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ACFM 
cc (mi) 
DSCFM 
DSML 

DIA. 
FP 
FTISEC 

DEC-F (" fl 

g 
CPM 
CWACF 
CWDSCF 
g/dscm 
HP 
H RS 
IN. 
IN.HC. 
IN.WC. 
LB 
lB/DSCF 
LBlHR 
L B / l  06BTU 
LBIMMBTU 
LTPD 
M W  
mg/Nm' 
ug/Nm' 
microns (urn) 
MIN. 
ng 
ohm-cm 
PM 
PPH 
P P M  
PPmC 
PPmd 
PPmw 
PPt 
PSI 
SQ.FT. 
TPD 
ug 
VIV 

WIW 

< 

actual cubic feet per minute 
cubic centimeter (milliliter) 
dry standard cubic foot of dry gas per minute 
dry standard milliliter 
degrees Fahrenheit 
diameter 
finished product for plant 
feet per second 
gram 
gallons per minute 
grains per actual cubic foot 

grams per dry standard cubic meter 
horsepower 
hours 
inches 
inches of mercury 
inches of water 
pound 
pounds per dry standard cubic foot 
pounds per hour 
pounds per million British Thermal Units heat input 
pounds per million British Thermal Units heat input 
long tons per day 
megawatt 
milligrams per dry standard cubic meter 
micrograms per dry standard cubic meter 
micrometer 
minutes 
nanograms 
ohm-centimeter 
particulate matter 
pounds per hour 
parts per million 
parts per million carbon 
parts per million, dry 
parts per million, wet 
parts per trillion 
pounds per square inch 
square feet 
tons per day 
micrograms 
percent by volume 
percent by weight 
5 (when following a number) 

. grains per dry standard cubic foot 

Standard contitions are defined as 68°F (20°C) and 29.92 IN. of mercury pressure. 
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1 INTRODUCTION 

. .  

. . ..:,. . .  

On December 1 & 2, 1993 Interpoll Laboratories personnel conducted air emission 

tests on the RTO at the Louisiana Pacific Plant in Chilco, Idaho. On-site testing was 

performed by Ron Rosenthal and Ken Rosenthal. Coordination between testing activities and 

plant operation was provided by Gary Ceisler of ARI Technologies. 

The tests were performed using EPA Methods 2, 3A, 4, 7E and 25A, CFR Title 40, 

Part 60, Appendix A (revised July 1, 1992). A slip stream of sample gas was withdrawn from 

the exhaust gas stream using a heated stainless steel probe equipped with a filter to remove 

interfering particulate material. The sample gas stream was then drawn through two chiller- 

type condensers operating in series to remove moisture. The particulate-free gas was then 

transported to the analyzer with the excess exhausted to the atmosphere through a calibrated 

orifice which was used to ensure that the flow from the stack exceeds the requirements of 

the analyzers. A three-way valve on the probe was used to introduce standard gas for the 

"system bias check". 

The instrumental results were recorded using a computer data logger and backed up 

with a strip chart recorder. Copies of the daia logger output are included in Section 3.1. The 

analyzers were calibrated with Scott Specialty certified master or Protocol 1 standard gases. 

During each run, the sample probe was moved through a three-point traverse (1/6, 3/6,  5/6 
of the stack diameter). Volumetric flow rate determinations were conducted in accordance 

with EPA Method 2. 

The total hydrocarbon concentrations were determined instrumentally in accordance 

with EPA Method 25A using a Ratfisch Model RS55 HFlD THC analyzer calibrated against 

propane in air standards. The THC concentration was continuously monitored by extracting 

a slipstream of exhaust gas by means of a heated probe and filter holder. Heat-traced teflon 

lines were used to transport the sample exhaust gas from the filter holder outlets to the 

analyzer inlets. A stripchart recorder was used to record the analog output of the THC 

analyzer. The analyzer was calibrated before and aiter each test run using EP4 Protocol 1 

standard gases. 

Testing was conducted from two test ports on the stack. These test ports are located 

1 



approximately 6 stack diameters downstream of the nearest flow disturbance and 

approximately 4 stack diameters upstream of the stack exit. A 16-point traverse was used to 

conduct the flow rate determinations. 

The total hydrocarbon removal efficiencies are summarized in Section 2. Detailed 

continuous monitoring computer printouts and total hydrocarbon results are presented in 

Section 3. Field data and all other supporting information are presented in the appendices. 

. .  

... : .~ .... 
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2 SUMMARY AND DISCUSSION 

The results of the total hydrocarbon emission tests are summarized in Table 1. As 

will be noted, the total hydrocarbon removal efficiency 90.4%. The results of the NO, and 

CO monitoring are presented in Section 3. 

No difficulties were encountered in the field by Interpoll Labs or in the reduction of 

the data collected by Interpoll Labs. On the basis of these facts and a complete review of 

the data and results, it is our opinion that the results reported herein are accurate and closely 

reflect the actual values which existed at the time the test was performed. 

3 



. . .  . , .  . . .  . .  

Table 1. Summary of the Results of the December 2, 1993, Total Hydrocarbon 

Monitoring on the RTO Stack at the Louisiana Pacific Plant in Chilco, Idaho.' 

Time . Concentration (ppmC,w) Removal. 

Date (HRS) (INLET) ( STACK) Efficiencv (%) 

12-2-93 0905-0955 72.6 14.9 79.5 

.... 

12-2-93 1035-1 100 71.3 7.69 89.2 

12-2-93 1 1 oc-1200 69.2 ' 13.5 80.5 

12-2-93 .1200-1300 58.1 8.36. 85.6 

12-2-93 . 1300-1400 76.9 2.10 97.3 

12-2-93 140C-1500 85.2 3.09 96.4 

12-2-93 1500-1 600 11 7.3 4.20 96.4 

12-2-93 1600-1 61 9 61:5 1.20 98.0 

Avg 85.2 2 - f ~  90.4 

I 

. ..,. :.., . . . 

. .  
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3 AIR EMISSION RESULTS 

The results of all field and laboratory evaluations are presented in this section. 

Oxides of nitrogen, carbon monoxide, oxygen, and carbon dioxide computer datalogger 

printouts are presented first followed by the total hydrocarbon determinations. Volumetric 

flow rate determinations are given in the appendices. 

The results have been calculated on a personal computer using programs written in 

Extended BASIC specifically for source testing calculations. €PA-published equations have 

been used as the basis of the calculation techniques in these programs. 

\. 

. : . . .  
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Interpol 1 L a b o r a t o r i e s  . Inc - 
(612) 786-6020 

P r i n t o u t  o f  ESC Model 80 DAS 
f o r  CEM T r a i l e r  No. 2 

- 1993 - 
F i l e  Name: HESLP21 
Job Number: 3-1805 
C l i e n t :  A R I  TECHNOLOGIES - LP Ch i l co  
Locat ion:  Chi lco.  Idaho 

RTO Stack -- Run 1 

336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 

Jul i an T i  me Conc. (d ry  bas is  unless noted) 
Date (Hrsl NOx (ppmv) co (DDmV) c02 ( % V / V )  02 ( % V / V L  

336 08: 49: 00 19.6 20.2 0.93 19.71 
08 : 50 :00 20.0 22.8 0.92 19.66 
08: 51 :00 20.1 21.7 0.91 19.67 
08: 52 :00 
08: 53 :00 
08 : 54 : 00 
08: 55 :00 
08: 56 :00 
08: 57 :00 
08: 58: 00 
08: 59 :oo 
09 :oo: 00 
09: 01 :oo 
09 :02 :00 
09 : 03 :00 
09 :04 :00 
09 : 05 :00 
09 :06 :00 
09 : 07 :00 
09 : 08 :oo 
09 :09 :oo 
09 : 1o:oo 
09 : 11 : 00 
09: 12:OO 
09 : 13 : 00 
09: 14:OO 
09: 15:OO 
09:16:00 
09: 17 :00 
09:18:00 
09: 19:oo 
09 : 20 :00 
09: 21 :00 
09: 22 :00 

18.8 
19.7 
19.2 
19.2 
20.0 
18.5 
18.5 
20.1 
19.1 
19.8 
19.8 
18.0 
18.9 
19.8 
17.9 
18.6 
18.7 
18.7 
19.3 
20.1 
19.5 
19.1 
19.2 
18.5 
18.5 
19.1 
17.9 
18.4 
17.8 
17.6 
19.8 

20.6 
21.3 
18.5 
20.5 
24.9 
21.1 
21.0 
22.4 
18.5 
20.3. 
25.3 
20.8 
21.1 
24.9 
21.0 
21.8 
25.3 
21.8 
20.5 
20.0 
20.9 
22.7 
24.1 
20.7 
20.5 
19.7 
20.7 
23.2 
22.5 
21.2 
20.7 

0.94 
0.97 
0.99 
0.99 
0.98 
0.96 
0.96 
0.96 
0.96 
1.00 
1.02 
0.97 
0.99 
1.00 
0.95 
0.93 
0.93 
0.91 
0.90 
0.94 
0.92 
0.93 
0.97 
0.99 
1.06 
1.08 
1.06 
1.09 
1.05 
1.04 
1.04 

19.67 
19.61 
19.61 
19.61 
19.60 
19.62 
19.64 
19.62 
19.66 
19.63 
19.57 
19.63 
19.61 
19.60 
19.72 
19.70 
19.71 
19.72 
19.73 
19.70 
19.70 
19; 69 
19.64 
19.61 
19.55 
19.51 
19.57 
19.52 
19.55 
19.61 
19.56 
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.. I n t e r p o l  1 L a b o r a t o r i  e s  . Inc - ... 
(612) 786-6020 

. .  

. -. 

.~ . . .  

...: ::. . .  

P r i n t o u t  o f  ESC Model 80 DAS 
f o r  CEM T r a i l e r  No. 2 

- 1993 - 
F i l e  Name: HESLP21 
Job Number: 3-1805 
C l i e n t :  A R I  TECHNOLOGIES - LP C h i l c o  
Locat ion:  Ch i lco .  Idaho 

RTO Stack -- Run 1 

Jul i an T i  me Conc. ( d r v  bas is  un less noted) 
Date (Hrsl NOx (ppmv) co (PP mv 1 c02 ( S V I V )  02 ( % V / V )  

336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 

09: 23 :00 
09: 24 :00 
09: 25:OO 
09: 26 :00 
09: 27 :00 
09: 28:OO 
09: 29 :00 
09 : 30:OO 
09: 31 : 00 
09: 32 :00 
09: 33 :00 
09: 34 :00 
09 : 35 : 00 
09: 36 :00 
09: 37 :00 
09: 38 :00 
09: 39 :00 
09 : 40:OO 
09: 41 :00 
09 : 42 :00 
09 : 43 : 00 
09: 44 :00 
09: 45 :00 
09: 46 :00 
09: 47 :00 
09: 48: 00 
09: 49 :00 
09: 50 :00 
09 : 51 :00 
09: 52 :00 
09: 53 :00 
09: 54: 00 
09: 55:OO 
09 : 56 :00 

19.2 
19.2 
20.3 
18.1 
17.6 
18.7 
17.1 
17.5 
18.2 
18.1 
17.0 
16.1 
15.0 
15.4 
15.3 
15.5 
15.6 
16.2 
15.9 
15.5 
16.0 
15.4 
15.6 
16.3 
15.6 
16.6 
16.6 
14.2 
7.2 
6.1 
5.7 
5.7 
5.5 
5.5 

18.2 
20.2 
24.0 
20.3 
20.3 
22.1 
19.5 
22.6 
26.1 
28.8 
42.5 
57.1 
51.6 
51.7 
42.7 
37.4 
40.2 
51.3 
49.2 
54.5 
59.2 
50.8 
48.9 
36.8 
32.2 
30.0 
26.8 
28.8 
35.9 
24.6 
14.0 
5.2 
3.1 
2.3 

1.03 
1.02 
1.05 
1.03 
1.06 
1.11 
1.11 
1.11 
1.14 
0.80 
0.63 
0.88 
0.88 
0.69 
0.67 
0.67 
0.77 
0.82 
0.81 
0.84 
0.85 
0.79 
0.74 
0.63 
0.54 
0.57 
0.53 
0.50 
0.03 
-0.10 
-0.13 
-0.12 
-0.00 
-0.01 

19.62 
19.61 
19.56 
19.57 
19.56 - 
19.50 
19.54 
19.52 
19.44 
19.70 
19.89 
19.37 
19.42 
19.66 
19.72 
19.72 
19.55 
19.47 
19.47 
19.42 
19.40 
19.47 
19.58 
19.73 
19.92 
19.89 
19.92 
19.95 
20.70 
20.97 
21.00 
20.99 
20.85 
20.86 

a 
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.. .. . .  Interpol 1 Laboratori es. I n c  - 
(612) 786-6020 

Printout o f  ESC Model 80 DAS 
f o r  CEM Trailer No. 2 

- 1993 - 
File Name: HESLP21 
Job Number: 3-1805 
Client: ARI TECHNOLOGIES - LP Chilco 
Location: Chilco, Idaho 

RTO Stack -- Run 1 
Jul i an Ti me Conc. ( d r y  basis unless noted) 
Date IHrs) NOx (Domv) co I O D m V )  c02 ( % V / V )  02 ( % V / V l  
336 09: 57 :00 5.5 2.4 -0.01 20.86 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 

09: 58:OO 
09: 59: 00 
10 :oo: 00 
10: 01 : 00 
10:02:00 
10: 03 : 00 
10:04 : 00 
10: 0 5 :  00 
10 :06 :00 
10: 07: 00 
10:08:00 
10: 09: 00 
10: 1o:oo 
10:11:00 
10: 12:oo 
10: 13 :00 
10: 14:OO 
10: 15 :00 
10: 16:OO 
10: 17 :00 
10: 18 :00 
10: 19:oo 
10 : 20 : 00 
10 : 21 : 00 
10: 22 :oo 
10: 23: 00 
10: 24 :00 
10 : 25 : 00 
10: 26 : 00 
10: 27:OO 
10: 28 :00 
10: 29:OO 
10: 30:OO 

5.5 
5.6 
5.6 
5.6 
5.6 
5 . 5  
5.6 
5.6 
5.6 
5.6 
5.6 
5.8 
5.6 
5.6 
5.6 
5.6 
5.6 
3.9 
2.0 
2.0 
2.0 
2.0 
2.1 
2.1 
2.1 
18.0 
135 
140 
141 
142 

88.3 
3.0 
2.1 

. ... .. 

9 

2.2 
2.1 
2.1 
2.0 
2.0 
2.0 
2.0 
2.3 
2.1 
2.2 
2.0 
2.3 
1.6 
0.9 
0.9 
0.8 
0.9 
1.0 
0.7 
1.0 

23.9 
139 
148 
148 
149 
124 

14.2 
1.6 
1.5 
1.5 
1.7 
0.9 
0.5 

-0.02 
-0.03 
-0.03 
-0.03 
-0.03 
-0.03 
-0.03 
-0.03 
-0.04 
-0.04 
-0.03 
-0.05 
-0.24 
-0.25 
-0.18 
-0.15 
-0.15 
-0.12 
-0.10 
-0.06 
-0.01 
0.09 
0.09 
0.09 
0.09 
0.17 
0.09 
0.09 
0.08 
0.08 
5.58 
11.21 
11.25 

20.85 
20.86 
20.86 
20.86- 
20.85 
20.86 
20.85 
20.85 
20.85 
20.85 
20.85 
20.86 
22.15 
22.20 
22.20 
21.46 
20.99 
20.99 
20.99 
21.82 
11.29 
0.33 
0.29 
0.26 
0.11 
5.54 
0.01 
0.04 
0.04 
0.03 
5.61 
13.41 
13.43 



I n t e r p o 3  1 i a b o r a t o r i  es. Inc - 
(612) 786-6020 

P r i n t o u t  o f  ESC Model 80 DAS 
f o r  CEM T r a i l e r  No. 2 

- 1993 - 
F i l e  Name: HESLP21 
Job  Number: 3-1805 
C l i e n t :  A R I  TECHNOLOGIES - LP C h i l c o  
Loca t ion :  C h i l c o ,  Idaho  

RTO Stack -- Run 1 

J u l i a n  Ti me Conc. ( d r y  b a s i s  u n l e s s  n o t e d )  
Date (Hrsl NOx (oomv) CO (opmvl C02 ( % v / v )  02 ( % V / V L  
336 10: 31 : 00 2.6 0.4 11.27 13.44 
336 10: 32 :00 3.1 0.8 2.77 18.29 

10: 33:OO 2.0 1.8 0.62 20.82 
10: 34 :00 2.7 2.0 0.54 20.89 

336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 

10 : 35 : 00 
10:36:00 
10: 37 :00 
10 : 38:OO 
10: 39:OO 
10: 40:OO 
10: 41 :00 
10: 42 :00 
10: 43 :00 
10: 44 :00 
10: 45:OO 
10: 46 :00 
10: 47 :00 
10 : 48 : 00 
10: 49:OO 
10: 50 :oo 
10: 51 : 00 
10: 52 :00 
10: 53 :00 
10: 54 :00 
10 : 55 : 00 
10: 56:OO 
10: 57 :00 
10: 58:OO 
10: 59 :oo 
11 : 0o:oo 
11 :01 :oo 
11 : 02 :oo 
11 :03 : 00 

2.7 
2.7 
2.7 
2.7 
2.9 
2.8 
2.8 
2.9 
2.8 
2.9 
2.9 
2.9 
3.0 
3.0 
3.0 
2.9 
2.9 
2.9 
2.9 
4.6 
8.3 
12.0 
11.5 
12.3 
13.5 
14.0 
15.3 
14.0 
15.6 

4.0 
4.5 
5.1 
5.1 
10.0 
8.2 
8.2 
6.9 
6.7 
6.6 
6.0 
6.8 
6.6 
6.7 
8.0 
6.4 
7.7 
7.5 
6.2 
7.9 
7.4 
5.8 
5.6 

10.4 
26.7 
35.6 
125 
121 

99.1 

0.43 
0.40 
0.38 
0.36 
0.35 
0.32 
0.31 
0.29 
0.28 
0.26 
0.25 
0.24 
0.23 
0.22 
0.22 
0.21 
0.20 
0.19 
0.19 
0.35 
0.82 
1.47 
1.16 
1.26 
0.87 
1.25 
1.71 
1.56 
1.47 

21.03 
21.04 
21.05 
21.04 
21.02 
21.05 
21.05 
21.05 
21.05 
21.05 
21.05 
21.05 
21.05 
21.04 
21.05 
21.04 
21.05 
21.04 
21.04 
20.84 
20.09 
18.76 
19.35 
19.10 
19.82 
19.70 
19.01 
19.21 
19.37 

Run Average 15.8 23.7 0.86 18.55 
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I n t e r p o l  1 L a b o r a t o r i e s .  I n c  - 
(612) 786-6020 

P r i n t o u t  o f  ESC Model 80 DAS 
f o r  CEM T r a i l e r  No. 2 

- 1993 - 
F i l e  Name: HESLP22 
Job Number: 3-1805 
C l i e n t :  A R I  TECHNOLOGIES - LP Ch i l co  
Location: Ch i lco .  Idaho 

RTO Stack -- Run 2 

336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 

Jul i an T i  me Conc. ( d r v  basis  unless noted) 
Date ( H r s )  NOx (opmv)  CO (ppmv) C02 ( % v / v )  02 ( % V / V L  

11 : 04 :00 18.8 72.7 1.41 19.45 
11 :05 :00 19.6 77.4 1.37 19.54 
11 : 06: 00 
11 :07 :00 
11 : 08 :00 
11 :09 :oo 
11 : 1o:oo 
11 : 11 :oo 
11 : 12 :oo 
11 : 13 :00 
11 : 14 :00 
11 : 15:OO 
11 : 16 :00 
11:17:00 
11:18:00 
11 : 19 :oo 
11:20:00 
11 : 21 : 00 
11 : 22 : 00 
11: 23 :00 
11 : 24:OO 
11 : 25 :00 
11: 26:OO 
11 : 27 :00 
11:28:00 
11 : 29 :00 
11 : 30: 00 
11:31:00 
11: 32:OO 
11 : 33 :00 
11:34:00 
11:35:00 
11:36:00 
11: 37 :00 

19.6 
20.4 
19.7 
19.4 
18.4 
15.9 
16.3 
16.7 
15.5 
16.6 
17.1 
16.5, 
19.3 
18.8 
18.4 
19.4 
19.2 
20.2 
20.6 
18.0 
17.7 
18.8 
16.7 
17.4 
19.3 
16.8 
17.5 
18.5 
17 .O 
16.9 
18.2 
17.4 

84.2 
65.8 
64.0 
71.5 
72.6 
96.4 
94.2 
85.0 
110 
109 

78.6 
79.9 
79.2 
69.5 
83.6 
71.9 
63.1 
72.2 
75.9 
64.4 
72.9 
65.3 
59.5 
69.1 
57.9 
56.1 
66.3 
57.9 
60.2 
73.1 
64.4 
64.4 

1.34 
1.35 
1.33 
1.44 
1.51 
1.51 
1.59 
1.62 
1.63 
1.62 
1.54 
1.54 
1.57 
1.50 
1.50 
1.55 
1.49 
1.49 
1.55 
1.52 
1.56 
1.57 
1.54 
1.55 
1.53 
1.55 
1.55 
1.57 
1.60 
1.59 
1.62 
1.60 

19.57 
19.55 
19.59 
19.51 
19.40 
19.40 
19.34 
19.29 
19.34 
19.30 
19.40 
19.42 
19.40 
19.46 
19.48 
19.39 
19.48 
19.51 
19.41 
19.45 
19.42 
19.36 
19.44 
19.41 
19.41 
19.43 
19.40 
19.37 
19.37 
19.34 
19.32 
19.34 

11 



I n t e r p o l  1 L a b o r a t o r i e s .  I n c  
(612) 786-6020 

P r i n t o u t  o f  ESC Model 80 DAS 
f o r  CEM T r a i l e r  No. 2 - 1993 - 

F i l e  Name: HESLP22 
Job Number: 3-1805 
Cl ien t :  ARI TECHNOLOGIES - LP Chilco 
Location: Chi lco ,  Idaho 

RTO Stack -- Run 2 
. . . .  . .  . . .  

J u l i a n  Ti me Conc. (dry bas i s  un less  noted)  
Date (nrs)  NOx (ppmv) CO (oomv) C 0 2  ( S v / v )  02 ( t V / V )  
336 11 : 38:OO 17.0 74.6 1.61 19.35 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 

11:39:00 
.11: 40 : 00 
11 : 41 : 00 
11:42:00 
11 : 43 : 00 
11 : 44 :00 
11 : 45 :00 
11:46:00 
11 : 47 :00 
11:48:00 
11 : 49 :00 
11 : 50: 00 
11 : 51 :oo 
11 : 52 :00 
11:53:00 
11 : 54 :00 
11 : 55 : 00 
11 : 56 :00 
11 : 57 : 00 
11 : 58 : 00 
11 : 59 :oo 
12: 00: 00 
12 : 01 : 00 
12:02:00 
12 : 03 : 00 
12 : 04: 00 
12 :os :oo 
12:06:00 
12:07:00 
12: 08:OO 
12 : 09 :oo 
12:lO:OO 
12: 11:oo 

18.5 
17.7 
18.3 
19.5 
18.4 
19.5 
19.9 
18.5 
19.8 
18.8 
17.9 
20.1 
18.5 
18.1 
21.0 
19.6 
19.9 
22.7 
20.4 
20.4 
22.0 
19.3 
20.3 
21.5 
19.7 
20.1 
22.0 
20.0 
20.0 
21.1 
20.3 
20.5 
21.7 

61.1 1.62 
61.8 1.56 
61.9 1.57 
47.6 1.56 
51.2 1.52 
54.2 1.55 
42.2 1.52 
48.7 1.53 
51.7 1.58 
42.5 1.55 
51.5 1.56 
53.3 1.59 
41.8 1.56 
51.6 1.56 
47.3 1.56 
36.2 1.49 
43.9 1.48 
39.1 1.48 
32.0 1.45 
40.1 1.50 
39.1 1.52 
34.3 1.52 
43.1 1.54 
40.3 1.55 
35.1 1.53 
42.7 1.54 
37.9 1.56 
37.2 1.56 
43.8 1.57 
38.2 1.59 
38.6 1.55 
40.6 1.57 
33.6 1.56 

19.32 
19.38 
19.40 
19.39 
19.45 
19.43 
19.42 
19.46 
19.36 
19.40 
19.39 
19.34 
19.38 
19.40 
19.37 
19.47 
19.49 
19.46 
19.52 
19.47 
19.40 
19.45 
19.39 
19.38 
19.42 
19.38 
19.38 
19.38 
19.37 
19.33 
19.37 
19.38 
19.36 



I n t e r p o l  1 L a b o r - a t o r i  es. I n c  - 
(612) 786-6020 

P r i n t o u t  o f  ESC Model 80 DAS 
f o r  CEM T r a i l e r  No. 2 

- 1993 - 
F i l e  Name: HESLP22 
Job Number: 3-1805 
C l i e n t :  A R I  TECHNOLOGIES - LP C h i l c o  
Locat ion:  Ch i l co .  Idaho 

RTO Stack -- Run 2 

Jul i an T i  me Conc. ( d r v  bas is  un less noted) 
Date (Hrs) NOx ( p p m v )  co (DDmV)  c02 ( % V / V )  02 ( : : V / V L  

336 12: 12:oo 20.8 34.2 1.50 19.43 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 

12 : 13 : 00 
12:14:00 
12: 15:OO 
12: 16:OO 
12:17:00 
12:18:00 
12:19:00 
12:20:00 
12 : 21 : 00 
12 : 22 : 00 
12 : 23 : 00 
12: 24:OO 
12 : 25 :00 
12:26:00 
12 : 27 :00 
12 : 28 : 00 
12:29:00 
12 : 30: 00 
12:31:00 
12 : 32 : 00 
12 : 33 : 00 
12 : 34 : 00 
12:35:00 
12: 36:OO 
12: 37:OO 
12: 38:OO 
12: 39:OO 
12 : 40: 00 
12 : 41 :00 
12: 42:OO 
12 : 43 :00 
12 : 44 :00 
12 : 45 : 00 

22.0 
22.1 
20.4 
21.7 
20.9 
19.7 
22.5 
21.0 
21.0 
23.8 
21.3 
21.5 
23.3 
21.1 
22.5 
26.3 
25.4 
26.7 
26.9 
22.5 
22.4 
23.7 
21.8 
20.6 
21.5 
20.4 
19.6 
21.4 
19.9 
20.8 
24.4 
23.4 
24.9 
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37.3 
30.7 
34.0 
37.8 
30.9 
39.9 
39.8 
29.0 
34.8 
34.9 
27.0 
34.1 
35.0 
26.4 
30.8 
27.7 
20.9 
23.9 
29.6 
33.5 
24.8 
18.7 
16.3 
17.3 
14.6 
14.6 
14.5 
12.8 
13.2 
13.2 
13.1 
18.2 
21.2 

1.55 
1.54 
1.54 
1.59 
1.62 
1.59 
1.60 
1.55 
1.53 
.1.56 
1.54 
1.55 
1.57 
1.51 
1.50 
1.42 
1.32 
1.28 
0.99 
0.81 
0.75 
0.75 
0.73 
0.71 
0.71 
0.68 
0.68 
0.71 
0.67 
0.71 
1.03 
1.17 
1.20 

19.41 
19.36 
19.42 
19.33 
19.30 
19.32 
19.31 
19.38 
19.42 
19.36 
19.38 
19.39 
19.34 
19.43 
19.44 
19.49 
19.66 
19.67 
19.95 
20.20 
20.25 
20.26 
20.28 
20.19 
20.14 
20.14 
20.15 
20.09 
20.11 
20.08 
19.70 
10.54 
19.48 



I n t e r p o l  1 L a b o r a t o r i e s .  I n c  - 
(612) 786-6020 

Printout o f  ESC Model 80 DAS 
f o r  CEM Trailer No. 2 

- 1993 - 
File Name: HESLP22 
Job Number: 3-1805 
Client: A R I  TECHNOLOGIES - LP Chilco 
Location: Chilco. Idaho 

RTO Stack -- Run 2 
Jul i an Ti me Conc. (dry basis unless noted) 
Date ( H r s )  NOx (ppmv) CO (pprnv) C02 ( t v / v )  02 I b V / V l  

336 12 : 46 : 00 25.0 18.3 1.23 19.46 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
3 36 
336 
336 
336 
336 

12 : 47 : 00 
12 : 48 :00 
12: 49:OO 
12 : 50:OO 
12 : 51 :00 
12: 52 :00 
12 : 53 : 00 
12: 54:OO 
12:55:00 
12:56:00 
12 : 57 :00 
12 : 58:OO 
12: 59:OO 
13 : 00 : 00 
13 : 01 : 00 
13:02:00 
13 : 03 :00 
13 :04 :00 
13 : 05 : 00 
13:06:00 
13 :07 : 00 
13 : 08 : 00 
13:09:00 
13: 1O:OO 
13: 11 :00 
13: 12:OO 
13:13:00 
13 : 14 : 00 
13: 15:OO 
13 : 16 :00 
13 : 17 :00 
13:lS:OO 
13: 19:OO 

23.9 
23.3 
19.9 
19.4 
24.6 
23.8 
23.3 
24.6 
22.6 
23.3 
23.5 
19.1 
18.5 
19.4 
19.4 
21.2 
23.0 
22.6 
23.2 
24.2 
22.7 
22.0 
21.2 
19.4 
19.4 
19.5 
19.0 
21.6 
21.1 
20.5 
21.5 
18.7 
17.6 

22.0 
29.0 
24.0 
27.7 
26.2 
19.8 
25.1 
26.6 
18.9 
21.8 
24.8 
22.4 
31.7 
30.8 
24.5 
28.1 
29.2 
23.1 
23.6 
23.0 
24.3 
28.2 
24.0 
24.1 
31.4 
29.2 
33.9 
29.1 
21.8 
27.6 
31.3 
23.0 
30.2 

1.36 
1.53 
1.58 
1.55 
1.38 
1.25 
1.24 
1.25 
1.24 
1.34 
1.46 
1.55 
1.59 
1.57 
1.52 
1.48 
1.44 
1.36 
1.36 
1.41 
1.39 
1.43 
1.46 
1.49 
1.56 
1.49 
1.44 
1.46 
1.42 
1.42 
1.48 
1.50 
1.57 

19.35' 
19.13 
19.04. 
19.07 
19.26 
19.45 
19.49 
19.34 
19.36 
19.23 
19.07 
19.01 
18.89 
18.89 
19.09 
19.14 
19.20 
19.29 
19.34 
19.31 
19.34 
19.30 
19.23 
19.22 
19.15 
19.17 
19.26 
19.22 
19.29 
19.29 
19.18 
19.17 
19.10 

14 
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Interpol 1 Laboratories Inc - 
(612) 786-6020 

P r i n t o u t  o f  ESC Model 80 DAS 
f o r  CEM T r a i l e r  No. 2 

- 1993 - 
F i l e  Name: HESLP22 
Job Number: 3-1805 
C l i e n t :  ARI TECHNOLOGIES - LP Chi lco 
Location: Chilco, Idaho 

RTO Stack -- Run 2 

J u l  i an T i  me Conc. (dry basis unless noted) 
Date ( H r s )  NOx (ppmv) CO (ppmv) C02 (%v/vl 02 ( * V / V L  
336 13:20:00 18.9 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 

13 : 21 :00 
13 : 22 : 00 
13 : 23 : 00 
13: 24:OO 
13 : 25 : 00 
13 : 26: 00 
13 : 27:OO 
13 : 28: 00 
13 : 29 :00 
13 : 30: 00 
13 : 31 :00 
13: 32:OO ’ 

13 : 33 : 00 
13 : 34 :00 
13 : 35 : 00 
13 : 36 :00 
13: 37 :00 
13:38:00 
13 : 39 :00 
13 : 40: 00 
13 : 41 : 00 
13 : 42:OO 
13 : 43 :00 
13 : 44 : 00 
13 : 45 :00 
13:46:00 
13 : 47 :00 
13 : 48: 00 
13 : 49:OO 
13 : 50:OO 
13:51:00 
13:52:00 
13 : 53 :00 

17.6 
18.8 
21.0 
19.1 
19.8 
20.1 
18.2 
18.4 
18.8 
17.2 
17.4 
18.5 
17.5 
17.6 
18.3 
17.6 
18.6 
18.3 
16.8 
17.6 
17.0 
16.4 
18.0 
16.9 
16.8 
18.6 
18.2 
19.0 
21.0 
18.8 
18.8 
20.4 
18.0 

29.6 1.51 
30.2 1.51 
30.3 1.52 
24.7 1.47 
31.4 1.48 
30.2 1.52 
24.2 1.53 
31.2 1.60 
35.4 1.61 
29.3 1.61 
33.5 1.61 
33.2 1.63 
30.4 1.58 
34.5 1.54 
29.0 1.54 
25.4 1.49 
29.5 1.53 
28.1 1.54 
29.7 1.53 
32.4 1.57 
26.9 1.58 
31.2 1.60 
37.6 1.62 
30.3 1.55 
30.8 1.52 
32.0 1.53 
24.4 1.50 
29.9 1.54 
35.1 1.58 
25.1 1.52 
28.9 1.56 
29.1 1.60 
24.1 1.62 

19.13 
19.17 
19.13. 
19.23 
19.18 
19.11 
19.15 
19.05 
19.02 
19.02 
19.01 
19.01 
19.05 
19.11 
18.99 
19.02 
19.00 
18.93 
18.94 
18.88 
18.86 
18.85 
18.80 
18.87 
18.92 
18.89 
18.96 
18.91 
18.83 
18.90 
18.87 
18.80 
18.85 

38.9 1.63 19.00 

15 



. .. . .  .. 

I 

. .. .,. . . .  . .  

~ n l t e r p o l  1 L a b o r a t o r i e s .  Inc - 
(612) 786-6020 

Printout o f  ESC Model 80 DAS 
f o r  CEM Trailer No. 2 

- 1993 - 
File Name: HESLP22 
Job Number: 3-1805 
Client: ARI TECHNOLOGIES - LP Chilco 
Location: Chilco, Idaho 

Julian 
Date 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 

Ti me 
(Hrs) 

13 : 54:OO 
13 : 55:OO 
13: 56 :00 
13: 57 :00 
13 : 58 : 00 
13 : 59 : 00 
14 : 00 :00 
14 : 01 : 00 
14 : 02 :00 
14 : 03 :00 
14 : 04: 00 
14 : 05: 00 
14 :06 :00 
14 :07 :00 
14 : 08: 00 
14 : 09 : 00 
14:lO:OO 
14: 11 :00 
14:12:00 
14:13:00 
14: 14:OO 
14 : 15 : 00 
14:16:00 
14 : 17 : 00 
14:18:00 
14:19:00 
14 : 20: 00 
14 : 21 : 00 
14 : 22 : 00 
14 : 23 : 00 
14 : 24 : 00 
14 : 25 :00 
14 : 26 :00 
14 : 27 :00 

RTO Stack -- Run 2 
Conc. (drv basis unless noted) 

NOx (oDmv) CO (pDmv)  C02 ( t v / v )  02 ( % V / V l  

18.9 32.5 1.60 18.82 
20.5 
19.2 
21.0 
23.6 
22.7 
22.4 
23.3 
21.6 
20.6 
20.4 
18.9 
20.9 
22.2 
22.4 
25.2 
23.3 
22.2 
23.1 
20.0 
19.3 
21.5 
19.3 
20.5 
23.8 
21.8 
22.8 
23.6 
22.3 
24.7 
25.9 
25 .O 
24.1 
25.0 

.. . : . . .  . . .  .. . . ..:.. 
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31.0 
22.7 
25.2 
23.8 
21.7 
27.0 
23.0 
19.7 
25.2 
23.6 
25.1 
27.3 
20.2 
21.1 
24.8 
19.2 
22.1 
23.6 
17.6 
23.1 
28.1 
19.3 
22.3 
22.3 
16.8 
21.4 
23.1 
16.3 
18.9 
19.4 
15.7 
20.4 
20.8 

1.58 
1.55 
1.50 
1.51 
1.45 
1.45 
1.50 
1.50 
1.59 
1.64 
1.57 
1.58 
1.50 
1.47 
1.49 
1.46 
1.48 
1.57 
1.59 
1.63 
1.65 
1.57 
1.57 
1.56 
1.53 
1.53 
1.54 
1.53 
1.52 
1.56 
1.54 
1.55 
1.57 

18.83 
18.89 
18.93 
18.95 
19.00 
19.03 
18.95 
18.95 
18.89 
18.80 
18.87 
18.89 
18.93 
19.04 
18.98 
19.02 
18.99 
18.89 
18.86 
18.84 
18.77 
18.88 
18.90 
18.88 
18.97 
18.94 
18.90 
19.05 
19.25 
19.24 
19.28 
19.31 
19.29 



I n t e r p o l  1 L a b o r a t o r i e s .  I n c  - .. 

(612) 786-6020 

P r i n t o u t  o f  ESC Model 80 DAS 
f o r  CEM T r a i l e r  No. 2 

- 1993 - 
F i l e  Name: HESLP22 
Job Number: 3-1805 
Cl ien t :  A R I  TECHNOLOGIES - LP Ch i lco  
Location: Ch i lco ,  Idaho 

. .  .:.. 

... 

-. 

RTO Stack -- Run 2 

J u l i a n  T i  me Conc. ( d r v  bas is  unless noted) 
Date ( H r s )  NOX (DDmV) co (DDlllV) c02 ( % V / V )  02 ( % V / V L  
336 14 : 28 : 00 23.4 15.5 1.56 19.33 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
3 36 
336 
336 
336 
336 

14 : 29 : 00 
14:30:00 
14 : 31 : 00 
14 : 32: 00 
14: 33:OO 
14 : 34 :00 
14: 35:OO 
14: 36:OO 
14 : 37 :00 
14: 38:OO 
14 : 39 : 00 
14 : 40 : 00 
14: 41 :00 
14 : 42 :00 
14:43:00 
14 : 44 : 00 
14: 45 :00 
14:46:00 
14: 47 :00 
14 : 48:OO 
14 : 49: 00 
14:50:00 
14 : 51 : 00 
14 : 52: 00 
14: 53 :00 
14:54:00 
14 : 55 : 00 
14 : 56 : 00 
14 : 57 : 00 
14 : 58 : 00 
14 : 59:OO 
15 : 00 :00 
15:Ol:OO 

23.6 
24.5 
22.6 
22.8 

22.7 
24.2 
22.7 
21.5 
23.1 
21.3 
21.0 
22.9 
21.4 
21.2 
23.2 
20.9 
20.7 
21.9 
20.4 
20.5 
22.3 
20.7 
20.6 
22.0 
21.5 
21.2 
22.4 
20.5 
20.2 
20.6 
19.5 
20.8 

23.8 

19.2 
18.6 
16.2 
20.5 
16.6 
15.8 
20.5 
16.3 
18.9 
21.9 
15.7 
19.5 
23.9 
15.6 
18.8 
21.3 
14.7 
20.4 
24.6 
16.0 
20.1 
21.5 
15.9 
22.0 
22.2 
15.7 
20.0 
19.7 
16.4 
24.1 
21.0 
18.7 
25.9 

1.57 19.37 
1.58 19.33 
1.52 19.40 
1.55 19.38- 
1.51 19.37 
1;52 19.42 
1.56 19.33 
1.55 19.33 
1.55 19.32 
1.61 19.23 
1.61 19.22 
1.63 19.23 
1.62 19.20 
1.55 19.29 
1.58 19.26 
1.60 19.20 
1.61 19.25 
1.65 19.17 
1.64 19.15 
1.62 19.18 
1.59 19.20 
1.63 19.18 
1.63 19.17 
1.58 19.22 
1.59 19.19 
1.57 19.22 
1.60 19.22 
1.61 19.17 
1.59 19.21 
1.66 19.14 
1.64 19.12 
1.65 19.14 
1.69 19.10 

17  



Interpol 1 Laboratories. Inc - 
(612) 786-6020 

Printout o f  ESC Model 80 DAS 
f o r  CEM Trailer No. 2 

- 1993 - 
File Name: HESLP22 
Job Number: 3-1805 
Client: ARI TECHNOLOGIES - LP Chilco 
Location: Chilco. Idaho 

RTO Stack -- Run 2 
Jul i an Ti me Conc. (drv basis unless noted) 
Date (Hrs) NOx (Domv) CO (pprnv) C02 ( % v / v )  02 (%V/VL 
336 15 : 02 :00 20.0 20.3 1.65 19.14 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 

~ 

15 : 03 : 00 
15 : 04: 00 
15 :05 :00 
15 : 06 :00 
15 : 07 : 00 
15 : 08: 00 
15 :09: 00 
15: 1O:OO 
15:ll:OO 
15: 12:OO 
15: 13 : 00 
15 : 14 : 00 
15: 15:OO 
15: 16:OO 
15:17:00 
15:18:00 
15:19:00 
15 : 20: 00 
15 : 21 : 00 
15 : 22 :00 
15 : 23 :00 
15: 24:OO 
15: 25:OO 
15 : 26 :00 
15 : 27 :00 
15 : 28: 00 
15: 29 :00 
15 : 30: 00 
15 : 31 : 00 
15 : 32 : 00 
15: 33 :00 
15 : 34 : 00 
15 : 35 : 00 

19.4 
21.1 
20.2 
20.2 
21.8 
20.0 
20.4 
22.0 
20.2 
21.2 
22.1 
20.8 
20.6 
21.7 
20.0 
19.5 
21.3 
20.4 
21 .o 
22.0 
20.4 
21.1 
20.9 
19.9 
21.0 
20.2 
20.2 
22.5 
21.3 
21.3 
23.0 
20.7 
21.5 

20.9 
25.3 
17.0 
17.9 
22.3 
15.2 
19.3 
23.4 
16.0 
20.6 
24.5 
18.4 
20.4 
21.9 
17.0 
22.5 
23.2 
16.7 
21.6 
20.6 
17.6 
21.8 
17.9 
19.3 
27.7 
20.6 
18.9 
23.2 
15.8 
19.4 
21.6 
14.7 
18.1 

1.61 
1.63 
1.56 
1.56 
1.59 
1.53 
1.56 
1.58 
1.55 
1.55 
1.53 
1.52 
1.56 
1.61 
1.59 
1.57 
1.58 
1.55 
1.56 
1.54 
1.54 
1.53 
1.59 
1.62 
1.63 
1.58 
1.56 
1.56 
1.50 
1.48 
1.46 
1.47 
1.51 

19.18 
19.15 
19.22. 
19.25 
19.20 
19.28 
19.24 
19.22 
19.28 
19.24 
19.25 
19.29 
19.23 
19.20 
19.18 
19.22 
19.20 
19.25 
19.28 
19.23 
19.28 
19.27 
19.22 
19.17 
19.15 
19.19 
19.23 
19.24 
19.29 
19.33 
19.34 
19.36 
19.29 

. .  . .  .:. 
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Interpol 1 Laboratories. Inc. 
(612) 786-6020 

P r i n t o u t  o f  ESC Model 80 DAS 
f o r  CEM T r a i l e r  No. 2 

- 1993 - 
F i l e  Name: HESLP22 
Job Number: 3-1805 
C l i e n t :  A R I  TECHNOLOGIES - LP C h i l c o  
Locat ion:  C h i l c o .  I d a h o  

RTO Stack -- Run 2 

J u l  i an Ti me Conc. ( d r y  b a s i s  u n l e s s  n o t e d )  
Date (Hrs) N O x  (ppmv) co (DDIXV) c02 (%V/V) 02 (%V/V) 
336 15 : 36 : 00 22.1 23.5 1.49 19.30 

. .. 

336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 

15: 37:OO 
15:38:00 
15 : 39 :00 
15 : 40 :00 
15 : 41 : 00 
15 : 42 : 00 
15 : 43 :00 
15: 44:OO 
15: 45:OO 
15:46:00 
15: 47:OO 
15 : 48 : 00 
15: 49 :00 
15 : 50: 00 
15 : 51 :00 
15: 52 :00 
15 : 53 : 00 
15:54:00 
15: 55:OO 
15 : 56 : 00 
15 : 57 :00 
15 : 58 :00 
15 : 59 : 00 
16 : 0O:OO 
16 : 01 : 00 
16 : 02 :00 
16 :03 :00 
16 :04 :00 
16 : 05 :00 
16:06:00 
16 : 07:OO 
16 :08 : 00 
16 : 09 :00 

20.2 
20.9 
22.0 
20.9 
20.2 
21.6 
21.5 
21.1 
21.9 
20.0 
20.5 
21.5 
19.4 
20.3 
20.4 
20.0 
21.1 
20.1 
20.6 
22.5 
21.3 
21.3 
22.4 
21.1 
21.8 
22.7 
21.3 
21.7 
22.7 
22.0 
21.7 
23.8 
23.1 

15.5 
19.2 
22.1 
16.1 
20.3 
22.0 
15.6 
20.2 
21.9 
16.5 
21.9 
20.1 
18.5 
25.3 
19.1 
18.4 
25.3 
18.0 
17.5 
22.4 
15.2 
18.7 
22.7 
14.3 
17.5 
21.0 
14.5 
18.3 
19.9 
14.5 
17.6 
18.2 
14.2 

1.47 
1.47 
1.52 
1.52 
1.49 
1.50 
1.50 
1.49 
1.50 
1.51 
1.54 
1.57 
1.57 
1.54 
1.55 
1.58 
1.55 
1.48 
1.47 
1.49 
1.46 
1.49 
1.47 
1.46 
1.49 
1.48 
1.47 
1.46 
1.49 
1.46 
1.45 
1.45 
1.42 

19.34 
19.31 
19.28 
19.29 
19.31 
19.28 
19.29 
19.33 
19.28 
19.28 
19.26 
19.20 
19.23 
19.22 
19.23 
19.22 
19.24 
19.28 
19.33 
19.31 
19.36 
19.32 
19.31 
19.37 
19.29 
19.30 
19.32 
19.31 
19.31 
19.32 
19.34 
19.33 
1C.37 

19 
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3.2 Total Hvdrocarbon Determinations 
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Interpoll Report No. 3-1805 

ARI Technologies I LP - Chilco 

Chilco, Idaho 

Test No. 1 

RTO Inlet 

Results of Total Hydrocarbon Determinations . . . . . . . . . . . . . . . . . EPA Method 25A 

Date of Run 12-2-93 12-2-93 12-2-93 

Time run starvend . . (HRS) 0905-0955 1035-1 100 1100-1200 

Total Hydrocarbon 

concentration . . (pprnC,w) 72.6 71.3 69.2 

Date of Run 12-2-93 12-2-93 12-2-93 

Time run starvend . . (HRS) 1200-1 300 1300-1 400 1400-1 500 

Total Hydrocarbon 

concentration . . (ppmC,w) 58.1 76.9 85.2 

Date of Run 12-2-93 12-2-93 

Time run starvend . . (HRS) 1500-1600 1600-1619 

Total Hydrocarbon 

concentration . . (ppmC,w) 1 1  7.3 61.5 

... 

22 



Interpol1 Report No. 3-1805 
ARI Technologies / LP - Chilco 

Chilco, Idaho 

Test No. 1 
RTO Stack 

Results of Total Hydrocarbon Determinations . . . . . . . . . . . . . . . . . EPA Method 25A 

Date of Run 12-2-93 12-2-93 12-2i93 

Time run startlend .. . (HRS) 0905-0955 1035-1 100 1 100-1 200 

Total Hydrocarbon 

concentration . . (ppmC,w) 14.9 7.69 13.5 

L. 

Date of Run 12-2-93 12-2-93 12-2-93 

Time run startlend . . (HRS) 1200-1 300 1300-1400 1400-1 500 

Total Hydrocarbon 

concentration . . (pprnC,w) 8.36 2.10 3.09 

. .  . .  ,. . . .  

Date of Run 12-2-93 12-2-93 

Time run startlend . . (HRS) 1500-1600 1600-1619 

Total Hydrocarbon 

concentration . . @pmC,w) 4.20 1.20 

23 
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RESULTS OF VOLUMETRIC FLOW RATE DETERMINATIONS 

. -  
. 



I n t e r p o l 1  Labs  R e p o r t  No . 3-1805 
A R I  T e c h n o l o g i e s  / LP . C h i l c o  

C h i  1 c o .  I d a h o  

T e s t  No . 1 
RTO S t a c k  

R e s u l t s  o f  V o l u m e t r i c  F l o w  R a t e  Determination....... M e t h o d  2 

. . . .  

D a t e  o f  D e t e r m i n a t i o n  . . . . . . . . . . . .  
T ime o f  D e t e r m i n a t i o n  . . . . . . .  ( H R S )  

B a r o m e t r i c  p r e s s u r e  . . . . . . .  ( 1 N . H G )  

P i t o t  t u b e  c o e f f i c i e n t  . . . . . . . . . . .  

Number o f  s a m p l i n g  p o r t s  . . . . . . . . .  
T o t a l  number  o f  p o i n t s  . . . . . . . . . . .  
Shape o f  d u c t  .................... 
S t a c k  d i a m e t e r  . . . . . . . . . . . . . . .  ( I N )  

D u c t  a r e a  . . . . . . . . . . . . . . . . .  ( S Q . F T )  

D i r e c t i o n  o f  F l o w  . . . . . . . . . . . . . . . .  

S t a t i c  p r e s s u r e  . . . . . . . . . . .  ( 1 N . W C )  

Avg . gas  temp . . . . . . . . . . . . .  ( O E G - F )  

M o i s t u r e  c o n t e n t  . . . . . . . . . .  ( %  V / V )  

Avg . l i n e a r  v e l o c i t y  . . . . .  (FT /SEC)  

Gas d e n s i t y  . . . . . . . . . . . . . .  (LEi/ACF) 

M o l e c u l a r  w e i g h t  . . . . . .  (LB/LBMOLE) 

Mass f l o w  o f  g a s  . . . . . . . . . .  ( L B / H R )  

V o l u m e t r i c  f l o w  r a t e  . . . . . . . . . . . . .  
a c t u a l  . . . . . . . . . . . . . . . . . . .  ( A C F M )  
d r y  s t a n d a r d  . . . . . . . . . . . .  ( O S C F I 4 )  

12-01-93 

845 

27.69 

.84 

2 

16 

Round 

96.25 

50.53 

U P  

.. 68 
251 

20.97 

52.8 

. 04746 
28.93 

456215 

160215 
86860 

A- 1 



I n t e r p o l 1  Labs  R e p o r t  No . 3-1905 
A R I  T e c h n o l o g i e s  / LP . C h i l c o  

C h i  1 c o .  I d a h o  

T e s t  No . 1 
RTO S t a c k  

M e t h o d  2 R e s u l t s  o f  V o l u m e t r i c  Flow R a t e  Determination....... 

D a t e  o f  D e t e r m i n a t i o n  . . . . . . . . . . . .  
T i m e  o f  D e t e r m i n a t i o n  . . . . . . .  (HRS) 
B a r o m e t r i c  p r e s s u r e  . . . . . . .  ( 1 N . H G )  

P i t o t  t u b e  c o e f f i c i e n t  . . . . . . . . . . .  

Number o f  s a m p l i n g  p o r t s  . . . . . . . . .  
T o t a l  number  o f  p o i n t s  . . . . . . . . . . .  
Shape o f  d u c t  .................... 
S t a c k  d i a m e t e r  . . . . . . . . . . . . . . .  ( I N )  

D u c t  a r e a  . . . . . . . . . . . . . . . . .  ( S Q . F T )  

D i r e c t i o n  o f  f l o w  . . . . . . . . . . . . . . . .  

S t a t i c  p r e s s u r e  . .......... (1N.WC) 

Avg . g a s  temp . . . . . . . . . . . . .  (DEG-F) 

M o i s t u r e  c o n t e n t  . . . . . . . . . .  ( %  V / V )  

Avg  . l i n e a r  v e l o c i t y  . . . . .  (FT /SEC)  

Gas d e n s i t y  . . . . . . . . . . . . . .  (LB /ACF)  

M o l e c u l a r  w e i g h t  . . . . . .  (LB/LEMOLE) 

Mass f l o w  o f  gas  . . . . . . . . . .  ( L B / H R )  

V o l u m e t r i c  f l o w  r a t e  . . . . . . . . . . . . .  
a c t u a l  . . . . . . . . . . . . . . . . . . .  ( A C F M )  
d r y  s t a n d a r d  . . . . . . . . . . . .  ( O S C F M )  

A-2 r 

12-0 1-9 3 

1615 

27.69 

.84 

2 

16 

Round 

96.25 

5 0 . 5 3  

UP 

..55 

229 

6.01 

49.5 

. 05200 
28.93 

467858 

149959 
99811 



I n t e r p o l 1  Labs  R e p o r t  No . 3-1805 
A R I  T e c h n o l o g i e s  / L P  . C h i l c o  

C h i l c o  . I d a h o  

T e s t  No . 1 
R T O  S t a c k  

.. 

R e s u l t s  o f  V o l u m e t r i c  Flow R a t e  Determination....... M e t h o d  2 

. . .  . .  

D a t e  o f  D e t e r m i n a t i o n  . . . . . . . . . . . .  
T ime o f  D e t e r m i n a t i o n  . . . . . . .  ( H R S )  

B a r o m e t r i c  p r e s s u r e  . . . . . . .  ( 1 N . H G )  

P i t o t  t u b e  c o e f f i c i e n t  . . . . . . . . . . .  

Number o f  s a m p l i n g  p o r t s  . . . . . . . . .  
T o t a l  number  o f  p o i n t s  . . . . . . . . . . .  
Shape o f  d u c t  .................... 
S t a c k  d i a m e t e r  . . . . . . . . . . . . . . .  ( I N )  

D u c t  a r e a  . . . . . . . . . . . . . . . . .  ( S Q . F T )  

D i r e c t i o n  o f  f l o w  . . . . . . . . . . . . . . . .  

S t a t i c  p r e s s u r e  . . . . . . . . . . .  ( I N . W C )  

Avg . gas  temp . . . . . . . . . . . . .  (DEG-F)  

M o i s t u r e  c o n t e n t  . . . . . . . . . .  ( S  V / V )  

Avg  . l i n e a r  v e l o c i t y  . . . . .  (FT /SEC)  

Gas d e n s i t y  . . . . . . . . . . . . . .  ( L B / A C F )  

M o l e c u l a r  w e i g h t  . . . . . .  (LE/LBMOLE) 

Mass f l o w  o f  g a s  . . . . . . . . . .  ( L B / H R )  

V o l u m e t r i c  f 1 ow r a t e  . . . . . . . . . . . . .  
a c t u a l  . . . . . . . . . . . . . . . . . . .  ( A C F M )  
d r y  s t a n d a r d  . . . . . . . . . . . .  (DSCFM) 

12-01-9 3 

1620 

27.69 

.84 

2 

16 

Round 

96.25 

5 0 . 5 3  

U P  

-.72 

245 

8.31 

57.7 

. 05034 
28.93 

528526 

17497 1 
110984 

. . . . .  . .  

A- 3 



I n t e r p o l 1  Labs R e p o r t  No . 3-1805 
A R I  T e c h n o l o g i e s  / LP . C h i l c o  

C h i l c o  . I d a h o  

T e s t  No . 2 
RTO S t a c k  

R e s u l t s  of V o l u m e t r i c  F l o w  R a t e  Determination..... .. M e t h o d  2 

D a t e  o f  D e t e r m i n a t i o n  . . . . . . . . . . . .  
T ime  o f  D e t e r m i n a t i o n  . . . . . . .  ( H R S )  

B a r o m e t r i c  p r e s s u r e  . ...... ( I N . H G )  

P i t o t  t u b e  c o e f f i c i e n t  . . . . . . . . . . .  

Number of s a m p l i n g  p o r t s  . . . . . . . . .  
T o t a l  number  o f  p o i n t s  . . . . . . . . . . .  
Shape o f  d u c t  .................... 
S t a c k  d i a m e t e r  . . . . . . . . . . . . . . .  ( I N )  

D u c t  a r e a  . . . . . . . . . . . . . . . . .  ( S Q . F T )  

12-02-93 

1522 

27.88 

. 8 4  

! 

2 

1-6 

Round 

96.25 j 

5 0 . 5 3  

D i r e c t i o n  o f  f l o w  . . . . . . . . . . . . . . . .  U P  

. . . . . . . . . . .  -.69 I S t a t i c  p r e s s u r e  ( 1 N . W C )  

Avg  . gas  temp . . . . . . . . . . . . .  (DEG-F) 2 4 5  j~ 
M o i s t u r e  c o n t e n t  . . . . . . . . . .  ( t  V / V )  

Avg  . l i n e a r  v e l o c i t y  ..... (FT /SEC)  

Gas d e n s i t y  . . . . . . . . . . . . . .  (LB /ACF)  

M o l e c u l a r  w e i g h t  . . . . . .  (LB/LBMOLE) 

Mass f l o w  O f  gas  . . . . . . . . . .  (LB /HR)  

V o l u m e t r i c  f l o w  r a t e  . . . . . . . . . . . . .  
a c t u a l  . . . . . . . . . . . . . . . . . . .  (ACFM) 
d r y  s t a n d a r d  . . . . . . . . . . . .  ( D S C F M )  

9 . 4 3  

5 5 . 4  

. 05060 

29.01 

5 0 9 4 3 4  

1 
167804 
105873 

I A-4 
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FIELD DATA SHEETS 
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INTERPOLL LABORATORIES -_€PA METHOD 2 F I E L D  DATA SHEET 

C r o s s - s e c t i o n  

" l e u  

E l e v a t i o n  
V i e w  

D r a w i  n g  
o f  T e s t  S i t e  -~~ _- 

R o r  n o t h i n g  - r e g .  manometer ;  S- expanded ;  E = e l e c t r o n i c  S-3921 



S o u r c e  9?70 s7.qcL 
T e s t  1 Run e D a t e  

9 C? /2? -/- /a 
S t a c k  d i m e n .  9z: 2 q- IN. 
D r y  b u l b  a 9  O F  Wet  b u l b  )fl O F  

M a n o m e t e r :  R R e g .  0 E x p .  0 E l e c .  

B a r o m e t  r i  c p r e s s u r e  27.67 i n  Hg 

S t a t i c  p r e s s u r e  - .  S-5- I n  WC 

O p e r a t o r i T ? .  :t k ~ ,  
P i t o t  No. > / W -  ?;J C p  , P40 - '  I 

C r o s s - s e c  t i on 
V i e w  

E l  e v a t  i on 
V i e w  



S o u r c e  T? 7c L Z+rk- 
T e s t  Run a D a t e  /g-/-?z 
S t a c k  d i m e n .  FZ4? $ IN. 
D r y  b u l b  ,=OF Wet b u l b  la OF 

M a n o m e t e r :  0 R e g .  0 E x p .  0 E l e c .  

B a r o m e t r i c  p r e s s u r e  27.6'7 i n  Hg 

S t a t i c  p r e s s u r e  - #7,2 i n  wc 

. .  

- 

O p e r a t o r s  T.,? a. k> J .  
P i t o t  t i o : S I ~ - R  cp r r5q 0 I - /  

: .... 

Cros  s-s ec  t i o n  E l e v a t i o n  
V i e w  V i e w  

D r a w i n g  
o f  T e s t  S i t e  - - 

.. 

- 3  R o r  n o t h i n g  - r e g .  m a n o m e t e r ;  S- e x p a n d e d ;  € - e l e c t r o n i c  s -  3 9 2.1 



. .  

INTERPOLL LABORATORIES - EPA METHOD 2 FIELD D A T A  SHEET 

j o b  //! f s /LP-('j.I2&'G - / , w r  
Source, ?70 .574 CY 
T e s t  &!- S u n  /- d a t e  / 2 - / - , p  
S t a c k  d i m e n .  %:= IN. 
D r y  b u l b  2 A - o F  Wet  b u l b / &  O F  

M a n o m e t e r :  El R e g .  El E x p .  0 E l e c .  

Barome t r i  c p r e s  s u r e  '27.88 i n  Hg 

S t a t i c  p r e s s u r e  m r  dS i n  wc 
?.P : K.2, 

P i t o t  N0.3h -42' c, F W  
O p e r a t o r s  

C ro s s - s e c  t i o n  
V i e w  

E l e v a t i o n  
V i e w  

O r a w i n g  
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APPENDIX D 

MEASUREMENT SY -EM PERFORMANCE SPECIFIL.~TIONS 
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Cy1 i nder Analyzer Span Percent 

(PPm) (PPm) (ppm) (ppm) Span 
*** Value Response Difference Value of 

Zero gas 0 / 

O= Calibration: Ti me (HRS) 7 3 0  

Difference 

Mid level 

CO= Cal i brat i an : Time(HRS) 739 
Difference 

nust be within YL of the span for each calibration gas S-420-10 

0-9 Page 8 



INTERPOLL LABORATORIES 

. .  . .  Calibration Error Check 

Job /dT.S. - CHZL& /w3- 
T e s t R u n -  0 Date /Z-/-?a 
Operator 

Sa Calibration: STACY Time (HRS) /r/J4 7+c-  

Difference 

Difference 

Difference 

: 

CO, Calibration: Time (HRS) 

Difference 

Mid level 

. .  
S-420-10 nust be within 7% of the span f o r  each calibration gas 

0-10 Page 8 
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APPENDIX E 

CALIBRATION GASES CERTIFICATION SHEETS 



NATIONAL, SPECIALTY GASES 
630 UNITED D R W  
DURHAM,NC 27713 
(919) 544-3772 

CERTIFICATE OF ANALYSIS-EPA PROTOCOL M T X m E s  

REFERENCE #: 88-26689 CYLWDER +:ccio9652 m. PRESSURE~OOOPSIG 

EXPIRATION DATE: 9/13/96 LAST ANALYSIS DATE:9/15/93 

CUSTOMER:TWIN CITY OXYGEN 

STAWA.RD: 

SRM #1669B 

Cn #:CLM812 

CONC.:464PPM 

INSTRUMENT: 

COMPONENT: BECKMAN THC 

MODEL#: 400 

SERIAL # 1003052 

U T C A L :  9/1/93 

P.O.# 6422 
METHOD: EPA PROTOCOL # 1 3.0.4. Gl 

COMPONENT: PROPAXT IZEPLICATE CONC. 
MEAN CONC: 303PPM DATE: 9/15/93 DATE: 

303PPM 

. .. 

COMPONENT: 
MEAN CONC: 

COMPONENT: 
XF,AN CONC: 

303PPM 
304PPM 

REPLICATE CONC. 
DATE: DATE: 

REPLICATE CONC. 
DATE: DATE: 

E - 1  



/ 

NATIONAL S P E C W W  GASES 
630 UNITED DRIVE 
DURHAM.NC 27713 
(919) 544-3772 

CERTIFICATE OF AVALYSIS-EPA PROMCOL 0 s  

REFERENCE #: 88-26690 CYLINDER #:CC112056 PRESSURE2000PSIG 

EXPIRATION DATE: 9/15/96 LAST ANALYSIS DATE:9/15/93 

C U S M M E R m  CITY OXYGEN P.03 6422 
METHOD: EPA PROTOCOL # 1 3.0.4. Gl 

STANDARD: 

SRM #1667B 

Cn #:CLM5046 

CONC.:47.3PPM 

INSTRUMENT: 

COMPONENT: BE-KMl 

MODEL#: 400 

SERIAL #: 1003052 

LASTCAL.: 9/1/93 

THC 

COMPONENT: PROPANE REPLICATE CONC. 
MEAV CONC: 31.2PPM DATE: 9/15/93 DATE: 

31.3PPM 
3 1. lPPM 
31.3PPM 

COMPONENT: 
MEAN CONC: 

COMPONENT: 
MEAN CONC: 

REPLICATE CONC. 
DATE: DATE: 

REPLICATE CONC. 
DATE: DATE: 
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Intercell Laboratories. Inc. 
(612) 786-6020 

CERTIFICATE OF NWLYSIS FOR 
WO STMDARD W E S  FOR METWO 7E 

Results O f  Analvses Of Standard Gas (by  Method 7A)  

Date of 
Analvsts Run 

Results are wl th ln  lox of t h e  vendor t a g  value; use t a g  Value. 
Results are not wi th in  la of the vendor fa9 value; conduct another 
s e t  of t r lpl lcate  analyses. 

Cr Results of s i x  consecutlve analyses w l t h l n  10% of the averaqe; 
~ 

relabel as above. 
a ~ l l  results not w l t h l n  5 10% of t h e  average; perform another s e t  of - 

t r fpl icate  analyses. 



.. ..: 

. .  

. .... 

. .. 

:. ... 





: .:. 

. .  . 



. .  



. .  .::. 





- 
- 

. ..  

.. .:: 

. .  

. .. 



I n t e r p o l  1 L a b o r a t o r i e s  . Inc - 
(612)  786-6020 . 

P r i n t o u t  o f  ESC Model 80 DAS 
f o r  CEM T r a i l e r  No. 1 

- 1993 - 
! N  CG2 

Job Number: 1-1111 
C l i e n t :  I n t e r p o l 1  Laborator ies I n c  
Location: C i r c l e  Pines,  Minnesota 

AAL5986 - 142 ppm NOx -- Run 1 - 3 

Jul i an T i  me 

onc. (drv basis unless noted) 
Date ( H r s )  NOx (ppmv) 

222 10:03:00 141 
141 222 10:03 : 30 

222 10: 0 4  :00 
141 222 10:04: 30  

222 10: 05 :00 166 
222 10:05: 30 233 
222 10:06:00 233 
222 10:06 : 30 176 

JUAJ I < 141 - 
_-- 
222 
222 
222 
222 
222 
222 
222 
222 
222 
222 
222 
222 
222 
222 
222 
222 

10 :07 : 00 
10:07: 30 
10:08:00 

142 
142 

I .  142 
141 

S U h I  < 141 
10 :08: 30 
10:09 : 00 
10 :09 : 30 141 
10: 10: 00 170 
10: 10: 3 0  233 
10 : 11 :oo 232 
10: 11 : 30 214 
10:12:00 142 
10: 12: 30 
10: 13 :00 

141 
141 

10: 13: 30 .141 
10:14:00 
10: 14 : 30 

.,. 

- 



m,,Scott Specialty Gases; Inc. . 

phone: 313-589-2956 . . . . . . . .  ' ' . .  ...... 

... . . . .  .: . .  
. .  . .  .. . . .  .... . .  8 .  

1290 CONEEErIEEE STFEET 
TROY..'..; . ' . . . .  

;-, . , 

. . . . .  . .  :hipped,: . .  ......, ~ : . . . . . .  
._ . .  

- 3 m :  :._ .. 
. .  c' 

.:.r , F i e : : .  315-589-2134 
. 1 .  . .:. .,: .................. . . . . . .  

2MPONENT 
I T E I C  OXIDE 
ITROGEN - @XYGEN FREE BAL 

. .  

. .  
. ,  . .  

.,. . ' 
! 
! 

. .  . .  
. ,  

. . .  . .  



AIR PRMUCTS AN0 C H E U I U L S ,  INC. 

SPECIALTY GAS OEPARTUENT 

12722 S. WENTWORTH AVENUE 

.. . .  WCAGO, IL 60628 
7 -  ?PHONE (312) 785-3000 

(312) 785-3008 

... 
AIR PRODUCTS b C H E M I U L S ,  INC. 

373 CANTERBURY ROAO 
SHAKOPEE UN 55379 

DATE: 0 9 / 0 3 / 9 3  
TIUE: 1O:U 
PAGE: 1 

CUSTOMER ACCWNT : 233 
CUSTOMER ORDER NO : 
ORDER NO : 233-038801 
ORDER D E T A I L  SEO : 1 

CERTIFIED WS UIXTURE: 2 COMPONENTS IN NITROGEN 

ANALYSIS BAR COMPONENT CONCENTRATION ANALYTICAL UNIT OF 
'> BITCH NO DATE CODE CYLINDER NO REOUESTEO REOUESTEO RESULT ' MEASURE 

14177 0 9 / 0 3 / 9 3  BGDUL S t 0 2 5 3 0 7 0  OXYGEN 

CARBON O I O X I D E  

U i e rogen 

~ 0 ~ 8 6 7  ~ ~ 2 8 ~ 8 2  OXYGEN 

CARBON O I O X I O E  

N i r r n g e n  

13.5 13.6 UOLAR Z 
11 11.1 UOLAR X 

0ALAl;iE 

13.5 13.6 UOLAR Z 
1 1  11.1 UOLAR Z 

BALANCE 

. . .  .. ... 

T H I S  ANALYSIS HAS BEEN PERFORMED U T I L I Z I N G  APPROVED 

ANALYTICAL U E T H M ( S )  AN0 IS CORRECT TO W I T H I N  THE 

ANALYTICAL ACCURACIES OF THIS ( T H E S i )  METHW(S).  

%bL 
 AUTHORIZE^ SIGNATURE 

.. 
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APPENDIX F 

ANALYZER SPECIFICATIONS 
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SPECIFICATIONS FOR ACS UODEL 3300 CO NDIR 

Measuring p r i n c i p l e  

Operating ranges 

NDIR s i n g l e  beam method 

0 - 500 ppm 

0 - 1000 ppm 

Reproduc ib i l i t y  3 . 5 %  o f  f u l l  scale 

Stabi 1 i t y  Zero d r i f t ;  5% o f  f u l l  scale/24H 

Span d r i f t :  5% o f  f u l l  scale/24H 

Noise 0.5% o f  f u l l  scale 

Ambient temperature -5 t o  45% 

Ambient humidi ty Less' than 90% RH 

Response t ime E l e c t r i c a l  system; 2 sec, 3 sec, 

(90% o f  f i n a l  reading) 5 sec (selectable w i th  connector) 

Response o f  actual  gas; Within 15 

sec (depending on c e l l  length) 

I n d i c a t o r  

Output s igna l  

L i n e a r i t y  

Power supply 

100 l i n e a r  d i v i s i o n  

OUTPUT 1; DC 0 - 1 V 

OUTPUT 2; DC 0 - 10 mV o r  DC 0 - 100 mV 

o r  DC 0 - 1 V o r  DC 4 - 20 mA 

(Allowable load resistance 

500R max.) 

Be t te r  than t2% o f  f u l l  scale (when 

l i n e a r i z e r  i s  used) 

AC 115 V ? l o % ,  60 HZ 

F- 1 



power consumption Approx. 30 VA 

Mater ia ls  of gas- 

contact ing p a r t s  

Measuring c e l l ;  SUS304 

Window; CaF2 

Piping; Polyethylene 

Sample gas f l ow  ra te  l l /m in  f 0.5E/min 

Sample gas temperature 0 t o  55% 

Purging gas f l ow  r a t e  lP/min ( t o  be flowed as occasion 

demands) 

Warmup t ime Approx. 2 hours 

External dimensions 200 x 250 x 541 (H x W x 0) mm 

Weight Approx. 11 kg 

F in i sh  Color MUNSELL N1.5 

Remarks: For combinations o f  measuring ranges f o r  the dualcomponent 

analyzer, i n q u i r y  should be made t o  the manufacturer. 
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SPECIFICATIONS FOR MODEL 10A 

ROCK MOUNTED CHEMILUMINESCENT 
NO-NC+ GAS ANALYZER I 

S e n s i t i v i t y  

Accuracy 

Each inst rument  i s  equipped w i t h  the 

f o l l o w i n g  ranges: 

0 - 2.5 ppm 

0 - 10 ppm 

o - 25 ppm 

0 - 100 ppm 

0 - 250 ppm 

0 - 1000 ppm 

o - 2500 ppm 

0 - 10000 ppm 

Derived from t h e  NO o r  NO2 c a l i b r a t i o n  

gas, 21% o f  f u l l s c a l e  

Response t ime (0-90X) 

Typ ica l  

1.5 seconds - NO Mode 

1.7 seconds - NO, Mode 

ou tpu t  0 - lOmV and 0 -' 1OV 

Zero D r i f t  N e g l i g i b l e  a f t e r  1/2-hour warm-up 

L i n e a r i t y  21% o f  f u l l  sca le 

Inpu t  Power Requirements 115v/50Hz; 115v/6OHZ 
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SPECIFICATIONS FOR ACS MOOEL 3300 C q D  

Measuring p r i n c i p l e  

Measurable gas components 

and measuring range 

Reproduci b i  1 i t y  

S t a b i l i t y  

Noise 

Ambient temperature 

Ambient humid i ty  

Response t ime 

(90% o f  f i n a l  reading) 

I n d i c a t o r  

Output s igna l  

L i n e a r i t y  

Power supply 

N D I R  s i n g l e  beam method 

0 - 20% 

3.5% o f  f u l l  sca le  

Zero d r i f t ;  i% o f  f u l l  scale/24H 

Span d r i f t ;  5 o f  f u l l  scale/24H 

0.5% o f  f u l l  sca le  

-5 t o  45jC 

Less than  90% RH 

E l e c t r i c a l  system; 2 sec, 3 sec, 

5 sec ( se lec tab le  w i th  connector) 

Response o f  a c t u a l  gas; Wi th in  15 

sec (depending on c e l l  leng th)  

100 l i n e a r  d i v i s i o n  

OUTPUT 1; DC 0 - 1 V 

OUTPUT 2; DC 0 - 10 mV or DC 0 - 100 mV 

or OC 0 - 1 V or  OC 4 - 20 mA 

(A l lowab le  load res is tance 

5000 max.) 

B e t t e r  than 52% c f  f u l l  sca le (when 

l i n e a r i z e r  i s  used) 

AC 115 V 2 l o%,  60 Hz 
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Power consumption 

Mater ia ls o f  gas- 

contacting p a r t s  

Approx. 30 VA 

Measuring c e l l ;  SUS304 

Window; CaF2 

Piping; Polyethylene 

Sample gas f l ow  r a t e  I?/min k O.5C/min 

Sample gas temperature 

Purging gas f l o w  r a t e  1P/min ( t o  be f lowed as occasion 

0 t o  55OC 

Warmup t ime  

demands) 

Approx. 2 hours 

External dimens ins 200 x 250 x 541 (I 

Weight Approx. 1 1  kg 

F in ish Color MUNSELL N 1 . 5  

x W x D 1 m m  

Remarks : For combinations o f  measuring ranges f o r  t h e  dualcomponent 

analyzer, i n q u i r y  should be made t o  t h e  manufacturer. 

. ..: . .  
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Semomex 

1420 
Oxygen Analyser  

Ins t ruc t ion  Manual 
Ref: 01420/001A/O 

Order as part No. 01420001A 

was (79SZ-ZS4Z) 

. .  
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1 .3  SamDlincJ System - 
The sampling system of the a n a l y s e r  i n c l u d e s  a combination 
f i l t e r / a u t o r n a t i c  flow c o n t r o l  d e v i c e ,  designed t o  keep a 

-. c o n s t a n t  f l o w  of sample gas t h rough  t h e  measuring c e l l  f o r  
v a r y i n g  i n p u t  p r e s s u r e s  and t o  p r e v e n t  t h e  e n t r a n c e  of  
p a r t i c u l a t e  matter i n t o  t h e  measuring ce l l .  Excess flow is 
ven ted  t o  t h e  by-pass. 

- 1.4 S p e c i f i c a t i o n  

performance S p e c i f i c a t i o n  ( t w i c a l )  

R e p e a t a b i l i t y :  B e t t e =  t h a n  + / - 0 . 2 %  0 2  under c o n s t a n t  
c o n d i t i o n s  - .. 

D r i f t :  

outrruts  

Dis?l+y: 

Output  : 

L e s s  t h a n  0.23  . 0 2  pe r  week under  
c o n s t a n t  conditions. (Excluding 
v a r i a t i o n  due t o  barometr ic  p r e s s u r e  
changes;  r e a d i n g  i s  p r o p o r t i o n a l  t o  
b a r o m e t r i c  p r e s s u r e . )  

3 1 / 2  d i g i t  LCD r ead ing  0 .0  t o  1 0 0 . 0 %  
oxyqen w i t h  o v e r r a n g e  c a p a b i l i t y .  

0 t o  1V ( n o n - i s o l a t e d )  f o r  0 t o  100% oxygen 
a v z i l a b l e  on ‘ D ‘  t y p e  connector  located 
on  t h e  beck panel OF t h e  instrument .  
Output  impedance is l e s s  than 1 0  ohms. 

Option:  4 - 20m9 i s o l a t e d ,  Mzx im2edance 500 ohss .  

 low alaria out?u t :  ChanGe ovez r e l s y  con tac t  r a t e d  a t  
3Af115V ac,  lA/240V ac o r  1Af28V dc. 
4 sets of s i n g l e  p o l e  changeover c o n t a c t s .  
A l a r m  becomes a c t i v e  when sample g a s  f low 
th rough  the a n a l y s e r  f a i l s .  

, . . .  S m ~ l e  r equ i r emen t s  

Cone i t ion :  C lean ,  I r y  g a s  w i t h  dew p o i n t  5 c?eg C 
below a b i e n t  temperature .  

I n l e t  pressL.- ‘ye: 0.5 t o  3 p s i g  (3.5 t o  2 lk?a) .  I n l e t  
p r e s s u r e  changes  wi th in  t h i s  range w i l l  
change t h e  r e a d i n g  by l e s s  than  0 .1% 0 2 .  
Kay be o p e r a t e d  up t o  l O p s i g  (70k?a) i w i t h  2eqiaded  stability. 

Flowra te  : I 
L 

F i l t e r i n g :  

1 .5  t o  6 l i t r e s / n i n u t e  approximately 
d e p e n l i n g  on sample pressure .  

0 . 6  micron r e p l a c e a b l e ’  f i l t e r  i n t e g r a l  t o  
t h e .  a u t o m a t i c  f l o w  c o ~ t r o l  device.  



R e s p n S e  t ime:  L e s s  t h a n  15 secs. t o  90% a t  an  i n l e t  

I n l e t / v e n t  

p r e s s u r e  of  3psig  (2lkPa). 

connec t ions :  1 / 4  i n c h  OD t u b e  ( s t a i n l e s s  steel)  
s u i t a b l e  for 6 m  I D  f l e x i b l e  tub ing  or 
1/4 i n c h  OD corn?ression f i t t i n g s .  

Materials exposed 
t o  t h e  sample: S t a i n l e s s  s t e e l ,  Pyrex g l a s s ,  b r a s s ,  

p l a t i n u m ,  epoxy r e s i n ,  Vi ton,  
p o l y p r o p y l e n e  a22 g l a s s  f i b r e  f i l t e r .  

P h y s i c a l  C h a r a c t e r i s t i c s  

C a s e :  S t e e l  and .  4lurniEiiUm f i n i s h e d  i n  epoxy 
powder p a i n t .  

C a s e  c l a s s i f i c a t i o n :  I? 20 ( I Z C  525) =hen f i t t e e  i n t o  t h e  
Servornex 1400 s e r i e ' s  1 9  inch  c+se. 

Dimensions: S e e  F i c u r e  2.1. 

iv'eight : ' 10x5 (2215)  apj roximate ly .  

E l e c t r i c a l  

AC Supply: 1 1 0  t o  120V >.C or 220 t o .  240V AC; 
+/-IO%, 4 6  t o  6 E z .  Voltaqe s e l e c t e d  by 
2 v o l t a c e  s e l e c t o r  i n t e q z a l  to t h e  I Z C  
s u p p l y  p l u g .  

. .  Power r e q u i r e d :  15VA rnaxhun. 

. .  Environmental  L i m i t s  

Opeza t ing  ambient  0 t o  i-40 *e5 C ( 3 2  t o  1 0 4  deq 2 )  
t empera ture :  

S t o r a g e  temp. -20 t o  +70 d e 5  C ( - 4  t o  158 I e g  F) 
range:  

X e l a t i v e  humidi ty :  0-85%,  non-conCtnsin5. 
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TOTAL H Y D R O C A R B O N  A N A L Y Z E R ,  (FLAME I O N I Z A T I O I  hrchj Model RS 55 

. 

T E C H N I C A L  D A T E S  

MA I N  S : l l S V I 6 0 H  
R E C O R D E R  OUTPUT :O - 5 V I4~20mA 

M O D E L :  X Manual switching 

HOUSING: - Case, 
- Solenoid valves 

- 19"- Rack 
M E A S U R I N G  RANGES: 1 = 0- 10 

2 = 0 -  100 
3 = 0 -  1,000 
4 = 0- 10,000 

cl- 
C 1  
C1 
C1  

SPECIAL OPTIONS : 
. F!a.me. out. QLarl". ..................... 
..................................... 1 Alarm 
...................................... Sample line 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A N A L Y Z E R  C O N D I T I O N S :  
Temperature : . . l .N."C 

.3 90 Zero Point : . ,. .... 
7,70 Gain : . . . . . . . . . . . . .  

Pressure Setting : Sample/Spangas/Zeroqas: 200 mbar 
Fuel: Hydrogen :. . . . . . . . .  o,35 bar 
Combustion Air : .  . . . . . . . .  ot!! bar 

Span Gases : . .3PP. ppm Cc 
2.4.09.9. ppm C, 
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M e t h o d  3 A 4 e t e r m i n a t i o n  o f  O x y g e n  a n d  C a r b o n  D i o x i d e  
C o n c e n t r a t i o n s  i n  E m i s s i o n s  From S t a t i o n a r y  S o u r c e s  ( I n s t r u m e n t a l  
A n a l y z e r  P r o c e d u r e )  

1. A p p l i c a b i l i t y  a n d  P r i n c i p i e  

1.1 A p p l i c a b i l i t y .  T h i s  m e t h o d  i s  a p p l i c a b l e  t o  t h e  
d e t e r m i n a t i o n  o f  o x y g e n  (0,) a n d  c a r b o n  d i o x i d e  ( C O , )  
c o n c e n t r a t i o n s  i n  e m i s s i o n s  f r o m  s t a t i o n a r y  s o u r c e s  o n l y  when 
s p e c i f i e d  w i t h i n  t h e  r e g u l a t i o n s .  

1 . 2  P r i n c i p l e .  A s a m p l e  . i s  c o n t i n u o u s l y  e x t r a c t e d  f r o m  t h e  
e f f l u e n t  s t r e a m :  a p o r t i o n  o f  t h e  s a m p l e  s t r e a m  i s  c o n v e y e d  t o  
an  i n s t r u m e n t a l  a n a l y z e r ( s )  f o r  d e t e . r m i n a t i o n  o f  O 1  a n d  CO, 
c o n c e n t r a t i o n ( s ) .  P e r f o r m a n c e  s p e c i f i c a t i o n s  a n d  t e s t  p r o c e d u r e s  

.: a r e  p r o v i d e d  t o  e n s u r e  r e l i a b l e  d a t a .  

2 .  Range and  S e n s i t i v i t y  

Same a s  M e t h o d  6C. S e c t i o n s  2 . 1  a n d  2 . 2 .  e x c e p t  t h a t  t h e  s p a n  o f  
t h e  m o n i t o r i n g  s y s t e m  s h a l l  b e  s e l e c t e d  s u c h  t h a t  t h e  a v e r a g e  0, 
o r  CO, c o n c e n t r a t i o n  i s  n o t  l e s s  t h a n  2 0  p e r c e n t  o f  t h e  s p a n .  

3 .  D e f i n i t i o n s  

3 . 1  Measuremen t  S y s t e m .  T h e  t o t a l  e q u i p m e n t  r e q u i r e d  f o r  t h e  
d e t e r m i n a t i o n  o f  t h e  O1 o r  CO1 c o n c e n t r a t i o n .  The m e a s u r e m e n t  
s y s t e m  c o n s i s t s  o f  t h e  same m a j o r  s u b s y s t e m s  a s  d e f i n e d  i n  
M e t h o d  6C. S e c t i o n s  3 .1 .1 .  3 . 1 . 2 .  a n d  3 .1 .3 .  

3 .2  Span, C a l i b r a t i o n  Gas .  A n a l y z e r  C a l i b r a t i o n  E r r o r ,  S a m p l i n g  
S y s t e m  B i a s ,  Z e r o  D r i f t ,  C a l i b r a t i o n  D r i f t ,  Response  T i m e .  a n d  
C a l i b r a t i o n  C u r v e .  Same a s  M e t h o d  6C. S e c t i o n s  3.2 t h r o u g h  3 .8 .  
a n d  3 . 1 0 .  

3 . 3  I n t e r f e r e n c e  R e s p o n s e .  The o u t p u t  r e s p o n s e  o f  t h e  
measuremen t  s y s t e m  t o  a c o m p o n e n t  i n  t h e  samp le  g a s .  o t h e r  t h a n  
t h e  gas  c o m p o n e n t  b e i n g  m e a s u r e d .  

4 .  Measuremen t  S y s t e m  P e r f o r m a n c e  S p e c i f i c a t i o n s  

... Same a s  Me thod  6C. . S e c t i o n s  4 . 1  t h r o u g h  4 . 4 .  

5 .  A p p a r a t u s  and  R e a g e n t s  

5 . 1  Measuremen t  S y s t e m .  Any m e a s u r e m e n t  s y s t e m  f o r  Ot o r  C O l  t h a t  
m e e t s  t h e  s p e c i f i c a t i o n s  o f  t h i s  m e t h o d .  A s c h e m a t i c  o f  a n  
a c c e p t a b l e  m e a s u r e m e n t  s y s t e m  i s  shown i n  F i g u r e  6C-1  o f  M e t h o d  
6C. The e s s e n t i a l  c o m p o n e n t s  o f  t h e  measuremen t  s y s t e m  a r e  
d e s c r i b e d  b e l o w :  

5 . 1 . 1  Sample P r o b e .  A l e a k - F r e e  p r o b e ,  o f  s u f f i c i e n t  l e n g t h  
t o  t r a v e r s e  t h e  s a m p l e  p o i n t s .  
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5 . 1 . 2  S a m p l e  L i n e .  T u b i n g .  t o  t r a n s p o r t  t h e  s a m p l e  gas  f r o m  
t h e  p r o b e  t o  t h e  m o i s t u r e  r e m o v a l  s y s t e m .  A h e a t e d  s a m p l e  
l i n e  i s  n o t  r e q u i r e d  f o r  s y s t e m s  t h a t  m e a s u r e  t h e  o1 o r  CO, 
c o n c e n t r a t i o n  on a d r y  b a s i s ,  o r  t r a n s p o r t  d r y  g a s e s .  

5 .1 .3  Samp le  T r a n s p o r t  L i n e ,  C a l i b r a t i o n  V a l u e  A s s e m b l y ,  
M o i s t u r e  Remova l  Sys tem,  P a r t i c u l a t e  F i l t e r .  Sample Pump, 
Sample  F l o w  R a t e  C o n t r o l ,  S a m p l e  Gas M a n i f o l d .  and D a t a  
R e c o r d e r .  Same a s  M e t h o d  6C.  S e c t i o n s  5 . 1 . 3  t h r o u g h  5 . 1 . 9 .  
a n d  5 . 1 . 1 1 .  e x c e p t  t h a t  t h e  r e q u i r e m e n t s  t o  u s e  s t a i n l e s s  
s t e e l ,  T e f l o n ,  a n d  n o n r e a c t i v e  g l a s s  f i l t e r s  do  n o t  a p p l y .  

5 . 1 . 4  Gas A n a l y z e r .  An a n a l y z e r  t o  d e t e r m i n e  c o n t i n u o u s l y  t h e  
0 2  o r  C02 c o n c e n t r a t i o n  i n  t h e  samp le  g a s  s t r e a m .  The 
a n a l y z e r  s h a l l  m e e t  t h e  a p p l i c a b l e  p e r f o r m a n c e  s p e c i f i c a t i o n s  
o f  S e c t i o n  4. A means o f  c o n t r o l l i n g  t h e  a n a l y z e r  f l o w  r a t e  
and a d e v i c e  f o r  d e t e r m i n i n g  p r o p e r  s a m p l e  f l o w  r a t e  ( e . g . .  
p r e c i s i o n  r o t a m e t e r ,  p r e s s u r e  g a u g e  d o w n s t r e a m  o f  a l l  f l o w  
c o n t r o l s ,  e t c . )  s h a l l  b e  p r o v i d e d  a t  t h e  a n a l y z e r .  The 
r e q u i r e m e n t s  f o r  m e a s u r i n g  a n d  c o n t r o l l i n g  t h e  a n a l y z e r  f l o w  
r a t e  a r e  n o t  a p p l i c a b l e  i f  d a t a  a r e  p r e s e n t e d  t h a t  
d e m o n s t r a t e  t h e  a n a l y z e r  i s  i n s e n s i t i v e  t o  f l o w  v a r i a t i o n s  
o v e r  t h e  r a n g e  e n c o u n t e r e d  d u r i n g  t h e  t e s t .  

5 . 2  C a l i b r a t i o n  Gases .  The c a l i b r a t i o n  g a s e s  f o r  CO, a n a l y z e r s  
s h a l l  be  COl i n  N, o r  C O l  i n  a i r .  A l t e r n a t i v e l y ,  CO,/SO,. O l / S O 1  
, o r  O1/CO1/SO1 gas  m i x t u r e s  i n  N, may be  u s e d .  T h r e e  c a l i b r a t i o n  
g a s e s ,  a s  s p e c i f i e d  S e c t i o n  5 . 3 . 1  t h r o u g h  5 .3 .3  o f  Me thod  6C. 
s h a l l  be u s e d .  F o r  0, m o n i t o r s  t h a t  c a n n o t  a n a l y z e  z e r o  g a s .  a 
c a l i b r a t i o n  g a s  c o n c e n t r a t i o n  e q u i v a l e n t  t o  l e s s  t h a n  10 p e r c e n t  
o f  t h e  s p a n  may b e  u s e d  i n  p l a c e  o f  z e r o  g a s .  

6. M e a s u r e m e n t  S y s t e m  P e r f o r m a n c e  T e s t  P r o c e d u r e s  

P e r f o r m  t h e  f o l l o w i n g  p r o c e d u r e s  b e f o r e  m e a s u r e m e n t  o f  e m i s s i o n s  
( S e c t i o n  7 ) .  

6 . 1  C a l i b r a t i o n  C o n c e n t r a t i o n  V e r i f i c a t i o n .  F o l l o w  S e c t i o n  6 . 1  
o f  M e t h o d  6C. e x c e p t  i f  c a l i b r a t i o n  g a s  a n a l y s i s  i s  r e q u i r e d ,  
u s e  M e t h o d  3 a n d  c h a n g e  t h e  a c c e p t a n c e  c r i t e r i a  f o r  a g r e e m e n t  
among M e t h o d  3 r e s u l t s  t o  5 p e r c e n t  ( o r  0 . 2  p e r c e n t  b y  vo l 'ume.  
w h i c h e v e r  i s  g r e a t e r ) .  

6 . 2  I n t e r f e r e n c e  R e s p o n s e .  C o n d u c t  an  i n t e r f e r e n c e  r e s p o n s e  
t e s t  o f  t h e  a n a l y z e r  p r i o r  t o  i t s  i n i t i a l  u s e  i n  t h e  f i e l d .  
T h e r e a f t e r ,  r e c h e c k  t h e  m e a s u r e m e n t  s y s t e m  i f  c h a n g e s  a r e  made 
i n  t h e  i n s t r u m e n t a t i o n  t h a t  c o u l d  a l t e r  t h e  i n t e r f e r e n c e  
r e s p o n s e  ( e . g . .  c h a n g e s  i n  t h e  t y p e  o f  g a s  d e t e c t o r ) .  C o n d u c t  
t h e  i n t e r f e r e n c e  r e s p o n s e  i n  a c c o r d a n c e  w i t h  S e c t i o n  5 .4  o f  
M e t h o d  2 0 .  

6 . 3  M e a s u r e m e n t  S y s t e m  P r e p a r a t i o n ,  A n a l y z e r  C a l i b r a t i o n  E r r o r ,  
a n d  S a m p l i n g  S y s t e m  B i a s  C h e c k .  F o l l o w  S e c t i o n s  6 . 2  t h r o u g h  6 . 4  
O f  M e t h o d  6C. 
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. ::. 7 .  E m i s s i o n  T e s t  P r o c e d u r e  

7.1 S e l e c t i o n  o f  S a m p l i n g  S i t e  and  S a m p l i n g  P o i n t s .  S e l e c t  a 
measurement  s i t e  a n d  s a m p l i n g  p o i n t s  u s i n g  t h e  same c r i t e r i a  
t h a t  a r e  a p p l i c a b l e  t o  t e s t s  p e r f o r m e d  u s i n g  M e t h o d  3 .  

7.2 Sample C o l l e c t i o n .  P o s i t i o n  t h e  s a m p l i n g  p r o b e  a t  t h e  f i r s t  
measurement  p o i n t .  and b e g i n  s a m p l i n g  a t  t h e  same r a t e  a s  u s e d  
d u r i n g  t h e  s a m p l i n g  s y s t e m  b i a s  c h e c k .  M a i n t a i n  c o n s t a n t  r a t e  
s a m p l i n g  ( i . e . .  2 10 p e r c e n t )  d u r i n g  t h e  e n t i r e  run.  The  
s a m p l i n g  t i m e  p e r  r u n  s h a l l  b e  t h e  same a s  f o r  t e s t s  c o n d u c t e d  
u s i n g  M e t h o d  3 p l u s  t w i c e  t h e  s y s t e m  r e s p o n s e  t i m e .  F o r  e a c h  
r u n ,  u s e  o n l y  t h o s e  m e a s u r e m e n t s  o b t a i n e d  a f t e r  t w i c e  t h e  
r e s p o n s e  t i m e  o f  t h e  m e a s u r e m e n t  s y s t e m  h a s  e l a p s e d  t o  d e t e r m i n e  
t h e  a v e r a g e  e f  f 1 u e n t  c o n c e n t r a t i o n .  

7.3 Z e r o  a n d  C a l i b r a t i o n  D r i f t  T e s t .  F o l l o w  S e c t i o n  7 . 4  o f  
M e t h o d  6C. 

8. Q u a l i t y  C o n t r o l  P r o c e d u r e s  

The f o l l o w i n g  q u a l i t y  c o n t r o l  p r o c e d u r e s  a r e  recommended  when 
t h e  r e s u l t s  o f  t h i s  m e t h o d  a r e  u s e d  f o r  a n  e m i s s i o n  r a t e  
c o r r e c t i o n  f a c t o r ,  o r  e x c e s s  a i r  d e t e r m i n a t i o n .  The t e s t e r  
s h o u l d  s e l e c t  one  o f  t h e  f o l l o w i n g  o p t i o n s  f o r  v a l i d a t i n g  
measuremen t  r e s u l t s :  

8.1 I f  b o t h  0 ,  a n d  CO, a r e  m e a s u r e d  u s i n g  M e t h o d  3 A .  t h e  
p r o c e d u r e s  d e s c r i b e d  i n  S e c t i o n  4.4 o f  M e t h o d  3 s h o u l d  b e  
f o l l o w e d  t o  v a l i d a t e  t h e  0 ,  a n d  CO1 m e a s u r e m e n t  r e s u l t s .  

8 .2  I f  o n l y  0, i s  m e a s u r e d  u s i n g  M e t h o d  3 A .  m e a s u r e m e n t s  o f  t h e  
s a m p l e  s t r e a m  CO, c o n c e n t r a t i o n  s h o u l d  b e  o b t a i n e d  a t  t h e  s a m p l e  
b y - p a s s  v e n t  d i s c h a r g e  u s i n g  an  O r s a t  o r  F y r i t e  a n a l y z e r ,  o r  
e q u i v a l e n t ,  D u p l i c a t e  s a m p l e s  s h o u l d  b e  o b t a i n e d  c o n c u r r e n t  w i t h  
a t  l e a s t  one  run .  A v e r a g e  t h e  d u p l i c a t e  O r s a t  o r  F y r i t e  a n a l y s i s  
r e s u l t s  f o r  e a c h  run .  Use t h e  a v e r a g e  C O 1  v a l u e s  f o r  c o m p a r i s o n  
w i t h  t h e  0 ,  m e a s u r e m e n t s  i n  a c c o r d a n c e  w i t h  t h e  p r o c e d u r e s  
d e s c r i b e d  i n  S e c t i o n  4 . 4  o f  M e t h o d  3. 

8.3 I f  o n l y  CO, i s  m e a s u r e d  u s i n g  M e t h o d  3 A .  c o n c u r r e n t  
m e a s u r e m e n t s  o f  t h e  s a m p l e  s t r e a m  CO, c o n c e n t r a t i o n  s h o u l d  b e  
o b t a i n e d  u s i n g  a n  O r s a t  o r  F y r i t e  a n a l y z e r  a s  d e s c r i b e d  i n  
S e c t i o n  8.2. F o r  e a c h  r u n .  d i f f e r e n c e s  g r e a t e r  t h a n  0 . 5  p e r c e n t  
b e t w e e n  t h e  M e t h o d  3 A  r e s u l t s  a n d  t h e  a v e r a g e  o f  t h e  d u p l i c a t e  
F y r i t e  a n a l y s i s  s h o u l d  be  i n v e s t i g a t e d .  

9. E m i s s i o n  C a l c u l a t i o n  

For a l l  CO, a n a l y z e r s .  a n d  f o r  0, a n a l y z e r s  t h a t  c a n  b e  
c a l i b r a t e d  w i t h  z e r o  g a s .  f o l l o w  S e c t i o n  8 o f  M e t h o d  6C. e x c e p t  
e x p r e s s  a l l  c o n c e n t r a t i o n s  a s  p e r c e n t ,  r a t h e r  t h a n  ppm. 

F o r  O I  a n a l y z e r s  t h a t  u s e  a l o w - l e v e l  c a l i b r a t i o n  g a s  i n  p l a c e  

. 
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o f  a z e r o  gas .  c a l c u l a t e  t h e  e f f l u e n t  g a s  c o n c e n t r a t i o n  u s i n g  
E q u a t i o n  3 A - 1 .  

c., - c,. - 
c. - c, 

c,,, = (C - c.1 + c.. Eq. 3A-1  

Where :  

c,,, = E f f l u e n t  gas  c o n c e n t r a t i o n ,  d r y  b a s i s ,  p e r c e n t .  
c,, = ~ c t u a l  c o n c e n t r a t i o n  o f  t h e  u p s c a l e  c a l i b r a t i o n  g a s .  

c,, = A c t u a l  c o n c e n t r a t i o n  o f  t h e  l o w - l e v e l  c a l i b r a t i o n  g a s ,  

C. = A v e r a g e  o f  i n i t i a l  a n d  f i n a l  s y s t e m  c a l i b r a t i o n  b i a s  c h e c k  

c, = A v e r a g e  o f  i n i t i a l  a n d  f i n a l  s y s t e m  c a l i b r a t i o n  b i a s  check  
- r e s p o n s e s  f o r  t h e  l o w - l e v e l  g a s .  p e r c e n t .  
C = A v e r a g e  g a s  c o n c e n t r a t i o n  i n d i c a t e d  b y  t h e  gas  a n a l y z e r ,  

p e r c e n t .  

p e r c e n t .  

r e s p o n s e s  f o r  t h e  u p s c a l e  c a l i b r a t i o n  g a s .  p e r c e n t .  

d r y  b a s i s ,  p e r c e n t .  

10. B i b l i o g r a p h y  

Same a s  b i b l i o g r a p h y  o f  M e t h o d  6C. 
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M r r H O D  ~C-D€TERMINATION OF SUUTJR DI- 
OXIDE EMISSIONS FROM STATlONARY 

DURE) 
SOURCES (INSTRUMENTAL ANALYZER PRocL- 

1. A p p l i c a b i l i t y  a n d  Principle 
1.1 A p p l i c a b i l i t y .  This method is applica- 

ble to the determination of sulfur dioxide 
(SOx) concentrations in controlled and un- 

. . .  

G-5 



I 
~~ - - -_____ - 

Pt. 60, App. A, Math. 6C 40 CFR Ch. I (7-1-87 Edition) 

controlled emissions from stationary sources 
only when specified within the regulations. 
1.2 Principle. A gas sample is continuous- 

ly extracted from a stack. and a portion of 
the sample is conveyed to an hstrumental 
analyzer for determination of SO, gas cor- 
centration using an ultraviolet (W). nondis- 
persive infrared (NDIR). or nuorescence an- 
alyzer. Performzxe specifications and test 
procedures are provided to ensu:’e reliable 
data. 
2. Range arid Sensitivity 
2.1 Analytical Range. The analytical 

range is determined by the instrumental 
design. For this method. a portion of the an- 
alytical range s selected by choosing the 
span of the monitoring system. The span of 
the monitoring system shall be selected 
such that the pollutant gas concentration 
equivalent to the emission standard is not 
less than 30 percent of the span. If at any 
time during a run the measured gas concen- 
tration exceeds the span. the run shall be 
considered invalid. 
2.2 Sensitivity. The minimum detectable 

limit d.ipends on the analytical range. span. 
a n d  signal-to-noise ratio of the measure- 
ment system. For a well desigaed system. 
the minimum detectable limit should be less 
than 2 percent of the sp&i. 
3. Definit iom 
3.1 Measurement System. The total 

equipment required for the detenrination 
of gas concentration. T h e  measurement 
system consists of the following major sub- 
systems: 
3.1.1 Sample Interface. m a t  portion of a 

system used for one or more of the follow- 
ing: sample acquisition, sample transport. 
sample conditioning. or protection of the 
analyzers from the effects of the stack ef- 
fluent. 
3.1.2 Gas Analyzer. That portion of the 

system that senses the gas to be measured 
and generates an output proportional to I t s  
concentraticn. 
3.1.3 Data Recorder. A strip chart record- 

er. analog computer, or digital recorder for 
recording measurement data from the ana- 
lyzer output. 
3.2 Span. The upper limit of the gas con- 

centration measurement range displayed on 
the data recorder. 
3.3 Calibration Gas. A known concentra- 

tion of a gas in an appropriate diluent gas. 
3.4 Analyzer Calibration Error. The dif- 

ference between the gas concentration ex- 
hibited by the gas analyzer and the known 
concentration of the calibration gas when 
the calibration gas is introduced directly to 
the analyzer. 
3.5 Sampling System BiBs. T h e  dlifer- 

ence between the gss concentrations exhib  
lted by the measurement system when a 
known concentration gas is introduced at  
the outlet of the sampling probe and  when 

the same gas is introduced directly to the 
analyzer. 
3.6 Zero Drift. The difference kl the 

measurement system output reading from 
the initial calibration response at  the x r o  
concentration level after a stated period of 
operation during which no unscheduled 
maintenance. repair, or adjustment took 
place. 
3.7 Calibration Drift. The difference in 

the measurement system output reading 
from the initial calibrhtion response at  a 
mid-range calibration value after a stated 
period of operation during which no un- 
scheduled maintenance. repair. or aajwt. 
m?nt took place. 
3.8 Response Time. The amount of time 

required for the meuurement system to &- 
play 95 percent of a step change in gas con- 
centration on the data recorder. 
3.9 Interference Check. A method for de. 

tecthg analytical interferences and  exces- 
sive biases through direct comparison of gas 
concentrations provided by the measure- 
ment system and by  a modified Method 6 
procedure. For this check, the modified 
Method 6 samples are acquired at  the 
sample by-pas discharge vent. 
3.10 Calibration Curve. A graph or other 

systematic method of establishing the rela- 
tionship between the analyzer response and 
the actual gas concentration introduced to 
the analyzer. 
4. Measurement System Performance Speci- 
fications 
4.1 Analnex Calibration Error. Less than 

1 2  percent of the span for the zero. mid- 
range. and high-range calibration gases. 
4.2 Sampling System Bias. Less than 2 5  

percent of the span for the zero. and  mld- or 
high-range calibration gases. 
4.3 Zero Drift. Less than 5 3  percent of 

the span over the period of each run. 
4.4 Calibration Drift. Less than -c3 per- 

cent of the span over t h t  period of each 

4.5 Interference Check. Less than S I  
percent of the modified Method 6 result for 
each m. 
5. Appamt l l s  and Reagenu 

5.1 Measurement System. Any measure- 
ment system for SOI that meets the specifi- 
cations of this method. A schematic of an 
acceptable measurement system is shown in 
Figure 6C-1. The essential components of 
the measurement system are described 
below: 
5.1.1 Sample Probe. Glass. stainless steel. 

or equtvalent. of sufficient length to tra- 
verse the m p l e  points. T h e  sampllng 
probe shall be heated to prevent condensa- 
tion. 

5.1.2 Sample Line. Heated (sufficient to 
prevent condensatlon) stalnless steel or 

run. 



Teflon tubing, to transport the sample gas 
tn the moisture removal system. 

5.1.3 Sample Transport Lines. Stainless 
' '. steel or Teflon tubing. to transport the 

sample from the moisture removal system 
to the sample pump. sample flow rate con- 
trol. and sample gas manifold. 

5.1.4 Calibraiion Valve h e m b l y .  A 
three-way valve assembly. or equivalent. for 
blocking the sample gas flow and introduc- 
ing calibration gases to the measurement 
system at the outlet of the sampling probe 
%hen in the calibration mode. 

5.1.5 Moisture Removal System. A refrig- 
erator-type condenser or similar device (e.&. 
permeation dryer). to remove condensate 
continuously from the sample gas while 
maintaining minimal contact between the 
condensate and the sample gas. The mois- 

:: .... ture removal system is not necessary for 
analyzers that can measure gas concentra- 
tions on a wet basis: for these analyzers. (1) 
heat the sample line and all interface com- 
ponents up to the inlet of the analyzer suffi- 
ciently to prevent condensation. and (2 )  de- 
termine the moisture content and correct 
the measured gzu concentrations to a d r y  
basis using appropriate methods. subject to 
the approval of the Administrator. The de- 
termination of sample moisture content is 
not necessary for pollutant analyzers that  
measure concentrations on a wet basis when 
( 1 )  a wet basis CO, analner operated ac- 
cording to Method 3A is used to obtain si- 
multaneous measurements. and (2) the pol- 
Iutant/COz measurements are used to deter- 
mine emissions in units of the standard. 
5.1.6 Particulate F'ilter. An in-stack or 

heated (sufficient to prevent water conden- 
sation) out-of-stack filter. The filter shall be 
borosilicate or quartz glass wool. or glass 
fiber mat. Additional filters a t  the inlet or 
outlet of the moisture removal system and 
Inlet of the analyzer may be used to prevent 
accumulation of particulate material in the 
ineasurement system and extend the useful 
life of the components. All filters shall be 
fabricated of materials that are nonreactive 

5.1.7 Sample.Pump. A leak-free pump. to 
pull the sample gas through the system at a 
flow rate sufficient to minimize the re- 
sponse time of the measurement system. 
T h e  pump may be constructed of a n y  mate- 
rial that is nonreactive to the gas being s a m -  
pled. 

5.1.8 Sample Flow Rate Control. A 
m p l e  flow rate control valve and rotame- 
ter. or equivalent, to maintain a constant 
sampling rate within 10 percent. 
(NOTE: The tester may elect to install a 

back-pressure regulator to maintain the 
sample gas manifold at  a constant pressure 
h order to protect the analyzer(s1 from 
Overpressurization. and to minimize the 
need for flow rate adjustments.) 

'. 

. . . . .  .:; to the gas being sampled. 

6 

5.1.9 Sample Gas Manifold. A sample gas 
manifold. to divert a portion of the sample 
gas stream to the analyzer. and the remain- 
der to the  by-pas4 discharge vent. The 
sample gas m d o l d  should aIso include 
provisions for introducing calibration gases 
directly to the analner.  The manifold may 
be constructed of any  materia1 that is non- 
reactive to the gas being sampled. 

5.1.10 Gas Analyzer. A W or NDIR ab- 
sorption or fluorescence analyzer. to deter- 
mine continuously the SO, concentration In 
the sample gas stream. The analyzer shall 
meet the applicable performance SpeCifiCa- 
tions of Section 4. A means of Controlling 
the analyzer flow rate and  a device for de- 
termining proper sample flow rate (ex., pre- 
cision rotameter, pressure gauge down- 
stream of all flow controls, etc.) shall be 
provided at  the analyzer. 
(NOTE: Housing the analyzer(s) in a clean. 

thermally-stable. vibration-free environ- 
ment will minimize drift in the analyzer 
calibration.) 

5.1;11 Data Recorder. A strip chart re- 
corder, analog computer. or digital recorder, 
for recording measurement data. The data 
recorder resolution (Le.. readability) shall 
be 0.5 percent of span Alternatively. a digi- 
tal or analog meter having a resolution of 
0.5 percent of span may be used to obtain 
the analyzer responses and the readings 
may be recorded manually. If this  alterna- 
tive is used. the readings shall be obtained 
at equally spaced intervals over the dura- 
tion of the sampling run. For sampling run 
durations of less than 1 hour, measurements 
at 1-minute intervals or a minimum of 30 
measurements. whichever is less restrictive. 
shall be obtained. For sampling run dura- 
tions greater than l hour, measurements a t  
2.minute intervals or a minimum of 96 
measurements. whichever is less restrictive. 
shall be obtained. 

5.2 Method 6 Apparatus and Reagents. 
The apparatus and reagents described in 
Method 6 ,  and shown by the schematic of 
the sampling train in Figure 6C-2. to con- 
duct the interference check. 

5.3 SO, Calibration Gases. The calibra- 
tion gases for the gas analyzer shall be SO, 
in N2 or SO, in air. Alternatively. S O I / c ~ .  
SOJO,. or SOJCOJO: gas mixtures in NI 
may be used. For fluorescence-based analyz- 
em. the Ol and CO, concentrations of the 
calibration gases as introduced to the ana- 
lyzer shall be within l percent (absolute) 0, 
and 1 percent (absolute) COI of the 0 2  and 
C h  concentrations of the effluent samples 
as introduced to the analyzer. Alternatively, 
for  fluorescence-based analyzers, use cali- 
bration blends of SO, in air and the norno- 
graphs provided by the vendor to determine 
the quenching correction factor (the efflu- 
ent O1 and CO1 concentrations must be 
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known). Use three calibration gases as speci- 
fied below: 

5.3.1 High-Range Gas. Concentration 
equivalent to 80 to 90 percent of the span. 

5.3.2 Mid-Range Gas. Concentration 
equivalent to 50 to 60 percent of the span. 

5.3.3 Zero Gas. Concentration of less 
than 0.25 percent of the span. Purified am- 
bient air may be used for the zero gas by 
passing air through a charcoal filter. or 
through one or more impingers containing a 
solution of 3 percent H:O*. 
6. Measurement System Perfonnance Test 
Procedures 

Perform the folloring procedures before 
measurement of emissions (Section 7) .  

6.1 Calibration Gas Concentration Verifi- 
cation. There are two alternatives for estab- 
lishing the concentrations of calibration 
gases. Alternative Number 1 is preferred 

6.1.1 Alternative Number 1-Use of Cali- 
bration gases that are analyzed following 
the Environmental Protection Agency Tra- 
ceability Protocol Number 1 (see Citation 1 
in the Bibliography). Obtain a cerrification 
from the gas manufacturer that  P r o t ~ ~ o l  
Number 1 was followed. 

6.1.2 Alternatice Number 2-Use of Cali- 
bration gases not prepared according to Prc- 
tocol Number 1. If this alternative is chosen. 
obtain gas mixtures %?th a manufacturer's 
tolerance not to exceed 2 2  percent of t he  
tag value. Within 6 months before the emis- 
sion test. analyze each of the calibration 
gases in triplicate using Method 6. Citation 
2 in the Bibliography describes procedures 
and techniques that m a y  be used for this 
analysis. Record the results on a data sheet 
(example is shown in Figure 6C-3). Each of 
the individual SO, analytical results for 
each calibration gas shall be within 5 per- 
cent (or 5 ppm. whichever is greater) of the 
triplicate set average; otherwise. discard the  
entire set. and repeat the triplicate analy- 
ses. If the average of the triplicate analyses 
Is within 5 percent of the calibration gas 
manufacturer's cylinder tag value, use t he  
tag value: otherwise. conduct a t  least three 
additional analyses until the results of six 
consecutive rum agree with 5 percent tor 5 
mm.  whichever is greater) of their average. 
Then use this average for the cylinder 
value. 

6.2 Measurement System Preparation. 
Assemble the'measurement system by  fol- 
1oa;Jlg the manufacturer's written instruc- 
tions for preparing and preconditioning the 
gas analyzer and. 85 applicable. the other 
System components. Introduce the d i b r a -  
tion gases in any sequence, and make all 
necessary adjustments to calibrate t h e  ana- 
W e r  and the data recorder. Adlust system 
components to achieve correct sampling 
rates. 
6.3 Analyzer Calibration Error. Conduct 

the analyzer calibration error check by in- 

troducing calibration gases to the measme. 
ment system at any point upstream of the 
gas analyzer as follows: 

6.3.1 After the measurement system hp 
been prepared for use. introduce the zerc 
mid-range. and high-range gases to the a& 
lyzer. During this check. make no adjut 
ments to the system except those n e c e w  
to achieve the correct calibration gas f low 
rate at the analyzer. Record the analyzer rp 
sponses to each calibration gas on a form 
similar to Figure 6C-4. 

N o n :  A calibration c w e  established pilor 
to the analyzer calibration error check map 
be used to conved the arialyzer response to 
the equivalent gas concentration introduced 
to the analyzer. However, the same corre. 
tion procedwe shall be used for all effluent 
and  calibration measurements obtained 
during the test. 

6.3.2 The analyzer calibration error 
check shall be considered invalid if the gas 
concentration displayed by the analyzer ex. 
ceeds 1-2 percent of the span for any  of the 
calibration gases. If an invalid calibration is 
exhibited, take corrective action, and repeat 
the analyzer calibration error check until 
acceptable performance is achieved. 

6.4 Sampling System Bias Check. Per- 
form the sampling system bias check by Ln- 
troducing calibration gases at  the calibra- 
tion valve installed a t  the outlet of the sam 
piing probe. A zero gas and either the mld- 
range or high-range ges, whichever most 
closely approximates the effluent concen- 
trations. shall be used for this check as fol- 
lows: 

6.4.1 Introduce the upscale calibration 
gas. and record the gas concentration dis- 
played by the analyzer on a form similar to 
Figure 6C-6. Then introduce zero gas, and 
record the gas concentration displayed by 
the analyzer. During the sampling system 
b h  check operate the system at the 
normal sampling rate. and make no adjust- 
ments to the measurement system other 
than those necessary to kchieve proper cali- 
bration gas flow rates at  the analwr. Alter- 
nately introduce the zero and upscale gases 
until a stable response is achieved. The 
tester shall determine the measurement 
system response time by observing the times 
required to achieve a stable response for 
both the zero and upscale gases. Note the 
longer of the tKo times as the response 
time. 

6.4.2 The sampling system bias check 
shall be considered invalid if the difference 
between the gas concentrstions displayed by 
the measurement system for the analyzer 
calibration e m r  check and for the sampllag 
system bias check exceeds 531 percent of the 
man for either the zem or upscale callbra- 
tlon gas. If an invalid calibration is exhibit- 
ed. take corrective actton. and repeat the 
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m p l h g  SpStem bias check mtf l  acceDtable 
performance Is achfeved. If adjustment to 
the analyzer Is required. f h t  repeat the an- 
.lyzer calIbrition error check then reperr& 
the samvltng system bias check 
7. Emu- Test JVocedun? 
7.1 Selection of Sampling Site and Sam- 

pling Points. Select a measurement site and 
sampling points using the same criteria that  
are applicable to Method 6. 
7.2 Interference Check Preparation. For 

each individual analyzer. conduct an inter- 
ference check for at least three runs during 
the initial field test on a particular source 
categon. Retain the results. and reDort 
them with each test performed on that  
wurce category. 

If an interference check is beiqg per- 
formed. assemble the modified Method 6 

, . .  train (flow control valve, two midget Im- 
pingers containing 3 percent &O,. and drJ. 
gas meter) as shown in Figure 6C-2. Install 
the sampling t d n  to obtain a sample at  the 
measurement system sample by-pass dis- 
charge vent. Record the initial dry gas 
meter reading. 
7.3 Sample Collection. Position the sam- 

pling probe at the f i t  measurement point. 
and begin sampling at  the same rate as used 
during the sampling system bias check. 
Maintain constant rate sampling (Le.. 210 
percent) during the entire run. T h e  sam- 
pling time per run shall be the same as for 
Method 6 plus twice the system response 
time. For each run, use only those measure- 
ments obtained after twice response time of 
the measurement system has elapsed. to de- 
termine the average effluent concentration. 
If an interference check is being performed. 
open the flow control valve on the modified 
Method 6 train concurrent with the initi- 
ation of the sampling period. and adjust the 
now to 1 liter per rninute.(=lO percent). 
(NOTE: If a pump is not used in the modi- 

fied ,Method 6 train. caution should be exer- 
cised in adjusting the flow rate since 
overpressurization of the impingers may 
Cause leakage in the impinger train, result- 

7.4 Zero and Calibration Drift Tests. Im- 
mediately preceding and following each run. 
or if adjustments are necessary for the 
measurement system during the run. repeat 
the sampling system bias check procedure 
described in Section 6.4 (Make no adjust- 
ments to the measurement system until 
after the drift checks are completed.) 
Record and analyzer's responses on a form 
similar to Figure 6C-5. 

If either the zero or upscale calibra- 
tion value exceeds the sampling system bias 
specification. then the run is considered in- 
valid. Repeat both the analvzer calibration 
error check procedure (Section 6.3) and the 
sampling system bias check procedure (Sec- 
tion 6.4) before repeating the run. 

. . .  

. .. ing in positively biased results). . . .  

7.4.1 

7.4.2 If both the zero and upscale calibra- 
tlon values are within the sampling system 
bias specificatfon. then use the average of 
the Mtlal and final bias check values to cal- 
culate the gas concentration for the m If 
the  zero or upscale calibration drUt value 
exceeds the drtft limits. based on the differ- 
ence between the sampling system bias 
check responses Immediately before and 
after the run. repeat both the analyzer call- 
bration error check procedure (Section 6.3) 
and the sampling system bias check proce- 
dure (Section 6.4) before conducting addi- 
tional runs. 
7.5 Interference Check (if performed). 

After completing the run. record the final 
dry gas meter reading. meter temperature. 
and barometric pressure. Recover and ana- 
1j-x the contents of the midget impingers. 
and determine the SO, gas concentration 
using the procedures of Method 6. ( I t  is not 
necessary to analyze EPA performance 
audit samples for Method 6.) Determine the 
average gas concentration exhibited by the 
analyzer for the run. If the gas concentra- 
tions provided by  the analyzer and the 
modified Method'6 differ by more than 7 
percent of the modified Method 6 result, 
the run is invalidated. 
8. Emission Calculation 

The average gas effluent concentration is 
determined from the average gas concentra- 
tion displayed by the gas analyzer. and is 
a u s t e d  for the zero and upscale sampling 
system bias checks. as determined in accord- 
ance with Section 7.4. The average gas con- 
centration displayed by the analyzer may be 
determined by integration of the area under 
the curve for chart recorders, or by averag- 
ing all of the effluent measurements. Alter- 
natively, the average may be calculated 
from measurements recorded at  equally 
spaced intervals over the entire duration of 
the run. For sampling run durations of less 
than 1 hour, measurements at 1-minute h- 
tervals or a minimum of 30 measurements. 
whichever is less restrictive. shall be used. 
For  sampling nm durations greater than 1 
hour. measurements at 2-minute intervals 
or a minimum of 96 measurements, which- 
ever is less restrictive. shall be used. Calcu- 
late the effluent gas concentration using 
Equation 6C-1. 

Ea. 6C-1 
Where: 
C., = Effluent gas concentration, dry basis, 

ppm. 



ion J - pt. 60, App. A,Meth. 6c 
= Average gas concentration indicated bY 

gas analyzer. dry basis. ppm. 
co = Average of initial and f i n a l  system 4- 

bmtion bias check responses for the zero 
gas. PPm. 

C, = Average of-:Wtial and final system 
calibration bias check responses for the 
upscale calibration gas. ppm. 

C, = Actual concentration of the upscale 
calibration gas. ppm. 
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MXCEOD 'IGD-A~IoH OF NmffiEX 
- OXIDES a S S I O N S  -OX S7AlTOHARY 

S O C n ~ Z  (LYsm-Ta AxALY7=R -0- 
o m )  

1. Ap~Fksct+Z<ly  cnd P r : n 4 d e  
1.1 ApplicsbiUty. This method is applica- 

ble to the  detection of nltrogen oxides 
(NO,) concentrations in edssions from st8- 
tionary sources onls when specified &thin 
the regulations. 
1.2 Principle. A s b p l e  is continuous- 

ly extracted i r o n  a stack. and a portfon of 
the sample is conveyed to aa Lnstrunentd 
cherzrilunlnexezt & w r  for det-e.-- 
tion of NO. conccacration Perfo-ce 
sp?cifications and test procedures are  p m  
vided to ensure reliable data 
2. Range and Scs:tiL<Litu 

Same BS Method BC, Sections 2.1 and 22. 

3.1 hfessurement Ssstea  The total 
equfpnent  required for the detersLnation 
of NO, concentration The measurement 
system consists of the folloc;fng msjor sut- 
systezs:  
3.1.1 Sample Interface. Gs AnalyLer. 

ar.d Data Recorder. h e  85 Method 8C. 
Sections 3.1.1, 3.1.2. m d  3.1.3. 

3.1.2 N(X to KO Converter. A device that 
converts the  nit rogen dfoxlde (X@4 in the 
s a s p l e  g s  to nitrogen oxide (NO). 

3.2 Sgan Callbntion Gas, Analqazr Cali- 
bration m o r .  S z p L k r  S j . s t e ~  Biss. Zero 
Drift. Ca.%AtiOl Drift, and Response W e .  
S a e  ES Method 6C. Sections 3.2 through 
3.8. 

3.3 Interference Response. The output 
res2onse of the m e w e m e n t  system to a 

3. DefiRiEO7U 
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con70nent tn the sa=ple g u .  other than 
the component bekg  measured. 
4. M C U . J T ~ ~  Syt:rm Pcr;ar;nar.cc Spec'.- 
p:ccriorJ 

S-e 95 Method 6C. Sec::ors 4.1 th-ocgh 
4.4. 
5. ~ ~ ~ p c r c ! . ~  c n d  X e c g c a t r  
5.1 Meesurenent Sys:en. -L?Y peasme-  

Pen t  sys:en for NO. tha: n e e =  the specili- 
a t i ons  of thk method. A scheT.ztic of an 
e e p t a b l e  nensurement system k s h o r n  in 
mgure 6C-1 of Method 6C. The essential 
wmponents of the neasurenent  system k'e 
described beloss: 
5.1.1 Sanple kobe .  Sample Line. Cali- 

bratlon Valve Assembly. Moisture Removal 
-stem. Tmiculate Nter. Sample Pump. 
w p l e  30s; Rate Cont:ol. S m p l e  Gas 
Mudfold. and Data P-ecorder. Same as 
Method 6C. Sectlors 5.1.1 th-ough 5.1.9. and 
5.1.11. 

5.1.2 NO, to NO Converter. Tha t  poc ion  
of the systezn that conveN the nitrogen di- 
oxide ( N W  Ln the sanple  gas to nitrogen 
oxide (NO). An NO, to NO COUVerter is not 
necessary ii data &-e presented to demon- 
strate that the NO. portion of :he exhaust 
gas is less th- 5 percent of the total NO. 
concentration 
5.1.3 SO, rllZly;ser. PA ma?>-,er based on 

the principles of cheriludnescence. to de- 
te--aine continuously the NO, concentration 
in the m p l e  g u  stre-. The &?al>7er 
shall meet the applicable perfomance wec- 
fficatiors of Section 4. A ne- of concrol- 
ling the BnalVzer Cor a t e  and a device for  
determiling proper =pie f low rate <e.&. 
precision rotameter. pressure gauge down- 
stream of all  flos; contzols. ex.) shall be 
provided at the analper. 
5.2 NO, Calibration Geses. The  callbra- 

tlon gases for the NO, malyrer shall be NO 
In N,. T h e e  callbration geses. 85 specified in 
Sections 5.3.1 t hough  5.3.3. of Method 6C. 
shall be used. Ambient d r  may be used for 
the zero gas. 
6. M c c . u r r u n f  System Perfoxzcncc Test 
Procedures 

Per fom the followhg procedures before 
me-enent of e d s i o n s  (Section 7). 

6.1 CaLIbiatlon Gas Concentration Vei-Ui- 
cation Follor; Section 6.1 cf hlethod 6C. 
except Fi calibration gas azzalysis is required, 
use Method 7. azzd cha?ge all 5 perce2t per- 
ioraaace values to 10 percent (or 10 ppm. 
whichever Is piester). 
6.2 Interierence R s p o c s e .  Conduct m Fq- 

terference respoase test of the a?al>=r 
prior to I t s  L?ftIsl use ln the field. T h e r e d -  
ter. recheck the reuu-e=erit sys-ax  t' 
changes a e  Eade L? the  i?stmer:a:ion 
that cod6 alter the interference resjorse 
(e.g.. c k s s  In the gas detector). Conduct 
the interierence response in accor&nce 
wi:h SeCIon 5.4 of Method 20. 

6.3 Mensuremenc System Prepsratlon 
alyrcr Callbration m r ,  and S a a p l e  
SysLem Elas Check- F d l o w  Sections 6.2 
tixough 6.4 of Method 6C. 

6.4 NO, to NO Convenlon EffIclaV. 
Unless d a h  are presented to dezuonstxq 
that the NO, concmtratlon within the 
sample stre- is not greater than 5 De-, 
of the KO. concatration. conduct an NQ 
to NO conversion efficiency M la ac;o~. 
mce v;ith Section 5.6 of Method 20. 
7. Em-kion  Tu; Roccdurc 

7.1 Selection of SampLfng Site and sap. 
pling Points. Select a measurenent site a?d 
sa3pling points using the s=e criteria 
w e  applicable to tests performed u z k  
M e t h o d  7. 

7.2 Sample Collection Position the sap. 
p h g  probe at  the first mensurernent poht  
and begin saupling at the same rate 85 used 
d W g  the SYS- d b A t i O n  drift tar 

percent) during t h e  entire run T h e  saa. 
pUng time per iun shall be the  same as the 
total time required to pedorm a run uslug 
Method 7. plus twlce the s m m  reswxe 
time. For each nua use only those measrue 
ments ob'ained after twice the response 
time of the measurement system har 
elapsed. to d e t e a e  the average effluent 
concentration 
7.3 Zero and Calibration Drift T a t  

Follow Sec:ion 7.4 of Method 6C. 
8. Emission CaLculation 

FOUOT Section a of Method 6C. 
9. Bibl iom?hy 

Same as bibliography of Method 6C. 

Macntain constant rate s3LnPllng (Le, 210 

. I i  
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4.2 Performance Evaluation Tests. The 
o m e r  of a lidar system shall subject such a 
udar system to the performance verification 
wts described in Section 3. prior to first use 
of this method. The  annual calibration shall 
be performed for three separate. complete 
0 and the results of each should be re- 
corded. T h e  requirements of Section 3.3.1 
mmt be fulfilled for each of the  three runs. 

Once the conditions of the annual calibra- 
t ion are fulfilled the lidar shall be subjected 

the routine verification for three sepa- 
rste complete runs. The  requirements of 
%tion 3.3.2 must be fulfilled for each of 
the three runs and the results should be re- 
corded. The Administrator may request t h a t  
the results of the Performance evaluation 

5. ReJerences 
5.1 The Use of Lidar for Emissions 

Source Opacity Determination. US. Envi- 
ronmental Protection Agency. National En- 
forcement Investigacions Center. Denver, 
CO. EPA-330/1-19-003-R. Arthur W. Dyb- 
dahl. current edition [NTIS No. PB81- 
2466621. 

5.2 Field Evaluation of Mobile Lidar for 
the Measurement of Smoke Plume Opacity. 
US. Environmental Protection Agency. Na- 
tional Enforcement Investigations Center. 
Denver, CO. E?A/NEIC-TS-128. February 
1976. 

5.3 Remote Measurem-nt of Smoke 
Plume Transmittance Using Lidar. C. S. 
Cook.  G. W. Bethke. W. D. Conner (EPA/ 
RTPI. Applied Optics 11. pg 1742. August 
1912. 

5.4 Lidar Studies of Stack Plumes in 
Rural and Urban Environments. EPA-650/ 
4-73-002. October 1973. 

5.5 Americm National Standard for t h e  
Safe Use of W e n  ANSI 2 136.1-116. March 
a. 1916. 

5.6 US. A m y  Technical Manual TB 
MED 279. Control of Hazards to Health 
from Laser Radiation. February 1969. 

5.7 Laser Institute of America Laser 
.Safety Manual. 4th Edition. 

5.8 US. Department of Health. Educa- 
tion and Welfare. Regulations for the  Ad- 
ministration and Enforcement of the Padi- 
ation Control for Health and Safety Act of 
1968. January 1976. 

5.9 I s e r  Safety Handbook. Alex Mallow. 
Leon Chabot. Van NostiMd Reinhold Co.. 
1978. 
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 HOD IO-DE~ERMINATKON OF CARBON 
.. MONOXIDE EKISSIONS FROM STATIONAF~Y 

S I J R C ' L S  

L Principle and AppliccbiLity 
1.1 Principle. An integrated or continuous 

Oar sample is extracted from a sac',pling 
W h t  and analyzed for carbon monoxide 

Pt. 60, App. A, Meth. 10 

(CO) content using a Luft-Lype nondisper- 
sive infrared analyzer (NDIR) or equivalent. 

1.2 Applicability. This method is applica- 
ble for  t h e  determination of carbon monox- 
ide emissions from stationary sources Only 
when specified by the test procedures for 
determining compliance with new source 
performance standards. The  test procedure 
will indicate whether a continuous or a n  in- 
tegraLed sample is to oe used. 
2. Range and SexsiLisify 

2.1 Range. 0 LO 1.000 ppm. . 
2.2 Sensitivity. Minimum detectable con- 

centration is 20 ppm for a 0 to 1.000 ppm 
span. 
3. Interferences 

Any substance having a strong absorption 
of infrared energy will interfere. to some 
extent. For  example. discrimination ratios 
for  water (H,O) and carbon dioxide ( C o d  
are 3.5 percent K O  per 7 ppm CO and 10 
percent CO, per 10 pprn CO. respectively. 
for  devices measuring in the 1.500 Lo 3.000 
ppm rar.ge. For devices measuring in the 0 
to 100 ppm range. interference ratios can be 
as high a5 3.5 percent H,O per 25 ppm CO 
and 10 percent CO, per 50 ppm CO. The use 
of silica gel and ascarite traps will alleviate 
the major interference problems. The  meas- 
ured gas volume must be corrected if these 
traps a re  used. 
4. Prec:siori crrd Accuracy 

4.1 Precision. T h e  precision of most NDIR 
analyzers is approximately r Z  percent of 
span. 

4.2 Accuracy. The accuracy of most NDIR 
analyzers is approximately 2 5  percent of 
span af te r  calibration. 
5. Apparatus 

, 

5.1 Continuous Sample (Figure 10-1). 
5.1.1 Probe. Stainless steel or sheathed 

Pyrex' glass. equipped with a filter to 
remove particulare matter. 

5.1.2 Air-Cooled Condenser or Equivalent. 
To remove M Y  excess moisture. 

5.2 Integrated Sample (Figure 10-2). 
5.2.1 Probe. Stainless steel or sheathed 

Pyrex glass. -equipped with a filter to 
remove parciculate matter. ' 

5.2.2 Air-Cooled Condenser or Equivalent 
To remove a n y  excess moisture. 

5.2.3 Valve. Needle valve. or equivalent. to 
to adjust  flow rate. 

5.2.4 Pump. Leak-free diaphragm type, or 
equivalent. to transport gas. 

5.2.5 Rate Meter. Rotameter. or equiva- 
lent. tn measure a flow range from 0 to 1.0 
liter per min (0.035 cfm). 

1 Mention of trade names or specific prod- 
ucts does n o t  constitute endorsement by the  
Environmental Protection Agency. 

873 
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5.2.6 Flexible Bag. Tedlar. or equivalent. 
prith a capacity of 60 to 90 UteS (2 u) 3 it’). 
Le&-test the bag in the laboratory before 
using by evacuating bag wi th  a PUmP fol- 
lowed by a d r y  gas meter. %en evacuation 
is complete. there should be no flow 6. 

5.3.8 Rate Meter. Rotameter or equivalent 
to measure gas flow rate of 0 to 1.O.liter Per 
min 10.035 cfm) through NDIR. 
5.3.9 Recorder top t iond) .  To provide per- 

manent record of NDIR readinps. 

through the meter. 
5.2.7 Pitot Tube. Type S, or equlvalent. at- 

tached to the probe so that the Sampling 
rate can be regulated proporclonal to the 
stack gas velocity when velocity is varying 
with the time or a sample traverse is con- 
ducted. 
5.3 Anaiysis (Fikfure 10-3). 
5.3.1 Carbon Monoxide Analyzer. Nondb- 

persive infrared spectrometer. or equivalerrt. 
This’ instrument should be demonsrra:ed. 
preferably b y  the manufacturer. to meet or 
exceed manufacturer‘s specifications and 
those described in this method. 
5.3.2 D r y b  Tube. To contain approxi- 

mately 200 g of silica gel. 
5.3.3 Calibration Gas. Refer to section 6.1. 
5.3.4 Filter. As recommended by ‘hTIR 

manufacturer. 

.. ~ . 

6.1 Calibration Gases. K n o m  COnCentra- 
ticn of CO in nitrogen (N,) for,instrument 
span. Prepurified grade of N, for zero. and 
two additional concentrations corresponding 
armroximately to 60 percent and 30 percent 
span. The span concentration shall not 
exceed 1.5 times the applicable source per- 
formance standard. The calibration gases 
shall be certified by the manufacturer to be 
within = 2  percent of the.specified concen- 
tration. 

! 

6.2 Silica Gel. Indicating type. 6 to 16 
mesh. dried at 175’ C (347’ F) for 2 hours. 
6.3 hscarite. Commercially available. 

vir. I84.  C - k - B k - .  7. Procedure 
7.1 Sampling. 
7.1.1 Continuous Sampling. Set up the 

equipment as shown in Figure 10-1 making 
sure all connections are le* free. Place the 
probe in the stack at  a sampling point and 
purge the sampling line. Connect the ana- 
14zer and begin drawing sample into the an- 
alyzer. M o w  5 minutes for the system. to  
stabilize. then record the analyzer reading 
as required by the test procedure. (See sec- 
tion7.2 and 8) .  CO, content of .the gaS may 
be determined by-using the Method 3 in* 
grated sample procedure, or by weighing the 
ascarire CO, removal tube and comrjuttng 
CO, concentration from the gas Volume 

7.1.2 I n t e m t e d  Sampling. Evacuate the 
flesible bag. Set up the equipment as shorn 
i? Figure 10-2 with the bag  disconnected 
Place the probe in the stack and purse the 
sampling l i e .  Connect the bag. making W e  
that all connectiom are leak free. Sample at  
a rate proportional to the sta& velocity. 
CO, content of the g3s may be determlned 
by using the Method 3 Integrated sample 
procedurs. or by weighing the asCarl* COX 
removal tube and computing CO, ConCentra- 

, sampled and the weight gain of the tube. 

ri. ,D,. -.I”” ... U”.. ”I.. 

5.3.5 CO, Removal Tube. To contain ap- 

5.3.6 Ice Water Bath. For ascarite and 

5.3.7 Valve. Needle valve. or equivalent. to 

proximately 500 g of ascarite. 

SUW gel tuba.  

adjust flow rate 

a74 
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cion from the gas volume sampled and the 

Range (minimum) ...................... 
O u ~ v i  (minimum) ...................... 
Minimum aeleclable sensilm- 

fiise time. 90 peersent (mad- 

Fall tlme. 90 percenl (ma& 

ty. 

mum). 

mum). 
Zero ann ( m ~ i m u m )  ................. 
Swan dnll (marimuml ................ 
Recision (minimum) ._ 
Noise (marimurn) .._.. 
Linea* (marimurn deviation). 
Inlederenu! r e w o n  ratio 

weight gain of the tube. 
7.2 CO Analusis. Assemble the apparatus 

0-1000 ppm. 
0-lOmV. 
20 ppm. 

30 seconds. 

30 second% 

1OY. in 8 how. 
10% in 8 hours. 
~ 2 %  01 full scale. = 1% of full scale. 
2% of full =la. 
CO,-lWO 10 1 .  H L L Y M  

10 1. 

shorn  in Figure 10-3. calibrate  the in- 
strument. and perform other required oper- 
3tions as described in section 8. Purge ana- 
1y;er with N, prior to introduction of each 
smple. Direct the sample stream through 
;he instrument for the test period. record- 
ing the readings. Check the zero 2nd span 
again after the test to assure that any drift 
or mzlfunction is detected. Record the 
; m p l e  data on Table 10-1. 
a. Calibration 

Assemble the appzratus according to 
Figure 10-3. Generally an ins:rurnenc re- 

.. :.,. quires a warm-up period before stability is 
2btained. Follow the manufacturer's in- 
structions for specific procedure. Allow a 
minimum time of 1 hour for warm-up. 
During this time check the sample condi- 
tioning apparatus. i.e.. filter. condenser. 
drying tube, and CO, removal tube. to 
ensure that each component is in good oper- 
sting condition. Zero and calibrate the in- 
strument according to the manufacturer's 
Jrocedures using, res~ectively. nitrogen and 
:he calibration gases. 

TABLE 10-1 -FIELD DATA 
~~ 

Comments 

iccaoon ............ " 

C l a k  lime Rotameter seNnq. liten w 
minute ( c h c  feel w minure) 

3. Calculation 
Calculate the concentration of carbon 

monoxide in the stack using Equation 10-1. 

c, ,u<,=cco m(l-i-,) 
Eq. 10-1 

%ere: - .,.,=Concentration of CO in stack. ppm 
by volume ( d r y  basis). 

C, m,.=Concenrration of CO measured by 
NDLR analyzer. ppm by volume (dry 
basis). 

?,,=Volume fraction of CO. in sample. i.e.. 
Percent CO, from O n a t  analysis divided 
by loo. 

P 

8 
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10. Alternative Procedures 
Interference Trap. The sample con- 

ditioning system described in Method 10A 
sections 2.1.2 and 4.2. may be used as an al- 
ternative to the silica gel and ascarite traps.. 
.11. BibIiogra?hy 
1. McElroy. Frank. The Intertech NDIR- 

CO Analyzer. Presented a t  11th Meth- 
ods Conference on Air Pollution. Univer- 
sity of California. Berkeley. CA. April 1. 
1970. 

2. Jacobs. M. B.. e t  al.. Continuous Deter- 
mination of Carbon Monoxide and HY- 
drocarbons in Air by a Modified Infra- 
red -4nalyzer. J. Air Pollution Control 
.%sociation. 9 ( 2 ) :  110-114. August 1959. 

3. MSA LIRA Infrared Gas and Liquid An- 
alyzer Instruction Book. Mine Safety 
Appliances Co.. Technical Products Divi- 

10.1 

sion. Pittsburgh. PA. 
4. Models 215A. 315A. and 415A Infrared 

. ~ a l y z e r r .  Beckman 1ns:ruments. Inc.. 
Beckrnan 1r-s:ruc:ior.s 1635-B. Puller- 
ton, CA. October 1967. 

5. Continuous CO Monitoring System. 
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. .  . .  Acmrccy-The degree oi  agreement be- 
tween a measured value and the true value: 
usually expressed as = percent of full scale. 

Time to 90 percent response-The time in- 
ternal from a step change in the input con- 
centration a t  the instrument inlet to a read- 
ing of 90 percent of the ultimate recorded 
concentration. 

R'Je Time ( 9 0  percent)-The interval be- 
tween initial response time and time to 90 
percent response after a step increase in the 
inlet concentration. 

Fall Time ( 9 0  percent)-The interval be- 
tween initial response time and time to 90 
percent response after a step decrease in the 

Zero Drift-The change in instrument 
output over a stated time period. usually 24 
houn. of unadjusted continuous operation 
when the input concentration is zero: usual- 
ly expressed as percent full scale. 

Span Drif:-The change in instrument 
output over a stated time period. usually 24 
hours. of unadjusted continuous operation 
when the input concentration is a stated 
upscale value: usually expressed as percent 
full scale. 

Precision-The degree of agreement be- 
tween repeated measurements of the same 
concentration. expressed as the average de- 
viation of the single results from the mean. 

Noise-Spontaneous deviations from a 
mean output not caused by  input concentra- 
tion changes. 

Linearity-The maximum deviation be- 
tween a? actual instrument reading and the 
reading predicted by a straight line d- . awn 
between upper and loFer calibration points. 

. .  inlet concentration. 

ML?non ~OA-DFXXRMISATION OF CARBON 
MONOXIDE EMISSIONS IN CERXTYING 

TEMS AT  OLEUM R~SIXRIES 
COhTINUOUS EMISSION MONITORISG SYS- 

I. Applicability and Principle 

1.1 Applicability. This method applies to  
the mezsurement of carbon monoxide (120) 
at  petroleum refineries. This method serves 
as the reference method in the relative ac- 
curacy test for nondkpenive 'infrared 
(NDIR) CO continuous eaission monitoring 
systems (CEMS's) that  are required t o  be in- 

1 Mention of trade names or commercial 
products in this publication does not consti- 

40 CFR Ch. I (7-1-92 Edition) - ' 

stalled In Petroleum refineries on fluid 
lytic cracking unit catalyst regenerators [40 
CFR Pan. 60.105ta)(2)1. 

1.2 Principle. An integrated gas Sample 
extracted from the stack. passed through ap . 
autaline permanganate solution to  remove 
sulfur and ,nitrogen oxides. and Collected 
a Tedlar bag. The CO concentration in the 
sample is measllred spectrophotometric+ 
using the reaction of CO with p - s u l f ~ s  
benzoic acid. 

1.3 Range and Sensitivity. 
1.3.1 Range. Approximately 3 to 1800 ppm 

CO. Samples having concentrations below 
400 ppm are analyzed at  425 nm. and s a .  
pies having concentrations above 400 nnm --... 
are analyzed at  600 nm. 

1.3.2 Senritia+ty. The detection limit is ? 
ppm based on three times :he standard dig 
ation of the mean reagent blank values. 
1.4 Interferences. Sulfur oxides, nitric 

oxide, and other acid gases interfere with 
the colorimetric reaction. They are removed 
by  passing the sampled gas through an aka. 
line potassium permanganate scrubbing so. 
lution. Carbon dioxide (CO:) does not inter. 
fere. but. because it is removed by the scrub. 
bing solution. i ts  concentration must be 
measured independently and k? amrourfate 
vclume correccion made to the sampled g a .  

1.5 Precisioa. Accurccy, and StcbiIil>. 
1.5.1 Precision. The estimated intralaboa. 

876 

2.1 Sampling. The sampling train k shorn 
in Figure 10-4-1. and component p a m  are 
discussed below: 

tory Standard deviation of the method i s 3  
percent of the mean for gas samples ana. 
l n e d  in duplicate in the concentration 
range of 39 to 4i2 ppm. The interlaboratory 
precision has not been established. 

C5.2 Accuracy. The method cont.ains no 
significant biases when compared to an 
NDIR analyzer calibrated with National 
Bureau of Standards'(NSS) stmdards. 

1.5.3 S:ability. The individual components 
of the colorimerric reagent are stable for at 
ieast 1 month. The colorimetric reagent 
must be used within 2 days after prepara- 
tion to avoid excessive blank correction. The 
samples in the Tedlar I bag should be stable 
for a t  leas: 1 week if the bags are leak-free. 

2. Apparatu 

tute the endorsement or recommendation 
[or use by the Environmental Protection 
Agency. 
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T o t a l  Hydrocarbons 

.... 

The hydrocarbon ( v o l a t i l e  o r g a n i c  compounds) c o n c e n t r a t i o n s  

were de termined b y  c o l l e c t i o n  i n  p r e - c l e a n e d  v i r g i n  s i x - l i t e r  T e d l a r  
bags and a n a l y s i s  b y  f l a m e  i o n i z a t i o n  u s i n g  a S c o t t  t o t a l  hyd roca rbon  

a n a l y z e r  c a l i b r a t e d  a g a i n s t  methane i n  a i r  s t a n d a r d  gases. The bags 
were purged w i t h  hyd roca rbon  f r e e  z e r o  gas prior t o .  t e s t i n g  u n t i l  t h e  

t o t a l  hydrocarbon c o n c e n t r a t i o n  i n  each bag was l e s s  t h e n  1.0 ppm. The 

sampled bags ( i n t e g r a t e d  sample o v e r  f i v e  m inu tes  w i t h  T e f l o n  p robe)  

were ana lyzed  on t h e  same d a y  as t h e y  were c o l l e c t e d .  

,. .. 
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. .  .. . 
APPENDIX H 

CALCULATION EQUATIONS 



. . .  . . . .  . .  = O.44(SCO2) + 0.32 (X02) + 0.28 (SN2 + ZCO) 'd 

E 
'w(std) 

Bws 'w(std) + "m(std1 



. .  

A 

An 

h S  

STMBOLS 

= Cross sectional area of stack, SQ. FT. 

= Cross sectional area of nozzle, Sp. FT. 

= Water vapor i n  gas stream, proportion by volume 

= Pi to t  tube coeff ic ient ,  dimensionless CP 

Ca = Concentration o f  par t icu la te  matter i n  s tack gas, 
wet basis ,  GR/ACF 

EA 

Y 

Gd 

I 

= Concentration o f  par t icu la te  matter i n  stack gas, dry 
basis ,  corrected t o  standard conditions, GR/DSCF 

= Excess a i r ,  percent by volume 

= Dry t e s t  meter correction f ac to r ,  dimensionless 

Specif ic  gravi ty  ( r e l a t ive  t o  a i r ) ,  dimensionless = 

= Isokinet ic  variation, percent by volume 

= Molecular weight o f  stack gas, d r y  basis, g/g - mole. 

= Mass flow o f  wet f lue  gas, LB/HR 

mp = Par t icu la te  mass flow. LB/HR 

MS 

HP = T o t a l  amount of par t iculate  matter collected,  g 

Pbar = Atmospheric pressure, IN. HG. (uncompensated) 

pg = Stack s t a t i c  gas  pressure, IN. U t .  

= Molecular weight of stack gas ,  wet basis, g/g,  mole. 

H-2 



PS = A b s o l u t e  p r e s s u r e  o f  s tack  g a s .  IN.HG: 

P s t d  = S t a n d a r d  a b s o l u t e  p r e s s u r e ,  29.92 IN. HG.  

Aa = Actua l  v o l u m e t r i c  s t a c k  g a s  f low r a t e ,  ACFM 

Qs ,d = Dry v o l u m e t r i c  s t a c k  g a s '  f l o w  r a t e  c o r r e c t e d  t o  s t a n d a r d  
c o n d i t i o n s .  DSCFY 

R H  = R e l a t i v e  h u m i d i t y ,  I 

Td b = Dry b u l b  t e m p e r a t u r e  o f  stack g a s ,  OF 

TW 5 = Wet b u l b  t e m p e r a t u r e  o f  s t a c k  g a s ,  OF 

Tm(avg) = A b s o l u t e  a v e r a g e  d r y  g a s  meter t e m p e r a t u r e ,  OR 

TS(avg)  = A b s o l u t e  a v e r a g e  s t a c k  t e m p e r a t u r e .  OF 

T s t d  = S t a n d z r d  a b s o l u t e  t e m p e r a t u r e ,  528 OF (68 OF) 

- e = T o t a l  s a m p l i n g  t ime ,  min .  

= T o t a l  volume o f  l i q u i d  c o l l e c t e d  i n  i m p i n g e r s  and  v1 c 
s i l i c a  g e l .  m l  

Vm = Volume of  g a s  s a m p l e  a s  measured by d r y  g a s  meter, CF 

Vm(std)  = Volume o f  g a s  s a m p l e  measu red  by t h e  dry g a s  meter 
corrected t o  s t a n d a r d  c o n d i t i o n s .  DSCF 

v w ( s t d )  = Volume o f  w a t e r  v a p o r  i n  t h e  gas  sample c o r r e c t e d  t o  
s t a n d a r d  c o n d i t i o n s ,  SCF 

- 
VS = Average a c t u a l  s t a c k  g a s  v e l o c i t y ,  F T / S i C  

VPtdb = Vapor p r e s s u r e  a t  Tdb. IN. HG. 
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V P t w b  = Vapor pressure a t  T,b, I N .  HG 

m = Average pressure differential across the orifice 
meter, IN.  YC. 

AP = Velocity pressure of  stack gas ,  IN. U t .  

Y = Dry t e s t  meter correction coefficient.  dimensionless 

P = Actual gas density. LB/ACF 
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CALCULATION EQJATIOHS 

Ystd 

Vstd 

. .:. 

C S  

E 

'mP b = 17.64 2 (MIDGET IMPINGER V E R S I O N )  
*m - 

LYi - 
17.64 Vm ( P b  + 13.6)Y - - (LARGE IMPINGER VERS 

Tm 

- -5  - 
7.06~10 MEQ 

std 

20.90 C,Fd - = -  - - - 
20.90 - B' BtOZ O2 

C, (MG/OSCM) = 1.60186~10~ c s  

C s , ( G R / O S C F )  = 7000 Cs 

Cs (ppm,  dry) = 6.02119~10~ C s  

C, ( p p m ,  wet) = 6.02119~10~ C s  (1 - 100) MC 

IN 
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SYMBOLS 

CS 

cS (MGIDSCM) 

DF 

E 

Fd 

FC 

AH 
. -  - _  

Y 

MC 

ME9 

. N  

pb 

Average oxygen c o n t e n t  i n  f l u e  g a s ,  Z v / v .  d r y  

Average ca rbon  d i o x i d e  con ten t  i n  flue g a s ,  Z v/v,  
d r Y  

Concen t r a t ion  o f  sulfur d ioxide  i n  f l ue  gas .  d r y  
b a s i s ,  c o r r e c t e d  t o  s t anda rd  c o n d i t i o n s ,  LB/DSCF 

C o n c e n t r a t i o n  o f  sulfur  d ioxide  i n  f lue  gas ,  d r y  
bas i s ,  c o r r e c t e d  t o  s t anda rd  c o n d i t i o n s ,  GR/DSCF 

C o n c e n t r a t i o n  o f  sulfur d ioxide  i n  f lue gas ,  d r y  
b a s i s ,  c o r r e c t e d  t o  s t anda rd  c o n d i t i o n s ,  MG/DSCM 

D i l u t i o n  F a c t o r  

Emission f a c t o r ,  LE o f  S02/106!3TU 

Dry oxygen F-Factor f o r  given fue l  t y p e ,  DSCF/106BTU 

Carbon d i o x i d e  F-Factor f o r  g i v e n  f u e l  type, 
D S C F I ~ O ~ B T U  

Average p r e s s u r e  drop ac ross  c a l i b r a t e d  o r i f , i c e ,  IN. 
W.C.... . . .- . .-.__ 

Dry t e s t  me te r  c o r r e c t i o n '  f a c t o r ,  d imens ionless  

Mois ture  c o n t e n t  of f l u e  gas ,  Z v / v  

T o t a l  m i l l i e q u i v a l e n t s  o f  502 i n  gas  sample 

Normal i ty  o f  barium pe rch lo ra t e  t i t r a n t  

Ba romet r i c  p r e s s u r e  a t  t h e  d ry  gas meter ,  IN. HG. 
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= Concentration of sulfur dioxide in flue gas, dry 
basis, (v/v). ppm 

= Concentration of sulfur dioxide in flue gas, wet 
basis, (v/v), ppm 

Absolute average dry gas meter temperature, OR 

Volume o f  sample aliquot titrated, cc 

Dry gas volume as measured by the dry gas meter, DCF 

Dry gas volume as measured by the dry gas meter, 
corrected to standard conditions (at 68 OF and 1 
atmosphere), DSCF 

Total volume of the solution in which the sulfur dioxide 
sample i s  contained, cc 

. 

Volume o f  barium perchlorate titrant used ' f o r  the sample, 
cc (average of replicate titrations) 

Volume o f  barium perchlorate titrant used f o r  the blank, 
cc 

',: - - .  
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C-4LCULATION EOUATIONS 

METHOD 7 

M C, = 6.243 x 10" - 
vm@'fl 

2090 cp 
E =  

20.9 - B o, 

C, (GWDSCF) = 7000 C, 

C, (MGIDSCM) = 1.60186 x lo7 C, 

C, (ppm-dry) = 8.37552 x lo6 C, 

- 
B' - 3 

11 0: 

20.9 - B' 
C, @pm-3% 02) = 8.37552 x lo6 C, [ 1 + [ 

0: 

MC 
100 

C, (ppm-wet) = 8.37552 x 10' C, (1 - -) 

i 
i 
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SYiMBOLS 
- 

Average oxygen content in flue gas, Yo v/v 

Concentration of nitrogen oxides in flue gas, dry basis, corrected to standard 
conditions, LB/DSCF 

- B 0: - -.. 

c, - - 

C, (GRIDSCF) = 

C, (MG/DSCM)= 

C, (ppm-3% 0,) - 
\ - 

C, (ppm-wet) - 
P Tr 

Concenmtion of nitrogen oxides in flue gas, dry basis, corrected to standard 
conditions, GRIDSCF 

Concentration of nitrogen oxides in flue gas, dry basis, corrected to srandard 
conditions, MG/DSCM 

Emission factor, LB/I06BTU 

F-Factor for given fuel type, DSCF/IOJBTU 

Mass of nitrogen oxides as nitrogen dioxide in gas sample, ug 

Moisture content of flue gas, % 

Final absolute pressure in flask, IN. HC 

Initial absolute pressure in flask, IN. HC 

Concentration of nitrogen oxides in flue gas, dry basis, (v/v), 
PPm 

Concentration of nitrogen oxides in  flue gas, dry basis, corrected to 3% 0,. 
(v/v) ppm 

Concentration of nitrogen oxides in flue gas, wet basis, (v/v), 
PPm 

Final absolute temperature in flask, O R  

Initial absolute temperature in flask, O R  

Volume of flask and valve, cc 

Sample volume at standard conditions, dry basis, cc 
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I , 

nethod ZSA 

Total Gaseous Organics Calculation Equations ... 

GR C/SCF = 2.180 x lo-' (ppm,w) 

GR C/DSCF = 2.180 X 10". (ppm,w)/(l-HC/lOO) 

LB C/HR = 8.5714 x l o - '  (GR/DSCF) (DSCFM) 

i 

. .  

where: 

GR C/SCF = grains of total  gaseous organics as carbon per actual 
(wet) standard cubic foot 

GR C/DSCF grains o f  t o t a l  gaseous organics as carbon per d ry  
standard cubic foot 

LB C/HR = pounds of total  gaseous organics as carbon emitted 
hour 

Note 1: The Ratfisch Ucdel RS 55 Heated FID Analyzer as normally 
operated w i t h  a heated f i l t e r ,  sample line and heated 
detector oven gives ppn.w. 

p p , C  = pm as carbon 3(ppn propane) Note 2: 
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