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1.0 INTRODUCTION 

DEECO, Inc. @mo)  was contracted to conduct emissions testing at Willamette 
hdustries, Inc. (wiamette) facility located in Emerson Arkansas. Emissions testing was 
conducted during the period of Apd 23 and 24, 1998 to gather emissions data for the veneer 
dryer stacks. There are three drying zones and one cooling zone. 

All four of the sources were tested for the same components. Each location was tested 
for Total Hydrocarbons, Methane, Carbon Dioxide, Oxygen, and formaldehyde. The Veneer 
Dryer Heating Vents are referred to as No. 1, No. 2, and No. 3 starting at the feed end and 
ending before the cooling zone. 

In conjunction with the manual sampling, the gas stream temperature, flow me, and 
moisture were determined employing EF'A Methods 2, and 4, respectively. The gas stream dry 
molecular weight was based upon results of method 3A analysis. The NCASI Chilled Impinger 
method was used to measure formaldehyde. Three one-hour test runs were conducted for each 
compound of interest at each of the sampling locations. 

Organic and inorganic gases were monitored with EPA instrumental methods. Volatile 
organic compounds (VOCs) were monitored using EPA Method 25A. 

Mr. Kim Carter and Ms. Nita Woods were the Willamette contacts on-site. The DEECO 
field sampling  tea^^-^ consisted of: A. Bass, W. Buynitzky, D. Goshaw, M. Milbourne, and W. 
Millinor. 

The remainder of this document summarizes the results, procedures, and quality control 
measurn followed for this program. Section 2 contains tabulated air emission results for each 
parameter of interest. Section 3 summarizes the air emission sampling and analytical procedures 
performed by DEECO, with a brief description andor reference to the applicable methodologies. 
Section 4 discusses the basic quality control elements in place for this program to assure the 
collection of representative, accurate air emission data. 

The appendices provided in this document contain all  of the necessary information to 
verify the reported results. Included as Appendices are: Field Data Sheets, Analytical Data 
Sheets, Equipment Calibration Data Sheets, Emission Summary Sheets, and Test Participants. 

1 
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2.0 SUMMARY OF RESULTS 

The emission test results are presented below by the process stack and condition tested. 
Condition 1 was tested on Apd 23, 1998 and Condition 2 was tested on April 24, 1998. 

2.1 Dryer Vent #1 

The first section of the dryer is natural gas fired. The products of combustion, and the 
removed water and organics from the veneer exit from a single process vent stack. Table 2.1 
summarites the No. 1 dxyer stack condition 1 emission results for formaldehyde, THC, and 
methane, and Table 2.5 summarizes the same parameters for condition 2. 

2.1.1 Dryer Vent #1, Condition 1 

The flowrate from the No. 1 stack averaged 2830 actual cubic feet per minute (acfm) 
and 715 dry standard cubic feet per minute (dscfm), at an average stack temperature of 429.6 
OF. The NCASI result averages for formaldehyde are: 151.4 milligrams per cubic meter 
(mglM’) and 0.501 I b h .  The EPA Method 25A emission results averaged 5277 parts per 
d o n  by volume @pmv) and 14.1 lblhr non-methane total hydrocarbons when reported in an 
as carbon basis. 

2.1.2 Dryer Vent #1, Condition 2 

I 
I 
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The flowrate from the No. 1 stack averaged 3060 acfm and 714 dscfm, at an average 
stack temperature of 434.7 “F. The NCASI result averages for formaldehyde are: 115.6 
milligram per cubic meter (mg/M’) and 0.389 Iblhr. The EPA Method 25A emission results 
averaged 3277 ppmv and 10.5 Iblhr non-methane total hydrocarbons when reported on an as 
carbon basis. 

2.2 Dryer Vent #2 

The second section of the dryer uses steam as the heat source to remove moisture from 
the veneer to be dried. The removed w x r  and organics from the veneer exit from a single 
process vent stack. Table 2.2 summarizes the No. 2 dryer stack condition 1 emission results 
for formaldehyde, THC. and methane, while Table 2.6 presents the results from condition 2. 

2.2.1 Dryer Vent #2, Condition 1 

The flowrate from the No. 2 stack averaged 4360 acfm and 937 dscfm, at an average 
stack temperature of 330.1 “F. The NCASI result averages for formaldehyde are: 57.9 
milligram per cubic meter (mg/M’) and 0.256 Iblhr. The EPA Method 25A emission results 
averaged 2049 ppmv and 5.5 lblhr non-methane total hydrocarbons when reported in an as 
carbon basis. 

2 47 
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2.2.2 Dryer Vent #2, Condition 2 

The flowrate from the NO. 2 stack averaged 4390 actual cubic feet per minute (acfm) 
and 1090 dscfm, at an average stack temperature of 332.6 "F. The NCASI result averages for 
formaldehyde are: 54.5 d i g r a m  per cubic meter (mg/M') and 0.278 lbhr. The EPA Method 
2 5 ~  emission results averaged 2103 parts per million by volume (ppmv) and 11.1 lblhr non- 
methane total hydrocarbons when reported in an as carbon basis. 

2.3 Dryer Vent #3 

The third section of the dryer uses. steam as the heat soyce to remove moisture from the 
veneer to be dried. The removed water and organics from the veneer exit from a single process 
vent stack. Table 2.3 summarizes the NO. 3 dryer stack condition 1 emission results for 
formaldehyde, THC, and methane, and Table 2.7 presents the results from condition 2. 

2.3.1 Dryer Vent #3, Condition 1. 

The flowrate from the No. 3 stack averaged 2546 acfm and 858 dscfm, at an average 
stack temperature of 322.8 O F  . The NCASI result averages for formaldehyde are: 12.2 mglMf 
and 0.05 I b h .  The EPA Method 25A emission results averaged 1379 parts per million by 
volume @pmv) and 4.3 lblhr non-methane total hydrocarbons when reported on an as carbon 
basis. 

2.3.2 Dryer Vent #3, Condition 2. 

The flowrate from the No. 3 stack averaged 2530 acfm and 1070 dscfm, at an average 
stack temperature of 321.8 OF. The NCASI result averages for formaldehyde are: 9.9 milligram 
per cubic meter (mg/M3) and 0.05 l b h .  The EPA Method 25A emission results averaged 1692 
parts per million by volume @pmv) and 5.3 lblhr non-methane total hydrocarbons when reported 
in an as carbon basis. 

2.4 Cooling Zone Vent 
'\ 

\ 
The second section of the dryer uses steam-Vse heat source to remove moisture from 

the veneer to be dried. The removed water and organics from the veneer exit from a single 
process vent stack. Table 2.4 summarizes the No. 3 dryer stack emission results for condition 
1, and Table 2.8 summarizes the results for condition 2. 

2.4.1 Cooling Zone, Condition 1 

The flowrate from the No. 3 stack averaged 16380 acfm and 14600 dscfm, at an average 
stack temperature of 97.6 O F .  The NCASI result averages for formaldehyde are: < 0.07 m g m  
and <0.005 Ibhr. For this condition, a l l  formaldehyde samples were below the detection limit 
of the analysis performed. The repometect ion limits have been used to calculate potential 
emission rates. The EPA Method 25A emission results averaged 18 ppmv and 0.3 lbhr non- 
methane total hydrocarbons when reported on an as carbon basis. 

. .  . , 

... . . 
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The flowrate from the No. 3 stack averaged 19950 acfm and 16730 dscfm, at an average 
stack temperature of 113.2 OF. The NCASI result averages for formaldehyde are: < 0.04 
mg/M3 and <0.003 l b h .  For this condition, all  f o ~ ~ ~ ~ y ~ e - ~ p l e s - w e ~ - . ~ o ~ - ~ e  q 

____ detection limit of the analysis performed. The reported detection limits have been used to 
calculate potential emission rates. The EPA Method 25A emission results averaged 17.0 ppmv 
and 0.3 l b h  non-methane total hydrocarbons when r e p o d  in an as carbon basis. 

2.5 Veneer Dryer Operations 

The veneer dryer operating conditions were monitored and recorded by facility staff. 
Testing was conducted under two operating conditions. As shown in Table 2.9, Condition 1 
veneer dried in footage at 3/8" was an hourly average of 23,619 with an average moisture 
content of 10.35%. As shown in Table 2.10, Condition 2 veneer dried in footage at 3/8" was 
an hourly average of 20,900 with an average moisture content of 6.95%. The process data 
sheets and charts are presented in Appendix E. 

4 4 9  



I 
I 
I '- 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I, 
I 

TABLE 2.1. SUMMARY OF DRYER VENT NO. 1 EXHAUST EMISSION 
RESULTS, CONDITION 1 - APRIL 23, 1998 AT WILLAME"J3 
INDUSTRIES, EMERSON DIVISION 

" I dscfm I 555 I 693 I 899 I 715 

Moisture \ I 96 I 61.8 I 60.8 I 50.7 I 57.8 

3xveen 46 I 3.4 I 3.2 I 3.2 I 3.3 

CarbonDioxide I 96 I 8.5 I 8.7 I 8.7 I 8.6 

rotalHydrocarbons I ppm (as Propane) 1 1534 I 2021 I 1752 I 1769 

I m m  (asCarbon) I 4602 I 6063 I 5256 I 5277 

I lblhr (as Carbon) I 12.5 I 20.0 I 17.9 I 16.8 

Methane 

Total Non-Methane 
Hydrocarbons 

Formaldehyde 

Production \\ 

ppm (as Carbon) 1078 115 307 500 

Iblhr (as Carbon) 5.5 0.7 2.0 2.8 

l b h  (as Carbon) 6.9 19.3 15.9 14.1 

lblhr 0.429 0.458 0.616 0.501 

lbhard  fi 1 .77e-5 1 .99e-5 2.60~5 2.125 

footagdhr 24216 22968 23671 23619 

> 
\ 
J 
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TABLE 2.2. SUMMARY OF VENEER DRYER VENT NO. 2 EXHAUST EMISSION 

INDUSTRIES, EMERSON DIVISION 
RESUL'IS, CONDITION 1 - APRIL 23, 1998 AT WXLLAhXE'M'E 

Parameter 

Flow Rate 

Moisture 

oxygen 

Carbon Dioxide 

rotal Hydrocarbons 

-~ 

Methane 

rotal Non-Methane 
Hydrocarbons 

Formaldehyde 

Production 

Units 

Time 

acfm 

dscfm 

46 

96 

96 

ppm (as Propane) 

Run #1 Run #2 Run #3 

1041-1140 1415-1514 1615-1714 

4280 4350 4450 

872 937 1003 

69.5 67.8 66.2 

13.8 14.0 13.5 

3.2 2.8 3.7 

794 558 697 

lb/hr (as Carbon) I 12.7 I 9.1 I 11.6 I 11.2 1 
ppm (as Carbon) I 1427 I 184 I 231 I 614- 11 
lblhr (as Carbon) I 13.0 I 1.7 I 2.2 I 5.6 11 
lblhr (as Carbon) 0.0 7.4 9.4 5.5 

l b h  0.184 0.251 0.333 0.256 

10.93e4 14.07e* 10.87e4 0 . W 6  lb/board ft 

footagdhr 24216 22968 23671 23619 

6 s/ 
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TABLE 2.3. SUMMARY OF VENEER DRYER VENT NO. 3 EXHAUST EhllSSION 
RESULTS, CONDITION 1 - APRIL 23. 1998 AT WILLAMElTE 
INDUSTRIES, EMERSON DMSION 

Methane 

lblhr (as Carbon) 0.0 0.0 0.2 0.1 

Total Non-Methane lbhr (as Carbon) 4.9 4.0 4.2 4.3 

Formaldehyde lblhr 0.030 0.042 0.074 0.049 

Hydrocarbons 

lblboard fi 1.24e4 1. 83e4 3.13e4 2.07ed 

Production footagdhr 24216 22968 23671 23619 

. .  
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TABLE 2.4. SUMMARY OFVENEER DRYER COOLING VENT E M I s s I O N ~ ~ ~ ,  
CONDITION 1 - APRIL 23, 1998 AT WILLAME'ITE INDUSTRIES, 
EMERSON DIVISION 

Parameter 

[Moisture 

n oxygen 
11 Carbon Dioxide 

Total Hydrocarbons 

I Production 

Units 1 Run#l 1 Run #2 I Run #3 I Average 

Time I 1041-1140 I 1415-1514 I 1615-1714 I NA 1 
acfm I 16200 I 16050 1 16890 I 16380 1 
dscfm I 14430 I 14250 I 15120 I 14600 1 

% I 8.2 I 15.0 I 16.9 I 13.4 I 

lblhr (as Carbon) I 0.0 1 0.2 1 0.8 I 0.3 1 
lbboard ft < 1.2e-7 < 2.6~7 <2.5eS7 <2.1e-7 

- AU formaldehyde samples collected on the cooler were below detection limits. Emissions 
are based upon reported detection limits. 

... . 

. .  
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rotal Non-Methane 
Hydrocarbons 

,I 1 0 ,  

TABLE 2.5. SUMMARY OF VENEER DRYER VENT NO. 1 EXEKAUST EMISSION 
RESULTS, CONDITION 2 - APRIL 24, 1998 AT WlLLAhfElTE 
INDUSTRIES, EMERSON DIVISION 

l b h  (as Carbon) 0.5 0.4 0.5 0.5 

lblhr (as Carbon) 9.5 12.1 10.1 10.5 

Production 

Formaldehyde I l b h  I 0.536 I 0.191 I 0.441 I 0.389 1 

footagelhr I 21189 I 20777 I 20733 I 20900 

I lbhoardft I 25.3e6 I 9.19e4 I 21.3e4 I 18.6e4 I 

... . , 
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TABLE 2.6. SUMMARY OF VENEER DRYER VENT NO. 2 EXHAUST EMISSION 

INDUSTRIES, EMERSON DMSION 
RESULTS, CONDITION 2 - APRE 24, 1998 AT WILLAMETIlE 

Parameter 

Moisture I 96 I 62.5 I 63.3 I 62.0 I 62.6 I 

Carbon Dioxide I 96 I 3.2 I 2.8 I 3.7 I 3.2 1 
Total Hydrocarbons ppm (as Propane) 710 708 686 701 

ppm (as Carbon) 2130 2124 2058 2103 

I lb/hr(as Carbon) I 11.7 I 11.6 I 11.2 I 11.5 ! 

I H 

Production footage/hr I 21189 I 20777 I 20733 I 20900 

. .  . .  . .  . .  
. .  

. .  
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TABLE 2.7. SUMMARY OF VENEER DRYER VENT NO. 3 EXHAUST EMISSION 
RESULTS, CONDITION 2 - APRIL 24, 1998 AT WJLLAMETTE 
lNDUSTRIES, EMERSON DIVISION 

UniU 

? m e t e r  Time 

?low Rate ach 

dscfm 

Moisture % 

3xygen % 

:arbon Dioxide % 

rotal Hydrocarbons ppm (as Propane) 

ppm (as Carbon) 

l b h  (as Carbon) 

Run #1 I Run #2 

Wz:16 I 1050-0-50 
1070 I 1150 

36.1 I 36.6 

20.1 I 20.2 
I 

~~ 

0.5 I 0.5 

580 I 565 , 
1740 I 1695 

5.4 I 5.7 

1351-1451 

20.0 20.1 

I 

547 I 564 
I 

1641 I 1692 
I 

5.0 I 5.4 
I I I 

Methane 0.0 17.6 16.1 I 11.2 

I 

rotal Non-Methane lblhr (as Carbon) I 5.4 1 5.6 1 5.0 I 5.3 
Hydrocarbons I 
Formaldehyde lblhr 0.032 0.040 0.015 0.049 

lblboard ft 1.51e4 1.93e4 3.62ed 2.35e-' 

Production footageh 21189 20171 20733 20900 

. . . .  

IC 
I 

... . 
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TABLE 2.8. SUMMARY OF~DRYERCOOLINGVENTEMlSSIONRESULTS,  
CONDITION 2 - AF'RlL 24, 1998 AT WLJAMETTE INDUSTRIES, 
EMERSON DIYISION 

Flow Rate I acfm I 19920 I 20020 I 19920 I 19950 1 
dscfm I 16870 I 16690 I 16620 I 16730 1 I 

Moisture I % I 8.0 I 9.4 I 9.52 I 9.0 II 
3 X Y W  % 20.9 20.9 20.9 20.9 

:.arbon Dioxide 96 0.0 0.0 0.0 0.0 

rotal Hydrocarbons ppm (as Propane) 4.5 3.2 9.3 5.7 

PPm (as carbon) 13.5 9.6 27.9 17.0 

Ib/hr (as Carbon) 0.5 0.3 1 .o 0.6 

Methane ppm (as 18.5 0.0 5.4 8.0 

lblhr (as Carbon) 0.8 0.0 0.2 0.3 

rotal Non-Methane Ib/hr- (as Carbon) I 0.0 1 0.3 I 0.8 I 0.3 I 
Hydrocarbons I 
Formaldehyde' Ib/hr <0.004 <0.003 <0.003 <0.003u 

lb/board fi e 1.9e-' < 1 .e7 < 1.4e-7 < l.e7 
Production footagdhr 21189 20177 20733 20900 

* - All formaldehyde samples collected on the cooler were below detection limits. Emissions 
are based upon reported detection limits. 

2 - Based upon moisture as saturation. Measured moisture was 10.096, which is greater than 
moisture at saturation, so the lesser value was used. 
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T D L E 2 . 9 .  VENEER DRYER #1 CONDITION 1 - APRIL 23, 1998' - AT 
WILLAhfJ3"E INDUSTRIES, EMMERSON DIVISION 

TABLE 2.10. VENEER DRYER #1 CONDITION 2 - APRIL 24, 1998' - AT 
WILLAME'ITX INDUSTRIES, EMMERSON DIVISION I 

A Average Hourly Production Data 20,900 6.95 

Day one dryer production data represents veneer moisture content ranges for typical plywood 
manufacturing. See Attachment 1-1 in Appendix E. 

Day two dryer production data represents veneer moisture content ranges for manufacturing 
Laminated Veneer Lumber (LVL). See Attachment 1-2 in Appendix E 

13 
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3.0 SAMPLING AND ANALYTICAL PROCEDURES 

All sampling and analytical procedures followed those recommended by the U.S. 
Environmental Protection Agency P A )  Title 40, Part 60, Appendix A or Part 266, Appendix 
IX of the Code of Federal Regulations. The following specific methods were used: 

EPA Method 1 for determination of sampling and traverse points; 
EPA Method 2 for flue gas velocity and volummetk flow rate; 
EPA Method 4 for flue gas moisture content; 
EPA Method 10 for determination of CO concentrations; 
EPA Method 25A for determination of THC concentrations; 
NCASI Chilled Impinger Method for determination of formaldehyde concentrations. 

3. Sampling Point Location, Flue Gas Velocity, and Volummetric Flow Ra 
Determination - EPA Methods 1 and 2 

For all isokinetic sampling and velocity determination EPA Methods 1 and 2 were 
followed. Gas temperatures were measured using calibrated Type K thermocouples and digital 
readout devices. Gas stream velocity traverses were conducted in conjunction with each 
isokinetic sampling run using Type S pitot tubes. Gas stream velocity traverses were conducted 
immediately prior to each non-isokinetic sampling run (at the Hot Vents) using Type S pitot 
tubes. 

3.1.1 Description of Veneer Dryer Vents Nos. 1, 2, and 3 

The Veneer Dryer Vents are circular with an inside diameters of 22.5,22, and 22 inches 
for dryer vents number 1, number 2, and number 3 respectively. The nearest disturbances were 
approximately 8 feet (about 4 duct diameters) upstream of the EPA Method 5 sample ports and 
30 inches (about 1.2 duct diameters) downstream of the sample ports. Twenty-four traverse 
points were used, with twelve traverse points being measured in each of the two perpendicular 
sampling ports. This location met the minimum specifications for selection of a measurement 
site as outlined in EF'A Method 1. 

3.1.2 Description of Veneer Dryer Cooling Vent 

The Cooling Vents are circular with an inside diameters 48.5 inches. The nearest 
disturbances was approximately 8 feet (2 duct diameters) upstream of the EPA Method 5 sample 
ports and 33 inches (greater than half a duct diameter) downstream of the sample ports. 
Twenty-four traverse points were used, with twelve traverse points being measured in each of 
the two perpendicular sampling ports. This location met the minimum specifications for 
selection of a measurement site as outlined in EPA Method 1. 

- 

There are three cooler vents on the veneer dryer. The frst stack had visible emissions 
and was therefore selected as the cooler stack to be tested. The second stack had corroded and 
was not sufficient for testing. The last stack had no visible emissions, bot was not tested. Due 

14 
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to the location of stacks one and two, and the location of the sampling ports, only one of the 
ports could be traversed. This one port did traverse through the area of greatest expected 
concentration. 

Gas samples for formaldehyde were collected and analyzed following the procedures 
described in the NCASI Chilled Impinger method for formaldehyde. Three midget impingers 
of the Greenburg-Smith design, each containing approximately 15 mL of DI water, were used 
to collect formaldehyde. The last impinger contained silica gel. 

hitid and final leak check rates, recovery data, and train operation parameters for each 
test mn can be found on the field data sheets in Appendix A. 

The formaldehyde samples were quantitatively recovered from the impinger trains. The 
contents of the fist three impingers were transferred to a labeled glass container with a Teflon- 
lined lid. The impingers and connecting glassware was rinsed three times with deionized water, 
and this rinse was combined with the aqueous sample. 

The formaldehyde samples were analyzed by Enthalpy Analytical. The laboratory 
worksheets are reproduced in Appendix B. 

3.2 Continuous Measurement THC 

Flue gas from the stacks at each location was continuously extracted through a heated 
probe and passed through a Teflon mat filter housed in a heated compartment. The filtered gas 
sample was conveyed through a heated Teflon sample line to the monitoring trailer using a 
heated head sampling pump. Inside the trailer, a portion of the sample was directed to the THC 
analyzer through a heated sample line. 

Carbon monoxide in the flue gas was measured continuously using the procedures 
outlined in EPA Method 10. A gas sample was transferred continuously to a Horiba ENDA 100 
NDIR analyzer. Output from the analyzer was directed to a data acquisition system which 
recorded one-minute averages and plotted out the trace on a strip chart recorder. 

Total hydrocarbons in the flue gas were measured continuously using the procedures 
outlined in EPA Method 25A. A heated gas sample was provided to a JUM Model VE-7 THC 
instrumental analyzer. Output from the analyzer was directed to a data acquisition system which 
recorded the one-minute averages and plotted the trace on a strip chart recorder. 

The monitors were calibrated by sending calibration gases to the sample probe. With this 
method the calibration gases were passed through all the same sampling components as the flue 
gas sample. The monitoring system also had provisions for direct calibration of the monitors 
where required by the appropriate method. 

15 
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4.0 QNQC PROCEDURES 

The objective of a quality assurandquality control (QAIQC) program is to assure that 
the precision and accuracy of all environmental data generated by DEECO for clients are 
commensurate with data quality objectives (DQO’s). DQO’s are based on a common 
understanding of the intended end US&) of the data, the measurement process, and the 
availability of resources. On= DQO’s are established, formally or informally, QC protocol 
be defined for the measurements. Although the data for this program was for Title V data 
reporting, the testing followed compliance testing procedures whenever possible. 

/dl of the equipment used was calibrated according to the procedures outlined in the QaUy 
Assurance Han dbook for Air Pollution Measurement Svstems, Volume III, EPA-600/4-77-M7b. 

4.1 EPA Manual Method Sampling Equipment Calibrations 

For manual sampling, the procedures and equipment used to measure stack gas velocity 
and temperature measurements and to determine the sample gas volume were subjected to pretest 
and posttest calibrations andor inspections as required by the appropriate EPA methods. 

4.1.1 Barometer 

Barometric pressure values were obtained from a Casio barometer, calibrated against a 
mercury-in-glass barometer, and corrected for elevation to sample port level (0.01 inches Hg 
per 10 ft. elevation). 

4.1.2 Pitot Tubes 

Each pitot tube used in sampling met the design specifications for Type-S pitot tubes in 
EPA Method 2. Therefore, a maximum value baseline coefficient (Cb of 0.84 was assigned to 
each pitot tube. Calibration prior to initial use for pitot face-openhg alignment included 
measuring the external tubing diameter (dimension DJ, the base-toopening plane distance 
(dimensions P, and PJ, and the face opening misalignment angles, with all terms as described 
in Figures 2-2 and 2-3 of EPA Method 2. Pitot tubes were VisUaUy inspected for structural 
integrity at the completion of each test. Inspection sheets for pitot tubes are included in 
Appendix C. 

4.1.3 Calibration Meter and Metering System 

The secondary reference meter equipment axrangement for calibration is shown in Figure 
5.7 of EPA Method 5. The following prescribed procedures were followed. A wet test meter 
with a 1 ft3/rev capacity and L 1 percent accuracy is used as the primary calibrant. The dry 
gas meter’s pump is run for a minimum of 5 minutes at a flow rate of 0.35 cfm to condition the 
interior surface of the wet test meter. Leak checks are performed and if satisfactory, triplicate 
runs at no less than five different flow rates are done, A calibration curve is prepared and the 
meter is recalibrated after 200 hours of operation or annually, whichever comes first. 

16 
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The calibration set-up for -.2 dry gas metering system using the secondary reference 
meter in lieu of the wet test meter is given in Figure 5.5 of EPA Method 5. A leak check of 
the metering system before calibration was performed as shown in Figure 5.4 of EPA Method 
5. The metering systems's pump was operated for 5 minutes at an orifice manometer setting 
of 0.5 inches H20 to heat up the pump and system to stabilize the meter inlet and outlet 
temperatures. Values for the orifice setting (delta H), wet test meter volume (Vw), 
corresponding dry test meter volume (Vb, dry test meter inlet and outlet gas temperatures (& 
and t,,,,), and time were recorded for the initial calibration. Then, the ratio of the wet test meter 
to the dry test meter (gamma) and the orifice pressure differential that equates to 0.75 cfm at 
standard conditions (delta H@) were calculated. 

A posttest calibration was made on the dry gas meter used during the test to check its 
accuracy against the pretest calibration. This posttest calibration check was made using the 
average orifice setting obtained during each test run, and by setting the vacuum at the maximum 
value obtained during each test run. These test runs were made against DEECO's secondary 
reference dry gas meter which was calibrated against a wet test meter. 

The calibration data sheets for the dry gas meters are included in Appendix C. 

4.1.4 Thermocouples and Digital Indicators 

Thermocouples were calibrated by comparing them against an ASTM3F mercury-in-glass 
thermometer in ice water, at ambient temperature, and in boiling water. Each thermocouple was 
calibrated against temperature ranges to which it is typically exposed during test conditions, and 
they agreed within 1.5 percent (expressed in "R) of the reference thermometer throughout the 
entire calibration range. Also, thermocouples were checked at ambient temperature at the test 
site to verify calibration. 

Digital indicators were checked by feeding a series of millivolt signal skengths to the 
input and comparing the indicator reading with the reading the signal should have generated. 
Acceptable calibration error did not exceed 0.5 percent when temperatures are expressed in OR. 

The calibration data sheets for the thermocouples and digital indicators employed for this 
test program are included in Appendix C. 

4.1.5 Pretest and Posttest Leak Checks of Sampling Trains 

Each Method 5-type sampling train was subjected to pretest and posttest leak checks. 
For all sampling runs, the posttest leak checks were acceptable. 
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SCHEMATIC OF SAMPLING LOCATION 
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EPA METHOD 1 
TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS 

PLANT 
CITY EA& <de STATE A&' 

INSIDE OF FAR WALL TO dUTSlDE 

INSIDE OF NEAR WALL TO OUTSIDE 

NEAREST UPSTREAM DISTURBANCE 7 ' 

lJ.,l I kc4 fit i& 

SAMPLING LOCATION Or,/& L 
OF.NIPPLE, (DISTANCE AI, a s', 5' " 

,, 
OF NIPPLE, (DISTANCE E) 4 
DISTURBANCE 7bP 

NEAREST DOWNSTREA~~DISTURBANCE -9 1 
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DISTURBANCE 400 

DISTURBANCE 
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PRODUCTOF ' . TRAVERSE DISTAXE 

STACK COLUMNS 2 AND 3 FROM OUTSIDE OF N:?PLE 
(SUM OF COLUMNS 4 & 5)  I.D. (TO NEAREST 118-INCH) DISTANCE B 

22." I L 4  2 .  ry 
I I Itt1 I 6 %  " I 

I . 2 g '  75" 

- 
EPA METHOD 1 

TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS 

ll I d.'V 1 I 3%'' 

I 5 1  0.2n 

q 0.3s-& 1 . I 
I 7 I 0.CYY 

1 1  0.922) I I 
Io I Q8Y2 I 
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DISTURBANCE 
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TELOCITY T U W R S E  DATA 

.SAMPLING LOCATION 
D,,W + # I  J 

.. 

io' Manometer 0 

. .  

's = Pbar + PglU.6 

dokt(%) = 1M(am) 

<d = O.&(%COZ) -k 032(%02) 
+ 0.28(%N2 + %CO) 

d5 = M~(I -B\ s )  4. laBw 

Js = 85.49Cp(sqri[(Dclta P)zvg]) 
x sqr;[(rs+4Go)RvIsPs)] 

>a = 60VsA~ 

2s = Qa[SW(Tsi460)](PsI9.92) 
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ci cy 

. .  

0" Manornckr 0 

. .  

's = Pbar + .Pg113.6 
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dd = 0.44(%C02) + 032(%02) 
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B. FORMALDEHYDE SAMPLE RECOVERY SHEET 

SampleDate 4 n 3  c 9 s  
wr Recovery Date - 33- 

Sample Recovery PerSon- Run ID ovy,,1 - CouC1;f:.+, 

RECOVERED SAMPLE 

Formaldehvde 
R u n 1  .. 
Impinger Container NO. 
Sample Volume (mL) Level Marked J 
Contains: D" Impinger Contents 

Water Rinse / MeC1, Rinse 

# \  L a 4  

Run 2 
Sample Volume (mL) $6 LevelMarked / 
Contains: J3W3 Impinger Contents J 

Impingercontainer~o. (c)MJ I .tf I L w L  .I 

Water Rinse / MeCl, Rinse & 
Ai45 3. 4 I &  

I LevelMarked J 

Run 3 
Impinger Container NO. /OW 
Sample Volume (mL) 132- 
Contains: DPEEH Impinger Contents J 

Water Rinse / MeC1,Rinse ,& 
. .  . 

'&A- ' Blank I 
Impinger Container NO. 
Contains: DNPH Impinger Contents 

Water Rinse. 
14 

/l/k '. MeC1, Rinse I?- - . '  

SAMPLE INTEGRITY AND COMMENTS 

Sample stored and locked? 
Remarks: 

Date of laboratory custody 
Laboratory person taking custody 
Remarks: 

I 
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FORMALDEHYDE SAMPLE RECOVERY SHEET 

- Qc;l Plant W',\\acn - a 3  d-2 .g-+ ;snpp Date Sample Location Recovery Date L\ -a ?i -9s  
Sample Recovery Person Could I ttz 

RECOVERED SAMPLE 

Formaldehvde 
R u n L  . 

Contains: m I r n p i n g e r  Contents J 

Run 

I Impinger Container NO. cov4 . I +f2 RWH 

Impinger Container NO. C a d  I dtlz Au* 2 
Sample Volume (mL) 1 7 q  w A LevelMark4 / 

Sample Volume (mL) 166 WUh LevelMarked d 

Water Rinse 7 MeCl, Rinse N4 

6 MeCl, Rinse /L/A Contains: m I m p i n g e r  Contents 
Water Rinse 

Run 2 
Impinger Container No. 
Sample Volume (mL) 

("d c! I H 2 .  L U . 3  
LevelMarked J E& *"dPi ~6 

MeC12 Rinse &A Contains: Impinger Contents 
Water Rinse - _  

Blank 
Impinger Container No. 
Contains: DNPH Irnpinger Contents M 

/d& 
Water Rinse N4 MeC1,Rinse & 

SAMPLE INTEGRITY AND COMMENTS 

Sample stored and locked? 4 s  
Remarks: 

Date of laboratory custody 
Laboratory person taking custody 
Remarks: 

I 
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FORMALDEHYDE SAMPLE RECOVERY SHEET 

Sample Date 4-a3-?% * .? %*!Ut +a? 9% Plant u : \ \am+bnn hr - Sample Location Recovery Date 
Sample R W V ~  Person Run ID c m c  I # 3  

RECOVERED SAMPLE 

Formaldehvde 
Run( - I Impinger Container NO. (CY&! I ..d3 RL(* 
Sample Volume (mL) BY Level Marked 
Contains: E" Impinger Con 

J 

Water Rinse MeC12 Rinse ,&& 
Run 4 
Sample Volume (mL) / 
Contains: I" Impinger Contents 

Water Rinse MeCl, Rinse 

R w  ;1 Impinger Container NO. (riL4A I #3 
IPGhh I36 Level Marked 

42 
cn b l  / 

I H W h  7 Level Marked 
3 Impinger Container NO. c! ( H 3  Rue 

Sample Volume (mL) . r. J 

Run 1. 

Contains: W H  Impinger Contents 

B l a d  
Impinger Container No. M4 
Contains: DNPH Impinger Contents 

Water Rinse - MeC1,Rinse 

Water Rinse d$4 MeC1,Rinse &f 
SAMPLE INTEGRITY AND COMMENTS 

Sample stored and locked? ut 5 
Remarks: 

Date of laboratory custody 
Laboratory person taking custody 
Remarks: 
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FORMALDEHYDE SAMPLE RECOVERY SHEET 

Plant ~‘,\\-ciM ., A< Sample Date - 93- 9% 
- Sample Location w Y &o\ cc 

Sample Recovery Perso- Run ID CoMd ? d y  ‘’ Recovery Date 

RECOVERED SAMPLE 

Formaldehvde 

Rrn I 
R u n L  . 
Impinger Container NO. cow c! I d Y 
Sample Volume (mL) 
Contains: lUPH3mpinger Contents 

Water Rinse 

Level Marked 

Run & 
Impinger Container NO. 
Sample Volume (mL) J 
Contains: D~IE# Impinger Contents */, 

Water Rinse MeCI, Rinse 
Run 

Sample Volume (mL) Level Marked J 
Contains: DNELImpinger Contents 

Blank 

Contains: DNPH Impinger Contents rF 

LevelMarked J 

MeCI, Rinse d/& 

I dcf AWL 

44- 
Impinger Container NO. f n J  1 $4 L 3  , 

Impinger Container NO. “4 
Water Rinse .. .. MeC1,Rinse Nk 

Water Rinse A MeC1,Rinse A$ - 
SAMPLE INTEGRITY AND COMMENTS 

Sample stored and locked? “c4 
Remarks: 

Date of laboratory custody 
Laboratory person taking custody 
Remarks: 

I ’  
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's = Pbar + Pg113.6 
deist(%) = IM(B\a) . . 

dd = O.&(%CO2) 4- 032(%02) 
4- 0.28(%N2 + %CO) . ,  

vls = Md(I-B\a) -I- 18Bns 

+'s = 85.49Cp(sqr([(Dclb P)avg]) 
x sqi;[~s+4co)NsPs)] 

>a = 6 0 V s h  

2s = Qa[52B/~si460)](Psr29.92) 
x (1 - BWS) 
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VELOCITY TRAVERSE DATA 
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VELOCITY TIUVERSE DATA 

SAMPLING LOCATION 
k + * 3  J 

Plant lJ#/l'b-.< k ' PitotT)pc 3 Bar Pres (in HO) z9.qr .- Pitot No. YK Post ccak check 
Pitot Cp 6.87 SfackDiametcr on) - 2 2  

,=icy 

Eale "t l i ermoe~~pI~  'ir COYQ2Ana45k By rq/ 3 4  
Operator 
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0' Manometer [7 

. .  



- 

I 
I 
I ,  
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I '.- 
I 

- 

\ >  

.. 

licrornanomctcro 
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Ps = Pbar i Pgl13.6 

Moist(%) = ICO(B&) 
I 

Md = 0.44(%C02) i 032(%02) I f  1 .  I I n I I 1 I I 
i O.Zs(%NZ i %CO) 1 9  8, r 

Vs = 8S.S9Cp(sqfl[(Dclk P)avg\) 
x sq~[(-rs+460)/M5Ps)] 

Qa = KJVsAr 

Qs = Q2[528/CTsi4M))](PsR9.92) 
x (1 - BWS) 
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FORMALDEHYDE SAMPLE RECOVERY SHEET 

Plant ld :\\om& F MllI-0 h Sample Date L\ - QLl. - '7% 
Sample Recovery Person Run ID f 6 d  Z*l  
Sample Location r \ ~  c \ Recovery Date - acl-'qs 

RECOVERED SAMPLE 

Formaldehvde 
R u n 3  . 

Sample Volume (mL) 17 B LevelMarked I /  

Contains: EWPH-Impinger Contents 
Water Rinse 

Run 5 
Sample Volume (mL) 1 9  n Level Marked / 
Contains: -Impinge1 Contents L/ 

Impinger Container No. CCJ Md 2- dl - Re-  I 

Impinger Container NO. m 4 ~  I 1 A 4  L 

( O h J  1 # I  T u 7 3  
Sample Volume (mL) & Id Y , Level Marked J 

+ MeCl, Rinse #A- 

Water Rinse J MeC1,Rinse /y'k 
Run - 6 
Impinger Container No. 

Contains: BWH Impinger Contents t/ 

Blank 
Impinger Container No. 
Contains: DNPH Impinger Contents kh+ 

Water Rinse ., J MeC1, Rinse 
7 

-. d% i 

14 Water Rinse J/A MeC1, Rinse - 
SAMPLE INTEGRITY AND COMMENTS 

Sample stored and locked? ve=, ~ 

Remarks: 

Date of laboratory custody 
Laboratory person taking custody 
Remarks: 
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FORMALDEHYDE SAMPLE RECOVERY SHEET 

Sample Date - 9P Y - 9 CI 
Recovery Date + !AW 

Sample Recovery Person Run ID Co*d 2 d L  
- 9F 

RECOVERED SAMPLE 

Formaldehyde 
Run 5 
Sample Volume (mL) I 66 LevelMark4 / 
Contains: iXG4Hmpinger Contents 

Water Rinse 
Run 3 
Sample Volume (mL) / 
Contains: LSFH Impinge; Contents 

Water Rinse 
Run .-&- 

Impinger Container NO. CoVllJ 2. 4tf2 R Y "  I 

Impinger Container NO. L 4 2  

Impinger Container No. (0-12 2 SfL R, ,  '3 

.e MeC1, Rinse rJA- 

& MeC1, Rinse 4- 
( -3 .  d A M  2 I 

I ss! Level Marked 

Sample Volume (mL) r7.f Level Marked J 
Contains: rar;cPn Impinger Contents 

Blank 
Irnpinger Container No. A 
Contains: DNPH Impinger Contents 

Water Rinse -. + MeC1,Rinse & 

Mi! Water Rinse ---.ae= MeC1, Rinse 

SAMPLE INTEGRITY AND COMMENTS 

Sample stored and locked? 5 
Remarks: r 

Date of laboratory custody 
Laboratory person taking custody 
Remarks: 
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.- FORMALDEHYDE SAMPLE RECOVERY SHEET 
I 

Plant k, ; \\o.wi&i &?CCSOe, Jh.r 
Sample Location H P a a \ ~ ~  Recovery Date u 94- 
Sample Recovery Person -$- Run ID C0-d 

Sample Date L\- qq- 9% 
c 

RECOVERED SAMPLE 

Formaldehyde 
R u n s  . 

Sample Volume (mL) 
Contains: m m p i n g e r  Contents J 

Run 

Sample Volume (mL) J 
Contains: B"€Impinger Contents , J 

I I HY L-I Impinger Container No. c o d  A 
62 / Level Marked 

Water Rinse 7 MeC1, Rinse / k  

, 
9% I Level Marked 

2- g.t R Y Y Z  Impinger Container No. c o v d  

Water Rinse MeCl, Rinse M& 

Sample Volume (mL) fio , Level Marked J 

Impinger Container No. U W f W  rs fed 

m 4 A  2- + L 4 1  3 Run $_ 
Impinger Container No. 1 

Contains: B" Impinger Contents J 

Blank 

Contains: DNPH Impinger Contents ,Q8- 

MeCl, Rinse A/A Water Rinse .. 

Water Rinse I /  MeC1,Rinse ,v'& - 
SAMPLE INTEGRITY AND COMMENTS 

I C  I .  

I 

Sample stored and locked? \/c -, 
Remarks: 

Date of laboratory custody 
Laboratory person taking custody 
Remarks: 

//o 
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DEECO, Inc. 
3404 Lake Woodard Drive 

Raleigh, NC 27604 

Willamette 
(98-1559) 

Analytical 
(0598- 

Report 

NCASI Method 

Enthalpy Analytical, Inc. 
321 1 Bramer Drive 
Raleigh, NC 27604 
9 1 9/850-4392 

Formaldehyde 
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COND 1 #I RUN I 

C U N D I I I R U N Z  

COND I 11 RUN 3 

COND 2 11 RUN 1 

CUND 2 R RUN2 

COND 1 R RUN I 

CONDIRRUN2 

COND 1 R RUN 3 

COND2RRUNI 

COND 2 R RUN2 

2 , l t l  

4 3 s  

3.m 
3 . 8 6  

3.161 

.. ... . . , .  , < . '  .. ... .. . . 
3549 

-~ . 
COND2RRUN3 __ 

: ... . .- 

COND I 1 3  RUN I 

COND 1 13 R U N 2  

COND 113 RUN3 

COND 2 13 RUN 1 

corn 2 n RUN 2 

4211 

MD 
1.060 

381 

417 

CUND114RuNl 

COND I 14 RUN 2 

COND 114 RUN 3 

< 219 

< 2.68 

< 2.21 

CUND214RUNI  

COND 2 14 RUN2 

CUND 2 14 RUN3 
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Results 
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Enthalpy Analytical Narrative Summary 

Satiqles were received on 05/04/98 by Jeanette Beasly of Enthalpy Analytical. 
hc.  afur being relinquished by DEECO, Inc. Samples were received at room 
temueraturc. Prior to and during analysis they were kept under lock with a m  ~ . . 

on$ . .  to authorized personnel of ~nthalpy ~nalytid,  hc.  
The samples were analyzed for formaldehyde according to the proceduns outlined 
in the NCASI sampling and anal@d method. 

Samples were analyzed using a SpecIronics Specnophotometer set at 412 nm 
reading in units of absorbance. AU samples were analyZta twice and the average 
of thehe readings were used to calculate the concentration. 

: '  . All reagents and standards were made fresh prior 10 analysis. Tbe acetylacetone 

..,' into to a 100 mL volumetric flask, then adding 50 mL of DI water. To this 
.. solution, 0.20 mL of acetylacetone and 0.3 mLof glacial acetic acid was added, 
:: mixed thoroughly, then diluted 10 the mark (100 mL). Foddehydc  standards 

. .. . , ,  ' . .  . ' reagent was made by quantitatively transferring 15.4 grams of ammonium acetate 
' '  '. . 

. .  

. .  , . . . . ::, . - .  - ,.. were made by diluting a certified 37% standard with D1 water. 
.. . . .  . .  . ... . . . .  . . :- - .. . 

. . ::. '. -'... .. .': ,-.:; For sample analysis, 2.00 mL of the sample is added to the cuveae; then, 2.0 mL 
of the acetylacetone reagent is added. Kaled with Par& and mixed with a 
Vortex mixer -.60 seconds. This solution is heated at 600c'for 10 minutes. then 
cooled to room temperature prior to analysis. The standards are prcpared by 

- adding a lmow concentration of formaldehyde to the 2.0 mL of acetylacetonc 
reagent. This solution is then diluted IO a volume of 4.0 mL. and analw in the 

. same manner as the samples. 
. -  . .... . . .  

. .. 
. . . .  

' '  . b$dg ;'.' . . j ,  OK 
. .  . .I 

Reproducibility ' :, All standards were within 10% of their tag value. 
OK 
MDL - Minim~im Deledon L i t . .  ' ' 

LOQ - Limit of Quantification . ,  
. .  . 

. . , . . . , . . 

. .  
... . 
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DATE RECEIVED 3 Y  DONNA/BRlAN INITIALED: 
r .  r /./z - 

~~~ ~~~ 

LA3 CCNTACT ? E X O N  AND PHONE NUMDEZ: 

\ 

1 .  h.,fl IC;& c .,3 -* 
r-- RESULTS ' R E 3 0 5  I I D  TO: 

CHAIN OF CUSTCDY ATTACHED NO 

SAMPLZ CONTAINEaS LA33ELED NO 

SAMTLE LEVELS MARKED NO 

OTHE.? INFORMATION: 

SIGNATURE OF P MER. DATE: 

SIGNATURE OF gli3ECTOR DATE: 



) I " 

I 
I 
I 
I 
I 
I 
I 
I 
t 
I .  

Curve/QA Point (s) 
I I 

I I 

I 
I 
I 



I 
I 
I 
I 
I 
1 
I 
I 

0.m 

0.800 

1.99 

3.97 

7.86 

0.05 

0.10 

0.260 

0.520 

0.97s 

0.W 

4.76 

4.55 
0.M) 

0.W 

0.05 

0.11 

0.26s 

0.520 

0.97s 

0.522 

0.765 

2.04 

4.11 

7.78 

o.m 0.050 

4.76 0.105 

0.95 0.263 
0.00 0.520 

0.m 0.975 

I 

Formaldehyde 
0598-10 

- 
0 2 4 6 a 

Concentration (ug!mL) 

. .  
. .  

SLOPE = 0.12396613 
hercept = 0.01010576 

R^Z = 0.9990 
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L -  

I 

1 4 A n  
VOST I 1  
1 .m 
1 

Press. Initial CH20) 
Press. Flnal CH20) 11 1.9 I 1 .9 
WET TEST METER I 

VOST CALIBRATION 

Dab: 04/19/98 
Barorneblo: 29.65 
Operatox M MILBOURNE 
Initink 

0.3 1 0.0 I 0.0 I 0.0 
29.00 H I I " 

0.00 0.00 0.00 
0.00 0.00 0.00 

0.0 0.0 
0.0 0.0 0.0 

0.0 0.0 

NIA I NIA 

NIA 1. NIA 1 NIA 
NIA 



I '  
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 

I 
I 
I 
I 

I 

I I 

I 

1'.. - 

VOST CALIBRATION 

Wet Test Number: 14An 
Meter Box Number: VOST YB 
Prevlous Y(cal check): 1.W 
Y of Flow Ralo8: 1 

.....- Daw 
Bmmsbic: 29.83 
O p m k  Arthur Dougherty 
Inklah 

.. . . .  .. 
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VOST CALIBRATION 

~ 

I 

i 
I 
t 

1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I i, 
I 
1 .  

Wet Test Number. 14A12 
Meter Box Number. VOsT #4 
~WIOUS Y(cal check): 1.00 
# of flow Rates: 1 

....*.*. Dale: 
Baromeirlo: 29.83 
Opemlw. m u r  Doughem 
Initiak: 

0.00 0.00 0.00 
0.00 0.00 0.00 0.00 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 

0.0 0.0 
..̂ nn n o  0.0 

0.0 0.0 0.0 
0.0 0.0 0.0 0.0 

0.0 
0.0 

1 3.12 I I I I I 

/35- J 
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EMISSION SUMMARY SHEEl3 
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i . .  
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L' 

Lopl 

Ylpo 
nmo 

M 
LDDP 
(LN . 

sum 
e 
Lu 
(0 
Lu 
M 

Qb 

.- 

g 6 b Z ' '  q j $ . ' D  

2Mo.7 17522 
2.31E-04 2.WE44 

24.48 .' 21.07 
20.03 17.89 

L&T Total Hydrocarbon wncentration.(as 6ropane) 
'/ Total Hydrocarbon'wncentration (as' Propanej . .. 

Total Hydrocarbon emission rate (as Propane) 
' 

Total Hydrocarbon emission rate (as Carbon) 

METHANE EMISSION RATES 
Total Methane concentration 
Total Mehne concentration (as Carbon) 
Total Memane emission rate (as Carbon) 

NON-METHANE HYDROCARBONS 
Non-Methane emission rate (as Carbon) 

ppmv 1534.1 
I b / d  , .1.75E-04 
Ibhr 15.25 
lblhr 12.48 

1769.0 
202E-W 

20.53 
16.80 

459.7000 
0.WW 

2.75 

14.05 

ppmvd 1077.5 
lblsd ' 0.MXw) 
Ibhr 5.54 

115.1 306.5 
0 . m  0 . m  

0.72 1.98 

lbhr 6.94 19.31 15.91 

j38' 
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a00 YlDl 
e e 

w 41 
u u 
XI IOU 
n52 Luc 
u 

up 
m.2 9u 
lu5 
Mo 
uo 

I I 
D .-I -- ' 13.' Lo" 

~ 
\ in HYDROCARBON EMISSION RATES x 3 ' cl'" 

, < Total Hydrocarbon concentration (as Propane) ppmv 794.1 557.0 696.0 632.9 
Total Hydrocarbon concentration (as Propane) lblsd 9.07E-05 6.37EU5 7.96Eo5 7.sM-05 
Total Hydrocarbon emission rate (as Propane) Ibhr 15:sI 11.12 14.10 13.&? 
Total Hydrocarbon emission rate (as Carbon) Ibhr , 12.74 9.10 11.m 11.15 

\,x 

MEMANE EMISSION RATES 
~ o t a l  Methane concentration ppmvd 1427.7 104.3 2312 614.4000 
Total Methane concentration (as Carbon) Ib/& O.oo00 O.oo00 O.oo00 O.oo00 
Total Methane emission rate (as Carbon) lbhr 13.00 1.71 219 5.63 

NON-METFIANE HYDROCARBONS 
Non-Methane emission rate (as Carbon) Ibmr -0.26 7.39 9.41 5.51 

i37 
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P m3 
bQI. nmo 

/ 

HYDROCARBON EMISSION RATES .( 3 \5IZ 9 UO.7 \?'?"I 
I frL 

,:. Total Hvdrocarbon concentration (as Propane) D P ~ Y  504 413.5 461 . . .  
Total Hydrocarbon concantration (as Propane) lb/& 5.76E-05 4.72E-05 5.26E-05 5.25E.05 \>it\ 

Total Hydrocarbon emission rate (as Propane) Ib/hr 
Total Hydrocarbon emistion rate (as Carbon) Ib/hr 

METHANE EMISSION RATES 
Total Methane concentration PPmvd 
Total Methane concenb-ation (as Carbon) 
Total Methane emission rate (as Carbon) 

NON-METHANE HYDROCARBONS 
Non-Methane emission rate (as Carbon) 

Ib l td 
Ib/hr 

Ib/hr 

5.96 4.87 5.39 5.41 
4.88 3.98 4.41 4.42 

0 0 44.7 14.9000 
0.OOOO Q.WOO O.oo00 0.MXx) 

0.00 0.00 0.24 0.08 

4.88 3.98 4.17 4.34 



;I I " 

I 
I 

,-- 

LOU 
P W  

1mJIO I 
I 

nim )*7* 
b3 c 
U u 
M u 
U u 
a M 
1I 
om 
Y 9 l l  

I- 
hHI 
hW 
hW 

Q I om 
SI1 
93.2 

UOm 
o m  
o m  
Mi 

on4 
8) 

Ul 
UDa 
om 

I Mi 
om 
8)  8) 

M oo 
m1 

I- i '  

! :  

! 

i 
'7 
- I  

7 i l  J. z - HYDROCARBON EMISSION RATES ., ., 
Total Hydrocarbon concentration (as Propane) ppmv 

'J" Total Hydrocarbon concentration (as Propane)' lb/sd 
Total Hydrocarbon emission rate (as Propane) lbhr 
Total Hydrocarbon emission rate (as Carbon) lb/hr 

0.4 8 9 5.8 
.4.57E-08 . .  9.14E47 . 1.WE46 6.62E-07 

0.83 0.99 0.62 
0.W 0.68 0.81 0.51 
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M!ZIHANE EMISSION RATES 

Total Methane conwntration (as Carbon) I b / d  O.oo00 O.oo00 0.WW O.oo00 

~ o t a l  Methane emission rate (as Carbon) 

Total Methane omcentration ppmvd 14.7 14.2 0 9.6333 

p h r  0.51 0.49 0.00 0.33 

NON-METHANE HYDROCARBONS 
Non-Methane emission rate (as Carbon) Ib/hr 4.48 0.1s 0.81 0.17 
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- Total Hydrocarbon conmntration (as Propane) pprnv 945 

_- 

HYDROCARBON EMISSION RATES zLE_->-> 

.., 4 ‘‘ Total Hydrocarbon mndnbation. (as Propane) Ib/sd ~ 1 .OSEO4 
Total Hydrocarbon emission rate (as Propane) Ib/hr -1220 
Tow Hydrocarbon emission rat8 (as Carbon) Ibhr \ 9.98 

METHANE EMISSION RATES 
Total Methane concentration ppmvd 70.1 
~ o t a l  Methane concentration (as Carbon) lblscl 2.43E-06 
Total Methane emission rate (as carbon) lblhr 0.53 

Non-Methane emission rate (as Carbon) Ib/hr 9.45 
NON-METHANE HYDROCARBONS 

r 

;I< I 
1251 

1.43E-04 
15.31 
12.53 

68.3 
2.13E-06 

0.44 

12.09 

l.ZjE-04. . 1,25EOI 
12.95 ’ 13.49 
10.59 11.03 

81.5 75.9661 
2.54E-06 O.oo00 

0.50 0.49 

10.09 10.54 
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a!.' 7 \xJ  10') ._ HYDROCARBON EMISSION RATES vp> ' Cr- c 7 - \?L c 

Total Hydrocarbon concentration (as Propane) ppmv 709.7 708 686.2 , 701.3 
8,lMF' 8.WG ' 7.84E-05 ',8.01E05 

Total Hydrocarbon emission rate (as Propane) lbhr 14.31 . 14.20 13.64 14.05 
bJ" " Total Hydrocarbon mncentration (as Propane) Ib/sd 

Total Hydrocarbon emission rate (as Carbon) lblhr 11.71 11.62 . 11.16 11.50 

METHANE EMISSION RATES 
Total Methane concentration ppmvd 51.7 37.0 31.2 40.2333 
Total Methane concentration (as Carbon) lbjsd 0 . W  0 . W  0 . W  O.oo00 
Total Methane emission rate (as Carbon) lblhr 0.49 0.35 0.29 0.38 

NONMETHANE HYDROCARBONS 
Non-Methane emission rate (as carbon) lblhr 11.22 11.26 10.87 11.12 
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HYDROCARBON EMISSION RATES vc> ' 
5 6 3 i  

Total Hydrocarbon emission rate (as Carbon) Ib/hr 5.42 5.72 5.04 5.39 

~ ~,,I Total Hydrocarbon mncentration (as Propane) ppmv 579.6 , 564.8 547.4 
e.\~' Total Hydrocarbon concentration (as Propane) Ib/sd 6 . E -  6.4935 . 6.25E.05 6.44E-05 

6.99 6.16 . 6.5B . ,662 
. .  

Total Hydrocarbon emission rate (as propine) lb/hr 

MEMANE EMISSION RATES 
Total Methane concentration PPmvd 0 17.6 16.1 11.2333 
Total Methane concentration (as Carbon) Ib/sd 0,ooOO O.oo00 O.oo00 O.oo00 
TOM Methane emission rate (as Carbon) Ib/hr 0.00 0.10 0.08 0.08 

NorrMethane emission rate (as Carbon) Ib/hr 5.42 5.62 4.95 5.33 
NONMETHANE HYDROCARBONS 
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Total Hydrocarbon concentration (as Propane) ppmv 4.5 3.2 9.3 

Total Hydrocarbon emission rate (as Propane) Ib/hr 0.51 0.40 1.17 
Total Hydrocarbon emission rate (as Carbon) Ibhr 0.46 0.33 0.96 

'A6 Total Hydrocarbon concentration (as Propane) I b / d  5.14E-07 3.65E-07 1.06E-06 6 
5.7 

.47€-07 
0.71 
0.58 

METHANE EMISSION RATES 

Total Methane concentration (as Carbon) Iblsd O.oo00 O.oo00 O.oo00 O.oo00 

Methane heat input emission rate Ib/MMBt O.oo00 O.oo00 O.oo00 O.oo00 

NON-METHANE HYDROCARBONS 
Non-Methane emission rate (as Carbon) Ib/hr -0.33 0.33 0.73 0.24 

Total Methane concentration ppmvd 18.5 0 5.4 7.9661 

Total Methane emission rate (as Carbon) Ibhr 0.79 0.00 0.23 0.34 
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PROCESS OPERATING DATA 
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Test Participants 

DEECO Team Leader 
Site Leader 

Field Tech 
Field Tech 

CEM operator 

Willamette Contact 
Willamette Contact 


