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Hayden Environmental Group, Inc. was retained by Harrison Radiator to determine the 

NOx emission rates from Boilers 3, 4, and 5. The purpose of the test series was to demonstrate 

compliance with applicable Ohio Environmental Protectjon Agency (OEPA) emission 

regulations. The tests were conducted on February 6, though 8, 1990. The results of the tests me 

summarized in the table below: 

BOILER NOx 
N O .  EMISSION RATE 

(lbslhr) (IbslMM Btu) 

3 7.0 2.98 Ed2 

4 3.2 2.52 E02 

5 1.9 1.52 E-02 



2.0 INTRODUCTION 

Hayden Environmental was retained by Harrison Radiator to determine NOx emission 

rates from Boilers 3, 4, and 5 at  the company's Dayton - Moraine facility. Triplicate test runs 

were made a t  each site using USEPA Reference Methods for stationary source sampling. 

Mr. Mike Woodall of Harrison Radiator coordinated the test schedules with plant 

operations. Mr. Jon Hilty from the Regional Air Pollution Control Agency was present to witness 

the testing. The emission tests were performed under the direction of Mr. Thomas Bayer of 

Hayden Environmental Group. Mr. Bruce Sarven assisted with sampling and data reduction. 

The emission samples were analyzed a t  the Hayden Environmental laboratory. 

3.0 pRocESSDE!ScRIpI?ON 

Harrison Radiator operates three natural gas fired boilers in the production of steam for 

space heating. The three Boilers have the ability to use #2 heating oil as a back-up fuel. Boilers 4 

and 5 are rated a t  120,000 PPH and Boiler 3 is rated a t  200,000 PPH. The emissions from Boilers 4 

and 5 are ducted to  a common stack. The boilers were isolated from one another during the testing 

by closing off dampers. Boiler 3 emissions are ducted to a separate stack. 

During the emission tests Bailers 3 and 4 were operated on natural gas. Boiler 5 was 

operated on #2 heating oil. All three Boilers were operated a t  approximately 90 % of full capacity. 



4.0 SAMPLING AND ANALYTICAL PROCEDURES 

The sampling and analytical procedures used in this test series conform to the  most recent 

revisions of USEPA Reference Methods 1, 2, 3 , 4 ,  and 78. These procedures are approved by the 

OEPA The following specific procedures were used: 

4.1 

4.2 

4.3 

4.4, 

4.4 

4.5 

4.6 

Location of measurement sites and the number of traverse points were determined RS ~ .~ .. ~ 

specified in USEPA Reference Method 1, "Sample and Velocity Traverses for Stntionary 
Sources." Drawings of the sampling sites are included in Figure 4.1 and Figure 4.2. 

Stack gas velocity and temperature were determined using USEPA Reference Method 2, 
"Determination of Stack Gas Velocity and VoIumetric Flow Rate (Type S Pitot Tube)." 
Velocities were measured with Type " S  pitot tubes a n d  temperatures were measured with 
calibrated Q p e  "K" thermocouples. A drawing of the sampling equipment is included in 
Figure 4.3. - 
Dry Molecular Weight was determined using USEPA Reference Method 3, "Gas Analysis 
for Carbon Dioxide. Oxygen, Excess Air, and  Dry Molecular Weight." Several grab 
snmoles were collected durine each test and analvled directly wi th  Fyrite combustion gas = - - -  . ~~ ~ - ~ 

analyzers. A Fyrite combustion gas analyzer was used on Boiler 4 iest runs because of 
equipment problems associated with the Orsat analyzer sample collection pump. This was 
approved on site .by Mr. Jon Hilty from RAPCA 

Gas analysis was determined using USEPA Reference Method 3, "Gas Analysis for Carbon 
Dioxide, Oxygen, Excess Air, and Dry Molecular Weight." An intergraded multi-point bag 
sample was collected during each sample run for Boilers 3 and 5. Analysis was pe~ormed  
with a calibrated Orsat analyzer. 

MQi&uE 
Moisture content was determined uting USEPA Reference Method 4, "Determination of 
Moisture Content in Stack Gases." A drawing of the sampling equipment is included in 
Figure 4.4. 

Nitrogen oxide emissions were determined using USEPA Reference Method 7A, 
"Determination of Nitrogen Oxide Emissions From Stationary Sources ~ Ion 
Chromatographic Method." A grab sample was collected in an evacuated flask containing a 
sulfuric acid-hydrogen peroxide solution. Nitrogen oxides were oxidized to nitrate and 
measured by ion chromatography. Four (4) grab samples were collected during each one (1) 
hour test  and the four (4) individual analyses were averaged. A drawing of the sampling 
apparatus is presented in Figure 4.5. 

The Havden Environmental G r o w  .air sampljne Quality Assurance program includes 
procedu;es for equipment calibration a5 per USEPA and manufacturers-~idelineb, use of 
and strict adherence to standard published procedures, and traceability protacolr for the 
recording and calculation of data. Hayden Environmental Group participates in the 
USEPA's National Source Audit Program for Methods 3, 5, 6, and 7. 
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5.0 TESTRESULTG 

Bniler#3 

The stack gas conditions and related parameters are summarized in Table 6.1. The 

average stack gas flow rate was 69,813 acfm (38,283 dscfm) a t  322'F and 17.2% water vapor. 

The resulta of the NOx tests are summarized in Table 5.2. The average concentration was 

25.5 ppm which i8 equivalent to  a mass ernisaion r a b  of 7.0 Ibyhr. 

w 
The stack gas conditions and reIated parameters are summarized in Table 5.3. The 

average stack g a a  flow rate was 47,276 acfm (25,638 dscfm) a t  341% and 16.8% water vapor. 

"be results of the NOX tests are summarized in Table 5.4. The average concentration was 

17.6 ppm which is equivalent to a mass emission rate of 3.2 Ibslhr. 

The stack gas conditions and related parameters are summarized in Table 5.5. The 

average stack gas flow rate was 39,903 adm (21,864 dscfm) a t  367-F and 13.0 % water vapor. 

The results of the NOx tests are summarized in Table 5.6. The average concentration wits 

11.7 ppm which is equivalent t o  a mas6 emission rate of 1.9 Ibs/hr. 

The Appendices to  this report contain the process data,  field data, the laboratory data, 

calculations and Quality Assurance procedures and results. 
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- 
DATE 2-8-90 

DATE 2-8-90 

DATE 2-8-90 - 
DATE 2-6-90 

DATE 2-6-90 

DATE 2-6-90 - 
DATE 2-7-90 

DATE 2-7-90 

DATE 2-7-90 

TEST - 1 FUEL FEED RATE 124.20 KSCF&r 

TEST - 2 FEED RATE 125.60 KSCF/H= 

TEST-3 FUEL FEED RATE 125.40 KSCF/Hr 

............. . . . . . . . . .  ............ . . . . .  ... ..... . . . . . . .  









HARRISON RADIATOR DIVISION 
GENERAL MOTORS CORPORATION 

MORAINE.OHl0 

C-E CONTRACT 45088 
(1) TYPE A BOILER UNIT #3 

PREDICTED PERFORMANCE' 

Ib/hr 

FUEL 
NO. 2 OIL NATURAL GAS 

200.000 200.000 
~~ 

Evaporatian 
Feed Water Ternoerature 

100 
20,000 
299 
15 

85.67 
1 l . 9 o c a q ~  
____. 
15 

211,000 
600 

~ ~~ 

Boiler Outlet Temperature 

Boiler Outlet Pressure a t  MSSV" 

Blowdown 
Water Temp. Leaving Economizer 
Economizer Pressure Drop 

Efficiency 

Fuel Fired - Y2 Oil 
Natural Gas 

Excess Air Leaving Eoi I e r  

Gas Leaving Boiler 

GarTemp. Leaving Boiler 
Gar Temp. Leaving Economizer 
Ambient Air 

-Temperature 
.Relative Humidty 

AirLeaving FD Fan 

Heat Input 
pressure Drop ( a t  Elew. 734 k) 

Windbox 
Air Ducts 
FD Fan Inlet Duct  & Silencer 
Boiler Bank 
Econom iter 

Gas Ducts 

Total 

1 oa 
20,000 
299 
15 

82.38 

236,000 
10 

205,000 
600 

'F 

'F 

'F I 240 I 240 
SAT SAT 

365 365 

80 80 

-w.g. 
-w.g. 
-w.g. 
'w.g. 

-w.g. 
'w.9. 

'w.9. 

6.0 5.6 
0.2 0.2 
1 .o 1.0 
10.0 9.4 
1.8 1.7 
0.5 0.5 
19.5 18.4 

% I  60 I 60 
lWhr 1 199,000 . I 194.000 ~ ~~~~ 

Btulhr I 231 x 106 I 141 x 106 
I 

*NOIII: These Performance figurer are predicted onlyand are norto be Construed as being guaranteed except 
where the poinucoincidewith the guarantees: 
MSSV-  Main Steam Stop Valve *. 

CZOil-% bVWQt. 
Carbon 86.5 
Hydrogen 13.0 
Oxygen 0.1 
Nitrogen 0. r 
Sulfur 0.3 
HHV - 19.500 EtwAb 

Natural Gas . M by Volume 
Methane 96.02 N-Pentane 0 01 
Ethane 2.09 1. Pentane 0 02 
Propane 0 23 N-HeXdne 0 03 
N. Butane 0 0 4  Nitrogen 0 58 
I-Butane 0 03 b r b o n  Dioxide 0 9s  
HHV il 1,022 Btu6CF 



HARRISON RADIATOR OlVlSlON 
GENERAL MOTORS CORPORATION 

MORAINE. OHIO 

C-E CONTRACT 45088 

Ib/hr 
'F 
'F 
'F 

% 
I b/hr 

Btulhr 

'w.9. 

'w.g. 
'w.g. 

*w.g. 
'w.g. 
'w.g. 
'w.g. 

(2) TYPE A BOILERS UNITS #4 and #5 
PREDICTED PERFORMANCE' 

127,000 
550 
365 

80 
60 

120,000 
139x 106 

5.3 
0.2 
1.0 
4.0 
1.2 
1.0 

12.7 

FUEL 

tvaporation 
'eed Water Temperature 

loiler Outlet Temperature 
loiler Outiet Pressure at  MSSV'. 

llowdown 
Water Temp. Leaving Economizer 

:conomizer Pressure Drop 
'fficiency 
uel Fired -#2Oi l  

'xcess Air Leaving Boiler 
ids Leaving Boiler 
iaslemp. Leaving Boiler 
iarTemp. Leaving Economizer 

mbient Air 

Natural Gas 

-Temperature 
-Relatiwe Humidtv 

iirLeavinoFDFan 

{eat Input 
'ressure Drop(at Elev. 734 ft) 

Windbox 
Air Ducts 
FD Fan Inlet Duct & Silencer 
Boiler Bank 

Economizer 
Gas Ducts 
Total 

I NO. 2 OIL 

Ib/hr 120,000 j 240 

SAT 

Prig 
Ib/hr 

lblhr 

SCFH 

100 

12,000 
286 

15 
85.58 

7,130 1 b . f  8 
I_ 

15 

NATURAL GAS 

120,000 
240 

SAT 

100 
12,000 

287 
1 5  

82.29 

1.42.000 
10 

123.000 

550 
365 

80 

60 
117,000 
145 x 106 

5.1 

0.2 
1 .o 
3.8 
1.1 

1 .o 
12.2 

*Hans: * There performance figures are predicted onlyand arenot to be ConnNedas being guaranteed except 
where the points coincide with the guarantees. 

**  MSSV-MainStearn Stopvalve 

C2Oil.M bvwqt. 
Carbon 86.5 
Hydrogen 13.0 
O r l w  0.1 
Nitrogen 0.1 
Sulfur 0.3 
HHV I 19,500 Btwlb 

NaturalGar -54 byvolume 
Methane 96 02 N- Pentane 0.01 
Ethane 2 09 1. Pentane 0 02 

N .  Butane 0.04 Nitrogen 0.58 
Propne 0.23 N-Hexane 0.03 

I-Butane 0 03 Carbon Diortde 0.95 
HHV * 1,022 BfulJCF 
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METROD 1 TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS 

cuent:f/ARRkd &&&- r PN:*, 0 // 

CalculatedBy: -7-8 

Date: ' -8-90 
Source: /%I Ler Site: d v f  Le-+ Run:-, 

I/ 
INSIDE OF FAR WALL TO OUTSIDE OF NIPPLE: 

INSIDE OF NEAR WALL TO OUTSIDE OF NIPPLE: // 
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VSg = t0.3858) wf - 25) [(Pf + ITf + 273)] - [pi + [Ti + 273111 
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FILTER NO.; DZ’ GLASSWARE SFX NO.; 7 SAMPLE BOX NO.: Y 

IMPINGER DATA 

GRAVIMETRIC: d VOLUMETRIC: 

#3 

Y3?. 0 

Y32. Y 

.de 6 . 

RECOVE.RED SAMPLE 

DESCRIPTlON OF P A F T I C U T E  ON FILTER: P 4  
COLOR OF SILlC.4 GEL YC? “A- & L V F  

I 

B Y : . n /  



METHOD 3 ORSAT DATA - - P- 90 Client:- P- PN: =\ I 017 Date: 3 
Source: Lp/’ 3 Site: && IEU~: / 
Operator: 7c8 

20.9% - Yo02 
%C02 

FO = 

20.9% - ( ) Fo = 

FO = 

Expected Fo Value = 

(1) Net Is Actual 0 2  reading minus the Actual C 0 2  reading. 

(2) Net is Actual CO reading minus the Actual 02 reading. 

(31 Net is 100 minus the Actual CO reading. 
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I 35 I 3 3 -  

690 

/ / I@ 1 / / / a  

35  . I  35 
Vsg = (0.38581 Wf -. 25) ((Pf i ['H + 27311 - [Pi + [Ti + 273)lJ 







. ... 

... 
! 

. .. . .  
. .. 

. .  

i 
'I 
i 1 
! 

I. 
i: 

I 
. .  

FlNAL 

NITIAL 

NET 

FILTER NO.; /VA GLASSWARE SET NO,: 8 SAMPLE BOXNO.: 9 

#1 #2 #3 #4 #5 TOTAL 

- 
. .  

779.3 4?q. ! J 7 

643. q 9 6 . 8  4310 ' 5 2 I . L  

- / 3 S  ' ~ ~ 2 . 0  / , I .  ' ' 7.1 178.1 

627.3 

IMPINGER DATA 

GRAVIMETRIC: / VOLUMETRIC; 

RECOW3RED SAMPLE 

DESCRIPTION OF PAEmCUIATE ON FILTER f iq 

COLOR OF SUCA GEL: do 
BY: bf 



METHOD 3 ORSAT DATA 

cuent:/&ZLd&e4dd/alh4 PN: a s 3  01 / Date: 2 - 8 -90 
Source: & J I M  3 site: 0~nlk4 m a  
Operator:- 

20.9% - Y002 
%CO2 

Fo = 

20.9% - ( I FO = 

Expected Fo Value = 

(I) Net is Actual 02 readhg minus the Actual C 0 2  reading. 

(2) Net is ActuaI CO reading minus the Actual 02 reading. 

(3) Net is 100 minus the Actual CO reading. 
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I SAMPLE RECOVERY DATA 

I 
I" 
I 
I ,  
I 

I 
I 

FILTER NO.: &@ GLASSWARE SET NO.; 7 SAMPLE BOX NO,: 7 

IMPINGER DATA 

GRAVIMETRIC: VOLUMETRTC: 

RECOVEXED SAMPLE 

DESCRIPTION OF PAKnCuLATE ON FILTER 

COMR OF SKUCA GEL 1 17% h2m 

BY: /2/ 



20.9% - %02 

%C02 
Fo = 

20.9% - ( 1 
Fo = 

) 

Fo = 

Expected Fo Value = 

(1) Net is Actual 0 2  reading minus the  Actual C02 reading. 

[2) Net I s  Actual CO reading minus the Actual 02  reading. 

(3) Net is 100 minus the Actual CO reading. 



METHOD 1 TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS 
Cfient: PN: AO~C o// Date: L! -s- 90 
Source:&/Ler- 4 +c Site: 44  Le f Run:.-, 

C d c h t e d ~ y :  

I /  
INSIDE OF FAR WALL TO OUTSIDE OF NIPPLE: 

y// 
INSIDE OF NEAR WALL TO OUTSIDE OF NIPPLE: c 

77 N 

//L/ G.sz DIA) 

S A C K  1.D.: 

// 
NEAREST' UPSTREAM DISTURBANCE 
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PRESSURE 
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FILER NO.: uJ GIASSWARE SET NO.; / SAMPLE BOX NO.: 3 

IMPINGER DATA 

GRAVIMETRIC: J VOLUMEIITUC: 

RECOVERED SAMPLE 

DESCRPTION OF PARIICULATE ON FILTER: h!! 
COLOR OF SlLTCA GEL: YQ "/O 

BY TB 





Run I 

Run 2 

Run 3 

Average 

Oxygen Carbon Dioade 
(02) (C021 

S O  9 s  

L/,5 %5- 

410 /oto 
$5- 91 7 
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FILTER NO.: /vl GIASSWARE SET NO: 2 SAMPLE BOX NO.: # 

IMPINGER DATA 

GRAVIMETRIC: / VOLUMETRIC: 

RECOVERED SAMPLE 

DESCRIPTION OF PARTlCUIATE ON FILTER 

COLOR OF SILICA GEL: 3O 
N A  

BY .- 



Operator:- 

oxygen 
(02) 

Run 1 3,5 
Run 2 3,o 
Run 3 3(0 

Average 3.2- 

Carbon Dloade 
( C 0 2 )  

?, 5- 

75- 
/& 0 
91 7 



METHOD 7 NOx DATA r---. 
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FILTER NO.: GLASSWARE SET NO.: SAMPLE BOX NO,: 3 

IMPINGER DATA 

GRAVIMETRIC: / VOLUMETRIC: 

RECOVERED SAMPLE 
MA DESCRFITON OF PART?CULATE ON FILTER 

COLOROFSILICAGEL! 7 0  % nLUc ' 

BY:-, 



METROD 3 FYRITE DATA 



. .  

2.7-9 27-7c DATE 

s 
A 
M 
P 
L 
I 
N 
G 

R 
A 
T 
A 

R 
E 
C 
0 
V 
E 
R 
Y 

D 
A 
T 
A 

2-7-9 37-90 

b W  690 670 6% 
VACUUNI 

ABSOLUTE 
PRESSURE 
m.-Rg) 

(K 'c) I 
lVdPLEVOLl Wac. mb) 35 135 I 
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.. T 
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c 



I SAMPLE RECOVERY DATA 

I 
#2 # X  

I 

3 FILTER NO.; /..d GL4SSWARE SET NO.; 4 SAMPLE BOX NO,: 

#4 #5 TOTAL #3 

IMPINGER DATA 

GRAVIMETRIC: VOLUMETRIC: 

FINAL 14 t t 
t I I 

/ y w . 7  , L - v - -  

PET I / . P  
I . ." , 

I I -1 

RECOVERED SAMPLE 

DESCRIFTION OF P A K r ' I C U U ~  ON FILTER: 

COLOR OF SILICA GEL (6' yo A%! L 4  

/Vb 



METHOD 3 ORSAT DATA 

CLlent:@&&&& PN: 0 r I  Date: 2 - 7 - 9 0  
Source: &&.. 6- site: _eyfLef ~ u n :  b 
Operator:- 

20.9% - %02 
Fo = - _  

%C02 

20.9% - ( 1 FO = 
1 

FO = 

Expected Fo Value = 

[I) Net is Actual 02 reading minus the  Actual C02 reading. 

(2) Net is Actual CO reading minus the Actual 02 reading. 

(3) Net is 100 minus the Actual CO reading. 



S 
A 
M 
P 
L 
I 
N 
G 

D 
A 
T 
A 

ABSOLUTE 
PRESSURE 
IpI.-ag) 

m. '9 
=Mi'. 

R 
E 
C 
0 
V 
E 
R 
Y 

D 
A 
T 
A 

/a. 1 6.9 9.7 /I. 0 

DATE 2-2-90 a-9-P 2-9-YP 
I I I I 

// 2 / 6  
VACUUM b-m 

Ipr. mm w 
TEMP. m w  

SAhWLE VOL 
Wse. rnbl 

- 
ABSOLUTE 
PRESSURE 

/9. F /9.# /9 ,4  

33 35 75 
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FILTER NO.: p h  GLASSWARE SET NO.; SAMPLE BOX NO,: f /  

FINAL 

NlTIAL 

NET 

IMPINGER DATA 

GRAVIMETRIC: VOLUMETRIC: 

#1 #2 #3 #4 # 5  TOTAL 

560.0 542.6 ~?6.p -563% 
‘%70. ‘;r 539.1 q3a.7 53a.4 

’ 

A ?  .6 3. S 4. a y o J  / d  7.9 

REC0VERE.D SAMPLE 

DESCRIPIlON OF PAHTICULATE ON FILTER. 

C0U)ROFSIUCAGEL: 30% dL- 
n / h  

- .  

BY: /Jf 



METHOD 3 ORSAT DATA 

Operator:- 

20.9% - %O2 

%e02 
Fo = 

20.9% - [ 1 
[ 1 

Fo = 

Fo = 

Expected Fo Value = 

(1) Net is Actual 0 2  reading &us the ActuaI C02 reading. 

(2) Net is Actual CO reading minus the Actual 02 reading. 

(3) Net is 100 minus the Actual CO reading. 
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FILTER NO.: r" GLASSWARE SET NO.; 7 SAMPLE BOX NO.: 7 

I 

IMPINGER DATA 

GRAVIMETRIC: / VOLUMETRIC: 

#1 #2 #3 

I 

#4 #5 TOTAL 

FINAL 
762,s 4 71. 0 4 Q. a 

665.7 LikB.3 434.9 

97, t 2. 7 3.3 

[NITLAL 

NET 

. -  

RECOVERED SAMPLE 

DESCRIPTION OF P A F T I C U T E  ON FILTER f lA  

COLOR OF SWCA GEL: 70 yo ,& vc 

BY 4 ,f- 

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



20.9% - %02 

%C02 
FO = 

20.9% - ( 1 
( 1 

FO = 

FO = 

Expected Fo Value = 

(1) Net is Actual 0 2  reading minus the Actual CO2 readtng. 

(2) Net is Actud CO reading minus the  ActuaI 02 reading. 

(3) Net is 100 minus the Actual CO reading. 

. .  . . .. .. . . -  . 
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HEG Sample # : 9003230 
Sample ID : Boiler 4. Run 2 A .  Flask 68 
Sample Date : 02/09/90 Sample Priority : N o r m a l  

Parameter Units Resu l t s  / Comments 
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An 

AS 

Bws 

CER 

CCSl 

c c s 2  

CO 

c 0 2  

CP 

Csl 

csz 

CS3 

dia 

ER 

AH 

%I 

LP 

L 

Md 

Mnc 

Mnf 

M s  

NOMENCU'IURE AND DlMENSIONS 

area of sampling nozzle, ft2 

cross-sectional area of stack, 

proportion by volume of water vapor in gas stream, dimensionless 

condensible particulate emission rate. 1Whr 

concentration of condensible particulate in stack gas, grainddscf 

concentration of condensible particulate in stack gas, Ibldscf 

percent carbon monoxide in Etack g a s  by volume, dry basis, % 

percent Carbon dioxide in stack gas by volume, dry basis, % 

pitnt tube coefficient, dimensionless 

concentration of filterable particulate in stack gas, grainsidscf 

concentration of Alterable particulate in stack gas. grainddscf 

concentration of filterable particulate in stack gas, graindacf 

diameter of stack at measurement site, inches 

filterable particulate emission rate, Ibfhr 

average pressure drop across orifice, inches Hz0 

percent isokinetic sampling rate 

post test leak rate, ft3 

length of sampling site crom sectian, in. 

molecular weight of stack gas, dry basis, IMb-mole 

weight of condensible particulate., mg 

weight of Alterable particulate, mg 

molecular weight of stack gas, stack conditions, IMb-mole 



N2 

0 2  

AP 

JAP 

h, 

ps 

P W  

Qa 

Qstd 

0 

T m  

Ts 

Vlc 

Vm 

V,C 

Vmstd 

v s  

W 

Y 

NOMENCLATURE AND DIMENSIONS (CONT) 

percent nitrogen in stack gas by volume, dry basis, % 

percent oxygen in stack gas by volume, dry basis, % 

average velocity head o f  stack gas, inches H20 

average square root of velocity head of stack gas, inches H20 

barometric pressure, inches Hg 

absolute stack gas pressure, inches Hg 

prosses charging rate, I b h r  

volumetric flow rate of stack gas, stack conditians, acfm 

volumetric flow rate of stack gas, stdndard conditions, dscfm 

elapsed time of test, minutes 

average temperature of dry gas meter, OF 

average stack temperature, O F  

mass of water collected in irnpingers, 

volume of gas sampled measured by dry gas meter, fi3 

volume of gas sampled corrected for leak rate, t t 3  

metered volume corrected to dry standard conditions, ft3 

stack gas  velocity, fps 

width of sampling site cross section, in. 

dry gas meter calibration factor, dimensionless 

Note: Standard Conditions = 68 OF and 29.92 inches Hg. 



EXAMPLE CACCULATIONS 

1. LEAKAGE CORRECTION FORVOLUME METFXED 
Vmc =Vm - ( Lp- 0.02 )( 0 )  
Vmc = ft3 

2. VOLUME METERED, STANDARD CONDlTIONS ( @OF, 29.92 in. Hg  1 
(Pb )+(dw13.6 ) 

Vmstd = 17.64 (Vmc )( Y ) 
Vmstd = dscf 

( Tm + 460 ) 

3. VOLUME WATER VAPOR COLLECTED, STANDARD CONDITIONS 
VwsM = 0.04707 ( Vlc ) 
Vwstd= scf 

4. POWORTION OF WATER VAPOR, BY VOLUME 
VWStd 

Bws = 
B w s  = 

( Vwstd )+( Vmstd 1 

5. DRY MOLECULAR WEIGHT OF STACK GAS 
Md= 0.44 ( COZ )+0.32 ( O Z  ) +  0.28 (N2 + C O )  
Md = lbAb - mole 

6. MOLECULAR WEIGHT OF STACK GAS, STACK CONDITIONS 
Ms =Md (1 - BWS ) + 18 ( B w  ) 
MS = lbflb - mole 

7. STACK GAS VELOCITY, AVERAGE 

Vs = 85.49 ( c p  ) ( dAp ) J X  
vs= fps 

8. VOLUMETRIC =OW RATE, ACTUAL CONDITIONS 
Qa = 60 ( VS X 5.454 E -03X dia )2 
Q a =  acfm 

9. VOLUMETRIC FLOW RATE, DRY STANDARD CONDITIONS 
(PSI) 

( TS + 460) QsM = 17.64 (gS)( 1 - BM ) 
Qstd= dscfm 



CALCULATIONS 

C-: HARRISON RADIATOR DATE. YW90 RUNB3-Rl 

1. LEAKAGE CORRECTION FORVOLUME MEXEWD 
Vmc = 43.104 - ( 0.02 - 0.02 X 60 1 
Vmc = 43.104 ft3 

2. VOLUME METERED, STANDARD CONDITIONS ( IWF, 29.92 IN. Wg ) 

Vmstd = 17.64 (43.104 H 0967) (60 +460 ) 
Vmstd = 42.583 dscf 

3. VOLUME WATERVAPOR COLLECTED, STANDARD CONDITIONS 
VwsM = 0.04707 ( 187.0 ) 
Vwstd = 8.802 ~ c f  

4. PROPORTION OF WATERVAPOR, BY VOLUME 
8.802 

Bws = 
Bws = 0.171 

( 8.802 h( 42.583 ) 

6. DRY M0LECUI;ARWEIGHT OF STACK GAS 
Md = 0.44 ( 7.5 ) + 0.32 [ 1.9 1 + 0.28 (90.60) 
Md = 29.28 lbAb - mole 

6. MOLECULAR WEIGHT OF STACK GAS, STACK CONDITIONS 
MS = 29.26 (I - 0.171 ) + 18 (0.171 1 
ME = 27.34 lbflb - mole 

7. STACK GAS VELOCITY, AVERA 

Vs = 85.49 ( 0.84 ) ( 0.577) 
Vs = 40.6 fps 



CALCULATIONS (CONT.) 

CLIENT: HARRISON RADIATOR DATE: W W  RWB3-Rl 

8. VOLUMETRIC FLOW RATE, ACTUAL CONDITIONS, ACFM 
&a = 60 ( 40.6 X 5.454 E -03X 73.000 p 
Qa = 70,801 acfni 

9. VOLUMETRIC FLQW RATE, DRY STANDARD CONDITIONS, DSCFM 
( 29.37 ) 

Q~td = 17.64 (70,801 X 1 - 0.171 ) ( 312 +4673) 
Q s t d  = 39,374 dsefin 



CLIENT: HARRISON RADIATOR DATE: 2',890 RUN.M-R2 

1. LEAKAGE CORRECTION FORVOLUME MEIX%BD 
Vmc = 41.177 - ( 0.02 - 0.02 I( 6 0 )  
Vmc = 41.177 ft3 

2. VOLUME METERED, STANDARD CONDmONS ( MOF, 2992 IN. Kg ) 
( 29.39 )+( 2.00 /13.6 ) 

( 56 + 460 ) Vmtd = 17.64 ( 41.177 X 0.967) 
VmsM = 40.207 dscf 

3. VOLUME WATERVAPOR COLLECTED, STANDARD CONDlT'IONS 
Vwstd = 0.04707 ( 178.1 ) 
vwstd = 8.383 6Cf 

4. PROPORTION OF WATERVAPOq BYVOIAJME a w  
Bws = 
Bws = 0.173 

( 8.389 k( 40.207 ) 

5. DRY MOLECULAR WEIGHT OF STACK G M  
p& = 0.44 ( 8.8 ) + 0.32 ( 2.7 ) + 0.28 (88.50) 
Md = 29.62 lbflb - mole 

6. MOLECULAR WEIGHT OF STACK GAS, STACK CONDITIONS 
Ms = 29.52 (I - 0.173 ) i- 18 (0.179 1 
MS = 27.53 lb/lb - mole 

7. STACK GAS VELOCITY, 

Vs = 85.49 ( 0.84 ) ( 0.547 29.37 X 27.53 ) 

vs = 38.7 fps  



. .  

. .  

CALCULATIONS (COW.) 

CLIENT: HARRISON RADIATOR DATE:2/&r90 R U N E X 2  

8. VOLUMETRIC FLOW RATE, ACTUAL CONDITIONS, ACFM 
&a = 60 ( 38.7 X 5.454 E -03X 73.000 
Qa = 67,487 a& 

9. VOLUMETRIC FLOW RATE. DRY STANDARD CONDITIONS. DSCFM 

Qstd = 36,808 dscfm 



CLIENT: HARRlsON RADJATOR DATE: W&rW RUNB-FU 
1. LEAKAGE CORRECTZON FORVOLUME METERED 

Vmc =42.449 - (0.02 - 0.02 X 60) 
Vmc = 42.449 R3 

2. VOLUME IMETERED, STAND- CONDlTIONS ( @OF, 29.92 IN. Hg ) 
C 29.39 )+( 200 113.6 ) 

V m M  = 17.64 ( a 4 4 9  0.967) (63+460) 
Vmsfd = 40.894 dscf 

3. VOLUME WATER VAPOR COLLECTED, STANDARD CONDITIONS 
Vwsid = 0.04707 [ 180.9 ) 
Vwstd = 8.515 scf 

4. PROPORTION OF WATER VApOq BY VOLUME 
8.515 

Bws = 
Bws = 0.172 

( 8.615 14 40.894 ) 

5. DRY MOLECULAR WEIGHT OF STACK GAS 
I8.d = 0.44 ( 8.5 ) + 0.32 ( 2.1 ) + 0.28 (89.40) 
Md = 29.44 lbflb - mole 

6. MOLECULAR WEIGHT OF STACK GAS, STACK CONDITIONS 
MS = 29.44 (1 - 0.1'72 ) + 18 (0.172 ) 
Ms = 27.47 lb/lb - mole 

7. STACK GAS VELOCITY, AVERAGE 

Vs = 85.49 ( 0.84 ) ( 0.575 ) 29.3'7 X 27.4'7 ) 
Vs = 40.8 fps 



CALCULATIONS (CON",) 

CLIENkHARRISONRADIATOR DATE: 2/8/90 RUNiB3-Et.3 

8. VOLUMETRIC FLOW RATE, ACTUAL CONDITION& ACFM 
&a = 60 ( 40.8 X 5.454 E -03X 73.000 $! 
&a = 71,150 acfm 

9. VOLUMETRIC FLOW RATE, DRY STANDARD CONDITIONS, DSCFM 
( 2937 ) 
( 329 + 460) &std = 1764 ('71,150 I - 0.172 ) 

Qstd = 58,667 d s c h  
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CALCULATLONS 

CLIENT: HARRISON RADIATOR DATE: 2/6/90 RUN: B4R1 

1. LEAKAGE CORRECTION FOR VOLUME METERED 
Vmc = 41.966 - (0.02 - 0.02 X 60 ) 
Vmc = 41.966 ft3 

2. VOLUME METERED, STAN'DAFtD CONDITIONS ( @OF, 29.92 IN. Hg ) 
( 29.51 )+( 2.00 / 13.6 ) 

(M)+460) V m M  = 17.64 ( 41.966 ) ( 0.967 ) 
Vmstd= 41.628 dscf 

3. VOLUME WATER VAPOR COLLECTED, STANDARD CONDITIUNS 
Vwstd = 0.04707 ( 176.0 ) 
VW8M = 8,284 SCf 

4. PROPORTION OF WATER VAPOR BY VOLUME 
A 

B w s  = ( 8.284 I+( 41.628 ) 
Bws = 0.166 

5. DRY MOLECULAR WEIGHT OF STACK GAS 
Md = 0.44 (9.7 ) + 0.32 ( 4.5 1 -t 0.28 (86.80) 
Md = 29.73 lbAb - mole 

6. MOLECULAR WEIGHT OF STACK GAS, STACK CONDITIONS 
I% = 29.73 (1 - 0.166) + 18 ( 0.166 ) 
M5 = 27.78 IbAb - mole 

7. STACK GASVELOCITY, AVERAGE 
( 370 + 460) 

9.50 X 27.78 ) Vs = 85.49 ( 0.84 
Vs = 21.7 fps 



CALcULATlONS (CON'T) 

RUN# BkRl 

- - 
8. VoLuDlETRlC FLOW RATE, AC'WAL CONDI'ITONS, ACFM 

Qa = 60 ( 21.7 ) ( 5.454 E -03) ( 77.000 p 
Qa = 42,102 acfm 



CALCULATIONS 

CLZENT: HARRISON RADIATOR DATE: 2/6/90 RUN: M-R2 

1. LF-GE CORRECTION FORVOLLXE METERM) 
Vmc = 42.609 - ( 0.02 - 0.02 )( 60 ) 
Vmc = 42.609 R3 

2. VOLUME MEXERED, STANDARD CONDlTIONS (@OF, 29.92 IN. H g  ) 
29.61 )+( 2.00 / 13.6 ) 

Vmstd = 17.64 (42.60 ) ( 0.967 ) (60+460) 
Vmstd= 41.453 dscf 

3. VOLUME WATER VAPOR COLLECTED, STJWDARD C0”TIONS 
Vwsa = 0.04707 ( 1782 
Vwstd = 8.388 scf 

4. F’ROPOELTION OF WATEFt VAPOR, BY VOLUME 
A 

Bws = ( 8.388 )+( 41.453 ) 
Bws = 0.168 

6. DRY MOLECULAR WEXGHT OF STACK GAS 
Md = 0.44 ( 9.7 ) + 0.32 ( 3.2 ) + 0.28 (87.10) 
Md = 29.68 lbAb - mole 

6. MOLECULAR WEIGHT OF STACK GAS, STACK CONDITIONS 
Ms = 29.68 (1 - 0.168 ) + 18 (0.168) 
Ms = 27.72 lbAb - mole 

7. STACX GAS VELOCITY, AVERAGE 
( 327 + 460) 
.50 X 8.72 ) Ve = 85.49 ( 0.84 ) ( 0.359 ) 

V5 = 25.3 f p s  



CALCULATIONS (CON'T) 

RUN# MR2 

- - 
8. VOLUMETEUC F'LOW RATE, ACTUAL CONDITIONS, ACFM 

= 60 (25.3 1 ( 5.454E -031t 77.000 )2 

Q, = 49,087 actin 

9. VOLUMETRIC FLOW RATE, CONDITIONS, DSCFM 

@td=17.64 
Qstd = 27,004 dscfm 



CALCULATIONS 

CLIE"E HARRISON RADIATOR DATE: WMKl RUN: B4-m 
1. LEAKAGE CORRECI'ION FOR VOLUME METERED 

V~TIC = 42.334 - ( 0.02 - 0.02 )( 60 1 
Vmc = 42.334 f i3  

2. VOLUME METERED, STANDARD CONDITIONS ( 680F, 29.92 IN. H g  ) 
( 29.61 I+( 2.00 / 13.6 ) 

( 5 8 + 4 6 0 )  Vmstd = 17.64 ( 42334 ) ( 0.967 ) 
Vmtd= 41.344 dscf 

3. VOLUME WATERVAPOR COLtZCl'ED, STANDARD CONDITIONS 
Vwstd = 0.04707 ( 178.7 ) 
Vwstd = 8.411 scf 

4. PROPORTION OF WATER VAPOR, BY VOLUME 
A 

Bws = ( 8.411 )+( 41.344 ) 
Bws = 0.169 

6. DRY MOLECULAR WEIGHT OF STACK GAS 
Md = 0.44 ( 9.7 ) + 0.32 ( 3.0 ) + 0.28 (8730) 
Md = 29.67 lbflb - moIe 

6. MOLEXUWL WEIGHT OF STACK GAS, STACK CONDITIONS 
= 29.67 (1 - 0.169 ) + 18 ( 0.169 ) 

Ms = 27.70 lbflb - mole 

7. STACK GAS VELOCITY, AVERAGE 
( 325 + 460) 
.60 )( 27-10 ) Vs = 86.49 (0.84 ) ( 0.371 1 

Vs = 26.1 fps 
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cALcuLATIoNs (corn) 
RUN# B4-R3 

- - 
8. VoLUiWFZFUc FLOW UTE,  ACTUAL CONDITIONS, ACFM 

~=60(2~1~~5.51EE-03~(77.000)2 
Q, = 50,639 a c h  

Qstd = 17.64 (60,639 ( 1 - 0.169 ) [e] 
Qstd = 27,896 &din 

9. VOLUMETRIC FLOW RATE, DR CONDITIONS, DSCFM 



... 

CALCULATIONS ( C O W  

RUN# B4-Ff3 

- - 
8. VOLUMETRIC FZOW RATE, ACTUAL CONDITIONS, ACFM 

Qa = 60 (26.1 ) ( 5.454 E -03) (77.000 
Qa = 50,639 a h  

9. VOLUMETRIC FLOW RATE, CONDITIONS, DSCFM 

QStd=17.64 
Qstd = 27,896 dscfin 



CALCULATIONS 

CLIENT: HARMSON RADIATOR DATE: 2W90 RUN335-Rl 

1. LEXKAGECOFWECTLONFORVOLUME METERED 
Vmc = 45569 - ( 0.02 - 0.02 )[ 60 ) 
Vmc = 43.559 ft3 

2. VOLUME METERED, STANDARD CONDllTONS ( @OF, 29.92 IN. Hg ) 
[ 29.54 )+( 2.00 /13.6 ) 

(57+460) Vmstd = 17.a ( 43.559 )( 0.967) 
Vmstd = 42.666 dscf 

3. VOLUME WATER VAPOR COLLECTED, STANDARD CONDITIONS 
Vwstd = 0.04707 ( 139.6 ) 
VwsM = 6.571 scf 

4. PROPORTION OF WATERVAPOR, BY VOLUME 
6.571 

Bws = 
Bws = 0.133 

( 6.671 )+( 42.666 ) 

5. DRY MOLECULAR WEIGHT OF STACK GAS 
Md = 0.44 ( 10.0 ) + 0.32 ( 2.2 1 + 0.28 (87.80) 
Md = 29.69 lbAb - mole 

6. MOLECULAR WEIGHT OF STACK GAS, STACK CONDITIONS 
MS = 29.69 (1 - 0.133 1 + 18 ( 0.133 ) 
Ms = 28.13 lbflb - mole 

7. STACK GAS VELOCITY, AVERAGE 

Vs = 85.49 ( 0.84 ) ( 0.268 ) 
Vs = 20.6 fDs 



CALCULATIONS (CONT.) 

CLIENT: HAREUSONRADIATOR DATE:!U7M RUNXBS-Rl 

8. VOLUMETRIC FLOW RATE, ACTUAL CONDITIONS, ACFM 
&a = 60 ( 2Q6 X 5.454 E -03X 77.000 
&a = 39,968 acfm 

9. VOLUMETRIC FLOW RATE, DRY STANDARD CONDITIONS, DSCFM 
( 29.69 ) 

Q~td = 17.64 (39,968 X 1 - 0.133 ) ( 368 +460) 
QsM = 21,792 d a c h  



CALCULATIONS 

CLTENT:HARRISONRADIATOR DATE: u7/90 RuNBB&R2 

1. LEAKAGE CORRECTION FOR VOLUME METERED 
Vmc = 42847 - ( 0.02 - 0.02 X 60 
Vmc = 42847 R3 

2 VOLUME MWERED, STANDARD CONDITIONS ( 680F, 29.92 IN. H g  
( 29.64 k( 2.00 /13.6 ) 

(64+460)  VmsM = 17.64 ( 42.847 X 0.967) 
Vmstd = 41.408 dscf 

3. VOLUME WATERVAPOR COLLECTED, STANDARD CONDITIONS 
Vwstd = 0.04707 ( 127.9 ) 
VW6td = 6.020 S C f  

4. PROPORTION OF WATERVAPOR, BY VOLUME 
6020 

Bws = ( 6.020 I+( 41.408 ) 
Bws = 0.127 

5. DRY MOLECULAR WEIGHT OF STACK GAS 
Md = 0.44 ( 10.7 ) + 0.32 ( 2.3 ) + 0.28 (87.00) 
Md = 29.80 lbAb - mole 

6. MOLECULAR WEIGHT OF STACK GAS, STACK CONDITIONS 
MS = 29.80 (1 - 0.127 1 + 18 (0.127 ) 
Ms = 28.31 IbAb - mole 

7. STACK GAS VELOCITY, AVERAGE 

Vs = 85.49 ( 0.84 ) ( 0.284 ) 
vs = 20.3 f p s  



CALCULATIONS (CON".) 
CLIENT: HARRISON RADIATOR DATE: 2W90 RUNS-FZ 

8. VOLUMETRIC FLOW RATE, ACTUAL CONDITIONS, ACFM 
&a = 60 ( 20.3 X 5.454 E -03X 77.000 
&a = 39,386 a& 

9. VOLUMETRIC FLOW RATE, DRY STANDARD CONDITIONS, DSCFM 
(29.63) 

( 366 + 460 ) Qstd = 17.64 (39,386 X 1 - 0.127 ) 
Qstd = 21,689 dscfm 



CALCULATIONS 

CLIENT: HARRISON RADIATOR DATE: mI90 RWBbR3 

1. LEARAGE CORRECTION FOR VOLUME METERED 
Vmc = 44.195 - ( 0.02 - 0.02 X 60 1 
Vmc = 44.195 ft3 

2.  VOLUME^, STANDARD CONDITIONS ( (%OF, 29.92 IN. Hg ) 
( 29.54 )+( 2.00 113.6 ) 

( 67 + 460 ) Vmstd = 17.64 ( 44.195 )( 0.967) 
V m t d  = 42.461 d g f  

3. VOLUME WATER VAPOR COLLECTED, STANDARD CONDlTIONS 
VwsM = 0.04707 ( 133.9 ) 
VwsM = 6.303 scf 

4. PROPORTION OF WATER VAPOR, BY VOLUME 
6.303 

Bws = ( 6.303 k[ 42.467 1 
Bws = 0.129 

5. DRY MOLECULAR WEIGHT OF STACK GAS 
Md = 0.44 ( 10.4 ) + 0.32 ( 2 2  ) + 0.28 (87.40) 
Md = 29.75 lbflb - mole 

6. MOLECULAR WEIGHT OF STACK GAS, STACK CONDITIONS 
Ms 29.75 (1 - 0.129 1 + 18 (0.129 1 
Ms = 28.23 lMb - mole 

7. STACK GAS VELOCITY, AVERAGE 

Vs = 85.49 ( 0.84 ) ( 0.291 ) 
vs = 20.8 fps 



CALCULATIONS (COW.) 

CLIENT: HARRISON FUDIATOR DATE: M/90 RuNB5-R3 

8. VOLUMETRIC FLOW RATE, ACTUAL CONDITIONS, ACFM 
€&i = 60 ( 20.8 X 5.454 E -03X 77.000 9 
Qn = 40,356 acfm 

9. VOLUMETRIC F M W  RATE, DRY STANDARD CONDITIONS, DSCFM 
(29.63) 

Qstd = 17.64 (40,356 X 1 - 0.129 ) 
Qstd = 22,111 dscfm 

( 368 + 460 ) 



- C - 

Cr = 

- D - 

ER = 

ERI f 

m2 = 

Fg = 

FO - 

HVg = 

HVo = 

- 

m c 

Pi- = 

Pi = 

Qstd = 

Tf = 

Ti = 

Vf = 

vsc = 

concentration of NOx in stack gas, IMdscf 

concentration of NOx in stack gas, ppm 

density of #2 heating oil, WGal 

mass emission rate of NO=, lbhr 

mass emission rate of N O x ,  1 W M  Etu (GAS) 

mass emission rate of NOx, IbMM Btu (OIL) 

feedrate, gas, KSCF(Hr 

feed rate, oil, GaUHr 

heat value o f  natural gas, BtdSCF 

heat value of h 2  heating oil, B t d b  

mass of NOX as NO2 in sample, pg 

final absolute pressure of flask, mm Hg 

initial absolute pressure of flask, mm Hg 

volumetric flow rate of stack gas, dscfrn 

final temperature of flask, "C 

initial temperature of flask, "C 

calibrated volume of flask and valve, nil 

sample volume at standard conditions, ml 



N& EMISSION CAU=ULATIONS 

1. SAMPLE VOLUME, ml 

Vsc = (0.3858) * Cvf -25) * ((pt/ (Tf + 273)) . (Pi I (Ti + 273))) 

Vsc= ml 

2. NOX CONCENTRATION IN SAMPZE. Ib-NWdscf 

C = 6.243 E-05 * (m / Vsc) 

C =  lb-NOX/dscf 

3. NOX CONCENTEATION IN SAMPLE, ppm 

C1= ((0.5245 * m) IVsc) * loo0 

CI= ppm 

4. MASS EMJSSION RATE, Ib-NOW 

ER= C * @td ' 6 0  

ER= lb-NOX/hr 

5. MASS EMISSION RATE, 1b-N- Btu (GAS) 

ER1= (ER) I [(Fg) X (1000) X (Hvg) I (1,000,000)1 

EX1 = Ib- NO# MM Btu 

6. MASS EMISSION RATE, 1b-NOXIMM Btu (OIL) 

ERA=(ER)/[(Fo)X(D)X @IVo)/(1,000,000)1 

ER2 = Ib- NO# MM Btu 

I 



METHOD 7ADETERMINATION OF NITROGEN OXIDE EMISSIONS 

CALCULATIONS 

CLIENT: HAFUUSON RADIATOR R U N :  BS-R1A DATE: 2/8/00 

1. SAMeLE VOLUME, ml 

vsc = 

vsc = 1868 ml 

(0.3858) X [(2137) - ( 25)l X ([(722.5) + (168 + 273)l - 1(565) + (SA + 273)Il 

2. NO= CONCENTRATION IN SAMFIX, Ib-NWdscf 

4. MASS E W S I O N  RATE, Ib-NOx/hr 

ER = ( 1 . 7 W )  X (59374 ) X (60) 

ER = 4.1 Ib-NOfir 

5. MASS EMISSION RATE, lb-NDxrmM Btu (GAS) 

ERI = 

ER1 = 1.76E-02 lb-NOx/MM Btu 

(4.1) / [(229.55) X (1000) X (1022) / (I,MH),OOO )I 



METHOD 7ADETERMINATION OF NITROGEN OXIDE EMISSIONS 

CALCULATIONS 

CLIENT: HARRISON RADIATOR RUN: BS-RIB DATE: 2/8/90 

1. sAMPLEVOLuME,ml 

v s c  = 

vsc = 1582 ml 

(0.3858) X [(2o?b) - (25)l X 1W4.5) + (15.3 + 27311 - f(53.S) t (9.1 + 273)l) 

2. NOx CONCENTRATION IN SAMPLE, Ib-NWdscf 

C - - 6.243 E-05 X N70) + (158211 

C - - 2.76E-06 Ib-NOddscf 

4. MASS EMISSION RATE, 1b-N- 

ER = (2.76E.W) X (39374) X (60) 

ER = 6.5 lb-NOx/hr 

6. MASS EMISSION RATE, Ib-NOxflMMBtu (GAS) 

ER1 = 

ER1 = 2.78E-02 I b N O a M  Btu 

(6.5) / K229.W X (1000) X (10.22) 1 (1,@00,000 )1 



.. . 

! 

. .  

METFIOD 7A D-ATION OF NITROGEN OXmE EMISSIONS 

CALCULATIONS 

CLIENT: HARRISON RADIATOR RUN: BS-RIC DATE: %&'SO 

2. NOx CONCENTRATION IN SAMPLE, lb-NOddscf 

c - - 6.243 E06 X ((70) + (1732)l 

c - - 2.52E-OB Ib-NOddscf 

3. NOx CONCENTRATION IN SAMPLE, ppm 

c1 = (K0.6245) X (7011 + (1732)) X 1000 

c1 = 21.2 ppm 

4. MASS EMISSION RATE, Ib-NO* 

ER = (2.5fi2E-06) X (39374) X (60) 

ER = 6.0 Ib-NOx/hr 

5. MASS EMISSION RATE, l b - N O S  Btu 

ERI = 

ERI = 2.54E-02 IbNOxiMM Btu 

(GAS) 

(6.0) / I(229.35) X (1003) X (1022) /(l,OOO,OoO )I 



-OD 7A DE-ATION OF NlTROGEN OXIDE EMISSIONS 

CXKULATKONS 

CLIENT: HARRISON RADIATOR RUN: BS-RID DATE: 2/8/90 

2. NO= CONCENTRATION IN SAMPIZ, Ib-NOx/dScf 

C - - 6.243 E-05 X K72) + (1885)l 

C - - 2.383-06 Ib-NOxldscf 

3. Nor CONCENTRATKON IN SAMPLE, pprn 

c1 = K(0.5245) X (72N + (188511 X 1000 

CI = 20.0 pprn 

4. MASS EMISSION RATE, Ib-N0x.h 

ER = (ZSSEOS) X (99374jX (60) 

ER = 5.6 Ib-NOdhr 

6. MASS EMISSION RATE, Ib-NOdMM Btu 

ERI = 

ERI = 2.4OE-02 I b - N O a M  Btu 

(GAS) 

(5.6) / [(22935) X (LOW) X 11022)1 (l,OoO,OC4 )I 



METHOD 7A DETERMINATION OF NITROGEN OMDE EMSSIONS 

CALCULATIONS 

CLIENT: HARRISON RADIATOR RUN: BS-R2A DATE 2/8/90 

2. NOx CONCENTRATION IN SAMPLE, Ib-NOxldscf 

C - - 6.243 E45 X [(IS01 + (1886)l 

C - - 4.30346 lb-NOddscf 

4. MASS EMISSION RATE, Ib-NOJhr 

ER = (4-90903-06) X (36Bo8)X (SO) 

ER = 9.5 lbb-NOx/hr 

6. MASS EMISSION RATE, Ib-NOrlMMBt; (GAS) 

ERI = 

ER1 = 4.063-02 I b - N O a M  Btu 

(9.5) / ~~2.29.09) x (1000) x (1022) / (1 ,m,m )I 



METHOD 7A DETERMTNATIOK OF "ROGEN OXIDE EMBSlONS 

CALCULATIONS 

CLIENT: HARRISON RADIATOR RUN: B9-RZ.E DATE: 2/8/90 

2. NO= CONCENTRATION IN SAMPLE, lb-NWdsd 

c = 6.243E-05 X [(a) + (184311 

c - - 2.17E-OB lb-NOx/dscf 

3. NOx CONCENTRATION IN SAMPLE, ppm 

c1 = K0.5245) X (6411 + (1&c3>) X 1000 

c1 = 18.2 ppm 

4. MASS EMISSION RATE, Lb-NOdu 

ER = (2.17E.081 X (96808 ) X (60) 

ER = 4.8 Ib-NOx/hr 

6. MASS EMISSION RATE, Ib-NOr/MM Btu (GAS) 

ERI = 

ER1 = 2.OSE-02 )b-NO.&M Btu 

(4.8) / C(229.09) x (1000) x (1022) I (l,ODO,OM) 11 



METHOD 7A DETERMINATION OF ”ROGEN OXIDE EMISSIONS 

C-”IONS 

DATE: 2/8/90 CLIENT: HARRlSON RADIATOR RUN: B3-R2C 

1. SAMPLEVOLumE,ml 

vsc = 

V E C  = 1898 ml 

(0.3858) X K2124) - ( %)I X (t(740.5) + (18.6 + 273)l - K56.6) + (15.1 + 273)Il 

2. NOx CONCENTRATlON IN SAMPLE, Ib-NOddscf 

C - - 6.243E-05 X K75) + (lsssll 

C - - 2.41E-06 lb-NOxldsCf 

3. N& CONCEtWRATION KN SAMPLE, ppm 

4. MASS EMISSION RATE. Ib-NOxh 

ER = (2.47E46) X (36808)X ( 6 0 )  

ER = 5.4 lb-NOx/hr 

5. MASS EE/IISSION RATE. Ib-NOJMM Btu 

ERI = (5d) /[(229.09)X~1000~X(1022)/(1,000,0M1 )I 

ERI = 2933-02 Ib-NOfiM Btu 

(GAS) 



METI1OD 7A DETERMINATION OF NPIXOCEN OXIDE EMISSIONS 

CALCULATIONS 

CLIENT: HARRISON RADIATOR R m  BS-R2D DATE: 2/8/90 

1. SAMPLE VOLUME, ml 

vsc = (0.3858) X [(21u)) - (%)I  X ([(782b) + (18.8 + 2731 - [(565) + (145 t 273111 

Vsc = 1871 rnl 

2 Nor CONCENTRATION IN SAMPLE, Ib-NOddSCP 

3. NOX CONCENTRATXON IN SAIYIPLE, ppm 

c1 = (K0.5245) X (72)l + (1871)) X 1000 

c1 = 202 pprn 

4. MASS EMISSION RATE, Ib-NO& 

6. MASS EMLSSION RATE, Ib-NO- Btu (GAS) 

ERI = (53) / [(229.09) X (1000) X (1022) / (1,000,ooO )I 

ER1 = 2.273-02 lb-NO*IMM Btu 



MFPAOD 7A DETERMINATION OF NlTROGEN OXIDE EMISSIONS 

CALCULATlONS 

CLIENT: BAIWSON RADIATOR RUN: BS-RSA DATE 2/8/80 

1. SAMPLE VOLUME, 

vsc  = 

vsc = 1779 ml 

(0.3858) X 1(208$, -(25)1 X LK7M.6) + (17.1 +273)1 - [(565) + (16.8 + 273)B 

2. NDx CONCENTRATION lh' SAMPLE, Ib-NOddmf 

C - - 6.243 E-05 X ((1'10) + (1779)J 

C - - 3.863-06 Ib-NOddscf 

4. MASS EMISSION RATE, Ib-N- 

ER = (3.e8E-06) x (38667)X (60) 

ER = 9.0 Ib-NOfir 

6. MASS EMISSION RATE, Ib-NWMM Btu (GAS) 

ERI = (9.0) I t(22958) X (1000) X (1022) I (1,ooO,OOO )1 

ER1 = 3.82E-02 I b - N O a M  Btu 

..,. .....,...... - ~...... -.,. .i __.̂  . ..,. ~ . . ,.. 
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METaOD 7A DETERMINA'ITON OF NITROGEN OXIDE ED~ISSIONS 

CALCULATIONS 

CLIENT: HARRISON RADIATOR RUN: BS-RSB DATE 2/8190 

4. MASS EMISSION RATE, lb-NO* 

ER = ( 3 S - W  X (58867 1 X (60) 

ER = 7.6 I b - N O r h  



METFiOD ?A DFXEFMINATION OF "ROGEN OXIDE EMISSIONS 

CALCULATIONS 

CLIENT: HARRISON RADIATOR RUN: Bs-RSC DATE: 2/8/90 

1. SAMPLE VOL- ml 

vsc = (0.3858) X K2117) ~ (2511 X ([f.7306) + (17.7 + 27311 - K56.6) + (16.1 + 273111 

Vac = 1870 ml 

2. NO* CONCENTRATlON IN SAMPIB, lb-NOddsd 

C - - 6.243 E-05 X K110) + (1870)l 

C - - S.67E-06 lb-NOx/dscf 

3. NOx CONCENTRATION IN SAMPLE, ppm 

c1 = NO.5245) X (110)I t (187Oll X 1000 

CI = 30.8 ppm 

4. MASS EMISSION RATE, lb-N- 

ER = (3.67E-06) X (38667 1 X (60) 

ER = 8.5 Ib-NOxhr 

6. MASS EMISSION RATE, Ib-NOxlMM Btu (GAS) 

ERI = 

ERI = 3.633-02 lb-NOIJMM Btu 

(6.6) / [(229.38) X (1000) X 0022) / (1,000,ooO )I 



METHOD ?A DEl"ATI0N OF "FLOGEN OXIDE EML?kXONS 

CALCULATXONS 

CLIENT: EARRISON RADIATOR RLTN: BS-RSD DATE: 2/WO 

1. sAMpLEVOLUmE,d 

vsc = (0.3858) x ~2118) -(mi x 1~740.5) + (176 mi - r ( 5 ~ m  + (17 t 273111 

V8C = le00 ml 

2. NOx CONCENTRATION IN SAMPLE, lb-NWdscf 

C - - 6243 E45 X Kl50) + (1sOo)l 

C - - 493E-06 Ib-NOddscf 

3. NOr CONCENTRATION IN SAMPLE, ppm 

c1 = M0.5245) X (ISOll + (I900)I X 1000 

c1 = 41.4 pprn 

4. MASS EMISSION RATE, IbNOJhr 

ER = 64933-08) X (58667 1 X (60) 

ER = 11.4 Ib-NOrhr 
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METHOD 7A DETERMINATION OF NITROGEN OXIDE EMISSIONS 

CALCULATIONS 

CLIENT: HARRISON RADIATOR RUN: BLRIA DATE: 2/8/90 

1. SAMPLE VOLUME, ml 

vsc = 

vsc = 1891 ml 

(0.3858) X [(2Q73) - (%)I X U7405) + (19.9 + 7-73)] - c(59.5) + (93 + 273)ll 

2. NOx CONCENTRATION IN SAMPLE, Ib-NQJdsU 

c - - 6.243 E-05 X [(67) + (1831)l 

C r= 1.843-06 lb-NOddsef 

3. NOX CONCENTRATION IN SAMPLE, ppm 

Cl = [[(0.5245) X (57)l + (1831)) X lo00 

c l =  16.3 ppm 

4. MASS EMISSION RATE, 1bNOdlu 

ER = (1.S4E-M) X (22016)X (60) 

ER = 2.6 I b - N O h r  

5. MASS EMISSION RATE, Ib-NO- Btu 

ERI = 

ERI = 2.02E-02 Ib-NOxiMM Btu 

(GAS) 

(2.6) / K124.2) x (1000) x (1022) / (1,000,000 )I 



METaOD 7A DETERhUNATION OF NITROGEN OXIDE EMISGIONS 

CALCWATIONS 

CLIENT: HARRISON RADIATOR RUN: =-RIB DATE: 2/6/80 

2. NOx CONCENTRATION IN SAMPLE, lb-NOddscf 

C - - 6.243 ED5 X K58) + (190411 

C - - 2.01E-06 Ib-NOddscf 

3. NO= CONCENTRATION IN SAMPLE, ppm 

c1 = [[(0.5245) X (%)I t (1W.l X 1000 

CI = 16.9 ppm 

4. MASS EMISSION RATE, Ib-NOxh 

ER = ( 2 O l E - 0 6 )  X (22015 ) X (60) 

ER = 2.7 Ib-NOJhr 

5. MASS EMISSION RATE, lb-NOx/MM Btu (GAS) 

ER1 = (2.7) / [(12d2) X (1000) X (1022) /(1,000,000 )I 

ER1 = 2.09E-02 Ib-NOdMM Btu 



METHOD 7A DETERMTNATON OF NITROGEN OXIDE EMISSIONS 

C A L C ~ T I O N S  

CLIENT: HARRISON RADIATOR RUN: B4-Rl C DATE: 2/6/90 

1. SAMPLEVOLUIME,ml 

v s c  = 

vsc = 1862 ml 

(0.3858) X KXI90) - ( 25)l X [1(740.5) .c (192 + 27311 - f(59.5) + 00.9 t 27311) 

2. NOx CONCENTRATION XN SAMPLE, Lb-NOddscf 

C - - 6.243 E-05 X [(SS) + (1852)l 

C - - 2.33E-06 Ib-NOddscf 

3. NOx CONCENTRATION IN SAMPLE, ppm 

c1 = KfO.5245) X (6911 + (1852)) X 1000 

c1 = 19.5 ppm 

4. MASS EMISSION RATE, lb-NO& 

ER = (239E-W X (22015 ) X (SO) 

ER = 3.1 lb-NOxhr 

5. MASS EMISSION RATE, Ib-NOnmZM Btu 

ERI = 

ER1 = 2.42342 lb-NOmM Btu 

(GAS) 

(8.1) / [(124.2) x c1000, X(1022) I (1,M)O,OOO 11 



METHOD 7ADETERMINATION OF NITROGEN OMDE EMISSIONS 

CALCULATIONS 

CLIENT: HARRISON RADIATOR RUN: B4-RID DATE: 2/6/90 

1. SAMPLE VOLUME, ml 

vsc = 

vsc = 1607 d 

(0.3858) X [(2W2) - (%)I  X (1(740.6) + (195 + 273)l . K59.5) + (10.6 t 273)13 

2. NOx CONCENTRATION IN SAMPLE, lb-Nodded 

6243 E45 X [(@I + (1807)l C - 
C - - 2.38E-OB Ib-NOddscf 

- 

3. Nor CONCENTRATION IN SAMPLE, ppm 

c 1 =  (K0.5245) X (69)l + (1807)) X Io00 

c1 = Z Q ~  ppm 

4. MASS EMISSION RATE, lb-NO& 

ER = (238E-06) X (22015 )X (60) 

ER = 3.1 Ib-NOx/hr 

5. MASS EMISSIONRATE,Ib-NO&tMBtu (GAS) 

ER1 = 

ER1 = 2.48E-02 Ib-NOxiMM Btu 

(3.1) I [(I24223 x (1000) X(1022) / ~1,000,000 )? 



METHOD 7A DETERMINATION OF NITROGEN OXIDE EMISSIONS 

CALCULATZIONS 

RUN: B4-RZA DATE: 2/6/80 CLIENT: HARRISON RADIATOR 

I. SAMPLE VOLUME, ld 

vsc = (0.3858) X t~Zoe0) - ( 2 

vsc = LE16 ml 

2. NOx CONCENTRATION IN SAMFIB, Ib-NOddscf 

C - - 6.243 E-05 X [(@I + (181611 

C - - 2.173-06 Ib-NOddscf 

3. NOx CONCENTRATION IN SAMPLJZ, ppm 

Cr = (K0.5245) X (6811 + (lSI6)I X 1000 

c1 = 18.2 ppm 

4. MASS EMISSION RATE, Ib-NO* 

ER = (2.173-06) X (21004 )X (60) 

ER = 5.5 Ib-NOxhr 

5. MASS EMISSION RATE, Ib-NOdMM Btu (GAS) 

ER1 = 

ERI = 2.733-02 Ib-NOx/MM Btu 

(35) I [(L25.6) X (1000) X (1022) / (1,000,000 )I 



METHOD 7ADETEKWNATION OF NITROGEN OXDE EMlSSIONS 

CALCULATIONS 

CLIENT: HARZUSON RADIATOR RUN: WR2B DATE: VU90 

2. NO= CONCENTRATION IN SAMPLE, 16-NOddsd 

C - - 6243 E-05 X 163) + (IS39)l 

C - - 2.143-06 IbNOddscf 

3. NOx CONCENTRATION IN SAMPLE, ppm 

c1 = K(0.5245) X (&I97 + (1839)) X 1000 

c1 = 18.0 ppm 

4. MASS EMISSIONRATE, lb-NO& 

ER = (%I&-06) X (27W 1 X (60) 

ER = 3.6 Ib-NOxfhr 

5. MASS ENIlSSION RATE, Ib-NOxrmM Btu (GAS) 

ERi (36) ir~i~.~~x~~ooo~x~1022~~~1,ooo,oao )I 

ER1 = 2.7OE-02 Ib-NOx/ZMM Btu 



METHOD ?A DETERMINATION OF NITROGEN OXDE EMISSIONS 

CALCULATIONS 

CLIENT: HARRISON RADIATOR RUN: B4-R2C DATE: 2/6/90 

1. SAMPLEVOLuME,ml 

Vsc = 

Vac = 1838 ml 

(0.3858) X [(206L) - (25 ) ]  X [[(740.5) + (18.4 + 27311 - KK9.5) + (18.1 + 273111 

2. NOx CONCENTRATION IN SAMPLE, lb-NOJdscf 

c - - 6.243 E-05 X [(58) + (183811 

C - - 1.973-08 Ib-NOxldscf 

4. MASS EMISSION RATE, Ib-NOxh 

ER = ~1.97E-06) X (27004 1 X (60) 

ER = 3.2 Ib-NOxhr 

5. MASS EMISSION RATE, lb-NO- Bfu (GAS1 

ERI = 

ERI = 2.493-02 Ib-NOxlMM Btu 

(3.2) / [(125.6) X (1000) X (1022) l(1,000,000 11 



METHOD 7A DETEXMWA'ITON OF NITROGEN OXIDE EMISSIONS 

CALCULATIONS 

CLIENT: HARRISON RADIATOR RUN: BpR2D DATE: 2/6/90 

1. sAMel..E VOLUME, d 

V a c  = 

v s c  = 1837 ml 

(0.3858) X K(206.2) - ( 2511 X (J(740.5) + (IS + 27311 - L(59.6) + (IS9 + 273)ll 

2. NOx CONCENTRATION nU SAMPLE, Ib-NOKldscf 

C - - 6.243 E-05 X K65) + (183711 

C - - 2.21E.08 Ib-NOddscf 

3. N& CONCEN'IIUTION IN GAMPLE, ppm 

c1 = 1K0.5245) X (65)l + (1897)l X 1000 

Cl = 18.6 ppm 

5. MASS EMISSION RATE, Ib-NOdTtfM Btu 

ERt = 

(GAS) 

(9.6) / I(126.6) X (1000) X (1022)/ (L,OW,OOO 11 

ER1 = 279E-02 lb-NOx/MM Btu 



METHOD 7A DETERMINATION OF NITROGEN OMDE EMlSSIONS 

CALCULATIONS 

CLIENT HARRISON RADIATOR RUN: B4-E3A DATE: 2/6/90 

1. SAMPLE VOLUME, ml 

vsc = (0.3858) X [(2004) - (25)l X f(740.5) + (18.1 + 273)l . [(595) + (12.9 + 273)ll 

vsc = 1763 ml 

2. NOx CONCENTAATION IN SAMPLE, Lb-NOddscf 

6.243 E-05 X [(68) + (17ES)I C - 
2.383-06 Ib-NOddscf C - 

- 

- 

4. MASS EMLSSION RATE, Ib-NOx/hr 

ER = (23SE-08) X (27896 ) X (60) 

ER = 4.0 I b - N O h r  

6. W S  EMISSION RATE, 1b-NOdM.M Btu (GAS) 

E A 1  = 

ER1 = 3.11E-02 Ib-NOx/MM Btu 

(4.00) / KI25.4) X (1WO) X (1022) / (I,OOO.OOO )I 



.- 

METAOD 7A DETERMINATION OF NITROGEN O D E  EMISSIONS 

CALCULATIONS 

CLIENT: EIARRISON RADIATOR RUN: B4-KSB DATE: 2/6/90 

2. NO= CONCENTRATION IN SAMPLE, ib-NOJdsd 

C - - 6.243 E-@ X K38) + (175811 

C - - 13363-06 Ib-NOxldscf 

3. Nor CONCENTRATION 3N SAMPLE, ppm 

c1 = lK0.5245) X ( S I 1  + (I756)I X 1000 

c l =  11.4 pprn 

4. MASS EMISSION RATE. lb-NOx/hr 

ER = (1 353-06) X (27896 ) X (60)  

ER = 2.3 Ib-NOxihr 

5. MASS EMISSION RATE, Tb-NO- Btu (GAS) 

ERI = 

ER1 = 1.763-02 Ib-NOx/MM Btu 

(25)  / K126.4) X (1000) X (1022) /(1,0@3,@30 )I 

. 
......, . .. . . . .~ . .. . . .  ... 
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METROD ?A DETERMINATION OF MTROGEN OXIDE EMISSIONS 

CALCULATIONS 

C L E W :  HAKRISON RADIATOR R W ,  W R 3 C  DATE: 2/6/90 

1. SAMPLEVOLUME,ml 

vsc = (0.3858) X [(2067) -(%)I X 4(7#06) + (193+273)1 . 169.6) + (12 + 27311) 

Vac = 1822 ml 

2. NOx CONCENTRATION IN SAMPLE, Ib-NOJdscf 

C - - 6.243 E-05 X K67) + (L822)I 

c - - 2.303-06 lb-NOxldscf 

S. NOx CONCENTRATION IN SAMPLE. ppm 

c1 = (K0.5245) X (67)l + (1SZZ)) X 1000 

c1 = I95 ppm 

4. MASS EMISSION RATE, lb-NO+ 

ER = (2303-06) X (!27(rss) X (60) 

ER = 3.8 Ib-NOdhr 

5. MASS EMISSION RATE, Ib-NOdMM Btu (GAS) 

E R L  = (3.8) /Kl25.4)X (1000)X (1022)/(I,000,000)1 

ERI = 3.00E-02 lb-NOdMM Btu 



METHOD 7A DETERMINATION OF NlTROCEN OXIDE EMISSIONS 

CALCULATIONS 

CLIENT: EL4RRISON RADIATOR RUN: B4-R3D DATE: 2/6/90 

1. SAMPLE VOLUME, ml 

v s c  = 

vsc = 1815 ml 

(0.3858) X [(2Q50) - ( 2511 X (K7405) + (195 + 273)l - L(59.5) + (126 + 273)l) 

2. NOx CONCENTRATION IN SAMPLE, lb-NOddscf 

C - - 6.243 E-05 X K59) + (18IS)l 

C - - 2.033-06 Ib-NOddscf 

3. NOx CONCENTRATION IN SAMPLE, ppm 

C] = M0.5245) X (5S)l + (181531 X loo0 

c1 = 17.0 ppm 

4. MASS -ION RATE, Ib-NOdhr 

ER = (2.WE-08) X (27698 ) X (60) 

ER = 3.4 lb-NOx/hr 

5. MASS EMISSION RATE, Ib-NOxrmM Btu (GAS) 

ERI = (3.4) I [(IZA) x (iaoo) x (1022) i (i,ooo,ooo 11 

ER1 = 2.6SE-02 lb-NOx/MM Btu 



METHOD 7A DETERMINATION OF NITROGEN OXIDE EMISSIONS 

CALCULATIONS 

CLIENT: HARRISON RADIATOR RUN: BS-RlA DATE: 2/7/90 

1. SAMPLE VOLUME, mi 

Vac = 

V B C  = 1834 mI 

(0.3858) X K2.079) - ( 25)l X [[(740b) + (19.9 + 2.7311 - L(60.4) + (10.3 t 27311) 

2. NOx CONCENTRATION IN SAMPLE, Ib-NOddWf 

C - - 6.243 E-05 X K50) + (1834)l 

C - - 1.70E-06 lbNOx/dscf 

3. NOx CONCENTRATION IN SAMPLE, ppm 

c1 = 810.5245) X (W)] + (1834)) X loo0 

c1 = 14.3 ppm 

4. MASS EMISSION RATE, Ib-N(hdhr 

ER = (I .70E-06) X (21792 ) X (60) 

ER = 2.2 Ib-NOxlhr 

5. MASS EMISSIONRATE, Ib-NO-Btu (OIL) 

ER2 = (2.2) / W3.!i363) X (7.246) X (19500) / (1,000,O~)J 

ER2 = 1.83342 Ib-NOxNM Btu 



METHOD 7A DETERMINATION OF NPI?ZOGEN OxlDE EMlSSIONS 

C A L m T I o N S  

CLIENT RARRISON RADIATOR RUN: BB-RIB DATE: 2/7/90 

1. SAMP~VOLUME,ml 

Vse = 

vsc = 1785 ml 

(0.3848) X K2090) . (25)j X (t(7185) + (19.7 + 273)l . C(60.4) + (9.8 + 273111 

4. MASS EMISSION RATE, lb-NoJhr 

ER = (1.54E46) X (21792)X (601 

ER = 2.0 I b - N O x h  

L 



METAOD 7A DWERMINATION OF NITROGEN OXlDE EMISSIONS 

CALCULATIONS 

CLIENT: HARRISON RADIATOR RUN: B5-RlC DATE: 2/7/90 

1. SAMPLE VOLUME, ml 

vsc  = 

v s c  = 1870 ml 

(0.3858) X [(2118) - ( W)] X [[(740.6) + (198 + 27311 ~ K60.4) + (10.2 t 273)11 

2. NOx CONCENTRATION IN SAMPLE, lb-NOddScf 

3. NOx CONCENWWTION IN SAMPLE, ppm 

c1 = ([(0.52.45) X (SO)] + (1870)J X 1000 

c1 = 8.4 ppm 

4. MASSEMISSION RATE, Ib-NOx/hr 

ER = (1.OOE-06) X (21792 1 X (60) 

ER = 1.3 l b - N O x h  

5. MASS EMISSION MIX, lb-NOx/MM Btu (OIL) 

ERZ = (1.3) / [(853.53)X(7.296) x(19500)/(1,000,000)1 

ER2 = 1.OBE-02 Ib-NOxiMM Btu 

.... .- . .  . . . . . . . . . . . . 
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METFIOD ?A DETERMINATION OF MTROGEN OXDE EMISSIONS 

CALCULATIONS 

CLIENT: HARRISON RADIXTOR RUN: =-RID DATE: 2/7/90 

1. SAMPLEVOLmmml 

vsc = 

VSC = I827 ml 

(0.3858) X ((2069) - ( 2511 X (K740.6) + (10.7 t 273)l . C(60.4) + (10.2 + 273)D 

2. NOx CONCENTRATION IN SAMPLE, Ib-NWdsd 

C - - 6.243 E-05 X [(29) + (I827ll 

C - - 9.913-07 Ib-NOddM 

4. MASS EMISSION RATE, lb -NOxk 

ER = (9.91E-07) X (21792 ) X (60) 

ER = 1.3 Ib-NOdhr 

5. MASS EMISSION RATE, Ib-NOdMM Btu (OIL) 

ER2 = (1.3) /[(S63.53) X~7.298)X~19500~/~1,000,000~1 

ERz = 1.07E-02 Ib-NOxflMM Btu 



METHOD 7.4 DETEXMJNATION OF NITROGEN OXIDE EMLSSlONS 

CALCULATIONS 

CLIENT HARRISON RADIATOR RUN: B582A DATE: 2/7/90 

1. SAMPLE VOLUME, ml 

V B C  = 

vsc i_ I770 ml 

(0.3858) X [(2047) - (25)l X (K728-6) + (19.5 + 273)l - E(gO.4) + (8.9 t 273)lJ 

2 NOx CONCENTRATION IN SAMpLE, Ib-NWdsci 

C - - 6.243E-05 X [(a) + (I770)l 

C - - 152E-06 Ib-NOJdscf 

3. NOx CONCENTRATION IN SAMPLE, ppm 

c1 = N0.5245) X (43)l + (117011 X 1000 

c1 = 12.7 ppm 

4. MASS EIMSSIONRATE, Ib-NO* 

ER = (162E-06) X (21689 ) X (60) 

ER = 2.0 Ib-NOdhr 

6. MASS EMISSION RATE, I b - N O S  Btu 

ERZ = (2.0) / K854.61) X (7296) X (19500)/ (1,000,000~1 

ERz = 1.62E-02 Ib-NOxDvfM Btu 

(OIL) 



METROD 7A DETERMINATION OF NlTROGEN OXIDE EMISSIONS 

CALCWTlONS 

CLIENT: HARRISON RADIATOR R W .  BS-R2B DATE: "ll90 

1. SAMPLE VOLUME$ ml 

vsc  = 

vsc = 1828 rnl 

(0.3858) X [CM71) - ( 25)l X U(628.5) + (19.4 + 273)1 ~ 1(80.4) + (9.7 + 2731) 

2 NOx CONCENTRATION IN SAMPLE, Ib-NOrddd 

C - - 6.243 BO5 X [(SS) + (152811 

C - - 1.35E-08 lb-NOxidscf 

3. NOx CONCENTRATION IN SAMPLE, ppm 

c1 = u(0.5245) X (33)l + (1528)) X 1030 

c1 = 11.9 ppm 

4. MASS EMISSION RATE, Ib-NOxk 

ER = (1.3SE-06) X (21689) X (60) 

ER = 1.6 Ib-NOdhr 

5. MASS EMISSION RATE, lb-NO- Btu 

ER2 = (18) I [(8$1.61)X(7~296)X(19500)/(1,000,003)~ 

ER2 = 1.44E-02 Ib-NOnMM Dtu 

(OIL) 



METHOD 7A DETERMINATION OF NITROGEN OXIDE EMISSIONS 

CALCULATIONS 

CLIENT: RARRISON RADIAnlR RUN: B6-R2C DATE: 2/7/90 

1. SAMPLE VOLUME, ml 

Vsc = 

vsc = 1807 ml 

(03858) X [(2093) - ( 2511 X {1(7245) + (19.4 + 273N - [(60.4) + (11 + 273)l) 

2 NOx CONCENTRATION IN SAMPLE, lb-NOJdscf 

C - - 6.243E-05 X [(a) + (I807,1 

C - - 1.66E-06 Ib-NOddscf 

3. NOX C0NCE"ION IN SAMPLE, ppm 

c1 = (L(D.5245) X (48)l + (IsCn)) X 1Ixx) 

c1 = 13.9 ppm 

4. MASS EMISSION RATE, Lb-NOdhr 

ER = (1.66E.063 X (21689 ) X (60) 

ER = 2.2 Ib-NOx/hr 

5. MASS EMISSION RATE, Ib-NOxrmM Btu (OIL) 

ER2 = (22 )  /L~s54.61~X~7.29B~X~19500~/~1,000,0W~1 

ERz = 1.77E-02 lb-NOldMM Btu 



METHOD 7A DETERMINATION OF NITELOGEN OXIDE EMISSIONS 

CALCULATIONS 

CLIENT: HARRISON RADIATOR RUN: B5-R2D DATE: 2/7/90 

2. NOS CONCENTRATION IN SAMPLE, Ib-NOx/dSCP 

3. NOS CONCENTRATION IN SAMPLE, ppm 

c1 = 1[(0.5215) X (W1 + (1808)l X 1000 

c1 = 9.9 pprn 

4. MASS EMISSIONRATE, Ib-N0d-w 

ER = (1.17E-06) X (21689 ) X (60)  

ER = 1.5 lb-NOxhr 

5. MASS EMISSIONRATE, Ib-NOzlMMBtu (OIL) 

ERz = (1.6) 1K854.61) X (7.296)X (19500)/ (l,OOO,OoO)] 

ERz = 1.263-02 lb-NOx/MM Btu 



METHOD 7A DETERhWATION OF NITROGEN OXlDE ExlrsSIONS 

CALCULATIONS 

CLIENT: HAZUUSON RADIATOR RUN: BS-RSA DATE: 2/7/90 

1. SAMPLE VOLUME, ml 

vsc = ( 0 . ~ 5 8 )  x [~2052) - ( 2511 x [cww + (202 c m i  - ~60.4) + (12 + 273x1 

vsc = 1666 ml 

2. NOX CONCENTRATION IN SAMPLE, lb-NWdsd 

C - - 6.M E-05 X C ( 4 )  + (166611 

C = 1.61E-06 Ib-NOx/dsef 

3. NOX CONCENTRATION IN SAMPLE, ppm 

c1 = lC(0.5245) X (4311 + (1Ses)l X loo0 

c1 = I S 6  pprn 

4. MASS EMISSION RATE, lb-NOx/hr 

ER = (1.61E-06) X (22111 )X (60) 

ER = 2.1 I b - N O x h  

6. MASS EMISSION RATE, Ib-NOr/MM Btu (OIL) 

ERZ = (2.1) I was) x ~7.2913) x (19500) / ~1,000,000~1 
ERL = 1.79E-02 lb-NOxNM Btu 

. . .  . 



METHOD 7A DETERMfh'ATTON OF NITROGEN OXIDE EMISSIONS 

CALCULATIONS 

CLIENT: aARRISON RADIATOR R W  B5-R3B DATE: 2P7190 

1. SAMPLE VOLUME. ml 

vsc = (0.3858) X [(W) - (2511 X (WOb) + (19B+ 273)1 - R60.4) + (11-3 + 27335) 

Vsc = 1526 ml 

2. NOS CONCENTRATION IN SAMPLE. Ib-NOddscf 

C = 6.243 E-05 X [Cm) + (152611 

C - - 1.1OE-08 Ib-NOddscf 

4. MAsSEMISSIONRA"E,lb-NO&r 

ER = (l.lOE-06) X (22111 )X (60) 

ER = 1.5 I b - N O x h  

6. MASS EMISSION RATE, Ib-NOJMM Btu (OIL) 

ERZ = 

ER2 = 1.23E-02 l b - N O a M  Btu 

(1.6) / K840.3) X (7.296) X (18500) / (l,OOO,OOO)l 



METHOD 7ADETERKINATION OF NITROGEN OXIDE EMJSSIONS 

CALCULATIONS 

CLJEiW EKARRISON RADIATOR RUN: B&RsC DATE: 2/7/90 

2. NOx CONCENTRATION IN SAMPLE, Ib-NOJdscQ 

C - - 6.243 E-05 X [(45) + (181411 

C - - 1.5BE-06 lb-NOddscf 

S. NOx CONCENTRATlON IN SAMPLE, ppm 

a =  a(o.524) x (45tl + (1814)i x io00 
Cl = 19.0 ppm 

4. MASS EMISSION RATE, Ib-NO+ 

ER = (ld5E.06) X (22111 )X (60) 

ER = 2.1 Ib-NOxlhr 

6. MASS EMJSSIONRATE, Ib-NOzlMMBtu (OIL) 

ER2 = (2.1) /[(8403) x(7.296)x~I9M1o~/~1,ooo,ooo~1 

ER2 = 1.723-02 IbNOx/MM Btu 



2. NOr CONCENTRATION lN SAMPLE, lb-NOJdsd 

C - - 6.243 E05 X M45) + 11602)l 

C - - IdGE-OB Ib-NOddscf 

4. MASS EMlSSION RATE, IbNOZ/hr 

ER = (lKSE-08) X (22111 ) X  (SO) 

ER 1: 2.1 Ib-NOxlhr 

. . . .. . . , . . . . , . . . , . . . , . . . . . . . .. . . 



QUALITYASSURANCE PROCEDURES AND RESULTS 

The sampling equipment used in thia test series has been calibrated in accordance with 
procedures outlined in the USEPA Reference Methods for stationary source sampling and also in 
the Quality Assurance Handbook for Air Pollution Measurement Systems. All pertinent 
calibration data  for the equipment used in this test series are  included in  this Appendix. The 
following calibration procedures are employed: 

a .  

b. 

C .  

d .  

e. 

f .  

E .  

I1 . 

Probe-tips are inspected before use t o  detect damage or irregularities. If the nozzle shows 
signs of damage, it is repaired and measured before use. The nozzle diameter is 
determined in the field by measuring three diameters with a precision micrometer. The 
average of the three measurements is the nozzle diameter. 

The S-type pitot tubes are built to the design specifications cited in Reference Method 2'and 
are assigned a coefficient of 0.84. Standard pitot tubes are supplied from the manufacturer 
with a coefficient of 0.99. The pitut tubes, connecting lines, and manometers a re  leak- 
checked in the field before and atler each test run. - 
Thermocouples are calibrated upon receipt and annually thereafter. The thermocouples 
are calibrated et 32"F, ambient temperature, 2l2"F, and approximately 450°F. 

s%&Ambw 
The Orsat analyzer is calibrated before each use with standard gases in the expected range 
of oxygen and carbon dioxide in the sample gas. Orsat reagents are  changed when 
analysis indicates slow adsorDtion, lack of arrreement between runs .  OT when the - 
calibration standards cannot &-accurately measured. 

The Fyrite analyzers are  leak-checked on-site and the reagents are  replenished as 
needed. - 
The dry gas meter and the orifice in the Method 5 control consoles are calibrated at six (6) 
points from 0 to 4 inches of mercury. The dry gas meter coefficient *-factor) and the 
orifice constant (AH@) are established from this calibration. The dry gas meter is 
calibrated aftei each test series to confirm the y-factor has not changed more than plus or 
minus 5%. The lower of the pre-test and post tes t  y-factors is used in all sample volume 
calculntions. PCS participates in the USEPA Method 5 Dry Gas Meter Inter-Laboratory 
Performance Audit. 

Batometers 
The aneroid field barometers are calibrated with a stationary mercury column barometer 
prior to each use. The reference barometer is permanently mounted in the PCS laboratory. 

SDY - and NO1 Ana h i s  
PCS participates in the EPA Inter-Laboratory Performance Audits for SO2 and N02. PCS 
use8 recommended reagent grades and procedures as published in the Reference Methods 
for analysis of these pollutants. The details of our laboratory Quality Assurance plan are 
not included here. 



1 .  

j .  

k .  

I .  

m 

n .  

u k l 3 u k a  
The NOx flasks and stopcocks are engraved with an identification number upon receipt. 
Each flask and stopcock is calibrated by filling the flask and matching stopcock with 
deionized water. The water is then poured into a Class A graduated cylinder to determine 
the volume. The procedure is repeated three times to determine the average volume of the 
flask. The final volume is engraved into the flask. 

The Method 25 tanks are  assigned a n  identification number upon receipt from the 
manufacturer. The tanks are cleaned with an acid rinse, a deionized water rinse, an 
acetone rinse, and finally a deionized water rinse. After the initial cleaning, each tank is 
filled with deionized water and then emptied into a Class A graduated cylinder. This 
procedure is repeated three times. The average of the three measurements is the tank 
volume. The tank volume and identification number are  engraved into the tank. The 
sample tanks are cleaned prior to field use by heating the tanks to approximately 125°F and 
alternately pressurizing and evacuating the sample tanks  with nitrogen. The 
pressurization/evacuation cycle is repeated three times. M e r  the final evacuation cycle, 
the tanks are pressurized to 5 psi with nitrogen for shipment ta the sampling site. 

The condensate trans are fabricated in-house from 316 stainless steel tubing and quartz - 
wool packing material. Each t rap  is assigned an identification number upon 
construction. The traps are burned out prior to field use. The burnout date is noted on the 
trap identification tag. A trap must be burned out within 60 days of field use. Any trap that  
does not meet the 60 day criteria is rejected from field use until it has  been burned out 
again.  

P 
The rotameter in the  flow controller is calibrated against a SOW bubble meter. Each flow 
controller is calibrated at two points, approximately 50 cc/min and 90 cclmin. The 
rotameters are calibrated annually or when their performance indicates frequent 
calibration. 

3 k s s a u w  
PCS uses mechanical gauges to measure pre- and post-test vacuums as required for Method 
7 and Method 25 tests. The test gauges are  calibrated annually against a mercury 
manometer. - 
The NMO analyzer is calibrated according to  the requirements of Section 5.0 of the 
Reference Method. The pertinent data from the calibration of the analyzer is included in 
this Appendix. 



METER CALIBRATION 

NOMENCLA'ZZIRE AND DIMENSIONS 

ratio of accuracy of the reference meter t o  the dry test meter, 
dimensionless 

ratio of accuracy of the primary standard t o  the reference meter, 
dimensionless 

pressure differential acro~s the dry test meter orifice, inches of HZ0 

calibration period, minutes 

barometric pressure, inches of Hg 

pressure a t  the exit of the reference meter, inches of H20 

gas volume passing through the dry test meter, cubic feet 

gas volume passing through the reference meter, cubic feet 

temperature of the dry test meter, degrees Fahrenheit 

temperature of the reference meter, degrees Fahrenheit 

Pb + (AH +13.6) = absolute pressure of the dry test meter, inches of Hg 

Pb + (P, +13.6) = absolute pressure the reference meter, inches of Hg 



METER POST-TES" CALIBRATION 
Client: HARRISON RADLATOR P.N: 205.011 Dab: FEB.%,1990 

Reference Meter: 979952 Y r =  1.004 pb = 29.65 "Hg 

Meter Box: N-3 Pre-test Yb = 0.988 AH= 232 

Vacuum = 4 "Hg 
Performed by: fi?(.rp S A R t k A  J /<?%a 1 n 

0 = 10.0 minutes 

RAW CALIBRATION DATA 

RUN Pa Vr T,  V d  Td 
~ 

298.859 56 64.674 58 

306.m 56 72.773 59 
1 -0.180 

306.688 56 72.773 59 

314.470 56 80.824 58 
2 -0.160 

314.470 56 80.824 59 

32x224 56 88.863 53 
3 -0.180 

~~ 

29.6368 6.099 518 29.8206 0.9683 I 7.829 516 

2 7.782 516 29.6368 8.051 518 29.8206 0.9682 

3 7.754 516 29.6368 8.059 518 29.8206 0.9638 

AVERAGE POST-TEST Yb 0.967 
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THERMOCOUPLF. CAtIBEUTION 
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APPENDIX K 

OEPA STACK TEST REVIEW SUMMARY FORM , 

APPLICATION NUMBER 8 6 7 / 0  o o d n  n o  0 3  

SOURCE DESCRIPTION ( O R  scc CODE) 
F A C I L I T Y  NAME A& VI-, 5 d)? d , & +  o r  tr I *c. 

- ~ 

CONTROL EQUIPMENT p o n  Q 

D A T E ( S )  OF TEST 2 - g - 9 0  

POLLUTANT(S) TESTED N U X  
FINAL T E S T  REPORT RECEIVED ON - - 

TEST METHOD / ,  2,s. 4 I 7 6- 
TEST FIRM A,; &A K H n i r a n m e w  4, C r a u B  
EMISSION RATES*: 

ACTUAL ( L b ( s ) / h r ) b , O % q 8  / ~ L L O W A B L E * * ~ , Z  16 /mm & f  LI 

OPERATING RATESf:  

DURING TEST** 2 29 I 27 K V F / H  ,. MAXIMUM** 2zq.39 ks 
I 

EMISSION FACTOR*** 

COMMENTS : 

I HEREBY VERIFY THAT 

TEST REPORT H A S  BEEN 

+?3 
THE TEST PROCEDURES, 

[w  AN ACCEPTABLE L 
TESTING METHODC -7- 5 

[ ] AN UNACCEPTABLE 

APPROVED TESTIK 

-. - 

I N  THE STACK 

MINED THAT 

TH THE APPROVED 

WITH THE 

3 - Z A  - 9 0 '.. --- 
VEWED By 

DATE OF REVIEW 

+ BASED ON 3 RUN AVERAGE 

** S P E C I F Y  APPLICABLE UNITS 

f**SPECZFY I N  UNITS OF MASS/INPUT 



, . . . . .. . . .. . ,  . .  . .  

APPENDIX K 

OEPA STACK TEST REVIEW SUMMARY FORM 

APPLICATION NUMBER O & ? s 7 /  00030 736 O K  

D l V .  FACILITY NAME n r r l s a h  RbnltkCdr 
SOURCE DESCRIPTION (OR SCC CODE) r. ( 4  r 
CONTROL EQUIPMENT d o n e  

DATE(S) OF TEST 2- 7- 9 0  

POLLUTANT ( S )  TESTED A/O* I 

ZEST METHOD /M P.CLd s ( , a .  3 , a .  76- 
TEST FIRM Icla7de.n E ' ~ ~ r A ~ r * I e ~ C d - I  P - r a d p  
EMISSION RATES*: 

FINAL TEST REPORT RECEIVED OH 3 - Z 3 - 9 0 

ACTUAL (Ib(s)/hr) &,d/$z / b / M n ,  Bt ALtOWABLE**d +s b /d V 
2 

OPERATING RATES*: 
DURING TEST** 944.48 &//#F- MAXIMUM** 8 5 4 ,  LI & I &  r 

I I 
EMISSION FACTOR*** 
COMMENTS: 

I HEREBY VERIFY THAT THE INFORMATION CONTAINED WITHIN THE STACK 
TEST REPORT HAS BEEN REVIEWED AND IT HAS BEEN DETERMINED THAT 
THE TEST PROCEDURES, ANALYSES AND CALCULATIONS ARE: 

[ AN ACCEPTABLE DEMONSTRATION OF CONFORMANCE WITH THE APPROVED 
TESTING METHODOLOGY. 

[ ] AN UNACCEPTABLE DEMONSTRATION OF CONFORMANCE WITH TRE 
APPROVED TESTING METBOWLOGY. 

2-26 - 90 
DATE OF REVIEW 
* BASED ON 3 RUN AVERAGE 
* *  SPECIFY APPLICABLE UNITS 
***SPECIFY IN UNITS OF MASS/INPUT 



. .  

APPENDIX K 

OEPA STACK TEST REVIEW SUMHARY FORM 

APPLICATION NUMBER O ~ . f 7 7 0 ~ 6 6 ~ b  4 
FACILITY NAME A r e i  S o h  +*f D.tv .  

oil ,Pa '1 loc  

CONTROL EQUIPMENT /1/on 9 

DATE(S) OF TEST 2 - G  - q o  
FINAL TEST REPORT RECEIVED ON 3 - 2 3 - 9 0  

TEST METHOD 1 .  2 3 . 4 .  7d. 
POLLUTANTfS) TESTED NO% 

TEST FIRM ~h w ,  t- d H  m w d J  G- " 0  M A d A  ' / 

EMISSION RATES': 
ACTUAL (lb( a l / h r  ) d , b z b L  b/mn B f  VALLOWABLE**O.Z I b /MM Bf c, 

OPERATING RATES*: 
DURING TEST"12 5 .47  K S C  g/M r MAXIMUM*' J X 5 ' 6  k S C f / / f  r 

EMISSION FACTOR"' 
COMMENTS : 

I HEREBY VERIFY THAT THE INPORNATION CONTAINED WITHIN THE STACK 
TEST REPORT HAS BEEN REVIEWED AND IT HAS BEEN DETERMINED THAT 
THE TEST PROCEDURES, ANALYSES AND CALCULATIONS ARE: 

[>(I AN ACCEPTABLE DEMONSTRATXON OF CONFORMANCE WITH THE APPROVED 
TESTING METHODOLOGY. 

[ ] AN UNACCEPTABLE DEMONSTRATION OF CONFORMANCE WITH TRE 
APPROVED TESTING METHODOLOGY. 

2-29- 40 
DATE OF REVIEW 
* BASED ON 3 RUN AVERAGE 
**  SPEClFY APPLICABLE WNITS 
***SPECIFY IN UNITS OF MASS/INPUT 



CONTACT REPORT- STACK TEST 

FACILITY : Harrison Radiator Div. 
0857100030 

FACILITY CONTACT: William Stevens - Harrison Plant Engineer 
Daniel Inlow - Harrison Chief Powerhouse 
Engineer 

RAPCA REP: Robert Booher 
Jon Bilty 

The purpose of t h i s  visit was to observe a stack t e s t  
on Harrison Radiator's # 4  natural gas/fuel o i l  boiler (8004). 
BO04 is rated at 145 mm BTU with a maximum fuel usage rate 
of 142,000 ft. 3/hr for natural gas. It was operating at 90%. 

The entire boiler system is compute-? controlled. All 
functions of the boiler can be monitored and manipulated from 
the controL room console. Any aspect of the boiler can be 
tracked and recorded. 

For the test: 
O2 trim - 2.1% aug. 
fuel usage - 124,000 - 126,000 ft. 3/hr aug 

/rm 



i I i 
I 

I 
I 

CONTACT REPORT 

FACILITY: 

FACILITY CONTACT: 

RAPCA REP: 

DATE: 

STACK TEST 

Harrison Radiator Div., GM 
3600 Dryden Road 
Dayton, O h i o  
Premises no. 0857100030 

Ron Williams 
Bob Kerr 

Bonnie S h e l t o n  
J O ~  Hilty 

3 / 7 / 9 0  

O n  t h i s  date, 
# 5  f o r  t h e  
of sources 
2 fuel oil 

testing was performed on source B005, boiler 
pollutant, NOx as part of the three day 
8 0 0 3 ,  BO04 and B005. Source BOO5 utilized 
as its source of fuel. 

Testing began' at 9:lO a.m. The information gathered 'during 
the test is as follows. 

Run f l  

Start - 9:10 
End - 1O:lO 
Run #2 

Start - 10:35 
End - 11:35 

0 Trim 

.-3.10 
*.-?--- 

No. 2 fuel oil (gal/hr) 8 5 3  

0 Trim --L2- 

-3.10 
No. 2 fuel oil ( g a l / h r )  857.90 

- 

(1 left after run # 2  was complete.) 

B S / m  




