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COMMONWEALTH OF PENNSYLVANIA 

Department of Environmental Protection 
May 6,1996 

717-787-9483 

SUBJECT: Source Test Review 
Scott Paper Company 
Paper Machine No. 19. 
Chester, Delaware County 

TO: Sachin Shankar 
Air Pollution Control Engineer 
Southeast Regional Ofice 

FROM: Bryon Richwine 8R 
Air Pollution Control Engineer 
Source Testing Section 
Division of Source Testing and Monitoring 

THROUGH: L. Blaine DeHaven 
Chief 
Division of Source Testing and Monitoring 

Timothy R. Brooks f l s  
Acting Chief 
Source Testing Section 
Division of Source Testing and Monitoring 

Scott Paper Company, Inc. operates a paper mill at its facility in Chester, Delaware County. 
Paper Machine No. 19 has two hoods, wet-end and dry-end, equipped with direct-fired heaters 
for the purpose of providing supplemental heat to aid in the drying of paper products as they pass 
over a Through-Dryer drum. Each dryer hood is direct-fired with natural gas/No. 2 fuel oil 
burners manufactured by Urquhart Company which heat the drying air supply to a temperature of 
approximately 500 O F .  The burners are rated at 65 MMBtuh (dry end) and 50 MMBtu/hr (wet 
end). The hoods are designed to allow some of the moisture-laden exhaust air to be recirculated 
to the heaters while the remainder is exhausted to a single stack. 

Roy F. Weston, Inc. conducted testing for RACT on the above mentioned dryer hoods shared 
exhaust stack to determine the emissions of nitrogen oxides (NO,) on January 11,1996. The 
results are acceptable to the Department. i ,t& '- ' . 
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Scott Paper Company 

Run No. 
Test Date 
Test Period 
NOx Emission Concentration 

NOx Emission Rate 
[PPdVI 

- 2 -  May 6,1996 

1 2 3 
01/11/96 01/11/96 01/11/96 

1000-1 100 1115-1215 1245-1345 
14.6 14.3 13.5 

0.113* 0.118* 0.105* 

The following information was extracted from the test report: 

[Ib./MMBtu] 
Allowable NOx Emission Rate I 0.2 I 0.2 I 0.2 I [Ib./MMBtu] 
* Determined using f-factors. 

cc: RACT File OP 23-0014 
Data File - Source Testing 
Compliance and Enforcement - Scott Kepner 
Reading File, Source Testing Section 
Division of Permits 
EPAIRSL 
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SECTION 1 

INTRODUCTION 

Scott Paper Company (SCOTT), a wholly owned subsidiary of the Kimberly-Clark 

Corporation, retained Roy F. Weston, Inc. (WESTONm) to perform an emissions test 

program at the SCO'IT facility located in Chester, Pennsylvania This test report presents 

the test results and procedures used during the NO, emission testing of the No. 19 Paper 

Machine Dryer Hood Exhaust. The object of the test program was to demonstrate 

compliance with emission limits for oxides of nitrogen (NO,) as required by the 

Pennsylvania Department of Environmental Protection (PA DEP) Plan Approval No. 23- 

315-006A. 

Testing was conducted on January 11,1996. A detailed test protocol prepared in September 

1995 and approved by PA DEP was followed during the test program. SCOTT personnel 

monitored the process operations for Paper Machine No. 19 during the test periods. 

Table 1-1 summarizes the results of the test program. Tables 4-1 through 4-4 provide a 

more detailed analysis of the test data. Descriptions of the process, test location, test 

equipment, and test procedures used during the test program are also included in this 

report. Support information is contained in five appendices. Raw and reduced test data is 

contained in Appendix A Appendix B contains process information. Sample calculations 

are outlined in Appendix C. Appendix D contains the equipment calibration records and 

Appendix E a list of WESTON project personnel. 
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SECTION 2 

DESCRIPTION OF SAMPLING LOCATION 

2.1 NO, 19 PAPER MACHINE DRYER HOOD EXHAUST 

Eight 4 test ports, were located in a straight section of the 7 9  diameter exhaust stack 

immediately above the square to round transition. The sample ports were located 

approximately 30 feet downstream from the ID fan servicing the dryer hood and 

approximately 12 feet upstream from the stack exit. Approximately 6 feet downstream from 

the test ports and 6 feet upstream of the stack exit is a side duct that is no longer in service 

and is dead-ended. Figure 2-1 provides a schematic of the sampling location. 
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I - -  SCOlT PAPER COMPANY 
CHESTER, PENNSYLVANIA 
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FIGURE 2-1 
NO. 19 PAPER MACHINE DRYER HOOD EXHAUST STACK 

PORT A,ND TRAVERSE POINT LOCATIONS 
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SECTION 3 

SAMPLING AND ANALYTICAL METHODS 

U.S. EPA Reference Methods (40CFR60, Appendix A) were used throughout the test 

program. Table 3-1 summarizes the emission test parameters and test methods. The 

specific sampling procedures are discussed in the following sections. 

3.1 GAS VOLUMETRIC FLOWRATE MEASUREMENTS 

The gas velocities on the No. 19 Paper Machine Dryer Hood exhaust were measured using 

EPA Methods 1 and 2. Stack geometry measurements and traverse point distances were 

measured and calculated according to EPA Method 1 procedures. Flue gas velocity 

measurements were performed utilizing "S-Type" pitot tubes and inclined manometers. Flue 

gas temperatures were measured with calibrated digital pyrometers equipped with chromel- 

alumel (K-type) thermocouples. One velocity measurement was conducted in conjunction 

with each NO, test run. The volumetric flow rate was corrected to dry standard cubic feet 

per minute (dscfm) and used along with the NO, concentration data to calculate the mass 

emission rates of NO, in units of pounds per hour. 

3.2 MOISTURE CONTENT MEASUREMENTS 

EPA Method-4 was used to measure moisture content of the stack gas. Figure 3-1 presents 

a diagram of the EPA Method 4 test train. One moisture determination was conducted in 

conjunction with each NO, test run. The sampling train consisted of a stainless steel probe 

connected to a series of four impingers using a flexible hose. The first two impingers each 

contained 100 mls of distilled water, the third was dry, and the fourth contained 300 grams 

of dry pre-weighed silica gel. The impingers were maintained in a crushed ice bath during 

each test run. A Nutech control console with Ieakless vacuum pump, a calibrated dry gas 

i 
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TABLE 3-1 

REFERENCE TEST METHODS 

______ 

TEST PARAMETER METHODO) 

Stack gas velocity and volumetric flowrate 

Gas Composition (CO,, 0,) 

EPA 1,2 

EPA 3A 

Moisture content EPA 4 

NO, concentration (as NO,) EPA 7E 

(I)  "Standards of Performance for New Stationary Sources" Code of Federal Regulations, 
Title 40, Part 60, Appendix A, Reference Methods. 

... 

3 -2 
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meter, a calibrated orifice and an inclined manometer, were connected to the last impinger 

via an umbilical cord. The moisture content of the stack gas was determined by measuring 

the difference between the final and initial volumes of liquid, the silica gel weight and the 

volume of gas sampled to calculate the moisture content of the stack gas. 

3.3 EPA METHOD 7E AND 3A - OXIDES OF NITROGEN. CARBON 

DIOXIDE AND OXYGEN 

A Continuous Emissions Monitoring (CEM) system was used to measure oxides of nitrogen 

(NO.), carbon dioxide and oxygen flue gas concentrations. A TECO Model 42H 

Chemiluminescent analyzer was used to measure NO. (NO+ NC),) concentrations by EPA 

Method 7E. An Infrared Industries Model 702 analyzer was used to measure carbon dioxide 

concentrations and a Siemens Oxymat" 5-paramegnetic analyzer was used to measure 

oxygen concentrations, in accordance with EPA Method 3A. A diagram of the CEM system 

is presented in Figure 3-2. 

A stainless steel probe was used to collect a sample at the centroid of the stack. The 

sample was drawn through a heated Teflon" sample line to the sample conditioner. An 

unheated Teflon" line was used to transfer the sample from the conditioner to the analyzers. 

The output from the analyzers was recorded on a strip chart and digitized by a Molytek" 

data logger. The data logger sampled the instrument output every 5 seconds to form one- 

minute averages. The one-minute averages were then output to the hard drive of a 
computer. - 

i 

--.--_I 

The analyzers were set up and calibrated directly by introduction of calibration gas 

standards to the analyzer through a calibration manifold. The manifold vented excess gas 

to the atmosphere to maintain the system at ambient pressure. The direct calibration 

sequence consisted of alternate injections of zero and mid-range gases with appropriate 

- : 
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adjustments made until the desired responses were obtained. The high range and low range 

standards were then introduced in sequence without further adjustment. 

The sample line integrity was verified by conducting pre-and post-test bias checks. The 

sampling system bias test consisted of introducing the zero gas and one calibration standard 

to the valve or tee at the probe end with the system operating normally. Calibration gas was 
supplied in excess and was permitted to flow out through the probe to maintain sampling 

system pressure. The bias check responses were compared to the internal calibration 

response to prove sample line integrity. 

Interference check data for the TECO Model 42H chemiluminescent analyzer is included 

in Appendix D with the equipment calibration records. 

i 
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SECTION 4 

TEST RESULTS AND DISCUSSIONS 

The test results are summarized in Table 1-1. Table 4-1 of this section provides detailed 

velocity, moisture and gas composition test data and test results. Table 4-2 through 4-4 

provide detailed test data and test results for NO, 0, and CO,. EPA Methods 3 4  4 and 

7E were performed simultaneously during each test run. Velocity traverse measurements 

(EPA Method 1 and 2) were performed during each NO, test period. 

The velocity traverse for run one was conducted via two test ports (90" offset) as outlined 

in the test protocol. The results of this traverse indicated a high amount of turbulence 

within the flue gas stream and subsequent velocity traverses were conducted utilizing all 

eight test ports. 

Test data and test results herein are believed to be representative of process emissions 

encountered during the test periods. 

CORPLANOJ\T\SP\SFJ59H. RPT 4-1 2/6/96 
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12.8 

128 

18.2 
18.2 
18.2 
18.2 
18.2 
18.2 

18.2 
18.2 
18.1 

la2 

1.6 
1.6 
1.6 
1.6 

1317 
1318 
13!1P 

1.6 
1.6 
1.6 128 

1320 1.6 124 
1321 

I323 
1324 

na 
1.6 
1.6 
1.6 
1.6 

12.8 
12.8 
12.8 

18.1 
18.2 
18.2 128 

13s 1.6 
1.6 
1.6 
1.6 

18.1 
18.1 
18.1 
18.1 

12.a 
12.8 
12.8 

1326 
1327 
1528 

~~ 

12.8 
1329 18.1 12.8 

12.8 
12.8 
128 

1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 

I 3 3 1  
1332 
1x33 12.8 
13% 
1335 
13% 
1337 
1338 
1339 
1340 
1341 
1342 
1343 
1344 
I345 

18.1 
18.1 
lbl 
18.1 

12.8 
12.8 
128 

18.1 12.8 
12.8 
12.8 
12.8 

18.1 
18.1 
18.1 
18.1 
18.1 
18.1 
18.1 

1.6 
1.6 
1.6 12.8 .~~ 
1.6 12.6 

132 
13.2 

1.6 
1.6 

0.05 0.25 0.30 
10.m 1235 55.10 

12% 59.10 



APPENDIX A 

RAW AND REDUCED FIELD DATA 
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co ZERO I 0.0 : i 
! ppm LOW j 

M I D ,  
HIGH 1 

I ! 

~ 

, 
I 

rang= 

1 
I 
I 
I 
! 

i ii 

! /I 
% LOW 1 
range MID j /O.Ol 10. I 1: IO.\ I I IO.( : 

I 
20 HIGH iIJ.p1. !I 

to. I 

0 2  ZERO I 0.0 i 0 0.1 i 6 ,  0. i  
!! 

1 1  
, .  

j J  ! I! 

I! G.;la< 
% LOW i h.76 - 

/ i  i i I I 

Y I 
LOW 1 I! 

/i I I M I D I  

WGH I / !! : I 

ppm 
range 

I: ! 



..... 

I ZERO i 0.0 I 

PPm LOW : ! 
co 

! range MID i 

- .. 

I 
I , 

CLIENT: 9 d  CEM CALIBRATION DATE: I-li-Tb 

RUNNO.: PLAEFF: C wi?n DATA SHEET 
LOCATION v=py564"Q 17 START: I \  \< 
OPERATOR STOP: \a \< 

// 
I 
I 

! 
90 Low 
range MID i 1Q.a i, 10.1 j ! I. !> , I 

j I 20 HIGH ~ 

I " A L  SYSTEM BIAS 

I 
I 

0' 1 

CALIBRATION PRETEST POST-TEST 
TIME, IiQ\ ' \a\@ 

COZ ZERO 0.0 ' 0 ' 0. 1 11 i0.05 j 

i 
. _  -- 25 HIGH ' I 



- -. 

. _, 

co ZERO ~ 0.0 I I /I i 



. -  --.L:.-- - -- . ., --, 
SCHEMATIC OF SAMPLING LdCATlON I 

10 I I I I 
11 

IJ 
U 
IS 
U 
11 
U 
U 
U 
u 
i d  
L4 
I1 
Lo 



Pilot Tube ID No.: 
Pitot Tube Leak Check: L ' d  

I 1 I I I 
Avg. T. w .  PSBUS Avg.oc' i Avg.lalj I 



Cross Sectional Area (AS), f?: 

Pitot TU~X ID NO.: -7 
Pitot Tube Leak Check: 



Cross Sectional Area 

Pitot Tube ID No.: 

Pitot Tube Leak Check 



MOISTURE DETERMINATION FORM . 
/', .j.& 

Date + piant i - ( * c q r p d  .?.q-- 
1 /Ju'jF Run No. 

r 9- 

,/,L /i ' 3' - - d  Sample location 
Operator 3 - ; ; i s  b , Barometric Pressure (Pb), in. Hg JC'*jL/ 
Initial leak rate 6 - , . f f  3 

Final leak rate 
Control box number ' 3 - ,V'.,+>( 1. Control box Y .' I >2 

in. Hg 
~ @ 0 CFM @ 9"' in. Hg 

CFM @ F j .  -4 n . '  7. 

&,> '  p - ''-) 
L, 

z, - 
Comments: @, s ~i*, w-a +n' 

CLOCK VUE 

lrnpin er volume Silica gel weigM 
Final, ml 3 +, 3 Final, g I/%,' 3 .?A+ I12 

- 
Initial, ml ;?eel .I 1 Initial, g + 
Net, ml (5'4 , l l  I- Net, g 5; 3 

CALCU LA10 NS 
7 0  2 4  (5) AVg. T, = -qL r? 

* 7 G : p  (6) Net ml = 15-4 'b = - 
(3) Avg. AH = /, -7 (7) Netg = <-. 3 

Vm(smF = 

(2) Total V, = .2'3 

(4) Meter box cal. (Y) = 9 9 s  
A H  
13.6 

+ _----_____ 1 
13.6 ( 17.64 X Y  X V, x ( P + -------) 17.64 x X - - (8) 

\ ( T  +460) ( +460) 

vm(sm = 2 ?&,T 

(9) VwsmM, = ( u.04707 Net rnl ) + ( 0.0471 5 Net g ) = 

vwsm = ( 0.04707 ) + ( 0.04715 ) =  7Yf46 2 3  



MOISTURE DETERMINATION FORM 
/ 

d' / //A<- Date ,/ ,.,>,, /'Gd 
Sample location A-., ',$&" d, y' ,.. Run No. ,-; 1 

Plant ->PP,. 

Operator s,//;/.; i )  Barometric Pressure (Pb), in. Hg 3 

Initial leak rate . 695- CFM@ 1 5  " in. Hg 
Final leak rate m a CFM @ in. Hg 
Control tmx number d,,?-rf 9 

.._) 

-, , 

Control box Y A 1 ./ J ,.,j- 

Comments: (r,lA-, ~ , ~ , z ' / , ~ . - , ~ p f y /  

25. Lk7 / 5  

lmpinger volume Silica gel weight 

-"=? + 
Final, rnl 355,9)/ 

Initial, g b- dL2fl,"7 ,' / 
Initial, ml - -  
Net, ml 133 ,-.-P/ Net, g 

CALCULATIONS 

( l )  'b = 7L' 34 (5) Avg. T, = # @ 

(3) Avg. AH = 

(2) Total V, = 25. c7f. 7 (6) Netrnl = 12-5,- / 

(4) Meter box cal. (Y) = 

%(a)-= - 

(7) Netg = +. 

17.64 x 

/ 

, w 3 7  ' 
AH 
13.6 - 

\ ( T  +460) ( + 460 ) 

+ --__-_____ 
13.6 ( 17.64 x Y x V, x ( P + ------- ) X (8) 

v,(sl@ = 2d. 3 ?A 

Vya = 0.04707 + Net rnl ) + ( 0.047'15 Net g ) = (9) 

vwsM) = ( 0.04707 ) + (0.04715' ) =  7.27Y#/4 



MOISTURE DETERMINATION FORM 

2'5 906 

I '  , ,..//./.// $L 
C.,.'~ Plant 5 i.," ," ,, 3,/z,.: Date 

Operator .,>// 5 n Barometric Pressure (E), in. Hg 
Initial leak rate' && / .eel 3 CFM @ in. Hg 
Final leak rate c& 1 . )(),.~> CFM@ 5 ' '  in. Hg 
Control box number 
Comments: cas &,d? /;p +f/ 

'4 ., Sample location g. ' [><. -,./ Run No. /<.j yp 

A; &- ,< .@ ,I ControlboxY I > '; I 

- 1 I ./.. 

/ *  5 53.5 

(9) VMs.) = ( 0.04707 Net ml ) i ( 0.047'15 Net g ) = 

VWSW = ( 0.04707 ) + (0.04715 ) =  7,j/3803 



APPENDIX B 

PROCESS OPERATIONS DATA 

CORPLANOS\T:\SP\SPOS9H.RPT B-l 1/29/96 



- 
-- 
_._, CLIENT/SUBJECT 

I TASK DESCRIPTION 

.- PREPARED BY y. & d o  

._ MATH CHECK BY DEPT DATE 



I .+.._ 

I 1 



. .- 

i 

APPENDIX C 

SAMPLE CALCULATIONS 



SAMPLE CALCULATIONS FOR 
VOLUMEITUC FLOW (EPA MEXHOD 2.3 AND 4) 

Client SCOTTPAPER 
Test Number: Run 2 
Test Location: PAPER MACHlNE 19 

1. Volume of dry gas sampled at standard conditions (68 deg F. 29.92 in. Hg), dscf. 

delt H 

13.6 
17.64 x Y x Vm x (Pb+- ) 

W S t d )  

Vm(std) 

where: 

V m o  

Vm 

F% 

&It H 

Tm 

Y 

17.64 

,- 13.6 
\ 

(Tm + 460) 

1500 

13.6 
17.64 x 0.9950 x 25.067 x ( 30.34 + ) 

48.00 + 460 

Volume of gas sample measured by the dry gas meter, 
correded to standard conditions, dscf. 

Volume of gas sample measured by the dry gas meter 
at meter conditions, dcf. 

Barometric Pressure, in Hg. 

Average pressure drop acms the onfie meter, in &O. 

Average dry gas meter t e m p h u e ,  deg F. 

Dry gas meta calibration fador. 

Factor that includes ratio of standard tempemhue 
(528 deg R) to standard pressure (29.92 in. Hg), deg Win. Hg. 

Specific gravity of mercury 



-. . 

-. 

2. Volume of water vapor in the gas sample comcted to standard conditions. scf. 

Vw(std) = (0.04707 x VWC) + (0.04715 x Wwsg) 

Vw(std) 

where: 

Vw(std) 

= ( 0.04707 x 155.0 ) + ( 0.04715 x 6.2 ) = 7.588 

= Volume of water vapor in the gas sample corrected to 
standard conditions, scf. 

vwc = Volume of liquid con&& in impingas. ml. 

WWSg 

0.04707 = Factor which includes the density of water 

= Weight of water vapor cokted  in silica gel, g. 

(0.002201 Ib/ml), the m o l e a h  weight of water 
(18.0 Ibflb-rmle), the ideal gas consiaat 
21.85 (in. Hg) (fl)/lb-mole)(deg R); absolute 
tempaature at standard conditions (528 deg R), absolute 
pressure at standad conditions (29.92 in. Hg), fl’?3/ml. 

0.04715 = Factor which include: %e mol& weight of wata 
(18.0 Ibflb-rmle), the ideal gas constant 
21.85 (in. Hg) (fl)/lb-mole)(deg R); absolute 
tempaature at standard conditions (528 deg R), absolute 
pssure at standad conditions (29.92 in. Hg), and 
453.6 gAb, frY/g. 

3. Moislnre eontent 

W s t d )  - BWS - 
Vw(std) + Vm(std) 

7588 

7.588 + 26.373 
= 0.223 - Bws - 

Where: 

. Bws = Ptopoaion of water vapor, by volume, in the gas 
i stream, dimensionless. 



4. Mole fraction of dry gas. 

Md = l-Bws 

Md = 1-0.227 =0.777 

Where: 

Md = Mole fraadion of dry gas, dimensionless. 

5. Dry utolecdar weight of gas stream. Ibflb-mole. 

(0.440 x % Elz)+( 0.320 x %Oz) +( 0.280 x (% N2+ % CO)) 

( 0.440 x 1.50 ) + ( 0.320 x 18.00 ) + (0.280 x ( 8050 + 0.00 )) 

28.96 

Lhy molecular weight, lbflb-mle. 

Percent carbon dioxide by volume, dry basis. 

Percent oxygen by volume, dry basis. 

Percent nihogen by volume, dry basis. 

Percent carbon monoxide by volume, dry basis. 

Mol& weight of carbon dioxide, divided by 100. 

Molecular weight of oxygen, divided by 100. 

Molecular weight of nitrogen or carbn monoxide, 
divided by 100. 



6. Actual molecular weight of gas stream (wet basis), Ib/lhole. 

M W S  = (MWdxMd)+( 18x(  1-Md)) 

M W S  = ( 2 $ . 9 6 ~ 0 . 7 7 7 ) + ( 1 8 ~  (1-0.777))=26.51 

where: 

M W S  = Molecular weight of wet gas, Ibflb-mle. 

18 = Molecular weight of water, Ib/lbnmle. 

7. Average velocity of gas stream at actual conditions, ft/sec. 

Ts lave) 
~ , -, 

vs = 85.49 x Cp x ((delt pr1n)avg x ( 
Ps x M W S  

677 
vs = 85.49 x 0.84 x 1.058815 x ( yln = 69.99 

where: 

vs = Average gas stream velocity, ft/w. 

30.15 x 26.51 

= Pitot tube coefficient, dimensionless. CP 
Ts = Absolute gas stream temperahlre, &gR = Ts, &g F+ 460. 

P(static) 

13.6 
Ps = Absolute gas stack pressure, in. Hg. = Pb + 

delt p = Velocity headof stack, in. H&). 

'\ 



8. Average gas stream volumetric flowmle at actual conditions, wacflmin. 

@(act) = 60xVsxAs 

@(act) = 60 x 69.99 x 34.04 = 142900 

Where: 

@(act) = Volumetric flowrate of wet stack gas at actual 
conditions, wacfhnin. 

As. = Cm~CtiCmal area of stack, m. 

9. Average gas stream dry volumetric flowtale at standard conditions. dscf/min. 

Ps 

Ts 
= 17.64 x Md x-x @(act) @(W 

30.15 

677 
= 17.64 x 0.777 x x 142900 @(std) 

87200 - - 

Where: 

= Volumetric flowrate of dry stack gas at standard 
conditions, dscflnlin. 

Qs(sta) 

i 



SAMPLE CALCULATIONS FOR 
BIAS CORRECTION AND EMISSION RATES OF 

OXIDES OF NITROGEN 

Client: SCOW PAPER 
Test Number: RUN 2 
Test Location: PAPER MACHINE 19 

Plant: CHESTER, PA. 
Test Date: 01-11-96 
Test Period 1115-1215 

1. Bias corrected value of oxides of nitrogen as N02. 

AVG - ZERO 

BIAS - ZERO 

135 - 0.2 

55.4 - 0.2 

qcorr) = -- -------- -- x SPAN GAS 

x 59.4 c(com) = --- ------- -- 

C(com) = 14.3 

Where: 

AVG = Average NOx concentration for the test run 
as NO2 as reported by the analyzer. 

The average of pre and post test zero bias check of 
the complete system with "zero" air. 

The average of pre and post test bias check of the 
complete system with the calibration span gas. 

The calibration gas closest to the gas stream concentration, 
which vias used for a BIAS check. 

C(con) = Bias corre,tedvalue of oxides oinitrogen as NO2. 

ZERO = 

BIAS = 

SPAN GAS = 

i 



.. 

. .  

- 

MR(N0x) = 8.95 

Where: 

MR(N0x) = Oxides of nitrogen emission rate, lbshr. 

Qs(std) = Average volumetric gas stream flow rate at standard 
conditions, dscflmin. 

46.01 = Molecular weight of NO,. 

38535 = Conversion of 1 Ib*mole of gas to scf 

10-6 = Conversion factor from ppm 

3. Oxides of nitrogen emission rate, IbslMMBtn'. 

E l  = Cd Fc (100 / %C02) 

E l  = (143 1.194e-7) 1040 (100 / 15) 

E l  = 0.1184 

Where: 

E l  = Emission rate in lb/MMBtu 

Cd = NOx concentration measured on dry basis @p&) 

Fc = Published F- factor for natural gas (1040 scf/MMbtu) 

1.194e-7 = Conversion factor from ppm NOx to Ib/dscf 

1 4OCFRM)kppe.adh A Reference Method 19 

.. . 



APPENDIX D 

EQUIPMENT CALIBRATIONS AND NO, INTERFERENCE CHECK DATA 
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INTERFERENCE RESPONSE CHECK 
OXIDES OF NITROGEN 

TECO MODEL 42H CHEMILUMINESCENT ANALYZER 
DATA SUMMARY 

i 

coRPLANORT:\SP\SP9H. RPT D-2 1/31/96 



NO, ANALYZER CATALYST EFFICIENCY CHECK 
MAY 1994 

MODEL 42H 

D-3 



LIQUID CARBONIC 
CYUNDER GAS PRODUCTS 

. .  
il 

1 ;  .. . 

1! 

.. 
1' 

u EAST COAST REGION 
610891-2474 - FAX I81C-758-8384 

145 SHIMERSVIU RD.. BETHLEHEM. PA 18015 

-. 

THIS CYLINDER NO. SA 13437 CERTIFIED CONCENTRATION 
HAS BEEN CERTIFIED ACCORDING TO SECTION BPA-600,'R93/224 CARBON DIOXIDE 
OF TRACEABILITY PROTOCOL NO. Pgy. 9/93 OXTCEN 20 .341  

PROCEDURE 01 NIIPOCEN 8 m C 6  

4 .961  

CERTIFIED ACCURACY t 1 % NIST TRACEABLE 
CYLINDER PRESSURE 
CERTIFICATION DATE 1/14/95 

2OOoFSIG 
_. 

EXPIRATION DATE 1/14/98 

0 
I \  I .l . 

"" 
.I 
.I.. -. 

/ EPA PROTOCOL GAS 

~ 'CUSTOMER R O I  1. PIES¶" P.0 NUMBER 43045 

REFERhWCE.STANDARD 
i 

ii 
-I, 

CYLINDER NO. I . COMPONENT N m  SRM NO. 
. . CIPBON DIOXIDE 1 4 . 3 8 1  M S  ys. 16758 1128127 I: 
-II, . q a w  1 1 . 0 9 1  (w9 vs. l6SOI ~ F - I ~ ~ S O  

.- . -- 
CONCENTRATION 

14.041 
20.71s 

--c 
il 
,! 

ANALYZER READINGS 
-- 

C=GAS CANDIDATE R=REFERENCE STANDARD Z=ZERO GAS 

.... 
II I .  COMPONENT u p ~ o n  DIOLU~B i 4 . 3 a 1  GMISW*LYZERMAKEMODWN 

il 

dmIP . 'I .. ANALYTICAL PRINCIPLE 

FIRST ANALYSIS DATE 03/14/95 

2 . .  2 0 . 0 0  R 14 .38  C 4 . 9 6  CONC. 4 .96  

1. R 1 4 . 3 8  2 0 . 0 0  C 4 . 9 6  CONC. 4.96 R 
2 0 . 0 0  C 4.96 R 14.38 CONC. 4.96 2 
UIM * MEAN TEW ASSAY 4.96 UIM 

' ?. COMPONENT OXIGEU 11.09* -5 VS. ANALYZERMAKEMODELYN 
2.. 

ANALYTICAL PRINCIPLE PIPUIONPTIC 

FIRST ANALYSIS DATE 03/14/95 

Z 0 . 0 0  R 21.09 C 10.37 CONC. 20.37 2 
.- R 21 .11  2 0 . 0 0  C 20.36 CONC. 20.34 R 

2 0 . 0 0  C 20.35 R 21.12 CONC. 20.32 2 
U/M VOLTS MEAN TEW ASSAY a o .  34, UIM 

:, , -  _. 

SI-S ULIRAUAT 5R C7-128 

CALJBRATION DATE 01/31/95 
SECOND ANALYSIS DATZ 

R C CONC. 
2 C CONC. 
C R CONC. 

s MEAN ASSAY 
SlspopT SERPMHXX 244A 244/701/953 

LA= CALIBRATION DI TE 01/31/95 
SECOND ANALYSIS DATF 

R C CONC. 
2 C CONC. 
C R CONC. 

W L T S  MEAN TEST ASSAY 

ANALYZED BY 
STAU LECK 

CERTIFIED BY 



I 
-I 

- 

-- 
610-691-2474 

- - P O I Y l *  

LIQUID CARBONIC 
INDUSTRIES CORPORATlON 

145 SHIMERSVILLE RO BETHLEHEM. PA 18015 

. .  
: ; . . A  , .  :I;. . .  . . ,  CER ANALYSIS . . .  . .. / EPA PROTOCOL GAS 

. . . : .  . .. . .  
. .  . . .  

, .- 
CUSTOMER ROY F. WESTON P . 0  NUMBER 59093 

L- ~ REFERENCE STANDARD 
N K T  SRM NO. CYI.INI)EIt NO. I :(INI:ENTHAlION I/ . t:OMI+)NEM 

16758 i:v->n 11,. L.1.114 * , , , .. , . .  !:ARBON D I O X I D E  1 4 . 3 8 %  GMIS VS. 

!I . '7: E ,. , _ _ . _ .  -.,. ," U&LYGEP!-j.R8% GY,IS VS. - .- 755p. I. - : ' 7 : > : L  . __ 
,! 

I, 
.- ANALYZER READINGS 

R=REFERENCE STANDARD Z=ZERO GAS _ _  
! ! ~  . 
' !. 1:I)MIY)NENT CARBON DIOXIDE 14.38% GHIS\NLLYZER M+KEMODELSlN 
I!..  - ANALYTICAL PRINCIPLE N D I R  

i/ F I N  ANALYSIS DATE 07-05-95 
I Z 0 . 0 0  R 1 4 . 3 8  C 17.54 CONC. 1 7 . 5 4  2 
I/ 

It 14.38  . 2 0.00  C 17.58 CONC. 17.58 R 
% 0.00 C 11.58 R 1 4 . 3 8  CONC. 17.58 2 
IllM t MEAN = ASSAY 17.57 Ulhl 

. -  

!, <:OMPONENT OXYGEN 9 . 8 8 %  GHIS VS. ANALYZER MAKEMODEMN 
- ANALYTICAL PRINCIPLE PA& MAGNETIC 

i/ FIRST ANALYSIS DATE 08/03/95 

i! 
11. - It 9.8 2 ' 0 . 0  C 6 . 8  CONC. 6 . 7 9  

! z o  R 9 . 9  C 6 . 7  CONC. 6 . 6 9  2 
R 

!I % O  C 6 . 8  R 9.8  CONC. 6 . 7 9  z 
;i UIM VOLTS MEAN TEST ASSAY 6 . 1 6  U/hl 

.i I' ._. 

-. .. . __ .. - . -. -. . . .._, 
II Tl l lS CYLINDER NO. S A  18885  IJERTIIWD CON~~I<N~RA'I 'ION 

HAS BEEN CERTIFIED ACCORDING TO SECTION E P A - 6 0 0 / R 9 3 / 2 2 1  I:ARBON DIOXIDE I 1 . 5 7 '  

OF TRACEABILITY PROTOCOL NO. REV. 9 / 9 3  OXYGEN .. ' 161  

PROCEDURE 01 NITROGEN BALANCE 

(:ERTIFIED ACCURACY f 1 46 NiaT TRACEABLE 
cYLINOER PRESSURE 2000r;ic I 
i:ISRTIFICATION DATE B /  3/95 1 gXPlRATlON DATE 8 /  3 1 9 0  

~~ -2, ._ .. . __ . .  
L 1 

CERTIFIED E Y 
mi i . r r ~  

1 ANALYZED BY 

'I __  ! 



LIQUID CARBONIC 
CYllNDER GAS PRODUCTS 

610691-2474 
i FAX t 810-758-8384 

c- EAST COAST REGION 
145 SHIMERSVILLE RD.. BETHLEHEM. PA 18015 

-3 . CERTIFICATE OF ANALYSIS / EPA PROTOCOL GAS 
- 
I .  

A. . . .  II 
.kzCIJSTOMm ~0i.P. WBSTON P.0 NUMBER 59093 

-->';:.:A,. .. 
REFERENCESTANDARD 

*.-*:.., 

COMPONENT N W  SRM NO. CYLINDER NO, 
-~.. CARBON D I O X I D E  14.3$% GHIS vs. 16758 FF28121 

2658A FF-21638 

. -  
.. - ANALYZER, REALMNGS 

CONCENTRATION 
14.04% 

9.72% 

-- . R=REFEWCE .GTANDARD Z=ZEJlO GAS 
'- \ 

-I. COMPONENT CARBON D I O X I D E  14.381 GMIZANILLYZER MAKE-MODEWN 
-ANALYTICAL PRINClPLe NDIR 
FlEX ANALYSIS DA%E 06/30/95 

- 
.. 

.~ ""tZ 0.00 R) 14.14 C 9.80 CONC. 9.97 z 
. ..;R '14.12 Z 0.00 C 9.86 CONC. 10.04 R 

:Z 0 : O O  . / C  9.86 R 14.14 CONC. 10.03 Z 
... 
~'::U/M % /  '' MEANTIEXASSAY 10.01 U/M 

OXYGEN 9.85% GMIS VS. ANALYZER MAKEMODELSIN 
- . ANALTI' CAL PRINCIPLE P W G N E T I C  

06/30/95 
.2. co-NEr 

ANALYSIS DATE 
.' ' z 0 . 0  R 9 . 9  C 12.4 CONC. 12.34 2 

R 9.9 Z 0.0 C 12.4 CONC. 12.34 R 
z 0.0 C 12.4 R 9.9 CONC. 12.34 z - . .  

UIM VOLTS MEANTEXASSAY 12.34 U/M 

C=CAS CANDIDATE 

SIEMENS U L T R M A T  5 E  Cl-228 

LAST CALIBRATION DATE 05/31/95 

SECOND ANALYSIS DATE 
R C CONC. 
Z C CONC. 
C R CONC. 

t MEAN TEST ASSAY 
SYBRON SERVOMEX 2 4 4 A  2 4 4 / 1 0 1 / 9 5 3  

LAST CALIBRATION DATE 05/31/95 

SECOND ANALYSIS DATE 
R C CONC. 
Z C CONC. 
C R CONC. 

VOLTS MEAN TEST ASSAY 

- :  

THIS CYLINDER NO. SA 19012 CERTIFIED CONCENTRATION 
HAS BEEN CERTIFIED ACCORDING TO SECTION EPA-600/R93/224 CARBON D I O X I D E  10.011 

OF TRACEABILITY PROTOCOL NO. REV. 9/93 OXYGEN 12.34% 

PROCEDURE G 1  NITROGEN BALANCE 

CERTIFIEDACCURACY 1 OLNIST TRACEABLE 
CYLINDER PRESSURE 2000PSlG 
CERTIFICATION DATE 6/30/95 - 
EXPIRATION DATE 6/30/98 

- 
ANALYZED BY CERTIFIED BY 

STAN LECK 



I L 

-c_ _-. 
THIS CYLINDER NO. SA 10523 CERTIFIED CONCENTRATION 

OFTRACEABILITY PROTOCOL NO. Rev. 9/93 NITROGEN BALANCE 

CERTIFIED ACCURACY t 1 % NlST TRACEABLE 
CYLlNDERPRESSURE 2000 PSIG 
CERTIFICATION DATE 12120195 
WIRATION DATE 12/20/97 TEMI 24 MONTHS 

&LS BEEN CERTIFIED ACCORDING TO SECTION EPA-M)O/R93/224 N I T R I C  OXIDE 27.2 ppn 

PROCEDURE 61 NOx 28.0 ppn 

. .  

d LIQUID CARBONIC 
c y u M ) E R  GAS PRODUCTS 

.- 
CUSTOMER E.I .D. P.0 NUMBER SC145824 RE:112095-1 'i 

NlST SRM NO. 
vs 26290 

CYLlMlER NO. 
SGAL 929 

I 
CONCENTRATION 

25.6 ppn 

! 
R=REFERENCE STAh'DARD &ZERO GAS &GAS W D I D A l E  

ANALYZERMAKEMODEL-UN E e c h n  951A S I N  0101354 
CALIBRATION DATE 11/29/95 ANALYnCAL PRINCIPLE Chemi luninescence 

FUWC ANALYSIS DATE 12/13/95 SECOND ANALYSIS DATE 12/20/95 

.: C 0 M W " T  N I T R I C  OXIDE 0110 

-. 

. .  2 0 R 921 C 971 CONC. 27.0 ppn 2 0 R 915 c 967 CONC. 27.1 ppn 
R 922 2 0  c 977 CONC. 27.1 ppn R 915 2 0  c 972 CONC. 27.2 ppn j 
' 2  0 '  c 97? R 922 COW. 27.1 ppn 2 0 c 972 R 915 COW. 27.2 ppn , 
U M  mV 

~- .. 
MEANTESTASSAY 27.1 ppn VIM mV MEANTESTASSAY 27.2 ppn 

, .. -~ - .  . .  .._- . . 

! 

.. 
Values not valid below 150 p i g  

I I ANALYZED BY CERTIFIED BY K:>/'y KYAN 

I 



L I 
LIQUID CARBONIC 

' CYUNDERGASPRODUCTS 

. I CUSTOMER B.I mma P . 0  NUMBER . ..: 

c o m m  
REFERENIX'SEWDARD 

NIST SRM NO. CYLINDER NO. CONCENTUTION 
E OLrm 100.3 P P I  v8. 16848 Cll-008395 96.8 PPY 

2 - a 0  CAS C=CAS CANDIDATE 

100.3 ~ p *  cMWWZERMAKEMODELSIN mmm smmto~. 1 4 1  111-35387-150 

ANALmcAL PRINCIPLE ( g B L I L L w I & ! x s ~  LAST CALIBRATION DATE o4/3o/gs 

ANALYsls DATE 05/11/95 SECOND ANALYSIS DATE . 05/12/95 

0 .00:  R 0.95 c 0.56 CONC. 59.1 . 2 0.00 R 0.64 c 0.38 CONC. 59.6  

CONC. 59.6 c 0.56 CONC. 59.1 R 0.64 2 0.00 c 0.38 
R 0.95 COW. 59.1 2 0 . 0 0  c 0.39 R 0 . 6 4  CONC. .5g. 6 

h € i % A N m m Y  59.1 ulm mv h € i % A N m = Y  5 9 . 6  

. I  



c_ 

COMPONENT NIST SRM NO. CYLJNDER NO. CONCEKIRATION 
NITRIC OXIDE WllS vs. 1 W b  SA 13760 

. 
.I 

. ..~ 

.. _. R=REFERENCE STANDARD Z=ZERO GAS C=GAS CANDIDATE 

~ 

;I 

I 

i I I 
! 

:I 
i 

i: 

ANALITICAL PRINCIPLE Chemiluninescence LAm CALIBRATION DATE 11/29/95 
FIW ANALYSIS DATE 12/04/95 SECOND ANALYSIS DATE 12111195 

2 0  R 865 c ?32 CONC. 83.4 ppp Z 0 R 853 c 720 CONC. 83.1 ppn 
R 865 2 0  c 732 CONC. 83.4 ppn R 853 2 0  C 719 CONC. 83.0 ppn 

UIM mv MEANTEXASSAY 83.4 ppn U M  rnV MEAN TE.W ASSAY 83.0 ppn 
2 0  c ?34 R 868 CONC. 83.3 ppp 2 0 c no R 857 CONC. 82.8 ppn 

- . . .. .. .. . .___ -, c .. 
L -.. 
I.. * 

Valuss not valid belou 150 psig 
NOx values for reference only 

THIS CYLINDER f0. SA 14127 
HAS BEEN CERTIFIED ACCORDING TO SECTION EPA-60016!93/224 NITRIC OXIDE 
OFTRACEABILITY PROTOCOL NO. Rev. 9/93 N ITROCEN 
PROCEDURE 61 YOX 

CERTIFIED ACCURACY f 1 % MST TRACEABLE 
CYLINDERPRESSURE 2000 PSIG 
CERTIFICATION DATE 12/11/95 - 
EXPIRATION DATE 12/11/97 TERM 26 MONTHS 

/ /  

ANALYZED BY CERTIFIED BY 



PITOT TUBE IDENTIFICATION NUMBER: P -  / / d  

TYPE S PITOT TUBE INSPECTION DATA FORM 

PITOT TUBE ASSEMBLY LEVEL? /(YES) (NO) 

PITOT TUBE OPENINGS DAMAGED? (YES-EXPLAIN BELOW) 1 (NO) 

oc= O (<loo) %= ( 4 0 0 )  

Y = L  8 2 0  A = Z cm (in.) 

t = A  sinv= L cm (in.;; .c0.32 an (elm in.), 

w=Aslne= 0 cm (In.); 4.32 an ( 4 8  In.), 

p~ an (In.! A cm (In.) 
D~ 2 cm (In.) 

$,= O ( < 5 4  B *= I ' (<59 

. 

COMMENTS 

CALIBRATION REQUIRED? (YES) I / ( W  

INSPECTOR - 
i 



t 
t 

+ 



STACK TEMPERATURE SENSOR CALIBRATION DATA FORM 
ct;/- . DATE POTENnOMETER NUMBER z * / L ,  /-s- 

BAROMElRlC PRESSURE 
REFERENCE THERMOCOUPLE !SIMULATOR ' 

(ACCURACY2 1'F) 

CALlBRAllON 

TEMPERATURE READING FROM 
THERMOCOUPLE CHANNEL INPUT II REFERENCE 

TEMPERATURE 

OF F OC 

0 32 

100 21 2 

500 el2 

1000 1832 

5 

4VERAGE TEMPERATUR 
READING 

s/ 

9-32, 

TEMPERATURE 
DIFFERENCE a 

1%) 

AVERAGE TEMPERATURE READING i: MEAN OF THE TEMPERAWRE READINGS FOR THETHERMO- 
COUPLE CHANNELS 

, .  ' THECHANNEL R E A ~ I N G S M U S T A G R E E W ~ T H I N ~ ~ F O R ~ O C  

) x100 
(REF TEMBF + 4w) - PEST TEMP? + 460) 

(REF W% + lbo) 
ACCEPTABLE TEMPERATURE DIFFERNCES 1.5 E 

.. . .  

L .  



h 
2 

i 
E 

:: a 
a 
e 

F 
>; 
n 

2 



c 

DATE //% y /  Y 6 mmnoMETuI NUMBER 
WBIENTTEMPERATU BAROMElRIC PRESSURE Z% // 
CWBRA710N REFERENCE: WERMOCOUPLE SIMUUTOR' 

(ACCURACY: 1.F) 
, 

~ 

STACK TEMPERATURE SENSOR CALIBRATION DATA FORM 

REFERENCE 
TEMPERATURE 

oc OF 

1w 21 2 

1WO 1832 

TEMPERATURE R W l N Q  FROM 
TI(ERMOc0UPLE CHANNEL 

NUMBER 

I 5 2 a 4 

LVERAQE TUtPERATURl 
REIDlNa 

" P E R A N R E  
DIFFERENCE 

AVERAGE TEMPERATURE READINQ = MEAN OF THE TEMPERATURE READINGS FOR THE WERMO 
COUPLE CHANNELS 

i 
THECHANNUREADINGSYUST ACREEWlWlNlSOFORaOC 

) X I W  
(REF TE@F + 460) - (TEST TEMP%. 460) 

(REF rrvpQ+ 460) 
ACCEITABLETEMPERANAE OIFFERNCEsl.5 D 



.. 

-. 

'\ 

APPENDIX E 

LIST OF PROJECT PARTICIPANTS 

E-! 11291% 



WESTON PROJECT PARTICIPANTS 

Environmental Sciences and Health Division 

Roy Rakiewin 

Project Manager 

Thomas Bernstiel 

Principal Project Scientist 

Stephen DiCarlo 

Assistant Engineer 

Brian Houghton 

Assistant Project Scientist 

I Environmental Sciences and Health Division 

Environmental Sciences and Health Division 

Environmental Sciences and Health Division 
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