of Aﬁalyiical Laboratory
in'Hazardous Waste Management." . The Second Ohio
Environmental Engineering Conference.

Reece, J. W., A. R. Barbin, J. D. Sterrett and B. B.
Ferguson. (1981) "Cyclonic Flow in a Ventrui.® The
2nd Symposium on Flow: Its Measurement and
Control in Science and Industry. St. Louis, MO.
Sponsored.by ASME and-ISA.

H:ABIOS\6085
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. Fields of Competence

Operations of Gas Chromatograph (GC) and
associated equipment for source emission evaluation;
performance specifications (PS) 1-5 on continuous

‘emission monitoring systems (CEMS); coordination

and performance of source sampling according to
EPA and NIOSH methodology; data quality assurance;
data reduction; report preparation; working knowledge
of various IBM compatible software and of statistical
analysis system (SAS) programming. .

Experience Summary

Experienced in EPA Reference Methods 1-7, 10, 15,
16, 18, 25, 25A, and PS 1-5. Prepared quotations,
coordinated and conducted projects associated with
total reduced sulfur (TRS) emission testing.
Coordinated and conducted projects involving on-site
analysis of organic compounds by GC. Repair and
modification of instruments in the field. Compiled
emission, compliance, and PS test reports.

-Credentials

B.S., Vocational Agriculture — Aubum University (1982)
M.S., Animal Science — Aubum University (1986)
Phi Kappa Phi

Kappa Delta Pi

Gamma Sigma Delta

Alpha Tau Alpha

Employment History

1987-Present WESTON

1986-1987 Royal Sausage Company
1984-1986 . Auburn University
1982-1983

Hinton Beef and Provision
Key Projects .

Coordinated and conducted mill-wide. inventory of
TRS emissions in kraft pulping operations in Florida,

Lee A. Cecchi |

" Kentucky and South Carolina. Data utilized for odor -
- reduction and modeling.

Coordinated and served as test team leader of an
emission inventory study of units associated with
carbon black manufacturing facilities in Arkansas,
Louisiana, and West Virginia. Test parameters
included: 802, NOx, O2, CO2, CO, methane,
acetylene and TRS. '

Coordinated and served as test team leader for on-
site isopropanol emission and scrubber efficiency
testing using EPA Method 18 at a gunpowder
manutacturing facility.

Served as test team leader in acetone and
isopropano! condenser efficiency testing using EPA
Method 18 at a copper rod facility.

Successfully solved another test team’s technical
problems involving EPA Methods 25 and 25A at a
circuit board manufacturing facility.

Coordinated and served as test team leader for
conducting fiber removal efficiency tests on digester
blow gas cyclones. :

Coordinated and solely conducted PS test in Idaho.
Test parameters included EPA reference methodology
to fulfill requirements of PS 1-5. ‘

Served as test team leader in TRS testing in order to

locate sulfidity loss problems at -a facility in New

Hampshire. Successfully located the primary source
of sulfur loss.

Successfully modified existing equipment for EPA
Method 25A analysis. Succesfully modified existing

. equipment for carbon disulfide in toluene analysis.

Significantly reduced carbon disulfide analysis time.

Coordinated and served as test team leader for
conducting TRS compliance and PS tests on recovery
boilers, smelt dissolving tank vents, tall oil reactors,

Professional Profile
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and Iirhe. kilns for numerous clients. in Alabama;
Arkansas, Florida, Georgia, Kentucky, Louisiana,
Maine, Mississippl, South Carolina and Texas.

Significantly decreased data reduction time by
designing and implementing electronic spreadsheets
for velocity, particulate, NOx, SO2 and TRS
calculations.. '

Publications

Cecchl, L A, D. L Huffman, W. R. Egbert and W. R.
Jones (1987). "Chemical and Physical Characteristics
of Beef Chuck Muscles.” (in Review).

Cecchi, L A, D. L. Huffman, P. M. Brown, W. R.
Egbert and W. R. Jones, (1986). “Chemical and
Physical Analyses for Characterization of Beef Chuck
Muscles." Proc Recip Meat Conference. (In Press).

Cecchi, LA, D. L Huffman and J. C. Cortray (1985).
"Processing of Hams After Various Conditioning
Times.” J. of Animal Science. 61:19 (Abstric.)

Cecchi, L. A, D. L. Huffman and J. C. Cortray (1985).
*Hot Processing of Hams Proves Successful.”
‘Highlights of Agricultural Research. 32(4):13.
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Fields of Competence

Project management; supervision and performance of
air quality testing; preparation of emission inventories;
financial analysis; engineering evaluation of emission
control equipment.

Expérience Summary

Mr. Steele - has diverse experience in chemical
engineering and process design in both the
manufacturing sector and in environmental pollution
control. He specializes in standard reference method
testing, emission inventories, odor abatement studies,
permit assistance, proposal preparation and
engneering evaluations for a vanety of industrial and
government chents

Credentials

B. S., Chemical Engineering —~ Pennsylvania State
Umversrty (1981)

M. B. A, Operations Research and Production
' Managemem University of Pittsburgh (1982)

Source Evaluation Society

‘Employment History

1986-Present WESTON

1983-1986° Martin Marietta’ Energy Systems, .
. Inc. :
1982-1983

Union Carbide Corporation

- Key Projects

Project Manager on an incinerator evaluation study for
a circuit board manutfacturer. Specific responsibilities
included evaluation of the incinerator,
recommendations for remedial action, supervision of

the field testing effort and report preparation. Served .

Michael E. Steele

as chent s representative at meetings with the state
regulatory agency.

Project Manager for a reasonably available control
technology (RACT) evaluation for volatile organic
compound (VOC) emissions from an offset printing
facility. Specific responsibilities included determining
the current status of production and emissions,
determining VOC collection strategies and control
options. Various methods of reducing the VOC from
the air were considered in light of maintaining product
quality and the economics of the control.

Project Manager for a mill-wide inventory at a large
southern pulp and paper mill. Specific responsibilities

included the coordination and supervision of the |

testing effort which encompassed 19 sources and 9
parameters. In addition, performance specification

- testing on four total reduced sulfur (TRS) and two

sulfur dioxide (SO2) continuous emission monitoring
systems (CEMS) were also required. Preparation,
field testing and report submittal were completed to
the client’s approval within the required 30 days.

Publications

Steele, M. E. and O. Fick, (1988) "Reasonably
Available Control Technology for VOC Control from a

Lithographic Printing Facility.” Presented at the TAPPI
‘Environmental Conference, Charleston, SC.

H:ABIOS\6010
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PRELIMINARY VELOCITY DATA™

camr G o

//¢C—/~ O\Q—

ATC PROJECT NO.. © Y/&/-25

SOURCE Zae p 7o 22 L

DATE /— 23 -Jo©

DUCT DATA
Dist fram far wall

to outside of port __2____ in.

_Equivalent diameter
2 x depth x wicdth

Dist fram ports to
nearest disturbance

Nipple length ___%_ in. depth + width Sroy down-
Depth of cduct _Jg  in. 2 ) ( ) streaa:n sm%m
Width of duct (rec) in, ( i : £t /o P
Area of duct > ¥  ft dia 9@ 26
LOCATION OF TRAVERSE POINTS MEASUREMENTS
Distance wpstream of disturbance Distance T Distance
. 1.0 1.5 2.0 1.0 1.5 2.0 [raverse s of frau {nside | from outside
§ - : . . - - Point | Diameter wall of port
h-& 24 duct § 24 duct
>24% <24"
gy 2 2 1 99 | L7 | 597
c§ 16 16
55 12 12 2 /96 |5 & S5
2 CasE I 5873 3 274 ] 2 (9 2
O Distance exn fram disturbance
- ‘ 4 70.9Y| z2¢ 7 798
CIRCULAR DUCTS
5 gs.v | 22.8 75 5
Traverse . .
point {Percent of stack diameter from 6 - Js56 | 262 - £3.7
pumbes (o ide wall to traverse point) -
an a , 7
Gismeter 2 4 (6/ 8 10 12
1 14.6 6.7 4.4 3.2 2.6 2.1 8
2 85.4 25.0 14.6 10.5 8.2 6.7
3 75.0 29.6 19.4 14.6 11.8 o
4 93.3 70.4 32.3 22.6 17.7
5 85.4 67.7 34.2 25.0 10
6 95.6 80.6 6€5.8 35.6
7 89.5 77.4 64.4 11
8 96.8 85.4 75.0
9 . 91.8 82.3 . 12
10 97.4 88.2 . :
T 3.3 SKETCH. OF .DUCT e
f . - Gl
RECTANGULAR DUCTS ' . /V7’
2 3 .4 S5 6 1T &8 s 10 1 12 ‘
T30 6.7 125 166 5.3 7.7 63 3% 5.0 135 {2 , : . "
2 75.0 50.0 7.5 0.0 25.0 2.4 18.8 16.7 15.0 13.6 12.5 |
Vs
1 83.3 62.5 50.0 41.7 35.7 31.3 27.8 25.0 22.7 20.8 y |50
4, © §7.5 70.0 58.3 50.0 43.8 38.9 35.0 31.8 29.2 / _
5 9.0 75.0 64.3 56.3 50.0 45.0 40.9 37.5° ‘ :
6 91.7 78.6 6B.8 '61.1 55.0 S50.0 45.8 / _—
71 : . 92.9 81.3 72.2 65.0 59.1 54.2
8 93.8 83.3 75.0 68.2 62.5
9 ! _ 94.4 85.0 T77.3 70.8 /
10 95.0 B86.4 79.2 :
n 95.5 87.5 -
12 95.8 \
Page of

TER-42-1/55




PARTICULATE

CALCULATIONS

Client: Georgia Pacific

Ueston Project No: 0414-09-01

Source: NCG Incinerator

Date: 1/25/90

8.715

INPUT DATA Run 1 Run 2 Run 3 Mean
Sampling Time, min (Theta) 60 60 60 60
Stack Area, ft2 (As) 7.88 7.88 7.88 7.88
Barometric Pressure, in Hg (Pb) 29.77 29.77 29.77 29.77
Stack Pressure, in Hg (Ps) 29.98 29.98 29.98 29.98
Pitot Tube Coefficient (Cp) .84 .84 .84 .84
Meter Correction Factor ) 1.013 1.013 1.013 1.013
Nozzle Diameter, in (on) 247 247 247 247
Meter Volume, ft*3 (vm) 56.483 57.900 56.375 56.919
Meter Temperature, f (Tm) 84 89 95 89
Meter Orifice Pressure, in H20 (Delta H) 2.908  2.951  2.964  2.941
Volume H20 Collécted, mi (Vie) 82.1 81.8 93.4 85.8
€02 Concentration, X (C02) 1.0 1.0 1.0 1.0
02 Concentration, X (02) 18.7 18.8 18.5 18.7
Average Sq Rt Velo Head, in H20"1/2 (Delta P"1/2)ave 1.152 1.149 1.145 1.149
Stack Temperature, F (Ts) 466 496 529 497
Particulate Collected, g (Mn) .0840 1737 .0586 . 1054
CALCULATED DATA
Standard Meter Volume, ft3 (vmstd) 55.665 56.487 54.448 55.533
Standard Water Volume, ft3 (Vustd) 3.864 3.850 4.396  4.037
Moisture Fraction (BWS) . 065 064 075 .068
‘Mol Wt of Stack Gas (Ms) - 28.2 28.2 28.1 28.2
Average Stack Ges Velocity, ft/sec (Vs) 86.6 87.7 89.1 87.8
Stack Gas Flow @ Stack Cond, ft“3/min (Qa) 4.09E+4 4.15E+4 4.21E+4 4_15E+4
Stack Gas Flow @ Std Cond, ft“3/min (Qs) . 2.19E+4 2.15E+4 2.09E+4 2.14E+4
Isokinetic Sampling Rate, % (X1) 10 104 103 103
Particulate Conc @ Std Cond, gr/ft*3 (Cs) .023 047 .017 .029
Particulate Emission Rate, lb/hr (PMR) 4.353 2.963 5.343



> ]
3 . .
 % PARTICULATE FI1ELD DATA

Client: Georgie Pacific
Weston Project No: 0414-09-01
Source: NCG Incinerator
Date: 1/25/90

Run#: 1
— PORT - DGM DELTA P DELTA P DELTA H PROBE  AVG DGM STACK IMP HOT BOX  SAMPLE
i POINT READING =~ in.’  SOUARE IN.  TEMP TEMP TENP  OUT  TEMP TRAIN VAC
= : NO. Vm(ft"1/3) 20 ROOT K20 (F) (F) (F) _ (F) (F) _ (in HQ)
' 1”1 513.990  1.50 1.22 3.22 239 75 450 63 249 5.0
3 2 519.500 1.40 . 1.18 3.00 250 s 456 54 255 5.0
1 3 524.500  1.50 1.22 3.30 241 81 478 &1 252 5.0
4 530.200  1.20 1.10 2.66 246 a3 485 64 252 5.0
" 5 533,600 1.30 - 1.1 2.86 247 84 468 64 252 5.0
i 6 538.600 .99 .99 2.18 2k 84 46h - 68 253 5.0
=3 2/1 541.800  1.20 1.10 2.66 235 82 456 66 243 5.0
Co2 547.800  1.50 1.22 - 3.30 234 86 485 56 251 5.0
3 551.810  1.50 1.22 3.30 234 87 470 58 252 5.0
4 556.600  1.50 1.22 3.30 241 88 477 61 26 5.0
5 562.400  1.30 1.1 2.86 240 88 455 60 248 5.0
6 566.100  1.10 .05 - 2.30 234 87 470 61 267 5.0
570.473
TF DGM READING Vm: 56.483
o AVG DELTA P: 1.33
AVG DELTA H: 2.9
- ‘AVG SQT DELTA P: 1.15
P AVG DGM TEMP: 84

AVG STACK TEMP: 466 T
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Client: Georgis Pacific
Weston Project No: 0414-09-01
Source: NCG Incinerator
Date: 1/25/90

Run#: 2

PORT DGM DELTA P DELTA P DELTA B PROBE AVG DGM STACK IMP  HOT BOX SAMPLE

POINT READING in.  SQUARE IN.  TEWP TEMP TEMP  OUT  TEMP TRAIN VAC

NO. Vm(ft"/3) W20 ROOT H20 (F) (F) (Fy  (F) (F) _ (in HQ)

171 570.855  1.50 1,22 3.30 . 24 -82 478 47 235 5.0

2 575.900  1.50 1.22 3.30 250 8s 488 46 239 5.0

3 581.400  1.40 1.18  3.10 250 88 502 54 264 5.0

4 587.510  1.30 1.4 2.92 250 89 493 56 246 5.0

s 590.200  1.30 1.14 2.92 250 88 496 55 245 5.0

6  595.850  1.10 1.05 2.50 245 91 489 56 245 5.0

2/ 600,000  1.30 1.14 2.92 240 88 494 57 233 5.0

2 605.300 1.50 1.22 3.30 247 9 496 56 243 5.0

3 609.900  1.50 1.22 3.30 248 90 510 57 264 5.0

4 615.160  1.10 1.05 2.50 249 93 86 62 244 5.0

5 619.700  1.40 118 3.10 248 93 533 62 245 5.0

6  625.700 1.00 1.00 2.25 25 o3 486 62 262 5.0

628.755 .

DGM READING Vm: 57.900
AVG DELTA P: 1.33
AVG DELTA H: 2:95
AVG SQT DELTA P: 1.15
AVG DGM TEMP: 89

AVG STACK TEWP: 496
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j PARTICULATE FIELD DATA
i ,
Client: Georgis Pacific
5 Weston Project No: 0414-09-01 ‘
,% Source: NCG Incinerator
Date: 1/25/90
] Run¥#: 3
4
o
_ PORT DGM DELTA P DELTA P DELTA H PROBE  AVG DGM STACK  IMP HOT BOX  SAMPLE
i POINT READING in.  SQUARE IN.  TEMP  TEMP TEMP  OUT  TEMP TRAIN VAC
: NO._ Vm(ft?1/3) W0 _ ROOT H20  (F) (F) (F) (F) (F) (in Hg)
171 629.100  1.40 1.18 3.15 190 87 500 58 230 3.5
7 2 634.050  1.50 1.22 3.38 219 92 520 53 27 4.0
a 3 639.020 1.4 1.18 3.15 237 94 535 59 261 4.5
' 4 643.850  1.30 1.14 2.93 250 95 525 - 61 261 4.5
—— 5 649.270  1.20 1.10 2.70 247 96 518 61 260 4.0
i 6 653.240  1.20 1.10 2.70 250 95 500 61 260 4.0
- 2/1 657.675  1.40 1.18 3.15 250 93 515 66 252 4.5
2 652.450  1.50 1.22 3.38 224 96 515 .64 259 4.5
"4 3 668.490  1.20 1.10 - 2.70 234 97 545 64 261 4.0
o 4 672.650  1.00 1.00 2.25 228 97 565 65 257 3.5
5 676.348 1.50 1.22 3.38 232 98 553 67 259 5.0
3 681.000 1.20 1.10 .70 225 98 . 555 70 259 4.0
685.475
i OGM READTNG ‘Vm: 56.375
N AVG DELTA P: 1.32
: AVG DELTA H: 2.96
o _ AVG SQT DELTA P: 1.15.
? AVG DGM TEMP: - %5

2 AVG STACK TEMP: 529

309
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i Dare Press. (n ity 22 9% Pitci Factor O.5%
' Siack Press. tin Hg) 24 K Nozzle 1D # O. 247
: Stack Terp I.)BN"B CF_S oo Noz Dia Pretest in 0. Z.}f?
g Assumed Mois () .5 % Noz Dn Posttest (im o - AZ X7
l Pretest Leak Clizck _ <2, O /D/(:\LL‘OL Dia (i) o-247
g Fostiest Leak Citeck _ & 1o @ /27 Fier TypeMumber _20D }f /-
‘ Final Gus Meter Reading. 935’-“#7( Silica gel# _3 | *
Initiad Gas Meter Reading_ 6 & 8/0€ A Comdensae (il r3. ‘)[ A
A Meter Reading Se-31 'y '
Cirsat: Method of Collection T\,\ AFLE)YQ_,L J %ﬁ-q\ . :
| PUNT | KUN2 RUN 3 AVG— |
- i
e S /. o /.o /o |
i
%02 . _ ’
/8.5 v | /8.5 /8 € |
% CO |
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SAMPLE RECOVERY AND INTEGRITY
PROJECT NUMBER /¥/5 -0 [

é(/?g /\1/ //K.I/C’

CLIENT
SOURCE Trrcl sz i 'n
SAMPLEDATE _ /=2 §- 22 _ SAMPLE PERSONNEL IS n
RECOVERY DATE RECOVERY PERSONNEL }5: A . ’
. . !
MOISTURE DATA
RUN# _7- RUN # RUN# _S
Final Volume in Impingers (mL) s 2 &7 .28
Initial Votume in Impingers (mL) Zeoe2 2  Ferd
Net Volume Increase (mL) ‘ (5 <7 19
Silica Gel Number g z 3
Final Silica Gel Wt (g) 23¢. b 244.3 23g2.7
Initial Silica Gel Wt (g) 2/ 5 234,53 223.3
AWt (g) /7.1 /4.5 ZX
Total Moisture (mL) 22,/ b, 3 i’z. ';f
IMPINGER NUMBER_
T z 3
* Final Wt /3€ 125~ f
| Run# L initiarwe [ /o> f ‘2 n
AWL 35 z 5 f
_ Final Wt /S5 // 0 < )
Run# 2 Initial Wt s f© )
AW IS5 /o - z
Final Wi [0 (s 2 /
Run# _ D Initial W1 A% ‘oo ¢ '
AWt [eo ‘5 >
SAMPLE RECOVERY
RUN# __ RUN# _ — RUN# __C
Filter Number  Joo 507 Joo s/ Joo />
Filter Cont. No/Wash Cont. No. / - S
Filter Container Sealed (Y/N) V kY v
Probe Wash Level Mark? (Y/N) o ,y \/
Solvent Blank Cont. No. -

NOTES:

Page of
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I nter-Ofﬁce Memorandum

Auburn Opemﬂons'

TO: Mike Steele
FROM: Bruce Fergusor@ ' DATE: 07 February 1990
PROJECT: G. P. Palatka : W.0. NO.. 0414-09-01
: : 0033-70-03-0010
" SUBJECT: Results .for Samples Submitted to Lab on 26 January 1990

_ ACTION:

RESULTS AND DISCUSSION

Attached are the results for samples submitted to the laboratory on 26 January '

1990 for particulate analysis. The following table summarizes the results.

Net Particulate Wt.

Sample ID {grams)

Run 1 ) - 0.0840 -
Run 2 ' 0.1737

Run 3 0.0586 -
Blank Wash 0.0012

Blank Filter ’ 0.0004

Final filter weight for the samples was obtained by taking the average of nine
weights. This was due to the inconsistency of the weights possibly caused by
salts on the filters. ‘ )

ANALYTICAL METHODOLOGY

The anaiysis was performed following EPA Method 5. Acetone was used to rinse
the sample bottles. ’

QUALITY ASSURANCE AND QUALITY CONTROL

All glassware was thoroughly cleaned before use. The blank wash and blank
filter were analyzed at the same time and under the same conditions as the
samples. The. analytical balance used was calibrated prior to use and an NBS
Class S 100 gram weight was weighed and recorded after every tenth weighing.
Tongs were used while handling the beakers. -

sr
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Laboratory Personnel Taking Custody

4

- @ - e
- METHOD &
i LABORATORY DATA
| cuent G P_Padatta ' westonw.o. ¢ _ O [4 - 019 -0
Condition of Sample on Amrival? GeoopD Good CooD GCosp
Liquid Levels Marked? (Y/N) vy N y Y
Filter Container Sealed? (Y/N) -y Y _ Y v
WESTON Laboratory Number C D 447 CD ’*/"/f ‘ CDL/’*/Q C D 47[50

D

Date Received in Laboratory
I

&MMLML_M@L
" dawuary, (990 |

(F) = Addition of Fitter to Avg. Final Wt. (L)

)7

| Page

All Weights are Recorded jn Gragns: :
Analyst/Date &ﬁb\% CZ&% / o02: 70 _ Labo
of / o

ratory Supervisor/Date

SAMPLE
IDENTIFICATION | :xm :xg: -_‘::‘::“""“ _‘::v‘j’.;‘“‘”"‘
Loy s CP¥E7| GF 3878 A8 HHe4 | ) 0.0290 | . 4957,
Boaers 1| 98 3874 48, 46T | 1 D.000Y | 0.4394
Liquid Vorme BTt | ‘ 0.0004
Fod Run# __| | 7 0.0232 | 0. 0555
mes Q00509 98.3576 | 99. 4/64| Q5.9 122 0. D840
Laporatoy 8 COY | (0] . 8173 | (0]. 84652 “0,0509 | ). 536
paes 22| 0. 5/k9 | lo]. £6"17 M 0.00/2 | 0.4399
Liquid Vohume (20l 0.0004
Fiokd Run# X __ O.0497 | 0. IR0
e Q005(3 | (01.8(7] | [01. 8650 [0R. 431l 0. (737
mw%ﬂz Q8. 3334 2%6&‘0 0.024.9 o.ﬂ'}o
Boaker # ' | 983335 | 98,3575 0.0006 | O, 4
Uiquid Vohme _j_w 1 _ 0. 0004
Fieid Run # S ' 0. 023(0 00550
| Frere Ip05/0 | 98.3336 q?%f?i ﬁ;;%%f- 10.05%¢
Laborery 8 CRAD | /017, 9&23) (0], E36 | 108.32/5 | D.0012 | O.4350
s 192 [ /o7 §9057| (07.8941 [ [08. 3020 | 1 04376

] L’lquldVoMne!_éM ’ . )

| Fodrune Blank 0.0012 | 0.0004L
e G005

d 1107 886] (07 35357 /08 39/8”
Note: (L) = Addition of Liquid to Avg. Initial Wt : ) :

W

CAMARKETWIRWMETHODS =~ TAR8 12/%

3 13




w
. h

§

Fy—- |

-
b

el

wheroaed

N  CHAIN-OF-CUSTODY FORM
CLIENT = M %o—ﬂ*il-c, ~ projzet ro. O 14 ™9 wf

FACILITY @m wu./Q/( / DATE /- 2550
ITY e
DESCRIPTION OF SAMPLES éHeﬁij,p s /

 NAME OF INDIVIDUAL COLLECTING SAMPLES WW

RECEIVED BY

5/4

d

77

3. .
™~

4. -‘

SAMPLES COLLECTED CONDITION QOF SAMPLES ON ARRIVAL

SAMPLE-  LAB SAMPLE LAB : :
1D NO ID NO :

PR qu Cby o7 Shipping Box Damaged? hQ}}Q .
R 24F _Cody8 Security T'Lpe Intact? . /t/d\L;S'j
RV (py¢g - Any Sample Containers Open? e~

RBiaF LD 50 Any Samp;le Containers Damaged? _ :h&.
F/ W7 . Comments

2 Uy i | ___Hoep f [ TERS
= W - Az Antn J/Si<.
Fu _ ' 459 | | box L&C/CMJ‘A/

’/QC«,

Snmpl-es Stored WO~

Form Complete /2/121\)

-~ 4 ] ;
/_{fngi,:é { gaﬁﬁé /[._Oczé[/f&
Signed- Date-

Ta

$-09-3786 . | 3 19
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DESCRIPTION
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 SULFUR DIOXIDE FIELD

Client: beorgia Pacific
Weston Project No.: 0414-03-01
Source: NCE Incinerator
Date: 1/25/9%0

MCF: .05

DATA

RN RN z RN 3

Sampling Time Start: - - 0830 0910
Sampling Tive End: 0900 0340
Net Sample Time (Min): 30 30
Pre-Test Leak Check: oK oK
Post-Test Leak Check: 0K 0K
Final Bas Meter Reading (cf): 52,15 0. 20
Init. Bas Meter Reading (cf): .00 .00
Delta Meter Reading (cf): 5215 50.20
Dry Bas Meter Temwp 1: 80 a2
Dry Bas Meter Temp 2: 81 &
Dry Bas Meter Tesp 3: 81 a2
Dry Bas Meter Temp 4 82 a2
fiverage Dry Bas Meter Temp: 81 82
"Barometric Pressure (in. Hg,): 29.99 29. 99
. Stack Pressure {in. Hg.): -—_ —
Stack Tewp (F): 500 500
Delta Condensate (g) Imp 1: — —
Imp 2: —_ -—
Imp 33 —_— —
: Isp 4 —_ —
Initial Silica bel Weight: —_ —
Final Silica Gel Weight: — —
Silica Bel Delta Weight (g): —_ —_
Total Moisture Volume (ul) N/R N/R
L2 Concentration (%):
‘02 Concentration (%):
C0 Concentration {X): N/R N/R

0343
1015
30

g
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B e,
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FEl gl

x
=
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SULFUR DIOXIDE LAB DATA

Client: Beorgia Pacific
Weston Project No: 0414-09-01
- Source: NCB Incinerator
Date: 1/25/9%0
Analyst: Cecchi/Slocum

RUN RUN - RN RUN

RUN RN
1A 1B 2A 2B 3R 3B MEAN
Vm standard (DL) 3.6 53.6 31.5 31.5 31.4 91.4 952.2
V solution ] 100.0 100.0 100.0 100.0 100.0 . 100.0 100.0
Va 2.0 20 - 20 2.0 2.0 2.0 2.0
o ) 21.4 21.2. 19.8 . 19.8 16.2 16.1 19.1
Vtb _ .0 .0 .0 .0 .0 .0 .0
Norsality of Titrant L0101 .0101 .0101 .0101 .0101 .0101 .0101
Concentration S02 ppm ' 2409 2387 2320 2320 1904 18%2 2206

Concentration 502 1b/DSCF 4,00E-4 3.96E—4 3.B8E-4 3.80E-4 3,16E-4 3.14E-4 3.66E-4

Vol. Flow at Std. Cond. (ft3/min}
Mass Emission S02 lb/hr

NORKARLITY CRLCULARTION

RUN 1 RUN2 MERN

Acid Volume (ml) 5.0 5.0 5.0
Acid Normality (N} 020,020 .020
BaCl2 Voluse (ml) 9,9  10.0  10.0

BaCl2 Mormality: . 0101

4 02
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BESTAVAILABLE COPY
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4
ALY

i e Ty
Sermiivg Tie 1 500 ige s
i ‘N 38 30
TI- ISt L ok oK_____ »_a&___-_ _#V_OS_._._.
?_ e R _.igf._—_,_ v&‘K_—_'___A:__D:K_—__:‘_ -
§ —-* Cum lmioh Tooiing 2080 iQZ@ : Q.Q'ra
: Initial Cac Mztor Dending (R) &.00 0.00 6-40
Donoveter Tooding (D) _L2.8%  F5.20 30 4SO
1 Erv Cas amar Temo L . 4-) _ , :_é_k_
: AL
3 &£ _ L
| - /. £2. g2 .
: Zargrnotric Presswre {(An. E2SL) ' 2.1 .25 ﬁ.ﬁ _
| Sztach Frassive (2 3.) - ‘
ES;ﬁ: T (°F) _SO’O ;(:C‘ - _ LK) _____
;oo ConZenzate (g I ol - o
’ I 2
[ Imo 3
i I 4
 Silica Gel 7 Weight (g)
Total Moisture Volume - (mL)
CO. Concantration (%)
O.;Con?:an ration (%)
CE) Concentration (%)
| NOTES:
Pzg= of
ThE-22-2/735
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Vool = Tewtd Volume of solutien (mL)
V', = Yolume of solution tirated (mL)
N = Noeanality of BaCL2
Vi tstdh = Standard dry gos volume-used te collect &ﬁnplc
Bp
17.64 x Vyy xmief x —
T"l
Cso, (I/DSCF)=Cso fppm)x 166X 10’
Calculate normality by the cquation:
velune std acid X normaiity std acid = n(_jm\_:lljly of BaCL2 x voluine BaCL2
Nacig | = Nacid mb BnCL:l

Vacida = -~ MNasdo_— mL  BaCl2,

Paue of '

B ;‘j \ C l-\
Q
Y LR L3 . Bl \(
SEALY A v(xvnh TAk S ../u . 4 Oh-’



BEST AVAILABLE COPY -

o

’
1

. !  : aion &W fa,(/%{ T GuOER e,

' ~j@_c‘,3~‘ ceror fx,__';.,. Y ,ﬂ;__.____ IR AR A 4

R T

denscidh
1
)
)
i
1
|
|
)
1
i
|

il
a5 eus

#
|
f
|
|
_
|

Pt

N

o,
NSENE

™~
Q
c
Ea\
LY
Q
o~
Q
[+

L loj005 Leroos loreo s

noennal

l."‘.‘s - .
i3 1 907.¢

2y
——
-
a2
"~

Ll

; Vsoin”

; ) 1202 x 107 (\’!- Vi) N (

: Csn,= V. - 707/ - dofﬁ/
: : . Vm \S[(l) /?’ ’ .
L. o g907

: Csos= Concentraton SO2 (5:pny)

Vy=Volume BaCLz used to tirate sample (mL) : / 00. % P, flcc.
Y = Volumie BaCL2 used to titrate blank (mL)

=~

CEAR]
ke Ao

L LoT 0589 7xxy

V wwin = Total Volume of sclution (L)
: , \". = Yolume of solution titrated (mL)
! N = Nomality of BaCL:z ‘
Vi (std) = Standard dry gas'volume used to collect sample

Prone

vi.-‘.:-_-.,..-"]

Bp

: 1764me,*:11ch—
i Tm
7 :

Cso, (I1b/DSCF) = Cso ,,('ppm) X 1.66 % 107

et 3 -

b Calculate normality by the equaiion:
’ ~volume std acid x normadity std acid = npormality of BaCL2 x velume Bt 1LL'

\':,;;,]‘ = L N:lf:idl Q ,OZ __ mL BQCLZI ‘&L
5.9 Nacid 0 A mL  BaCL:2- ﬂ

[‘y"u-l )

:l'll
adi

\’:V:id 2

a,——."-_ —

! - , q
CoMAREETGAIRS GEFLE.D TARS DR 4 O \—/\-Jq'@ L‘




)

; M‘l V(/M’\i/ 44\...[.‘4,‘/

=N g ‘ —-_’ J it St -
. ) Visible Emission burv:,ﬁz F4 / }kDé?./ = 7 «8 J Aser
SOURCE NAME . S OBSERVATION DATE START IIME. | STOP TimME
O€ <k — e (ﬂ/ﬁ' /=2 &0 Am | 2,20 4m
ADDRES U .. v {/ SEC] SEC '
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/ . oercent O
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(Tousands)

1.200
1.800
1.700

1.800

1.500

NCG INCINERATOR TEMPERATURE

25 ‘JANLURY 1990 :

FAM B 9 1011121 2 3 4 5 6 7 8 9 10 11124D1 2 3 4 5 S7M
T TIME

START STOP DURATION  TENPERATURE BELDW 1299 DEBREES

—

TEMPERATURE ABOVE 1288 DEGREES ENTIRE 24 HOR PERIOD
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BEORBIA-PACIFIC CORPORATION

PALATKA OPERATIONS
25-Jan-90 ' ’ NCE VALVE REPORT
START S10P DURATION WLVE NYE

FEASON FOR VENTING

NC MLVES VENTED ENTIRE 24 HOUR PERIOD
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Specific Conditions for the Incinerator

1. The sources are permitted to 0perate'continuou51y (i.e., 8760 hrs/year).

. 2. The emissions from the digester system (consisting of 13 digester
‘ systems); the multiple effect evaporation system (consisting of 4 multiple
effect evaporator systems); and the NSPS condensate stripper system shall
-be collected and incinerated in the TRS incinerator. Note.that each digester
system includes the turpentine condenser system, blow heat accumulator,
etc.; and that each multiple effect evaporator system includes the
concentrator, the pre-evaporator, hotwells, etc. Actual mass emissions
- - from each system 'shall be determined prior to and after any future changes,
meaning those changes to the permitted systems not specifically author1zed
by these permits.

- .

i 3. TRS emissions from the TRS incinerator shall not exceed 5 ppmv on dry .
A basis at standard conditions corrected to 10% oxygen as a 12-hour average.
Mass TRS emissions from the TRS incinerator shall exceed neithar 0.12 1b/hr
nor 0.53 ton/year. The mass TRS emissions are the maximum permitted
aggregate total mass emissions allowed for the permitted sources. TRS
emissions shall be determined by EPA Methods 1, 2, 3, and either 16 or
16A. No objectionable odor shall be emitted from the TRS incinerator.

].1 P

4.  Particulate emissions from the TRS 1nciherator (AC 54-142291) shall
be Timited as follows: '

i

a. Visible emissions from the TRS incinerator (AC54-142291) shall
not exceed 5% opacity (no visible emissions) except that wvisible
emissions of .up to 20% opacity are allowed for not more than three
minutes in any one hour. Visible emissions from the TRS 1nc1nerator
shall be determined using DER Method 9.

e ¥
B (s

V.
Vi iilng h]

b. Mass particulate emissions from the TRS incinerator (AC 54-142291)
shall neither exceed 5.5 1bs/hour nor 24.1 tons/year as measured by
EPA Methods 1, 2, 3, and 5. Testing for compliance with the mass
particulate emission Timitation shall be exempt from the compliance
testing schedule applicable to the other regqulated pollutants emitted
by the TRS _incinerator. Instead, testing for compliance with the
- mass particulate emission limitation shall be completed not 1later
' than May 12, 1989, and subsequent testing shall be conducted at
intervals of not longer than every 5 years thereafter, unless shorter
test1ng 1nterva1s are ordered by the Department

T . -~

b

5. S0p emissions from the TRS incinerator shall exceed neither 1200 1bs/hr

nor 3434 tons/year. SO» emissions shall be determined by EPA Methods 1,
2, 3, and 6.

6 01
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TEST PROCEDURKS

REFERENCE METHOD 16
ANALYTICAL METHODOLOGY

Total reduced sulfur (TRS) testing is performed using the general
techniques and procedures described in EPA Method 16. This section describes
the instrumentation, equipment and procedures used by WESTON to conduct
reduced sulfur emission testing in accordance with the ‘guidelines given in the
Method. Compounds of interest include hydrogen sulfide (H,S), methyl mercaptan
(MeSH), dimethyl sulfide (DMS), and dimethyl disulfide (DMDS) from kraft pulp
mill sources. The equipment and techniques described herein have been
evaluated by WESTON personnel and have been found acceptable to measure
reduced sulfur emissions from regulated sources.

A continuous gas sample is extracted from the emission source; scrubbed
through a cold, buffered citrate solution (to remove particulate, moisture and
sulfur dioxide); transported to the mobile laboratory through an inert sample
line; and analyzed by gas chromatographic separation with flame photometric
detection.

EQUIPMENT AND IRSTRﬂ”!NTA&ION

.As shown in Figure 1, the system consists of a Teflon-lined probe, a
cold, liquid scrubber, a nylon sample transfer line, a gas chromatograph, an
integrator/chart recorder, a standard gas generator and the associated pumps,
valves and gases. This configuration is used regardless of the source tested,
but the GC conditions may be changed to achieve the desired separation of
compounds. ' :

The Teflon-lined, stainless steel probe (of sufficient length to monitor

the gas stream without wall effects) is used to extract a gas sample from the

emission source.’ The probe assembly is configured to allow the introduction
of a trace gas at the tip of the probe to evaluate the performance of the
entire analytical system, and the tip is directed away from stack gas flow to
minimize particulate and moisture entraimment. The probe outlet is plumbed
directly to the sample conditioning system.

The sample conditioning system consists of two 250-mlL Teflon impingers
containing a citrate buffer solution. The Teflon sample line drops directly
into the first Teflon impinger which contains approximately a 2 molar solution
of potassium citrate at a pH of 5.4 to 5.8. At this pH, S0, is selectively
removed without affecting the reduced sulfur compounds. The impingers - are
emersed in an ice bath to reduce the gas temperature to 4 to 5°C thus
condensing the moisture. Particulate matter is also removed by the impingers
as the gas.is washed with the citrate solution.

The sample conditioning system {(cold, citrate buffer) is located as close
to thé sample port as practical to remove moisture and particulate from the
sample before transport through sample lines to the mobile laboratorfy. This
method of sample conditioning provides better recovery of reduced sulfur
compounds than heating the sample and/or diluting with dry air. The citrate
buffer solution removed moisture and particulate matter which may absorb H,S
during transport to the GC. By conditioning the sample at the source, loss
of reduced sulfur compounds in the sample transport system is minimized.

11\1503\METHOD16 . RPY . 1
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The conditioning system has been evaluated by WESTON personnel and has
been found to quantitatively pass all reduced sulfur compounds of concern.
Recovery of H,8 through the scrubber is demonstrated before and after each
sample run. :

The dry (approxiﬁately one percent moisture) gas is filtered through a
microfibre filter before transport to the mobile laboratory through an

‘unheated, nylon sample line. Nylon has been shown to be inert to the reduced

sulfur compounds of concern and 200 meters of sample line may be used to
transport the sample with greater than 95 percent efficiency.

The sample gas is transported to the mobile laboratory at 1.5 to 2.0
L/min by a diaphragm pump. With a sample line of 170 m x 4 mm ID tubing, the
sample residence time is less than two minutes. Forty to sixty mL/min of
sample gas are forced through the gas sampling valve and the excess gas is
vented through the constant pressure device, The constant pressure device
ensures that all samples and calibration gas are analyzed under the same
conditions.

The gas chromatograph is equipped with a flame photometric detector. The
carrier gas flow is reversed to achieve separation of all reduced sulfur
compounds on the 2 m x 3 mm OD Carbosorb B HT 100 column. Column No. 2 is a
5 cm 3 mm OD Teflon tube packed with Carbosorb B HT 100. The ten-port valve
is used to inject the sample from the sample loop. The valves are solenoid
operated and the switching of each is controlled by digital valve interfaces
triggered by the electronic timer. A precolumn is not normally required for
the separation and a 1.6 mm OD Teflon line is used instead. The sample loop
is the length of a 3 mm OD Teflon tube. Varying the length of this tube
changes the amount of sample that is analyzed during any injection. Figure 2
shows a typical chromatogram generated by the gas chromatograph.

The peak areas are measured with an electronic integrator. The
concentration of sulfur in the gas is proportional to the peak area as well
as peak height. A strip chart recording of the peaks is obtained
simultaneously on the same instrument. All charts are maintained as a
permanent record of each project. . '

The gas chromatograph is field calibrated for each of the reduced sulfur
compounds of concern. Calibration gas is generated using a VICI-Metronics
Model 230 Dynacalibrator. As shown in the schematic drawing of Figure 1, the

‘gas flow through the chamber and the diluent may be varied to produce a 100~

fold change in the calibration gas concentrations. Permeation devices for
each reduced sulfur compound, purchased from VICI-Metronics, " are,
gravimetrically certified by the vendor to permeate at a known rate.

A known concentration of H,S to evaluate system performance is generated
by diluting 100 ppm H, with dry air using matched rotameters. A 5-10 ppm H,S
concentration is injected at the probe and then at the gas chromatograph to
determine the loss of H,5 through the system. Because the trace.gas goes-

. through the citrate scrubber, the’ system recovery also includes moisture

correction so that all results are reported on a dry basis,.
Oxygen concentration is monitored on a continuous basis at the outlet of

the GC vent with a Teledyne Model 320 oxygen analyzer. This measurement is
an’ excellent indicator of leaks.

L1\1503\METHOD16 .RPT , 3
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H, Flow = 50 nL/min | ST
Air Flow = 110 mlL/min
N,1 Flow = 25 mL/min

N22 Flow = 45 mL/min

Attenuation = 25
Chart Speed = 1.0 an/min - RUN & 5d
= 0.5 cn/‘m.ln at 2.0 min AREAX .
RT ARER TTPE  HR/HT RRERZ
Trailer Temp: 26°C 8.67 5739483 (BB ©.¢59 45152
S _ 1.67 3928786 4 BY  9.121 e 24
tector Temp: 115° 3.28 1592688 . BY ©.182 11.357
D : >°C o 4.79 2A29vAe & PV 4 3¢ i% 795

Colum Temp: 50°C

Colwms: 7' x 1/8" BHT 100 ML FacToRe | a6B6E+50
18" x 1/8" PPE

Event 1: 0.01 min, Start, Inject

Event 2: 2.00 min, lLoad

Event 3: 2.00 min Reverse Flow BHT 100 colum

Event 4: 5.50 min Forward Flow BET 100 colum

'RT 0.67 min = H,S
RT 1.67 min = CH,SH - |
RT 3.20 min = DMS
RT 4.79 min = DMDS

FIGURE 2. TYPICAL CHROMATOGRAM OF REDUCED SULFUR COMPOUNDS
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All rotameters in the system are used to measure consistency of flow and
not actually to measure the gas flow. All critical gas flows (Dynacalibrator,
trace gas, etc.) are measured at each time of use with a soap bubble~flow tube
and a stopwatch. The calibration curves for noncritical rotameters are
verified periodically by the soap bubble-flow tube method.

METHODOLOGY

Before testing begins, the GC is checked thoroughly for propér operation.
A standard gas (a mixture of all reduced sulfur compounds) is injected several
times to verify compound retention .times and to check the peak area with
previously obtained calibration curves.

Before testing on a source actually begins, the sample line is placed in
position from the sampling port to the GC set-up and rinsed thoroughly with
acetic acid, water and acetone to clean the surface. The sampling system is
leak checked by capping the probe and pulling a 10 in. Hg vacuum on the entire
system. The sample flow rate at the pump outlet is measured with a soap
bubble flow tube. A leak free system is defined as one having a leak rate of
less than two percent of the sample flow rate. ' Because the sampling pump has
a maximum vacuum capacity of 10 in. Hg and the normal vacuum in the system is
less than 2 in. Hg, the leak check procedure subjects the system to
significantly more rigorous conditions than during normal sampling. The
entire system is operated under slight vacuum and any leaks during a run are
indicated by an increase in oxygen content and/or a reduction in the recovery
of B,S through the system. :

The train is then completely assembled and the probe is inserted into the
source. The probe is allowed to reach thermal equilibrium while gas is being
pulled through the system. An excess of a known concentration of H,S is
injected at the probe tip and pulled through the entire analytical system and
then injected at the GC to check the recovery throughout the clean system.
After the recovery has stabilized, -the standard gas is disconnected from the
probe and source gas is collected for a minimum of 15 minutes to ensure the -
sample line is properly conditioned before TRS concentrations are recorded.

Calibration curves are prepared for each compound before each test begins
and verified after each run. Each gas concentration is injected at least
three times to ensure instrument stability. The resulting calibration curves
are made from the mean response of three injections at least three concen-
trations. All gas flow rates from the dynacalibrator are measured at the time
of use using the socap bubble flow tube technique.

At the end of each sampling run, an H,S standard is again injected at the
probe to check sample loss in the system. Trace gas recovery is evaluated by
injecting 5-10 ppm H,S gas stream at the probe tip and recovering that' sample
through the sample conditioning and sample transport subsystems. The same gas
stream was then introduced directly to the GC sample loop. The ratio of
concentrations (based on calibration curves prepared from certified permeation
devices) corrects for TRS loss, sample line leakage and moisture in the
system. This factor is then used to adjust all measured reduced sulfur
compound concentrations to provide results on a dry basis.

If moisture collection is excessive or if the scrubbing solution appears

spent, the citrate buffer in the impingers may be changed. Under normal
circumstances, one batch of scrubblng solution is sufficient for three 3-hour
runs. Exceptions are noted on the field data sheets.

11\1363\METHOD16 . RPT to S



DATA MANIPULATION AND CALCULATION

Peak areas for .the compounds of concern are transcribed from the
integrator output to data sheets by the instrument operator. All integrator
tapes are filed and the "Source Data" sheet is considered to be the record of
the test. The instrument operating conditions, calibration data and recovery
data are also transcribed from the integrator tape to the appropriate data .
sheets.

Data reduction is accomplished by referral to calibration curves
generated from the analysis of known concentrations of each compound.
Calibration curves fit the general equation of Y = aX®, Coefficients of this
equation are determined using a Hewlett Packard 15-C calculator programmed
with 'a linear least squares program to give the best £fit of the points.
Correlation coefficients (R’ values) are typically 0.98 or better. Copies of
calibration curves used for data calculation are included in the appropriate
appendix of the report.

The following information is provided as a guide to the reader to.
demonstrate the method of calculating TRS concentrations from raw data. The
general procedure involves the preparation of a calibration curve for each
compound of interest from gravimetrically certified permeation devices and
then the calculation of source concentrations using the curve generated:
Hypothetical data is included as an example.

.The permeant concentration in a diluent gas stream is given by the
equation:

concentration, ppm

device permeation rate, ng/min
diluent flow rate, mL/min
molecular weight of permeant
molar volume at 20°C and 760 mm Hg

& X o O
11101

At least three permeant concentrations are wused to construct a
calibration curve. Each calibration point is considered valid when the mean
peak area of three successive injections does not differ by more than five
percent from the peak areas contributing to the mean. The slope of the
calibration curve is given by the equation:

Y = aXx®’ or log a = b log X
Where:

Y =  response for cqncentration X
b = slope
a = constant

In theory, the slope of the calibration curve should be 2.00. Normally
calibration curves have slopes between 1.6 and 2.2.  Slopes of less than 1.6
may be acceptable if the measured concentrations are clearly within the linear
region of the calibration curve. An example calculation is provided in Table
1. .

L1\1503\METHOD16 .RPT : 6
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Each calibration curve is checked after each run for drift. If the
calculated concentration exceeds the known concentration by more than ten
percent, a new calibration curve is constructed. Sample concentrations must
be calculated from the curve which yield the greatest concentration values.

The "three successive injections" criterion outlined in the calibration
section is also applicable to trace gas recovery. The equation defining trace
gas recovery is:

Conc of trace gas recovered through the system
% Recovery = Conc of trace gas measured at GC - x 100%

The system correction factor is calculated by the following equation:

. 100
System Correction Factor = ‘% Recovery

The concentration of the trace gas recovered through the system should
be within 20 percent of the known TRS concentrations. Recovery values of less
than 80 percent are normally unacceptable.

All measured concentrations are multiplied by the system correction
factor; thus all data are corrected for line losses and are expressed on a dry
basis. ’ .

7 .

QUALITY ASSURANCE

All QC calibrations are performed using gases generated from certified
permeation devices. The emission rate of +2 percent. The emission rate ' is
determined in a constant temperature chamber at a temperature which is
traceable to NBS standard. The constant temperature chamber of the WESTON
Dynacalibrator is certified by the vendor at the same temperature as the
permeation device certification. All permeation devices are periodically
replaced to ensure that they are used only during the recommended lifetime.
The known emission rate coupled with the accurate measurement of the dilution
gas flow ensures accurate generation of standard concentrations.

‘After preparation of a calibration curve from the linear least squares
best fit the data, the mean response obtained for each gas concentration is
used to calculate the concentration equivalent to the response. The
calculated concentration should vary less than 10 percent from the known
concentration except at the lower end of the curve. Near the detection limit
for each compound, variation may be more due to variation in integration.

The sample system integrity is verified through routine leak checks and
determination of the recovery of H,S through the entire sampling and analysis
system. Recovery studies are conducted before and after each 3-hour run to
ensure that at least 80 percent of the H,S injected at the probe tip is
recovered at the GC. All source concentrations are corrected for the lower

. recovery value.

All rotarnieters are calibrated with an appropriate soap bubble flowmeter
under actual operating conditions. Calibration graphs are prepared for field
use. All flows are verified during the testing to ensure that all flows
remain constant. The actual measured flows are used in the calculations.

L1\1503\METHOD16 . RPT 7




TABLE 1. EXAMPLE CALCULATION

Calibration Point 1 2 3 4
Known Concentration® 10.5 6.41 2.92 1.39

Peak Areas®

1 1.36 10° 1.19 x 10° 3.01 x 10°

A x 10" 5.08 x

2 1.32 x 10’ 5.04 x 10* 1.17 x 10° 3.13 x 10°

3 1.33 x 10" 5.11 x 10° 1.19 x 10° 3.08 x 10°
Mean Peak Area’ 1.34 x 10" 5.08 x 10" 1.18 x 10" 3.07 x 10°
Difference of Individual

Peak Areas From Mean
Peak Area ]

1 1.5% : .0 <l% 2%

2 1.5% <1% <l% 2%

3 <1l% <1l% <l% <1%
Calculated Concentration 10.6 . 6.33 2.89 1.40
Difference Between Known

Concentration and
Calculated Concentration <1l% 1.2% 1% <1l%

The slope of this H,S calibration curve is 1.86.
‘ppm, based on permeation rates and diluent flow.

Puv-sec.

Pressures and flows are observed continuously and recorded during all
testing to ensure uniform operation. Periodic leak checks are performed to
ensure system integrity. Any unreasonable results are immediately verified
by checking the recovery of a standard gas.

All proceedings are recorded on preprinted data sheets. Daily summaries
of the testing are prepared at the end of each day to consolidate the data.
The data sheets and all integrator outputs remain on file at WESTON for a
period of three years after the test.

The gas chromatographic columns and conditions are sufficient to obtain
separation of all the reduced sulfur compounds. The method has been found to

"be free of interferences from carbon monoxide, carbon ”dioxide, and
hydrocarbons. Sulfur dioxide interference is eliminated by the citrate
scrubber at the source. The cold, citrate scrubber eliminates moisture

lnterference by reducing the dew point of the gas to less than 4°C and the
recovery studies correct the sample concentrations to dry conditions.

L1\1503\METHOD16 . RPT : 8
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EVALUATION OF CARBON DIOXIDE INTERF lmCl

The response of a flame photometric detector (FPD) is known to be
depressed by carbon monoxide (CO) and carbon dioxide (CO,). Since CO 1is
normally present in emission sources at concentrations of less than 200 ppm
and since it responds on the analytical GC column in the same way as Co,, it
is not necessary to check for interference. It is, however, important to
demonstrate that CO, does not depress the instrument response to the reduced
sulfur compounds because CO, is present in many emission sources at high
concentrations (up to approximately 20 percent).

On 23 August 1983, the WESTON TRS analytical system was evaluated to
document the lack of interference by CO,. The gas chromatograph, valving,
and timing the operation of the system was identical to that described in this
method. The instrument conditions shown on Figure 3 were used during the
experiment. : : o '

Because CO, elutes from the column before H,S, it is the only reduced
sulfur compound that could be affected by CO, in the gas. To demonstrate a
lack of interference, a gravimetrically certified H,S in nitrogen and then the -
same concentration was generated in 16 percent CO, and 84 percent nitrogen.
Both samples were analyzed repetitively to compare the response of H,S in the
presence of CO,. ’

. Five successive injections of 8.15 pbm H,S in nitrogen gave the following
peak areas (all multiplied by 10’ uv-sec):

2.664

2.636 Mean = 2,631
2.611 Std Dev = 0.021
2.627

2.617

Five successive injections of 8.15 ppm H,S in 16 percent CO,, 84 percent
nitrogen gave the following peak areas (all multiplied by 10 uv-sec):

2.608

. 2.633 Mean = 2,616
2.627 Std Dev = 0.013
2.611

2.601

The 0.57 percent decrease in response (equivalent to 0.3 percent
concentration) between the two samples is not significant at the 95 percent

confidence level. It is, therefore, concluded that the FPD response to H,S is

unaffected by CO, at the concentrations normally measured in emission sources.
EVALUATION OF TRS LOSS THROUGH NYLON SAMPLE LINES

Oon 26 June 1989, the WESTON TRS analytical system was evaluated to
document the recovery of hydrogen sulfide (H,S), methyl mercaptan (MeSH),
dimethyl sulfide (DMS), and dimethyl disulfide (DMDS) through nylon sample
lines. The gas chromatograph, valving, timing, and operation of the system
was identical to that previously described.

L1\1S03\METHOD16.RPT _— 9
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FIGURE 3. INSTRUMENT CONDITIONS USED DURING INTERFERENCE STUDIES
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A sampling train was constructed by plumbing a Teflon-lined, stainless-
steel probe to a pair of Teflon impingers, containing 2 M citrate buffer pH
5.4 to 5.8, maintained in an ice bath. The outlet of the second impinger was

‘plumbed to a Balston AQ filter which was attached to 500 feet of 1/4 inch

nylon sample line. The sample line was connected to the vacuum side of a KNF
Kneuberger pump equipped with Viton valves and diaphragm. The KNF Kneuberger
pump was operating at a flow rate of approximately 1 liter per minute. "The
outlet of the pump was discharged into a constant pressure bottle to maintain
a sufficient flow to charge the sample loop of the gas chromatograph.

- A gas cylinder containing H,S, MeSH, DMS, and DMDS was used for the
recovery evaluation. The gas was introduced at the probe tip and recovered
through 500 feet of nylon sample line. The gas was then introduced directly
to the gas chromatograph via the pump and constant pressure bottle. Three
consecutive injections were obtained with a difference of less than +5 percent
and are summarized below:

H.S MeSH DMS  DMDS

Instrument Response, x 10° uv-sec )
Injection 1 7.29 3.49 3.12 3.56
Injection 2 . 7.28 3.41 3.17 3.54
Injection 3 7.32 3.41 3.22 3.60
Mean ' ‘ 7.30 3.44  3.17 3.57

. - N _
Calculated Concentration, ppm 10.77 9.36 9.42 8.02

The cylinder gas was then plumbed directly to the constant pressure
bottle and three consecutive injections were obtained with a difference of
less than +5 percent. Those results are summarized below:

H.S MeSH DMS DMDS

Instrument Response, x 10° uv-sec
Injection 1 ' 7.87 . 3.90 3.64 3.94
Injection 2 7.90 3.92 3.63 4.02
Injection 3 7.94 3.94 3.64 4.13
Mean 7.90 . 3.92 3.64 4.03
Calculated Concentration, ppm 11.35 10.17 10.3 - 8.54

Recovery values based on the calculated concentrations measured directly

- to the gas chromatograph and after recovering the cylinder gas through the

sample line are provided below: -

HS MeSH DMS. DMDS
Recovery through nylon sample 95 92 91 . 94

line, percent

L;\ISOS\HBTBODIG.RP? . 11
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HYDROGEN SULFIDE
WAFER DEVICE
30T3 WAFER
147-533-0110
GRAVIMETRIC
89-38090

CHEMICAL FILL

DEVICE TYPE
LENGTH/GEOMETRY

PART NUMBER

METHOD OF CERTIFICATION
CERTIFICATION NUMBER

RATE: 1240 NG/MIN +/- SZ AT S0 DEG C

NOTE : | .
DATE: 29 SEPTEMBER 1589 Bv:4125222%1&22&:£:§L4¢¢d¢—-

INDIVIDUAL DEVICE CERTIFICATION

:l'he QFEVHHEt'riC method measures the weight Joss per unit of time at the certification temperature. Traceability
~ 1s thus estavlished by the use of temperature and weight standards tracezble 10 N.B.S. siandards.

— - .
3 1nd:vndufsl cergfucatio'n is scccmplished by (1) maimai?xirjg the device in a constant temperature chamber with a

} purge flow of dry nitrogen, and (2) weighing periodically on a semi-microanalytical.balance, accurate to the
nearest 0.01 :ng, until & steady weight foss per unit time has been achieved. Temperature contral and accurucy
ore better than. * .0.05°C, relerenced against temperature standards traceable to the National Bureau of Stan-
”dar‘ds, The semi-microanaiytical balances are routinely serviced and cafiorated by an independent service organi-
zation u§|ng M.B.S. traceanie weight standards. -Gravimetric permeation rate deterrninations are continued until
the siandard error of the sermeation rate meets the required accuracy at the 95% confidence leve!.

1 ;/a.hdauonqcirf he certn‘fncax{on vrocedures and-standards at YI(1 Metronics is accomplished by routine certification of
= tandard Reference liaterisl (SPM) permeation devices obtained from the National Bureau of Standards.

8 01




CHEMICAL FILL : METHYL MERCAPTAN
DEVICE TYPE ’ STANDARD EMISSION TUBE
LENGTH/GEQMETRY - 4.8 CM.

PART NUMBER 117-848-6000

METHOD OF CERTIFICATION GRAYIMETRIC
CERTIFICARTION HUMBER 28—-4@474

RATE : 733 NG/MIN +/- 2X AT 58 DEG C |

NOTE : | »
DATE: 13 SEPTEMBER 1989 BY: -

INDIVIDUAL DEVICE CERTIFICATION

The Fa— . . - . . . s :
. he f]ch-”lOI'rlC method micasures the weignt loss per unit of time at the certification 1emperature. Troceability
s thus estaslished by the use of lemperature and weigint standards traceable to M.8.S. stzncarcs.

Indwtdual.cerFificatio'n is sccemplished by: (1) maintaining the device in a constant temperature chamier with a

::;?;:l;\glo'tr(dryﬂr‘\f:r’og-:‘:'n-, an«:ﬂl (’2) weighing perioqicany on a semi-microanaty(ical.balance, accurate to the

e r n' .3,: ".—‘3 s‘e’acf‘y reight Ios; per unit time has been achieved. Tempearature control and acCuracy

y Te t an. * _O.CJ_C. .;:crenced 2gainst @einperature standards traceable to the Nationsl Sureau of Stan-

/;’llri)sn ur;;;a:;‘.;nsnc:l'?aacrlaiyl:c‘al ~balances are rouxixwe{y seryiced and ciali‘orated by an indgpehdem service organi-

e nr.r—():.r (.Jf me'f? 2 Netght standards. Gravmgmc permeation raie deterrﬁinanons are continued until
2 SEMMealion rate meets the required accuracy at the 95% confidence feve!.

Vali i P etz cq .. ", . . . X
C'Kand'?rlc?n-”-:o-rf e Ce”r"f'calfuﬂ brocedures and standards at VI(l Merronics is accomplished by routine certification of
si@ncarg Rziarence Listerial (SRM) permeation devices obtained from the National Bureau of Standards.




CHEMICAL FILL BIMETHYL SULFIDE
DEVICE TYPE ' : HIGH EMISSION TURE
LENGTH/GECMETRY : 3.8 CM.

PART HNUMBER - 187-a3@-€200
METHOD OF CERTIFICATION GRAVIMETRIC
CERTIFICATION NUMBER 82-40477

RATE : 1231 NG/MIN +/- 2% AT S@ DEG C
NOTE :
DATE: 13 SEPTEMBER 1989

INDIVIDUAL DEVICE CERTIFICATION

Th Sviry : N ' . . . e . : :
| '; OTOV~'rIO{rIC method measures the weignt Joss per unit of time at the certification temperature. Traceability
1s thus es;aohshed by the use of temperature and weigint standards traceable 1o M.B.S. sizncards.

lndwnd.ual cer;iﬁcaxiqn is accemplished &y {1) maintaining the device in a constant temperature chamber with a

2;‘;?:3”5\8’]O-Y,—-;r\:.,::\;:r?g{:'nf f”‘_j ('2) weighing per.iod‘icaily on a semi-.mi_croanalylical.balance. accurate to the

o be('e} m-n A .(. rg s‘e'acjy neight Io;s per unit time has been achieved. Temperature control and accurucy

) {_‘ an = .J.Co C. A’:.crenced agamnst wemperature standards traceable to the Nationa!l Bureau of Sten-

z:;iosr.} Us\;gse;‘.;lglc:?:;aiyl:cfl palahces are routinel.y seryiced and é;libratecﬁ by an indguehdent service organi-

o using p”;r 51’ rhe‘?r‘j; ,/eught standards. Gravnmgmc permeation rate deterrr?inatlons are continued until
2 LEMMEAVON rate meets the required accuracy at the 95% confidence leve!.

Validation of tne certification procedures and stand. ics is accompli

Cl(a::;trlgna tne cem‘hcau-un vrocecures and standards at YI(! Merronics is accomplished by routine certification of
Reterepnre ar SR : : .

N fizrence Mistzrial (SRM) permeation devices abtained from the National Bureau of Standards.

8§ 03
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CHEMICAL FILL o s DIMETHYL SULFIDE
ODEVICE TYPE S : HIGH EMISSIOH TURE
LEMGTH/GECMETRY 3.6 CM.

PART NUMBER : 187-830-c200
METHOD OF CERTIFICATION GRAVIMETRIC
CERTIFICARTION NUMBER 82-40477

RATE : 1231 HNG/MIW +/~ 2 AT S8 DEG C

NOTE :
DATE: 13 SEPTEMBER 1989

INDIVIDUAL DEVICE CERTIFICATION

The =i : . . . . P - : )
' Eg.rav.rne't‘rlc ‘methed nieasures the weight loss per unit af time at the certification ternperature. Troceability
's Thus estaviished by the use of temperature and weight standards traceable to N.8.S. stancards.

lndw:d‘ual cer.rificatio'n is accemplished by {1) maintaining the device in a constant temperatura charber with a

are bex:e; th;)r'?"rbo‘(lj-"g(f‘ei?r WF-’"GW Jogs p2r unit time has been achieved. Temperature contro! and accuracy

jards. The nm.‘- o 5 - '?i”ren"'eq Bgainst re:n.peraryre ;tandards traceable to the Natio.nal Bureau of Stan-

S:[riosr; usm;.ﬁ.l.uenéml:):;?{,::_.‘al .b;'alvances are romme!y ser\_nced and c;librawd by an indgoendent service organi-

the siancard ﬂr.ro'r 6{’ the-*: P -:/engnt standards. Grawmgmc permesticn rate determinations are continued until
rd e fe sermeanion rate rmeets the required accuracy at the 35% confidence leve!. :

Validation of thz certificati . . - : ' o
Sl" _:’éja‘r_‘g“qc‘-“:mf- CEfTr'flcaU_un .l:rOCtdures and standards at VI(1 Merronics is accomplished by routine certification of’,
gncard nzizrence Lizterial (SRM) permeation devices obtained from the National Bureau of Standards.
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CHEMICAL FILL e DIMETHYL DISULFIDE-
DEVICE TYPE H HIGH EMISSION TUBE
LENGTH/GEOMETRY : 28.8 CM.

PART NUMBER 1867-208-6301
METHOD OF CERTIFICATION GRAVIMETRIC
CERTIFICATION NUMBER - 82-46478

RATE : 1822 NG/MIN +/~ 2% AT 58 DEG C

NOTE :
DATE: 13 SEPTEMBER 1989

INDIVIDUAL DEVICE CERTIFICATION

The gravimetric method measures the weignt loss oer umnit.of time at the certification 1emoeréture, Traceability

s thus estadlished by the use of temperature and weigint standards traceable to M.8.S. sizndarcs.

Individual certification is sccomplished bv: (1) iaintaining the device in 3 constant temperatura charnber with a
purge flow ot dry nitrogen, and (2) weighing periodically on a semi-microanalytical.balance, accurate to the
nearest 0.01 :rg. unil & steady weight loss per unit time has been achieved. Temperature control and accuracy
dargs. Th‘e semi-microanaiyticsl balances ore routinely serviced and calibrated by an independent service organi-
zation u;mg M.B.S. traceanie ‘we1Qnt standards. Gravimetric permeation rate deierminations are continued until
the siandard error of ‘the carmeation rate meets the required accuracy at the 95% confidence leve..

.ar i ) 5°C af . : . .
are betler than = 0.05°C, roferenced ajamnst ternmperatre -sandards traceable 1o the National Bureau of Sian-

;/H'ildanon'or the cern‘hcau'un ,Lzrocedures and standards at YI(| Metronics is accomplished byroutine certification of
landard Rzference Miaterial (SPM) permeation devices ghtained from the Nationa! Bureau of Standards.
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CALIBRATTION SHEET

Customer : Roy F. Weston Serial : 81082
Date : 1/30/89 :

CALCULATION DATA FOR RUN,: 1 . 2 3

1. Barometric Pressure, P(B): 30.03 30.03 30.03

2. Orifice Setting, Delta H : 2.00 0.75 €.00

3. Finial Reading (Test) : BE.673 97.619 108.797

4. Initial Reading (Test) : 7%.787  87.024 93.1¢2

5. Volume, V(T)} Cubic Feet : 10.886 10.5°5 10.¢1¢S

6. Temp Initial T(T(I)) F ;170 72 73

7. Temp Finial T(T(F)) F 11 73 73

8. Finial Reading. (Box) : 14.746 -25.657 36.607

9. Initial Reading (Box) : 4.000 15.100 26.20¢

10. Volume, V(B) Cubic Feelt : 10.74¢ 10.557 10.481

11. Tewp Initial T(B(I)) F =: 72 76 79

12. Temp Final T(B(F)) F 16 79 84

13. Elapsed Time, Minutes ¢ 14.0 22.0 8.0

Delta H(a) : - 1.83403 1.08008 1.3873 L&A

1.0149

Gamma ¢ 1.0147 1.0112

Calibratlon Performed By M

8 -0

\__..-—-— NUTECH CORPORATION = PO. BOX 12425 « RESEARCH TRIANGLE PARK, N.C. 27709 * 919/682-0402 ._———J
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| - POST METER CALIBRATION f B
CLIENT /&Wc’» Je= f—qéé/ PROJECT NUMBER © Y/ ¥ 07'09’ ai__ 25 HIGHEST VACUUM 50 |
pATE/ =Z9/P0  coNSOLE # §/ 27 METER# P 2790yl 355 GALIBRATED BY /Z 4
, | 7’
. , STANDARD METER | DRY TEST METER 5
AH | © | VAC || . Vsp Vsl Vs Ist Ts Ps VDF " Vo Vb Inu T
: Tsk : ToF '

Z5 /s 6o 6/1730 6'05.3?0 /3750 Zi 7 ,O%J 7/5/7; 70 2T [ 5.075 ;’; 7519

. 7z : L 76 |'_
g5 |\ |Co\Czesei6/hro |Tw2a G572 |exs|127. 5/2{71$776 | .67 122477
. ‘ : | | : . ' 78 5
25| /2 (06373906 29.567|[0. 737 72 |oos|735.33% (228802 |0 526 75 Zey
Y= Vs (P8 + Ps/13.6)(Tp + 460) YsTp : AHg = 0.0319 AH  [(Ts + 460)02
Vp (PB + AH/1:3 6) (Ts+ 460) PB (1D + 460) [ Vg YsTD
AH - Y,CALCULATION ' ‘N AH@ CALCULATION AHe'
( + /13.6).( + 460) 0.0319 ( y [ + 460) 7 P
75 ( + /13.6) ( + 460) [oosol| T +460) ( ) ( ||+ 2P
Z.-g : .  : S /_0()3']0 T o /_X/JZ! '.
ri . : '
2.5 /.&ob’a/ |/ sor7
| o . foo7/f | ). 5/6%]
Y FROM LAST FULL CALIBRATION: [ or3 QC REQUIREMENTS -
o — | :
METER UP EAD \Y UND
<, ISTHISY WITHIN 5% _\/< 3 . " LEAR CHECK STANDARD METER UP TO COARSE ADIUST VALVEUNDER ;
=1 . _ < 2) ALLOW 15 MINUTE WARM-UP BEFORE BEGINNING CALIBRATION AND '
ARE INDIVIDUAL VALUES FOR i & 2% FROM Y? ye—. RE.VERIFY A1 AND VACUUM. : |
DATA CHECKED BY /[DATE: _____ /" 0 o 3)° MAINTAIN CONSTANT AH. :

CMARKETAIMCALIRRAT



oave._ ST RO-7O

DRY GASMETER IDENTIFICATION:

#~ 3

BAROMETRIC PRESSURE (Py):_ 3014/ 30 18 oy

5./NGE/§ Py GCAHS rr7ar,

Bigure 5.8. Example data siweet for calibration of a standard ary qas meter for method 5 sampling equipment (English units).

= =
| | TEMPERATURES :
S " . | SPIROMETER | DRY GAS - DAY GAS METER - DRY GAS . g
. APPROXIMATE | (WETMETER) | METER | SPIROMETER [ v [ s € [ METER FLOW METER AVERAGE
FLOWRATE | GAS VDLUME | VOLUME | (WEVMETER) | INLEY |DUFLET | AVERAGE | PRESSURE | TIME | RATE METER METER
(_EJ V) (Vgy) ey () (o). | (1) (Ap) (8) | (a) [COEFFICIENT | COEFFICIENT
d"" h3 . 3 fre QFm,qf | °F . .f | °F in. H20 mia. _dm/// (Yg,) (?d _
57 ser | spet bow \tawl2e [ 2y |77 |76 | 375 G || des | %L K o
DA Hoev | ¢g0 Joweled 20 |25 | 2% | 2 ¥ -2 ¢ Lo s1_ | /48 | (030 /Jeo 2/
' 2o | Sie2lomoletdry |9 o [ 7 | 7%  Ce 5% |4 | s of6? %
Jove: |Bow |JH0joedznnT s 19y | 2¢ | 75 2% 4 32 (v | r098 N -
A.50- #Ho 199 lowel /539 2% 12y | 7% | 29 | 25 A 2. ] (072 K /051
| | 99% 10.3¢ feotlpd 78 |05 | ok ]| 3 | D& | Y T Lt8 | poye |) |
1 §vo 2.00 Jo.oo I (18 |18 L 2S5 | 2 & (e - ‘
w / \\_} T ~— :.
' !
1.00 ?
1.20
v, Py Vg (i v460) - Py |
(o)) \] = 17.65 .—(-)—“(_;-G.[_)‘) Yds = . . A |
'* + . J
< Vag (544600 (Py v )
Gy !

‘
|
v
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rig
EXAMPLE CALCULATIONS FOR NCG INCINERATOR

(The data used for sample calculétions are from Run 1)

1. Calculation for Meter Pressure (Pm), in. Hg

Pm = Pbar + (avg. delta H)/13.6 where,. Pbar = barometric pressure, in. Hg
- ‘ Delta H = pressure differential of orifice, in. K20
3 2.91 in.H20
‘ Pm = 29.77 in. Hg + =-=-==--=--cc-- = 20.98 in. Hg

13.6 in.H20/in.Hg

11. Calculation for Standard Meter Volume (Vmstd) , ft°3

H 17,64 x Y x Vm x Pm " where, Y = meter correction factor
- ‘Vmstd = --eeee-e-- ERTEEPETRS : Vm = meter volume, ft"3
. m Tm = meter temperature, deg R
Tf Pm = meter pressure, in. Hg
i _ ' 17.64  x 1.01 x 56.48  ft*3 x  29.98 in. Hg
UMSEA =  memee e eemeeee e eceececeeseeeaeoaeee ' = 55.665 f1°3
543.67 deg R
I11. Calculation for Standard Wet Volume (Vwstd), ft~3
vwstd = .04707 x  Vlc where, Vlc = volume of water cdllected, ml.
7E Vustd = 04707 x 82.10 = "3.864 ft°3
- IV. Calculation for Moisture Content (BWS)
-
) Vwstd .
- BWS = = -----eececmece-oo. = .065
i (Vustd + Vmstd)
“? V. Calculation for Molecular Weight (Ms)
S
. Ms = [0.44 €02 + 0.32 02 + 0.28 (100 - CO2 - 02)] (1 - BWS) + 18 BWS
4 - . , : S
Ms = [0.44 x 1+ 0.32 X 18.70 + 0.28 ( 100 - 1- 18.70 ))
¥ .
91 R .06 ) + 18¢ 06 ) = 28.2




Vl. Calculation of Average Velocity (Vs), ft/sec

where, Cp = pitot tube coefficient
delta-P = velocity head of stack gas, in. H20 !
Ts = absolute stack temperature, deg R

Ps = absolute stack gas pressure, in. Hg
Ms = molecular weight of stack gas
ft . (lb/lb-mole)(in. Hg) .
Vs = 85.49 ---sqrtf-------------=--=---2} x .8 x 1.15 sqrt(in. H20) x
sec (deg R) (in .H20)
926.17 deg R
SQrt(----c-cmemesconacacnann memeseecececmanas ) = 86.6 ft/sec

) 29.98 in. Hg X 28.20 ib/lb-mole
VII. Calculation of Average Stack Gas Flow at Stack Conditions (Qa), ft“3/min

Qa = 60 x Vs x As where, Vs = stack gaé velocity, ft/sec
As = cross-sectional area of stack, ft"2
sec -
Qa = 60 R 86.57 ft/sec x 7.88 ft*2
min

Qa

4.09E+4 ft*3/min

VII1. Average Stack Gas Flow at standard conditions (Qs), Ft“3/min

where, Qa = average stack gas flow at stack conditions, ft“3/min
BWS = moisture content

Ps = absolute stack gas pressuré, in. Hg
Ts = absolute stack temperature, deg R
deg R ft*3 29.98 in.Hg
Qs = 17.64 ~------ X 40932.29 ----- x(1- 06 ) x  ceeememce--ieo-e- :
in.Hg min - 926.17 deg R
Qs = 2.19E+4 ft*3/min
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Cs =

S

Cs = 15.4

where, Ts = average stack temperature, deg R
Vmstd = standard meter volume, ft*3
Ps = stack gas pressure, in.Hg
Vs = stack gas velocity, ?t(sec
An = cross-sectional area of nozzle, ft"2
@ = total sampling time, min ’
BWS = moisture content

0.0945 x 926.17 deg R x  .55.66 ft~3
29.98 x 86.57 ft/sec x .00 ft"2 x 60 min x (1-
100.5

X. Particulate Concentration at standard conditions (Cs), grain/ft~3

Mn .
------- where, Mn = particulate matter collected, g
vmstd vmstd = standard meter volume, ft*3

.0840 g
------------- = .023 grain/ft*3
55.66 ft3

X1. Particulate Emission Rate (PMR), lb/hr

PMR

PMR

PMR

&

0.00857 x Cs x Qs

0.00857 «x

where, Cs = particulaste conc. at standard cond., grains/ft*3
Qs = average stack gas flow at standard conditions, ft*3/min

gl"ains . £t°3
21855.33 -----~----

4.353-
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Examele 507_ CALCULA‘Tcod; Fom uca I-.Judew.s.‘\'oﬂ)

Westod Worw Onrper Mo. 0414-09-0)

GP- PalLatwa, FlLomioa

5TA»JDAAD MeTeR \/oLume, UHsTp :

u%].p ~ ALY Vg Pa Wieee: K, ¢ 17.64°R [1a Ha
T.-q ‘q = DGHM Calieeatiod Facyom
: (VA Pz-‘ Gas Volume As Measueeo bu{
Tue Pay Gas Metee, DL
Pu = Darometeic Fressuee AT Tae Bar
~ Oeitice O¢ Tue PGHM, lu He
T e Aveetee PGH Apsclute Teme, *R

- Ruu I, Nca lulm-lee.rron,

Visgo = (17. :.4}#/1“&&)(\ 057) ( 52.15 L *_29.99 kit
94\ >Py

Viaro = 2.6 L

Coucedeationl O Sultum Dioxice (50,). ppm

Csoz = K, (VT-V“) N Veola  Wiees: K, - |;202110‘},_L/m|

Vi = Volume BaCl, Useo To Tirrate
Sample |, ml

Vre = Volume Bacl, Useo To Trqeate
BLade, ml

N Llo:MALrT-1 O+ Bacl,

v‘»u - TOTLL Volume Of Solumiod, ml

' \/A ¢« Volume OF ‘50Lupo~l _ﬁu\'tb, ml
 Fieat Tiqraqed, Bund 1 Vugro * Stadoses Heree Volowme | DL

- VH*\'D VA

C"’Oa =(l'.’lo'z:«|o‘ﬁ)(2|.4yg- 0.0.mk)(0.0100) ( 1GOmE)
(53.¢1) (1mb)

C_So'L = 1409 % (Ppm)

L’ 249‘2 ppm x l-bb x16 1 lv/osce < 2.19x 10% Dsce . 6O M

. ) . Ppm ) Miu t-la.
Conveesion — . \

To lefde 52% lb (e
Feom Ffaeqiculage

g 04 . Samelide.




