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.Y Emission Factor Development 

Emission Factor Develop for Stack ~ e s t i n q  of Kiln at Boral Plant%. in Sailsbuw, North Carolina 
by Trigon Engineering in 1995 (throughput by Jim Powers) 
test includes the two kiln exhaust stacks plus the one sawdust dryer that was operating 

42 €a$ I ton I 2.2 &e I 4.0 Ib 
Eaf I 24 hr 2000 b 5be 

= 2.682 utili& 

- - 20.65 tonlhr 

EnQineers? 

= 1,008 e+bfl&l 42 €a$ I ton I 1.22 sbe 4.0 Ib 
saf I 24 hr 2000 !43 - 64e 

- - 4.30 tonlhr 

Total = 24.96 lonlhr 

carbon monoxide = I Average Ern.ssion Rate (Ib CO I nr) I 
[Kiln Tnrougnplrt (ton I hr) ] 

- - 30.22 Ib I bf 
bf 24.96 ton 

I carbon monoxide = 1.21 lblton 

Pollutant (Avg. Emission Rate IAvg. Emission Factor 
co 1 30.22 lblhr I 1.21 Iblton 

- Notes: 
(1) VBE :Volume Brick Equivalents 



WITHERS & RAVENEL Eflvironmentd/ Engineering Irrc. 

November 8. 1995 

B o d  Brick - Isenhour Division 
Post Office Box 1249 
Salisbury, North Carolina 281 45-1249 

Artn: Mr. John Isenhour 

R E  Results of Carbon h4onoxide Source Testing 
Kiln (6 
Isenhour Brick Company 
Saljsbury. Nonh Carolina 
WREE Project No: 50-95-005 . .  

Dear Mr. isennour; 

Withers & llavenel Environmental Engineering (WEE) has received the preliminary results of 
the stack testing for carbon monoxide emissions from Kiln #6. This testing was completed by 
Trigon Engineering, Inc. on October 6 ,  1995. Simultaneous samples were oblained from the 
sawdust drycr exhaust, #1 kiln exhaust, and H2 kiln exhaust. &ch sample was aollected over a 
one-hour period and three separate runs were completed. Results of the testing are presented 
below: 

8.05 6.5G 7.01 

b2 Kiln Exhxurt 

In accordance with rcgulatory rquirements, the carbon monoxide concentration averaged over 
h e  Lhree runs is the value that must be utilized in any eniission calculations (Le., 30.22 Ibslhr). 
Utilizing this value and the brick throughput data collected by BoraIlIsenhour personnel (i.e., 
24.96 tondhr), results in a CO emission factor of 1.21 IWton. As discussed, this is significantly 

than the proposed AP-42 value of 3.0 lbslton. 

Utilizing the above results, assuming a fired-brick weight of 3.8 Ibs per brick, and an annual 
production of 130 million brick per ycar from kiln #6 (i.c., post-modification) result.. in  annual 
CO emissions of approxiinately 149 tons per year. Emissions of CO from the proposed Kiln #7 



Mr. John Isenhour 
November 8, 1995 
Page Two 

can be calculared urilizing tl i t  naturi.. gas emission .-ctor developed durillg recent testing by 
BANC ai Triangle Bricks facility; 0.577 lbslton. Assuming a brick throughput of 65 million and 
a fired weigh1 of 3.8 Ibdbrick yields annual CO eiiiissions of approxiinatcly 36 tons per year. 
Total CO emissions aftcr the.propose(l niwdification would be 185 tons per ymr which. is well 
below the PSD threshold of 2SO tons per year. Therefore, as a rcsult of the testing completed, 
Ibral/l.senhour can p m d  with the proposed modification withour going through the lengthy and 
costly PSD pennitling proccdures. 

While EPA has tied all emissions to brick throughput, CO is solely a result of fuel conrbustion. 
Based on fuel usage during thc rest A CO emission factor in lbs/MMBtu can be calculatd. .Using 
fuel consumption data and a heating value of 6500 Btullb for sawdust, the heat input to the kiln 
was dciilatai to be approxiinakly 48 MMBt.ti/hr. This results in an einissions factor, based on 
heat input, of 0.63 IbslMMHtti. This coinparcs to the fuel combustion cmiss'ion factor of 0.0035 
1bslMMHtu for natural gas and 1.05 1bslMMBtu for sawdust. Considering rhat thc inajority of 
heat input was supplied by sawdust, thc stack test results indicated good combustion conditions 
within Uie kiln. 

Plme lct m e  know at  your earliest convu1icnce, plans for the proposed cxpallsion. If you havc 
any quastions rqarding the information in  this letter, please do not hesiliite to call mc. 

Sj n cercly , 

WITHERS & RAVENEL 
ENVIRONMENTAL ENGINEERING, MC. 

William G. Colby, P.E. 
Air Quality Engineer 
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REPORT CERTIFICATION 

Thc sampling and analyses pcrfomied for this repoa were carried out under my supervision 
and/or direction. ,. 

1 Tom E. Wynn 
CEM Project Manager 
Air Monitoring Division 
Trigon Enginecring Consultants, h c .  

I have reviewed all testing details and results in this report and hereby certify that the test report 
i s  authentio and accurate. 

Paul R. Jenkins, Jr. 
Quality Asnvancc Manager 
Air Monitoring Division 
Trigon Engineering Consultants, Inc. 

I have reviewed all testing details and results in this report and hereby certify that the test report 
is authentic and accurate. 1 :  . I  

I I  
!' 
I 
. ,  

Richard B. McCain, 111 
Manager 
Air Monitoring Division 
Trigon Engineering Consultants, Inc. 

ii 
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1.0 INTRODUCTION 
This section describcs the purpose, a brief outline including the sampling and analytical strategy, 
and the p c r s o ~ e l  Involved in the test program. 

1.1 Purpose 
The purpose of this sampling project was to determinc concentrations and emission rates of 
carbon monoxide from three sources designated as the NO. 6 Kiln Exhaust No. I ,  No. 6 Kiln 
Exhaust No. 2, and the Sawdust Dryer l o d  at the Isenhour Brick Company facility in 

Salisbury, N o d  Carolina. The results of the sampling and the documentation provided in this 

report will be uscd intcmally by Iscnhour Brick Coinpany for engineering purposes. Data 
provided in this report will be uscd to assist in the preparation of an air emission inventory to 

determine Title V applicability. . . . 

1.2 Outline of Test Pmgnlr?? 

Stationary source sampling was performed October 26, 1995 by the Air Monitoring Division of 
Trigon Engineering Consultants. Inc. at the Isenhour Bnck Company facility in Salisbury, North 
Carolina. Three I-hour sampling runs were conducted simultaneously at the No. 1 and No. 2 

Kiln Exhausts and Sawdust Dryer Exhaust serving the No. 6 Kiln. United Statcs Environmental 
Protection Agency (US EPA) Reference Test Methods 1 through 4 and 10 were used for the 

determination of carbon monoxide (CO). All sampling and analytical procedures used were those 

established by thc US EPA in standard reference test mcchods and appropriate state-of-the-art 
analytical procedures. The test runs were conducted during normal operating conditions. 

13 Test Participants 
The projcct was managed by Mr. Tom E. Wynn, CEM Project Manager, Trigon Engineering 

Consultants, Inc. Mr. WYM may be contacted at 704/598-1049 or by facsimile at 704/598-1050. 

The test team included Messrs. J.A. "Tony" Blanton. Senior Project Manger, and Brian L. Wrenn 
of Trigon Engineering Consultants, Inc. Sampling was coordinated by Mr. Jim Powm of 
Isenhour Brick Company and Mr. Bill Colby of Withcrs and Ravenel Environmental Engineers. 
h4r. Powers may be contacted at 704/636-0131. h4r. Colby may be contacted at 919/460-6006. 

, 

1 
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2.0 SOURCE PROCESS DESCRIPTION 
This section contains a brief dcscriptlon of the NO. 6 Kiln. conlrol quipment and a typical 

process air flow schematic. 

2.1 Discussion 
The Isenhour Brick Company facility in Salisbury. North Carolina manufactures brick. The No. 
6 Kiln is a tunncl kiln uscd to fire or cure brick. The exhaust from the kiln is divided into thrce 

sepcrate ducts: two go out through the roof and arc called the No. 1 and No. 2 kiln exhausis: 
the third goes lo  lhc sawdusl dryer and through a cyclonc and exhausts as thc sawdust dryer 

exhaust. Figure 1 detajls the process air flow schematic for Kiln No. 6. 

Production documentation was compiled by lscnhour Brick Company. During the tcding, 
production was at maximum capacity. The kiln was fired with a hardwood/sofrwood mixture of 

dry sawdust at a rate of 3.37 tons per hour and natural gas at 4.63 dekarhems per hour. As a 
result. brick was finished at a rate of 24.965 tons pcr hour. 

2 
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3.0 SAMPLEYG METHODS 
This section describes the Sampling strategy, sampling and analytical mcthods. and quality 

assurancdqualjty control procedures implemented during tlus project 

3.1 Sampling Strntegy 
The sampling and analytical proccdures used during Ulis test program were those established by 

the US EPA and North Carolina Department of Environment, Health and Nntural Resources (NC 
DEHNR). Sampling runs wcre conducted in triplicate to validate the sampling. 

3.2 Snmpling and Analytical Procedures 
The US EPA methods used in this stunpling program were Method 1 for the location of sampling 

points and cyclonjc flow detcrmination. Method 2 was used for the determination of volumeMc 

flow rates. Method 3A was utilized to verify oxygcn (03 and carbon dioxide (CO,) 

concentrations as well as determine the molecular weight of the stack gas. Method 4 wes used 

(0 determine the moisturc content of the stock gas. Method 10 was uscd to determine 
concenuadons and emission rates of CO. 

A sampling and analysis synopsis is discuad briefly in the following subsection. These test 

methods are available in the Code of Federal Rcylations Volume 40, Part 60 or by request from 

Trigon. 

3.2.1 

Gaseous pollutant concentrations and emission rates were determined according to EPA 
instrumental analyzer procedures. All analytical procedurcs used by Trigon conformed with the 
requirements of EPA Test Mcthods 3A and 10. These methods utilize M analyzer thet senses 

the gas to be mcasured and generates an output proportional lo its conccntration. During the 

sampling, a 60 minure sruuple of the gas strcani was continuously withdrawn from the emission 

source at a constant rate, via peristaltic pump, into evacuated tcdlnr bags. The sample was then 
iransported to Trigon's mobile laboratory and analyzed by the measurement system. The 
principal components of the measurement system were sequentially: 

Gaaeous Pollutant Instrumental Analyzer Sampling Procedures 

4 
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Teflon sample trnnsport lines, with peristaltic pump and tedlar bags; 

Instrumental Dnnlyters with EPA Protocol I calibration gases; and 
A data acquisition system that continually logged thirty second concentrations. 

Prior to rhc tcst series the analyzers wcre calibrated using multipoint urlibration gascs in the 

appropriate pollutant rangc. Calibration gases at three points werc first sent dircctly to the 

analyzer for an instrument calibration error check. Acceprnblc tolerance was k2 percent of the 

span. 

'Ibe sample and calibration gases were delivered to the analyzer at a constant pressure and flow 

to ensurc that no bias was being created by pressurizing the sample cell of the analyzer. All 

calibration gascs met EPA kotocol I criteria. The zero and calibration drift check was performed 

immediately following completion of each test run. Analyzer drift is determined by the 

difference in initial system calibration value from the final system calibration value.. The 
acceptable tolerance for drift was rU percent of span. Analyzer drift checks must mcct 
sppecifications for all runs to be considend valid. Each final zero and upscale calibration value 
also served as the initial zero and calibration value for the following run. 

Carbon monoxide conccntrations (wet-basis) arc displayed by the data acquisition system (DAS) 
and recorded in parts per million (ppm) while the O2 and CO, concentrations were rccorded on 

a percent basis. The CO conccntrntions were subscquently corrected for any C02 interference 

and moisture before using these values in determining the emission rates. All data obtained 
during the test program from Trigon's DAS was archived on a strip chart and magnetic disk and 
is pnscnted in Appendiv C. 

32.2 Dwcriptlon of Instrumental Analyzen 
The pollutant laden gas stream was continuously withdrawn from thc emission source through 

a stainless steel probe, tcflon mnple transfer line, and peristaltic pump to a tedlar bag. 

The CO, concenvation in the effluent was determined by a California Analytical Instruments, Inc. 
Modcl 3300A Infrared Gas Analyzer. The analyzer utilizes a nondispcrsive ;nfrarod (NDIR) 

5 
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micfoflow detector to m w u r e  CO, in the sample stream and genernles a proportional electrical 

current. A single infrared light beam is modulated by a chopper and passed through a sample 

cell of predetermined length containing the gas sample to be analyzed. As the beam passes 

througli the cell, thc snmple gas absorbs some of its energy. The attcnuatcd bcam emerges from 

the cell and is introduced to the front chamber of a two-chamber infrared detector. The detector 
is filled with the component of intcrest and consequently the beam experiences furlher energy 
absorption. The 
diffcrential pressure between thc front and rem chambers of the detector causes a slight gas flow 

between the two chambcrs. The flow is detected by a mass-flow sensor and is converted into an 

AC elccuicol signal, which is amplified and rectified into a DC voltage signal which is recarded 

by the DAS. The electrical output signal is directly proportional the concentration of lhe sample 

gas. 

I 

The absorption prmcss increases the pressure in both of the chambcrs. 

The CO concentrations were determined using a Therm0 Environmental Corporation Model 48 

Gar Filtcr Correlation (GFC) analyzer. This instrument utilizes the techniques of non-dispersive 
infrared (NDrrC) for measurement of CO. In this technique, radiation from an infrand (IR) 

source is chopped and then passed through a gas filter alternating between CO and N2 due to 

rotntion of the fdter wheel. Thc radiation then passes through a narrow band pass interference 

filter and cnters a multiple pass optical cell where absorption by the w p l e  gas occurs. The IR 
radiation then exits the sample cell and falls on an IR detector. The CO gas filter acts to produce 
a reference beam which cannot be further attenuated by CO in the sample cell. The N2 side of 

the filter wheel is transparent to the IR radiation and therefore produces a measure beam which 
can be absorbed by CO in the cell. The chopped detector signal is modulated by the altcmation 

between the two gas filters with an amplitude related to thc concentration of CO in tbe sarnplc 

cell. Other gases do not cause modulation of the detector signal since they absorb the reference 

and measure beam equally. Thus the GFC system responds specifically to CO. 

The 0, concentration in the effluent was determined by a Teledyne Model 320 P/D analyzer. 

‘lhe analyzer utilizes Teledyne’s patented Micro-fuel Cell which consumes 0, from the 
atmosphere surrounding the measuring probc and generates a proportional electrical current. 
Oxygen in the gas space surrounding the cell diffuses through a Teflon membrane and is reduced 

6 
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on the surface of the cathode. A corresponding oxidation occurs at the anode internally and m 

elactrical current is produced that is proportional to (he concenlration of oxygen. The hnsducer 

output Is limited only by the rate at which O X ~ ~ C O  enters the cell and the mount of anode 
material stored within. This output is insufficicnt for thc cell to be uscd 89 a power soum and 
hence must be amplified to produce an output that is readable on the front panel LCD meter. 
The current simultaneously generates an output signal of 0-100 mV which corresponds to 0-25% 

0, that can be Fccorded by the DAS. 

The DAS employed by Trigon Engineering Consultants. Inc. for this project was a 486 IBM- 
compatible portable computer with hard disk storage and a Yokogawa "400 Hybrid recorder. 
The recorder i s  capable of scanning 30 points in one second and printing in 10 diffcrcnt colors. 
The DAS is  capable of providing an instantaneous display of analyzer responses, compiling the 
data collected calculating emission rates and documenting all analyzer calibrations. The test data 
was stored on hard disk. 

3.2.3 SsmpIing Ports and Points 

The dimensions of each wnpling site and location of the sampling ports and points are detailed 

in Figures 2, 3 and 4. Method 1 sampling criteria was maintained in 2 of the 3 stacks. Each 
stack was divided into maximum equal areas as specified in'EPA Method 1 for volumetric flow 

measurement. 

The No. 1 Kiln Exhaust only partially met Method 1 requirements. Thc minimum upstream and 

downstream requirements were satisfactory, however, a tow1 of 4 ports instcad of 3 should have 

b w n  located in the stack For purposes of detcrmining volummric flow, a 4 x 4 sample matrix 

would have been desirable to the 3 x 6 matrix that was used. The sample's integrity was not 
compromiscd by this change. 

7 
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Figure 2 
Location of Sampling Ports and Points 
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3.3 QUALITY ASSURANCE 
This section details the quality 8ssurance measures taken to ensure the reliability of the emissions 
meQsurcmcnts perforrntd. Data quality objectives supponing the field mensurements are included 
in Trigon’s Quality Assurance Plan. These objectives include but arc not limited to independent 
audits of all field data, laborarory data. calculated values, and two separate audits of the find 

report. Trigon’s Quality Assurance Manual is available upon request. 

-7 
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> 

33.1 
Trigon Engineering Consultants, Inc.. has established quality assurance and quality control 
(QMQC) guidelines for providing the hi&hcst quality sampling and analytical data from source 
tests. These QNQC procedures were implemented to ensure the acceptability and reliability of 

the data generated. 

Quality Assurnnee and Quality Control 

In summary, a high degree of data quality was maintained throughout this project. All system 

performance specifications as stated in Methods 3A and 10 were met. A linearity check on each 
analyzer was conducted to acceptable Limits of 22% of span before sampling was commenced. 
Immediately after each run, drift was determined to validate the samples integrity. Sample 
interference response checks were conducted on each analyzcr IO be used during this project Tbc 
result of all analyzer calibrations and drift checks are presented in Appendix B. Reference 

measurement system pcrfomiance tcst results are presented io Appendix F. 

Field data results were entered into Trigon’s Air Quality Data System by an environmental 

scientist, independently audited by the Project Manager, and reviewed by the Quality Assurmce 

Manager for verification of datu. After QC review by the QA Manager. the Division Manager 
verified the final report for completeness and reasonableness of data. The report was returned 

to the Project Manager for review and preparation of the final draft The report requires the 

signature of the Project Manager. QA Manager, and the Division Manager before release IO the 

client. Data and find reports are archived in a secured area for a minimum period of three years. ? 

11 
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4.0 RESULTS 
This section presents the sampling results. All pollutant concentrations and emission rates 

be found in Appendix A. Field Data Sheets arc presented in Appendix B. Graphic presentation 
of recorded data from Trigon's DAS can be found in Appendix C. Production data is presented 

in Appendix D. 

4.1 Summary of Results 

Tables 1 - 3 present the summary of results for the carbon monoxide sampling at the individual 
Kiln Exhausts and Sawdust Dryer Exhaust, respectively. A synopsis of the pollutant emissions 

is provided in the following table: 

II Carbon Monoxide 3 II 

12 
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TABLE 1 
Summary of Results. Carbon Monoxide Sampling 

No. 6 Kiln Exhaust No. 1 

.... 

' ?  

. .  

i 

l i  
(.I 
I '  
I .  

! ': 

. .  
I .  

Run Number 

Daw 
Run Duration, Minutes 
Sample Time, 24-hok clock 
Avuage Stack Temperature. "F 
Average Stack Gas Velocity, dsec 

Stack Gas Flow Rate*, 
dry standard cubic fee?fminute*@SCFM) 

Stack Gas Volumetric Flow Rate, 
actual cubic feeVminute(ACFh4) 

Carbon Monoxide: 
C!& Concentration, ppm 

C,, Concentration, ppm 
Concentration, IbddscP 

Emission Rate, Ibs/hr 

* 6S°F, 29.92 Inches Hg 

13 

1 2 3 
I Of26195 10/26195 10/26/95 
60 60 60 
0835-0934 0935-1045 1046-1200 
334.6 34 1.4 325.3 
41.1 41.1 39.1 

10466 10415 10065 

17131 17127 16314 

285 260 250 
271.9 248.0 238.3 
1.97E-OS 1.80E-05 1.73E-OS 

12.40 11.26 10.45 
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TABLE 2 
Summary of Rcsults. Carbon Monoxide Sampling 

NO. 6 Kiln Exhaust No. 2 

Run Number 
Date 
Run Duration, Minutes 

Sample Time, 24-hour: clock 

Average Stack Temperature, OF 

Average Stack Gas Velocity. fUsec 
Stack Gas Flow Rate*, 
dry standard cubic feel/minute*(DSCFM) 

Stack Gas Volumetric Flow Rate, 
actual cubic feet/minutc(ACFM) 

Carbon Monoxide: 

C, Concentration, pprn 

C,, Concentration, ppm 

Concentration, Ibddscf' 

Emission Rate, Ibs/hr 

I 2 3 
1Oi26f9S 10R6f95 1006f95 
60 60 60 
0835-0934 0935-1045 1046-1200 
204.8 212.8 2 15.3 
73.9 75.7 76.8 
23133 23503 23831 

30797 31567 32016 

128 110 110 
12s. 1 107.9 107.9 
9.08E-06 7.84E-06 7.84E-06 
12,61 11.05 11.21 

68'F. 29.92 Inches Hg 

14 
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TABLE 3 
Summary of Results, Carbon Monoxide Sampling 

Sawdust Dryer Exhaust 

Run Number 
Datc 
Run Duration, Minutes 
Sample Time. 24-houi clock 
Average Stnck Temperature, O F  

Averagc Stack Gas Velocity, Nsec 

Stack Gas Flow Rate*, 
dry standard cubic feet/minute*@SCFM) 

Stack Gas Volumetric Flow Rate, 
actual cubic feeVminute(ACFM) 

Carbon Monorlde: 
C, Concentration, ppm 

C,, Concentration, ppm 

Concentration, IbddscP 

Emission Rate, lbs/hr 

6PF, 29.92 Inches Hg 

15 

1 

10/26/95 

60 
0835-0934 
159.1 

100.7 
19381 

27739 

2 
I0/26/95 
60 

0935-1045 
160.4 

103.8 
19774 

28587 

3 
10/26/95 
60 
1046- 1200 
156.3 
98.2 
18928 

27055 

100 80 90 

95.3 76.2 85.8 
6.92E-06 5.53E-06 6.23E-06 
8.05 6.56 7.07 
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5.0 APPENDICES 
This section contnins detailed supportive documentation that encompasses all aspects of the 

emission test program. Its contents w e  as the foundation for the test repon. The emission test 

report presents a summary of the information gathered during the sampling activities. The 
infomation contnined in the appendices is necessary to facilitate the review of the emission test 
report and deteminc wliether proper procedures were used to accomplish the test plan objectives. 

Defensible data and &e subsequent pollutant concentrations and emission rates is one of the 

primary objectives of m y  emission test program. To this end. all results, examplc calculations, 

field data sheets. sample recovery, laboratory results, chain of custody documcntation, and 
equipment calibrations have been provided to support thcse objectives. 

16 
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! ‘  

SUMMARY OF RESULTS 
EPA REFERENCE h4ETHOD 10 
Determination of Carbon Monoxide Emissions 
Isenhour Brick Company 
Salisbury, North Carolina 
Kiln Exhaust No. 1 

Run Number 
Date: 

lT 

PB Barometric Pressore, in. Hg 

SP Static Pressure, in. Hg 
PS 

Bws 

PMV Percent Moisture 

MFD Mole Fraction Dry Gas, Percent 

PO2 Percent Oxygen. Dry 
PC02 Percent Carbon Dioxide, Dry 
MD 

h W  
CP Pitot Tube Coefficient 

DPS 

Net Time of Tat, min. 

Stack Pressure Absolute, in. Hg 
Moisture Content of Gas Stream 

Mole. WT. Stack Gas, Dry Basis, Ib/lb mole 

Mole. WT. Stack Gas, Wet Basis, Ib/lb mole 

Avg. Sqrl Dclta P, in. H20 

Avg. Stack Temp., Deg. F 

VS Avg. Stack Velocity, ft/sec 

AS Areastack, F12 

0 s  

QA 

Gas Volume Flow, Dry Std. Cond., CFh4 

Gas Volume Flow, Aciual, CFh4 

1 

10/26/95 

60 

28.97 

4.015 

28.955 

0.050 

5.0 

0.9SO 

15.6 

4.6 

29.360 

28.792 

0.84 

0.59 

334.6 

41.1 

* 6.95 

10466 

17131 

Carbon Monoxlde Concentrations and Emission Rntes 

Cndir CO Concentration as Measured, pprn 

Cstck CO Concentration in stack, ppm 

CAh’ CO Concentration, Ibs/dscf 1.97505 

CAW CO Emission Rate, Ibs/hr 

285 

271.9 

12.40 

2 

10126/95 
60 

29.09 

-0.019 

29.071 

0.050 

5.0 

0.950 

15.6 

4.6 

29.360 

28.792 

0.84 

0.58 

341.4 

41.1 

6.95 

10415 

17127 

260 

248.0 

1.80E-05 

11.26 

1. I” 

8:13 N o . 0 0 2  P . 2 1  

3 

10/26/95 

60 

29.22 

-0.014 

29.206 

0.060 

6.0 

0.940 

15.7 

4.7 

29.380 

28.697 

0.84 

0.56 

325.3 

39.1 

6.95 

10065 

16314 

250 

238.3 

1.73E-05 

A-2 
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SUMMARY OF RESULTS 
EPA REFERENCE METHOD 10 
Determination of Carbon Monoxide Emissions 
Isenhour Brick Company 
Salisbury, North Carolina 
Kiln Exhaust No. 1 

&ample Calculations Run 1 

Stack Pressure Absolute, in. H g  

Mole Fraction Dry Gas, Percent 
100 - PMV 

MFD = .I-.......----. - --.-- P 

PS = PB - SP = 

100 

Mole. WI. Srack Gas. Dry Basis, lbbb mole 

Mole. w7: Stack Gas, Wet Bmis. lbAb mole 

Avg. Stack Velocity, fusee 

Gas Volume Flow, Dry Std. Cond., CFM 

MD = 0.44 * %CO2 + 0.32 * %02 + 0.28 (I00 - %C02 - %02) - 
Mw MD MFD + [18 *(1 -MFD)) = 

VS 85.49 * CP * DPS * SORT (7S + 460)/(PS * MW) = 

1059 * VS * PS * AS (1-Bws) 
QS I ----------------__I-.---.-------------. = 

TS + 460 

Gas Volume Flow, Actual, CFM 
Q A =  A S * V S * 6 0 =  

Carbon Monoxide in Stack, ppm 
Csrck = Cndir * (1 - (%COUlOO)) = 

Carbon Monoxide ConenIration. Ibs/dscf 
(AI Stmdard Condiiions) 
CAN = Cstck 7.263E-8 = 

Carbon Monoxide Emission Rate, I b s h  
(At Standard Condirions) 
CAW = 60. CAN QS = 

Standard Conditions 68 Deg. F, 29.92 in. Hg 

8:13 N o . 0 0 2  P . 2 2  

28.955 

0.950 

29.36 

28.792 

41.1 

10466 

17131 

271.9 

1.97E-05 

12.40 

A-3 
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SUMMARY OF RESULTS 
EPA REFERENCE METHOD 10 
Determination of Carbon Monoxide Emissions 
Isenhour Brick Company 
Salisbury, North Carolina 
Kiln Exhaust No. 2 

Run Number 

Date: 

'IT 

PB Barometric Pr&.urc, in. Hg 
SP Static Pressure, in. Hg 
PS 
Bws 

PMV Percent Moisture 

MFD Mole Fraction Dry Gas, Percent 

PO2 Percent Oxygen, Dry 
PCO2 Percent Carbon Dioxide, Dry 

MD 

MW 

CP Pitot Tube Coefficicni 

DPS Avg. SqK Delia P, in. H20 

TS Avg. Stack Temp., Deg. F 

VS Avg. Stack Velocity, f V x c  

AS Areastack, Ft2 

QS 

QA 

Carbon Monoxide Concentrations and Emlsslon Rates 

Cndir CO Concentration as Measured, ppm 

Cstck CO Concentration in stack, ppm 

Net Time of Test, m'n. 

Stack Pressure Absolute, in. Hg 

Moisture Content of Gas Stream 

Mole. WT. Stack Gas, Dry Basis, Ibflb mole 

Mole. WT. Stack Gas, Wct Basis, lbflh mole 

Gas Volume Flow, Dry Std. Cond.. CFM 

Gas Volume Flow. Aciual. CFM 

CAN co &ncentration, lbddscf 

CAW CO Emission Ratc, Ibs/hr 

1 

10/26/95 

60 
28.97 

-0.096 

28.874 

0.020 

2.0 

0.980 

18.8 

1.9 

29.056 

28.835 

0.84 

1.15 

204.8 

73.9 

6.95 

23133 

30797 

128 

125.1 

9.08E-06 

12.61 

2 

10/26/95 

60 

29.09 

-0.096 

28.994 

0.021 

2.1 

0.979 

18.8 

1.9 

29.056 

28.824 

0.84 

1.17 

212.8 

75.7 

6.95 

23503 

31567 

110 

107.9 

7.84E-3-06 

11.05 

8:13 N o . 0 0 2  P . 2 3  

3 

10/26/Y 5 

60 

29.22 

-0.096 

29.124 

0.022 

2.2 

0.978 

18.9 

1.9 

29.060 

28.81 7 

0.84 

1.19 

215.3 

76.8 

6.95 

23831 

32016 

110 

107.9 

7.&E-06 

11.21 
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SUMMARY OF RESULTS 
EPA REFERENCE METHOD 10 
Determination of Carbon Monoxide Emissions 
Isenhour Brick Company 
Salisbury, No& Carolina 
Kiln Exhaust No. 2 

Example Calculatlons Run 1 

Stack Pressure Absolute, in. Hg 

Mole Fraction Dry Gas, Percent 
; 

PS PB-  SP * 
.I 

100 - PMV 
MFD = _____II___________ fi 

100 

Mole. WT. Stack Gas, Dry Basis, lbhb mole 
MD = 0.44 ' %CO2 + 0.32 %02 t. 0.28 * (100 - %CO2 - %O2) = 

Mole. WT. Suck Gas. Wet Basis, !!$9 mo!e 
MW = MD MFD + (18 '(1 -MFD)] = 

Avg. Stack Velocity, ft/sec 
VS = 85.49 CP * DPS SQRT (73 i 460)/(FS * MW) = 

Gas Volume Flow, Dry Std. Cond., CFM 
1059 * VS PS * AS (1-Bws) 

QS P _-_-______---_-___--_______l______lf__ = 
TS -+ 460 

Gas Volume Row, Aciuol, CFM 
QA = AS * VS' 60 = 

Carbon Monoxide in Stack, ppm 
Cstck 

Carbon Monoxide Concentration, lbddscf 
(At Standard Conditions) 
CAN = Cstck * 7.263E-8 = 

> 
Cndir (1. (%COZ/lOO)) = 

Carbon Monoxide Emission Rate, Ibsihr 
(At Standard Conditions) 
CAW 5 60 * CAN QS - 
Standard Conditions 68 Dcg. F, 29.92 in. Hg 

8:14 No.002 P.24 

28.874 

0.980 

29.056 

28.835 

73.9 

23133 

30797 

125.1 

9.08E-06 

12.61 

A-5 

0 
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SUMMARY OF RESULTS 
EPA REFERENCE METHOD 10 
Determination of Carbon Monoxide Emissions 
Isenhour Brlck Company 
Salisbury, North Carolina 
Sawdust Dryer 

Run Number 

Date: 

TI' 
PB Barometric Pressure, in. Hg 
SP Static Pressure, in. Hg 

PS 

Bws 

PMV Percent Moisture 

MFD Mole Fraction Dry Gas, Percent 

PO2 Percent Oxygen, Dry 

PC02 Percent Carbon Dioxide, Dry 
MD 

MW 
CP Pitot Tube Coefficient 

DPS Avg. Sqn Delia P, in. NZO 

N e t  Time of Test, min. 

Stack Prasure Absolute, in. Hg 

Moisture Content of Gas Stream 

Mole. WT. Stack Gas. Dry Basis, lbnb mole 

Mole. WT. Stack Gas, Wet Basis, Ib/lb mole 

TS Avg. Stack Temp., Deg. F 

VS Avg. Sack Velocity, ft/sec 

AS ArmStack, Ft2 

QS 

QA 

Carban Monoxldc Concentrations and Emlsslon R n k s  

Cndir CO Concenlratiori as Measured, pprn 

Cstck CO Concentration in stack, ppm 

Gas Volume Flow, Dry Std. a n d . .  CFM 

Gas Volume Flow, Actual, CFM 

CAN CO Concentration, Ibs/dscf 

CAW CO Emission Rate, lbs/hr 

1 
10/26/95 

60 

28.97 

-0.132 

28.838 

0.150 

15.0 

0.850 

15.5 

4.7 

29.372 

27.666 

0.84 

1.59 
159.1 

100.7 

4.59 

19381 

27739 

100 

95.3 
6.-06 

8.05 

2 

10126195 

60 

29.09 

-0.140 

28.950 

0.160 

16.0 

0.840 

15.6 

4.8 

29.392 

27,569 

0.84 

1.64 

160.4 

103.8 

4.59 

19774 

28587 

80 

76.2 

5.53E-06 

6.56 

3 

10126195 

60 

29.22 

-0.132 

29.088 

0.160 

16.0 

0.840 

15.5 

4.7 

29.372 

27.552 

0.84 

1.56 
156.3 

98.2 

4.59 

18928 

27055 

90 

85.8 
6.23E-06 

7.07 

A-6 
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SUMMARY OF RESULTS 
EPA REFERENCE METHPD 10 
Determination of Carbon Monoxide Emissions 
Isenhour Brick Company 
Salisbury, North Carolina 
Sawdust Dryer 

Example Calculations Run 1 

Stack Pressure Absolute, in. Hg 
PS = PB - SP -- 
Mole Fraction Dry Gas, Percent 

100 - P M V  
MFD= ----I--------_-____ = 

100 

Mole. WT. Stack Gas, Dry Basis, lbhb mole 

Mole. WT. Slack Gas, Wer Basis, IhAh mole 

Avg. Stack Velocity, ft/scc 
VS 

Gas Volume Flow, Dry Std. Cond., CFM 

MD 0.44 %C02 + 0.32 % 0 2  + 0.28 (100 - %cO2 - %02) = 

MW =x MD MFD + (18 '(1 -MFD)] 

85.49 * CP DPS SQRT (73 + 460)/(PS * MW) 

1059 VS * PS AS * (I-BWS) - QS _-__________l_____________I___ - 
TS + 460 

Gas Volume Flow, Actual, CFM 
Q A =  A S * V S * 6 0 =  

Carbon Monoxide in Stack, ppm 
Cstck = Cndir * (1 - (%C02/100)) 

Carbon Monoxide Concentration, Ibs/dsc€ 
(At Standard Conditions) 
CAN = CstCk * 7.263E-8 = 

Carbon Monoxide Emission Rate, Ibs/hr 
(At Standard Conditions) 
CAW = 6O'CAN QS = 

Standard Conditions 68 Deg. F, 29.92 in. Hg 

8:15 No.002 P.26 

28.838 

0.ao 

29.372 

27.666 

100.7 

19381 

27739 

95.3 

6.92E-06 

8.05 

A-7 



A.1 

: ISE'NHOUR B R ICK ID:704-636-7865 RPR 16'96 8:15 N o . 0 0 2  P.27 

.. : .  

APPENDIX 1) 

FIELD DATA SHEETS 
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I :  EPA Method 1 
DetennimIion ojsampling PO& ami Points 
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z n n 
m 
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IUMBER OF TRAVERSE POINTS 

h) 
P 
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N 
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C n 
4 

a 
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EPA Method 2 

Deterrninarion of Stack Gas Vebdry, Volumetric Flow Rate and Cyclonic ROW 

Reki M a  -.. 
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IDZ704-636-7865 RPR 16'96 8:17 No.002 p.32 
fira INIWUU L 

DBEenniMtion of Stack Gar Voloc~ and VoIumehiC FIOw Rate 

ISENHOUR BRICK 

#I  

14 5" S l d s f t n  24 " 

FisldDoln 
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EPA Method 3A - Molecular Weight Determination - Dalo AMI&& 

(I Project Number O f  7 ClientName A L 
Sampling Location $7 b% EcC-J Operator C A ~  &J 
Sample Type a Bag 0 Multipoint 8. Single Point Fuel Type >A 
A n a l p e r m e  ‘W Serial # bbJ P 0, Calibration 20.9 k 0.1% 

c 

cityfstate c.\I;,h.~l . w W P I O  Date I c i d t . ;  

Note: Calculate the F, before evacuating any bag samples. Compare the Fo to the expected 
fuel values. If a discrepancy exists, reanalyze the sample. The F. calculation is as follows: 

- .. ... 

W B-5 
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r: 
! .. . 
-. 

I 

.- 

* .. 

.. 

. .  

. .  
i :  

I. 
I ’  I . .  

. :  

. ,  

,.> Using Instrumental h l j z e r  Procedure 

ly42864-268 Instrument Sampling Location kin Y E”fV,,, i t4 I - 
Instrumcut Rcadincss: Calibration Gases: 

Range (4c;y) Mid 
Range setting: xtp High .- 

Intensity 2: 74 start: &?\c 
Zero Seaing: L t r  stop: m91c 
Span Setting: h l  
Temperature: ?.b “F 
PreSSUrC: 7(  Hg 

Time Setting: DC1 

Intensity 1: .19 7 7 g  Sample Time: 
AQ 5 

Analyzer Calibmlion Data 

System Calibran‘on Bias and Drip Daia 

tep change in gm. 1 

lo / 3 0  

R-6 
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EFA Method 1U Uelennrnahon of Carbon Monoxide Ehrissions I :  I . .  

Using Instrumental Analyzer Procedure 
(Run Coatinuuiw S k d  

8 -7  
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In  Emksions From Stnti0nat-y Sources 

client a,/ &iru CitylState + f  

Sampling Location $ilk C M L m t  ;Ifr I Instrument Q2. . %+-i ,co2 .. 
.I 

Run Date: 1% I ~ O p e r a t O n  J&+&&&J,) Observer lJh. 

Instrument Readiness: Calibration Gases: 
Sample Conditioner Temp: NC O F  O2 High M . 9  
Sample Flow: IPm O2 Mid LI 

I ' I r e  s~art: I I ; ~  r ~ c r l  CO, High 1 ~ , ) ,  
7 9  stop: u . ) O  r r - 3 0  CO, Mid q,q? 

Analjzer Glibrution Data 

System GI. Respoare - Analyzer Cal. Rcspona 
System Calibration Bias - - X 100 

Span 

Find System CIL Rcspow - Inilisl Syrtcm Cal. Rcspponso 

Span 
Drift - io0 

8-8 
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r, 

-1 

. .  
8 .  

. .  

.', 

i. 

I " 
I: * .  

I . .  

. :  

Instrument Readiness: Calibration Gases: 

Sample Flow: I .3 1Pm 0, Mid ? . l  
Sample Conditioner Temp: & A  "F 0, High 22.V A h & -  

start 9.0 ' C o n  r w r ,  C0,lligh - 
C0,Mid - Stop: q . 5 D  I (  W ,133 

AMIrzer Calibration Data 

SvsCern Calibration Biar and DriR Data 

System Response Time 

System Cal. Rcrgaa~c - Analyrcr CIL Rcsponsc 
System Cdhntioo Biu  i. X 100 

spm 

D-9 
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EPA Method I 

DeIermination of Sampling P o d  and Poinfs 

8-10 
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EPA Method 2 
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EPA Method 2 

DBtermirtation of Stack Gas Ve&eity and V o h t r i c  F b w  Rate 
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EPA Method 3A - Molecdar Weight Determination - Data W s i s  

Note: Calculate the F, before evacuating any bag samples. Compare the Fo to the expectcd 
fuel values. If a discrepancy exists, reanalyze the sample. The F. calculation is as follows: 



ISENHOUR BRICK ID:704-636-7865 FlPR 1 6 ' 9 6  8:24 No.002 P . 4 4  
-. Using Instrumenid kndyzer Procedure 

Client /vhha c riLK citylstatc Sl;<L I .  , hlr 

sampling tocation K:L ~v-vln~m f f f z  ItlStlumelX #42864-26a 

Run Date: &. I&!, I* Operators Observer - 
Instrument Readiness: Calibration Gaw.: 

Range 
Range setting: 
Time Setting: 
Intensity 1: 
Iwnsicy 2: 
Zero Setting: 
Span Setting: 
Temperature: 
Prcssun: 

Mid I 4  
High -0,' 

Sample Time: 
start: og4c 
stop: f iq$ 

Analyzer Calibration Data 

: . , . 

System Calibration Bias and Dnfk M a  

8-14 
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.I 

ISENHOUR BRICK 
cr.4 Inernoa iu Uetermrnatton of Carbon Monoxide Emissions 

Using Instrumental Analyzer Procedure 
.. (Run Continuation Sheet) 

3 

I’ 
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.- 

In  Emissions From- S&&ay Sources 

Sampling Location K;la.. # Z- Instnrment~2: - 0 2  Tu., . ,  
h i  5- 

, 

Instrument Readiness: Calibration Gases: 
Sample Conditioner Temp: I\EA O F  

Sample Flow: \.n IPm 0, Mid T. I 

qffJ  stop: ( ( 3 3  l k ! M  CO, Mid 9.49 

w.9 0, High 

e,;"a Start co, Wgb lgol- I ( p 0  l rv l  

Analyzer calibration Data 

System Calibration B h  and Dr8 Data 

System Resuonse Timee .c  

Note: Must be 95% of a step change io gas. - 
System CdL Rerposv - Analyzer C I L  Respasc 

System Calibration Bias = . x 100 
Span 

0-16 'rn _. . .. . . - 
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. .  

-7 

EPA Method I 
Detmmination of SampIing Ports and Poinis 

Sampling -Clan Dlmowionr: 
From Far Wall v) Outside of Pon i 4 "  

Nipple Longth c '. 
Depth of Duo; . .  

width paclanpulnr DUCI) hX 

." 
'* 
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.. MINIMUM NUMBER Of TRAVERSE POINTS 

. .. . .  
. 
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ISENHOUR BRICK 

EPA Method 2 
&terminnation of Stock Crrr VeIodty, Volwnem'c NOW Rate and Cyclonic ROW , 

I I I I I I I I It I I I I ff . . . . . . . 
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EPA Muthod 2 
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KZ5; B U L 3  TE3?Z'ATCR2, t" 
. .  

8" c * r e * VI ' F  
0 0 0 

r c  c *I- 

.J a 
0 0 I:..,t , . . ,  I , , . ,  J I . , , .  f , . . .  I . . .~l. .  , ,  I . ,  , 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

/ 
/ 

/ 
/ 

/ 

, 
I 8 I I I I I I I I I I I 7 

0' I- ' 'N u e v1 " 
0 a 0 0 0 O 

0 
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EPA Merhod 3A - Mole&r Weight D e t e m i d n  - Datn Ana&si.s 

,’> 

... . ,  

. .  

. I  

.. . .  
I .  

... 

. .  

? 

Client N a m e T A  k,k 
City6tate SO(,&.A tb 
sampling ~ocation ~arn/~-.+ O t w  Operator */ BL 1;/ 
Sample Type WBag 0 Multipoint @Single Point Fuel Type &- 
hafyzer%c h c  5 

Project Number OY 7 -9C - Dt I 
Sample Date t 0 /a. 14 i 

Serial # 1 2 )  b6r 0, Calibration 20.9 r 0.1% 

Note: Calculate the F. before evacuating any bag samples. Compare the F. to tbe expected 
fuel ~ I u e s .  If a discrepancy exists, reanalyze the sample. The F. calculation is as fonm: 

20.9% - %Os 
Fe E I...-.---------__--- 

% co, 

@- 8-21 
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.> .  ' Using Instrumental Analyzer Procedure 

CIicnt IYnLar Iltctk City/State \ I : ~ L , . . ~  ut 

b,l*.- sampling Location L d t  I<+ IILS~IUDE~~ #42864-268 

Run Dace: & I& / ~ - o p c r a t o ~  Ah9 F. \ YA , QJ b 

Instrument Readiness: Calibration Gases: 

Obscrver 

d- XK, Mid Id 
XR High f 6\ 

Range 
Range sening: 
The Setting: 00 
Intensity 1: A 9  57c Sample Time: 
Intensity 2: ."r gl? 
Zero Setting: 
Span Setting: 
Ternperanue: 7-0 'F 
Pressure: 7iY HL? 

L. \3 - :g; 3- 

Analyzer Calibration Data 

8-22 



., 
ISENHOUR BRICK ID:704-636-7865 RPR 16'96 8:30 No.002 P.55 

OYA Metttoa 1U Uelemnanon 01 Carbon Monoxide Emissions 

.. 

? 

? 

.. 

1 

. I  

.. 
1 .  

1 

Using Instrumental Analyzer Procedure 
W Conhation s k i )  

client /w&tw \ t ; c k  Citylsrate % 
Sampling h a t i o n  Instrument #42864-268 

Run Date: & I& 1% Operators -Observer 

Ssmplc Time 

c 

Stan: & 
stop: rnq< 
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Irt Emissions From- S&&MIY Sources 

CitylState & c L y ~ /  , ,ur client A- IL~LL 

Sampling Location -+ Instrument Q2 ; M4T Jl-02 Fu4, *. 
2 

Run Date: L(L /= Operators Observer & J  

Instrument Readiness: Calibration Gases: 

Sample Flow: 1.0 O2 Mid - 7.1 Sample Conditioner Temp: NA O F  0, High - J o y  

qbo Starc / 1 !JV- 1-0 co2 High 
4 Stop: / 1 : * 0 -  I>30 C02Mid 4.4s 

Anulyzer colibrution Dafu 

Note: Must be 95% of a step change in gas. 
I__-. .. - 

S p e m  6 1 .  Response - Analper Cal. Rcsponrs 
- ... syncm Cdibralion Bias - --. x 100 

Span 



*I 

. - '  

... 

1 

c 

... 

:' 

!' 

, I  

i 

k., 

. .  

1 
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EPA Method 3A Determination of Oxygen and Carbon Uioxid.9 C0ncentratwn.s 

I n  Emissions From S t c l r i o ~ ~ y  Sources 

Client '~W+&Q-T &m- IL Citytstnte S 4 \hb--q h ) c  

Sampling Location *nA cr Ow/ Instrument 92:- I c02 - M G 5- 

Y'AO 
Run Date: In 1% 1% Operators -,kd Obscwcr )Jbu-c- 

rpp 
Instrument Readiness: Calibration Gases: 
Sample Conditioner Temp: WA. "F 0, High b . 7  ,+.. bA4.t. 
Sample Flow I .= IPm 0, Mid 7. I 

StBfif)'bO ( l o b '  IL ib  C0,High - 
Stop: e 3 3  ( / 3 3  (aJ2 C0,Mid - 

Analyzer Calibration Datu 

System Colibrution B h  and DriA Data 

System Response Time 

Syslcm GI. Response - Analper c I 1 .  Response 
Syrtem Glibntioo %sa - x 100 

Spnn 

Final SyPtcrn 0 1 .  Rcsponn - Inilia1 System 0.1. Rcrpoesc 
Drift - x 100 

Span 
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GRAPHIC PRESENTATION OF METHOD 10 DATA 

.. 

... 

! 
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APPENDIX R 
.. 

PRODUCTION DATA 
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i 
; 

I 

-l 

I 

Production Data 

#6 Kiln Bord Bricks Isenhour Division 

Below is a list of fuel consumption and thru put during our stack test Octobv 26, 1995. 

Sawdust usage - 3.37 to&. 

Natural gas = 4.63 Dskathermzlhr. 
Thru put 37 ctl in fire = 24.965 tonslhr 

Thru put 46 eng. in lire 

D-2 
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CALIBRATION DATA 

APPENDIX E 

1 . .  
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? 

QUALITY ASSURANCE AND EQUIPMENT CALIBRATION PROCEDURES 

-7 
General. Each item of field or laboratory test equipment purchased or fabricated by Trigon 
Engineeriag Consultants is assigned a unique, permanent identification number. New items 
for which calibration is required are calibrated before initial field use. Quipment  whost 
calibration s t a t u s  may change with use or with time is inspected In the field before testing 
begins, and again upon return from each field use. When an item of equipment is found 
to be out of calibration, it is adjusted and recalibrated or retired from service. a 
equipment is periodically recalibrated in full, regardless of the outcome of these regular 
inspections 

Calibrations are conducted in accordance with United States Environmental Protection 
Agency (US EPA) specifications. Trigon follows the calibration procedures outlined in EPA 
Reference Methods found in the Code of Federal Regulations (Volume 40, Pan  60) and 
those recommended in the Quality Assurance Handbook for Air Pollution Measurement 
Systems: Volume III (EPA/600/R-94/03&). When the Reference Methods do not detail 
procedures, Trigon uses methods such as those prescribed by the American Society for 
Testing and Materials (ASTM). 

Data obtained during calibrations are recorded on standardized forms, which are verified 
for completeness and accuracy by the Quality Assurance Manager. Data reductiod and 
subsequent calculations are performed usingmrigon's Air Quality Data System. Calibration 
calculations arc performed by an environmental scientist, independently audited by the 
Project Maoager. and reviewed by the Quality Assurance Manager for verification of data. 
Copies of calibration data are included in each test or project report. 

Inspection and Maintenance. An effective preventative maintedance program is necessaIy 
to ensure equipment performance quality prior to, during, and following every test, Each 
item of equipment returning from the field is inspected before it is returned to storage. 
During the course of these inspections, itcms are cleaned, repaired, reconditioned, and 
recalibrated when necessary. 

Each item of equipment transported to tbe field for a test project is inspected again prior 
to being packed. Trigon performs these quality assurance checks prior to departure for the 
project site to detect equipment problenis which may occur during periods of storage. 
Trigon transports adequate back-up equipment to each project so as to avoid any 
unforeseen circumstances. 

, .  

. .  

'7 i. 

' 1  
! 
..I 

. .  

. .  . . Source sampling equipment that require calibration include nozzles, pitot 
tubes. thermometers, flow meters, dry gas meters, and barometers. The following sections 
detail the calibration procedures followed by Trigon for each item. 

F.? 
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m. Each probe nozzle is uniquely and permanently identiEied at the time of purchase 
or fabrication, and it is calibrated before initial field use and prior to each test The inside 
diameter of the n o d e  is measured to the nearest 0.001 inch using a digital micrometer. 
Five measurements are made usingdifferent diameters each lime. If the difference between 
the high and the low measurements do not exceed 0.004 inch, the average of the five 
measurements is used. If the difference exceeds this amounf or when the n o d e  becomu 
nicked, dented, or conoded, the nozzle is reshaped, sharpened, and recalibrated. 
Regardless of usage, all n o d e s  are inspected and recalibrated on a yearly basis. 

eitot Tubes AU Type S pitot tubes are constructed and calibrated in strict accordance with 
the procedures contained in EPA Rcfereace Method 2. A Type S pitot tube will have a 
coefficient of 0.84 20,02. A standard pitot tube will bave a coefficient of 0.99. Each pitot 
tube is visually inspected prior to any field use. If the inspection indicates damage, it is 
recalibrated. Regardless of usage, all pitot tubes are inspected and recalibrated on a yearly 
basis. 

Brv Gas Meter and Orificn. Each metering system receives a full calibration at the time 
ofpurchase and annually, thereafter. Post-test calibrations arc performed after each source 
test. If the cntibration factor, y (gamma), deviates by less than five percent from the initial 
value, the test data are acceptable. If y deviates by more than five percent, the meter k 
;ccalibi&d and &he meter coefficient (initial or recalibrated) that yields the lowest sample 
volume for the test runs is used. Standnrd practice at Trigon is to recalibrate the dly gas 
meter anytime y is found to be outside the raage of 0.98 5 y 5 1.02. 

Barometer. Each field barometer is calibrated to agree within & 0.1 inches Hg of a 
reference mercury barometer. The barometric pressure is corrected for pressure and 
temperature. Prior to and following each field test the field barometer is verified. 

Thermometers. Each new thermometer, pyrometer and tliermocouple purchased or 
fabricated by Trigon is calibrated in strict accordance with US EPA Protocol. Calibration 
tolerance limits are as follow: 

Lnpinger Temperature Gauge 
Dry Gas Meter Temperature Gauge 
Stack Thermocouples 

2 I T  or 2°F 
23°C or 5.4'F 
21.5% of absolute temperature 

AU thermometers and thennocouplcs are inspected and calibrated prior to and followhg 
each field test. Regardless of usage, aU thermometers and thermocouples are inspected and 
recalibrated on a yearly basis. 

uiprnent. Trigon Engineering Consultants has a mitten quality assuranw - 
document that covers calibration and maintenance of laboratory equipment This includes 
calibration of each analytical balance against Class S weights. Calibration of thermometers, 
barometers, and wet test meters are traceable to NIST. A copy of our quality assurance 
document may be obtained by written request. 

E-3 
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i Client Cityfitate dc 

I Reference Thermometer 100.022 Reference Barometer 600,003 - 

E.4 
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TYPE 3' PITOT TUBE CALIBRATION FORM 

1 Date: OUO3/95 Cahirator: BLS 
Spccificationr 
A.) Pitot tube wcmbly  must bc IcveL 
E.) If pitot tubc is damaged explain under comments section. 
C) 2 I A Si y (50.125) and W = A Sin 0 (0.03125) 
D.) u tl(Y and p ~ 5 *  

1.D.Lon~th u1° u2' PI' &Y 7' R' A, lo. '2, in. W.ln. PA, In. PB, In. Dqln.  

Iadl*ldunl Pltot Tubes 
! 200.019 2' 1.0 0.0 0.5 

200.049 3' 1.0 1.0 1.0 
200.002 3' 0.5 2.0 0.5 

200.025**5' 15 0.5 0.5 
ZUU.05.l s 1.0 1.0 1.0 
ZM).OsJ 6' 1.0 1.0 0.5 
200.038 7' 0.5 3.5 0.5 
200.030 7' 0.5 4.0 1.0 
200.055 7' ' 2.0 1.0 1.0 
ZU0.031 10' 1.0 1.0 1.5 
300.16JAnd. 3.5 3.0 0.5 

Piior ?u'mr Aturched IO Pmbes 

9 200.028 r 1.5 7b 0.0 

0.0 1.5 1.0 
1.0 0.0 0.5 
0.5 1.5 0.5 
0.5 1.0 0.0 
1.0 0.0 1.0 
0.0 0.0 1.0 
0.5 0.5 1.5 
0.0 1.5 0.0 
0.5 1.0 1s 
1.0 1.0 1.0 
05 1.5 1.5 
20 1.5 1.0 

0.935 0.024 
0.940 0.m 
0.942 0.0u 
0.981 0.017 
0.960 o.Oo0 
0.780 O.Oo0 
0.955 0.008 
0.948 0.025 
0.963 0.017 
0.834 0.01s 
0.926 0.021 
1.132 0.030 

0.01632 0.467 
0.00820 0.470 
0.0082 0.471 
0.00000 0.491 
0.01675 0.580 
0.01361 0.390 
O.ozSoO 0.477 
0.00000 0.474 
0.02.726 0.483 
0.01456 0.467 
0.02424 0.463 
0.01976 0.566 

0.468 
0.470 
0.471 
0.490 
0.4.W 
0390 
0.J7S 
0.474 
0.482 
0.467 
0.463 
0.566 

0.371 
0.371 
0.372 
0.375 
0.376 
0.377 
0.375 
0.372 
0.372 
0.378 
0.373 
0.377 

200.020 2' 
200.021 2' 
ZOU.036 2' 
200.037 2' 
100.004 5' 
200.005 3' 
200.006 3' 
300.015 3' 
20U.016 3' 
2U0.017 3' 
IUU.UU7 S' 
2uo.008 9 
200.009 5' 
20U.022 S' 
200.027 S 

I 200.034 9 
200.024 6 

1 2OO.OLO 7. 
. j  ZOo.Ul1 1' 

200.012 7- 
'1 2UU.039 7' 
1 ~oo.040 r 

200.041 Ip 

200.045 F 
. 200.013 IO' 

200.014 10' 

1.5 
0.0 
0s 
0.0 
1.5 
0.5 
1.5 
0.0 
0.5 
0.5 
1.0 
0.5 
1.5 
1.0 
0.5 
2.0 
0.0 
0.5 
1.0 
0.5 
1.0 
t.0 
1.0 
0.0 
0.0 
0.5 

1.0 
1.0 
0.5 
2.5 
0.0 
0.5 
0.5 
0.5 
0.0 
0.5 
0.0 
0.0 
1.0 
1 .o 
0.5 
0.5 
1.0 
1.0 
0.0 
0.0 
0.5 
0.5 
1.0 
0.0 
0.0 
0.0 

1.0 
0.5 
1.0 
2.0 
1.0 
0.5 
3.5 
0.0 
O S  
1.0 
2.5 
0.5 
a5 
1.0 
0.5 
05 
0.0 
0.5 
0.5 
0.0 
0.5 
1.5 
0.5 
0.5 
20 
0.5 

1.0 0.5 
0.5 1.5 
0.5 1.5 
4.5 1.5 
1.5 1.0 
0.5 0.5 
25 2.5 
0.5 1.0 
0.5 0.0 
0.0 1.5 
2.5 1.5 
0,s 1.5 
0.5 1.5 
0.5 1.5 
0.0 0.5 
0.5 1.0 
0.0 1.0 
0.3 1.5 
0.5 0.5 
0.0 0.0 
0.5 0.0 
1.0 1.0 
0.5 1.0 
1.0 15 
1.5 0.5 
ao 0.5 

0.0 
0.5 
0.5 
1.0 
0.0 
1.0 
0.0 
0.5 
0.5 
0.0 
0.0 
0.0 
0.0 
0.5 
0.5 
1.5 
0.5 
0.5 
0.5 
0.0 
1 .o 
1.5 
1.0 
0.0 
0.0 
0.0 

1.046 0.009 0.00000 0.523 0.523 0.374 
1.066 0.028 0.00930 0.553 0.533 0.376 
0.958 O M S  O.M)836 0.479 0.479 0.367 
0.986 0.026 0.01721 0.493 0.493 0.368 
0.939 0.016 0.oOoM 0.470 0.469 0.378 
0.944 0.00s 0.00000 0.472 0.472 0.378 
0.933 0.041 0.03000 0.467 0.- 0.373 
0.936 0.016 0.00817 0.468 0.468 0.375 
0.9Jo 0.W 0 . W O  0.470 0.470 0.371 
0.933 O.oZ5 0.00000 0.469 0.469 0373 
0.946 0.025 0.00000 0.473 0.473 0.376 
0.950 0.025 o . m  0.475 0.475 0.375 
a w  0.025 0 . m  0.470 0.470 0.376 
0.933 0.024 0.00814 0.466 0.467 0.376 
0.939 O.Oo0 0.01640 0.469 0.470 0.376 
0.943 0.033 O.oOsL0 0.470 0.470 0374 
0.603 0.011 0.00526 0.302 0.301 0.253 

0.938 0.W 0.00819 0.469 0.469 0.378 

0.936 O.Oo0 0.01634 0.468 0.468 0.374 
0.944 0.016 0.02471 0.472 0.472 0374 
0.926 0.016 0.01616 0.463 0.463 0370 

0.927 0.- 0.oOoM) 0.463 0.464 a371 
a946 0.008 0.00000 '0.473 0.473 0.3n 

0.935 O.Cn5 0.00819 0.469 0.469 0.376 

a m  0.000 0.- 0.470 a470 0.376 

0.937 0.025 0 . m  0.568 a469 0.376 

CommcnlP: Pitot Tubca Rcquircd Only Minor Maintcnnnrr . Further Calibration Not Required 

* Wnkr Cooled 
* *  Inconel 

XO.164 = Anderson Pitot Tube trlcwon 

E-5 TRKjahl 



" " 6. 

ISENHOUR B R I C K  ID:704-636-7865 RPR 1 6 ' 9 6  8:37 N0.002 P.68 

TEMPERATURE SENSOR CALIBRATION FORM ... 

NIST REFERENCE THERMOMETER TRANSFER CALIBRATION 
-. Tderrnod: +/- 15% of Absolute Temprrture 

... 

.* 

. .  

Date: OIfl3i95 Bammovic Rurure. Lo. Hp: 29.290 

Calibrated By: JCC Ref. Thermometer Str id No.: 2890 
Ambient Tornperature. Dep. F: 68 Rclcrcact Thcrmomoter No.: 100.023 

- - - \...-- ._--- -_-C_-_l--.-- .__. -.-1----1 

NlSf Reference T r m d w  
Thermocouple R c f v r n n  Tbermomeler b s h u m i n t  
ID No. Point Source Timpernlure Tcmperohm 

-30 to 120 Deg. F llGnnomeler Scrld Number 97133 
100.022 '1 Water Bath 43 43 

2 Wator Bath 69 68 
3 WbIel Balh 114 113 

Doprcec F Dtgrw: F 

-5 lo 400 Dcg. C Thcrmomstcr Serlal Number U38717 
100.024 1 Water Bath 43 6 De8.C 

2 Water Bath 69 21 D8g.C 
3 Water 81th 114 46 Dep.C 

4 2 0  to 2500 De& F Omegn 111182 Pyrometer Strlal Number 70JY00149 
100.001 1 Walor Bath 43 42 

2 Wbur Bath 69 68 
3 Water Bath 114 I14 

-320 lo 2500 Dep. F Omegn "82 k o n i e t c r  Serlal Number 7ZJY030.5 
10.010 1 Water Bath 43 43 

2 Watcr Bath 69 68 
3 Water Batb 114 114 

-120 Io ZOO0 Deg. F Omegn IIHZS Fpmicler  Scrlol Number T-98180 
100.017 I Water Bath 43 43 

2 Water Bath 69 69 
3 Warcr Bath 114 114 

-120 lo 2000 De6. F Omcgn "25 k o m c t e r  Scrlnl NumberT.124997 
1oo.azs I W a t c r k t h  43 42 

2 Water Bath 69 68 
3 Water Bath 114 114 

tS to 1125 Dq. C Thrrmolyne 1400 Pynrnctur SerlDl Number 746940350496 
600.015 , 1 Muffle Fumaco 60 Dcg.F 27 Deg.C 

2 Mufflo Furnace 96 Deg.F 35 Deg. C 

4 Mufflo Furnace ID$ De8.C. I f 3  Dcg.C 
5 Muffle Furnace 210 Des. C' 211 Dcg. C 
6 M d n e  Furnace 348 Deg.C. 350. -2.C 

3 MulIlc Furnace 118 Dcp.F 48 Dcg.C 

*Used 100.024 Thcrmornctcr Serlal Number U38717 as Rerermce Thrmomeler 

Tsmpernlurt 
DilTcrena 
Celwlntlon 
Perrrnt, % 

0.00 
0.19 
0.17 

0.04 
-0.15 
-0.14 

0.20 
0.19 
0.00 

0.00 
0.19 
0.00 

0.M 
0.m 
0.00 

0.20 
0.19 
0.M) 

-0.11 
0.18 
-0.07 
0.26 

4.21 
-0.32 

S o w  =Typo of salibration syrtorn usmd 

Tunpermwe Differen- Calculation: 
(Ref. Tdmp. Deg. F + 460) - (Test Temp. Dog. F + 460) ..-.----.-.....~--...-.---.. - x 103. 

Ref. Temp. Dcg. F + 460 
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TEMPERATURE SENSOR CALIBRATION FORM 
THERMOCOUPLES 

Tolennca: +I- 1 5 %  of Absolute Temperature 

Dale: OIl(MIPS Bdromcttic Pressure. In. Hg: 29.290 
Ambient Tempernture, Deg. F 68 Reference Tbermomcter No.: 100.022 
Calibrated Br. JCC R e f c r e w  Thcrmomcrcr No.: 100.024 

fhumocouple Retercncm 
ID Fro. Polat Sourn 

Omqpr HH.25 Dry Rulb - Red Ttun 
10o.ou 1 Water B a a  

2 Water Baa 
3 Oil &rh 

Omspa H I W S  Wet Bulb - Red Ttom 
100.02s 1 Waler Bath 

2 Watsr Bath 
3 Oil Bath 

Omrpa M a 8 2  Dry Bulb - Blue T o m  
100.014 1 Water Bath 

2 Water Bath 
3 Oil Balh 

Omegs "-82 Wet Bulb- Blue Team 
100.014 1 Water Bath 

2 Water 8.h 
3 Oil Baa 

'? 

. 

., 

Omega HH-82 Dry Bulb Green Tern 
iao.ooi 1 W.LCrBalh 

2 Water Bath 
3 Oil Bsth 

Omega HH-82 Wst Bulb - Crccn Tcam 
100.001 1 Water Bath 

2 Water B a a  
3 Oil Bath 

Om- HH+2S Dry Bulb 
100.017 1 Warer Bath 

2 Wator 68th 
3 Oil &tb 1 

j Omega "-25 We1 Bulb 
100.017 1 Water Bath 

2 Waor Bath 
. 1  

.A 3 Oil Bkth 
i 

.. . , .. 

Relerons 
Thwmometn 
Temperaharc 

Deur**s F 

53 
136 
270 

55 
146 
208 

53 
156 
270 

5s 
146 
208 

s3 
156 
270 

S5 
146 
208 

33 
156 
2m 

5s 
146 
208 

.. . 

nlumofouplo 
Potentlometer 
Teapuacurt 

Degrees F 

53 
156 
270 

S6 
146 
208 

53 
15s 
270 

56 
14s 
208 

53 
156 
271 

56 
146 
207 

53  
I55 
270 

56 
146 
208 

hmpmwture 
DITTumoe 
CalcnlaUon 
Ptrccnt. A 

am 
0.00 
0.00 

-0.19 
0.00 
0.00 

0.00 

0.00 

-0.19 
0.17 
0.00 

0.00 
0.00 

-0.14 

-0.19 
0.00 
0.15 

0.00 
0.16 
0.W 

-0.19 
0.00 
0.00 

A .I ".A" 

Tomperatwe Difference Cdwiolionl 
(Ref. Temp. Des. F + 4M)) - (Tea Temp. Dog. P + 460) -.--.-..----..---.. x 100 - <IS% 

Ref. Temp. Dcg. P + 460 

E.7 
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Pdnl 

I! 
2: 
3 

1 
2 
3 

1 .  
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

I 
2 
3 

I 
2 
3 

1 

3 
a 

Sourr. 

W.W. B.lh 
w.tn BIlh 
Oil B.lh 

w.1- BIlh 
W.tcrB.lh 
Oil B ~ t h  

Water Bath 
W a l n  Bath 
oil BIth 

Water B r b  
WltCf &lb 
011 B.lh 

W'tU Bllh 
Water Balh 
Oil Bath 

Water Bah 
Water BIlh 
OU Bnlh 

Water Bath 
W.lM BIh 
oil Bath 

Weier BIIA 
w.14 8.a 
oil bth 

water Bblh 
Water B.Ib 
Oil Bath 

w.w BIlh 
W.tc1 e 4  
oil hth 

Rei- 
nrrtaWdrr 
TEmper*hm 

DttKtUF 

61) 

161 
516 

74 
IS4 
336 

62 
159 
304 

62 
154 
311 

62 
161 
321 

69 
Ul 
316 

62 
159 
310 

62 
159 
317 ' 

61 
160 
316 

62 
161 
341 

lbworoupl. 
Polmtfomc(rr 
Tempcraturr 
Dqrea P 

70 
161 
317 

7 4  
155, 
3% 

63 
159 
306 

63 
1% 
312 

64 
160 
322 

70 
1S3 
321 

63 
IS8 
Yo6 

bd 
159 
315 

63 
160 
121 

63 
161 
344 

TUllp.Shae 
Dutermcr  
Cdd&Jll 
Prrtwt. B 

-038 
0.00 

4.13 

0.00 
-0.16 
0-50 

4.19 
0.00 
4.26 

4.19 
OM) 

4.13 

-036 
0.16 

4.13 

-0.19 
.0.16 
0.64 

4.19 
0.16 
052 

4.38 
0.00 
026 

-0.19 
0.M 
4.61 

4.19 
0.00 

-0.37 

'U p ,, 
No.002 P.70 
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228 LACKAWANNA AVENUE 
WEST PATERSON, NJ 07424 

(201) 812-7474 

R E P O R T  O F  C A L I B R A T I O N  

LIQUID-IN-GLASS-THERMOMETER 

CALIBPATED BY EVER READY THERMOMETER CO. 

MARKED: ERTCO CAT 1002-3FC S/N-2890 
RANGS: +30 TO +124 DECREES F IN 0.2 DEGREE GRRDUATIONS. 

.' THERMOMETER CORRECTION 
READING (ITS-90)** 

31.94 F 0.06 F 
40.00 0 . 0 0  
60.00 0.00 

100.00 0 .06  
1 2 0 . 0 0  0 . 0 0  

** )LL TEMEE.U?LKZ?ES IN ' X I S  .ZZ?0RT ARS SASED ON THE INTERJATiQXG 
TE~EUT'JRE SCALE OF i93v (ITS-90) PWLISHZD IN THE METROLGIA 27, 
NO. 1,  3/10/90. 

THIS THERHOMETER WAS CALIBRATED AGAINST A STANDARD CALIBRATED AT THE 
NATIONAL INSTITUTE OF STANDIIRDS AND TECHNOLOGY (NIST) FORMERLY THE 
NATIONAL BUREAU OF STANDARDS (NBS) IN ACCORDANCE WITH ASTM METHOD 
E 77, AND NBS MONOGRAPH 174. 

FOR A DISCUSION OF ACCURACIES ATTAINABLE WITH SUCH TXERMOMETERS SEE 
NBS MONOGICAPH 250-23. 

IF NO SIGN IS GIVEN ON THE CORRECTION, THE TRUE TEMPERATURE IS HIGHER 
THAN THE INDICATED TENPERATURE; IF THE SIGN GIVEN IS NEGATIVE, THE TRUE 
TEMPERATURE IS LOWER THAN THE INDICATED TEMPERATURE. TO USE THE CO-C- 
TIONS PROPEIUIY, REFERENCE SHOULD BE HADE TO THE NOTES GIVEN BELOW, 

THE TKERMOMETER WAS TESTED IN A LRRGEr CLOSED-TOPI ELECTRICALLY HEATED, 
LIQUID BATH, BEING "IHMERSED" 76MM. THE TEMPERATURE OF THE R O X  WAS 
ABOUT 25 DEGREES C (77 DEGREES P). IF THE THERMOMETER IS USED UNDER 
CONDITIONS W I C H  WOULD CAUSE THE AVERAGE TEMPERATURE OF T W  EMERGENT 
LIQUID COLUMN TO DIFFER MRRKEDLY FROM THAT PREVAILING IN THE TEST, 
APPRECIABLE DIFFERENCES IN THE INDICATIONS OF THE THERMOMETER WOULD 
RESULT. 

TEST NUMEER: 145875 
DATE: 03/29/94 
STANDARD SERIAL NO. 128239 
NIST IDENTIFICATION NO. 88024 

E.9 

CONTINUED 
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R E P O R T  O F  C A L I B R A T I O N  

LIQUID-IN-GLASS-THERMOMETER 

THE TABULATED CORRECTIONS APPLY PROVIDED THE ICE-POINT W I N G ,  TAREN 
AFTER EXPOSURE FOR NOT LESS TXAN 3 DAYS TO A TEMPERATURE OF ABOUT 20 
DEGREES C (70 DEGREES F) IS 31.94 DEGREES F. IF THE ICE-POINT READING 
IS FOUND TO BE HIGHER (OR LOWER) THAN STATED, ALL OTHER READINGS WILL 
BE HIGHER (OR LOWER) TO THE SAME EXTENT. IF THE THERMOMETER IS USED 
AT A GIVEN TEMPERATURE SHORTLY AFTER BEING HEATED TO A HIGHER TEMPERATURE. 
AN ERROR OF 0.01 DEGREES OR LESS, FOR EACH 10 DEGREE DIFFERENCE BETWEEN 
THE TWO TEMPERATURES, MAY BE INTRODUCED. THE TABULATED CORRECTIONS APPLY 
IF THE THERMOMETER.'IS USED IN THE UPRIGHT POSITION; IF USED IN A HORIZONTRL 
POSITION, THE INDICATIONS MAY BE A FEW HUNDREDTHS OF A DECREE HIGHER. 

TEST NUXBER: 145875 
DA!l'E: 03/29/94 
STANDARD SERIAL NO. 128239 
NIST XDENTIFICATION NO. 88024 

E-iO 

Charies Tang-Hian 
QUALITY CONTROL MANAGER 
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Lar.n.. 0.y.r. 6 *#,.R 

W 

Meteorological Instruments 
& Pressure Gauges 

r .  

NATIONAL WEATHER SERVICE TYPE 
MERCURIAL BAROMETERS 

Usable up to 900 metres (3,000 feet) 

me National Weather Service yce barometer is PRINCO'S hiGhest 
q a i e  mercurial barcneier. It is ~JS& by weather sawices and 
a i rpcs  ma wcdd over. The :!ass ace h a  a unilorm inside 
diameter 01 7 mrn lor constanr cwillary depress!on throu~hout me 
leogt:, 01 the scale. Scales ara sa: at the lac:oly by comparkon 
wiln a Saromotor ceni f ld by '$.e Natlonal Buraau 01 Sfandards. and 
read me local pressure without *e necessity of correcting lor 
capillary deprassion. The vernier e n  be tmmthly and precisely set 
by means of a rack and pinion e;ive. controlled by a knurled 
adjusting knob. White pks:lc backgrcunds on tho mounting panel 
facilitate ObSemiiwI of the Focin $.ce cistern and mercury column. 
me vernier has a sishtiog *e. hcni and rear. 10 avoid parallax. 
A sspension bracket and an acjcsieble ring clamp for the cistern 
hclC tLle barome!er Rrsnly in the re5czl cositisn on me mounricg 
pane!. A CUZ! sca!e Ca!siuz,'Fah:anfieil iharr.G7eiei iviih B - 25 to 
5O'CI-IO io 120'F rarse iolicates the pmper temperature to be 
used lor temperawe corr8c:ior.s. An ins:ruction booklel with 
informelkan for unders:andnp a n l 2 r O W r  use of the barmeter is 
suoclied with each imtrurnenL Ccmpleie corrac!ion tables lor 
ternperalllre and gravity are inc!ul&. 
l 3 i s  barometer Is accurate to ~ 0 . 3  mb. 0.2 mm. or 0.01 inch of 
mercury when caretu!l:i set ace rezd. and aitcr temperature and 
5rakity cmec!lor;s have been &diel. For greatest accuracy a 
Ceniticats ol Cclibration may be obrained and the cwrectlon 
contained therein also applied. tsch NatlOnal Weather Ssrvice 
bammeter has a oen'al number. 
The ru5ged cmsiruction of lhe National Weather Service type 
barometer is such that it can be S3llX%d safely by Uniled Parcel 
Service or express. The kidskin Sac. in the Forrin type r e s m l r ,  
dampens mercury column oscillaticns during shipment fhe lower 
pzn of the glass lube is narrowed dcwn to minimize mercury 
weisht and.is protected by loan cushions. Glus Offering added 
resistance to damage Curlng shipment. The cistern may tN Qpened 
in me fleld for cleaning of me cis:ern glass and cistern rnercury.the 
barometer contains approximale!y S O  grams (1.5 pounbs) of mercury 
total. 11 is shipped completely ~ ~ s m b l e d .  fllled with mercury and 
rea* Io use. Mounting panel Cirmsions are 19 x 76 % 1072 mm 
( 3 4  x 3 x 62 Inches). The ship.oinf weight is 5 kg (1 1 pounds) and box 
dimensims are 235 x 250 x 1197 mm (9 x 10 x 47 inches). 

: 

; 

, 

. .  

Catalog Number Scales 
-+ 653 

4S3BI 
653M6 

inch and millimetre 
inch and millibar 
millibar and millimatre 

453 1 
51 E-1 I 
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-. 
NATIONAL SPECIALTY GASES 

DURHAM, NC 27715 
(919)544-5712. 

'., ea0 UNITED DRNE 

W C E  OMhi?2 

REPUCA'ZC fi.L=iA 

DATE: 7/20B4 
2 0 R 
R (26.9 2 
2 0 C 

REPLICATE DATA 

DATE 
2 
B 

R 
z - z C 

REPLICATE DATA 
;1 < ., 

- 
z C 

coMwmr:ci) 
DATE7R7ISI 

625.2 c i37.a 2 0 R 425.2 c 
0 C 186.4 R 42sa z 0 C 
137.5 R 425.4 2 0 C 187.3 R 

C O M P o h r n  

C 
C 
R 

DATE: 
z R 
R 
2 

Z 
C 

C 
c 
R 

C0MwNEN-r: 

DATE: 
C Z R C 
C R z C 
R z C R 

187.5 
U6.4 
425.4 
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. . .-. . . -. . 
W O O N C  SOLPPM MEllN CONC: 
REPIJCATE CONC. REPLICATE CONC. 

MEAN CONC 
REPLICATE CONC. 

~~ ~ ~ ~ ~~~~~~ ~~~~~ 

&:7/2W4 DATEflC27iS4 DATE DATE: DATE DIITE: 
SOWPM 30IPPM 
3OU'PM 3OOPPM 
BOZPPM 30lPPM 

aALa;a &Le!2 

REPLtCATE DATA COMF0NEhTg.Q 

DATE: ??20/94 DATE7rZ7/94 
2 0 n 425.2 C 269.2 2 0 R 625.2 C 
R 425I.7 z 0' C 268.4 R 426.9 Z 0 C 
z 0.  C 269.3. R 425J z 0 C 2684 R 

REF'UCATG: DATA COMPONENT: 

268.8 
267.5 
425.4 

D m  
2 B C 
R z C 
z C R 

DATE! 
z R C 
R 2 C 
e C R 

REPUCATE DATA commm. 
DATE: ' ' DMV? ~~ 

2 R C 
R z . c  
z C ' R  

. y 
R 

R 
z 

C 
C 

C R 
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APPENDIX F 

REFERENCE MEASUREMENT SYSTEM PERPORhfANCE RESULTS 

, I  .. 

P- I 
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Interference Response Test 

Analyzer Name Full Model 3300A Span 0 - 20% 
Serial Number N3P122 4T Date M/OU 95 

- 
Oz AnaIyzer % of 
Remnse Soan 

COIN, 600 ppm 0.0 % 0.0 % 

524.1 ppm 0.0 % 0.0 % 

soma 241 ppm 0.0 % 0.0 % 

om2 21.8% 0.0 % 0.0 % 

Sum 0.0 % 0.0 9% 

1 Not toExceed - -  

United States Environmental Protection AgencypS EPA) reference method 3A of 40 CFR 
60 AppendixA states that an interference response test of the analyzer be conducted prior 
to its initial use in the field and that this test must be in accordance with section 5.4 of EPA 
Method 20. Section 5.4 states that the sum of the interference responses, In concentration 
units, must be less than 2% of the analyrer span. Therefore the sum of the interference 
responses for the Fuji CO, analyzer muSt be less than 2% of 20. 

% of Span = (Analyzer Response/lnsuument Span) x 100 

Example: 
% of Span = (O.On0) x 100 = 0.0% 

Test Procedure 

Trigon followed California Analytical Instruments suggested set-up and calibration 
procedures for the Fuji analyzer before conducting the interference tests. After these 
procedures were completed, US EPA Certified Protocol I Gases for NO, CO, O1 and SO2, 
85 listed above, were injected into the analyzer system and the interference responses (any 
deviation from a 0.0% reading) were recorded. 

1 

1 

1 

> 
i 

F -2 
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r\ 
Date: 02/01/95 

Gas Concentration 

, .  SO2 241ppm 

NO 524.1ppm 

0 2  21.8% 

co 600ppnr 

Interference Response Test 
Fuji Model 33OOA C02 Anelyzer 

Span: 

Tima 

1400 
1401 
1402 

' 1403 
' 1404 

1405 
1406 
1407 
1408 
I409 
1410 

1411 
1412 
1413 
1414 
1415 
1416 

1417 
1418 
1419 
1420 
1421 
1 422 

Response 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

20 

F-3 
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- Interference Response Test 

'? 

Analyzer Name Te- S Span 0 - 25% 
Strial Number-, Date-95 

COINz I @3 PPm 0.0 96 0.0 96 
" 

NO/ti, 524.1 ppm 0.0 % 0.0 96 

SO2fNi 241 ppm 0.1 % 0.4 96 ' 
..  ... 

United States Envkonmental Protection Agency(US €PA) reference method 3A of 4V CFR 
60 Appendix A states that an interference response test of the analyzer bc conducted prior 
to its initial use in the field and that this t a t  must be in accordance with section 5.4 of EPA 
Method 20. Section 5.4states that the sum of the interference responses, in concentmion 
units, must be less than 2% of the M ~ Y ~ U  span. Therefore the sum of the inlerferrncc 
responses for the Tcledyne Max 5 must be less than 2% of 25. 

46 of Span = (Analyzer ResponsJIosrmment Span) x 103 

Example: 
96 of Span = (0.1/25) x 100 = 0.4% 

Test Procedure 

Trigon followed Tcledyne's suggested xbup and callbration prdcedures for the Max 5 
analyw before conducting the interference tests. ARer these procedures were completai, 
US EPA Certifjed Protocol I Gam for NO, CO, CO, and SO,, as listed above, were 
inje~red into the analyzer system and the interference responses (any deviation horn a 0.0% 

.. 
.: 

c i  =ding) were recorded. 

' I  




