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’ DISCLAIMER

This document was prepared by MACTEC Federal Programs, Inc. IMACTEC) under
contract to the National Asphalt pavement Association (NAPA). This document has been
reviewed following MACTEC’s internal quality assurance procedures and has been approved for
distribution. Mention of trade names does not constitute endorsement by NAPA or MACTEC.
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1.0 INTRODUCTION

The National Asphalt Pavement Association (NAPA) initiated a project to develop
emission factors for formaldehyde emissions from hot oil systems (HOS) at hot mix asphalt
(HMA) plants. NAPA contracted the testing services to Pacific Environmental Services, Inc.
(PES) who subsequently changed its corporate name to MACTEC Federal Programs, Inc.
(MACTEC). The primary objective of the testing effort was to accurately determine
formaldehyde concentrations and mass emission rates from HOS burners. Because carbon
monoxide (CO) is also a product of incomplete combustion, determinations of CO concentrations
and mass emissions were also made. The results will be used by NAPA to develop emission
factors for formaldehyde and CO.

The United States Environmental Protection Agency (EPA) recommended to NAPA that
at least four different HOS burners be tested in order to obtain sufficient data to constitute a
statistically significant data base. In order to satisfy this recommendation, NAPA selected four
HMA plants, all located in North Carolina, to serve as host facilities for the planned testing
program. Three of the HOS burners were fired using No. 2 fuel oil and one HOS burner was
fired using natural gas. The testing program included preparation of a Quality Assurance Project
Plan/Site-Specific Test Plan (QAPP/SSTP), field testing and sample analyses, and report
documentation. The QAPP/SSTP was approved by the EPA,

Table 1-1 summarizes the emissions test log for the four facilities. Presented in Figure
1.1 is the project organization and major lines of communication. Section 2.0 contains the
results of the testing; Section 3.0 provides the problem definition and background; Section 4.0
contains descriptions of the measurement sites; Section 5.0 contains descriptions of the sampling
and analysis procedures; and Section 6.0 contains the Quality Assurance/Quality Control
procedures that were employed during the testing program and the results of calibrations and
analytical QA data. Copies of all process data, field data generated during the testing, the
subcontracting laboratory analytical report, computer calculations and example calculations,
calibration data and compressed gas certifications of analysis, project participants, and reprints of
the EPA Test Methods are contained in the appendices to this document.
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TABLE 1.1

EMISSIONS TEST LOG
Run No. Date Pollutant Run Time D“.”‘tw“’
Minutes

S.T. Wooten. Franklinton

WEF-F-1 3/25/03 Formaldehyde 1030-1151 72.0
Carbon Monoxide

WF-F-2 3/25/03 Formaldehyde 1255-1411 72.0
Carbon Monoxide

WF-F-3 3/25/03 Formaldehyde 1511-1626 72.0
Carbon Monoxide

S.T. Wooten, Clayton

WC-F-1 3/27/03 Formaldehyde 0934-1109 72.0
Carbon Monoxide

WC-F-2 3/27/03 Formaldehyde 1136-1250 72.0
Carbon Monoxide

WC-F-3 3/27/03 Formaldehyde 1400-1503 72.0
Carbon Monoxide

REA - Mallard Creek

MC-F-1 4/1/03 Formaldehyde 0915-1040 72.0
Carbon Monoxide

MC-F-2 4/1/03 Formaldehyde 1129-1245 72.0
Carbon Monoxide

MC-F-3 4/1/03 Formaldehyde 1339-1501 72.0
Carbon Monoxide

REA - North Mecklenburg

NM-F-1 4/2/03 Formaldehyde 1435-1554 72.0
Carbon Monoxide

NM-F-2 4/3/03 Formaldehyde 0830-0945 72.0
Carbon Monoxide

NM-F-3 4/3/03 Formaldehyde 1026-1143 72.0

Carbon Monoxide
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2.0 SUMMARY OF RESULTS
Summarized in this section are the results of the testing that was conducted at the four
asphalt plants. Exhaust gas parameters, pollutant concentrations, and pollutant mass emission
rates are summarized in Tables 2.1 through 2.8.
2.1 TEST OBJECTIVES AND TEST MATRIX

The following criteria for measurement data were established in the QAPP/SSTP:

— The representativeness of the formaldehyde and CO data will be ensured by testing
four separate HOS burners.

— The HOS burners will be operated at high-fire, constant load conditions.

— Triplicate samples for formaldehyde and CO, each 60 minutes in duration, will be
collected over a several hour work day to account for fluctuations over time. If any
test runs need to be aborted, a replacement test run will be performed to ensure three
data points for each parameter. The EPA has established three test runs as the

minimum number for statistical purposes.

— The sample duration and volume must be sufficient to detect formaldehyde in the
samples.

— Data completeness goal is 100%.
All of these criteria were met with the exception of two test runs at the S.T. Wooten-Clayton
facility where no formaldehyde was detected in Run Nos. WC-F-2 and WC-F-3.
2.2  QUALITY ASSURANCE PROJECT PLAN AND SITE-SPECIFIC TEST PLAN

CHANGES

The following field changes were made to the Quality Assurance Project Plan/Site-
Specific Test Plan.

» The test times at each facility were increased from 60 minutes to 72 minutes.
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» The measurement site at the S.T. Wooten-Franklinton facility was changed because a
roof had been erected over the existing stack that prevented the installation of the
stack extension. Alternative procedures in Method 1A were used.

» The S.T. Wooten-Wilson facility was changed to the S.T. Wooten-Clayton facility.
Also at this location, a roof over the stack had been installed that prevented use of the
stack extension.

2.3 FORMALDEHYDE AND CARBON MONOXIDE EMISSIONS

This section presents the results of the formaldehyde and CO testing. CO results were
corrected for observed calibration and bias errors.

2.3.1 S.T. Wooten, Franklinton

Table 2.1 summarizes the stack gas conditions for the HOS burner at S. T. Wooten’s
Franklinton facility. The average stack gas velocity was 9.4 feet per second (fps) at 737 °F. The
stack gas was comprised of 11.7 percent (%) CO,, 6.3 % O, and 10.7 % moisture. The average
stack gas volumetric flow rate was 197 actual cubic feet per minute (acfm) or 78 dry standard
cubic feet per minute (desfm). During Run No. WF-F-1, the pre-test flow rate was 12.6% greater
than the post-test flow rate. This may have introduced a positive bias of up to 12.6% on the
formaldehyde and CO emissions reported for Run No. WF-F-1.

Table 2.2 summarizes the formaldehyde and CO emissions from the HOS burner stack at
S.T. Wooten’s Franklinton facility. The average heat input was 0.42 million Btu per hour
(mmBtuw/hr). The average formaldehyde concentration was 63.8 parts per billion, by volume
(ppbv). The average formaldehyde mass emission rate was 2.38E-05 pounds per hour (Ib/hr) or
5.66E-05 pounds per million Btu (Ib/mmBtu). The average CO concentration was 30.1 parts per
million, by volume (ppmv). The average CO mass emission rate was 1.09E-02 Ib/hr or 2.59E-02
Ib/mmBtu.

2.3.2 S.T. Wooten, Clayton

Table 2.3 summarizes the HOS burner stack gas conditions at S.T. Wooten’s Clayton
facility. The average stack gas velocity was 13.9 fps at 623 °F. The stack gas was comprised of
11.0 % CO,, 8.0 % O, and 8.5 % moisture. The average stack gas volumetric flow rate was 708
acfm or 318 dscfm.

Table 2.4 summarizes the formaldehyde and CO emissions from the HOS burner stack at
S.T. Wooten’s Clayton facility. The average heat input was 0.91 mmBtu/hr. The average
formaldehyde concentration was <2.05 ppbv. During runs WC-F-2 and WC-F-3 the
formaldehyde concentrations were below the method detection limits of 1.55 and 1.39 ppbv,
respectively. The average formaldehyde mass emission rate was <3.03E-06 1b/hr or <3.33E-06
Ib/mmBtu. The average CO concentration was 1.8 ppmv. The average CO mass emission rate
was 2.53E-03 Ib/hr or 2.78E-03 lb/mmBtu.
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TABLE 2.1

SUMMARY OF EXHAUST GAS PARAMETERS
HOS BURNER STACK
S.T. WOOTEN - FRANKLINTON

Run No. WEF-F-1 WEF-F-2 WF-F-3 | Average

Date 3/25/03 3/25/03 3/25/03
Velocity, fps® 104 9.3 8.6 9.4
Temperature, °F 717 750 744 737
CO,, % by volume 11.0 12.0 12.0 11.7
0,, % by volume 6.5 - 6.5 6.0 6.3
Moisture, % by volume 10.9 10.9 10.3 10.7
Exhaust Gas Volumetric Flow Rate

acfm® 218 193 180 197

dscfim® 87 75 71 78

* Feet per second at stack conditions
b Actual cubic feet per minute
¢ Dry standard cubic feet per minute at 68°F and 29.92" Hg




TABLE 2.2

SUMMARY OF FORMALDEHYDE AND CARBON MONOXIDE EMISSIONS

S.T. WOOTEN - FRANKLINTON

Run No. WEF-F-1 WEF-F-2 WF-F-3 Average
Date 3/25/03 3/25/03 3/25/03
Clock Time, 24-hr clock 1030-1151 1255-1411 | 1511-1626
Heat input, mmBtu/hr? 0.42 0.42 0.42
Formaldehyde
Concentration, ppbv® 86.6 51.0 53.9 63.8
Emission Rate, Ib/hr® 3.54E-05 1.80E-05 1.80E-05 2.38E-05
Emission Rate, Ib/mmBtu® 8.43E-05 4.29E-05 4.28E-05 5.66E-05
WF-CO-1 | WF-CO-2 | WF-CO-3
Carbon Monoxide
Concentration, ppmv°® 58.6 25.1 6.7 30.1
Emission Rate, Ib/hr® 2.23E-02 8.26E-03 2.08E-03 1.09E-02
Emission Rate, Ib/mmBtu® 5.32E-02 1.97E-02 4.96E-03 2.59E-02

 Million Btu per hour

® Parts per billion by volume, dry basis

¢ Pounds per hour
¢ Pounds per million Btu

¢ Parts per million by volume, dry basis.
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TABLE 2.3

SUMMARY OF EXHAUST GAS PARAMETERS
HOS BURNER STACK
S.T. WOOTEN - CLAYTON

Run No. WC-F-1 WC-F-2 WC-F-3 | Average

Date 3/27/03 3/27/03 3/27/03
Velocity, fps® 13.6 13.8 14.3 13.9
Temperature, °F 629 615 625 623
CO,, % by volume 11.0 11.0 11.0 11.0
0,, % by volume 8.0 8.0 8.0 8.0
Moisture, % by volume 8.3 8.5 8.8 8.5
Exhaust Gas Volumetric Flow Rate

acfm” 695 702 728 708

dscfm® 311 318 325 318

® Feet per second at stack conditions
" Actual cubic feet per minute
¢ Dry standard cubic feet per minute at 68°F and 29.92" Hg
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TABLE 2.4

SUMMARY OF FORMALDEHYDE AND CARBON MONOXIDE EMISSIONS
S.T. WOOTEN - CLAYTON

Run No. WC-F-1 WF-C-2 WF-C-3 Average
Date 3/27/03 3/27/03 3/27/03
Clock Time, 24-hr clock 0934-1109 | 1136-1250 | 1400-1503
Heat Input, mmBtu/hr* 0.91 0.91 0.91
Formaldehyde
Concentration, ppbv® 3.22 <1.55 <1.39 <2.05
Emission Rate, 1b/hr® 4.68E-06 | <2.30E-06 | <2.11E-06 | <3.03E-06
Emission Rate, Ib/mmBtu* 5.15E-06 | <2.53E-06 | <2.32E-06 | <3.33E-06
WC-CO-1 | WC-CO-2 | WC-CO-3
Carbon Monoxide
Concentration, ppmv® 2.8 1.6 1.1 1.8
Emission Rate, 1b/hr 3.80E-03 2.22E-03 1.56E-03 2.53E-03
Emission Rate, Ib/mmBtu* 4.18E-06 2.44E-03 1.72E-03 2.78E-03

* Million Btu per hour

® Parts per billion by volume, dry basis

¢ Pounds per hour
¢ Pounds per million Btu

¢ Parts per million by volume, dry basis.




2.3.3 REA Construction, Mallard Creeck

Table 2.5 summarizes the HOS burner stack gas conditions at REA Construction’s
Mallard Creek facility. The average stack gas velocity was 20.0 fps at 692 °F. The stack gas was
comprised of 9.2 % CO,, 8.0 %0, and 15.9 % moisture. The average stack gas flow rate was
1,193 acfm or 464 dscfm.

Table 2.6 summarizes the formaldehyde and CO emissions from the HOS burner stack at
REA Construction’s Mallard Creek facility. The average heat input was 1.79 mmBtwhr. The
average formaldehyde concentration was 12.5 ppbv. The average formaldehyde mass emission
rate was 2.69E-05 1b/hr or 1.51E-05 Ib/mmBtu. The CO concentration was below the detection
limit of 0.2 ppmv. The average CO mass emission rate was <4.05E-04 Ib/hr or <2.27E-04
Ib/mmBtu.

2.3.4 REA Construction, North Mecklenburg

Table 2.7 summarizes the HOS burner stack gas conditions at REA Construction’s North
Mecklenburg facility. The average stack gas velocity was 10.2 fps at 557 °F. The stack gas was
comprised of 12.2 % CO,, 4.5 % O, and 11.4 % moisture. The average stack gas volumetric
flow rate was 514 acfm or 238 dscfm.

Table 2.8 summarizes the formaldehyde and CO emissions from the HOS burner stack at
REA Construction’s North Mecklenburg facility. The average heat input was 0.98 mmBtu/hr.
The average formaldehyde concentration was 22.1 ppbv. The average formaldehyde mass
emission rate was 2.40E-05 lb/hr or 2.45E-05 Ib/mmBtu. The average CO concentration was 5.7
ppmv. The average CO mass emission rate was 5.82E-03 1b/hr or 5.94E-03 1b/mmBtu.

24 FUEL RATES

Summarized below are the fuel usage rates at each facility. During each
measurement run at each facility, the fuel usage rates were held constant.

S.T. Wooten - Franklinton No. 2 Fuel Oil 3.0 gph?*
S.T. Wooten - Clayton No. 2 Fuel Oil 6.5 gph*
REA Construction - Mallard Creek Natural Gas 1700 cfh®
REA Construction - N. Mecklenburg No. 2 Fuel Oil 7 gph®

® Gallons per hour
® Cubic feet per hour
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TABLE 2.5

SUMMARY OF EXHAUST GAS PARAMETERS
HOS BURNER STACK
REA CONSTRUCTION - MALLARD CREEK

Run No. MC-F-1 MC-F-2 MC-F-3 | Average

Date 4/01/03 4/01/03 4/01/03
Velocity, fps* 19.0 20.6 20.4 20.0
Temperature, °F 667 707 700 692
CO,, % by volume 9.5 9.0 9.2 9.2
0,, % by volume 7.5 8.5 8.0 8.0
Moisture, % by volume 15.5 16.0 16.3 15.9
Exhaust Gas Volumetric Flow Rate

acfm® 1,135 1,229 1,216 1,193

dscfm® 453 471 467 464

* Feet per second at stack conditions
® Actual cubic feet per minute

¢ Dry standard cubic feet per minute at 68°F and 29.92" Hg
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TABLE 2.6

SUMMARY OF FORMALDEHYDE AND CARBON MONOXIDE EMISSIONS
REA CONSTRUCTION - MALLARD CREEK

Run No. MC-F-1 MC-F-2 MC-F-3 Average
Date 4/1/03 4/1/03 4/1/03
Clock Time, 24-hr clock 0915-1040 | 1129-1245 | 1339-1501
Heat Input, mmBtw/hr* 1.79 1.79 1.79
Formaldehyde
Concentration, ppbv® 17.8 473 14.8 12.5
Emission Rate, 1b/hr* 3.78E-05 1.04E-05 3.24E-05 2.69E-05
Emission Rate, Ib/mmBtu® 2.12E-05 5.83E-06 1.82E-05 1.51E-05
MC-CO-1 | MC-CO-2 | MC-CO-3
Carbon Monoxide
Concentration, ppmv® <0.2 <0.2 <0.2 <0.2
Emission Rate, Ib/hr° <3.96E-04 | <4.11E-04 | <4.08E-04 | <4.05E-04
Emission Rate, [b/mmBtu’ <2.22E-04 | <2.30E-04 | <2.28E-04 | <2.27E-04

® Million Btu per hour
b Parts per billion by volume, dry basis
¢ Pounds per hour

> Pounds per million Btu
¢ Parts per million by volume, dry basis - detection limit 0.2 ppmv




TABLE 2.7

SUMMARY OF EXHAUST GAS PARAMETERS
HOS BURNER STACK
REA CONSTRUCTION - NORTH MECKLENBURG

Run No. NM-F-1 NM-F-2 NM-F-3 | Average

Date 4/02/03 4/03/03 4/03/03
Velocity, fps* 9.63 10.5 10.4 10.2
Temperature, °F 552 562 558 557
CO,, % by volume 13.5 11 12 12.2
0,, % by volume 4.0 5 4.5 4.5
Moisture, % by volume 10.9 11.1 12.0 114
Exhaust Gas Volumetric Flow Rate

acfm® 494 533 523 514

dscfm*® 227 246 240 238

* Feet per second at stack conditions
® Actual cubic feet per minute
¢ Dry standard cubic feet per minute at 68°F and 29.92" Hg




TABLE 2.8

SUMMARY OF FORMALDEHYDE AND CARBON MONOXIDE EMISSIONS
REA CONSTRUCTION - NORTH MECKLENBURG

Run No. NM-F-1 NM-F-2 NF-F-3 Average
Date 4/2/03 4/3/03 4/3/03
Clock Time, 24-hr clock 1435-1554 0830-0945 1026-1143
Heat Input, mmBtu/hr* 0.98 0.98 0.98
Formaldehyde
Concentration, ppbv® 44.4 12.8 9.0 22.1
Emission Rate, Ib/hr’ 4.71E-05 1.47E-05 1.01E-05 2.40E-05
Emission Rate, Ib/mmBtu’ | 4.81E-05 1.51E-05 1.03E-05 2.45E-05
NM-CO-1 NM-CO-2 | NM-CO-3
Carbon Monoxide
Concentration, ppmv°® 7.4 34 6.2 5.7
Emission Rate, 1b/hr° 7.32E-03 3.65E-03 6.49E-03 5.82E-03
Emission Rate, Ib/mmBtu 7.47E-03 3.72E-03 6.63E-03 5.94E-03

a
b
c

]

Million Btu per hour

Parts per billion by volume, dry basis

Pounds per hour
Pounds per million Btu

¢ Parts per million by volume, dry basis.




3.0 PROBLEM DEFINITION AND BACKGROUND

In 2000, the U.S. Environmental Protection Agency’s (EPA) Office of Air Quality
Planning and Standards (OAQPS) published Section 11.1 in their “Compilation of Air Pollutant
Emission Factors, 5" Edition, Volume 1: Stationary Point and Area Sources”, more commonly
know as AP-42. Section 11.1 provides emission factors for Hot Mix Asphalt (HMA)
manufacturing facilities and ancillary operations. Ancillary operations include the heating
system for the asphalt cement storage facilities. There are three types of heating systems that are
used to maintain requisite asphalt cement temperatures in the storage tanks: hot oil heat transfer,
direct-fired, and electric probes. The hot oil heat transfer system is the most common system in
use today and the direct-fired system is phasing out.

The hot oil heat transfer system involves heating a specially designed heat transfer oil to
specified temperatures and pumping the hot oil through a piping system that passes through the
asphalt cement storage tank. The heat is provided by burning a fossil fuel. The flue gas
generated from the combustion of the fossil fuel is emitted into the environment. The flue gas
consists of typical products of combustion and incomplete combustion.

The heat input capacity of the burners in hot oil systems (HOS) generally range in size
from less than 1 million Btu’s per hour to 1.5 million Btu’s per hour. The burners are operated to
heat oil on an as-needed basis, which is based on the desired asphalt cement storage temperature.
Once the asphalt cement reaches the specified temperature, the burner will shut down and remain
inactive until the asphalt cement cools and its temperature drops below the temperature setting,
just like any household heating system. The asphalt cement storage tanks are insulated to slow
down the cooling process. The result is that the burners do not run continuously around the
clock. HEATEC installed heat sinks on each burner so that the burners could operate
continuously for the duration of the testing.

The list of emission factors for a HOS published by the EPA in AP-42 Section 11.1
includes only hazardous air pollutants, including formaldehyde, for a HOS burning No. 2 fuel oil.
They were derived from a single stack test conducted in the 1980s. Because of the small size of
the burners in terms of heat input capacity, HOS emissions have been considered insignificant
when estimating emissions from a HMA facility, or they have been exempted by state regulations
because the heat input rating falls below state regulatory thresholds. However, in 2002, several
states have insisted that emissions be calculated for HOS at HMA facilities, and concerns have
been raised by the states and the HMA industry regarding the reliability of the HOS emission
factor for formaldehyde.
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When the formaldehyde emission factor for asphalt HOS was compared to the
formaldehyde emission factor published for combustion of fuel oil in an industrial furnace or
boiler in AP-42 Section 1.3, the HOS emission factor was found to be three orders of magnitude
higher. While it is accepted that small combustion units are not as efficient as industrial sized
combustion units, the EPA agreed with NAPA that the combustion efficiency of a small
combustion burner is unlikely to be three orders of magnitude lower.

On May 1, 2002, HMA industry representatives met with representatives from the EPA
and the North Carolina Department of Environment and Natural Resources (NCDENR) in
Raleigh, North Carolina, to discuss the situation regarding the formaldehyde emission factor for
HOS as listed in Section 11.1, Table 11.1-13. This emission factor was based on data from a
single stack test. The EPA recognizes that a single stack test does not constitute a statistically
significant database. However, if that is all they have, they will use a single stack test to
determine and publish emission factors. They account for the small quantity of data by assigning
the lowest condfidence rating from the confidence rating scale established by the OAQPS. The
EPA representative at the meeting stated that he believed at least four separate HOSs needed to
be stack tested to establish an emission factor that would be assigned a higher confidence rating.

The EPA representative discussed his review of the original stack test from which the
original formaldehyde emission factor was derived. He found that there were probably some
deficiencies in the report and insufficient information to verify the derivation of the emission
factor. He was able to verify that Method SW846/0011 was used. After considerable discussion
among the participants of the meeting, it was determined that stack testing should be conducted
to establish a more reliable emission factor for formaldehyde from asphalt cement HOS. It was
also determined that Reference Method 316 would be used for this stack testing project.
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4.0 MEASUREMENT SITES

The measurement sites at the four facilities were schematically similar, although different
in size. Dimensional data on the measurement sites follow. In some cases the sites were
modified to meet the requirements of EPA Methods 1 or 1A. The measurement sites and any
modifications are discussed in this section.

41 S.T. WOOTEN, FRANKLINTON

Depicted in Figure 4.1 is a simplified schematic of the HOS burner exhaust stack at
S. T. Wooten’s Franklinton facility. The measurement site was located in an 8-inch inner
diameter (ID) round, vertical stack 17.5 inches (2.2 stack diameters) downstream of the nearest
flow disturbance (burner exhaust) and 16 inches (2.0 stack diameters) upstream of the
atmosphere. The stack diameter was less than 12 inches and, therefore was subject to the
requirements of EPA Method 1A, “Sample and Velocity Traverses for Stationary Sources With
Small Stack or Ducts.” According to EPA Method 1A criteria, this site required 24 pollutant
sample traverse points, 12 along each of two perpendicular traverse axes.

Prior to testing, the stack was checked to verify the absence of cyclonic flow. The
average rotation angle from 0° reference to obtain a null manometer reading was 10°. Therefore,
the measurement site was suitable for testing without modifications.

4.2 S.T. WOOTEN, CLAYTON

Depicted in Figure 4.2 is a simplified schematic of the HOS burner exhaust stack at
S.T. Wooten’s Clayton facility. The measurement site was located in a 12.5-inch ID round,
vertical stack 26 inches (2.1 stack diameters) downstream of the nearest flow disturbance (burner
exhaust) and 25.5 inches (2.0 stack diameters) upstream of the atmosphere. This stack was
greater than 12 inches in diameter and, therefore, was subject to the requirements of EPA Method
1, “Sample and Velocity Traverses for Stationary Sources.” According to EPA Method 1
criteria, this site required 24 pollutant sample traverse points, 12 along each of two perpendicular
traverse axes.

Prior to testing, the stack was checked to verify the absence of cyclonic flow. The

average rotation angle from 0° reference to obtain a null manometer reading was 5.1°. Therefore,
the measurement site was suitable for testing without modification.
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Figure 4.1 Simplified Schematic of HOS Burner Stack
S.T. Wooten - Franklinton Facility

4-2




To Atmosphere

12,57

O
E,ri

o ;/B_

Two 2Y2” Pipe Couplings
w/plug @ 90°

2633

Burner

Asphalt Heater

Figure 4.2 Simplified Schematic of HOS Burner Stack
S.T. Wooten - Clayton Facility
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43 REA CONSTRUCTION, MALLARD CREEK

Depicted in Figure 4.3 is a simplified schematic of the HOS burner exhaust at REA
Construction’s Mallard Creek facility. At this facility, a stack extension was added. The
measurement site was located in a 13.5-inch ID round, vertical stack 60.5 inches (4.5 stack
diameters) downstream of the nearest flow disturbance (burner exhaust) and 28.0 inches (2.1
stack diameters) upstream of the atmosphere. The stack was greater than 12 inches in diameter
and, therefore, was subject to the requirements of EPA Method 1, “Sample and Velocity
Traverses for Stationary Sources.” According to EPA Method 1 criteria, this site required 24
pollutant sample traverse points, 12 along each of two perpendicular traverse axes.

Prior to testing, the stack was checked to verify the absence of cyclonic flow. The
average rotation angle from 0° reference to obtain a null manometer reading was 3.4°. Therefore,
this site was suitable for testing without further modification.

44  REA CONSTRUCTION, NORTH MECKLENBURG

Depicted in Figure 4.4 is a simplified schematic of the HOS burner exhaust stack at REA
Construction’s North Mecklenburg facility. At this facility, the outlet stack has an outer jacket
that serves as a heat exchanger. In order not to disturb the heat exchanger, a stack extension was
added to the existing stack. The measurement site was located in a 13.5 inch ID round, vertical
stack 60.5 inches (4.5 stack diameters) downstream of the neartest flow disturbance (burner
exhaust) and 28.0 inches (2.1 stack diameters) upstream of the atmosphere. The stack was
greater than 12 inches in diameter and, therefore, was subject to the requirements of EPA Method
1, “Sample and Velocity Traverses for Stationary Sources.” According to EPA Method 1
criteria, this site required 24 pollutant sample traverse points, 12 along each of two perpendicular
traverse axes.

Prior to testing, the stack was checked to verify the absence of cyclonic flow. The
average rotation angle from 0° reference to obtain a null manometer reading was 0.4°. Therefore,
the measurement site was suitable for testing without modifications.
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5.0 SAMPLING AND ANALYSIS PROCEDURES

Source sampling was performed at the outlet of each HOS burner stack to determine the
concentrations and mass emission rates of formaldehyde and carbon monoxide. Three test runs
were performed at each facility, with each measurement run having a net sampling time of 72
minutes. The sampling and analytical methods that were used are summarized in Table 5.1. In
Table 5.2, the parameters measured, the sampling methods, the number of tests performed, and
the duration of each test are summarized. Brief descriptions of the sampling and analysis
procedures used are presented below. Copies of all the methods that were used are presented in
Appendix E.

51 LOCATION OF MEASUREMENT SITES AND SAMPLE/VELOCITY
TRAVERSE POINTS

EPA Method 1, “Sample and Velocity Traverses for Stationary Sources,” or Method
1A, “Sample and Velocity Traverses for Stationary Sources With Small Stacks or Ducts” was
used to establish velocity and sample traverse point locations. The HOS burner stacks, and the
locations of measurement sites and traverse points were discussed in Section 4.0 of this
document.

52 DETERMINATION OF EXHAUST GAS VOLUMETRIC FLOW RATE

EPA Method 2, “Determination of Stack Gas Velocity and Volumetric Flow Rate (Type
S Pitot Tube),” to determine exhaust gas velocity. A Type S Pitot tube, constructed according to
Method 2 criteria and having an assigned coefficient of 0.84, was connected to an inclined-
vertical manometer. The pitot tube was inserted into the duct and the velocity pressure (Ap) was
recorded at each traverse point. The effluent gas temperature was also recorded at each traverse
point using a Type K thermocouple. The average exhaust gas velocity was calculated from the
average square roots of the velocity pressure, average exhaust gas temperature, exhaust gas
molecular weight, and absolute stack pressure. The volumetric flow rate is the product of
velocity and the stack cross-sectional area of the duct at the sampling location.

5.3 DETERMINATION OF EXHAUST GAS DRY MOLECULAR WEIGHT

EPA Method 3, “Gas Analysis for the Determination of Dry Molecular Weight” was
used to determine exhaust gas dry molecular weight. During each formaldehyde measurement
run, an integrated gas bag sample was collected, then analyzed using Fyrite® combustion gas
analyzers to determine the carbon dioxide (CO,) and oxygen (O,) content. The stack gas dry
molecular weight was calculated using the CO, and O, results.
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TABLE 5.1

SUMMARY OF SAMPLING AND ANALYSIS METHODS

Sampling Method

Parameter or Target

Measurement Principle

EPA Method 1 or 1A

EPA Method 2

EPA Method 3

EPA Method 4

EPA Method 10

EPA Method 316

Traverse Point Locations

Velocity and Flow Rate

Carbon Dioxide and Oxygen
Content

Moisture Content

Carbon Monoxide

Formaldehyde

Linear Measurement

Differential Pressure,
Thermocouple

Grab Sample/Fyrite®
analysis

Gravimetric

Non-dispersive infrared/Gas
filter correlation

Colorimetric
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SUMMARY OF SAMPLING LOCATIONS, TEST PARAMETERS,

TABLE 5.2

SAMPLING METHODS, AND NUMBER AND DURATION OF TESTS

Sampling . Number | Duration,
Location Test Parameter Sampling Methods of Tests | (minutes)

S.T. Wooten Exhaust Gas Flow Rate | EPA Method 2 3 72.0

Franklinton .

HOS Burner Stack CO, & O, Content EPA Method 3 3 72.0
Moisture Content EPA Method 4 3 72.0
Carbon Monoxide EPA Method 10 3 72.0
Formaldehyde EPA Method 316 3 72.0

S.T. Wooten Exhaust Gas Flow Rate | EPA Method 2 3 72.0

Clayton

HOS Burner Stack CO, & O, Content EPA Method 3 3 72.0
Moisture Content EPA Method 4 3 72.0
Carbon Monoxide EPA Method 10 3 72.0
Formaldehyde EPA Method 316 3 72.0

REA Construction Exhaust Gas Flow Rate | EPA Method 2 3 72.0

Mallard Creek

HOS Burner Stack CQ, & O, Content EPA Method 3 3 72.0
Moisture Content EPA Method 4 3 72.0
Carbon Monoxide EPA Method 10 3 72.0
Formaldehyde EPA Method 316 3 72.0

REA Construction | Exhaust Gas Flow Rate EPA Method 2 3 72.0

N. Mecklenburg

HOS Burner Stack CO, & O, Content EPA Method 3 3 72.0
Moisture Content EPA Method 4 3 72.0
Carbon Monoxide EPA Method 10 3 72.0
Formaldehyde EPA Method 316 3 72.0




54 DETERMINATION OF EXHAUST GAS MOISTURE CONTENT

EPA Method 4, “Determination of Moisture Content in Stack Gases”, was used to
determine the exhaust gas moisture content. EPA Method 4 was performed in conjunction with
each EPA Method 316 test run. Integrated, multi-point, isokinetic sampling was performed.
Condensed moisture was determined by recording pre-test and post-test weights of the impingers
and silica gel. All weighings were performed using an electronic top-loading platform balance
with 0.1 gram sensitivity.

55 DETERMINATION OF CARBON MONOXIDE EMISSIONS

EPA Method 10, “Determination of Carbon Monoxide Emissions From Stationary
Sources” was used to continuously measure CO concentrations in the stack gas. During each
formaldehyde measurement run, a stack gas sample was extracted continuously from the
sampling point and analyzed using a non-dispersive infrared analyzer (NDIR) with gas filter
correlation (GFC). The NDIR/GFC analyzer was operated on a range of 0-100 parts per million
by volume (ppmv). The output signal from the NDIR was monitored using a data logger and
chart recorder.

5.6 DETERMINATION OF FORMALDEHYDE EMISSIONS

EPA Method 316, “Sampling and Analysis for Formaldehyde Emissions From
Stationary Sources in the Mineral Wool and Fiberglass Industries” was used to determine
formaldehyde concentrations. This method is applicable to the determination of formaldehyde
concentrations from stationary sources. Gaseous and particulate pollutants are withdrawn
isokinetically from the stack and are collected in high purity water. Formaldehyde present in the
emissions is highly soluble in high purity water. The high purity water sample containing
formaldehyde is then analyzed using the modified pararosaniline method. Formaldehyde in the
sample reacts with acidic pararosanilin and sodium sulfite forming a purple chromophore. The
intensity of the purple color, measured spectrophotometrically, provides an accurate and precise
measure of the formaldehyde concentration in the sample. Using this method, formaldehyde can
be detected as low as 11.3 parts per billion by volume (ppbv) or as high as 23,000,000 ppbv,
based on a 1-hour sampling period and a sample volume of 30 cubic feet. The analytical
laboratory was able to detect as low as 3.22 ppmv.

At the S.T. Wooten-Franklinton facility the testing was conducted as specified in Section
11.1.2 of EPA Mecthod 1A. The volumetric flow rate and formaldehyde sampling was performed
at the same location. To demonstrate that the flow rate was constant (within 10%) when the
formaldehyde measurements were made, complete velocity traverses were performed before and
after each run. The deviation were then calculated. Method 1A requires the deviation to not
exceed 10%. Summarized in Table 5.3 are the measured initial and post-test flow rates and the
deviations. The deviations were within the allowable 10% criteria, except for Run No. WF-F-1
where the deviation was 12.6%. Although, the deviation was >10% for this run, we feel
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TABLE 5.3

SUMMARY OF VOLUMETRIC FLOW RATE DEVIATIONS

HOS BURNER STACK, S.T. WOOTEN - FRANKLINTON

Run No. WEF-F-1 WF-F-2 WF-F-3
Pretest Flow Rate, dscfm?® 87 76 71
Posttest Flow Rate, dscfm?® 76 71 75
Deviation 12.6% 6.6% 5.6%
Method 1A Criteria 10% 10% 10%
Acceptable Yes/No No Yes Yes

Dry standard cubic feet per minute at 68°F and 29.92" Hg.
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that steady state conditions were demonstrated because these values are within measurement
errors at these very low flow rates.

5.7 DETERMINATION OF FUEL USAGE RATES
5.7.1 No. 2 Fuel Oil

The HOS burners at S.T. Wooten’s Franklinton and Clayton facilities, and at REA
Construction’s North Mecklenburg facility were all fired using No. 2 fuel oil. The fuel usage at
each plant was determined by HEATEC personnel. During each test run, the fuel pressure was
recorded and the type and size of fuel nozzle was documented. Using calibration curves
provided by the manufacturer, the fuel oil usage rate was determined.

5.7.2 Natural Gas

The HOS burner at REA Construction’s Mallard Creek facility was fired using natural
gas. The natural gas usage rate was determined by HEATEC personnel. During each test run,
the fuel pressure was recorded and the type and size fuel nozzle was documented. Using
calibration curves provided by the manufacturer, the natural gas usage rate was determined.
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6.0 QUALITY ASSURANCE/QUALITY CONTROL (QA/QC)
PROCEDURES AND RESULTS

For any environmental measurement, a degree of uncertainty exists in the data generated
due to the inherent limitations of the measurement system employed. The goals of a QA/QC
program are to ensure, to the highest degree possible, the accuracy of the data collected. This
section summarizes the QA/QC procedures that were employed by MACTEC in the performance
of this test program. The procedures contained in the reference test methods and in the “Quality
Assurance Handbook for Air Pollution Measurement Systems, Volume III, Stationary Source
Specific Methods,” EPA/600/R-94/038¢, served as the basis for performance for all testing and
related work activities in this project.

6.1 CALIBRATION AND PREPARATION OF APPARATUS

The preparation and calibration of source sampling equipment is essential in maintaining
data quality. Brief descriptions of the calibration procedures used by MACTEC are presented
below. The results of equipment and sensor calibrations may be found in Appendix D. Detailed
procedures, as presented in the EPA test methods, are contained in Appendix E.

6.1.1 Barometers

MACTEC used aneroid barometers which were calibrated against a barometric pressure
reported by a nearby National Weather Service station.

6.1.2 Temperature Sensors

Bimetallic dial thermometers and Type K thermocouples were calibrated using the
procedure described in Calibration Procedure 2e of EPA/600/R-94/038¢c. Each temperature
sensor was calibrated over the expected range of use against an ASTM 3C or 3F thermometer.
Table 6.1 summarizes the type of calibrations performed, the acceptable levels of variance, and
the results. Digital thermocouple displays were calibrated using a thermocouple simulator
having a range of 0-2400°F.

6.1.3 Pitot Tubes
MACTEC used Type S pitot tubes constructed according to EPA Method 2
specifications. Each pitot tube was inspected for conformance to the geometric specifications by

the application of Calibration Procedure 2 of EPA/600/R-94/038¢. Pitot tubes that meet these
requirements are
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TABLE 6.1

SUMMARY OF TEMPERATURE SENSOR CALIBRATION DATA

Temp. Temperature, °R Temperature
Sensor Usage Diff. Tol
LD. Reference Sensor ifference olerances
104-3A Stack Gas 49?2 494 0.4% <£1.5%
520 520 0.0% <+1.5%
672 670 0.3% <£1.5%
RT-14 Stack Gas 492 493 0.2% <+]1.5%
532 532 0.0% <+1.5%
670 671 0.15% <+1.5%
RMB-15 Meter Box
Inlet 492 493 0.2% <+1.0%
534 536 0.37% <£1.0%
668 670 0.30% <£1.0%
Outlet 492 492 0.00% <+1.0%
536 536 0.00% <+1.0%
669 670 0.15% <+1.0%
SH-1 Impinger 492 492 0.00% <+1.0%
Exit 536 536 0.00% <+1.0%
668 668 0.00% <+1.0%
SH-4 Impinger 497 496 0.2% <£1.0%
Exit 532 535 0.56% <+1.0%
670 669 0.15% <+1.0%
SH-5 Impinger 492 493 0.20% <+1.0%
Exit 531 531 0.00% <+1.0%
667 667 0.00% <£1.0%
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assigned a pitot coefficient, C_, of 0.84. The dimensional criteria and results for each pitot tube
used are presented in Table 6.2.

6.1.4 Differential Pressure Gauges

MACTEC used Dwyer inclined/vertical manometers to measure differential pressures.
The differential pressure measurements included velocity pressure, static pressure, and meter
orifice pressure. Manometers were selected with sufficient sensitivity to accurately measure
pressures over the entire range of expected values. Manometers are primary standards and
require no calibration.

6.1.5 EPA Method 316 Dry Gas Meter and Orifice

The EPA Method 316 dry gas meter and orifice were calibrated in accordance with
Sections 5.3.1 and 5.3.2 of EPA Method 5. This procedure involves direct comparison of the
metered volume passed through the dry gas meter to a reference dry test meter. The reference dry
test meter is calibrated annually using a wet test meter. Before its initial use in the field and
annually thereafter, the metering system is calibrated over the entire range of operation as
specified in EPA Method 5.

Acceptable tolerances for the individual dry gas meter correction factor () and orifice
calibration factor (AH@) during initial or annual calibrations are + 0.02 and + 0.20 from the
average, respectively. After field use, a calibration check of the metering system was performed
at a single intermediate setting based on the previous field test. The post-test calibration check of
the dry gas meter correction factor must agree within 5% of the correction factor generated
during the initial or annual calibration. The calibration results for the gas meter and orifice used
in this test program is summarized in Table 6.3. All calibration check results were within
allowable tolerances.

6.2 ON-SITE SAMPLING
The on-site QA/QC activities included:

6.2.1 Measurement Sites

Prior to sampling, each stack was checked dimensionally to determine measurement site
locations, location of velocity and sample test ports, inside stack dimensions, and sample traverse
point locations. Inside stack dimensions were checked through both traverse axes to confirm
uniformity of the stack inside diameter. The inside stack dimensions, wall thickness, and sample
port depths were measured to the nearest 0.1 inch.
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TABLE 6.2

SUMMARY OF PITOT TUBE DIMENSIONAL DATA

Results
Measurement Criteria I(fei;(t)itﬁtgzzn
RP-10 | 104-3A
o, <10° 0 0
a, <10° 0 1
B, <5° 0 0
B, <5° 2 0
T - 0 1
0 - 0 0
A . 1.031 945
z < 0.125" 0.000 0.017
w < 0.0313" 0.000 0.000
D, 0.1875" < D, < 0.375" | 0.375 0.374
(A72)/D, 1.05 < (A72)/D, < 1.37 1.26
1.50
Acceptable Yes Yes
Assi;g_ned Coefficient 0.84 0.84

TABLE 6.3

SUMMARY OF DRY GAS METER AND ORIFICE CALIBRATION DATA

Meter Dry Gas Meter Correction Factor, ¥ Orifice Coefficient, AHg
No.

Pre-test | Post-test | % Diff. | EPA Criteria | Average | Range EPA Criteria

RMB-15 0.991 0.992 -0.001 + 5% 1.83 1.73 - 1.86 1.63 - 2.06
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6.2.2 Velocity Measurements

All velocity measurement apparatus were assembled, leveled, zeroed, and leak-checked
prior to use and at the end of each determination. The static pressure was determined at a single
point near the center of the stack or duct cross-section.

6.2.3 Moisture

The Method 316 trains were used to determine stack gas moisture. During sampling, the
exit gas of the last impinger was maintained below 68°F to ensure adequate condensation of the
exhaust gas water vapor. The total condensate collected was determined on-site gravimetrically
using an electronic platform balance with 0.1 gram sensitivity.

6.2.4 EPA Method 316

The sample trains were leak checked before and after each test run. All leak checks were
within allowable limits. Sampling was conducted within the isokinetic sampling criteria of
100 = 10%. Table 6.4 summarizes the EPA Method 316 sample team leak checks and Table 6.5
summarizes the EPA Method 316 isokinetic sampling ratios.

In addition to the samples, one field blank sample was collected at each of the four
facilities. A Method 316 sampling train was assembled and transported to the sampling
location, and leak-checked two times. The sample train was then recovered using the same
procedures employed during the recovery of the sample trains used during actual sample runs.
The collected fractions were transferred to labeled, pre-cleaned sample bottles, transported to the
subcontract laboratory, and analyzed in the same manner as the collected samples.

MACTEC also collected samples of the water that was used during the program as

blanks. These water blank samples were transported to the subcontract laboratory and analyzed
for formaldehyde using the same procedures used for the samples.

6.2.5 EPA Method 10

EPA Method 10 does not provide measurement system performance criteria. Therefore,
for Method 10, MACTEC used the measurement system performance criteria specified in EPA
Method 6C. Table 6.6 summarizes the Protocol calibration gases used. Tables 6.7 through 6.9
summarize the measurement system performance criteria and the results, specifically calibration
error tests (Table 6.7), bias checks (Table 6.8), and calibration drift (Table 6.9). All criteria were
met.
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TABLE 6.4

SUMMARY OF METHOD 316 SAMPLE TRAIN LEAK CHECKS

Leak Check
EPA Criteria
Run No. Pretest Post-Test @max, vac | Pass/Fail
S.T. Wooten WF-F-1 0.00@15"Hg | 0.00@4" Hg 0.02@4" Hg Pass
Franklinton WF-F-2 0.00@15"Hg | 0.00@4" Hg 0.02@4" Hg Pass
WE-F-3 0.003@!15" Hg | 0.00@4" Hg 0.02@4" Hg Pass
WF-F-FB 0.000@15" Hg | 0.000@15" Hg 0.02@15" Hg Pass
S.T. Wooten WC-F-1 0.002@15" Hg | 0.002@7" Hg 0.02@2" Hg Pass
Clayton WC-F-2 0.000@15" Hg | 0.000@8" Hg 0.02@2" Hg Pass
WC-F-3 0.000@15" Hg | 0.000@7" Hg 0.02@2" Hg Pass
WC-F-FB 0.002@15" Hg | 0.000@15" Hg 0.02@15" Hg Pass
REA MC-F-1 0.005@15" Hg | 0.002@10" Hg 0.02@2" Hg Pass
Mallard Creek | MC-F-2 0.005@15" Hg | 0.005@12" Hg 0.02@2" Hg Pass
MC-F-3 0.002@15" Hg | 0.000@9" Hg 0.02@1" Hg Pass
MC-F-FB 0.02@15" Hg | 0.015@15" Hg 0.02@15" Hg Pass
REA NM-F-1 0.002@15" Hg | 0.002@5" Hg 0.02@5" Hg Pass
N. Mecklenburg | NM-F-2 0.001@15" Hg | 0.001@5" Hg 0.02@5" Hg Pass
NM-F.3 0.001@15" Hg | 0.002@5" Hg 0.02@5" Hg Pass
NM-F-FB 0.000@15" Hg | 0.001@5" He 0.02@5" Hg Pass
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TABLE 6.5

SUMMARY OF METHOD 316 ISOKINETIC SAMPLING RATIOS

% Isokinetic
. Actual EPA Criteria Pass/Fail
Facility Run No.
S.T. Wooten WF-F-1 103.8 90-110 Pass
Franklinton WF-F-2 105.7 90-110 Pass
WEF-F-3 106.2 90-110 Pass
S8.T. Wooten WC-F-1 98.4 90-110 Pass
Clayton WC.F-2 95.2 90-110 Pass
WC-F-3 101.5 90-110 Pass
REA MC-F-1 104.1 90-110 Pass
Mallard Creek MC-F-2 102.5 90-110 Pass
MC-F-3 103.1 90-110 Pass
REA NM-F-1 103.1 90-110 Pass
N. Mecklenburg NM-F-2 100.2 90-110 Pass
NM-F-3 100.5 90-110 Pass
TABLE 6.6

SUMMARY OF METHOD 10 CARBON MONOXIDE
CALIBRATION GAS CYLINDERS

Cylinder Number Contents Expiration Date
CC87402 30.08 ppm CO in nitrogen 9/20/04
CC87521 59.39 ppm CO in nitrogen 11/17/05
CC17861 88.8 ppm CO in nitrogen 11/17/05
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TABLE 6.7

SUMMARY OF EPA METHOD 10 CALIBRATION ERROR TESTS

Calibration Error, %

Facility Date | Zero | Low | Mid | High EPA Pass/Fail
2003 Criteria
S.T. Wooten - Franklinton 3/25 | 0.00 | -0.78 | -1.39 [ 0.00 2 Pass
S.T. Wooten - Clayton 327 | 0.10 | -0.78 | -1.29 [-0.50 =2 Pass
REA - Mallard Creek 4/1 0.00 | -0.78 | -1.39 | -0.20 +2 Pass
REA - North Mecklenburg 4/2 | 0.00 | -1.18 | -1.89 | 0.00 +2 Pass
4/3 | 0.00 | -0.88 [ -1.49 | 0.10 +2 Pass
TABLE 6.8
SUMMARY OF EPA METHOD 10 BIAS CHECKS
Bias Checks, %
Facility Date Zero Low EPA Pass/Fail
2003 Criteria
S.T. Wooten - Franklinton 3725 0.00 -0.40 +5 Pass
S.T. Wooten - Clayton 3/27 -0.10 -1.30 +5 Pass
REA - Mallard Creek 4/1 0.00 -1.40 +5 Pass
REA - North Mecklenburg 4/2 0.00 -0.20 + 35 Pass
4/3 0.20 -0.20 +5 Pass




TABLE 6.9

SUMMARY OF EPA METHOD 10 CALIBRATION DRIFT TESTS

Calibration Drift, %
Facility Date | Run | Zero | Span EPA | Pass/Fail

No. Criteria
S.T. Wooten - Franklinton 3125 1 0.10 1.10 +3 Pass
2 0.50 | 0.40 +3 Pass
3 0.00 | 0.00 +3 Pass
S.T. Wooten - Clayton 37127 1 0.10 | 0.10 +3 Pass
2 0.10 | 0.30 +3 Pass
3 0.00 | 0.00 +3 Pass
REA - Mallard Creek 4/1 1 0.20 | 1.80 +3 Pass
2 0.70 | 0.30 +3 Pass
3 0.10 | 0.40 + 3 Pass
REA - North Mecklenburg 4/2 1 0.50 | 1.00 +3 Pass
4/3 2 0.30 | 0.40 +3 Pass
4/3 3 0.20 1.10 +3 Pass

6.3 LABORATORY ANALYSES

6.3.1 Analysis of Blank Samples

The reagent blank was analyzed and found to contain < 0.546 micrograms (pg) of
formaldehyde. Based on the lowest sample volume obtained (0.950 dscm), the reagent blank
concentration was < 0.41 ppbv. This value is very low.

6.3.2 Method 316 Field Blank

One Method 316 field blank was collected at each facility. One complete sampling train
was assembled in the field staging area, taken to the sampling site, and leak-checked for the same
total number of times as the actual sampling train. No gaseous sample was passed through the
field blank sampling trains. The results of the field blank analyses are shown in Table 6.10.
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TABLE 6.10

SUMMARY OF METHOD 316 FIELD BLANK ANALYSES

Location Run No. pg Formaldehyde

S.T. Wooten - Franklinton WEF-F-FB(A) <0.929
WEF-F-FB(B) <1.15

S.T. Wooten - Clayton WC-F-FB(A) <2.02
WC-F-FB(B) <0.302

REA - Mallard Creek MC-F-FB(A) <1.37
MC-F-FB(B) <1.37

REA - North Mecklenburg NM-F-FB(A) 2.09
NM-F-FB(B) 1.24

6.3.3 Laboratory Spikes

Two laboratory spikes were performed, one for the S.T. Wooten-Franklinton and Clayton
facilities, and one for the REA Construction-Mallard Creek and North Mecklenburg facilities.
The results are shown below:

S.T. Wooten 91.8% Recovery
REA Construction  89.9% Recovery

These values are well within the + 30% limits specified in Method 316.
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7. High turn down ratioa are a distinct advantage of reveal high smoke content and low GO, Tolcorrect
internel bypass systems. it Is possible, however, to thie sltuation, increase the oil low or decragse the
adjust for a low fire so small that the flame is being air, or bath. Be sure to test with proper instryrments
chilled. The fire will look excellent and appear bright to ensure good, clean efficient cormbustion
and uniform, but 2 combustion efficiency test will throughout the firing range.

Figure 29 _ ‘

Intetnal Bypass Oil Nozzle Components

Seal Bushing

=am_nnn..;h.|5‘l
vl =i oy

Combination Locknut & Strainer Support | '
Strainar Adapter
Table 8

Internal Bypass (Return Flow) Nozzle Data
HAGO

Nozzle Sizo _ Supply Pressure to Nozzle 360 PSIG at All Rates*
100 PSIG : ‘ ép’eprox
[

Nominal B ,L";g;' Reduced Firing Rates
Rating GPH : ) :
#2 Fuel Ol
By-P

S0
:
53

ass PSIG By-Pass
oy G
[ 207 |
196 |
209
180
195 ¢ |
‘ 202 '
N 181 |
_ | 200 |
-
p | 202 |
! y 202 |
f 182
g 194
; 196 :
205 E
5 208 |
I y 199 | p.a
! ) - lg
. 206 | L—,s
204 | .2
206 1.1
| | 185 ] 3
a |__185 | 5.1
| 192
: 190
l 198
i 1
: 1
I 19




o UL O T g

1100

HEATEC

AN ASTEC GO

5ATE: _3~25- &3

[ =4 o ) =LW

P.O. BOX 72760

CHATTANOOGA, TN 37407

COMPANY: 5, 7 &J 00 fen

ATTENTION:

-FROM: _

| PAGE
FAX NO.:

QF

o Dol (00D

[t AL, T )

TELEPHONE: 423-821-5200
- TELEFAX:

3

423-821-7673

7 e

Ly
r .

M N NN

SUBJECT: ,/V/-? RPH . Te est

ORI VSRR SRV S B SRR

. L4
L - , |
. . : '
: i i | ! i ; | : :
' : 1 : { i ' : H : :
SR DU ! ! : ] ! ;
A R — U S O
; : \ : : ! i R : !
bewisim ‘ - . 4 : - ; 1 f i ! | ;
H i i v H H o - — "
Pt ! ! i i . | | [ i : ! .
[ —— 3 iy : e ; ' ! ; ' ; !
! i : i ; ol i . de 3 T - : 4 e d .
R Pl ! : .
: b e ) | i . ; - i Lo : :
i : ' H T 1 et LN DR -
e b ; by i f I
S S ; : ! ' i
I;. 4 L - : ! —— H . ! ) ;
o i ; A
! i H i : i
L s . ! - ] : ! : i ; .
; T : ; - i o i : { :
AT S ER i ; e
bt - i - i P i : :
: i ; | N L S
t i | i 1 H X
R VRO S ! ! i P
T ; i i ; s T——
(- Lo i ‘ Co
T N —t- -
. Loy . T
ST N - : ' i ; !
N R - : : .
: ; 5 : :
¢ 4 . H 3 R
o i H
i - [ S A, . 1 X X H ! ;
; i ; j ! ' H - i T e e ....'l...., -
: ; i : ! I ' : | : i 1 ! i ;
R S A | 8 - ; } i i i ! i i : ] i ;
' i ! } ; t 1 H i 1 1 - T : ;
-(! ! i h H H 4 1 i H . :
S H ' H . . H h i
i i wds H M N ¥ 1 i 1 N
i : A : : ! b P
' : ! { i H ‘Tw T H
e H . H . : H
- s T i R » . ; i Lo
: H i : } : 1 ' T H T e Aeemas e .
S TS S N T o b i G i b s b
i ; i i ; [ i k! ] IO S ] i : ! : i i :
! : 1 ' H H : it opre— f e e = ) ————— e
: ! H i i I i i B :
R S SN S I f L : f YT
t : ¢ . N ‘ A |~-- ' - : n : N :' o d : eronis ' :
H : H H : 3 : ! i ! B : i ; 1 : T
——— i : i H 3 ! . ! . \ ’ i . \ . ;
v v n . :— EETY + H T " v . :
' i : i : ' + .3.......}........7‘.. b e —_— . - i X
! H \ * i 1 H ! i i i ! [ |
St RERE : : P b b P
i \ H 1 i - o —_— el cafmse s L : 3 : : ! i
; ] i ! 1 i 1 ‘} - ; 1 : v ; o frmer e
T e, 3 . i B i ' i ! i : -
B I p— I H ! X : : ;
¢ i | ! : H T T s . o H ! H H '
' i i H H : i ! : ! 1 " Y - - - -
i 1 ‘ H { i \ i i ' : . ' | 1
! e - PN SR SV SOV SNV SV S S S AR A S : -
. 1 ] H : [ : ! . A ¥ rhmama ——————— e [P
i i : ! i ! ! ] ; i i ! : i ' :
[ER . et A0 § e ; L ! H i i ! 1 B ! : !
t 4 R e T JYR SR Y i i ! ! } H ; { : ;
: . i i : o v————— Y b s ek . N _ - i. " ' !
oo X | : : P P [ S ;
| R S . i Il ! : i LS H ! . } N
t k e .. H ! ' h : . i | |
. i i H T e LLETa S - : Ll : H ‘ i
i i i ! i : : 1 ; T i e
o ; i i ! } H : . i ! : :
H * by 1 i N H ! H . .
i T ; T 3 ! ve e o4 FI. - . P '
i ¥ + ' 3 H , v ] ————
B . H i 1 M 1 : i
i v 7 T -] e : i : !
| ' i ! P
| H i i i ! . H
I' - - Tk ! ‘F ! !
! 4 i | T = 1. |
: H I i : | - A —

JV R |

PR S FU |




o el T T ) dd"dd [l ost o J | = W b -~ R W T N ) B ) o LA

iHuvﬁOO

DELAVAN VARI-FL.O 30630 and 30637

Nozzle Data upply Pressure 10 Nozzle 300 PSIG at All Rates Excapt Atternate Firing*
Nozzle Size SRS : Alternate Flﬂl'l Approx. ‘
300 PSIG I SR _
g o N o i I e

uel Qil ' L ' PSIG
' ‘ ' PSI

CIoseJ
35.0
37.5
40.0
45.0
50.0

125.0
125.0
150.0
150.0
150.0

“ When SUppIy Pressure 1o Nozzle Is Lower Then 300 PSIG the By-Paaa(Fletum) and Firing Rates Will be Heduced Somawhat,
Consult Factory for Further Information.

Table 9
OIL NOZZLE FLOW RATE

Simplex Nozzle System or Equivalent Solld or Semi Solid)

Flow Rate vs Pressure
Capagity in GPH #2 Oil
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1. Neozzles used on Power Flame Type C burners ara of nozzle is used for targer inputs requlring higher
two types: simplex and intemal bypass. The simplex tumdown ot more sophisticatad ait/fuel contmpl. Both
rozzle is normally used on smaller burners in the types of nozzles have GPH ratings stamped on the
three to eight gallons per hour range. The bypass side, Stamped ratings are based on 100 psig except
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7. High turn down ratios are & distinet advantagoe of
internal bypass systems. it Is possible, howaver, to
adjust for a low fire so small that the flame Is being
chilled. The fire will look excellent and appear hright
and uniform, but & combustion efficiency test will

Figure 29
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reveal high smoke contertt and low GO, To[correct
this gltuation, increase the oil flow or decrapse the
air, or both, Be sure to test with proper instrpments
1o ensure goad, clean efficient combustion
throughout the firing range.
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DELAVAN VARI-FL.O 30630 and 30637

I Nozzie Dala upply Pressure to Nozzle 300 PSIG at All Raies Except Aliernate Firing*
Nozzle Size Afternate Firin AP% API'-,;
300 PSIG Hllg_l Bre PIOX. {
Nominal ate mrnate 91”“‘) ‘S
Ratm GPH GPH 300 Nozzle regsure ressure
I 0l PSIG Pregaae PSIG
(FY eturn PSIG
Close ose
35.0 - 140 100
: I 37.5 37 5 - 140 100
40.0 40.0 - 140 100
450 45.0 - 14 100
50.0 50.0 - . 86
55.0 55.0 . k| -
60.0 60.0 - 94 -
65.0 65.0 - 85 :
70.0 70.0 - 88 -
_ ' 80.0 - 265 T 78 -
s 80.0 - 260 85 .
. 80.0 w 280 90 b
l _ 80.0 80.0 - 65 -
. ‘ 20.0 - 260 a0 -
90.0 - 280 85 -
90.0 90.0 - 80 -
I 160.0 . 260 80 :
100.0 - 280 90 .
100.0 100.0 = 80 -
1250 - 260 20 .
I _l25.0 - 280 80 -
_ 1250 125.0 - 90 -
_W 50'0 - 260 Bo -
150.0 . 280 80 -
150.0 150.0 - 90 . 1
* When Supply Pressure to Nozzle Is Lower Than 300 PSIG the By-Pase(Return) and Firing Rates Will be Reduced Somewhat,
Consuit Factory for Further Information,
Table 9
OIL NOZZLE FLOW RATE
g Simplex Nozzle Syatemor Equivalent Solld or Semi Solid)
- Flow Rate vs Pressure
. aclty in G i
l,w"*eﬂ PH #2 Ol -
il nfos, N m
I 22§
N 25 |
§ s 34 |
| -8
; | 50
| 67 |
| .
I ] 85 B 22
: § 51 | 180
| o0 .
11z . 66
i —es 8 | ez
17.0 S _ : 19.8 i
Oll Noz2le Servicing ' '
l 1. Nozzles used on Power Flame Type C burmers are of nozzle is used Tor larger Inputs requiring higher -
two types: simplex and internal bypass. The simplex tumdown or more sophisticated air/fuel control. Both
nozzle is normally used on smaller burners in the types of nozzies have GPH ratings stamped [on the
I three 1o eight gallons per hour range. The bypass side, Stamped ratings are based on 100 psig except’
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VE055A-F INDUSTRIAL GAS VALVES
Ambient Operating Temperature Rating: Material: Die-cast aluminum.
=40*F 10 150'F25-40'C 10 66"C); -40°F tp 125°F
(~40°C to 82°C) when used with VO(sS, _ Mounting: Mourtts directly in the gas supply line.
Table 2. Valve Rated GCapacity. Dimenslens: See Fig. 2 and 3.
I.A.S." Rated Capacity Welght: '
Valve Size (in,) cfth cu mhr 214. 1, ‘:;1]48. 11515'41 \;aive: 4 Ib, (1.8 ko).
in. valve: 8 tb. (3.6 kg).
4 85 13 2172, 3 In. vaive: 11 b, (5.0 kg).
1 860 a2 4 in. valve: 28 Ib. (12.7 kg).
1-1/4 1406 398
=172 . 1717 40.6
R 3820 1025
2112 4250 1203
3 5230 148.1
4 (VS055A) 10200 2868
4 (V5085D,C) 9180 2809
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Fig. 1. Flow cusves for V5055 Valves.
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APPENDIX B

RAW FIELD DATA
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Appendix B.1
Raw Field Data

S.T. Wooten
Franklinton







Central Park Wast
5001 South Miami Boulevard, P.O. Box 12077

Lo it Research Triangle Park, North Carolina 27709
. PAC!FIC ENVIRONMENTAL SERVICES, INC. L (919) 941-0333 FAX: (919) 941-02p4

EPA METHOD 1 FIELD DATA SHEET
TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS

Facili&: T Wooten - Firwumion , NC Project No.: <A4 00w

Sampling Location: W Ak -<Q’f0£-  Date: __3 /24 103

Inside of Far Wall to Outside of Nipple, in._\L'[& - Inside of Near Wall to Outside of Nipple, in.: 4'l4
Stack Inside Diameter, in.: g" Points Calculated by: __ w0

Distance Downstream from Flow Disturbance (Distance B), in.:_ % l_ /stackID=_2:2 __ duct diametefs
Distance Upstream from Flow Disturbance (Distance A), in.: \lo /StackID=__2.0 duct diametets

T'S‘(;?r:f‘e __Fracc):;tiqn Length CP;?:lgn&o; _ LN ;ﬁg‘tﬁ Tr;;ie';ts °

Number Length (inches) (to "?:;ﬁ')st 178 (inches) _ (Sungf étgl”; & 5)
1 062t 8 [ o0.68lh)] a'la [aue [A3h)]
2 | o.c0g 8 053¢ &'fe  |4300 (&3))]
.3 ©.-n8 8 0 G944 4 (s Aot ) VM
4 | oF? 8 1. A\ A g bl <k
5 0.2V 8 T 4'la 628 '
6 |03 8 2848 | 4'fa |08 e
7 |o.a ® & <2 Ale | .40 Q3fg
8 0. 34D ) { YA 01X  \0'la
9 c.213 g lo-3B4 A'la 16 834 \ﬁe,
10 |o.ee IE .08 | Al [1L306 W
11 | 0433 8 3 .464 'l g 803k
12 [ o041 6 ¥ 3.82209 4l .08 (Wh)

 SCHEMATIC OF SAMPLING LOCATION:

LE
-

WRTP-MAIN\WVOL1\WUsers\EW Stewar\ STKSMPLG.ADM\FORMS&DA. TAWWORD\WM1 Clrcular.DOC




Central Park West

| ]
= 5001 South Miami Boulevard, P.O. Box 12077 - ‘
[ 9] Research Triangle Park, North Carolina 27709 .
L7 PACIFIC ENVIRONMENTAL SERVICES, INC. ' (919) 941-0333 FAX: (919) 941-0234 = -
EPA METHOD 2 FIELD DATA SHEET '
Facility: <t \\JOO'IEN - HﬁNLL\N‘W\)’. NC Project No.: §q40 000
Sampling Lagation: \"\Q'S %JV:J& Date: 3 / 24 / o3 .
Run # laawwm__W-2 Clock Time: ___\S30
Barometric Pressure, (in. Hg): ‘ZQ.Q'L Operators; Wmim 9? N‘P , I
Moisture, (%): ___ D Stack Static Pressure, in Hz0: .~ + 0.0\
Stack Gas Dry Molecular weight, (g/g-mol); 30w Pitot Tube Coefficient, Cp: 0.84
Stack Diameter or Side 1 Dimension, (in.):i_ Stack Diameter or Side 1 Dimension, (in.).__- = . . I
Wet Bulb Temperature (°F): A ’ﬁ ' Dry Bulb Temperature (°F):_ N ’ i’\ -
?W\iw NT I|' Traverse Vﬁt’:gy Ten?égggture Yaw Angle
q VI e | % | 5 1
\/ (L E (in. H;0) A . N
o | A-) 6.0 | Ao .4 I
2 -2 6.0% A0 g4
3 -3 0.04 ERLY 2 b _
4 -4 0.0k 24 .S l
5 -< 0.063 234 9.1
6 A 0.0t 34 7./
7 -3 0.0t Ey77) 9.2 .
8 -2 0-c1 G 1.0
9 - 0.0 o6 /3,2 I
10 ~w 0.0 682 /3.9
11 - 0 .08 ~ (o 7.3
2) - 0.0K ~ G0 S 9 I
8 | f -1 .00 Al /0.
14 -2 6.00 A6 /01 .
15 -3 0.c2 A3 Jo, |
16 ~4 0.0 \0 /3
17 < 0. .62 Jo 9.4 l
18 -G Q- 0\ EAll L eXA
19 -9 6.0\ og 7.3 '
20 -9 G A g,/ '
21 -q 0.0 o 7.2
22 - b 0.03 ELS /2,0 '
23 Y 6.0t 324 j&il
% <\ ©.04 A2 /S: G I
25 !
N\Users\EWStewar\STKSMPLG.ADM\FORMS&DA. TA\WWORD\WMZ2.DOC ’ I



R E Central Park West
' & & 5001 South Miami Boulevard, P.O. Box 1207
l L_JC_JCJ Research Triangle Park, North Carolina 2770
[ PACIFIC ENVIRONMENTAL SEFMCE& INC. (919) 941 -0333 FAX: (91 9) 941-023
' ' _ EPA METHOD 2 FIELD DATA SHEET
 Facility: < Awoeien WIPINR\NW , NC Project No.: g-oq{’ )
' Sampling Location: _ VDS SIACK Date: 3)73 103
. Run¥_WE-F-wa- 1 _ Clock Time: ___ 0455
I ' - Barometric Pressure, (in. Hg): 265 V.04 Operators: W_\M ; N(), em
Moisture, (%): =30 Stack Static Pressure, in H0: _ ¢ ©.0\
'~ Stack Gas Dry Molecular welght (9/g-mol): 3Q -Pitot Tube Coefficient, Cp: 0.84¢
‘ ' Stack Diameter or Slde1 Dlmenswn (in)__©O 8 h Stack Diameter or Side 1 Dimension, (in.):
' Wet Bulb Temperature (° F). NR Dry Bulb Temperature (°F): -
(pue -&UN' \ _ l|' Traverse Velocity | Stack Yaw Angle .
' . N Point Hzad Temp_?ratu_re ‘ _ :
E Number ©(in. |_F|)20) | (OE) _ ©)
' S 1 pA-L 0.0eK o4
A 2 -2 0.0k LA
' 3 3 | oos (AS
' | 4 -4 | ooaf (N
5 -S 0.005 Fot
| 6 b 0.005 - A1
. ' 7 - 4 0.005 2%
8. ~ e, Q.olo 49
l 9 -Q 0.016 S0
10 ) 0 .045 . 349
‘- 1 -\ 0.63<¢ e
' ' 12 -\ 0.03S ELs
- 18| f-4 0.0%0 08¢
l 14 i) 0.030 (80
15 -3 | 0.040 ((3:%
: e =4 —F 6.0 1560
l 7] -< Q.00 20
18 -6 0-0$ 79
' LH | 6.0lb A2
20} -9 0.010 %)
' 21| . -9 0:016 376
l 22 -\o o.0\§ T3
_ 23 -\ 0.0 - 6
l _ 24 -\ 6.01¢ 4
_ 25 '
l. _ N:\Users\EWStewar\STKSMPLG. ADM\FORMS&DA. TAWORDWZ.DOC




: . Central Park West

5001 South Miaml Boulevard, P.O. Box 12077
Research Ttiangle Park, North Carolina 27709
(919) 941-0333 FAX: (919) 941-0234

DrninctNo' 561\-!0"000 .

RunNo: MlF - € -\ _
Sampling Location: H(0 & ’E:LAHJPV‘ g"-pc,lc_
Samplers: AW, WP, Fm

E3 PACIFICENVIHONMENTAL SEHVICES, INC.

Sample Train Recovery Data

& .T. Wodter

- ——— Faeility; Etﬂ:i_,y“g:‘qg\ e
pate:_ 3hs [63

Clean-up person: m
Field Team Leader: J\\Jce V] ared”

Comments:
Front-Half Data
Filter No..__ N ’ AY Filter Media: Tare Wt (mg):
Filter No.:_ N I A Filter Media:_ Tate Wt {mg):
Back-Half Data _
Contents: /00 m/ /7/2. 0 100 m/ /—/; d Em P'T.\/ I
Final mass (g): ‘ T5s S L5 5 L 30, 2
Initial mass (g): 734,77 739,/ (& 20, 6 .
Nettioes 0.5 24,7 5 1
Contents: N iea Gel -
Final mass (g): ’7 .b ; 7 l
Initial mass (g): TLL, 8 .
Net Mass (g) [3 9 l
Total Moisture Collected: (g): /0 "/, 0 _ i

Description of Impinger Catch:




LJPACIFIC ENVIRONMENTAL SERVICES, INC..

Central Park We|
5001 South Miami Boulevard, P.O. Box 120
Research Triangle Park, North Carolina 277
(919) 941-0333 FAX; (919) 941-02

EPA METHOD 2 FIELD DATA SHEET

Facility: =N Loo0Men - FEANLINTDM

Sampling Location: "\tﬁ Sk

CRun#_ WE-F-w-T

Barometric Pressure, (in. Hg):

2550 Z0. 09

Moisture, (%): WA

Stack Gas Dry Molecular weight, (g/g-mol): ?)0--\9
Y

Stack Diameter or Side 1 Dimension, (in.):

Project No.: %0'4'0 QB0

Date: 3h§ , %)

Clock Time: __~— 120

Operators: __~ VWO

Stack Static Pressure, in H20: ___0 .G\

Pitot Tube Coefiicient, Cp: 0.64

Stack Diameter or Side 1 Dimension, (in.): ___ 7

Wet Bulb Temperature (°F): - Dry Bulb Temperature (°F): -
o |
e + l|' Traverse Vﬁ'::gy Ten'usptxzcr::ture Yaw Angle
- N Point Ap T, ‘ o
E | Number (in. H,0) (°F) )
1 A-1L 0.005 do -
2 -2 0.00% 67
3 -3 0. 00% )
4 -4 0.0 29
5 ~< 6.00% A
6 A O.0K% 12
7 -3 Q.05 Al (y
8 -9 0.0\ i
9 -4 6.-0% 133
10 -lo 6.020 A8S
11 -\ 0.030 Ae4
12 -\ 0.0%0 294
13 R- L 0.00% 262
14 -1 6.00% Al
15 ]~ L0008 AL |
16 -4 G. 040 YA
17 ~< 0.64¢ 6L
18 -6 0. % A
19 -3 0.00F A3
20 -8 0.6\6 A3
21 -9 0.010 AG
22 Y 6.6\0 A\
23 -\ 0.0\ Ao
24 | -1 0.0\o 4
25 \

N:\Users\EWStewar\ STKSMPLG.ADM\FORMS&DA. TAWORDWMZ.DOC
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l ' Central Park West
5001 South Miami Boulevard, P.0O. Box 12077
T : Research Triangle Park, North Carolina 27709
' EF T RONMENTAL SERVICES, INC. . ‘ (919) 941-0333 FAX: (919) 941-0234
: . o Sample Train Recovery Data BU )(' | /l/"’ 5..-
S, 77 wodled ‘
l Facility: £7 A~ k) v fon Project No._ 5 740, OUO
Date: 2 ,2‘? '/03 RunNo.: _Fawv hﬁ\\\(« .
I Clean-up person: Em _ Sampling Location: Hos /BW' ner g‘ﬁq‘c/t’—;
: Field Team Leader. M (ke Mured Samplers: __\WJwm / Nf |
' : Comments:
l ' ' Front-Half Data
Filter No.: N / A - Filter Media: Tare Wt (mg):
l | Filter No.. N I A Filter Media:_ Tate Wt (mg):
' Back-Half Data
. B Contents: /00 ml Hz0 100 m] Heo lef
l : Final mass(g): N lp, [\ IA N ("’
v Initial mass (g): 701,3 ' 019 3 ! 7. &
'_ Net Mass (g)
l Contents: <; Jren é'e//
. | Final mass (g): ' N in
' | Initial mass (g): X L, 17( |
_. Net Mass (g) |
. Total Moisture Collected: (g):
. Description of Impinger Catch:;







Appendix B.2
Raw Field Data

S.T. Wooten
Clayton







Central Park West

- 5001 South Miami Boulevard, P.O. Box 12p77
Research Triangle Park, North Carolina 27709
(919) 941-0333 FAX: (919) 941 -0?34

lmc:lnc 'Enwnonusnm. SERVICES, INC.

EPA METHOD 1 FIELD DATA SHEET 1
' TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS |

Facmty . \ro@n - (LAY RN Project No.: <hds . 0o
- Sampling Location: s S Date: 3/20 )03

Inside of Far Wall to Outside of Nlpple in. M__ S Inside of Near Wall to Outside of Nipple, in.: 4' ’3
' Points Calculated by: WW)\M
Distance Downstreamn from Flow Disturbance (Distance B), in.: &'g / Stack ID = -7%08
_2¢'h sstackiD=_"2. 64

Stack Inside Diameter, in.:

duct diamet
duct diameters

Distance Upstream from F_Iow Disturbance (Distance A), in.:

Travgrse Fraction Length g;?:uzc ES(OIfB Nipple Trg;?r:ts °
NEg':gter Lezgth (inches) (to nearest 1/8 (I;rﬁ:lggg) Location
inch) o (Sum of Col 4 & 5) ¥
1 o621 i 0163(0s) 4 A4\ l+
y 2 |o.0m 1 'h 6238 | AYs SO Slle
Y 3 o. 18 Rz g (3% | 4k < (53 S
E/ : 4 |loxser nif; 7.2\ 40y (YA 6l
5 |oggrede n'h | 3.8 4l .38 °le
6 |0.p440% 'l 4.4 &' (s 8 .70 fa
7 ookt W'/ 8.050 4l 1230 ‘e
8 |0 83080 ', q.3K 4l 13.63 15/
9 0.26-0022 W'/, (o.e8 A4 14y ‘h
10 |gAroefz (') 1. 035 ks & .18 *fa
11 ] 088 12 (- (o3 - 4'lg 1£.4) .%
2 [ofM [ w'h 38 ) | Al o B o ¥
' SCHEMATIC OF SAMPLING LOCATION: At / A'ls ¥ - f\J\ d.

R Rt

\\HTP-MAIN\VOL1\Users\EWSteWart\STKSMPLG.ADM\FORMS&DA.TA\WOHD\M1 Circular.DOC




5001 South Miami Boulevard, P.O. Box 12077

[T PACIFIC ENVIRONMENTAL SERVICES, INC. | (919) 941-0333 FAX: (919) 941-0234

EPA METHOD 2 FIELD DATA SHEET

Facility: Ax_Weotny  Clivrow Project No.: @ S940 . 0w
Samplingd ocation: _ Y¢S “iew | Date: 3 DG / 03
Run # RT!M _ ~Clock Time: __~_ {209 ,
Barometric Pressure, (in. Hg): ~F44Y 2004 Operators: Wm € NI
Moisture, (%): \ Stack Static Pressure, in H0: _~ & .063
Stack Gas Dry Molecular weight, (g/g-mol): Bu. W - . Pitot Tube Coefficient, Cp: 0 fe4 _
Stack Diameter or Side 1 Dimension, (in.): 2 z Stack Diameter or Side 1 Dimension, (in.)i____ :
Wet Bulb Temperature (°F): ' - ' Dry Bulb Temperature (°F): ~-
Il_ Tr;vgr:-;e Vﬁl;):gy Terr?ggcr::ture Yaw Qngle
oin
EI Number (in.Ai'?QO) (;r'g) ©)
1 AL 0.0% S99 ¢ -13.8
2 -2 o.o0%y a4 Q5.
3 ~3 0060 bw -0
4 -4 0.06% () ~S i
5 - 0.65U (Y8 ~<
6 -6 Q.04 w2 ~-&
7 -3 0.020 @03 -5
8 -9 ‘ o0 .OIS 03 -~
9 -4 a.0 (o2 A
10| -10 0.000 | (063 -4
1 - G.0\0 (ol B o
12| -2 6.6ip 4 4
13 B -] C . O\S 363 0
| -2 6.0 | 4 0
15 -3 o0.05 &G ov \
6| -4 6.020 (o3 0
17 -< 0 .¢20 G0y <)
18 A 0.020 Lo 6
| % 690 | oA 0
20| -9 0.0 e 410
21| - q 0 OSD b 419 N O 632¢
2 [ -{9 0.0% b2 +Q . (53
23| - Q.45 Gl BEAL A
24 | -2 6.050 Gle A9
25

N:\Users\EW Stewart\ STKSMPLG.ADM\FORMS&DA. TAWORDWMZ2.DOC

Central Park West

Research Triangle Park, North Carolina 27709 -
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I : |
. Central Park West
. ‘ 5001 South Miami Boulevard P.Q. Box 12077
. - —J o _ " Research Triangle Park, North Carolina 27709
-+ [JPACIFIC ENVIRONMENTAL SERVICES, INC.  (919).941-0333 FAX: (919) 941-0234
' ' EPA METHOD 2 FIELD DATA SHEET
Facility: f [ LL l’u C L‘-\ M 'l'\b A e Project No.; {ﬁ’ 40. 000
l * Sampling Location: \'\'03 STPrq,_g Dater ¢~ 2% -0 3 )
Run#_1 ' Clock Time: ___ A LD !
' Barometric P_ressure, (in. Hy): 30. Oﬁ‘ _ .. Operators:. L\CM—LLL _’} Mo €T 1
" Moisture, (%): ! - : Stack Static Pressure, in Hz0: __+ 0.3 ;
~ Stack Gas Dry Molecular weight, (g/g-mol): 2u. 0 " Pitot Tube Coefiicient, Cy: : 0 "2‘4' |
' Stack Diameter or Side 1 Dimension, (in.)._& 12 \'L 2 " Stack Diameter dr Side 1 Dimension, (in.):
Wet Bulb Temperature (°F): - Dry Bulb Temperature (°F): -
B R I - SO (< i e W R
l E | Number (in.AI-Fl)QO) (;l';) )
' L - N W I 0 ' LY\ —
_ 2 "L IEETS bMS -
| > -3 oo wig —
l 4 4 |%.0} b —
5 -5 C.ob L33 -
\ 6 —b lo.224 ) —
. ' 7 Y | o0 byb -
8 -3 | ¢e.eg b3 -
' ‘ 9 -4 2.9 V4 L33 -
10 R 1 Q.o (32 -
" - ©.o1 i L 3 \ c—
. 12 "\ .\ . 632 h—
o B R- $.01¢ €24 -
I 14 -1 C.oi5 Le 32 -
v -2 D.0150 b3g -
: 16 et 90 6.8159 b 35 i ;
' 17 -£ Q.02 b e | - ‘
: 18 -l .02 S - |
'_ . 19 -3 .03 Liw | — ' |
20 -8 0.635 .y -
21 -4 t.03¢ b\ —
l 2 - . 03¢ L st
23 ol 0.0358 | bw | -
l 4] "W 0.o43 | g | —
25
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‘ Central Park West I
5001 South Miami Boulevard, P.O. Box 12077 :
_ Research Triangle Park, North Carolina 27709 :
WPAC’IFIO: ENVIRONMENTAL SERVICES; INC. (919) 941-0333 FAX: (919) 941-0234 '
Sample Train Recovery Data /t/ — / -
<. 7. Weootew . o o X o
Facility: _ < LAY TIN ~ ProjectNo.._ £740,900 | .
Date: __3[23 [e? RunNo.:_ \MM(~F -1 .
Clean-up person: __ W)W . Sampling Location; A/ < Bl—lrn/ﬁ/ 5{/12;/(. B '
Field Team Leader: __V\OW Samplers: Br Ing - _
Com'ments:_ ' , '
_ Front-Half Data _ , l
Filter No.: N I [ Filter Media: ' Tare Wt (mg): . |
Filter No.;_. Filter Media:' ' Tate Wt (mg): o l
Back-HaIf_ Data ‘
| Contents: /08 wl DI tha | 100 al DT Hog EVMe Ty '
Final mass (g): Yz A37.4 G 33\ |
Initial mass (@): . | 7L 0 TS Y CPE_BI o l
Net Mass (g) B - '
| Contents: Ciliga Gef . ' |
| Final mass (g): , 113<.0 -
Initialmass (@ | 742, B '
NetMass (@) = | . |
Total Moisture Collected: (g): I
Description of Impi_nger Catch: .



L[] PACIFIC ENVIRONMENTAL SERVICES, INC.

Central Park W

5001 South Miami Boulevard, P.O. Box 12

0
Research Triangle Park, North Carolina 2773%
‘ (919) 941-0333 FAX: (919) 941-0234

EPA METHOD 2 FIELD DATA SHEET

Facilty: £ Upden - ol QNS

Sampling Location: Mos - sselle

Run # \ : WL -

36.09

Barometric Pressure, (in. Hg):

Moisture, (%);___\ \

Stack Gas Dry Molecular weight, (g/g-mol): %0-6
Stack Diameter or Side 1 Dimension, (in.): \1'2

Project No.: .@\-\0 .84

Date: - [y "‘3 3

Clock Time: __\ | \§-

Operators: ___Hp 6w A
Stack Static Pressure, in Hz0: _ 0.3
Pitot Tube Coefficient, Cp: 0. %L1

Stack Diameter or Side 1 Dimension, (in.):

—

Wet Bulb Temperature (°F): = - Dry Bulb Temperature (°F):

L Veloci .
a M l:l Trgzier:f © Headt_y Terr?pt)g::ture Yaw(/:ngle
e E | Number '(in.AF?QO) ) ©) .
o L L s 0.0% &\

2 -2 o.¢ % o

3 -3 0. 08 b\Y

4 Y 0-0%FS i3
2 . Y 0.0 oy
6 b 0.0 iy

7 s 4 D.o% 2 YKy

8 - 0.0 2 b \§

9 -1 0.0\S oY

10 e 0-3) b\3

" —\ 0-5 | b5

12 —~ .o\ Loid

Bl R -\ 0.0) b

14 - @.0)5 b\S

15 -3 Q.02 G\b

- O | Oy AV

17 -5 ©ond Gy <

18 -4 Q-..Dz_s Ll

19 - .33 b3

20| -8 | o3 b\

et —9 .83 b\

2 —© 093¢ 61}

23 - t.e3% @\S

24 e D.olg BAYS

25 :
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' Central Park West

5001 South Miami Boulevard, P.Q. Box 12077
: i | o - Research Triangle Park, North Carolina 27709
£ PACIFIC. ENVIRONMENTAL SERVICES; INC. (919) 941-0333 FAX: (919) 941-0234

Sampl_e Train Rebovery Data ' ]? /U ~— Q—

ST Woetew | i o
Facility: ¢~/ ‘/—M : ProjectNo.___ S G40, 00¢

" Date; 3 |'2'fl‘ ’03 ' —_ RunNo.__\WC - \:' - .
Clean-up person: __Y\YM Sampling Location: [Ho S Burater S h“ﬁ[c
Field Team Leader: \V‘_W’" ' Samplers: Qu / Ny '
Comments: ‘ : '
| Front-Half Data
Filter No..__'N_{jt Filter Media; . Tare Wt (mg):
" Filter No.: ' Filter Media:_ _ . ~ Tate Wt (mg):
Back-l—!aif Data
Contents: 00 nl Hap '_fU’O wml U0 | bvery |
Final mass (g): At M | ™SO <330
Initial mass(@): | (fp 2.2 747,77 .5'3 2.0
NetMass (@) ' S S
Contents: Silicn Ged
Final mass (g): 8643 |
Initial mass (g): ' S’/M, 0
Net Mass (g) ' o

Total Moisture Collected:; (g):

Description of Impinger Catch:__

:



DPAcmc ENVlFlONMENTAI. SERVICES, INC. -

EPA METHOD 2 FIELD DATA SHEET

Central Park W?Vst

5001 South Miami Boulevard, P.O. Box 120

Research Triangle Park, North Carolina 27709
(919) 941-0333 FAX: (919) 941-0234

Facility: g - L'JQDLQJ\ (-LV'-\'\)« S Project No.: Qq’o 000
Sampling Location: Aﬁg 44 Date: < “13} 93 _ ;
Run #__L. Clock Time: __{31G |
Barometric Pressure, (in. Hg): ‘30 ‘04 Operators: __ M [b 4 H‘ ""f
Moisture, (%): W\ Stack Static Pressure, in Hz0: ___© -3
Stack Gas Dry Molecular weight, (g/g-mol): 3.0 Pitot Tube Coefficient, Cp: 0.g4 _
Stack Diameter or Side 1 Dimension, (in.): n'h Stack Diarneter or Side 1 Dimension, (in.):_____
Wet Bulb Temperature (°F): il Dry Bulb Temperature (°F): -
L i '
ll' . Trg;cianrtse Vﬁgggy To n?;_lgf:ture Yaw oP:ngle
Dt - #; E | Number | o) °F) ©)
l ™ - ] A- ®. 00 023
- 2 - L e-o} bz
Q\m - ue B3 3 -3 0-5¥S 1S
l 4 =y 6-01$ G2
5 - ©-02% aly
| 6 0 0-Olo k23
l 7 s 0.0 2
8 —& © -0 ks
l ® —9 .0\ 8 2
- 0] -19 o008 CR B
A | Q015 X
l 12 —\2— O -o\ Lr s
13 -\ C.o| by
l Ml -2 a.015 by
15 -3 900,45 £2.8
‘ 16 i 0.0\& | 420
| 7| ¢ ooz | ¢re
18 1 @-9L rLs
l O 0-03 bzt
2] | oozs | i3
21 -4 ©0-0% b,
I 22 -0 Q-0\Y 023
23| 0-oM krs
' 24 2 O.-p4s L 2y
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3C- ENVIRONMENTAL SERVICES; INC.

Central Park West

5001 South Miami Boulevard, P.O. Box 12077
Research Triangle Park, North Carolina 27709
(919) 941-0333 FAX: (919) 941-0234

Sample Train Recovery Data

.7, Wodtey

(

Facility: _ <./ AvyFen ProjectNo..__2 40 .00 0 |
Date: 317 10? RunNo..__ \W¥F - & -3 |
Clean-up person: __\\Wi sampling Location: /40 S _Buyner Shacl o |
Field Team Leader: W\\D\M Samplers: &\’\ 7 N ' . _ !
Comments: |
Front-Half Data 1
Filter No..__ W / A Filter Media: Tare Wt (mg): ]
Filter No.:. N Iﬂ' Filter Media:_ Tate Wt (mg):
Back-Half Data
Contents: (0wl DT g |00 ml DT Ha |  EmpTY
Final mass (g): - A88.6 b33 (o 69.8
Initial mass (g): 722,20 (29,5 - 005,7
Net Mass (g) :
Contents: S leen Gef
Final mass (g): 6s€.0
Initial mass (g): g, 7 h I,
Net Mass (9) ' '

Total Moisture Collected: (g):

Description of Impinger Catch:

- (-

- -

A (G W (S (e

- -

LB

L

-



%:

A o
AN s
[ 7
LT PACIFIC ENVIRONMENTAL SERVICES, INC.

EPA METHOD 2 FIELD DATA SHEET

Facility: ST. U N
Sampling Location: '('"OS St

Run # 3

Barometric Pressure, (in. Hg):
Moisture, (%) \ \
Stack Gas Dry Molecular weight, (g/g-mol): gd.0

Stack Diameter or Side 1 Dimension, (in.):ﬂ

Wet Bulb Temperature (°F): -

30.04

Project No.: g‘(\'% 00
Date: 8-} —o3

_Clock Time: \S3e
Operators: 2\3\ P T\»
Stack Static Pressure, in Hz0: &) o3
Pitot Tube Coefficient, Cp: 0.84

Central Park West

5001 South Miami Boulevard, P.O. Box 1207,
Research Triangle Park, North Carolina 2770
(919) 941-0333 FAX: (919) 941-02

Stack Diameter or Side 1 Dimension, (in)i_—_
Dry Bulb Temperature (°F): -

I|_ Traverse Vﬁ':;gv Te n?;gfgture Yaw Angle |
N Point Ap T, o |
E | Number (in. Hz0) (°F) ) |
A | O 2
2 -2 .oy Lro
8 -3 0.0} b
4 | o-0d b 22
5 | € 0.0} (014
6 e Q-ok (10
7 - 0.01K G\gq
8 -9 G0k (g M
3 d -4 ©-0 S~ G \8
10 —\O ‘ e-0| 3}
Tl =\ ©-0| L
12 Ve 0-0\ K |%_
i R | 0-0\ L\q
14 -2 0-o |\ b o
18 ~3 o0l s b v
T o e BT
17 ) O. DL 273
B 0-92€ e
19 oy Q03 Gry
20| g @035 6 20
21 -4 0 -03y Sy W )
2 | -(o o -oY e 13
23 | —\ o % L)
24 | 0.0 2w
25 ' o

N:\Users\EW Stewar\STKSMPLG.ADM\FORMS&DA. TA\WORD\WM2.D0OC
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1
. |
: Central Park West |
5001 South Miami Boulevard, P.O. Box 12077
b ‘ : Research Triangle Park, North Carolina 27709
. 5] PACIFIC: ENVIRONMENTAL SERVICES; INGC. _ (919) 941-0333 FAX: (919) 941-0234
' Sample Train Recovery Data ' ' |
l Facilty: S\ 0ooki - CLKY W Project No.___Q440- Gw
Date: 3k }03 RunNo.. _\WC- E- F&
l Clean-up person: ___ W\ WA ~ Sampling Location;__t4&%S Q)v\A s
_ Field Team Leader; _WMYwA Samplers: &\3( [ nf
l Comments: _ _ _ ;
' 1
l Front-Half Data
Filter No.: N I A Filter Media: Tare Wt (mg):
. Filter No..__ N / A ~ Filter Media:_ Tate Wt (mg):
l Back-Half Data
_l Contents: i o ' 0t W\, 0 WY i
" _ Final mass (g): , }4._6? q33 2 (9-7'4_“
Initial mass (g): . A1} 138 .3 2 4.0
‘ I Net Mass (g) : ‘
' Contents: - % Gen,
| Final mass (g): 3L
l Initial mass (g): A
Net Mass (g)
' Total Moisture Collected: (g):
l Description of Impinger Catch:







Appendix B.3
Raw Field Data

REA Construction
Mallard Creek







5001 South Miami Boulevard, P.O. Box 1207
Research Triangle Park, North Carolina 2770
(919) 941-0333 FAX: (919) 941-023

EPA METHOD 1 FIELD DATA SHEET
TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS

Central Park We

E=3

6

WATP-MAIN\VOL 1\Users\EW Stewar\STKSMPLG.ADM\FORMS&DA. TAWORDWM1 Circular.DOC

 Facility: /QEQ //7"‘//“"'/ C el Prbject No._ 5%40.00°
Sampling Location: HES Date:__3-3/-¢ 3 i
__Inside of Far Wall to Outside of Nipple, in.: Zhh’-gu Inside of Near Wall to Outside of Nipple, in?:ntj'iéﬁ' 3
Stack Inside Diameter, in.: \'5\,7/ Points Calculated by: W\m”‘
Distance Downstream from Flow Disturbance (Distance B), in.: b0 s / Stack ID ol __duct diamete
Distance Upstream from Flow Disturbance (Distance A), in.: 7—‘( /Q / Stack ID 24 Efi duct diametérrj
. Product of . Traverse
U || e | ookzes | e | P |
Number Length inch) ‘ (inches) (Sum of Col 4 &'5) v
1 |6 ez | 30 01 W] 3.23¢ | 3.66 3°08|
2 |o%13 | T3S ¢ 263 4% 4'ly
3 |o.ire | 3.338 | b 1G 4% A% |
s 0133 | 12as || 1274 56¢ £3le
5 |6.2% e o 3.214 68 (Sl
6 |03 Yons 4 $B4 148 4
7 0-G44 ‘f}zf} Q-6 Vot W Sle
8 |oxky |7 Q.6<0 1203  \3.
9 |083 Lo .S4, 3431 A,
10 ¢ 992 \L-35L 1413 1434
1| pa% (012 €34 Y$3s
12 |0QIq 1 6os G ‘777 ‘ 48 Sk 'Y
SCHEMATIC OF SAMPLING LOCATION: 1.1
- © o e IV |
Nipfle A= e £ 3/% _Ib e |
2,%g, h2s$ b |




. Central Park West
‘ ¥ 5001 South Miami Boulevard, P.Q. Box 12077
e : : Research Triangle Park, North Carolina 27709

PACIFIC ENVIRONMENTAL SERVICES, INC. (919) 941-0333 FAX: (919) 941-0234

EPA METHOD 2 FIELD DATA SHEET

Facility: f-kﬂ CMWC“W' Project No.: §q4{) o
Sampling Location: RS e : Date: 3.,3‘ / 03
Run # i T\ . Clock Time: ___ {3
Barometric Pressure, (in. Hg): 2642 _ Operators: wom / NP
Moisture, (%): & Stack Static Pressure, in HgO:. —0-0%¢
Stack Gas Dry Molecular weight, (g/g-mol): 20-00 Pitot Tube Coefficient, Cp: 0- 94’
Stack Diameter or Side 1 Dimension, (in.): w? 8 Stack Diameter or Side 1 Dimension, (in.);__ "
Wet Bulb Temperature (°F): i Dry Bulb Temperature (°F): -
Il- Travgrse Vflltg:cllty Ten'lS;::?:ture Yaw Angle
N NEl?r:gter Ap Ts (?)
"l o B0 "
b AT o-oke | US| w3
2 -2 _a.03¢ Glo -1
8 -3 ©.030 S?F -04&
4 4 0.030 639 ~8.6
5 -< 0.63¢ GA ~0.\
6 -6 ¢.04o Ll -22
7 -7 Q.04¢ 4! o
s | ~8 0.8 | 983 + &
9 -4 6.08% I v 0.€
10 i 0-060 ¥ |*e3
11 -U 0 Qoo By FzZo
12| v 0.085 1349 + 0.6
s YL 0.066 NN
14 -3 0-0%c G2 A A8
15 -3 0-0%0 (<o A 6
16 -4 e-671% 643 4t
17 & 0.0% (34 + 4
18 -G 0. 66 Ghlp L 6.4 B‘ 0. 65
]| % 0.0% R0l 2.0 a s
20| .9 0.8 R0% + O E
21 -a 0.04% 2 '8) 4 0.3
22 -0 0-04% 5% {0
23 - O.0k¢ (I 41\
24 -1r 6 .o4S (-84 P2
25
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Central Park West

5001 South Miami Boulevard, P.Q. Box 12077
Research Triangle Park, North Carolina 27709
(919) 941-0333 FAX: (919) 941-0234

Sample Train Recovery Data N-L

Faciity: _KHH] //4 //m’/ @V"""(_ Project No.___ 57 70, ¢

Date: __3-3(-0 3 Runw'l Mme ~=~|

Clean-up person: _EM\ Sampling Location: Wos Q-{Po\t-
Field Team Leader. __ 77 /1 Samplers: _ 72, 27/
Comments:
Front-Half Data _
Filter No.: /\/ [ A Filter Media:___~// /X Tare Wt (mg):
Filter No.; A//A Filter Media:_ VY las Tate Wt (mg):
Back-Half Data
1spml ]U‘Dml
Contents: ' (\-g W.0 3 M W, L WT
Final mass (g): gﬂ?, b 792¢.1 : (357,
Initial mass (g): T34, 3 4G, 0 | w22.Y
Net Mass (g) s .3 57,1 ’ [3,0
Contents: (}- (£\
Final mass (g): él é; g' 7
Initial mass (g): sud, ¢
Net Mass (g) [7. 7
Total Moisture Collected: (g).____{7 7. 3

Description of Impinger Catch:
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Central Park West

5004 South Miami Boulevard, P.O. Box 12077
Research Triangle Park, North Carolina 27709
(919) 941-0333 FAX: (919) 941-0234

RN-2

PACIFIC. ENVIRONMENTAL SERVICES; INC.

Sample Train Recovery Data

Facility: T\7L: 4/ k] { i (Yeel
Date: al o3

Project No.: STY0, ¢V
RunNo.. MMC- F -)(M

Clean-up person: K M Sampling Location: S SvLA-;_l(_ ‘
Field Team Leader: WO samplers: 7/f__ 1A |
Comments:
. Front-Half Data
Filter No.: N (A Filter Media:___4/ Iis Tare Wt (mg):
Filter No.: /‘/ / A Filter Media:_ N [ A Tate Wt (mg):
Back-Half Data
S0l V/AL2]] -
Contents: DT \,\;q\-v/' D1 Waden | L
Final mass (g): 70 2,9 776 & S 33N
Initial mass (g): (20,9 745, 0D S29.32
Net Mass (g) lt—f?;\\ 2k~ .9
Contents: 5. @\
Final mass (g): 9 '75', g
Initial mass (g): Tl Y
Net Mass () [ q

[¥9.6

Total Moisture Collected: (9): A '

. Description of Impinger Catch:
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' ' Central Park Wesd‘
5001 South Miami Boulevard, P.O. Box 12077
l , iy JRor _ Research Triangle Park, North Carolina 27709
EIPACIRC ENVIRONMENTAL SERVICES; INC. (919) 941-0333 FAX: (919) 941-0234
_ l Sample Train Recovery Data ' N-5
- l Fecity:_ @ Rea  Malld ek proecto. 5944, ozv
| Date: a [ ,03 - ' RunNo.. WW(C-F -3
' Clean-up person: _ =W Sampling Location: /A0S Shtack
Field Team Leader: M Samplers: *#7¥, A4
' Comments: |
l : . Front-Half Data ‘
Filter No..___N (r Filter Media: . 4/( A Tare Wt (mg)::
l : Filter No..___A/IA Filter Media:_ (A . Tate Wt (mg):
I Back-Half Data
l o Contents: Jion] DL ok~ ' /0p,.,( DI whter mi |
l N Final mass (g): gr(,_{:. 0 (Z,L{E’,7 (07,5
'y Initial mass (g): TG, 2= G2\ 603, ¢
| I | Net Mass (g) (M5 2710 39
l _ Contents: S, Gel
o .| Final mass (g): ?5’/' 5
I o Initial mass (g): 747, L
o | Net Mass (g) ['5 Ol
I Total Moisture Collected: (g): (43.5
I Description of Impinger Catch:
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[&7 PACIFIC. ENVIRONMENTAL SERVICES, INC.

QE)‘\ @Usﬂucf}'au
Facility: Mo ilppvd Creele

Sample Train Recovery Data

.Date:~ 4~(~03

Clean-up person: [5,_¢Mendy S

Field Team Leader: /). M wvetf

Comments:

‘ Central Park West

5001 South Miami Boulevard, P.O. Box 12077
Research Triangle Park, North Carolina 27709
(919) 941-0333 FAX: (919) 941-0234

W

Project No., S 9Y¥0.000

RunNo.: _YW(- F - EH { R %\ﬁm} _

Sampling Location: H0 S Burwer Shvelc
Samplers: V\M)W/ NP

| Front-Half Data
Filter No..__IN / - . Filter Media: Tare Wt (mg):
Filter No.: Filter Media:_ Tate Wt (mg):
Back-Half Data
Contents: 100 ml {20 100 m( Heo EW\PTV{
Final mass (g): _ _ |
Initial mass (g): TY0, (s U5, 3 | 023:()
Net Mass (g)
<
Contents: Slice e [
| Final mass (9):
Initial mass (g); &Sl 2.3
| Net Mass (g)

Total Moisture Collected: (g):

Description of Impinger Catch:







Appendix B.4
Raw Field Data

REA Construction
North Mecklenburg







Facilify: M C(_,.\Csxm(’“m - N i \MCU—L:N!\M

g

L] PACIFIC ENVIRONMENTAL SERVICES, INC.

5001 South Miami Boulevard, P.O. Box 1207
Research Triangle Park, North Carolina 2770
(919) 941-0333 FAX: (919) 941-023

EPA METHOD 1 FIELD DATA SHEET
TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS

Sampling Location: s Sge

Inside of Far Wall to Outside of Nip
Stack Inside Diameter, in.:
Distance Downstream from Flow Disturbance (Distance B), in.: Lo g / Stack ID = . ¥ duct diameter

Distance Upstream from Flow Disturbance (Distance A), in.: 28.¢0 / Stack ID = 2-0% duct diameterj

Date:

Project No.:

Chho . ua

4{‘2 /o'S

3

Plle-,, in.:

Points Calculated by:

.Inside of Near Wall to Outside of Nipple, in.: 5 ?Z ¥

DM

e | Focon | o | Ceges | Nk | TEE
e | Lengn | (e | (onesem i | ooy | o Locator
o\

R 0 .02 13 owea(l:]| 3% e
2 ©.00™ -6 809 A% 4'[4
3 o.\to {A&S a8t 47
4 | oA% .34 sac - <3y
5 | 02 32377 6 ok
6 0350 A 2oL 8¢ 6s
7 |o.0a4 B .44 .61 12'k
8 |ea® (o .05 280 3%
9 |0y TR wab  (4'%h
10 0801 St g S
" | 043 Y KEr G
12 |o&m | ¢ 13200 (1) Y \(3 8

SCHEMATIC OF SAMPLING LOCATION:

' \\HTP-_MAIN\VOL1\Users\EWStewart\STKSMPLG.ADM\FOHMS&DA.TA\WOF\D\M1 Circular.DOC




Central Park West

5001 South Miami Boulevard, P.Q. Box 12077
Research Triangle Park, North Carolina 27709
(919) 941-0333 FAX: (919) 941-0234

'[Z] PACIFIC ENVIRONMENTAL SERVICES, INC.

EPA METHOD 1 FIELD DATA SHEET
TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS

Facility: J?” q //5'/4‘4 // 5’5{ /f/‘/ ;At// g Project No.: N ?%) - 040

Sampling LocatioNOS Shaetg__ 0 ile? Date: _ ¥-2-032 Y
Inside of Far Wall to o}sKeof Nipple,in.._/6.0"  Inside of Near Wall to Outside of Nipple, in._ 3.5 3 / 8
Stack Inside Diameter, in.: /3, 5 " PoinCaIculéed by: A

i 9 Stack

duct diameters

307 ® ST
- . Traverse
o | o | Lenan Longih it
Number | Length (inches) (Sum of Col 4 & 5)
1 Jowe | @k, | A3 3315 333 3| " FY
2 [o.082 |V iaw 3315 449 A,
3 |o.lé A IECEDN 3398 535 <3 |
4 |o.mC A 1 2ot \_ [ 235 043 (ih
5 o | / G013\ | 3¢ 14 8
6 6.658 |/ 8.863 N\ 333 2w 'l
7 |oaat /| 0.4 231 (U 123l
8 0.8 LS4 IR wbo 143 s
o [oAls 1 33 IS |6AF <3
10 Jodad | 3 3. 48 333N |65y \GYe | ¥¥%
1/ \ |
7

SCHEMATIC OF SAMPLING LOCATION:

\\RTPvMAIN\VOU\Users\EWStewart\STKSMPLG.ADM\FOHMS&DA.TA\WORD\M1 Circular.DOC



EPA METHOD 2 FIELD DATA SHEET

Facility: Rep Comspmction - N, \M@Lt.m&x}(,

Sampling hocation: WS S

Run # hﬂ.\w\

Barometric Pressure, (in. Hg): 208 Zave
Moisture, (%): \o

Stack Gas Dry Molecular weight, (g/g- mol) 5
Stack Diameter or Side 1 Dimension, (in.): 2
Wet Bulb Temperature (°F):

Central Park West

5001 South Miami Boulevard, P.O. Box 12077
Research Triangle Park, North Carolina 27709
(919) 941-0333 FAX: (919) 941-0234

Project No.: S0 .o

Date: 4 ,'l’ 03

Clock Time: __\34S

Operators: \Mim / NP

Stack Static Pressure, in H:0: _ — O . Q0
Pitot Tube Coefficient, Co: o .94
Stack Diameter or Side 1 Dimension, (in.).

-

Dry Bulb Temperature (°F):

D T | V| rempere | YoUAE
E Number (in.AI-FI)QO) (I;) ®)
! A-L 0 .0\0 <D\ o1
2 ) 0 .e\o 4R 2.4
3 -3 6-0\0 AR e
4 -4 0.0\ 490 08
5 -< o.C\b aq9 6.4
6 -G 6.0\0 S\ 0.4
7 - X A .0\0 <19 6§
8 -8 0.0\0 SAl 0-b
9 ~R 6.0\0 SC¢L 6.5
10 - @G .o\0 £3 69
11 -\ 6 .o0\0 T 0.1 b\; 0.0 A8
12 -\ 6.0\0 <30 0-% '
13| {1 0-O\0 agr 0 Ts -5%
14 N A . c4e 4%9 o-\
15 -3 0-CAd A3 0.3
16 -4 0.03¢ 469 6-\ ‘
17 -< 6 .03 <3% 6.4 |
18 -G 0-0n% <%0 ¢.4 |
19 -3 a.0\% K 0.3 i
20 -e B.6\0 XB 0 ‘
21 -] Q.00 SRq a.3 ;
22 ~\o | @g.o\0 <38 - |
23 -\ o.ucY ] 03
24 - - 6.o0% <hé o
25

N:\Users\EWStewarhSTKSMPLG ADM\FORMS&DA. TAWORDW2.DOC
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: Central Park West
5001 South Miami Boulevard, P.O. Box 12077

o] : ) : Research Triangle Park, North Carclina 27709
@'PACIFIGENVIHONHENTA_L SERVICES; INC, (919) 841-0333 FAX: (919) 941-0234
Sample Train Rec'overy Data V\/ - (
RER (enclracten B | -
Facilty: A fR_Meckley buré, Project No..__ S 7 YU ¢¢ ¢ _
pate:__4 /Z 103 Run No.:”mM- F- 1
Clean-up person: ___ W\ 'Mocation: HOS Burniey Shm fe
Field Team Leader: /M« iVl wvet Samplers: __ YW / NP
Comments: ‘
‘ : Front-HaIf Data
Filter No.: N / i Filter Media: Tare Wt (mg):
Filter No.. IN ’A Filter Media:_ _ —_ Tate Wt (mg):
Back-Half Data

100wl Hodd oo anf Hew Ewty

Contents:

Final mass (g): 8244 | A4S (e ‘Z B
Initial mass (g): Y0 (» 1Y .0 L2Y. >
Net Mass (g) £%.% |55 4o
Contents: Sice Ge

Final mass (g): e K 2 A

Initial mass (g): S62.%

Net Mass (g) 9%

Total Moisture Collected: (g): sy 744%

Description of Impinger Catch:
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. _— . -

N .PACIFIG=ENVIHMENTAI. SERVICES; INC.

Sample Train Recovery Data

REW (e Sstra oo
Facility: o vl iMeck few o

Date: 4-{7/0'3

Clean-up person:

W)

Field Team Leader: M\, et

' Central Park West

5001 South Miami Boulevard, P.Q. Box 12077
Research Triangle Park, North Carolina 27709
(919) 941-0333 FAX: (919) 941-0234

N-5

Project No..___ 2 Y (. d00

Run No.: _ NW-F - %

Sampling Location: HU S Buy of o Shaely
Samplers: v/ NY

- Comments:
Front-Half Data | ;
Fitter Now:_ [ Filter Mediia: Tare Wt (mg): :
Filter No..__WN l s Filter Media:_ - Tate Wt (mg):
Back-Half Data
Contents: 100 ) Hz0 /40 sl Hao | iDuply
Final mass (g): G (S0 .Q (V0. \
Initial mass (g): 7322, A L DR, g 46061
Net Mass (g) 17 ;&-, |- 4,0
Contents: Sifien Ged
Final mass (g): Q7 2
Initial mass (g): G¢/ S )
Net Mass (g) 10,1
*Total Moisture Collected: (g)_____[20.%

Description of Impinger Catch:
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Sample Train Recovery Data

Facilit&(: Q(’,ﬂ (u\\ﬂ-uc-\\m - N Malcu:w&w_ Project No.: | %q[w 839)

Central Park West

5001 South Miami Boulevard, P.O. Box 12077
Research Triangle Park, North Carolina 27709
- (919) 941-0333 FAX: (919) 941-0234

N-2

Date: a’/l- /03 . RunNo: Nk -F -3
Clean-up person: __ M

Sampling Location:_\4(F> /\’\Lg

?amplers. . @“ ,‘NO

Field Team Leader. mihm

Comments:
Front-Half Data
Filter No..__ N / A Filter Media: Tare Wt (mg):
Filter No..__ W[ Filter Media:, Tate Wt (mg):
Back-Half Data
Contents: 0\ \’\30 W o8 lao 0 ‘ﬁl’ o Wt
Final mass (g): ' - A74.0 N eSY <3 .3
Initial mass (g): (32 .\ 71483 G231 QG‘A
Net Mass (g) qas.q [T.6 2.9
Contents: < G\
| Final mass (g): C\ g,q,Q,
Initial mass (g): (2% % By 2
Net Mass (g) [
Tdtal Moisture Collected: (g): l M‘\"

Description of Impinger Catch:




APPENDIX C

METHOD 316 LABORATORY ANALYTICAL DATA



RESOLUTION ANALYTICS, INC. L
Specialists in Air Emission Analysis | _ |

ANALYTICAL
REPORT

« FORMALDEHYDE
(EPA METHOD 316)

CLIENT: MACTEC, INC.

RFA#: |3940.

2733 Lee Avenue ¢ Sanford, NC 27330 ¢ Phone: 919-774-5557 ¢ Fax: 919-776-678%

)




RESOLUTION_ANALYTICS, INC. f l
Specialists in High Performance Liquid Chromatography
saes REPORT SUMMARY gavs )
RFA#; [38400 '
D ringldehyde '
H20 BLANK < 0.546 pgs '
. WF-F-FB (A) <0.929 pgs
WF-F-FB (B) <1.15 ugs I
WF-F-1(A) 116 pgs I
WF-F-1(B) | 6.55 pgs
WF-F-2 (A) | 52.9 pes '
. WF-F-2 (B) - 10.9 pgs
WF-F-3(A) 59.5 pgs .
WF-F-3 (B) 4.41 pgs l
WC-F-FB (A) <2.02 pgs l
WC-F-FB (B) < 0.382 ugs ‘
WC-F-1(A) 5.99 pgs '
WC-F-1(B) 0.328 pgs I
WC-F-2 (A) <2.57 pgs
WC-F-2 (B) <0.437 pgs I
WC-F-3 (A)  <262ugs
WC-F-3 (B) <0.328 pgs l
FIELD SPIKE . 918% I
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Ciient Name:

Analyst,

RESOLUTION ANAL

YTics, T

Specinlists in High Performance Liquid Chrotratogsaphy .

T

Wet Chemistry Bench Data Sheet

= - Ly

GRE

 RFA#._3 ¢
Date; '

|Method: £t 3/

__Analyte: Fery

Matrix: _

IUn}t of Measurement [ mis &ABS Lmv 0 ppm |

e Calibration Datg s

it Pre-Analysls Datg s

Concentration Value Electrode Slope:
_.QI_.ZJ;@_ | Ce /27 Cone. of Lot Std (ppm):
©..5 %m €, 277
—L%_Mz
. ;z 2 E i a Z s ARAA kAl Audit Report Sdedeiriedde
F.o ?m Lo T Calculated { Expected | % DEV
L _—zs 7 S
RANARANN Sample Da’a LT Y
] ' Sample
st 2nd Distion - Volume
Sample 1D Reading | Reading Factor | (mis)
-—ﬁ-wé__ 220 bl /', A
WE -F-rB) o N | /20
FEP) w2 / / I/
We-f -Fecy) wo / 220
el ve | —— & o
Fof-ttadlo.2,2] — /s | oo
-/_<glls. ol / 250
W~ - £~ o) / 725
e T2 LENO. 0 7 & / - 420
LLRIZET) PP =34 i oo
=3clo.o, | ! L 272z

PN SN WS B

:



RESOLUTION ANALVTICS, | ' A
mﬂpecinlim in High Performance Tiquid Chronatogmphy N
Wet Chemistry Bench Data Sheet
ClentNeme: _ oS « 274 v 7L ' RFA# Q
Analyst: ERE Date: F/
I@hod: Elg Zre | Analyta: Matrix:

IUnltof Measurement [ mis KABS Qmv 0O ppm_ |

s Caiibration Datg e ik Pre-Analysis Daty m s

Concentration | Value Electrode Slope:
Cone. of Lot Std (ppm):
gz
/ ARk Audlt Remrt Hkkivicic
f:,? Calculeied | Expeoted | % DEV
We? 772

TREAR AN sample Data LTI

Sample

1t 2nd Dilution Volume
Sampie ID Reading Reading Factor (mig)

W - </ o)l 0, pe o I | 920 |

L8N, o0z [ [ &z

C-F-2¢4) o / Yen
268 wp / fo

we (-2 el o p / Yo

=2 we | L L P

$A8 sprue .70 — |/ —
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Analvtical Narrative  RFA #5940 Page 1 of 1

Client/Plant Name:_ MACTEC, Inc. Date Rec'd in lab; 4/08/03

Analyst: GRE ~ Date of Analysis: 4/10/03
Analysis Method:__EPA Method 316 Analyte(s): Formaldehyde

Sample Matrix & Components:
DI Hz0
Summary of Sample Prep:

Samples were derivitized using a solution of p-rosaniline per EPA
Method 316 then analyzed by colorimetry at 570mm using a 5-point
calibration curve.

Summary of Instnmmentation:

ThermoSpectronic™ spectrophotometer model Genesys 20
Analytical Detection Limit(s): 5.46 ppb Formaldehyde

Summary of Sample Spike Analysis:

1.25 mls of sample NM-F-1 (B) was spiked with 1.25 mls of a 2.5
ppun formaldehyde standard then analyzed in the same manner as the

l samples. A 89.9% recovery was obtained. i
i
|

Summary of QA Audit Sample Analysis:
See Analytical Data Sheets for results of internal QC audit
results. (All internal QC results were within +£30% limits.)

Miscellaneous Comments Regarding Sample Analysis: (Note unusual catch weights, inteafﬂ'énces, odd
sample behavior, and steps taken to confirm unusual results, Also note any deviations from standard analytical

procedures, together with justification and possible affect on results. Specify samples when applicable.)

None.

To the best of my knowledge this analytical data has been checked thoroughly for completeness and the results

|
|
\
Confirmation of Data Review: }
|
|
presented are accurate, error-free, legible, and have been performed and validated in accordance with the |

Lab QA Officer Signature

Date ;4¢>é3 ' i




Method 316 (Formalaehyae) AnalyliCal vdida oNcot

Client Name: MACTEC, Inc. RFA# 5940
Analyst: GRE Date: 04/10/2003
Filename: C\JOBS\PES\5940\M316-2.WB1

Formaldehyde Standard Calibration Curve by Linear Regression

Formaldehyde Calculated Percent
Cone. _ Standard Concentration Deviation
(ugs/mi) ABS (pgs/ml) from Actual
0.25 0.127 - 0.231 ' -7.51%
0.50 . 0.273 ‘ 0.497 -0.59%
1.00 0.557 ' 1.014 1.41%
2.00 1.096 ' 1.995 -0.23%
3.00 1.648 3.000 0.01%
Slope 0.549 Intercept 0.0000 R2= 1.000
Il Deionized Water
‘ Sample
Sample Final Formaldehyde
Sample Dilution  Volume Catch
ID ABS Factor (mis) (ngs)
| | | | L T
MC-F-FB (A) < 0.003 1 250 <1.37
MC-F-FB (B) < 0.003 1 250 <137
NM-F-FB (A) 0.005 1 230 209
NM-F-FB (B) 0.004 1 170 124
MC-F-1 (A) 0.044 1 360 288
MC-F-1 (B) <0.003 1 320 <1.78
MC-F-2 (A) 0.011 1 390 7.81
MC-F2®) <0.003 1 300 - <1.64
MC-F-3 (A) 0.032 1 420 24.5
MC-F-3 (B) <0.003 1 290 < 1.58
NM-F-1 (A) 0.100 1 370 674
NM-F-1 (B) <0.003 1 180 <098
NM-F-2 (A) 0.025 1 390 17.8
NM-F-2 (B) 0.007 1 210 2.68
NM-F-3 (A) 0.017 ' 1 370 115
NM-F-3 (B) ‘ ..0.008 . 1 180 2.62
Spike  Spike ' Original  Spike  Expected
Volume Cone. Catch Catch Catch % .
SAMPLEID  (mls) (ppm) ABS (ugs) (ugs) (mgs) __ Recovery
NMF-1®) 125 2.50 0.617 - 1.12 1.25 $9.9%

#+++* IN-HOUSE AUDIT REPORT *****

Dilution _ Calculated Expected %
Factor ABS PPM PPM Recovery
IN-HOUSE 1 1.387 2.53 2.50 -1.00%
Printing Date Printing Time: 03:08 PM




APPENDIX D

CALCULATIONS & COMPUTER SUMMARIES




Summary of Stack Gas Parameters and Test Results

EPA Method 316 - Formaldehyde Concentrations

HOS OQutlet
$.T. Wooten Corporation - Franklinton, NC
Page 1 of 2
RUN NUMBER WF-F-1 WF-F-2 WF-F-3
RUN DATE 312512003 3/25/2003 3/25/2003 Average
RUN TIME 1030-1151 1255-1411 1511-1626 '
MEASURED DATA
Y Meter Box Correction Factor 0.991 0.991 0.991 0.991
AH Avg Meter Orifice Pressure, in. H,O 1.20 0.94 0.83 0.99
Poar Barometric Pressure, inches Hg 30.0¢ 30.09 30.09 30.09
V,  Sample Volume, ft’ 40.697 35.998 34.057 36.917
Tm Average Meter Temperature, °F 76 77 75 76
Psiatic Stack Static Pressure, inches H,0 0.01 0.01 0.01 0.0
Te Average Stack Temperature, °F 717 . 750 - 744 737
Vie Condensate Collected, ml 104.0 92.2 82.2 92.8
CcO, Carbon Dioxide content, % by volume 11 12 12 11.7
0, Oxygen content, % by volume 8.5 6.5 6.0 6.3
N, Nitrogen content, % by volume 825 81.5 82.0 82.0
G, Pitot Tube Coefficient 0.84 0.84 0.84 0.84
Ap'"  Average Square Root Ap, (in. H,0)"* 0.1239 0.1088 0.1019 0.1115
Q)] Sample Run Duration, minutes 72 72 72 72
D, Nozzle Diameter, inches 0.627 0.627 0.627 0.627
CALCULATED DATA
A,  Nozzle Area, ft’ 0002144 0002144 0002144 0002144
Vi)  Standard Meter Volume, dscf 40.023 35.359 33.564
Vinistd) Standard Meter Volume, dscm 1.133 1.001 0.950
P, Stack Pressure, inches Hg 30.09 30.09 30.09
Bus Moisture, % by volume 109 10.9 10.3
Buwssaty  Moisture (at saturation), % by volume 23683.7 28645.3 27752.4
Vg  Standard Water Vapor Volume, i 4.895 4.340 3.869
1-Bys Dry Mole Fraction 0.891 0.891 0.897
My Molecular Weight (d.b.), Ib/ilbemole 30.02 30.18 30.16
M, Molecular Weight (w.b.), Ib/lbsmole 28.71 28.85 28.90
V, Stack Gas Velocity, ft/s 10.39 9.22 8.61
A Stack Area, ft° 0.349 0.349 0.349
Q, Stack Gas Volumetric flow, acfm 218 193 180
Qs Stack Gas Volumetric flow, dscfm 87 75 71
Qgemm)  Stack Gas Volumetric flow, dscmm 2 2 2 2
| Isokinetic Sampling Ratio, % 103.6 106.0 106.5 1053




Summary of Stack Gas Parameters and Test Results

EPA Method 316 - Formaldehyde Concentrations
' HOS Outlet
S.T. Wooten Corporation - Franklinton, NC
Page 2 of 2 '

RUN NUMBER WF-F-1 WF-F-2 WF-F-3 _

RUN DATE 3/25/2003  3/25/2003  3/25/2003  Average

RUN TIME 1030-1151  1255-1411 1511-1626

Fuel Usage Rate, gph 3.00 3.0 300 3.0

Heat Content, Btu/gallon ® 140,000 140,000 140,000 140,000

Heat Input Rate, million Btu/hr 0.42 042 0.42 042

EMISSIONS DATA

Formaldehyde _

Formula Weight, Ib/lb-mole 30.03 30.03 30.03 30.03

Catch, ug 122.55 63.8 63.91 834

- Cpum Concentration, ppmvd 0.0866 0.0510 0.0539 0.0638

Crum Concentration, mg/dscm 0.1081 0.0637 0.0672 0.0797
Epm Emission Rate, Ib/hr 3.54E-05 1.80E-05 1.80E-05  2.38E-05
Epm Emission Rate, Ib/mmBtu 8.43E-05 4.29E-05 4.28E-05 5.66E-05

Carbon Monoxide '

Formula Weight, Ib/lb-mole - - 2801 28.01 28.01 28.01
Cco Concentration, ppmvd _ 58.6 25.1 6.7 30.1
Eco Emission Rate, lb/hr 2.23E-02 8.26E-03 2.08E-03 1.09E-02
Eco Emission Rate, Ib/mmBtu 5.32E-02 1.97E-02 4,96E-03 2.59E-02

®From AP-42




Metered Sample Volume Effluent Gas Velocity Head, (AP)

WF-F-1 | WF-F-2 | WF-F-3 WFEF-1 WF-F-2 WFF-8

Run Start 173.702 | 214.522 | 250.813 ot Ap o™ | pt ap Ap™ | Pt Ap | A"
un End 214.309 | 250520 | 284.870 T 0005 0071] 1 0005 0071 1 0005 0.071
. 2 0005 0071] 2 0005 0.071| 2 0005 0.071
eak Check 1 Start 3 0005 0071 3 0005 0071] 3 0005 0.071
eak Check 1 End 4 0005 0071 4 o005 o0071| 4 0005 0.071
‘ 5 0005 0071| 5 0005 0071 5 0.005 0.071
eak Check 2 Start 6 0005 0071| 6 0005 0071 6 0005 0.071
Leak Check 2 End 7 0005 0071 7 0005 0.071| 7 0005 0.071
' 8 0010 0100| & 0.010 0.100| & 0.005 0.071
olume Metered 40697 | 35998 | 34.057 9 0020 0141 9 0015 0122| 9 0.010| 0.100
cak Check 3 Start 0 0 0 10 0.045 0212] 10 0020 0.141) 10 - 0.020] 0.141
Leak Check 3 End 0 0 0 11 0035 0.187] 11 0030 0173 | 11 0.025 0158
WF-F-1 12 0035 0.4187] 12 0030 0.473| 12 0030 0.173
Init Tare - Final Net H20 Gain 13 0030 0.473| 13 0005 0071| 13 0.030] 0.173
Impinger/XAD H20 734.7 7855 50.8 14 0030 0.173| 14 0005 0.071| 14 0030, 0173
‘ o 739.1 768.8 207 16 0040 0200| 15 0005 0.071] 15 0030 0.173
l 620.6 630.2 9.6 16 0030 0173| 16 0040 0200| 16 0.020] 0.141
741.8 755.7 13.9 17 0020 0.141| 17 0045 0212 17 0015 0.122
0 0 0 18 0015 0.122| 18 0025 0.158| 18 0.010 0.100
l 0 0 0 19 0010 0.100| 19 0015 0.122| 19 0.005 0.071
Condensate Collected: 104 20 0.010 0100| 20 0.010 0.100| 20 0.005 0.071
H20- 10.90 24 0010 0100| 21 0010 0.100| 21 0.005 0.071
_ 22 0015 0122 22 0010 0.400| 22 0.005 0.071
l WF-F-2 : 23 0015 04122 23 0.010 0.00| 23 0005 0.071
Init Tare _ Final Net H20 Gain 24 0015 0122| 24 0010 0100| 24 0005 0.071
Impinger/XAD H20 623.7 677.9 54.2 25 0.000| 25 0.000 | 25 0.000
. 7421 763.6 21.5 26 0.000 | 26 0.000 | 26 0.000
- 525.7 530.9 52 27 0.000 | 27 0.000 | 27 0.000
_ 848.7 860 11.3 28 0.000 | 28 0.000 | 28 0.000
_ 0 0 0 29 0.000 | 29 0.000 | 29 0.000
. 0 30 0.000| 30 0.000 | 30 - 0.000
‘ Condensate Collected: 92.2 | 31 0.000] 3 0.000 | 31 . 0.000
H20= 10.93 32 0.000 | 32 : 0.000 | 32 . 0.000
33 0.000| 33 0.000 | 33 ~0.000
' WF-F-3 34 0.000 | 34 0.000 | 34 0.000
init Tare _ Final Net H20 Gain 35 0.000| 35 0.000 | 35 | 0.000
Impinger/XAD H20 7412 8036 624 36 0.000 | 36 0.000 | 36 0.000
l 7446 755.4 10.8 37 0.000 | 37 0.000 | 37 0.000
623.4 625.3 19 38 0.000 | 38 0.000 | 38 0.000
755.5 762.6 7.1 39 0.000| 39 0.000 | 39 0.000
- 0 40 0.000 | 40 0.000 | 40 0.000
I 0 41 0.000 | 41 0.000 | 41 0.000
Condensate Collected: 82.2 42 0.000 | 42 0.000 | 42 0.000
H20= 10.34 43 0.000 | 43 0.000 | 43 . 0.000
44 0.000 | 44 © 0.000 | 44 - 0.000
45 0.000 | 45 0.000 | 45 0.000
46 0.000 | 46 0.000 | 46 0.000
47 0.000 | 47 0.000 | 47 0.000
48 0.000 | 48 0.000 | 48 0.000
49 0.000 | 49 0.000 | 49 0.000
50 0.000 | 50 0.000 | 50 0.000
Average AP 0.1239 |Average AP 00,1088 |Average AR 0.1019




Dry Gas Meter Orifice Differential, (AH)

Effluent Gas Temperature, (°F)

WF-F-1 WF-F-2 WF-F-3 WF-F-1 WF-F-2 WF-F-3
Pt AH Pt  AH Pt AH Pt Ts Pt Ts Pt Ts
1 0.34 1 0.34] 1 0.34 1 704 | - 1 670 1 761
2 0.34 2 034 2 0.34 2 699 2 670} 2 762
3 0.34 3 0.34] 3 0.34 3 698 3 696 3 765
4 0.34 4 034 4 0.34 4 699 4  719| 4 767
5 0.34 5 0.34| 5 0.34 5 704 5 725! 5§ 769
6 0.34 6 034 6 0.34 6 712 6 732| 6 777
7 0.34 7 034 7 0.34 7 727 7 748| 7 774
8 0.67 8 069 8 - 0.34 8 749 8 757] 8 774
9 1,37 9 1.03] 9 0.69 9 756 9 773| 9 766
10 3.09 10 1.37] 10 137 | 10 759 10 785 10 764
1 2.40 11 2.06] 11 172 | 11 748 11 784 11 769
12 2.40 12 2.06| 12 206 | 12 747 12 784 12 774
13 2.06 13 0.34 13 206 | 13 685 13 762| 13 704
14 2.06 14 0.34| 14 2.06 | 14 680 14 762 | 14 704
15 2.75 15 0.34] 15 206 | 15 654 15  761| 15 712
16 2.06 16 2.75| 16 137 | 16 680 16 761 | 16 719
17 1.37 17 3.09] 17 1.03 | 17 720 17 762 | 17 724
18 1.03 18 1.72] 18 069 | 18 729 18 761 | 18 726
19 0.67 19 1.03] 19 034 | 19 726 19 763 19 728
20 0.67 20 069 20 0.34 | 20 727 20 763 20 726
21 0.67 21 069 21 034 | 21 726 21 761 | 21 725
22 1.03 22 0.69| 22 034 | 22 727 22 761 22 724
23 1.03 23 0.69| 23 034 | 23 726 23 770 23 726
24 1.03 24 0.69| 24 034 | 24 726 24 775| 24 727
25 25 25 25 25 25
26 26 26 26 26 26
27 27 27 27 27 27
28 28 28 28 28 28
29 29 29 29 29 29
30 30 30 30 30 30
31 31 31 31 31 31
32 32 32 32 32 32
33 33 33 33 33 33
34 34 34 34 34 34
35 35 35 35 35 35
36 36 36 36 36 36
37 37 37 37 37 37
38 38 38 38 38 38
39 39 39 39 39 39
40 40 40 40 40 40
41 41 41 41 41 41
42 42 42 42 42 42
43 43 43 43 43 43
44 44 44 44 44 44
45 45 45 45 45 45
46 46 46 46 46 46
47 47 47 47 47 47
48 48 48 48 48 48
49 49 49 49 49 49
50 50 50 50 50 50

AvgAH 120 [AvgAH 0,94 [AvgAH 0.828 [|AvgTs 717 |Avg Ty 750 |AvgTs 744




Dry Gas Meter Temperature, (°F)

WE-F-1 WF-F-2 WF-F-3

Inlet OQutlet Pt Inlet OQutlet Pt Inlet OQutlet
1 - 69 65 1 74 75 1 74 . 73
2 72 97 2 74 75 2 74 74
3 - 72 68 3 74 74 3 74 74
4 73 68 4 74 74 4 75 75
5 75 70 5 75 74 5 75 74
6 75 70 6 76 75 6 75 75
7 77 73 7 76 75 7 74 74
8 75 72 8 77 76 8 75 74
9 77 73 9 77 76 9 75 74
10 78 72 10 78 78 10 75 74
11 79 73 1M 80 76 11 76 74
12 81 75 12 80 77 12 77 74
13 78 75| 13 78 771 13 76 75
14 79 75 14 77 76 14 77 74
15 79 74 15 78 77 15 77 74
16 81 751 16 78 77| 16 77 74
17 81 75 17 80 77 17 77 75
18 81 76 18 80 77 18 .76 74
19 81 75 19 80 761 19 76 75
20 82 76 20 79 77 20 75 74
21 .83 77 21 78 77 21 75 75
22 83 78 22 78 76 22 75 74
23 84 79 23 79 77 23 75 74
24 84 79 24 78 77| 24 75 74
25 25 25
26 26 26
27 27 27
28 28 28
29 29 29
30 30 30
31 31 31
32 32 32
33 33 33
34 34 34
35 35 35
36 36 36
' 37 37 37
38 38 ‘38
39 39 39
40 40 40
41 41 41
42 42 42
43 43 43
44 44 44
45 45 45
46 46 48
47 47 47
48 48 48
49 49 49
50 50 50
Avg Tp, 76.4 |[Avg T 76.8 |Avg T, 74.8

B & B O I B Ee

|




GAS FLOW CALCULATIONS

<7, uJacJ\‘en ,
. PLANT: %u,um N[& SOURCE/RUN: wF (-maz - u{o DATE: 5-2.vd3

. MOLECULAR WEIGHT OF DRY STACK GAS
Mg = 0.44 (% COz) + 0.32 (% Oy) + 0.28 (8N3 + % CO)

(0.44 X )+ (0.32 x ) + (0.28 X _ )
- 1b/1b - mole ' ' '

MOLECULAR WEIGHT OF STACK GAS, STACK CONDITIONS
Mg = Mg (1 - Bwg) + 18(Bys)
= (1 - )‘+ 18 )
= 1b/1b - mole at stack conditions

STACK GAS VELOCITY, FPs

| |
Vg = 85.49 X Cp ( Aapy \[|_TIs
S K P V ) sz X Mg : _
= 85.49 X ,§Y X :otpl 1176 .
_ ' 30.09 x 2819
= ?.5’5'5' fps
VOLUMETRIC FLOW RATE AT STACK CONDITIONS, acfm
Qa(circular) = 60 X Vg (7" d2\ = 60 X Vg (5.454 X 10-3) (a2)
attr 4
_ 3 2
=60 X _&&8 7 x 5.454 X 1073 < )
L x w 3 .--‘._,._
Qa(rectangular) = 60 X vg 143 60 X Vg (L + W) 6.944 X 10
= 60 X _ ) 6.944 X 10-3

| - Qa = _ L& .( acfm

VOLUMETRIC FLOW RATE AT STANDARD CONDITIONS, dscfm
Qstd = 17.64 X Qa X PS (1 - Byg)
Ts

( ) |
=17.647X &6,  x 30.04 1- .103%
( 116 )

75:"’ dscfm

4

|



Summary of Carbon Monoxide Concentrations
EPA Method 10 - Carbon Monoxide Concentration

HOS Outlet
S.T. Wooten Corporation - Franklinton, NC
, CO, ppmvd
Date Time Actual Drift Corrected

1 3/25/2003 | 1030-1151 55.2 58.6
3/25/2003 | 1255-1411 23.0 25.1

3 3/25/2003 | 1511-1626 5.8 6.7
AVERAGE 28.0 301




Summary of Calibration and Drift Corrections
EPA Method 10 - Carbon Monoxide Concentration
HOS Outlet
8.T. Wooten Corporation - Franklinton, NC

25-Mar-03
Direct Bias
|| Cal Gas Response |Cal Error |Response [Cal Error
lZero 0.00 0.00]  0.00%| 0.0 0.00%
lLow 30.08 29.30 -0.78% 28.9 -0.40%
((Mid 59.39 58.00] -1.39% -
-|H_|digh 88.80 88.80 0.00%
Pre Cal 0.00
28.90
[Run1 55.21 Corrected 58.6 ppm CO |
Post Cal 0.10 Drift 0.10%
27.80 1.10%
[Run2 23.00 ‘Corrected 25.1 ppm CO |
Post Cal -0.40 Drift 0.50%
27.40 0.40%
[Run3 5.76 Corrected 5.7 ppm GO |
Post Cal -0.40 Drift 0.00%
- 27.40 0.00%




Run1

Date

3/25/103
3/25/103
3/25/103
3/25/103
3/25/103
3/25/103
3/25/103
3/25/103
3/25/103
3/25/103
3/251103
3/251103
3/25/103
3/25M103
3/25/103
3/26/103
3/25/103
3/25/103
31251103
3/25/103
3/25/103
3/26M103
3/25/103
31251103

" 3/25/103

3/25/103
3/261103
3/25/103
31251103
3/25/1103
3/25/103
3/25/103
3/25/103
3/26M103
3/25103
3/25/103
3/26M103
3/25/103
3/26M103
3/25/103
3/25/103
31261103
3/25/103

EPA Method 10 - Carbon Monoxide Concentration

S.T. Wooten Corporation - Franklinton, NC

Time

10:30:00
10:31:00
10:32:00
10:33:00
10:34:00
10:35:00
10:36:00
10:37:00
10:38:00
10:39.00
10:40:00
10:41:00
10:42:00
10:43:00
10:44:00
10:45:00
10:46:00
10:47:00
10:48:00

10:49:00

10:50:00
10:51:00
10:52:00
10:53:00
10:54:00
10:55:00
10:56:00
10:57:00
10:58:00
10:59:00
11:00:00
11:01:00
11:02:00
11:03:00
11:04:00
11:05:00
11:06:00
11:07:00
11:08:00
11:09:00
11:10:00
11:11:00
11:12:00

Summary of Raw CEM Data

HOS OQutlet

CO (ppm)

72.136
70.032
70.72
67.477
70.988
64.77
74.794
72.795
64.874
66.661
70.596
65.353
58.114
64.627
65.904
68.214
62.697
57.548
65.378
62.443
60.344
59.005
60.2
59.562
61.691
60.328
61.342
57.971
61.61
58.318
58.71
57.511
62.334
66.019
62.354
60.588
57.4
62.746
60.202
1 59.218
57.876
52.412
55.583




3/25/103
3/25/103
3/25/103
3/25/1103
3/25/103
3/25/103
3/25/103
3/25/103
3/256/103
3/25/103
3/25/103
3/25/103
3/25/103
3/25/103
3/25/103
3/125/103
3/25/103
3/25/103
3/25/103
3/25/103
3/256/103
3/256/103
3/25/103
3/25/103
3/25/103
3/26/103
3/25M103
3/26/103
3/25/103
3/25/103
3/26/103
3/271103
31271103
3/27/103
3127103

Average

Summary of Raw CEM Data

EPA Method 10 - Carbon Monoxide Concentration
_ HOS Outlet
$.T. Wooten Corporation - Franklinton, NC

11:13:00 54.765 '

11:14:00 55.725

11:15:00 54,97

11:16:00 52.646

11:17:00 52.307

11:18:00 57.088

11:19:00 55.471

11:20:00 55.444

11:21:00 94.803

11:22:00 54.169
11:23:00 51.526
11:24:00 52.836
11:25:00 53.663
11:26:00 40.785
11:27:00 48.627
11:28:00 51.902
11:29:00 48.649
11:30:00 50.817
11:31:00 51,366
11:32:00 51.13
11:33:00 51.182
11:34:00 48.964
11:35:00 49,603
11:36:00 47.592
11:37:00 48.948
11:38:00 49.032
11:39:00 47.167
11:40:00 50.523
11:41:00 50.044
11:42:00 48,142
11:43:00 47.489

10:46:26 2.60
10:47:26 2.34
10:48:26 2,22
10:49:26 . 2.27

55.21




Run 2
Date

3/25/103
3/25/103
3/25/103
3/25M103
3/25/103
3/25/103
3/251103
3/25/103
3/25/103
3/25/1103
3/25/103
3/25/103
3/25/103
3/25M103
3/25/103
3/25M103
3/25/103
3/25/103
3/25/103
3/25/103
3/25M103
3/25/103
3/25/103
3/25M103
3/25/103
3/261103
3/25M103
3/251103
3/26M103
3/26M103
31251103
3/25/103
3/25/103
3/25/103
3/251103
3/25M103
3/261103
3/25/103
3/251103
3/25M103
3/25/103
3/251103
3/25/1103

Summary of Raw CEM Data

EPA Method 10 - Carbon Monoxide Concentration
HOS Outlet
S.T. Wooten Corporation - Franklinton, NC

Time  CO (ppm)

12:55:17 37.29
12:56:17 35.787
12:57:17 39.469
12:58:17 38.332
12:59:17 36.723
13:00:17 38.493
13:01:17 36.37
13:02:17 37.371
13:03:17 36.471
13:04:17 38.226
13:05:17 24.745
13:06:17 29.008
13.07:17 37.763
13:08:17 38.189 -
13:09:17 36.621
13:10:17 36.973
13:11:17 37.072
13:12:17 38.984
13:13:17 35.771
13:14:17 36.955
13:15:17 37.377
13:16:17 39.03
13:17:47 37.274
13:18:17 36.36
13:19:17 37.329
13:20:17 39.388
13:21:17 37.361
13:22:17 35.667
13:23:17 33.71
13:24:17 34.666
13:25:17 35.866
13:26:17 36.706
13:27:17 37.346
13:28:17 37.702
13:29:17 38.271
13:30:17 38.866
13:31:17 36.425
13:32:17 38.392
13:33:17 20.138
13:34:17 14.953
13:35:17 11.683
13:36:17 9.531
13:37:17 9.177




3/26/103
3/25/103
3/25/103
3/26/103
3/25/103
3/25/103
3/25/103
3/25/103
3/25M103
3/251103
3/25/103
3/25/103
3/25/103
3/25/103
3/25/103
3/25/103
3/25/103
3/25/103
3/25/103
3/25/103
3/251103
3/25/103
3/25/103
. 325103

3/25/103

3/25/103

3/25/103
- 3/251103

3/25/103

3/25/103

3/25/103

31251103

3/25/103

3/25/103

Average

14:10:17 8.771

Summary of Raw CEM Data

EPA Method 10 - Carhon Monoxide Concentration
HOS Outlet
8.T. Wooten Corporation - Franklinton, NC

13:38:17 8.542

13:39:17 7.622

13:40:17 7.037

13:41:17 7.978

13:42:17 7.715

13:43:17 6.872

13:44:17 9.049

13:45:17 10.147

13:46:17 11.764

13:47:17 9.732

13:48:17 9.112

13:49:17 9.57

13:50:17 9.783

13:51:17  10.397

13:52:17 7.739

13:53:17 7.785 ;
13:54:17 8.959 : \
13:55:17 11.713 !
13:56:17 10.976
13:57:17 8.159
13:58:17 9.932 -
13:59:17 11.287
14:00:17 8.034
14:01:17 8.52
14:02:17 7.187
14.03:17 7.932
14:04:17 7.978
14:05:17 10.682
14.06:17 10.957
14:07:17 12.627
14:08:17 9.071
14:09:17 8.63

14:11:17 8.913

23.00004



Run 3
Date

3/25/103
3/25M103
3/25/103
3/25/103
3/256/103
3/25/103
3/256/103
3/25/103
3/25/103
3/25/103
3/25/103
3/251103
3/261103
3/256/103
3/26/103
3/25M103
3/25/103
3/25/103
3/25M103
3/25/103
3261103
3/25/103
31251103
3/25/103
3/25/103
3/25/103
3/26/103
3/26/1103
3/25/103
3/25/103
3/251103
3/25/103
3/25/103
3/25/1103
3/25/103
3/25/103
3/25/103
3/26M103
3/25/103
3/25/103
3/25M103
3/256/103
3/25/103

Summary of Raw CEM Data

EPA Method 10 - Carbon Monoxide Concentration
HOS Outlet
S.T. Wooten Corporation - Franklinton, NC

Time  CO (ppm)
15:11:17 3.464

15:12:17 3.381
16:13:17 4.054

15:14:17 3.56

15:15:17 4.381
15:16:17 5111
15:17:17 8.379
15:18:17 7.212
15:19:17 5.479
15:20:17 6.924
15:21:17 3.872
16:22:17 3.562
16:23:17 5.601
16:24:17 5.252
15:25:17 2.541
16:26:17 2.141
15:27:17 8.334
16:28:17 12.832
15:29:17 7.512
16:30:17 4,918
15:31:17 4.456
16:32:17 3.914
15:33:17 3.703
16:34:17 5.357
156:35:17 5.626
15:36:17 6.186
16:37:17 8.008
15:38:17 5,229
16:39:17 5.266
15:40:17 6.29
15:41:17 6.296
16:42:17 4,588
16:43:17 5.912
15:44:17 5,399
15:45:17 5.096
15:46:17 4,907
15:47:17 5.357
15:48:17 6.003
16:49:17 5.418
15:50:17 6.846
15:51:17 5,375
16:52:17 6.392
16:53:17 6.189




Summary of Raw CEM Data

EPA Method 10 - Carbon Monoxide Concentration
HOS Outlet
S.T. Wooten Corporation - Franklinton, NC

3/25/103  16:54:17 5.639
3/25/103  15:.65:17 5.372
3125103 15:56:17 4,807
3/25/103  15:57:17 6.021
3/25/103  15:58:17 7.88
31251103 15:69:17 7.659
3/25/103 . 16:00:17 7.389
3/25/103  16:01:17 7.432
3/25M103  16:02:17 4305
3/25/103  16:03:17 5121
3/25/103  16:04:17 5.884
3126103 16:05:17 5.663
3/251103  16.06:17 2.865
3/25/103  16:07:17 1.58
3/25/103  16:08.17  5.974
3125103  16:09:17 5.384
37251103 16:10:17 4.808
3/25/103  16:11:17 6.921
3/251103 161217 8.615
3125103 16:13:17 7.533
3125103  16:14:17 8.057
3/25M03  16:15:17 8.518
3/25/103  16:16:17 7.573
3/25M03 161717 6.294
3251103 16:18:17 5.728
3/25M103  16:19:17 6.62
- 3/25/103 16:20:17 6.174
3/25/103  16:21:17 5.772
3/25M03  16:22:17 5.096
3251103  16:23:17 5.254
3/25M103  16:24:17 6.923
3/25/103 16:25:17 6.371
3125103  16:26:17 6,396
Average 5.762



Summary of Stack Gas Parameters and Test Results
EPA Method 316 - Formaldehyde Concentrations
" HOS Outlet
S.T. Wooten Corporation - Clayton, NC
Page 1 of 2
RUN NUMBER WC-F-1 WC-F-2 WC-F-3
RUN DATE 312712003 3/27/2003 312712003 Average
RUN TIME 0.934-1 109 1136-1250 1400-1503
MEASURED DATA
Y Meter Box Correction Factor 0.991 0.991 0.991
AH Avg Meter Orifice Pressure, in. H,O 2.05 2.25 2.48
Poar Barometric Pressure, inches Hg 30.16 30.16 30.16
V,  Sample Volume, ft’ 54.808 55.222 60.570
Ten Average Meter Temperature, °F 63 72 75
Psatic  Stack Static Pressure, inches H,0 0.003 0.003 0.003
Ts Average Stack Temperature, °F 629 615 625
© Vi Condensate Collected, mi 106.3 107.7 123.0
CO, Carbon Dioxide content, % by volume 11 11 11
0, Oxygen content, % by volume 8.0 8 8
N, Nitrogen content, % by volume 81.0 81.0 81.0
Co Pitot Tube Coefficient 0.84 0.84 0.84
Ap”z Average Square Root Ap, (in. H,0)"? 0.1698 0.1726 0.1780
2] Sample Run Duration, minutes 72 72 72
D, Nozzle Diameter, inches 0.627 0.627 0.627
CALCULATED DATA
A, Nozzle Area, ft’ 0.002144  0.002144  0.002144
Vi) — Standard Meter Volume, dscf 55.581 55.041 60.073
Vinisid) Standard Meter Volume, dscm 1.574 1.559 1.701
Py Stack Pressure, inches Hg 30.16 30.16 30.16
Bus Moisture, % by volume 8.3 8.4 8.8
Busisaty  Moisture (at saturation), % by volume 13444.3 12175.7 13062.2
V.  Standard Water Vapor Volume, f® 5.004 5.069 5.790
1-Bys  Dry Mole Fraction 0917 0.916 0.912
My Molecular Weight (d.b.), Ib/lbemole 30.08 30.08 30.08
M, Molecular Weight (w.b.), Ib/lbsmole 29.08 29.06 29.02
\'A Stack Gas Velocity, ft/s 13.59 13.72 14.23
A Stack Area, ft* 0.852 0.852 0.852
Q, Stack Gas Volumetric flow, acfm 695 702 728
Qg Stack Gas Volumetric flow, dscfm 311 318 325
Qsemmy  Stack Gas Volumetric flow, dscmm 9 9 9
| Isokinetic Sampling Ratio, % 98.5 95.6 101.9




Summary of Stack Gas Parameters and Test Results
EPA Method 316 - Formaldehyde Concentrations

HOS Outlet
S.T. Wooten Corporation - Clayton, NC
Page 2 of 2

RUN NUMBER WC-F1  WC-F2  WCF3

RUN DATE 3/27/12003  3/27/2003  3/27/2003  Average

RUN TIME 0934-1109 - 1136-1250 1400-1503

Fuel Usage Rate, gph 6.50 6.5 6.50 6.5

Heat Content, Btu/gallon ® 140,000 140,000 140,000 140,000

Heat Input Rate, million Btu/hr 0.91 0.91 0.91 0.91

EMISSIONS DATA

Formaldehyde _

Formula Weight, Ib/Ib-mole 30.03 30.03 30.03 30.03

Catch, ug 6.318 < 3.007 <2.948 < 4.091
Cem Concentration, ppmvd 0.00322 <0.00155 <0.00139 <0.00205
Cem Concentration, mg/dscm 0.00401 <0.00193 <0.00173 < 0.00256
Epm Emission Rate, Ib/hr 4.68E-06 <2.30E-06 <2.11E-06 < 3.03E-06
Epm  Emission Rate, Ib/mmBtu 5.15E-06 < 2.53E-06 <232E-06 < 3.33E-06

Note: Formaldehyde was not detected during Run 2 or 3. Values shown are calculated
based on the "<" reported catch and are used in calculating the 3-run average.

Carbon Monoxide _

Formula Weight, Ib/Ib-mole 28.01 28.01 28.01 28.01
Cco Concentration, ppmvd : 2.8 1.6 1.1 1.8
Eco Emission Rate, Ib/hr 3.80E-03 2.22E-03 - 1.56E-03 2.53E-03
Eco Emission Rate, Ib/mmBtu - 4.18E-03 2.44E-03 1.72E-03 2.78E-03

2 From AP-42 |



\
Metered Sample Volume : Effluent Gas Velocity Head, (AF)

' WCF-1 | WCF2 | WCF-3 WCFA WCF2 WCF-3
Run Start 285393 | 340.326 | 396.208 pt  Ap  Ap™ | pt Ap AP | Pt Ap| 4p™
Run End 340.201 395.548 456.776 1 0.0856 0.255 1 0.070 0.265 1 0.060 0.245

' 2 0075 0274 2 0.070 0.265 2 0.07D 0.265
Leak Check 1 Start 3 0075 0274 3 0080 0.283 3 0.076 0.274
Leak Check 1 End 4 0.070 0.265 4 0.075 0274 4 0076 0274

l _ 5 0.060 0.245 5 0.070 0.265 5 0.070 0.265
Leak Check 2 Start - 6 0025 0.158 6 0.040 0.200 6 0060 0.245
Leak Check 2 End 7 0020 0.141 7 0020 0141 7 0.0340 0173

8 0.015 0.122 8 0020 0.141 8 0020 0141

. Volume Metered - 54,808 55222 60.570 9 0.015 0.122 9 0015 0.122 2 00 0.122
Leak Check 3 Start 0 0 0 10 0.012 0.110 10 0.010 0.100 10 0.01E 0.122
Leak Check 3 End 0 0 0 11 0.010 0.100| 11 0.010 0100} 11 0.01 0.122

WC-F-1 12 0.010 0.100 12 0.010 0.100 12 0.010 0.100

l Init Tare Final Net H20 Gain 13 0.016 0122 13 0.010 0.100 13 0.010 0.100

Impinger/XAD H20 741 792.2 51.2 14 0.015 0122 14 0.015 0.122| 14 0015 0.122
745.4 777.9 32.5 15 0016 0125) 15 0.020 0.141 15 0.015 0.122

l' 6234 6331 9.7 16 0016 0126 16 0.020 0.141 16 0.015 0.122
. 762.1 775 12.9 17 0.020 0.141 17 0.020 0.141 17 0.020 0.141
0 0 0 18 0.020 0141 18 0.025 0.158| 18 0.020 0.141

0 0 0 19 0030 0173 19 0.030 0.173| 19 0.030 0.173

l 0 | Condensate Collected: 106.3 20 0.035 0.187| 20 0030 0173 20 0.035 0.187
67 H20= 8§.28 21 0.035 0187 21 0.030 0173 21 0.040 0.200

68 22 0035 0187 22 0035 0187 22 0.040 0.200

l 68 WC-F-2 23 0036 0189 23 0035 0187 | 23 0040 0.200
. Init Tare Final Net H20 Gain 24 0.043 . 0207 | 24 0.035 0187 24 0.045 0212

Impinget/XAD H20 628.2 701.6 73.4 25 0.000] 25 0.000| 25 0.000
747.7 769.7 22 26 0.000} 26 0.000| 26 0.000

l 530 533 3 27 0.000| 27 0.000 | 27 0.000
860 869.3 9.3 28 0.000| 28 0.000] 28 0.000

- 0 0 0 29 0.000 ]| 29 0.000| 29 0.000

l : 0 30 0.000 | 30 0.000| 30 0.000
Condensate Collected: 107.7 31 0.000| 31 0.000| 31 0.000

) H20= 8.45 32 ) 0.000 | 32 0.000 | 32 0.000

. 33 ' 0.000 | 33 0.000] 33 0.000

I WC-F-3 o 34 0.000 | 34 0.000 | 34 0.000
Init Tare Final Net H20 Gain 35 0.000 | 35 0.000 35 0.000

Impinger/XAD H20 722.2 7886 | - 66.4 36 0.000 | 36 0.000| 36 0.000
622.5 663.3 40.8 37 0.000 | 37 0.000 | 37 0.000

605.7 609.5 3.8 38 0.000| 38 0.000} 38 0.000

o 846 858 12 39 0.000| 39 0.000| 39 0.000
0 40 0.000 | 40 0.000] 40 0.000

' 0 41 0.000| 41 0.000] 41 0.000
- Condensate Collected: 123 42 0.000| 42 0.000 | 42 0.000
H20= 8.81 43 0.0001 43 0.000 | 43 0.000

l a4 0.000 | 44 0.000 | 44 . 0.000
45 0.000| 45 0.000 ] 45 0.000

46 0.000 | 46 0.000 | 46 0.000

47 0.000 1 47 0.000 | 47 ‘ 0.000

I 48 0.000 | 48 0000| 48 | 0.000
49 0.000 | 49 0.000 | 49 0.000

50 0.000| 50 0.000 ] 50 0.000

l Average AP (.1698 |Average AP™" (.1726 |Average AP 0.1780




Dry Gas Meter Orifice Differential, ( A H)

Effluent Gas Temperature, (°F)

WC-F-1 WC-F-2 WC-F-3 WC-F-1 WC-F-2 WC-F-3
Pt AH Pt AH Pt AH Pt Ts Pt Ts Pt Ts
1 442 1 4760 1 428 [ 1 641 1 616 1 627
2 5.10 2 4.760| 2 499 | 2 640 2 66| 2 623
3 510 3 5440{ 3 535 | 3 639 3 614 3 625
4 4.76 4 510 4 535 | 4 640 4 613 4 624
5 1.08 5 478 5 499 [ 5 638 5 614| 5 625
6 1.70 6 272 6 428 | 6 637. 6 614| 6 623
7 1.36 7 1.36] 7 214 | 7 636|. 7 615| 7 624
8 1.02 8 136 8 143 | 8 633 8 615| 8 625
9 1.02 9 102 9 107 | 9 633 9 614) 9 626
10 0.82| 10 068 10 107 | 10 632 10  613| 10 626
1 068 11 068 11 071 | 11 631 11 15| 11 625
12 068 12 068 12 071 | 12 632 12 814 12 625
13 1.02[ 13 068 13 071 | 13 629 13 616 13 624
14 1.02[ 14 1.02| 14 1.07 | 14 632 14 615 14 624
15 1.02[ 15 1.38] 15 1.07 | 15 635 15 616 15 625
16 109 16 136 16 107 | 16 635 16  615] 16 626
17 136 17 1.38| 17 143 | 17 625 17 15| 17 626
18 136 18 170 18 143 | 18 615 18 616 18 625

19 2.04| 19  2.04| 19 214 | 19 614 19  613| 19 626
20 238 20 2.04] 20 250 | 20 615 20 616 20 623
21 238 21 2.04| 21 286 | 21 615 21 615( 21 626

22 238 22 238| 22 286 | 22 616 22 617 22 623
23 243 23 238 23 286 | 23 616 23 615| 23 625
24 202| 24  238| 24 3.21 | 24 615 24 615 24 624
25 25 25 25 25 25
26 26 26 26 26 26
27 27 27 27 27 27
28 28 28 28 . 28 28
29 29 29 29 29 29
30 30 30 30 30 30
31 31 31 31 31 31
32 32 32 32 32 32
33 33 33 33 33 33
34 34 34 34 34 34
35. 35 35 35 35 35
36 36 36 36 36 36
37 37 a7 a7 37 37
38 38 38 38 38 38
39 39 39 39 39 39
40 40 40 40 40 40
41 41 41 41 41 41
42 42 42 42 42 42
43 43 43 43 43 43
44 44 44 44 44 44
45 45 45 45 45 45
46 46 46 46 46 46
a7 47 47 47 47 47
48 48 48 48 48 48
49 49 49 49 49 49
50 50 50 50 50 50

AvgAH 2,05 |AvgAH 225 [AvgAH 2483 |[AvgTs 629 [AvgTs 615 |AvgTs 625




Dry Gas Meter Temperature, (°F)

WC-F-1 WC-F-2 WC-F-3

Pt Inlet  Outlet Pt Inlet OQutlet Pt inlet OQutlet
1 58 56 1 67 65 1 72 @ 69
2 62 57 2 70 65 2 75 70
3 63 57 3 73 65 3 79 70
4 66 58 4 75 66 4 82 71
5 67 58 5 77 67 5 83 72
6 66 59 6 78 68 6 83 73
7 65 59 7 77 68 7 82 73
8 64 59 8 76 68 8 83 73
9 64 59 9 75 69| 9 79 73
10 63 59| 10 74 69| 10 79 73
1 63 9l M 74 691 11 78 73
12 64 59 | 12 73 69| 12 77 73
13 63 60| 13 72 69| 13 74 72
14 64 60| 14 73 70| 14 74 72
15 65 61 15 74 70| 15 75 72
16 65 61 16 74 70| 16 75 72
17 65 61 17 75 70 17 75 72
18 67 62] 18 75 70| 18 75 72
19 67 62] 19 76 71 19 76 72
20 68 62 20 77 71 20 77 72
21 68 621 21 77 71 21 78 72
22 68 63| 22 77 72| 22 77 72
23 68 63| 23 78 72| 23 77 73
24 68 63| 24 77 72| 24 77 73
25 25 25
26 26 26
27 27 27
28 28 28
29 29 29
30 30 30
Ky | 31 31
32 32 32
33 33 33
34 34 34
35 35 35
36 36 36
37 37 37
38 38 38
39 39 39
40 40 40
41 41 41
42 42 42
43 43 43
44 44 44
45 45 45
46 46 46
47 47 47
48 48 48
49 49 49
50 50 50

Avg T, 62.5 {Ava Ty, 71.9 |Avg T, 74.8
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Summary of Carbon Monoxide Concentrations
EPA Method 10 - Carbon Monoxide Concentration

HOS Outlet
S.T. Wooten Corporation - Clayton, NC
. CO ppmvd
RUN Date Time Actual Drift Corrected
1 3/27/2003 | 0934-1109 2.5 2.8
2 3/27/2003 | 1136-1250 1.3 1.6
3 | 3/27/2003 | 1400-1513 0.8 1.1
AVERAGE 1.6 1.8




Summary of Calibration and Drift Corrections
EPA Method 10 - Carbon Monoxide Concentration
HOS OQutlet
S.T. Wooten Corporation - Clayton, NC

27-Mar-03
Direct Bias
Cal Gas Response |Cal Error  |Response |Cal Error
Zero 0.00 0.10 0.10% 0.0 -0.10%
Low 30.08 29.30 -0.78% 28.0 -1.30%
Mid 59.39 58.10 -1,29%
High 88.80 86.30]  -0.50%
Pre Cal 0.00
28.00
[Run 2.54 Corrected 2.8 ppm GO ]
Post Cal -0.10 Drift 0.10%
27.90 0.10%
[Run2 1.34 ~ Corrected 1.6 ppm CO |
Post Cal -0.20 Drift 0.10%
27.60 0.30%
I-Rﬁn 3 0.82 ~ Corrected 1.1 ppm CO |
Post Cal -0.20 Drift 0.00%
27.60 0.00%




Run 1

Date

3/27103
3/127/103
3/271103
3/27103
3/27/103
3/27103
3/27/103
3127103
31271103
3/27/103
3/27/103
3/27/103
327103
31271103
3/27103
327/103
31271103
3127103
31271103
3127103
3/27/103
31271103
3/271103
3/27/103
3/271103
3/27103
3/27/103
31271103
31271103
3127103
31271103
3/271103
3/27/103
31271103
3/271103
31271103
3/27103
3271103
31271103
31271103
3/27/103

EPA Method 10 - Carbon Monoxide Concentration

S.T. Wooten Corporation - Clayton, NC

Time

9:34

9:35
9:37:26
9:38:26

- 9:39:26

9:40:26
9:41:26
9:42:26
9:43:26
9:44:26
9.45.:26
9:46:26
9:47.26
9:48:26
9:49:26
9:50:26
9:51:26
9:.562:26
9:53:26
9:54:26
9:55:26
9:56:26
9:57.26
9:58:26

9:59:.26 -

10:00:26
10:01:26
10:02:26
10:03:26
10:04:26
10:05:26
10:06:26
10:07:26
10:08:26
10:09:26
10:10:26
10:11:26
10:12:26
10:13:26
10:14:26
10:15:26
10:16:26
10:17:26

Summary of Raw CEM Data

HOS Outlet
CO (ppm)

3.20
3.26
3.29
313
2.90
3.06
3.19
3.14
2.79
3.26
272
2.69
2.50
2.71
2.70
2.67
2.77
2.55
2,72
3.29
312
265
2.64
2.51
2.71
2.46
244
2.56
248
2.72
246
2.47
2.68
2.36
2.57
2.52
2.28
2.21
2.37
2.16
2.34




Summary of Raw CEM Data

EPA Method 10 - Carbon Monoxide Concentration
HOS Outlet '
S.T. Wooten Corporation - Clayton, NC

3/27/103 10:18:26 2.51
31271103 10:19:26 2.24
3127103 10:20:26 2.56
3/127/103 10:21:26 249
31271103 10;22:26 2.41
3/27/103 10:23:26 2.30
3/27/103 "~ 10:24:26 2.54
31271103 10:25:26 2.47
3/27/103 10:26:26 2.13
3271103 10:27:26 2.29
- 327103 10:28:26 2.04
3271103 10:29:26 2.18
31271103 10:30:26 2.49
3/27/103 10:31:26 2.06
31271103 10;32:26 2.18
31271103 10:33:26 2.09
31271103 10:34:26 2.09
31271103 10:35:26 2.13
3/27/103 10:36:26 252
3/27/103 10:37:26 2.23
31271103 10:38:26 2.24
31271103 10:39:26 2.47
327103 10:40:26 2.47
3127103 10:41:26 2.25
31271103 10:42:26 2.31
31271103 10:43:26 2.46
3/27/1103 10:44:26 2.27
31271103 10:45:26 2.22
3/27/103 10:46:26 . 2.60
3/27/103 10:47.26 2.34
3/27/103 10:48:26 2.22
3/27/103 10:49:26 227
Average 2.54



Run 2

Date

31271103

31271103
31271103
3/271103
3/27/103
3/27/103
31271103
31271103
3/27/103
3/27/1103
3/27/103
3/27/103
31271103
3/271103
31271103
3/27/103
3/27/103
31271103
3/271103

3127103

3/271103
31271103
3/127/103
3127103
31271103
3/27/1103
31271103
3127103
31271103
3/27/103
3/27103
3271103
3/271103
3/27/103

31271103 .

3127103
3/271103
3/27/103

31271103
3/271103
31271103
3/27103

Summary of Raw CEM Data

EPA WMethod 10 - Carbon Monoxide Concentration
HOS Outlet
$.T. Wooten Corporation - Clayton, NC

Time  CO (ppm)

11:36:26 1.62
11:37:26 1.61
11:38:26 1.63
11:39:26 1.61
11:40:26 1.50
11:41:26 1.87
11:42:26 1.80
11:43:26 1.74
11:44:26 1.47
11:45:26 1.19
11:46:26 1.51
11:47.26 1.31
11:48:26 1.38
11:49:26 1.17
11:50:26 1.16
11:51:26 1.28
11:52:26 1.15
11:53:26 1.27
11:54.26 1.35
11:55:26 1.52
11:56:26 1.64
11:57:26 1.44
11:58:26 1.73
11:59:26 1.36
12:00:26 1.52
12:01:26 1.78
12:02:26 1.43
12:03:26 1.24
12:04:26 1.30
12:05:26 1.42
12.06:26 1.45
12:07:26 1.40
12:08:26 1.46
12:09:26 1.67
12:10:26 1.33
12:11:26 1.30
12:12:26 1.32
12:13:26 1.42
12:156:38 1.30
12:16:38 1.34
12:17:38 1.1
12:18:38 1.12




Summary of Raw CEM Data
EPA Method 10 - Carbon Monoxide Concentration
HOS Qutlet
$.T. Wooten Corporation - Clayton, NC
3/27/1103  12:19:38 1.38
3/27/103 12:20:38 1.27
3271103 12:21:38 1.17
327103  12:22:38 1.34
3/27/103  12:23:38 1.03
31271103 12:24:38 0.90
3/271103 12:25:38 1.22
3/27103  12:26:38 1.20
3/271103 - 12:27:38 1.62
327103  12:28:38 1.49
3/27/103 12:29:38 1.22
3/27/103.  12:30:38 1.17
3/27M103 12:31:38 1.19
3/27/103  12:32:38 1.20
3/27M103 12:33:38 1.20
3/27/103  12:34:38 1.19
3/27M103  12:35:38 1.1
31271103 12:36:38 1.02
3/27/103  12:37:38 1.18
31271103  12:38:38 1.17
3/27103 12:39:38 1.12
327103 12:40:38 1.21
3/27/103  12:41:38 1.19
3/27M103  12:42:38 1.24
31271103 12:43:38 1.27
31271103 12:44:38 1.12
3/27M03  12:45:38 1.17
31271103 12:46:38 1.49
3/27/103 12:47:38 1.26
3/271103 12:48:38 1.22
3/271103  12:49:38 1.30
3/271103  12:60:38 1.22
Average 1.34



Summary of Raw CEM Data

EPA Method 10 - Carbon Monoxide Concentration
: HOS OQutlet
S.T. Wooten Corporation - Clayton, NC
Run 3

Date Time  CO (ppm)

3/27/103  14:00:38 1.456
3/27/103  14:01:38 1.742
3/27M103  14:02:38 1.786
3/271103  14:03:38 1.693
3271103 14:.04:38  1.733
3/27/103  14:05:38 1.543
3127103 14:06:38 1.340
3/27/103 14:07:38 1.480
3/27103  14:08:38 1.382
3/27/103  14:09:38 1.451
3/271103  14:10:38 1.208
3/271103  14:11:38 1.306
3/271103  14112:38 1.422
3/27/103  14:13:38 1.131
3271103 14:14:38 1.100
3/271103  14:15:38 0.881
3/271103  14:16:38 0.968
3/27M103  14:17.38 0.888
3127103 14:18:38 1.117
327103 14:19:.38 1.081
- 3127103 14:20:38 1.060
3/27103 14:21:38 1.078
327103 14:22:38 1.150
3/27103  14:23:38 1.058
3/271103  14:24:38 0.961
3/27103 14:25:38 0.979
3/27103  14:26:38 1.292
3/27/103  14:27:38 0.91¢
3/27/103  14:28:38 0.994
3/271103 14:29.38 0.793
3127103 14:30:38 0.829
3/27/103  14:31:38 0.897
3/271103 14:32:38 0.805
31271103 14:33:38 0.825
3127103 14:34:38 0.916
3271103 14:35:38 0.730
3/27/103  14:36:38 0.725
3/27/103  14:37:38 0.731
3127103 14:38:38 0.908
31271103 14:39:38 0.961
3127103 14:40.38 0.731
327103 14:41:38 0.679
3/27M103  14:42:38 0.526




Summary of Stack Gas Parameters and Test Results
EPA Method 316 - Formaldehyde Concentrations

HOS Outlet
REA Asphalt - Mallard Creek Plant - Charlotte, NC
Page 2 of 2

RUN NUMBER MC-F-1 MC-F-2 MC-F-3

RUN DATE 4/1/2003 4/1/2003 4/1/2003 Average

RUN TIME 0915-1040 1129-1245 1339-1501

Fuel Usage Rate, cf/h 1,700 1,700 1,700 1,700

~ Heat Content, Btu/cf @ 1,050 1,050 1,050 1,050

Heat Input Rate, million Btu/hr 1.79 1.79 1.79 1.79

EMISSIONS DATA

Formaldehyde

Formula Weight, Ib/lb-mole 30.03 30.03 30.03 30.03

‘Catch, pg 28.8 7.81 245 204
Crm Concentration, ppmvd 0.0178 0.00473 0.0148 0.0125
Cem Concentration, mg/dscm 0.0223 0.00590 0.0185  0.0166
Epm Emission Rate, Ib/hr 3.78E-05 1.04E-05 3.24E-05  2.69E-05
Epm Emission Rate, Ib/mmBtu 2.12E-05 5.83E-06 1.82E-05 1.51E-05

Carbon Monoxide

Formula Weight, Ib/Ib-mole 28.01 28.01 28.01 28.01
Cco Concentration, ppmvd . <02 <0.2 <0.2 <0.2
Eco Emission Rate, Ib/hr < 3.96E-04 <4.11E-04 <4.08E-04 <4.05E-04
Eco Emission Rate, Ib/mmBtu < 222E-04 <2.30E-04 <228E-04 <2.27E-04

?From AP-42

i
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ISOKINETIC CALCULATION

SITE_REA Mallned Creele

TEST NO. MC-1= — |

RUN 1 RUN 2 RUN
_ - 3 '
. Yol fd v , ft ~ 1
Y e et T v s 0
rrect 1 if
::t:: e:cee:"-LJ:nge F.any Takage ! 2.941
e i
Va td. 17.65 x Vo * Y[ bar ¢ ﬁ“ﬁ] . Pbar’ 1n.Hg _30'20
: ™ &H, in.H,0 1,39
T R s2
vV_.. 5, dscf - -
- mstd : _"/b,-,gb.
2. Volume of wyter v dard con- |
d?t'i’::s? ftsf".. 4por at standard con V-lc. g : _l77,3
"V, = 0.04707V, = N AR 1 A0
¥std le . Wetd g340
3. Moisture content in stack gas. B
B . v'std . ’ WS ’ 0| ' sq)—
ws ry . )
(vmstd v"sw ) .- 1_'Bw_s 4. 545%
?;_;];o-:?:]ar weight of stack ?ns. o9 COZ ) Q.b’
Mg = 0.440 (2 CO,) + 0.320 (3 0,) 2 07 _ 15
+0.280 (3 Ny ¢ 3 C0) s TN, +%CO 3.6
| Myq» 1b/1b-mole | 29,52
5. Molecular weight of stack gas. . N '
Mg s Mg (1B, ) ¢ 188, Mg, 1b/1b-mole J8.00
6. ?;:ck velocity at stack conditions, Pstatic’ 'in.HZO ~0.02
T :
V, * 85.49 Cp (avg.JA_P)JP:. PS' in.Hg 30.20
. M —
‘ $ s TS, °R [t 7
| 2P 0,234
e = g
KETE: 5 = Pogr "'(",Cﬁ'r") Cp 0.54
7. Isokinetic varfation Dn, in. O'L,‘.qs' :
v 1 . |
T1e 'ms ' x17.32 0, min. 72.0 . ‘
Ve x D0, 20 1P x (1) ¢

_ -




Isokinetic Sampling Data Reduction Spreadsheet

HOS OQutlet
Metered Sample Volume . Effluent Gas Velocity Head,
_ MC-F-1 MC-F-2 MC-F-3 ° MC-F-1 MC-F-2
Run Start 456.935 | 502.634 | 550.427 Pt Ap A | pt  Ap  Ap™®
Run End 502.338 | 549.918 | 597.897 1 0.070 0.265 1 0.025 0.158
' 2 0.080 0.283 2 0.030 0173
Leak Check 1 Start 3 0.080 0.283 3 0.035 0.187
Leak Check 1 End 4 0080 0.283 4 0.040 0.200
5 -0.075 0.274 5 0.040 0.200
Leak Check 2 Start 6 0.070 0265 6 0.050 0.224
Leak Check 2 End 7 0060 0.245 7 0.050 0.224
. 8 0.0565 0.235 8 0.060 0.245
Volume Metered 45.403 47.284 47.470 9 0.055 0.235 9 0075 0274
Leak Check 3 Start 0 0 0 10 0.050 0.224| 10 0.080 0.283
Leak Check 3 End 0 0 0 11 0.055 0235 11 0.080 0.283
MC-F-1 12 0.050 0.224 ] 12 0.085 0.292
Init Tare Final Net H20 Gain 13 0.020 0.141 13 0.075 0.274
Impinger/XAD H20 7343 829.6 95.3 14 0.025 0158 14 0.075 0.274
745 796.1 51.1 16 0.025 0.158| 15 0.085 0.292
622.4 6354 13 16  0.030 0173 | 16 0.080 0.283 .
8448 862.7 17.9 17 0.030 04173 17 0.075 0.274
-0 0 0 18 0.040 0200( 18 0.070 0.265
0 0 0 19 0040 0.200] 19 0.055 0.235
Condensate Collected: 177.3 20 0.060 0.245| 20 0.055 0.235
H20= 15.45 21 0.060 0245] 21 0.060 0.245
22 0.065 0.255| 22 0.060 0.245
MC-E-2 23 0.065 02551 23 0.060 0.245
Init Tare Final Net H20 Gain 24 0065 0255| 24 0.060 0.245
Impinger/XAD H20 620.8 762.9 1421 25 0.000 | 25 0.000
748 776.2 28.2 26 0.000| 26 0.000
528.3 533.2 4.9 27 0.000 | 27. 0.000
961.4 975.8 14.4 28 0.000 | 28 0.000
0 0 0 29 0.000| 29 0.000
0 30 0.000 | 30 0.000
Condensate Collected: 189.6 3 0.000! 31 0.000.
H20= 16.03 32 0.000 | 32 0.000
33 0.000 | 33 0.000
MC-F-3 34 0.000| 34 0.000
Init Tare  Final Net H20 Gain 35 0.000( 35 0.000
Impinger/XAD H20 716.2 865 148.8 36 0.000 | 36 0.000
621.7 648.7 27 37 0.000 | 37 0.000
603.6 607.5 3.9 38 0.000| 38 0.000
967.6 981.5 13.9 39 0.000 | 39 0.000
0 40 0.000] 40 0.000
0 41 0.000 | 41 0.000
Condensate Collected: 193.6 - 42 0.000 ]| 42 0.000
H20= 16.33 43 “0.000| 43 0.000
44 0.000 | 44 0.000
45 0.000| 45 0.000
46 0.000| 46 0.000
47 0.000 | 47 0.000
48 0.000 | 48 0.000
49 0.000| 49 0.000
50 0.000 | 50 0.000

Average AP™ (.2204

Average AP (.2438




Dry Gas Meter Orifice Differential, ( A H)

Effluent Gas Temperature, (°F)

MC-F-1 MC-F-2 MC-F-3 MC-F-1 MC-F-2 MC-F-3

Pt AH Pt AH Pt  AH Pt Ts Pt Ts Pt Ts
1 1.79 1 061 1 208 | 1 530 | 1 525| 1 672
2 2.04 2 074 2 196 | 2 504 2 587 2 692
3 2.04 3 086 3 1721 3 625| 3 663 3 715
4 2.04 4 098] 4 172 | 4 658 4 689 4 720
5 1.91 5 098 5 172 | 5 685 5 701| 5 715
6 1.79 6 123 6 172 | 6 707 6 718) 6 735
7 1.53 7 123 7 135 | 7 727 7 720 7 750
8 1.40 8 147 8 135 | 8 731 8 741| 8 752
9 1.40 9 184/ 9 147 | 9 728 9 750 9 747
10 1.28 10  1.96] 10 147 | 10 725 10 747 | 10 743
1 1.40 1 1.96] 11 1.47 | 11 718 1M 742 11 £
12 1.28 12 2.08] 12 147 | 12 707 12 739 12 730
13 0.51 13 1.84] 13 061 | 13 563 13 656 | 13 588
14 0.64 14  1.84| 14 0.86 | 14 565 14 667 14 656
15 0.64 15 210 15 086 | 15 526 15 718 15 175
16 0.77 16 1.96 16 098 | 16 559 16 724 16 725
17 0.77 17 1.84 17 110 | 17 612 17 736 | 17 733
18 1.02 18 1.72| 18 110 | 18 688 18 743 18 736
19 1.02 19  1.35] 19 147 | 19 700 19 743 19 752
20 1.53 20 1.35 20 160 | 20 738 20 742| 20 756
21 1.53 21 1.47] 21 172 | 21 739 21 735| 21 751
22 1.66 22 1.47| 22 160 | 22 736 2 726 22 750
23 1.66 23 1.47| 23 184 | 23 725 23 726| 23 742
24 1.66 24 147| 24 184 | 24 723 24 726 24 743
25 25 25 25 25 25
26 26 26 26 26 26
27 27 27 27 27 27
28 28 28 28 28 28
29 29 29 29 29 29
30 30 30 30 30 30
31 31 31 31 31 31
32 32 32 32 32 32
33 33 33 33 33 33
34 34 34 34 34 34
35 35 35 35 35 35
36 36 36 36 36 36
37 37 37 37 37 37
38 38 38 38 38 38
39 39 39 39 39 39
40 40 40 40 40 40
41 41 41 41 41 41
42 42 42 42 42 42
43 43 43 43 43 43
44 44 44 44 44 44
45 45 45 45 45 45
46 46 46 46 46 46
47 47 47 47 47 47
48 48 48 48 48 43
49 49 49 49 49 49
50 50 50 50 50 50

AvgaH 139 |AvgAH 149 |AvgAH 1462 |[AvgTs 667 |AvgTs 707 |Avg Ts 700




Dry Gas Meter Temperature, (°F)

MC-F-1 MC-F-2 MC-F-3 :
Pt Inlet OQutlet Pt inlet OQutlet Pt Inlet Outle;t\ ‘
1 60 56 1 72 70 1 75 74
2 63 57 2 73 70 2 78 74
3 65 58 3 75 71 3 80 74
4 68 59 4 76 71 4 80 75
5 69 60 5 77 72 5 81 75
6 69 60 6 78 72 6 82 75
7 70 61 7 78 73 7 82 76
8 70 62 8 79 73 8 82 76
9 70 62| 9 79 73 9 83 77
10 71 63| 10 80 74 10 83 77
11 71 63| M1 80 74 11 83 77
12 71 64 12 80 74| 12 83 77
13 67 68 13 77 74 13 78 77
14 69 65| 14 78 74 14 79 77
15 - 69 65 15 79 74 15 79 77
16 70 66 ] 16 79 74| 16 79 77
17 70 66 17 79 74 17 79 77
18 71 66 18 80 741 18 80 77
19 71 67 19 80 74 19 80 77
20 72 67 | 20 80 741 20 81 77
21 73 67 21 80 75 21 82 77
22 73 68| 22 81 75| 22 82 77
23 74 68 23 81 75 23 83 77
24 74 74 24 81 81 24 83 77
25 25 25
26 26 26
27 27 27
28 28 28
29 29 29
30 30 30
31 K| K1
32 32 32
33 33 33
34 34 34
35 35 35 ;
36 36 36 |
37 37 37
38 38 38
39 39 39
40 40 40
41 41 41
42 42 42
43 43 43
44 44 44
45 45 45
46 46 46
47 47 47
48 48 48
49 49 49
50 50 50
vg Tr, 66.7 |Avg T, 76.0 JAvg T, 78.5




Summary of Carbon Monoxide Concentrations
EPA Method 10 - Carbon Monoxide Concentration

HOS Outlet 1
REA Construction - Mallard Creek Plant ' '
. CO, ppmvd _
RUN | Date Time Actual | Dritt Correcied
1 4/1/2003 | 0915-1040 -0.2 -0.4
2 4/1/2003 | 1129-1245 -0.5 -0.5
3 4/1/2003 | 1339-1501 0.5 -0.1
AVERAGE -04 -0.3




Summary of Raw CEM Data

EPA Method 10 - Carbon Monoxide Concentration
HOS Qutlet
REA Construction - Mallard Creek Plant

.Run 1
Date - Time CO (ppm)

4/ 11103 9:15:16 -0.321
4/ 11103 9:16:16 -0.34
4/ 1/103 9:17:16 -0.347
4/ 1/103 9:18:16 -0.337
4/ 11103 9:19:16 -0.33

. 4/ 1/103 9:20:16 -0.309
4/1/103 9:21:16 -0.371
4/ 1/103 9:22:16 -0.357
4/ 1103 9:23:16 -0.321
4/1/103 9:24:16 -0.348
4/ 11103 9:25:16 -0.34
4/ 1/103 9:26:16 -0.371
4/ 1103 9:27:16 -0.342
4/ 1/103 9:28:16 -0.281
4/ 11103 9:29:16 -0.325
4/ 1/103 9:30:16 -0.348 -
4/1/103 9:31:16 -0.288 -
4/ 1103 9:32:16 -0.323
4/ 1/103 9:33:16 -0.322
4/1/103 9:34:16 -0.281
4/1103 9:35:16 -0.297
4/ 1/103 - 9:36:16 -0.299
4/ 11103 9:37:16 -0.315
4/ 1/103 9:38:16 -0.283
4/ 1/103 9:39:16 -0.265
4/ 1/103 9:40:16 -0.249
4/1/103 9:41:16 -0.281
4/ 1/103 9:42:16 -0.282
4/1/103 9:43:16 -0.265
4/ 1103 9:44:16 -0.266
4/1/103 9:45:16 . -0.264
4/ 11103 9:46:16 -0.249
4/ 11103 9:47:16 -0.249
4/ 11103 . 9:48:16 -0.282
4/1/103 9:49:16 -0.284
4/ 1103 9:50:16 -0.223
4/ 1103 9:51:16 -0.217
4/1/103 9:52:16 -0.198
4/ 1/103 9:53:16 -0.211
4/1/103 9:54:16. -0.265
4/ 11103 9:55:16 -0.24
4/ 1/103 9:56:16 -0.165
4/ 1103 9:57:16 -0.199

ﬁ



4/1/103
4/ 1103
4/ 1103
4/ 1103
4/ 1103
4/ 1103
4/1/103
4/ 1103
4/ 1103
4/ 1103
4/ 1103
4/ 1103
4/ 1/103
4/ 1103
4/1/103
4/ 1103
4/1/103
4/ 1103
4/ 11103
4/ 1103
4/ 1103
4/ 1103
4/1/103
4/1/103
4/ 1103
4/ 1103
4/ 1103
4/1103

- 4/1103

4/ 1/103
4/1/103
4/1/103
4/ 1103
4/11103
4/ 1103
4/ 1/103
4/1/103
4/ 1103
4/1/103
4/ 1103
4/ 1/103

Average

EPA Method 10 - Carbon Monoxide Concentration

REA Construction - Mallard Creek Plant

9.58:16

9:59:16
10:00:16
10:01:16
10:02:16
10:03:16
10:04:16
10:05:16
10:06:16
10:07:16
10:08:16
10:09:16
10:10:16
10:11:16
10:12:16
10:13:16
10:14:16
10:15:16
10:16:16
10:17:16
10:18:16
10:19:16
10:20:16
10:21:16
10:22:16
10:23:16
10:24:16
10:25:16
10:26:16
10:27:16
10:28:16
10:29:16
10:30:16
10:31:16
10:32:16
10:33:16
10:34:16
10:35:16
10:36:16
10:37:16
10:38:16

Summary of Raw CEM Data

HOS Outlet

-0.18
-0.209
-0.215

-0.21
-0.188
-0.184
-0.182
-0.181

-0.2
-0.192
-0.205
-0.165
-0.156
-0.142
-0.172
-0.145
-0.184
-0.182
-0.091
-0.097
-0.135
-0.104
-0.163
-0.169
-0.117
-0.178
-0.149
«0.172
-0.1565
-0.104
-0.117

-0.13
-0.155
-0.164
-0.105
-0.148
-0.122
-0.077 -
-0.132
-0.166
-0.169

-0.2245357




Summary of Raw CEM Data

EPA Method 10 - Carbon Monoxide Concentration
HOS Outlet
REA Construction - Mallard Creek Plant
Run 2

Date Time  CO (ppm)

4/ 1103 11:39:53 -0.752
4/ 1103 11:40:53 -0.76
4/ 1103 11:41:63 -0.746
4/ 1/103 11:42:53 -0.769
4/ 17103 11:43:63 -0.736
4717103 11:44:53 -0.735
4/ 1103 11:45:53 . -0.71
4/ 1/103 11:46:53 -0.704
4/ 1103 11:47:53 -0.721
4/ 1103 11:48:63 -0.702
4/1/103 11:49:53 -0.687
4/ 1103 11:50:53 -0.702
4/ 1103 11:51:53 -0.688
4/ 1103 11:52:53 -0.686
4/ 1103 11:563:53 -0.664
4/ 1103 11:54:563 -0.638
4/ 1103 11:66:53 -0.687
4/ 11103 11:56:53 -0.687
4/ 1103 11:57:563 -0.658
4/ 1/103 11:58:53 -0.631
4/ 1103 11:59:563 -0.687
4/ 1103 12:00:63 -0.647
4/ 1/103 12:01:53 -0.654
4/ 1/103 12:02:63 -0.594
4/ 1103 12:03:53 -0.604
4/ 1103 12:04:53 -0.583
4/ 1103 12:05:53 -0.68
4/ 1103 12:06:53  -0.588
4/1/103 12:07:53 -0.577
4/11103 . 12:08:53 -0.58
4/ 1103 12:09:53 -0.586
4/ 1103 12:10:63 -0.545
4/1/103 12:11:53 -0.528
4/ 1103 12:12:563 -0.485
4/ 1103 12:13:563 -0.486
4/ 1103 12:14:563 -0.635
4/ 1103 12:15:53 -0.537
4/1/103 12:16:53 -0.486
4/ 1103 12:17:53 -0.456
4/ 1103 12:18:53 -0.465
4/ 1103 12:19:63 -0.408
4/ 11103 12:20:53 -0.454
4/ 11103 12:21:53 -0.418



i

4/ 1103
4/ 1103
4/1/103
4/1/103
4/1/103
4/ 1103
4/ 1103
4/ 1/103
4/ 11103
4/ 1103
4/ 11103
4/ 1103
4/ 1103
4/ 1103
4/ 1103
4/1103
4/ 1103
4/ 1103
4/1/103
4/ 1103
4/ 1103
4/ 1/103
4/ 1103
4/ 1103

Average

Summary of Raw CEM Data

EPA Method 10 - Carbon Monoxide Concentration
HOS OQutlet
REA Construction - Mallard Creek Plant
12:22:53 -0.441
12:23:53 -0.371
12:24:53 -0.371
12:25:53 -0.37
12:26:53 -0.354
12:27:53 -0.471
12:28:53 -0.389
12:29:563 -0.388
12:30:53 -0.422

12:31:63° -0.47
12:32:63 -0.452
12:33:63 -0.42

12:34:53 -0.468
12:35:53 -0.434
12:36:53 -0.404
12:37:53 -0.451
12:38:53 -0.439
12:39:53 -0.421
12:40:63 . -0.386
12:41:53 -0.437
12:42:53 -0.388
12:43:53 -0.389
12:44:53 -0.389
12:45:53 -0.455

-0.55




- Summary of Raw CEM Data

EPA Method 10 - Carbon Monoxide Concentration
HOS Outlet

REA Construction - Mallard Creek Plant
Run3

Date Time CO (ppm)

4/ 1103 13:39:53 -0.521
471103 13:40:53 -0.558
4/ 11103 13:41:53 -0.516
4/ 1103 13:42:53 -0.531
4/ 1103 13:43:563 -0.573
4/ 1103 13:44:63 -0.689
4/ 1103 13:45:53 -0.589
4/ 1103 13.46:563 -0.646
4/ 1103 13:47:53 -0.575
4/ 1103 13:48:53 -0.575
4/ 1103 13:49:53 -0.573

4/1/103 14:29:19 -0.491
4/ 1103 14:30:19 -0.528
4/ 1103 14:31:19 -0.47
4/ 1103 14:32:19 -0.473
4/ 1103 14:33:19 -0.531
4/ 1103 14:34:19 -0.509
4/ 1103 14:36:19 -0.457
4/ 1103 14:36:19 -0.572
4/ 1103 14:37:19 -0.541
4/ 17103 14:38:19 -0.592
- 4/1/103 14:39:19 -0.463
4/ 1103 14:40:19 -0.438
4/ 1103 144119 -0.489
4/ 1103 14:42:19 -0.475
4/ 1103 14:43:19 -0.491
4/ 1103 14:44:19 -0.537
4/1103 14:45:19 ~ -0.561
4/1103 14:46:19 -0.654
4/ 1103 14:47:19 -0.51
4/1/103  14:48:19 -0.492



4/ 1103
4/ 1103
4/1/103
4/ 1103
4/1/103
4/ 1103
4/ 11103
4/ 1103
4/ 1/103
4/1/103
4/ 1103
4/ 11103
4/ 11103

Average

Summary of Raw CEM Data

EPA Method 10 - Carbon Monoxide Concentration
HOS Outlet
REA Construction - Mallard Creek Plant

14:49:19 -0.535 :

14:50:19  -0.536

14:51:19 -0.496

14:52:19 -0.458

14:53:19 -0.538

14:54:19 -0.544

14:55:19 -0.621

14:56:19 -0.545

14:67:19 -0.555

14:58:19 -0.493

14:59:19 -0.491

16:00:19 -0.627

15:01:19 -0.555

-0.525




Summary of Stack Gas Parameters and Test Results
EPA Method 316 - Formaldehyde Concentrations

HOS Qutlet
REA Asphalt - North Mecklenburg Plant - Charlotte, NC
Page 2 of 2

RUN NUMBER NM-F-1 NM-F-2 NM-F-3

RUN DATE 4/2/2003 4/3/2003  4/3/2003 Average

RUN TIME 1435-1554 0830-0945 1026-1143

Fuel Usage Rate, gph 7.00 70 7.00 7.0

Heat Content, Btu/gallon ® 140,000 140,000 140,000 . 140,000

Heat Input Rate, million Btu/hr 0.98 . 0,98 0.98 0.98

EMISSIONS DATA

Formaldehyde o .

Formula Weight, Ib/lb-mole 30.03 30.03 30.03 30.03

Catch, ug 67.4 20.48 14.12 34.0

Cpm - Concentration, ppmvd 0.0444 0.0128 0.0090 0.0221

Ceum Concentration, mg/dscm 0.0554 0.0160 0.0112 0.0276
Emy - Emission Rate, Ib/hr 4.71E-05 1.47E-05 1.01E-05 2.40E-05
Epm Emission Rate, Ib/mmBtu 4.81E-05 1.51E-05 1.03E-05 2.45E-05

Carbon Monoxide ‘ :

Formula Weight, Ib/lb-mole 28.01 28.01 28.01 28.01
Ceo Concentration, ppmvd 7.4 3.4 6.2 5.7
Eco Emission Rate, Ib/hr 7.32E-03 3.65E-03 6.49E-03 5.82E-03
Eco Emission Rate, Ib/mmBtu 7.47E-03 3.72E-03 6.63E-03 5.94E-03

®From AP-42
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okinetic Sampling Data Reduction Spreadsheet

0S Qutlet
Metered Sample Volume Effluent Gas Velocity Head, (AP)
NM-F-1 NM-F-2 NM-F-3 NM-F-1 NM-F-2 NM-F

Run Start 598.027 | 642,650 | 688.563 Pt A& ap™ | pt 4P ™ | Pt Ap | Ap”
un End 642.150 688.400 734.274 1 0.0100 0.100 1 0.010 0.100 1 0.050] 0.224
: 2 0.0100 0.100 2 0.010 0.100 2 0.055] 0.235
eak Check 1 Start 3 0.0100 0.100 3 0015 0122 3 0.055 0.235
Leak Check 1 End 4 00100 0.100 4 0.010 0.100 4 0.050] 0.224
5 0.0100 0.100 5 0010 0.100 5 0.040, 0.200
eak Check 2 Start 6 0.0150 0.122 6 0010 0.100 6 0.025 0.158
Leak Check 2 End 7 00100 0.100 7 0.015 0.122 7 0.016] 0.126
8 0.0100 0.100 8 0.010 0.100 & 0010 0.100
olume Metered 44,123 45,750 45721 g 0.0100 0.100 9 0.010 0.100 9 0.015 0.122
eak Check 3 Start 0 0 0 10 0.0100 0.100| 10 0.015 0.122| 10 0.015) 0.122
Leak Check 3 End 0 0 0 11 0.0100 0100 11 0.015 0.122( 11 0.015] 0.122
NM-F-1 12 0.0100 0400 12 0.015 0.122| 12 0.015) 0.122
' Init Tare Final Net H20 Gain 13 0.0500 0224 | 13 . 0.060 0.245 13  0.005] 0.071
Impinger/’XAD H20 740.6 824.4 83.8 14 0.0350 0.187 | 14 0.060 0.245 14 0.005] 0.071
' 744 759.5 15.5 15 0.0350 0.187 15 0.054 0.232 15 0.010{ 0.100
I 624.2 627.2 3 16 0.0400 0.200| 16 0.045 0.212| 16 0.005| 0.071
862.8 8726 9.8 17 0.0350 0.187 17 0.040 0.200| 17 0.010, 0.100
. 0 0 0 18 0.0250 0.158| 18 0.030 0.173| 18 0.0100 0.100
0 0 0 19 0.0150 0.1221 19 0.015 0122| 19 0.010f 0.100
' Condensate Collected: 112.1 20 0.0100 0.100| 20 0.010 0.100| 20 0.010] 0.100
H20= 10.94 21 0.0100 0.100| 21 0.010 0100] 21 0.015 0.122
22 0.0100 0100 22 0010 0.00] 22 0.01§8 0.122
' NM-F-2 23 0.0100 0.100! 23 0.010 0100 23 0.015 0.122
Init Tare Final Net H20 Gain 24 0.0100 0100 24 0010 0100 24 0.015 0122
Impinger/XAD H20 722.2 799.7 77.5 25 0.0001{ 25 0.000} 25 0.000
. 622.8 650.9 28.1 26 0.000 ]| 26 0.000| 26 0.000
‘ ' 606.1 610.1 4 27 0.000| 27 0.000 | 27 0.000
981.5 - 9922 10.7 28 0.000| 28 0.000{ 28 0.000
0 0 0 29 0.000| 29 0.000| 29 | 0.000
' 0 30 0.000 | 30 0.000 | 30 0.000
Condensate Collected: 120.3 31 0.000]| 31 0.000] 31 0.000
H20= 11.14 32 0.000| 32 0.000| 32 0.000
33 0.0001 33 0.000 | 33 0.000
l NM-F-3 34 0.000| 34 0.000| 34 0.000
Init Tare Final - Net H20 Gain 35 0.000| 35 0.000]| 35 0.000
Impinger/XAD H20 633.1 729 05.9 36 0.000| 36 0.000| 36 0.000
748.7 765.7 17 37 0.000| 37 0.000 | 37 0.000
528.4 531.3 2.9 38 0.000| 38 0.000| 38 0.000
972.2 084.8 12.6 39 0.000{ 39 0.000] 39 0.000
0 40 0.000| 40 0.000| 40 0.000
0 41 0.000 41 0.000 | 41 0.000
Condensate Collected: 128.4 42 0.000| 42 0.000 | 42 0.000
H20= 12.00 43 0.000| 43 0.000 | 43 ' 0.000
44 0.000| 44 0.000| 44 | 0.000
. 45 0.000| 45 0.000| 45 0.000
46 0.000 | 46 0.000| 46 0.000
47 0.000| 47 0.000 | 47 0.000
48 0.000| 48 0.000 ] 48 0.000
49 0.000| 49 0.000 | 49 0.000
50 0.000] 50 0.000| 50 0.000
Average AP™ 0.1245 |Average AP 0.1351 |Average APY* 0.1330




Dry Gas Meter Orifice Differential, ( AH)

Effluent Gas Temperature, (°F)

NM-F-1 NM-F-2 NM-F-3 NM-F-1 NM-F-2 NM-F-3
Pt AH Pt AH Pt AH Pt Ts Pt Ts Pt Ts
1 0.78 1 0.75| 1 3.75 1 505 1 458 | 1 490
2 0.78 2 075 2 113 | 2 467 2 458 2 490
3 0.78 3 039 3 4131 3 469 3 458 3 490
4 0.78 4 075 4 375 | 4 436 4 518| 4 490
5 0.78 5 075 5 300 5 574 5 546| 5 557
6 117 6 075 6 188 | 6 547 6 463| 6 594
7 0.78 7 1.13| 7 113 | 7 532 7 490 7 606
8 0.78 8 075 8 075 | 8 540 8 603| 8 603
9 0.78 9 075 9 113 | 9 587 9 605 9 600
10 0.78 10 1.13] 10 113 | 10 581 10 600 10 597
11 0.78 1 113 1 113 | 11 578 11 597 | 11 596
12 0.78 12 1.13| 12 113 | 12 576 12 597 | 12 595
13 3.90 13 450 13 039 [ 13 525 13 550 13 496
14 2.73 14 450 14 0.39 | 14 525 14 552 14 496
15 273 15  3.75] 15 075 | 15 559 15 558 | 15 496
16 3.12 16 3.38] 16 0.39 | 16 577 16 580| 16 495
17 273 17 3.00] 17 075 | 17 537 17 588 | 17 521
18 1.95 18  2.25| 18 075 | 18 602 18 601 | 18 570
19 1.17 19 1143 19 075 | 19 605 19 615] 19 594
20 0.78 20 075 20 075 | 20 600 20 614 20 608
21 0.78 21 0.75| 21 143 | 21 597 21 612 21 608
22 0.78 22 075 22 113 | 22 581 22 607 22 606
23 0.78 23 0.75] 23 113 | 23 572 23 604 | 23 601
24 0.78 24 075 24 113 | 24 570 24 603| 24 508
25 25 25 25 25 25
26 26 26 26 26 26
27 27 27 27 27 27
28 28 28 28 28 28
29 29 29 29 29 29
30 30 30 30 30 30
31 31 31 31 31 31
32 32 32 32 32 32
33 33 33 33 33 33
34 34 34 34 34 34
35 35 35 35 35 35
36 36 36 36 36 36
37 37 37 37 37 37
38 38 38 38 38 38
39 39 39 39 39 39
40 40 40 40 40 40
41 41 41 41 41 41
42 42 42 42 42 42
43 43 43 43 43 43 -

44 44 44 44 44 44
45 45 45 45 45 45
46 46 46 46 46 46
47 47 47 47 47 47
48 48 48 48 48 48
49 49 49 49 49 49
50 50 50 50 50 50
AvgAH 133 |AvgAH 152 |AvgAH 1395 ||AvgTs 552 [AvgTs 562 |AvgTs 558




Dry Gas Meter Temperature, (°F)

NM-F-1

NM-F-2 NM-F-3

Pt - Inlet Outlet Pt Inlet Qutlet Pt Inlet Quilet

1 78 78| 1 67 61| 1 83 80
2 79 78 2 69 62 2 85 80

3 79 78 3 71 63 3 87 80

4 80 78 4 72 64 4 89 81

5 81 79 5 73 65 5 20 81

6 82 78 6 74 65 6 90 82

7 83 79 7 75 67 7 89 82

8 83 79 8 75 67 8 88 82

9 83 79 9 76 68 9 88 82
10 83 79 10 77 69| 10 87 82
11 84 791 1 77 69| 11 87 82
12 84 80 12 78 70 12 87 82
13 85 80| 13 82 721 13 85 82
14 87 81 14 82 72| 14 85 82
15 88 81 15 84 73 15 85 82
16 89 81 16 85 741 16 85 82
17 89 82 17 86 75 17 86 83
18 -88 g2 18 86 75| 18 36 83
19 88 82 19 86 77 19 86 82
20 87 82| 20 85 771 20 87 83
21 87 82 21 84 77 21 87 83
22 86 g2| 22 84 77| 22 87 83
23 86 82 23 84 78 23 88 83
24 86 82| 24 84 78| 24 88 83
25 25 25

26 26 26

27 27 27

28 28 28

29 29 29

30 30 30

31 31 31

32 32 32

33 33 33

34 34 34

35 35 35

36 36 36

37 37 37

38 38 38

39 39 39

40 40 40

41 41 41

42 42 42

43 43 43

44 44 44

45 45 45

46 46 46

47 47 47

48 48 48

49 49 49

50 50 50
vg Tp, 82,3 |Avg T, 748 |Avg T, 84.4 .
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Summary of Carbon Monoxide Concentrations
EPA Method 10 - Carbon Monoxide Concentration

HOS Qutlet
REA Construction - North Mecklenburg Plant
' - CO, ppmvd
RUN Date Time Aciual | Drift Corrected
1 4/2/2003 | 1435-1554 6.8 7.4
2 4/3/2003 | 0830-0945 3.2 3.4
3 4/3/2003 | 1026-1143 5.6 6.2
AVERAGE 5.2 5.7




- Run1

Date

4/2/103

4/2/103

4/ 2/103
4/ 2/103
4/2/103
4/2/103
~4/2/103
4/ 2/103
4/2/103
4/ 2/103
4/2/103
4/ 2/103
4/ 21103
4/ 2/103
4/ 2/103
4/2/103
4/ 2/103
4/2/103
4/ 2/103
4/2/103
4/ 2/103
4/2/103
4/ 2/103
4/2/103
4/2/103
4/2/103
4/ 2/103
4/2/103
4/2/103
4/2/103
4/2/103
4/2/103
4/2/103
4/2/103
4/2/103
4/2/103
4/2/103
4/2/103
4/ 2/103
4/2/103
4/2/103
4/ 2/103
4/ 2/103

EPA Method 10 - Carbon Monoxide Concentration

~ REA Construction - North Mecklenburg Plant

Time

14:35:18
14:36:18
14:37:18
14:38:18
14:39:18
14:40:18
14:41:18
14:42:18
14:43:18
14:44:18
14:45:18
14:46:18
14:47:18
14:48:18
14:49:18
14:50:18
14:51:18
14:52:18
14:53:18
14:54:18
14:55:18
14:56:18
14:57:18
14:58:18
14:59:18
15:00:18
15:01:18
15:02:18

15:03:18

15:04:18
15:05:18
15:06:18
15.07:18
15:08:18
15:.09:18
15:10:18
15:11:18
15:12:18
15:13:18
15:14:18
15:15:18
15:16:18
16:17:18

Summary of Raw CEM Data

HOS Outlet

CO (ppm)

10.572
10.327
10.029
9614
9.133
8.7
8.685
8.781
8.85
8.369
8.421
8.364
8.319
8.162
8.171
8.237
7.934
7.684
7.854
7.92
7.919
7.819
7.82
7.202
7.122
7.054
6.988
6.792
6.94
6.806
6.737
6.806
6.806
7.04
6.922
6.77
7.004
7.187
6.682
6.922
6.623
6.72
6.421

t



E

4/2/103
4/ 21103
4/ 21103
4/2/103

4/21103

4/2/103
4/ 21103
4/ 2103
4/2/103
4/2/103
4/ 21103
4/2/103
4/ 21103
4/ 21103
4/ 21103
4/2/103

4/ 21103

4/2/103
4/ 2103
4/2/103
4/2/103
4/2/103
4/ 21103
4/2/103
4/2/103
4/ 2/103
4/2/103
472103
4/2/103

4/ 2/103

4/2/103
4/2/103
4/2/103
4/ 21103
4/ 2/103
4/ 21103
4/2/103

Average

Summary of Raw CEM Data

EPA Method 10 - Carbon Monoxide Concentration

HOS Outlet

REA Construction - North Mecklenburg Plant

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

15:45:18

15:46:18
15:47:18

15:48:18

15:49:18
15:50:18
15:51:18
15:52:18
15:53:18
15:54:18

6.275
6.392
6.438
6.421
6.175
6.171
6.178
6.14
6.097
5.945
6.021
5.849
5.826
5.916
5.678
5.821
5.467
5.437
5.328
5.474
5.389
5.407
5.746
5.438
5.104
5.407
5.45
5.249
5.026
5.065
5.086
4,944
4.991
5.115
5.257
5.128
5.38

6.7929875




Summary of Raw CEM Data

EPA Method 10 - Carbon Monoxide Concentration
HOS Outlet

REA Construction - North Mecklenbdrg Plant
Run 2 :

Date Time  CO (ppm)

4/ 3103 8:30:19 1.825
4/ 3103 8:31:19 1.841
4/ 3/103 8:32:19 1.889
4/ 31103 8:33:19 1.94
4/ 31103 8:34:19 1.926
4/ 3/103 8:35:19 2.023
4/ 31103 8:36:19 2.004
4/ 3/103 8:37:19 2.037
4/ 3/103 8:38:19 2,163
4/ 3103 8:39:19 2.185
4/ 3103 8:40:19 2.1563
4/ 3/103 8:41:19 2.235
4/ 3103 8:42:19 2.333
4/ 3103 8:43:19 2.282
4/ 3103 8:44:19 2.335
4/ 3/103 8:45:19 2.397
4/ 31103 8.46.19 2.581
4/ 3103 8:47:19 - 2.696
4/ 3103 8:48.19 2.712
4/ 3103 8:49:19 2,612
4/ 3103 8:50:19 2.876
4/ 3/103 8:51:19 2.596
4/ 31103 8:52:19 2.731
4/ 3103 8:53:19 278
4/ 3/103 8:54:19 2.878
4/ 3103 8:56:19 2912
4/ 3103 8:56:19 2.926
4/ 3/103 8:57:19 3125
4/ 31103 8:58:19 2.844
4/ 3/103 8:59:19 3.027
4/ 3/103 9:00:19- 3.375
4/ 3103 9.01:19 3.245
4/ 3/103 9:02:19 13.201
4/ 3/103 9:03:19 3.407
4/3M103 | 9:04:19 3.317
4/3/103 9:05:19 3.128
4/ 3103 9:06:19 3.423
4/ 31103 9:07:19 3.568
4/ 3103 9:08:19 3.588
4/ 31103 9:09:19 3.431
4/ 3/103 9:10:19 3.619
4/ 3103 9:11:19 3.24
4/ 3/103 912119 - 3.168



Summary of Raw CEM Data

EPA Method 10 - Carbon Monoxide Concentration
HOS Outlet
REA Construction - North Mecklenburg Plant

4/ 31103 9:13:19 3.268
4/ 31103 9:14:19 3191
4/ 31103 9:15:19 3.313
4/ 31103 9:16:19 3.657
4/ 31103 9:17:19 3.771
4/ 3103 9:18:19 3.312
4]/ 3/103 9:19:19 3.196
4/ 3103 9:20:19 3.796
4/ 3/103 9:21:19 4.016
4/ 31103 92219 3.85
4/ 31103 9:23:19 4.348
4/ 3/103 9:24:19 4,348
4/ 31103 9:25:19 4.105
4/ 31103 9:26:19 3.625
4/ 3/103 9:27:19 3.642
4/ 3/103 9:28:19 3.686
4/ 3103 9:29:19 3.584
-4/ 3/103 9:30:19 3.88
4/ 31103 9:31:19 4.277
4/ 3/103 9:32:19 3.917
4/ 3/103 9:33:19 4.454
4/ 3/103 9:34:19 4.473
4/ 3/103 9:35:19 4,03
4/ 31103 9:36:19 4.653
4/ 3103 9.37:19 4.91
4/ 3/103 9:38:19 4.398
4/ 3/103 9:39:19 3.963
4/ 3/103 9:40:19 3.577
4/ 3103 9:41:19 3.756
4/ 3/103 9:42:19 4,005
4/ 31103 9:43:19 3.986
4/ 31103 9:44:19 3.841
4/ 31103 9:45:19 4.427
Average 3.234316




Run 3

Date

4/ 3103
4/ 3/103

4/ 3103

4/ 3103
4/ 3103
4/ 31103
4/3/103
4/ 3103
- 413103
4/ 3103
4/3/103
4/ 31103
4/ 3103
4/ 3103
4/ 31103
4/ 31103
4/ 3103
4/ 3103
4/ 3103
4/ 3103
4/ 31103
4/ 3103
4/ 31103
4/ 31103
4/ 3103
4/ 3/103
4/ 3103
4/ 3/103
4/ 31103
4/ 3/103
4/ 31103
4/ 3/103
4/ 31103
4/ 31103
4/ 3103
4/ 31103
4/ 31103
4/ 3103
4/ 3103
4/ 3/103
4/ 31103
4/ 3103
4/ 31103

Time

10:26:19
10:27:19
10:28:19
10:29:19
10:30:19
10:31:19
10:32:19
10:33:19
10:34:19
10:35:19
10:36:19
10:37:19
10:38:19
10:39:19
10:40:19
10:41:19
10:42:19
10:43:19
10:44:19
10:45:19
10:46:19
10:47:19
10:48:19
10:49:19
10:50:19
10:51:19
10:52:19
10:53:19
10:54:19
10:55:19
10:56:19
10:57:19
10:58:19
10:59:19
11:00:19
11:01:19
11:02:19
11:03:19
11:04:19
11:05:19
11:06:19
11:07:19
11:08:19

Summary of Raw CEM Data

EPA Method 10 - Carbon Monoxide Concentration
HOS Outlet
REA Construction - North Mecklenburg Plant

CO (ppm)

5.255
5.584
5.187
5.292
5.509
5.217
4,838
4,757
5.096
5.102
4.186
3.743
4,146
4.997
5.429
5.609
5.246
5.275
5.216
4.786
4611
4,541
4.663
4,528
4.121

48
4.958
5.123
4,763
3.921
3.745
3.969
3.5852
3.598
3.846
4.134
4,849

5.086

5.151
4.061
4.201
4.404
4.945

!



Summary of Calibration and Drift Corrections
EPA Method 10 - Carbon Monoxide Concentration
HOS Outlet
~ REA Construction - North Mecklenburg Plant

2-Apr-03
Direct Bias
|| Cal Gas Response |Cal Error |Response |Cal Error
[lZero 0.00 0.00 0.00% 0.0 0.00%
ILow 30.08 28.90[  -1.18% 28.7]  -0.20%
Mid 59.39 57.50 -1.89%
High 88.80 88.80 0.00%
Pre Cal 0.00
28.70
[Run+ 6.79 Corrected 7.4 ppm CO |
Post Cal -0.50 Drift 0.50%
27.70 1.00%
- 3-Apr-03
Direct Bias
" Cal Gas Response |Cal Error |Response |Cal Error
[lZero 0.00 0.00 0.00% 0.2 0.20%
fILow 30.08 29.20 -0.88% 29.0 -0.20%
(Mid 59.39 57.90 -1.49%
||H__igh 88.80 88.90 0.10%
Pre Cal 0.20
29.00
Iﬁun 2 3.23 Corrected 3.4 ppm CO |
Post Cal -0.20 Drift 0.30%
28.10 0.40%
ﬁu‘n 3 5.63 Corrected 6.2 ppm C(-J—I
Post Cal - 0.00 Drift 0.20%
27.00 1.10%







APPENDIX E

QA/QC DATA
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PACIFIC ENVIRONMENTAL SERVICES, INC.

S-TYPE PITOT CALIBRATION

A B A e S .
r-N s
(5"
(m) (B) (e)

—— “-."_
=] Flcw1 B I ¥ B2 ord
== e
A — N A e e ﬁ\‘ B ors

R T
()] (e)
i, S
O \-..___..-f\ [+ -
B
0 &)

equal to 0,32 cm (18 in),and w is less tham or agual to 0.08 an(1/32 in.) (reference? 1.0 m

The types of face-oponing misalignment shown above will not affect the baseline value of Cp(s) 50
ong &8s S ard % ks less than orequalteo10®, B and B, is less than or equalto 5° z s less than or
[#}]

Pitot Tube Number: 104-3-A Date: 5/6/2002
Effective Length: 84 Calibrated By: MDM
Pitot Tube Openings Damaged? YES
Pitot Tube Assembly Level? YES NO
a, = 0 °(<10°) o, = 1 °(< 10
B = _ 0 "= B. = 0 *(<5)
v= 1 0= 0 - A= 0.945 in.
0.981
z=Asiny = 0.0165 em(in) 0.32cm (< 1/8 in. (0.125))
w=Asin8 = 0.0000 cm (in) 0.08 cm (< 1/32 in. (0.03125) )
Pp= 0.49 in.
Pp = 0.49 in.
D,= 0374 in. (0.1875" <D, < 0.375")
A2D,= 1.2634 in. (1.05 <AP2D,<1.50)
Al2= 04725 in. (0.3927 < A/2 <0.561 )




9/30/94: CD2-1 l
CALIBRATION DATA SHEET 2 .
Type S Fitot Tube inspaction ' 1 l
Level and Perpendicular? Mes I
T Obstruction? N -
- Damaged? N O -
VS a, (-10° < a, s +10° RV, '
Degres indicating fever Bose " ™ o, -10° < g, < +10° o
8, 5° <8, 5 +5% O %f l
‘\‘y. By (5®* 58,5 +5%) 2. N & _
== _% <T> v | o N |
— e — = 0 o ,
. Degres indicating level position for ; - .
determining P and Pa. e { | 2= Atany (s 0.125% o U . l
. . we=Atan® (s 003125 | O v/
: D, (316" s D, = 3/8°) 35! I
.} . A . \ /- 3 2" ‘
=== T‘J’ A2D, (1.05 5 P, 518 | | (31
- Degrae indicating level position for l
detarmining@® - .
e I 757
. N
== > |
Degres indicating level positien fer _ I
deteminingY then calculate Z. . '
QA/aC Check ‘ : _ I
Completenass Legibitity ___ Aceuracy Specifications _ Reasonableness
| certify that the Type S pitot tube/probe ID# ¥L-\o meets or axcesds all specifications,
criteria and/or applicable design features and is hereby assigned a pitot tube calibration factor C, of 0.84. ‘
Cortifiedby: _ AW \-2o-5k .
\) Personnel (Signature/Date) Teamn Leader (Signature/Date)
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Pacific Environmental Services, Inc,
5001 South Miami Boulevard, Suite 300

PES : P.O. BOX 12077
Research Triangle Park, NC 27709

A MACTEC CoMpPANY

* Office: 919/941-0333 Fax: 919/941-0234
Home Page: www,mactec.com

Date: 7/22/2003 Channel: 1
Meter Box No.: RMB-15 Checked by: MDM
Simulated Temperature Temperature Readin Difference

CF) (CR) (°F) ___(R) (°R) (%)

0 460 -4 456 -4 -0.87%
100 560 96 556 -4 -0.71%
200 660 197 657 -3 -0.45%
300 760 297 757 -3 -0.39%
400 860 396 856 -4 . -0.47%
500 960 497 957 -3 -0.31%
600 1060 598 1058 -2 -0.19%
700 1160 697 1157 -3 -0.26%
800 1260 799 1259 -1 -0.08%
900 1360 898 1358 -2 -0.15%
1000 1460 999 1459 -1 -0.07%
1100 1560 1098 1558 -2 -0.13% :
1200 1660 1197 1657 -3 -0.18% |
1300 1760 1299 1759 -1 -0.06% |
1400 1860 1399 1859 -1 -0.05%
1500 1960 1499 1959 -1 -0.05%
1600 2060 1599 2059 -1 -0.05%
1700 2160 1699 2159 -1 -0.05%
1800 2260 1800 2260 0 0.00%
1900 2360 1899 2359 -1 -0.04%
2000 2460 2001 2461 1 0.04%
2001 2461 2002 2462 1 0.04%

MB Temp Display Check.xls Printed: 7/22/2003
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TEMPERATURE SENSOR CALIBRATION FORM

Temperature Sensor No. __SH -~/ Sensor Type & ~TC - Length _G&

"
- Ambient Temp. °F wl Barometric Pressure, "Hg 29:55
Reference Temp. Sensor: | ASTrA =€ ' '
Date | Ref. | Temp. Temp. °F Temp, | Within | Calibrated
" | Point | Source - Diff. % | Limits By
No. Ref. Test Y/N
Sensor | Sensor - :
-2 -98 1 Ijzo 33 - ) b Db
nosg| 2 A%f 6 | 76 o \f BDH
k2| 3 7 208 | oo o Y DM
= . D e
2
3
1
2
I R
| 1
| 2
3 .
u -
2
o . SN
2
3

% Temp. Diff = (Ref. Temp + 460) - ( Test Temp. + 460)

 460) 100 < 1.5 %
(Ref. Temp. * 460) x 100 =




TEMPERATURE SENSdR CALIBRATION FORM .

Temperature Sensor No. _<\ -4

\
\

Sensor Type ¥ - 1fc - Length ("~ Gosenal

(Ref. Temp. + 460)

- Ambient Temp. °F 12 Barometric Pressure, "Hg 79.69
Reference Temp. Sensor: A<t 3¢ o
~ Date | Ref. | Temp. Temp. °F Temp. Within | Calibrated
' Point | Source Diff. % | Limits By
No. Ref. Test Y/N _
Sensor Sensor :

wlhibin ] 1 i wole (@92 32 CED ©.20 Y mom

ohi ] 2 bk e [ 3 |63 35 |0 |V Wom

ohiir] 3 0 yde 60 200 ) 2A | 0nag | Y MOm
1|
2
3 _
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2
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3

% Temp. Diff = (Ref. Temp + 460) - ( Test Temp. + 460) | 159 < 1.5 %

l



TEMPERATURE SENSOR CALIBRATION FORM

Temperature Sensor No. 54~ <

Sensor Type _ . ~7< - Length ¢ ‘!

- Ambient Temp. °F 21 Barometric Pressure, "Hg _2¢.s5
Reference Temp. Sensor: _ AT =¢ : -
Date | Ref. | Temp. Temp. °F Temp. | Within | Calibrated
Point | Source Diff. % | Limits By
No. -~ Ref. Test Y/N -
Sensor Sensor .
Icé
H2-581 1 | " wio 32 33 ET-3- N DOY
.
o-s8 | 2 |74 71 7/ o Y DK
R\ '
I1-0-52 3 Heo | 207 207 o ) DyvH
1 B — ] . .
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1
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3
1
2
.3
1
2 .
1 , .
-2
3

% Temp. Diff =

(Ref. Temp + 460) - ( Test Temp. + 460)

~ (Ref. Temp. + 4607

x 100 s 1.5%|
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C. TEMPERATURE SENSOR CALIBRATION FORM }
Temperature Sensor No. RT-14 Sensor Type &< ~-T Q. - Length 3! | .
- Ambient Temp. °F 1T Barometric Pressure, "Hg 29.5% | I
Reference Temp. Sensor: - - _
Date | Ref. | Temp. Temp. °F Temp. | Within | Calibrated ‘ l

. Point | Source Diff. % | Limits By :

No. | Ref. Test Y/N ‘
_ Sensor | Sensor - ' S | I

7,-:4?'%\' 1 Cf{i 1 3L B Lot | Y ,\wﬁ-' |
P 5730 B e e e s e
« | 3 Woie | ve iy Jdse | N \")“E | '
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, % Temp. Diff = {Ref. Temp (‘”R"‘eg?’f;m;.TfS:(;g%.'P' v 460) L 100 <1.5% I
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TEMPERATURE SENSOR CALIBRATION FORM

o°

' o Vsth-50) : :
Temperature Sensor No. 2t -\9 Sensor Type £~ T - Length _ /2"
- Ambient Temp. °F e (o Barometric ﬁessure, "Hg _5%.8¢0
Reference Temp. Sensor:
Date | Ref. | Temp. Temp. °F Temp. | Within | Calibrated
Point | Source Diff. % | Limits By
No. Ref. Test Y/N
Sensor Sensor .
Ick oD
os-rrw| 1 | waeo 2D 3% e e DN
ARNRS. o o
oxi-de|l 2 |pxe 29 % |- 186 SOt
\ _
os-g-94] 3 Eﬁﬁ‘@a 208 200 LY o DY g
1 _ ‘ ‘ .
2
3
2
3 N R
. 1 T A T —"T R |
2 A
3
| 1 [
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3
1
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(Ref. Temp “'4?6% ( Test qu"g +S§4%6)
, - ef. + - est Temp. _ 1.8
% Temp. _DJ.ff (Ref . Temp. + 2601 x 100 s 1.5
536




TEMPERATURE SENSOR CALIBRATION FORM

e Ok ‘
Temperature Sensor No. M@ﬁﬁ;—- = Sensor Type & ~T. ' Length 4o "'
- Ambient Temp. °F i) : Barometric Efessure, "Hg 5.8
Reference Temp. Sensor:
Date | Ref. | Temp. Temp. °F Temp. | Within | Calibrated
Point | Source Diff. % | Limits By.
No. Ref. Test Y/N
_ Sensor Sensor : _ . _
Jaa| 1 3 o Y Piv s
: 4 Ha > 2 : N\
03-//8: rP\M{
03/12/44 2 .Pq.;‘g_; 0 Dl (o h DDV
1 : '
2
3 _J_ _
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3 |
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| 1
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3

(Ref. Temp + 460) - ( Test Temp. + 460)

. Diff = =
% Temp ____VDJ- (Ref. Temp. + 460)

x 100 < 1.5 %



Central Park Wes

5001 South Miami Boulevard, P.Q. Box 1207

Research Triangle Park, North Carolina 27709-207
(919) 941-0333 FAX: (919) 941-02

PACIFIC_ENVIRONMENTAL SERVICES, INC.

Date Begin:. 9/5/02 Calibrator: F. Meadows Meter Box (DGM) No.: RMB-15
Pear, in Hg, initial: 30.09  Ref. Meter Correction Factor;  1.0077 (10/5/97 - Verified 7/03/02)
AH Setting . 0.5 1.0 1.5 20 | 3.0 4.0
Nominal Flow Rate, acfm 0.41 0.56 - 0.68 0.79 0.96 1.10 .
Date 9/5/02 9/5/02 9/5/02 9/5/02 9/5/02 9/5/02
Barometric Pressure, in Hg 30.09 30.09 30.09 30.09 30.09 30.09

Trial Duration, minutes 14 10 10 9 8 6
Meterbox RMB-15 Parameters '
Volume Reading, Initial 526.161 | 532.254 | 538.059 | 545.067 | 552.560 | 560.612
Volume Reading, Final 531.862 | 537.890 | 544.856 | 552.143 | 560.2562 | 567.232
Net DGM Volume, ACF 5.701 5.636 6.797 7.076 7.692 6.620

Meter Temperatures (°F)

‘---

~Inlet, Initial 65 67 71 75 78 81
Inlet, Final 67 71 75 79 82 84
Avg. Inlet : ' 66 69 73 77 86 | 825
Outlet, Initial 66 65 67 69 70 72
Outlet, Final 65 .67 68 70 72 73
Average Outlet 65.5 66 67.5 69.5 71 72.5

Reference DGM Parameters .
Volume Reading, Initial 702.032 | 707.966 | 713.642 | 720.456 | 727.765 | 735.557
Volume Reading, Final 707.578 | 713.457 720.25 727.334 | 735.2156 | 742.014
Net DGM Volume, ACF 5.546 5.491 6.608 6.878 7.460 6.457
Meter Temperatures (°F)

Initial 62 63 63 64 64 64

Final 62 . 63 64 64 64 64

Average 62 63 63.5 64 64 64 Averagg!
DGM Correction Factor, v ©0.986 0.988 | - 0.989 0.992 0.991 0.998 0.991

Reference Oritice Press. AH | 1 726 1.800 1.860 1.850 1.860 | 1.860 1.83

Gamma Criteria (Y > 0.02 from

Y_avg?) ok ok ok ok ok ok |
. Orifice Criteria (dH@ > 0.2 from _ ‘
dH@ avg?) : ok ok ok . ok ok ok ‘

, |
15-09-05-02.xls , Printed: 9/5402




Central Park West

5001 South Miami Boulevard, P.O. Box 12077
Research Triangle Park, North Carolina 27709-2077
(919) 941-0333 FAX: (919) 941-0234

| ——
[TPACIFIC ENVIRONMENTAL SERVICES, INC.

Calibrator: MD Maret Meter Box (DGM) No.: RMB-15

Pretest Meter Correction Factor: 0.991

Date Begin: 6/19/03

System Vacuum: 5
Pear, in Hg, initial: 29.79

Ref. Meter Correction Factor:  1.0077  (10/5/97 - Verified 7/03/02)

15 02-09-05.xls

Printed: 6/20/03

AH Setting 1 1 1 ; '
Nominal Flow Rate, acfm 0.56 0.56 0.56 |
Date : 6/19/03 6/19/03 6/19/03
Barometric Pressure, in Hg 29.79 29.79 29.79 i '
 |Trial Duration, minutes 9 9 9 |
Meterbox RMB-15 Parameter | l
Volume Reading, Initial 875.640 880.709 885.773 ‘
Volume Reading, Final 880.709 885.773 890.837 |
Net DGM Volume, ACF 5.069 5.064. 5.064 l
Meter Temperatures (°F) 3
Inlet, Initial 70 72 74
. Inlet, Final 72 74 77 i '
Avg. Inlet 71 73 75.5 !
Outlet, Initial 69 69 71 ; .
Outlet, Final 69 71 72 A
Average Outlet 69 70 71.5
Reference DGM Parameters ‘ I
Volume Reading, Initial 206,114 301.114 306.101
Volume Reading, Final 301.114 306.101 - 311.068
Net DGM Volume, ACF 5.000 4.987 4.967 ‘ I
Meter Temperatures (°F) ' ;
Initial : 70 70 70 i l
Final - 70 70 72 . }

e Average B SR— —— 1t} UL, /s W I — £ S Average| i
DGM Correction Factor, y 0.992 0.993 0.991 0.992 l
Reference Orifice Press. AHg - 1.815 1.820 1.834 1.82 3

% Change From Original Gamma (Y): 0.1% ‘ l
Change <5%? PASSES I



CUSTOMER

RYP Comprassed Plant EXPIRATION DATE + 20-Sep-2004

11 TRIANGLE DRIVE

RAESEARCH TRI PK, NC 277080000 CYLINDER PRESSURE : 2000 psig

: PRODUCT ID NO :+ 02000838
CUSTOMER PO NO: GRACE CONSULTING LOT NUMBER 1 460337
Previous Certinication Date(s);

&7 BOC GASES ) ot

e e am O — MU ld-.\‘ e
Assay Laboratory
BOC BABES

Riverton,NJ 08077
(eos) 8207878

B R R e

czkwmmmn OF - mmrs::s
O EPA Protocol Gas

CYLINDER NO , 0Ca7402

CERTIFICATION DATE : 21-Sep-2001

ANALYTICAL INFORMATION o i

ls callbration standém has teen certifled per the 1897 EPA Trageability Protocol, Document EPA-800/A71 21, Using Proceduse G1. All Valua# certifisd
be +/-1% NIST Teacoahle. '
Do Not Use This Cylindsr below 150 psig. i.e. 1.0 Magapasnal
S nalytdenl ngfult.a . : -
'. quuegteﬂ Misture .. Certtti ¥ Andlytical ) . '
Components ‘ N Concemrauon K Uneenainty Assay Dates
CARBON MONOXIDE aooonpm » Ve . aooa pom . _=' .41;&% NIST Traceable 02114/01 § 0o/21/01
NITROGEN EALANGE-'GAS IR Ve ‘
_ CALIBM'I‘JiON S'I‘ANDARDS USED IN ASSA? ‘
Type LOTID Cylinder No Concentration Explratipn
NTRM 81678 98060212 100.1 2008 49.58 %~ 0.40 ppm CO/N2 02001 /02
ANALYTICAL INSTRUMENTS USED IN ASSAY
Last Muftipoint
Instrument/Nake/Mods] Analytical Principie _ Calibration
Siemons 6€ N1-L8-0101 NoriDlepersive Infrared ) 08/04/01
|
|
I
Pago: 1 Of 1 A division of The BOC Group, 1a QA A ! ”»
9 Delaware Cur;o:auon o Tac. ‘ PRroved L ¥




Assay Laboratory _
BOC GASES

l / BOC GASES 600 Union Landing Road

Riverton,NJ 08077
(609) 829 7878

CERTIFICATE OF ANALYSIS
" EPA 'P:I’.‘O_t:OC."'.O]. Gas

CUSTOMER. : CYLINDER NO , CC87521
RTP Compressed Plant _ EXPIRATION DATE . 17-Nov-2005
11 TRIANGLE DRIVE CERTIFICATIONDATE : 25-Nov-2002
RESEARCH TRI PK, NC 277090000 CYLINDER PRESSURE : 2000 psig
'PRODUCTIDNO " ~ : 24006032
CUSTOMER PO NO: - LOT NUMBER . 532429

Previous Certification Date(s):

ANALYTICAL INFORMATION

is calibration standard has been certified per the 1997 EPA Traceabllity Protocol, Document EPA-600/87/121, Using Procedure G1. All Values certified
be _+I-1% NIST Traceabls.

Do Not Usé This Cylinder below 150 psig. i.e. 1.0 Megapascal

AnalYtidal’ ._Re_-sult.s

| Requested Mixture - Certified Anaiytical I
somponents Concentration Uncertainty _ ‘ Assay Date‘s.‘_‘_. _
SARBONMONOXIDE .~ - 60.00 pprn . '59.39ppm - +-1.00% NIST Traceable~ . 11802 & 11725102
NITROGEN' I BALANCE GAS ' o

CALIBRATION STANDARDS USED IN ASSAY
- Type LOTID .- Cylinder No ' Concentration -  Expiration

- NTRM 81678 98060209 ~ XC014007B 49.59 +/- 0,40 ppm CO/N2 07/01/06

ANALYTICAL INSTRUMENTS USED IN ASSAY

Last Multipoint
InstrumentMake/Model . © Analytical Principle Calibratlon
Siemens Ultramat 6E-N9-782 - : NonDispersive Infrared 11/20/02

o
lo’

A division of The BOC Group, Inc. _
Page: 1 Of 1 A Delaware Corporation QA Approved |



CUSTOMER
RTP Compressed Plant
11 TRIANGLE DRIVE

7w BOC GASES

Assay Laboratory

BOC GASES

CERTIFICATE OF ANALYSIS
EPA Protocol Gas

CYLINDER NO . CC17861

' EXPIRATION DATE s 17-Nov-2005

CERTIFICATION DATE : 25-Nov-2002
'RESEARCH TRIPK, NC 277090000  CYLINDERPRESSURE : 2000 psig

PRODUCT ID NO . 24014814

LOT NUMBER . 532426

CUSTOMER PO NO:

Prevlous Certification Date(s): -

ANALYTICAL INFORMATION

600 Union Landing Road
Riverton,NJ 08077

i;g_._;b,.

£29-1878

calibration standard has been ceriified per the 1997 EPA Traceability Protocol, Document EFA-600/97/121, Using Procedure G1. All Valued certified

R +/-1% NIST Traceable.

Do Not Use This Cylinder below 150 pslg. i.e. 1.0 Megapascal

Analytical Results
Requested Mixture Centified Analytical

ANALYTICAL INSTRUMENTS USED IN ASSAY

Page: 1 Of 1

A division of The BOC Group, Inc. -
A Delaware Corporation QA Approved

_ ‘ Last Multipoint
Instrument/Make/Model Analytical Principle _ Calibration
Siemens 6E N1-L9-0191 "NonDispersive Infrared 11/20/02

R ——

lmp‘mems ~ Concentration Uncertainty Assay Datgs

-HBON. MONOXIDE 90.00 ppm 88.8 ppm | +-1.00% NIST Traceable 1M 8/02 & 11/25/02
.TROGEN 'BALANGE GAS

‘ . CALIBRATION STANDARDS USED IN ASSAY

um Type - : LOT IID ~ Cylinder No cémcentratl_on Expiration

_I NTRM 82636 98060117 XC0131878 246.20 +/- 2.00 ppm CO/MN2 07/01/08

.
toa







APPENDIX F

SAMPLING & ANALYSIS METHODS

(EPA Methods 1, 1A, 2, 3, 10 and 316)




Appendix F.1

Sampling & Analysis Methods

EPA Methods 1 & 1A
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216. In Part 60, Appendix A is anmended by revising

Met hods 1, 1A, 2, 2A, 2B, 2C, 2D, 2E, 3, 3B, 4, 5, 5A 5B
5D, 5E, 5F, 5G 5H, 6, 6A 6B, 7, 7A, 7B, 7C, 7D, 8, 10A,
10B, 11, 12, 13A, 13B, 14, 15, 15A, 16, 16A, 16B, 17, 18,
19, 21, 22, 24, 24A, 25, 25A, 25B, 25C, 25D, 25E, 26, 26A,
27, 28, 28A, and 29 to read as foll ows:

METHOD 1 - SAMPLE AND VELOCITY TRAVERSES
FOR STATIONARY SOURCES

NOTE: This nethod does not include all of the
specifications (e.g., equipnment and supplies) and procedures
(e.g., sanmpling) essential to its perfornmance. Sone
material is incorporated by reference fromother nethods in
this part. Therefore, to obtain reliable results, persons
using this nmethod should have a thorough know edge of at
| east the follow ng additional test nethod: Method 2.

1.0 Scope and Application.

1.1 Measured Paraneters. The purpose of the nethod
is to provide guidance for the selection of sanpling ports
and traverse points at which sanmpling for air pollutants
w Il be performed pursuant to regulations set forth in this
part. Two procedures are presented: a sinplified
procedure, and an alternative procedure (see Section 11.5).
The magni tude of cyclonic flow of effluent gas in a stack or
duct is the only paraneter quantitatively nmeasured in the

sinplified procedure.
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1.2 Applicability. This nmethod is applicable to gas
streans flowng in ducts, stacks, and flues. This nethod
cannot be used when: (1) the flowis cyclonic or swirling;
or (2) a stack is smaller than 0.30 neter (12 in.) in
di ameter, or 0.071 nt (113 in.? in cross-sectional area.
The sinplified procedure cannot be used when the measurenent
site is less than two stack or duct dianmeters downstream or
| ess than a half dianmeter upstreamfroma fl ow disturbance.

1.3 Data Quality Objectives. Adherence to the
requi renents of this nmethod will enhance the quality of the
data obtained fromair pollutant sanpling methods.

NOTE: The requirenents of this nmethod nust be
consi dered before construction of a new facility from which
em ssions are to be nmeasured; failure to do so may require
subsequent alterations to the stack or deviation fromthe
standard procedure. Cases involving variants are subject to
approval by the Adm nistrator.

2.0 Summary of Method.

2.1 This nethod is designed to aid in the
representative neasurenent of pollutant em ssions and/or
total volunetric flowrate froma stationary source. A
measurenent site where the effluent streamis flowng in a

known direction is selected, and the cross-section of the
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stack is divided into a nunber of equal areas. Traverse
points are then |ocated within each of these equal areas.
3.0 Definitions. [Reserved]
4.0 Interferences. [Reserved]
5.0 Safety.

5.1 Disclainer. This nethod may invol ve hazardous
materials, operations, and equipnment. This test nethod may
not address all of the safety problens associated with its
use. It is the responsibility of the user of this test
nmet hod to establish appropriate safety and health practices
and determne the applicability of regulatory limtations
prior to performng this test nethod.

6.0 Equipment and Supplies.

6.1 Apparatus. The apparatus described belowis
required only when utilizing the alternative site selection
procedure described in Section 11.5 of this nethod.

6.1.1 Directional Probe. Any directional probe, such
as United Sensor Type DA Three-D nensional Directiona
Probe, capabl e of neasuring both the pitch and yaw angl es of
gas flows is acceptable. Before using the probe, assign an
identification nunber to the directional probe, and
permanent|ly mark or engrave the nunber on the body of the
probe. The pressure holes of directional probes are

susceptible to plugging when used in particul ate-|aden gas
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streans. Therefore, a procedure for cleaning the pressure
hol es by "back-purging” with pressurized air is required.

6.1.2 Differential Pressure Gauges. Inclined
manonet ers, U-tube manoneters, or other differenti al
pressure gauges (e.g., magnehelic gauges) that neet the
specifications described in Method 2, Section 6. 2.

NOTE: |If the differential pressure gauge produces
bot h negative and positive readings, then both negative and
positive pressure readi ngs shall be calibrated at a m ni mum
of three points as specified in Method 2, Section 6. 2.

7.0 Reagents and Standards. [Reserved]

8.0 Sample Collection, Preservation, Storage, and
Transport. [Reserved]

9.0 Quality Control. [Reserved]

10.0 Calibration and Standardization. [ Reserved]
11.0 Procedure.

11.1 Sel ection of Measurenment Site.

11.1.1 Sanpling and/or velocity neasurenents are
performed at a site |ocated at |east eight stack or duct
di aneters downstream and two di aneters upstream from any
fl ow di sturbance such as a bend, expansion, or contraction
in the stack, or froma visible flame. |If necessary, an

alternative |ocation may be selected, at a position at |east
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two stack or duct dianeters downstream and a half di anmeter
upstream from any fl ow di st urbance.

11.1.2 An alternative procedure is avail able for
determ ning the acceptability of a neasurenent |ocation not
nmeeting the criteria above. This procedure described in
Section 11.5 allows for the determ nation of gas flow angl es
at the sanmpling points and conparison of the neasured
results wth acceptability criteria.

11.2 Determ ning the Nunber of Traverse Points.

11.2.1 Particul ate Traverses.

11.2.1.1 Wen the eight- and two-dianeter criterion
can be met, the m ni mum nunber of traverse points shall be:
(1) twelve, for circular or rectangular stacks with
di aneters (or equivalent dianmeters) greater than 0.61 neter
(24 in.); (2) eight, for circular stacks with dianeters
bet ween 0.30 and 0.61 neter (12 and 24 in.); and (3) nine,
for rectangul ar stacks with equival ent di aneters between
0.30 and 0.61 neter (12 and 24 in.).

11.2.1.2 Wen the eight- and two-dianeter criterion
cannot be net, the m ni num nunber of traverse points is
determined fromFigure 1-1. Before referring to the figure,
however, determ ne the distances fromthe neasurenent site
to the nearest upstream and downstream di sturbances, and

di vi de each di stance by the stack dianmeter or equival ent
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di aneter, to determ ne the distance in terns of the nunber
of duct dianmeters. Then, determne fromFigure 1-1 the
m ni mum nunber of traverse points that corresponds: (1) to
t he nunmber of duct dianmeters upstream and (2) to the nunber
of dianmeters downstream Select the higher of the two
m ni mum nunbers of traverse points, or a greater value, so
that for circular stacks the nunber is a nultiple of 4, and
for rectangul ar stacks, the nunber is one of those shown in
Table 1-1.

11.2.2 Velocity (Non-Particul ate) Traverses. \Wen
velocity or volunetric flowrate is to be determ ned (but
not particulate matter), the sane procedure as that used for
particul ate traverses (Section 11.2.1) is followed, except
that Figure 1-2 may be used instead of Figure 1-1.

11.3 Cross-Sectional Layout and Location of Traverse
Poi nt s.

11.3.1 Circular Stacks.

11.3.1.1 Locate the traverse points on two
per pendi cul ar di ameters according to Table 1-2 and the
exanpl e shown in Figure 1-3. Any equation (see exanples in
References 2 and 3 in Section 16.0) that gives the sane
values as those in Table 1-2 may be used in |lieu of Table 1-

2.
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11.3.1.2 For particulate traverses, one of the
di aneters nust coincide wth the plane containing the
greatest expected concentration variation (e.g., after
bends); one dianeter shall be congruent to the direction of
the bend. This requirenent becones less critical as the
di stance fromthe di sturbance increases; therefore, other
di aneter | ocations may be used, subject to the approval of
the Adm ni strator.

11.3.1.3 1In addition, for elliptical stacks having
unequal perpendicul ar dianeters, separate traverse points
shal | be cal cul ated and | ocated al ong each dianeter. To
determ ne the cross-sectional area of the elliptical stack,
use the foll ow ng equation:

Square Area = D, X D, X 0.7854
Where: D, = Stack dianeter 1
D, = Stack dianmeter 2

11.3.1.4 In addition, for stacks having dianeters
greater than 0.61 m (24 in.), no traverse points shall be
within 2.5 centinmeters (1.00 in.) of the stack walls; and
for stack dianeters equal to or less than 0.61 m (24 in.),
no traverse points shall be located within 1.3 cm (0.50 in.)
of the stack walls. To neet these criteria, observe the
procedures given bel ow.

11.3.2 Stacks Wth D aneters Geater Than 0.61 m
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(24 in.).

11.3.2.1 Wen any of the traverse points as |ocated
in Section 11.3.1 fall within 2.5 cm (1.0 in.) of the stack
wal |'s, relocate themaway fromthe stack walls to: (1) a
distance of 2.5 cm (1.0 in.); or (2) a distance equal to the
nozzl e inside dianmeter, whichever is larger. These
rel ocated traverse points (on each end of a dianeter) shal
be the "adjusted" traverse points.

11.3. 2.2 \Wenever two successive traverse points are
conbined to forma single adjusted traverse point, treat the
adj usted point as two separate traverse points, both in the
sanpling and/or velocity neasurenent procedure, and in
recordi ng of the data.

11.3.3 Stacks Wth D anmeters Equal To or Less Than
0.61 m(24 in.). Follow the procedure in Section 11.3.1.1,
noting only that any "adjusted" points should be rel ocated
away fromthe stack walls to: (1) a distance of 1.3 cm
(0.50 in.); or (2) a distance equal to the nozzle inside
di aneter, whichever is |arger.

11. 3.4 Rectangul ar Stacks.

11.3.4.1 Determ ne the nunber of traverse points as
explained in Sections 11.1 and 11.2 of this nmethod. From
Table 1-1, determne the grid configuration. Divide the

stack cross-section into as many equal rectangul ar el enental
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areas as traverse points, and then | ocate a traverse point
at the centroid of each equal area according to the exanple
in Figure 1-4.

11.3.4.2 To use nore than the m ni nrum nunber of
traverse points, expand the "m ni mum nunber of traverse
points" matrix (see Table 1-1) by adding the extra traverse
poi nts along one or the other or both |legs of the matri x;
the final matrix need not be bal anced. For exanple, if a 4
X 3 "mni mum nunber of points” matrix were expanded to 36
points, the final matrix could be 9 x 4 or 12 x 3, and would
not necessarily have to be 6 x 6. After constructing the
final matrix, divide the stack cross-section into as nmany
equal rectangul ar, elenental areas as traverse points, and
| ocate a traverse point at the centroid of each equal area.

11.3. 4.3 The situation of traverse points being too
close to the stack walls is not expected to arise with
rectangul ar stacks. |If this problem should ever arise, the
Adm ni strator nmust be contacted for resolution of the
matter.

11.4 Verification of Absence of Cyclonic Flow.

11.4.1 In nost stationary sources, the direction of
stack gas flowis essentially parallel to the stack walls.
However, cyclonic flow may exist (1) after such devices as

cyclones and inertial demsters follow ng venturi scrubbers,
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or (2) in stacks having tangential inlets or other duct
configurations which tend to induce swirling; in these
i nstances, the presence or absence of cyclonic flow at the
sanpling location nust be determ ned. The follow ng
techni ques are acceptable for this determ nation.

11.4.2 Level and zero the nanoneter. Connect a Type
S pitot tube to the manoneter and | eak-check system
Position the Type S pitot tube at each traverse point, in
succession, so that the planes of the face openings of the
pitot tube are perpendicular to the stack cross-sectional
pl ane; when the Type S pitot tube is in this position, it is
at "0° reference.”" Note the differential pressure ()p)
readi ng at each traverse point. If a null (zero) pitot
reading is obtained at 0° reference at a given traverse
poi nt, an acceptable flow condition exists at that point.
If the pitot reading is not zero at 0° reference, rotate the
pitot tube (up to £90° yaw angle), until a null reading is
obtained. Carefully determ ne and record the value of the
rotation angle (') to the nearest degree. After the null
t echni que has been applied at each traverse point, calculate

t he average of the absolute values of '; assign

val ues of
0° to those points for which no rotation was required, and
include these in the overall average. |If the average val ue

of is greater than 20°, the overall flow condition in the
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stack is unacceptable, and alternative nethodol ogy, subject
to the approval of the Adm nistrator, nust be used to
perform accurate sanple and vel ocity traverses.

11.5 The alternative site selection procedure may be
used to determne the rotation angles in lieu of the
procedure outlined in Section 11.4.

11.5.1 Alternative Measurenent Site Sel ection
Procedure. This alternative applies to sources where
measur enent | ocations are | ess than 2 equival ent or duct
di aneters downstream or | ess than one-half duct dianeter
upstream froma fl ow di sturbance. The alternative should be
l[imted to ducts larger than 24 in. in dianeter where
bl ockage and wall effects are mninmal. A directional flow
sensing probe is used to neasure pitch and yaw angl es of the
gas flow at 40 or nore traverse points; the resultant angle
is calculated and conpared with acceptable criteria for nean
and standard devi ati on.

NOTE: Both the pitch and yaw angl es are neasured from
a line passing through the traverse point and parallel to
the stack axis. The pitch angle is the angle of the gas
fl ow conponent in the plane that | NCLUDES the traverse |line
and is parallel to the stack axis. The yaw angle is the
angl e of the gas flow conponent in the plane PERPENDI CULAR

to the traverse line at the traverse point and is neasured
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fromthe |ine passing through the traverse point and
parallel to the stack axis.

11.5.2 Traverse Points. Use a mninmmof 40 traverse
points for circular ducts and 42 points for rectangul ar
ducts for the gas flow angle determ nations. Follow
the procedure outlined in Section 11.3 and Table 1-1 or 1-2
for the location and | ayout of the traverse points. |If the
measurenent |location is determined to be acceptable
according to the criteria in this alternative procedure, use
the sane traverse point nunber and | ocations for sanpling
and vel ocity neasurenents.

11.5.3 Measurenent Procedure.

11.5.3.1 Prepare the directional probe and
differential pressure gauges as recommended by the
manuf acturer. Capillary tubing or surge tanks may be used
to danpen pressure fluctuations. It is reconmmended, but not
required, that a pretest |eak check be conducted. To
performa | eak check, pressurize or use suction on the
i npact opening until a reading of at least 7.6 cm (3 in.)
H,O registers on the differential pressure gauge, then plug
the i npact opening. The pressure of a |leak-free systemw |
remain stable for at |east 15 seconds.

11.5.3.2 Level and zero the manoneters. Since the

manonet er | evel and zero may drift because of vibrations and
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t enperat ure changes, periodically check the | evel and zero
during the traverse.

11.5.3.3 Position the probe at the appropriate
| ocations in the gas stream and rotate until zero
deflection is indicated for the yaw angl e pressure gauge.
Determ ne and record the yaw angle. Record the pressure
gauge readings for the pitch angle, and determ ne the pitch
angle fromthe calibration curve. Repeat this procedure for
each traverse point. Conplete a "back-purge" of the
pressure lines and the inpact openings prior to nmeasurenents
of each traverse point.

11.5.3.4 A post-test check as described in Section
11.5.3.1 is required. If the criteria for a |leak-free
systemare not net, repair the equi pnent, and repeat the
fl ow angl e neasurenents.

11.5.4 Calibration. Use a flow system as descri bed
in Sections 10.1.2.1 and 10.1.2.2 of Method 2. |In addition,
the fl ow system shall have the capacity to generate two
test-section velocities: one between 365 and 730 mi m n
(1,200 and 2,400 ft/mn) and one between 730 and 1,100 nmmn
(2,400 and 3,600 ft/mn).

11.5.4.1 Cut two entry ports in the test section.

The axes through the entry ports shall be perpendicular to

each other and intersect in the centroid of the test
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section. The ports should be elongated slots parallel to
the axis of the test section and of sufficient length to
al | ow nmeasurenent of pitch angles while maintaining the
pitot head position at the test-section centroid. To
facilitate alignment of the directional probe during
calibration, the test section should be constructed of
pl exi gl ass or sone other transparent nmaterial. Al
cal i bration neasurenents should be made at the sanme point in
the test section, preferably at the centroid of the test
section.

11.5.4.2 To ensure that the gas flowis parallel to
the central axis of the test section, follow the procedure
outlined in Section 11.4 for cyclonic flow determ nation to
measure the gas flow angles at the centroid of the test
section fromtwo test ports |located 90° apart. The gas fl ow
angl e neasured in each port nust be £ 2° of 0°.
Strai ghtening vanes should be installed, if necessary, to
meet this criterion.

11.5.4.3 Pitch Angle Calibration. Performa
calibration traverse according to the manufacturer's
recommended protocol in 5° increnments for angles from-60°
to +60° at one velocity in each of the two ranges specified
above. Average the pressure ratio val ues obtained for each

angle in the two flow ranges, and plot a calibration curve
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with the average values of the pressure ratio (or other
sui tabl e neasurenent factor as recomended by the
manuf acturer) versus the pitch angle. Draw a snooth |ine
t hrough the data points. Plot also the data values for each
traverse point. Determne the differences between the
measured data val ues and the angle fromthe calibration
curve at the sanme pressure ratio. The difference at each
conparison nmust be within 2° for angles between 0° and 40°
and within 3° for angl es between 40° and 60°.

11.5.4.4 Yaw Angle Calibration. Mark the three-
di mensi onal probe to allow the determ nation of the yaw
position of the probe. This is usually a |ine extending the
| ength of the probe and aligned with the inpact opening. To
determ ne the accuracy of neasurenents of the yaw angl e,
only the zero or null position need be calibrated as
follows: Place the directional probe in the test section,
and rotate the probe until the zero position is found. Wth
a protractor or other angle neasuring device, neasure the
angl e indicated by the yaw angle indicator on the three-
di rensi onal probe. This should be wwthin 2° of 0°. Repeat
this neasurenment for any other points along the |ength of
the pitot where yaw angl e neasurenents could be read in
order to account for variations in the pitot markings used

to indicate pitot head positions.
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12.0 Data Analysis and Calculations.

12.1 Nonencl at ur e.

L = | ength

n = total nunber of traverse points.

P, = pitch angle at traverse point i, degree.

Ruvg = average resultant angle, degree.

R = resul tant angle at traverse point i, degree.
Sy = st andard devi ati on, degree.

w = wi dt h.

Y, = yaw angle at traverse point i, degree.

12.2 For a rectangul ar cross section, an equival ent
di aneter (D)) shall be cal culated using the follow ng
equation, to determ ne the upstream and downstream
di st ances:

_2(@L) W)
L +W

Eq. 1-1
12.3 If use of the alternative site selection
procedure (Section 11.5 of this nethod) is required, perform
the follow ng cal cul ati ons using the equations bel ow the
resul tant angle at each traverse point, the average
resultant angle, and the standard deviation. Conplete the
calculations retaining at | east one extra significant figure

beyond that of the acquired data. Round the values after

the final cal cul ati ons.
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12.3.1 Calculate the resultant angle at each traverse
poi nt :
R = arc cosine [(cosine Y;)(cosine P)] Eq. 1-2
12.3.2 Calculate the average resultant for the
nmeasur enent s:
Rw = X R/n Eq. 1-3

12. 3.3 Calculate the standard devi ati ons:

n
2
221 (Rj- Ra\/g) Eq. 1-4

(n-1)

d-

12.3.4 Acceptability Criteria. The measurenent
| ocation is acceptable if R,, < 20° and S§; < 10°.
13.0 Method Performance. [ Reserved]
14.0 Pollution Prevention. [Reserved]
15.0 Waste Management. [ Reserved]
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TABLE 1-1. CROSS- SECTI ON LAYQUT FOR

RECTANGULAR STACKS

Nunber of tranverse points

| ayout

Matri x

12 .
16 .
20 .
25 .
30 .
36 .
42 .

49 .

o o o g »~ b~ W

o o o g A~ b~ W W

\‘




203

9 o
© E
AN
) - < ® | E
| ° 1 3
| — £ a
o
ol s d g —w
o |‘=":_’I a 'l é n
] :
B |, LN
© - —o

16

1.0
I

Duct Diamsters Upstream from Flow Disturbance* (Distance A)
I
|
5
Duct Disrreters Downstream from Flow Disturbance® (Distance B)

* From Poirt of Ary Type of
Disturbence (Berd, Bpansion, Contraction, etc)
|
4

I
3

@ Ligher Nurrber s for
Rectanguer Stacks or Dudts

= | | Ll —

05

10

¢ wms&mwdwﬁmww

Figure 1-2. Minimum number of traverse
points for velocity (nonparticulate)
traverses.
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TABLE 1-2

LOCATI ON OF TRAVERSE PO NTS I N Cl RCULAR STACKS
(Percent of stack diameter frominside wall

to traverse point)

Traverse Nunmber of traverse points on a dianeter
Poi nt

Nunmber on 2 4 6 8 10 12 14 16 18 20 22 24
a Di aneter

1. 14. 6 6.7 4.4 3.2 2.6 2.1 1.8 1.6 1.4 1.3 1.1 1.1
2 . 85.4 25.0 14. 6 10. 5 8.2 6.7 57 4.9 4.4 3.9 3.5 3.2
3. 75.0 29.6 19. 4 14. 6 11.8 9.9 8.5 7.5 6.7 6.0 5.5
4 . 93.3 70. 4 32.3 22.6 17.7 14. 6 12.5 10. 9 9.7 8.7 7.9
5 . 85.4 67.7 34. 2 25.0 20.1 16. 9 14. 6 12.9 11. 6 10. 5
6 . 95. 6 80. 6 65. 8 35.6 26.9 22.0 18. 8 16. 5 14. 6 13.2
7 . 89.5 77. 4 64. 4 36. 6 28.3 23.6 20.4 18.0 16. 1
8 . 96. 8 85.4 75.0 63. 4 37.5 29.6 25.0 21.8 19. 4
9 . 91.8 82.3 73.1 62.5 38. 2 30. 6 26. 2 23.0
10 97. 4 88. 2 79.9 71.7 61.8 38.8 31.5 27.2
11 93.3 85.4 78.0 70. 4 61.2 39.3 32.3
12 97.9 90.1 83.1 76. 4 69. 4 60. 7 39.8
13 94. 3 87.5 81.2 75.0 68. 5 60. 2
14 98. 2 91.5 85.4 79.6 73.8 67.7
15 95.1 89.1 83.5 78.2 72.8
16 98. 4 92.5 87.1 82.0 77.0
17 95. 6 90. 3 85.4 80. 6
18 98. 6 93.3 88. 4 83.9
19 96. 1 91.3 86. 8
20 98.7 94.0 89.5
21 96. 5 92.1
22 98. 9 94.5
23 96. 8
24 99.9
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Traverse Distance
Point % of diameter

44
147
295
705
853
956

cnrwNE

Figure 1-3. Example showing circular stack cross
section divided into 12 equal areas, with location of
traverse points.

O

;;

;;
_______;;_______

Figure 1-4. Example showing rectangular stack cross section divided into 12
equal areas, with traverse points at centroid of each area.
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METHOD 1A - SAMPLE AND VELOCITY TRAVERSES FOR STATIONARY
SOURCES WITH SMALL STACKS OR DUCTS

NOTE: This method does not include all of the
specifications (e.g., equipnment and supplies) and procedures
(e.g., sanpling) essential to its performance. Sone
material is incorporated by reference fromother nethods in
this part. Therefore, to obtain reliable results, persons
using this nmethod should have a thorough know edge of at
| east the follow ng additional test nethod: Method 1
1.0 Scope and Application.

1.1 Measured Paraneters. The purpose of the nethod
is to provide guidance for the selection of sanpling ports
and traverse points at which sanpling for air pollutants
wi |l be performed pursuant to regulations set forth in this
part.

1.2 Applicability. The applicability and principle
of this nethod are identical to Method 1, except its
applicability is limted to stacks or ducts. This nethod is
applicable to flowi ng gas streans in ducts, stacks, and
flues of less than about O 30 neter (12 in.) in dianmeter, or
0.071 nt (113 in.? in cross-sectional area, but equal to or
greater than about O 10 neter (4 in.) in dianeter, or 0.0081
nt (12.57 in.2) in cross-sectional area. This nethod cannot

be used when the flowis cyclonic or swirling.
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1.3 Data Quality Objectives. Adherence to the
requirenents of this nmethod wll enhance the quality of the
data obtained fromair pollutant sanpling methods.

2.0 Summary of Method.

2.1 The method is designed to aid in the
representative neasurenent of pollutant em ssions and/or
total volunetric flowrate froma stationary source. A
measurenent site or a pair of measurenent sites where the
effluent streamis flowng in a known direction is (are)
selected. The cross-section of the stack is divided into a
nunber of equal areas. Traverse points are then |ocated
wi thin each of these equal areas.

2.2 In these small dianeter stacks or ducts, the
conventional Method 5 stack assenbly (consisting of a Type S
pitot tube attached to a sanpling probe, equipped with a
nozzl e and thernocoupl e) bl ocks a significant portion of the
cross-section of the duct and causes inaccurate
measurenents. Therefore, for particulate matter (PM
sanpling in small stacks or ducts, the gas velocity is
measured using a standard pitot tube downstream of the
actual em ssion sanpling site. The straight run of duct

bet ween the PM sanpling and vel ocity neasurenent sites
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allows the flow profile, tenporarily disturbed by the
presence of the sanpling probe, to redevel op and stabili ze.
3.0 Definitions. [Reserved]
4.0 Interferences. [Reserved]
5.0 Safety.

5.1 Disclainer. This nethod may invol ve hazardous
materials, operations, and equipnment. This test nethod may
not address all of the safety problens associated with its
use. It is the responsibility of the user of this test
nmet hod to establish appropriate safety and health practices
and determne the applicability of regulatory limtations
prior to performng this test nethod.

6.0 Equipment and Supplies. [Reserved]

7.0 Reagents and Standards. [Reserved]

8.0 Sample Collection, Preservation, Storage, and
Transport. [Reserved]

9.0 Quality Control. [Reserved]

10.0 Calibration and Standardization. [ Reserved]
11.0 Procedure.

11.1 Selection of Measurenent Site.

11.1.1 Particul ate Measurenents - Steady or Unsteady
Flow. Select a particul ate neasurenent site | ocated

preferably at |east eight equival ent stack or duct dianeters
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downstream and 10 equi val ent di aneters upstream from any
fl ow di sturbances such as bends, expansions, or
contractions in the stack, or froma visible flanme. Next,
| ocate the velocity neasurenent site eight equival ent
di aneters downstream of the particul ate neasurenent site
(see Figure 1A-1). |If such locations are not avail abl e,
select an alternative particul ate neasurenent |ocation at
| east two equival ent stack or duct dianeters downstream and
two and one-half dianmeters upstreamfrom any fl ow
di sturbance. Then, locate the velocity neasurenent site two
equi val ent di aneters downstream fromthe particul ate
measurenent site. (See Section 12.2 of Method 1 for
cal cul ating equival ent dianeters for a rectangul ar cross-
section.)

11.1.2 PM Sanpling (Steady Flow) or Velocity (Steady
or Unsteady Flow) Measurenents. For PM sanpling when the
volunetric flowrate in a duct is constant with respect to
time, Section 11.1.1 of Method 1 may be followed, wth the
PM sanpling and vel ocity nmeasurenent perfornmed at one
| ocation. To denonstrate that the flow rate is constant
(within 10 percent) when PM neasurenents are made, perform
conplete velocity traverses before and after the PM sanpling

run, and cal cul ate the deviation of the flow rate derived
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after the PMsanpling run fromthe one derived before the PM
sanpling run. The PMsanpling run is acceptable if the
devi ati on does not exceed 10 percent.

11.2 Determ ning the Nunber of Traverse Points.

11.2.1 Particul ate Measurenents (Steady or Unsteady
Flow). Use Figure 1-1 of Method 1 to determ ne the nunber
of traverse points to use at both the velocity neasurenent
and PM sanmpling locations. Before referring to the figure,
however, determ ne the distances between both the velocity
measurenent and PM sanpling sites to the nearest upstream
and downstream di sturbances. Then divide each di stance by
the stack dianeter or equivalent dianmeter to express the
di stances in terns of the nunber of duct dianmeters. Then,
determ ne the nunber of traverse points fromFigure 1-1 of
Met hod 1 corresponding to each of these four distances.
Choose the highest of the four nunbers of traverse points
(or a greater nunber) so that, for circular ducts the nunber
is anultiple of four; and for rectangul ar ducts, the nunber
is one of those shown in Table 1-1 of Method 1. \Wen the
optimum duct dianeter |ocation criteria can be satisfied,
the m ni mum nunber of traverse points required is eight for

circular ducts and nine for rectangul ar ducts.



211

11.2.2 PM Sanpling (Steady Flow) or only Velocity
(Non-Particul ate) Measurenents. Use Figure 1-2 of Method 1
to determ ne nunber of traverse points, follow ng the sane
procedure used for PM sanpling as described in Section
11.2.1 of Method 1. When the optinmum duct dianeter |ocation
criteria can be satisfied, the m nimum nunber of traverse
points required is eight for circular ducts and nine for
rect angul ar ducts.

11.3 Cross-sectional Layout, Location of Traverse
Points, and Verification of the Absence of Cyclonic Fl ow
Same as Method 1, Sections 11.3 and 11.4, respectively.
12.0 Data Analysis and Calculations. [ Reserved]

13.0 Method Performance. [ Reserved]
14.0 Pollution Prevention. [Reserved]
15.0 Waste Management. [ Reserved]
16.0 References.

Same as Method 1, Section 16.0, References 1 through
6, with the addition of the follow ng:

1. Vollaro, Robert F. Recommended Procedure for
Sanpl e Traverses in Ducts Smaller Than 12 Inches in
Dianeter. U S. Environnental Protection Agency, Em ssion
Measur enment Branch, Research Triangle Park, North Carolina.

January 1977.
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17.0 Tables, Diagrams, Flowcharts, and Validation Data.
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Figure 1A-1. Recommended sampling arrangement for small ducts
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METHOD 2 - DETERMINATION OF STACK GAS VELOCITY AND
VOLUMETRIC FLOW RATE (TYPE S PITOT TUBE)

NOTE: This nethod does not include all of the
specifications (e.g., equipnment and supplies) and procedures
(e.g., sanpling) essential to its performance. Sone
material is incorporated by reference fromother nethods in
this part. Therefore, to obtain reliable results, persons
using this nmethod should have a thorough know edge of at
| east the follow ng additional test nethod: Method 1
1.0 Scope and Application.

1.1 This nmethod is applicable for the determ nation
of the average velocity and the volunetric flow rate of a
gas stream

1.2 This nmethod is not applicable at nmeasurenent
sites that fail to neet the criteria of Method 1, Section
11.1. Al'so, the nmethod cannot be used for direct
measurenent in cyclonic or swrling gas streans; Section
11.4 of Method 1 shows how to determ ne cyclonic or swirling
flow conditions. Wen unacceptable conditions exist,
alternative procedures, subject to the approval of the
Adm ni strator, nust be enployed to produce accurate fl ow
rate determ nations. Exanples of such alternative
procedures are: (1) to install straightening vanes; (2) to

calculate the total volunetric flow rate stoichionetrically,
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or (3) to nove to another neasurenent site at which the flow
i's acceptabl e.

1.3 Data Quality Objectives. Adherence to the
requirenents of this nmethod wll enhance the quality of the
data obtained fromair pollutant sanpling methods.

2.0 Summary of Method.

2.1 The average gas velocity in a stack is determ ned
fromthe gas density and from neasurenent of the average
velocity head with a Type S (Stausschei be or reverse type)
pitot tube.

3.0 Definitions. [Reserved]
4.0 Interferences. [Reserved]
5.0 Safety.

5.1 Disclainer. This nethod may invol ve hazardous
materials, operations, and equipnment. This test nethod may
not address all of the safety problens associated with its
use. It is the responsibility of the user of this test
met hod to establish appropriate safety and health practices
and determne the applicability of regulatory limtations
prior to performng this test nethod.

6.0 Equipment and Supplies.
Specifications for the apparatus are given below. Any

ot her apparatus that has been denonstrated (subject to
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approval of the Adm nistrator) to be capable of neeting the
specifications will be considered acceptabl e.

6.1 Type S Pitot Tube.

6.1.1 Pitot tube nade of netal tubing (e.g-,
stainless steel) as shown in Figure 2-1. It is recomended
that the external tubing dianeter (dinension D, Figure 2-
2b) be between 0.48 and 0.95 cm (3/16 and 3/8 inch). There
shall be an equal distance fromthe base of each leg of the
pitot tube to its face-opening plane (dinensions P, and Pg,
Figure 2-2b); it is recommended that this distance be
between 1.05 and 1.50 tinmes the external tubing dianeter.
The face openings of the pitot tube shall, preferably, be
aligned as shown in Figure 2-2; however, slight
m sal i gnments of the openings are perm ssible (see Figure 2-
3).

6.1.2 The Type S pitot tube shall have a known
coefficient, determined as outlined in Section 10.0. An
identification nunber shall be assigned to the pitot tube;
this nunber shall be permanently marked or engraved on the
body of the tube. A standard pitot tube may be used instead
of a Type S, provided that it neets the specifications of
Sections 6.7 and 10.2. Note, however, that the static and
i npact pressure holes of standard pitot tubes are

susceptible to plugging in particul ate-1aden gas streans.
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Therefore, whenever a standard pitot tube is used to perform
a traverse, adequate proof nust be furnished that the
openi ngs of the pitot tube have not plugged up during the
traverse period. This can be acconplished by conparing the
vel ocity head ()p) neasurenent recorded at a sel ected
traverse point (readable )p value) with a second )p
measur enent recorded after "back purging” with pressurized
air to clean the inpact and static holes of the standard
pitot tube. |If the before and after )p neasurenents are
within 5 percent, then the traverse data are acceptable.
O herwi se, the data should be rejected and the traverse
measurenents redone. Note that the selected traverse point
shoul d be one that denonstrates a readable )p value. |If
"back purging" at regular intervals is part of a routine
procedure, then conparative )p neasurenents shall be
conducted as above for the last two traverse points that
exhi bit suitable )p neasurenents.

6.2 Differential Pressure Gauge. An inclined
manonet er or equi val ent device. Most sanpling trains are
equi pped with a 10 in. (water columm) inclined-vertical
manoneter, having 0.01 in. HOdivisions on the O to 1 in
inclined scale, and 0.1 in. HO divisions on the 1 to 10 in.
vertical scale. This type of nmanoneter (or other gauge of
equi val ent sensitivity) is satisfactory for the nmeasurenent

of )p values as lowas 1.27 nm (0.05 in.) HO. However, a
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differential pressure gauge of greater sensitivity shall be
used (subject to the approval of the Admnistrator), if any
of the followwng is found to be true: (1) the arithnetic
average of all )p readings at the traverse points in the
stack is less than 1.27 nmm (0.05 in.) HO; (2) for traverses
of 12 or nore points, nore than 10 percent of the individual
)p readings are below 1.27 mm (0.05 in.) HO0; or (3) for
traverses of fewer than 12 points, nore than one )p reading
is below 1.27 mm (0.05 in.) HO. Reference 18 (see Section
17.0) describes commercially avail able instrunentation for
t he measurenent of | owrange gas velocities.

6.2.1 As an alternative to criteria (1) through (3)
above, Equation 2-1 (Section 12.2) may be used to determ ne
the necessity of using a nore sensitive differential
pressure gauge. |If T is greater than 1.05, the velocity
head data are unacceptable and a nore sensitive differential
pressure gauge nust be used.

NOTE: |If differential pressure gauges other than
i nclined manoneters are used (e.g., nmagnehelic gauges),
their calibration nust be checked after each test series.

To check the calibration of a differential pressure gauge,
conpare )p readings of the gauge with those of a gauge-oi
manoneter at a mnimum of three points, approxi mtely

representing the range of )p values in the stack. If, at
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each point, the values of )p as read by the differenti al
pressure gauge and gauge-oil manoneter agree to within 5
percent, the differential pressure gauge shall be considered
to be in proper calibration. Oherwi se, the test series
shal | either be voided, or procedures to adjust the neasured
)p values and final results shall be used, subject to the
approval of the Adm nistrator.

6.3 Tenperature Sensor. A thernocouple, |iquid-
filled bulb thernmonmeter, binmetallic thernonmeter, mercury-in-
gl ass thernoneter, or other gauge capabl e of neasuring
tenperatures to within 1.5 percent of the m ni num absol ute
stack tenperature. The tenperature sensor shall be attached
to the pitot tube such that the sensor tip does not touch
any netal; the gauge shall be in an interference-free
arrangenment with respect to the pitot tube face openings
(see Figure 2-1 and Figure 2-4). Alternative positions my
be used if the pitot tube-tenperature gauge systemis
cal i brated according to the procedure of Section 10.0.
Provided that a difference of not nore than 1 percent in the
average velocity neasurenent is introduced, the tenperature
gauge need not be attached to the pitot tube. This
alternative is subject to the approval of the Adm nistrator.

6.4 Pressure Probe and Gauge. A piezoneter tube and
mercury- or water-filled U tube manoneter capabl e of

measuring stack pressure to wwthin 2.5 m (0.1 in.) Hg. The
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static tap of a standard type pitot tube or one leg of a
Type S pitot tube with the face opening planes positioned
parallel to the gas flow nay al so be used as the pressure
pr obe.

6.5 Baroneter. A nercury, aneroid, or other
baronet er capabl e of nmeasuring atnospheric pressure to
within 2.54 m (0.1 in.) Hg.

NOTE: The baronetric pressure reading nmay be obtai ned
froma nearby National Wather Service station. In this
case, the station value (which is the absol ute baronetric
pressure) shall be requested and an adjustnent for el evation
di fferences between the weat her station and sanpling point
shall be made at a rate of mnus 2.5 mMm (0.1 in.) Hg per 30
m (100 ft) elevation increase or plus 2.5 nm (0.1 in.) Hg
per 30 m (100 ft.) for elevation decrease.

6.6 Gas Density Determ nation Equi pnent. Method 3
equi pnent, if needed (see Section 8.6), to determ ne the
stack gas dry nol ecul ar weight, and Method 4 (reference
met hod) or Method 5 equi pnent for noisture content
determ nation. Oher nethods may be used subject to
approval of the Adm nistrator.

6.7 Calibration Pitot Tube. \When calibration of the
Type S pitot tube is necessary (see Section 10.1), a

standard pitot tube shall be used for a reference. The
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standard pitot tube shall, preferably, have a known
coefficient, obtained either (1) directly fromthe National
Institute of Standards and Technol ogy (NI ST), Gaithersburg
MD 20899, (301) 975-2002, or (2) by calibration against
anot her standard pitot tube with an NI ST-traceabl e
coefficient. Alternatively, a standard pitot tube designed
according to the criteria given in Sections 6.7.1 through
6.7.5 below and illustrated in Figure 2-5 (see al so
Ref erences 7, 8, and 17 in Section 17.0) may be used. Pitot
t ubes desi gned according to these specifications wll have
basel i ne coefficients of 0.99 + 0.01.

6.7.1 Standard Pitot Design.

6.7.1.1 Hem spherical (shown in Figure 2-5),
el lipsoidal, or conical tip.

6.7.1.2 A mnimumof six dianmeters straight run
(based upon D, the external dianeter of the tube) between
the tip and the static pressure hol es.

6.7.1.3 A mninmmof eight dianeters straight run
bet ween the static pressure holes and the centerline of the
external tube, follow ng the 90° bend.

6.7.1.4 Static pressure holes of equal size
(approximately 0.1 D), equally spaced in a piezoneter ring
configuration.

6.7.1.5 90° bend, with curved or mtered junction.
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6.8 Differential Pressure Gauge for Type S Pitot Tube
Calibration. An inclined manoneter or equivalent. |If the
single-velocity calibration technique is enployed (see
Section 10.1.2.3), the calibration differential pressure
gauge shall be readable to the nearest 0.127 nm (0.005 in.)
H,0. For nultivelocity calibrations, the gauge shall be
readabl e to the nearest 0.127 mm (0.005 in.) HO for )p
val ues between 1.27 and 25.4 mm (0.05 and 1.00 in.) HO, and
to the nearest 1.27 nm (0.05 in.) HO for )p val ues above
25.4 mm (1.00 in.) HO. A special, nore sensitive gauge
Wil be required to read )p val ues below 1.27 mm (0.05 in.)
H,0 (see Reference 18 in Section 16.0).

7.0 Reagents and Standards. [Reserved]
8.0 Sample Collection and Analysis.

8.1 Set up the apparatus as shown in Figure 2-1.
Capillary tubing or surge tanks installed between the
manonet er and pitot tube may be used to danpen )p
fluctuations. It is recommended, but not required, that a
pretest |eak-check be conducted as follows: (1) blow
through the pitot inpact opening until at least 7.6 cm (3.0
in.) HO velocity head registers on the nmanoneter; then,
cl ose off the inpact opening. The pressure shall remain
stable for at |east 15 seconds; (2) do the sanme for the

static pressure side, except using suction to obtain the
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mnimmof 7.6 cm (3.0 in.) HO0. Oher |eak-check
procedures, subject to the approval of the Adm nistrator,
may be used.

8.2 Level and zero the manoneter. Because the
manoneter |evel and zero may drift due to vibrations and
t enper at ure changes, make periodi c checks during the
traverse (at | east once per hour). Record all necessary
data on a formsimlar to that shown in Figure 2-6

8.3 Measure the velocity head and tenperature at the
traverse points specified by Method 1. Ensure that the
proper differential pressure gauge is being used for the
range of )p values encountered (see Section 6.2). If it is
necessary to change to a nore sensitive gauge, do so, and
remeasure the )p and tenperature readi ngs at each traverse
point. Conduct a post-test |eak-check (nmandatory), as
described in Section 8.1 above, to validate the traverse
run.

8.4 Measure the static pressure in the stack. One
reading is usually adequate.

8.5 Determ ne the atnospheric pressure.

8.6 Determne the stack gas dry nol ecul ar wei ght.
For conbustion processes or processes that emt essentially
CO, O, CO and N,, use Method 3. For processes emtting
essentially air, an analysis need not be conducted; use a

dry nol ecul ar weight of 29.0. For other processes, other



224

met hods, subject to the approval of the Adm nistrator, nust
be used.

8.7 (Obtain the noisture content from Met hod 4
(reference nethod, or equivalent) or from Method 5.

8.8 Determne the cross-sectional area of the stack
or duct at the sanpling |location. Wenever possible,
physi cal ly nmeasure the stack di nensions rather than using
bl ueprints. Do not assunme that stack dianmeters are equal.
Measure each dianeter distance to verify its dinensions.

9.0 Quality Control.

Section Quality Control Measure Effect

10.1-10.4 Sanpling equi prent Ensure accurate
cal i bration measur enent of stack
gas flow rate, sanple
vol ume

10.0 Calibration and Standardization.

10.1 Type S Pitot Tube. Before its initial use,
carefully exam ne the Type S pitot tube top, side, and end
views to verify that the face openings of the tube are
aligned within the specifications illustrated in Figures 2-2
and 2-3. The pitot tube shall not be used if it fails to
nmeet these alignnent specifications. After verifying the
face opening alignnment, neasure and record the foll ow ng
di mrensions of the pitot tube: (a) the external tubing
di aneter (dinension D, Figure 2-2b); and (b) the base-to-

openi ng pl ane di stances (dinensions P, and Pg, Figure 2-2b).
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If D is between 0.48 and 0.95 cm (3/16 and 3/8 in.), and if
P, and P; are equal and between 1.05 and 1.50 D, there are
two possible options: (1) the pitot tube may be calibrated
according to the procedure outlined in Sections 10.1.2
through 10.1.5, or (2) a baseline (isolated tube)
coefficient value of 0.84 may be assigned to the pitot tube.
Not e, however, that if the pitot tube is part of an
assenbly, calibration may still be required, despite
know edge of the baseline coefficient value (see Section
10.1.1). If D, P, and Pg are outside the specified limts,
the pitot tube nust be calibrated as outlined in Sections
10.1. 2 through 10.1.5.

10.1.1 Type S Pitot Tube Assenblies. During sanple
and velocity traverses, the isolated Type S pitot tube is
not always used; in many instances, the pitot tube is used
in conbination with other source-sanpling conponents (e.g-.,
t hermocoupl e, sanpling probe, nozzle) as part of an
"assenbly." The presence of other sanpling conponents can
sonetinmes affect the baseline value of the Type S pitot tube
coefficient (Reference 9 in Section 17.0); therefore, an
assi gned (or otherw se known) baseline coefficient val ue may
or may not be valid for a given assenbly. The basel i ne and
assenbly coefficient values will be identical only when the

relative placenent of the conponents in the assenbly is such
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that aerodynamc interference effects are elim nated.
Figures 2-4, 2-7, and 2-8 illustrate interference-free
conponent arrangenents for Type S pitot tubes having
external tubing dianeters between 0.48 and 0.95 cm (3/16 and
3/8 in.). Type S pitot tube assenblies that fail to neet
any or all of the specifications of Figures 2-4, 2-7, and 2-
8 shall be calibrated according to the procedure outlined in
Sections 10.1.2 through 10.1.5, and prior to calibration,
t he val ues of the interconponent spacings (pitot-nozzle,
pitot-thernmocouple, pitot-probe sheath) shall be neasured
and recorded.

NOTE: Do not use a Type S pitot tube assenbly that is
constructed such that the inpact pressure opening plane of
the pitot tube is below the entry plane of the nozzle (see
Fi gure 2-6B).

10.1.2 Calibration Setup. |If the Type S pitot tube
is to be calibrated, one | eg of the tube shall be
permanently marked A, and the other, B. Calibration shal
be perforned in a flow system having the foll ow ng essenti al
desi gn features:

10.1.2.1 The flow ng gas stream nust be confined to a
duct of definite cross-sectional area, either circular or
rectangular. For circular cross sections, the m nimum duct

di aneter shall be 30.48 cm (12 in.); for rectangul ar cross
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sections, the width (shorter side) shall be at |east 25.4 cm
(10 in.).

10.1.2.2 The cross-sectional area of the calibration
duct nust be constant over a distance of 10 or nore duct
di aneters. For a rectangul ar cross section, use an
equi val ent di aneter, cal culated according to Equation 2-2
(see Section 12.3), to determ ne the nunber of duct
di aneters. To ensure the presence of stable, fully
devel oped flow patterns at the calibration site, or "test

section,”" the site nust be |ocated at |east eight dianeters
downstream and two di aneters upstream fromthe nearest
di st ur bances.

NOTE: The eight- and two-di aneter criteria are not
absol ute; other test section |ocations may be used (subject
to approval of the Adm nistrator), provided that the flow at
the test site has been denonstrated to be or found stable
and parallel to the duct axis.

10.1.2.3 The flow system shall have the capacity to
generate a test-section velocity around 910 mmn (3, 000
ft/mn). This velocity nust be constant with tine to
guarantee steady flow during calibration. Note that Type S
pitot tube coefficients obtained by single-velocity

calibration at 910 mimn (3,000 ft/mn) wll generally be

valid to 3 percent for the neasurenent of velocities above
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300 Mmn (1,000 ft/mn) and to = 6 percent for the
measurenent of velocities between 180 and 300 mimn (600 and
1,000 ft/mn). |If a nore precise correlation between the
pitot tube coefficient ,(C), and velocity is desired, the
fl ow system shoul d have the capacity to generate at | east
four distinct, tinme-invariant test-section velocities
covering the velocity range from 180 to 1,500 nimn (600 to
5,000 ft/mn), and calibration data shall be taken at
regul ar velocity intervals over this range (see References 9
and 14 in Section 17.0 for details).

10.1.2.4 Two entry ports, one for each of the
standard and Type S pitot tubes, shall be cut in the test
section. The standard pitot entry port shall be | ocated
slightly downstream of the Type S port, so that the standard
and Type S inpact openings will lie in the sane cross-
sectional plane during calibration. To facilitate alignnment
of the pitot tubes during calibration, it is advisable that
the test section be constructed of Plexiglas™ or sone ot her
transparent materi al

10.1.3 Calibration Procedure. Note that this
procedure is a general one and nust not be used w t hout
first referring to the special considerations presented in
Section 10.1.5. Note also that this procedure applies only

to single-velocity calibration. To obtain calibration data
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for the A and B sides of the Type S pitot tube, proceed as
fol |l ows:

10.1.3.1 WMake sure that the manoneter is properly
filled and that the oil is free fromcontam nation and is of
the proper density. |Inspect and | eak-check all pitot |ines;
repair or replace if necessary.

10.1.3.2 Level and zero the manoneter. Switch on the
fan, and allow the flow to stabilize. Seal the Type S pitot
tube entry port.

10.1.3.3 Ensure that the manoneter is |evel and
zeroed. Position the standard pitot tube at the calibration
point (determ ned as outlined in Section 10.1.5.1), and
align the tube so that its tip is pointed directly into the
flow Particular care should be taken in aligning the tube
to avoid yaw and pitch angles. Mke sure that the entry
port surrounding the tube is properly seal ed.

10.1.3.4 Read )pgq and record its value in a data
table simlar to the one shown in Figure 2-9. Renove the
standard pitot tube fromthe duct, and disconnect it from
the manoneter. Seal the standard entry port.

10.1.3.5 Connect the Type S pitot tube to the
manonet er and | eak-check. Open the Type S tube entry port.
Check the manoneter |evel and zero. Insert and align the
Type S pitot tube so that its A side inpact opening is at

the sane point as was the standard pitot tube and is pointed
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directly into the flow Mke sure that the entry port
surroundi ng the tube is properly seal ed.

10.1.3.6 Read )ps, and enter its value in the data
table. Renove the Type S pitot tube fromthe duct, and
di sconnect it fromthe manoneter.

10.1.3.7 Repeat Steps 10.1.3.3 through 10.1.3.6 until
three pairs of )p readings have been obtained for the A side
of the Type S pitot tube.

10.1.3.8 Repeat Steps 10.1.3.3 through 10.1.3.7 for
the B side of the Type S pitot tube.

10.1.3.9 Performcal cul ati ons as described in Section
12.4. Use the Type S pitot tube only if the values of F,
and F; are less than or equal to 0.01 and if the absol ute
val ue of the difference between G, and C,g is 0.01 or
| ess.

10.1.4 Special Considerations.

10.1.4.1 Selection of Calibration Point.

10.1.4.1.1 Wen an isolated Type S pitot tube is
calibrated, select a calibration point at or near the center
of the duct, and follow the procedures outlined in Section
10.1.3. The Type S pitot coefficients neasured or
calculated, [i.e. Gy and Cp(B)] will be valid, so long as
either: (1) the isolated pitot tube is used; or (2) the
pitot tube is used with other conponents (nozzle,

t hermocoupl e, sanple probe) in an arrangenent that is free
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fromaerodynam c interference effects (see Figures 2-4, 2-7,
and 2-8).

10.1.4.1.2 For Type S pitot tube-thernocoupl e
conbi nations (w thout probe assenbly), select a calibration
point at or near the center of the duct, and follow the
procedures outlined in Section 10.1.3. The coefficients so
obtained will be valid so long as the pitot tube-
t hermocoupl e conmbination is used by itself or with other
conponents in an interference-free arrangenent (Figures 2-4,
2-7, and 2-8).

10.1.4.1.3 For Type S pitot tube conbinations with
conpl ete probe assenblies, the calibration point should be
| ocated at or near the center of the duct; however,
insertion of a probe sheath into a small duct nmay cause
significant cross-sectional area interference and bl ockage
and yield incorrect coefficient values (Reference 9 in
Section 17.0). Therefore, to mnimze the bl ockage effect,
the calibration point may be a few inches off-center if
necessary. The actual bl ockage effect wll be negligible
when the theoretical blockage, as determ ned by a projected-
area nodel of the probe sheath, is 2 percent or |less of the
duct cross-sectional area for assenblies w thout external
sheaths (Figure 2-10a), and 3 percent or |ess for assenblies

with external sheaths (Figure 2-10Db).
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10.1.4.2 For those probe assenblies in which pitot
tube-nozzle interference is a factor (1.e., those in which
the pitot-nozzle separation distance fails to neet the
specifications illustrated in Figure 2-7A), the val ue of
Gysy depends upon the anmount of free space between the tube
and nozzle and, therefore, is a function of nozzle size. |In
t hese instances, separate calibrations shall be perforned
wi th each of the commonly used nozzle sizes in place. Note
that the single-velocity calibration technique is acceptable
for this purpose, even though the | arger nozzle sizes
(>0.635 cmor 1/4 in.) are not ordinarily used for
i sokinetic sanpling at velocities around 910 mMmn (3, 000
ft/mn), which is the calibration velocity. Note also that
it is not necessary to draw an isokinetic sanple during
calibration (see Reference 19 in Section 17.0).

10.1.4.3 For a probe assenbly constructed such that
its pitot tube is always used in the sane orientation, only
one side of the pitot tube need be calibrated (the side
which will face the flow). The pitot tube nmust still neet
the alignnment specifications of Figure 2-2 or 2-3, however,
and nust have an average deviation (F) value of 0.01 or |ess
(see Section 10.1.4.4).

10.1.5 Field Use and Recalibration.

10.1.5.1 Field Use.
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10.1.5.1.1 Wien a Type S pitot tube (isolated or in
an assenbly) is used in the field, the appropriate
coefficient value (whether assigned or obtained by
calibration) shall be used to performvelocity cal cul ati ons.
For calibrated Type S pitot tubes, the A side coefficient
shal | be used when the A side of the tube faces the flow
and the B side coefficient shall be used when the B side
faces the flow Alternatively, the arithnetic average of
the A and B side coefficient values may be used,
irrespective of which side faces the flow

10.1.5.1.2 Wen a probe assenbly is used to sanple a
smal | duct, 30.5 to 912.4 cm (12 to 36 in.) in dianmeter, the
probe sheath sonetinmes bl ocks a significant part of the duct
Cross-section, causing a reduction in the effective val ue of
GCys)- Consult Reference 9 (see Section 17.0) for details.
Conventional pitot-sanpling probe assenblies are not
recommended for use in ducts having inside dianeters smaller
than 30.5 cm (12 in.) (see Reference 16 in Section 17.0).

10.1.5.2 Recalibration.

10.1.5.2.1 |Isolated Pitot Tubes. After each field
use, the pitot tube shall be carefully reexam ned in top,
side, and end views. |If the pitot face openings are stil
aligned within the specifications illustrated in Figure 2-2
and Figure 2-3, it can be assuned that the baseline

coefficient of the pitot tube has not changed. |f, however,
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t he tube has been damaged to the extent that it no |onger
nmeets the specifications of Figure 2-2 and Figure 2-3, the
damage shall either be repaired to restore proper alignnment
of the face openings, or the tube shall be discarded.

10.1.5.2.2 Pitot Tube Assenblies. After each field
use, check the face opening alignnment of the pitot tube, as
in Section 10.1.5.2.1. Al so, reneasure the interconponent
spaci ngs of the assenbly. If the interconponent spacings
have not changed and the face opening alignnent is
acceptable, it can be assuned that the coefficient of the
assenbly has not changed. |If the face opening alignnent is
no longer within the specifications of Figure 2-2 and Figure
2-3, either repair the damage or replace the pitot tube
(calibrating the new assenbly, if necessary). |If the
i nt er conponent spaci ngs have changed, restore the original
spaci ngs, or recalibrate the assenbly.

10.2 Standard Pitot Tube (if applicable). If a
standard pitot tube is used for the velocity traverse, the
tube shall be constructed according to the criteria of
Section 6.7 and shall be assigned a baseline coefficient
value of 0.99. |If the standard pitot tube is used as part
of an assenbly, the tube shall be in an interference-free
arrangenent (subject to the approval of the Adm nistrator).

10.3 Tenperature Sensors.
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10.3.1 After each field use, calibrate dial
thernmoneters, liquid-filled bulb thernoneters, thernocouple-
potenti onmeter systens, and other sensors at a tenperature
within 10 percent of the average absol ute stack tenperature.
For tenperatures up to 405°C (761°F), use an ASTM nercury-
in-glass reference thernmoneter, or equivalent, as a
reference. Alternatively, either a reference thernocouple
and potentioneter (calibrated against N ST standards) or
thernmonetric fixed points (e.g., ice bath and boiling water,
corrected for baronetric pressure) may be used. For
t enper at ures above 405°C (761°F), use a reference
t her nocoupl e- potenti onmeter system cali brated agai nst N ST
standards or an alternative reference, subject to the
approval of the Adm nistrator.

10.3.2 The tenperature data recorded in the field
shall be considered valid. |If, during calibration, the
absol ute tenperature neasured with the sensor being
calibrated and the reference sensor agree within 1.5
percent, the tenperature data taken in the field shall be
considered valid. Oherw se, the pollutant em ssion test
shal |l either be considered invalid or adjustnments (if
appropriate) of the test results shall be made, subject to

t he approval of the Adm nistrator.
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10.4 Baroneter. Calibrate the baroneter used agai nst
a nercury baroneter
11.0 Analytical Procedure.

Sanpl e collection and anal ysis are concurrent for this
met hod (see Section 8.0).

12.0 Data Analysis and Calculations.

Carry out calculations, retaining at | east one extra
significant figure beyond that of the acquired data. Round
off figures after final calcul ation.

12.1 Nomencl at ure.

A = Cross-sectional area of stack, nt (ft?).

B = Wat er vapor in the gas stream|[from Method 4

(reference nethod) or Method 5], proportion

by vol une.
G = Pitot tube coefficient, dinmensionless.
GCs) = Type S pitot tube coefficient,

di mensi onl ess.

Gostay = Standard pitot tube coefficient; use 0.99
if the coefficient is unknown and the tube
i s designed according to the criteria of
Sections 6.7.1 to 6.7.5 of this nethod.

D. = Equi val ent di aneter.

K = 0.127 M H,0 (nmetric units).

0.005 in. HO (English units).
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Vel ocity equation constant.
Lengt h.
Mol ecul ar wei ght of stack gas, dry basis
(see Section 8.6), g/g-nole (Ib/lb-nole).
Mol ecul ar wei ght of stack gas, wet basis,
g/g-nole (Ib/lb-nole).
Total nunber of traverse points.
Baronmetric pressure at neasurenent site, mm
Hg (in. Hg).
Stack static pressure, mmHg (in. Hg).
Absol ute stack pressure (Py,, + Py, nmm Hg
(in. Hg),
St andard absol ute pressure, 760 nm Hg (29.92
in. Hg).
Dry volunmetric stack gas flowrate corrected
to standard conditions, dscm hr (dscf/hr).
Sensitivity factor for differential pressure
gauges.
Stack tenperature, °C (°F).
Absol ute stack tenperature, °K (°R).
273 + T, for nmetric units,
460 + T, for English units.
Standard absol ute tenperature, 293 °K (528
°R).

Average stack gas velocity, msec (ft/sec).
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w = W dt h.

)p = Vel ocity head of stack gas, mm H,0 (in. H0).

p; = I ndi vi dual velocity head reading at traverse
point "i", mm(in.) HO.

)Psig = Vel ocity head neasured by the standard pitot

tube, cm (in.) HO0.

Jps = Vel ocity head neasured by the Type S pitot
tube, cm (in.) HO.

3600

Conversi on Factor, sec/hr.

18.0

Mol ecul ar wei ght of water, g/g-nmole (Ib/lDb-
nol e) .

12.2 Calculate T as foll ows:

n
Y Db, +K

T=-12 Eq. 2-1

n

5 oo

12.3 Calculate D, as foll ows:

_2LW
D Tow Eq. 2-2

12.4 Calibration of Type S Pitot Tube.
12.4.1 For each of the six pairs of )p readings

three fromside A and three fromside B) obtained in

Section 10.1.3, calculate the value of the Type S pitot tube

coeffi

cient according to Equation 2-3:
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)pstd
_ ' Eg. 2-3
p(s) QNQd) )p 9

C

12.4.2 Calculate G,,, the nmean A-side coefficient,
and Gy, the mean B-side coefficient. Calculate the
di fference between these two average val ues.

12.4.3 Calculate the deviation of each of the three
A-side values of G, fromGC,,, and the deviation of each of
the three B-side values of C,s fromG,g, using Equation
2- 4.

Deviation = Cyg - Cyaor g Eq. 2-4

12.4.4 Calculate F, the average deviation fromthe
mean, for both the A and B sides of the pitot tube. Use

Equation 2-5:

3

- ) IZ; Cos) ™ Spcaor g Eq. 2-5

Aor B 3

12.5 Mol ecul ar Wi ght of Stack Gas.
M = M (1- B, + 18.0 B, Eq. 2-6
12.6 Average Stack Gas Velocity.

T
v. =K C .Dp s(abs) Eq. 2-7
s = Tp oV Pavey TR W
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m | (g/ g-nol e) (mMmHg) |3 _

34. 97 Sec (°K) (MH,0) } Metric
m | (lb/lb-mole)(in. Hy) |5 i

85.49S [ R (in. H0) } English

12.7 Average Stack Gas Dry Volunetric Fl ow Rate.

Tst d Ps
T P

s(abs) ~ std

Q=3600(1-B,) v A Eq. 2-8

13.0 Method Performance. [ Reserved]
14.0 Pollution Prevention. [Reserved]
15.0 Waste Management. [ Reserved]
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17.0 Tables, Diagrams, Flowcharts, and Validation

Data.
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1.90-2.54 cm*
(075-10in)

L()

7.62cm (3iny* Temperature Sensor
..\‘\
\ pa— A\

> 8§

Type S Pitot Tube

Manometer Leak-Free Connections

* Suggested (Interference Free)
Pitot tube/Thermocouple Spacing

Figure 2-1. Type S Pitot Tube Manometer Assembly.
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Transverse |
Tube Axis |

Longitudinal

Tube Axis

w|>
|
|
|
J

BYg

[ -

B-Side Plane
(b)

Note:
105D g P < 150D ¢

PA=Pg

(&) end view; face opening planes perpendicular
to transverse axis;

(b) top view; face opening planes paraliel to
longjtucinal axis;

(©) side view; both legs of equal length and
centeriines coincident, when viewed from
both sides. Baseline coefiicient values of
0.84 may be assigned to pitot tubes con-
structed this way

Figure 2-2.

Properly Constructed Type S Pitot Tube.
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®
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The types of face-opening misalignment shown above will not affect the baseline value of Cp(s) so
longas apd <dp2, B andf <5°,2<0.32cm(1/8in), and w<0.08 cm (/32 in) (reference
11.01in Section 16.0).

Figure 2-3. Types of face-opening misalignments that can
result from field use or 1mproper construction of type S
pitot tubes.



247

Figure 2-4. Proper temperature sensor placement to
prevent interference; D, between 0.48 and 0.95 cm (3716 and
3/8 1n).
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Curved or
Mitered Junction
L~
=
L
Static
— Holes 51
wm)\\\\
e —
Hemispherical
Tip \
NI

Figure 2-5. Standard pitot tube design specifications.



PLANT

249

DATE RUN NO

STACK DI A. OR DI MENSIONS, m (in.)

BAROVETRI C PRESS., mm Hg (i n.

CROSS SECTI ONAL AREA, 1?7 (ft2)

OPERATORS

H)

PI TOT TUBE I.D. NO.

AVG COEFFI Cl ENT, Cp
LAST DATE CALI BRATED
SCHENMATI C OF STACK

CROSS SECTI ON

Vel . Hd.,
Traverse Ap
Pt. No. mm (in.)
H,O

St ack

Tenper at ure

Ts,

Ts,

OC (OF) OK (OR)

mm Hg
(in. Hg)

(Ap) 1/2

Aver age

Fi gure 2-6.

Vel ocity traverse data.
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v

f D,  TypeSPiotTube

’ x2190am (%) for D =13 (6in)

Dn
Sampling Nozzle
A. Bottom View; showing minimum pitot tube-nozzle separation.
Sampling Static Pressure

Sampling Nozzle Opening Plane
Probe

Impact Pressure
Opening Plane

Type S Nozzle Entry

Pitot Tube Plane \

B. Side View; to prevent pitot tube from interfering with gas
flow streamlines approaching the nozzle, the impact pressure
opening plane of the pitot tube shall be even with or above the
nozzle entry plane.

Figure 2-7. Proper pitot tube-sampling nozzle
configuration.

PI TOT TUBE | DENTI FI CATI ON NUMBER: DATE

é f D,  TypeSPiotTube

e

Sample Probe
( !

___L_@____

Figure 2-8. Minimum pitot-sample probe separation needed
to prevent interference; D, between 0.48 and 0.95 cm (3/16
and 3/8 i1n).
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CALI BRATED BY:

"A" S| DE CALI BRATI ON
AP 4 aPs)
cm H,0O cm H,0 Devi ati on
RUN NO, (in HO (in HO Gos) G - G(A
1
2
3
G, avg
(SI DE A)
"B" SI DE CALI BRATI ON
AP 4 aPs)
cm H,0 cm H,0 Devi ati on
RUN NO (in HO (in HO Cocs) G - G(B)
1
2
3
G, avg
(S| DE B)
3 _
iZl|C|O(S) ~Cocaors) Eq. 2-5
I:AorB B 3

[ Cp,avg (side A) - Cp,avg (side B)] °
* Must be less than or equal to 0.01

Figure 2-9. Pitot tube calibration data.
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Estimated
Sheath = X W X 100
Blockage Duct Area

%)

@ ®)

Figure 2-10. Projected-area models for typical pitot tube assemblie
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METHOD 3 - GAS ANALYSIS FOR THE
DETERMINATION OF DRY MOLECULAR WEIGHT

NOTE: This method does not include all of the
specifications (e.g., equipnment and supplies) and procedures
(e.g., sanpling) essential to its performance. Sone
material is incorporated by reference fromother nethods in
this part. Therefore, to obtain reliable results, persons
using this nmethod should al so have a t horough know edge of

Met hod 1.
1.0 Scope and Application.

1.1 Analytes.

Anal yte CAS No. Sensitivity
Oxygen (O) 7782-44-7 2,000 ppnv

Ni trogen (N, 7727-37-9 N A

Car bon di oxide (CO,) 124-38-9 2,000 ppnv

Car bon nonoxide (CO 630-08-0 N A

1.2 Applicability. This nethod is applicable for the
determ nation of CO, and O, concentrations and dry nol ecul ar
wei ght of a sanple froman effluent gas streamof a fossil-
fuel conbustion process or other process.

1.3 OQher nmethods, as well as nodifications to the
procedure described herein, are also applicable for all of
t he above determ nations. Exanples of specific nmethods and
nodi fications include: (1) a nulti-point grab sanpling

met hod using an Orsat anal yzer to anal yze the indivi dual
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grab sanpl e obtained at each point; (2) a nethod for
measuring either CO, or O, and using stoichionetric
calculations to determ ne dry nol ecul ar weight; and (3)
assigning a value of 30.0 for dry nolecular weight, in lieu
of actual neasurenents, for processes burning natural gas,
coal, or oil. These nethods and nodifications may be used,
but are subject to the approval of the Adm nistrator. The
met hod may al so be applicable to other processes where it
has been determ ned that conpounds other than CO, O,
carbon nonoxide (CO, and nitrogen (N,) are not present in
concentrations sufficient to affect the results.

1.4 Data Quality Objectives. Adherence to the
requirenents of this nmethod wll enhance the quality of the
data obtained fromair pollutant sanpling methods.

2.0 Summary of Method.

2.1 A gas sanple is extracted froma stack by one of
the follow ng nmethods: (1) single-point, grab sampling; (2)
single-point, integrated sanpling; or (3) nulti-point,
integrated sanpling. The gas sanple is anal yzed for percent
CO, and percent O,.. For dry nol ecul ar wei ght determ nation,
either an Orsat or a Fyrite analyzer nay be used for the
anal ysi s.

3.0 Definitions. [Reserved]

4.0 Interferences.
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4.1 Several conpounds can interfere, to varying
degrees, with the results of Orsat or Fyrite anal yses.
Conmpounds that interfere with CO, concentrati on neasurenent
i nclude acid gases (e.g., sulfur dioxide, hydrogen
chloride); conpounds that interfere with O, concentration
measur enent include unsaturated hydrocarbons (e.g., acetone,
acetylene), nitrous oxide, and amonia. AmmDNi a reacts
chemcally wwth the O absorbing solution, and when present
in the effluent gas stream nust be renoved before anal ysis.
5.0 Safety.

5.1 Disclainer. This nethod may invol ve hazardous
materials, operations, and equipnment. This test nethod may
not address all of the safety problens associated with its
use. It is the responsibility of the user of this test
met hod to establish appropriate safety and health practices
and determne the applicability of regulatory limtations
prior to performng this test nethod.

5.2 Corrosive Reagents.

5.2.1 A typical Orsat analyzer requires four
reagents: a gas-confining solution, CO absorbent, O
absorbent, and CO absorbent. These reagents may contain
pot assi um hydr oxi de, sodi um hydroxi de, cuprous chl ori de,

cuprous sulfate, al kaline pyrogallic acid, and/or chronous
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chloride. Follow manufacturer's operating instructions and
observe all warning | abels for reagent use.

5.2.2 A typical Fyrite analyzer contains zinc
chloride, hydrochloric acid, and either potassium hydroxide
or chromous chloride. Follow manufacturer's operating
instructions and observe all warning | abels for reagent use.
6.0 Equipment and Supplies.

NOTE: As an alternative to the sanpling apparatus and
systens descri bed herein, other sanpling systens (e.g-,
liquid displacenent) may be used, provided such systens are
capabl e of obtaining a representative sanple and nai ntai ni ng
a constant sanpling rate, and are, otherw se, capable of
yi el ding acceptable results. Use of such systens is subject
to the approval of the Adm nistrator.

6.1 Gab Sanpling (See Figure 3-1).

6.1.1 Probe. Stainless steel or borosilicate glass
tubi ng equi pped with an in-stack or out-of-stack filter to
renove particulate matter (a plug of glass wool is
satisfactory for this purpose). Any other materials,
resistant to tenperature at sanpling conditions and inert to
all conponents of the gas stream may be used for the probe.
Exanpl es of such materials may include alum num copper,

quartz gl ass, and Tefl on.



316

6.1.2 Punp. A one-way squeeze bul b, or equivalent,
to transport the gas sanple to the anal yzer.

6.2 Integrated Sanpling (Figure 3-2).

6.2.1 Probe. Sanme as in Section 6.1.1.

6.2.2 Condenser. An air-cooled or water-cooled
condenser, or other condenser no greater than 250 m that
wll not remove O, CO, CO and N, to renpbve excess
noi sture which would interfere with the operation of the
punp and fl owneter.

6.2.3 Valve. A needle valve, to adjust sanple gas
flow rate.

6.2.4 Punp. A |eak-free, diaphragmtype punp, or
equi valent, to transport sanple gas to the flexible bag.
Install a small surge tank between the punp and rate neter
to elimnate the pulsation effect of the di aphragm punp on
the rate neter.

6.2.5 Rate Meter. A rotanmeter, or equivalent,
capabl e of neasuring flowrate to £+ 2 percent of the
selected flowrate. A flowrate range of 500 to 1000 m/mn
I S suggest ed.

6.2.6 Flexible Bag. Any leak-free plastic (e.g-,
Tedl ar, Mylar, Teflon) or plastic-coated alumnum(e.g.,
al um ni zed Myl ar) bag, or equival ent, having a capacity

consistent with the selected flow rate and duration of the
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test run. A capacity in the range of 55 to 90 liters (1.9
to 3.2 ft? is suggested. To |eak-check the bag, connect it
to a water nmanoneter, and pressurize the bag to 5 to 10 cm
HO(2to4in HO. Alowto stand for 10 m nutes. Any
di spl acenent in the water manoneter indicates a |leak. An
alternative | eak-check nethod is to pressurize the bag to 5
to 10 cm(2to 4 in.) HOand allow to stand overnight. A
defl ated bag indicates a | eak.

6.2.7 Pressure Gauge. A water-filled U tube
manonet er, or equivalent, of about 30 cm (12 in.), for the
fl exi bl e bag | eak-check.

6.2.8 Vacuum Gauge. A nercury manoneter, or
equi valent, of at least 760 nmm (30 in.) Hg, for the sanpling
train | eak-check

6.3 Analysis. An Osat or Fyrite type conbustion gas
anal yzer.

7.0 Reagents and Standards.

7.1 Reagents. As specified by the Orsat or Fyrite-
type conbustion anal yzer manufacturer.

7.2 Standards. Two standard gas m xtures, traceable
to National Institute of Standards and Technol ogy (N ST)
standards, to be used in auditing the accuracy of the

anal yzer and the anal yzer operator technique:



318

7.2.1. (@Gas cylinder containing 2 to 4 percent O, and
14 to 18 percent CO.

7.2.2. (@Gas cylinder containing 2 to 4 percent CO and
about 15 percent O.

8.0 Sample Collection, Preservation, Storage, and
Transport.

8.1 Single Point, Gab Sanpling Procedure.

8.1.1 The sanpling point in the duct shall either be
at the centroid of the cross section or at a point no closer
to the walls than 1.0 m (3.3 ft), unless otherw se specified
by the Adm nistrator.

8.1.2 Set up the equipnent as shown in Figure 3-1,
maki ng sure all connections ahead of the analyzer are tight.
If an Orsat analyzer is used, it is recormended that the
anal yzer be | eak-checked by follow ng the procedure in
Section 11.5; however, the |eak-check is optional.

8.1.3 Place the probe in the stack, with the tip of
t he probe positioned at the sanpling point. Purge the
sanpling line long enough to allow at |east five exchanges.
Draw a sanple into the analyzer, and imredi ately anal yze it
for percent CO, and percent O, according to Section 11.2.

8.2 Single-Point, Integrated Sanpling Procedure.

8.2.1 The sanpling point in the duct shall be |ocated

as specified in Section 8.1. 1.
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8.2.2 Leak-check (optional) the flexible bag as in
Section 6.2.6. Set up the equi pnent as shown in
Figure 3-2. Just before sanpling, |eak-check (optional) the
train by placing a vacuum gauge at the condenser inlet,
pulling a vacuum of at |least 250 mmHg (10 in. Hg), plugging
the outlet at the quick disconnect, and then turning off the
punp. The vacuum should remain stable for at | east
0.5 mnute. Evacuate the flexible bag. Connect the probe,
and place it in the stack, with the tip of the probe
positioned at the sanpling point. Purge the sanpling |ine.
Next, connect the bag, and nake sure that all connections
are tight.

8.2.3 Sanple Collection. Sanple at a constant rate
(£ 10 percent). The sanpling run should be sinultaneous
with, and for the sane total length of tinme as, the
pol lutant em ssion rate determnation. Collection of at
least 28 liters (1.0 ft3®) of sanple gas is recomended;
however, smaller volunes may be collected, if desired.

8.2.4 (Ontain one integrated flue gas sanple during
each pollutant em ssion rate determnation. Wthin 8 hours
after the sanple is taken, analyze it for percent CO, and
percent O, using either an Orsat analyzer or a Fyrite type

conbustion gas anal yzer according to Section 11. 3.
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NOTE: Wen using an Orsat anal yzer, periodic Fyrite
readi ngs may be taken to verify/confirmthe results obtained
fromthe O sat.

8.3 Milti-Point, Integrated Sanpling Procedure.

8.3.1 Unless otherwise specified in an applicable
regul ation, or by the Adm nistrator, a m ni num of eight
traverse points shall be used for circular stacks having
di aneters less than 0.61 m (24 in.), a mninmm of nine shal
be used for rectangul ar stacks having equival ent dianeters
|l ess than 0.61 m (24 in.), and a mninmum of 12 traverse
points shall be used for all other cases. The traverse
points shall be |ocated according to Method 1

8.3.2 Follow the procedures outlined in Sections
8.2.2 through 8.2.4, except for the followi ng: Traverse al
sanpling points, and sanple at each point for an equal
length of tinme. Record sanpling data as shown in

Fi gure 3-3.
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9.0 Quality Control.

Quality Control

Section Measur e Ef f ect
8.2 Use of Fyrite to Ensures the accurate
confirm Orsat results. nmeasurenent of CO, and
0.
10.1 Periodic audit of Ensures that the
anal yzer and oper at or anal yzer is operating
t echni que. properly and that the
operator perforns the
sanpl i ng procedure
correctly and
accurately.
11.3 Repl i cabl e anal yses of M nim zes experinental

i nt egrated sanpl es. error.

10.0 Calibration and Standardization.
10.1 Analyzer. The analyzer and anal yzer operator's
techni que should be audited periodically as follows: take a
sanple froma manifold containing a known m xture of CO, and
O,, and anal yze according to the procedure in Section 11.3.
Repeat this procedure until the measured concentration of
t hree consecutive sanples agrees with the stated value = 0.5
percent. |If necessary, take corrective action, as specified
in the anal yzer users manual
10.2 Rotaneter. The rotaneter need not be
calibrated, but should be cleaned and mai ntai ned accordi ng
to the manufacturer's instruction.

11.0 Analytical Procedure.
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11.1 Maintenance. The Orsat or Fyrite-type anal yzer
shoul d be mai ntai ned and operated according to the
manuf acturers specifications.

11.2 Gab Sanple Analysis. Use either an O sat
anal yzer or a Fyrite-type conbustion gas anal yzer to neasure
O, and CO, concentration for dry nol ecul ar wei ght
determ nation, using procedures as specified in the analyzer
user's manual. If an Orsat analyzer is used, it is
recommended that the Orsat | eak-check, described in Section
11.5, be perforned before this determ nation; however, the
check is optional. Calculate the dry nol ecul ar wei ght as
indicated in Section 12.0. Repeat the sanpling, analysis,
and cal cul ati on procedures until the dry nol ecul ar wei ghts
of any three grab sanples differ fromtheir mean by no nore
than 0.3 g/g-nole (0.3 I b/l b-nole). Average these three
nmol ecul ar wei ghts, and report the results to the nearest 0.1
g/g-nole (0.1 Ib/Ib-nole).

11.3 Integrated Sanple Analysis. Use either an O sat
anal yzer or a Fyrite-type conbustion gas anal yzer to neasure
O, and CO, concentration for dry nol ecul ar wei ght
determ nation, using procedures as specified in the analyzer
user's manual. If an Orsat analyzer is used, it is
recommended that the Orsat | eak-check, described in

Section 11.5, be perforned before this determ nation;
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however, the check is optional. Calculate the dry nol ecul ar
wei ght as indicated in Section 12.0. Repeat the analysis
and cal cul ati on procedures until the individual dry
nmol ecul ar weights for any three anal yses differ fromtheir
mean by no nore than 0.3 g/g-nmole (0.3 I b/l b-nole). Average
t hese three nol ecul ar weights, and report the results to the
nearest 0.1 g/g-nole (0.1 Ib/lb-nole).

11.4 Standardi zation. A periodic check of the
reagents and of operator techni que should be conducted at
| east once every three series of test runs as outlined in
Section 10. 1.

11.5 Leak-Check Procedure for Orsat Analyzer. Mving
an Orsat anal yzer frequently causes it to |l eak. Therefore,
an Orsat anal yzer should be thoroughly | eak-checked on site
before the flue gas sanple is introduced into it. The
procedure for |eak-checking an Orsat analyzer is as foll ows:

11.5.1 Bring the liquid level in each pipette up to
the reference mark on the capillary tubing, and then close
t he pi pette stopcock.

11.5.2 Raise the leveling bulb sufficiently to bring
the confining Iiquid nmeniscus onto the graduated portion of
the burette, and then close the manifold stopcock.

11.5.3 Record the neniscus position.
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11.5.4 (Qoserve the neniscus in the burette and the
l[iquid level in the pipette for novenent over the next 4
m nut es.

11.5.5 For the Orsat anal yzer to pass the | eak-check,
two conditions nust be net:

11.5.5.1 The liquid level in each pipette nmust not
fall below the bottomof the capillary tubing during this
4-m nute interval

11.5.5.2 The neniscus in the burette nmust not change
by nore than 0.2 ml during this 4-mnute interval.

11.5.6 If the analyzer fails the |eak-check
procedure, check all rubber connections and stopcocks to
determ ne whet her they m ght be the cause of the |eak.

D sassenbl e, clean, and regrease any | eaki ng stopcocks.
Repl ace | eaki ng rubber connections. After the analyzer is
reassenbl ed, repeat the | eak-check procedure.

12.0 Calculations and Data Analysis.

12.1 Nonencl at ur e.

M = Dry nol ecul ar weight, g/g-nole
(I'b/1b-rol e).

%O, = Percent CO, by volune, dry basis.

%0, = Percent O by volune, dry basis.

%O = Percent CO by volune, dry basis.

%N, = Percent N, by volunme, dry basis.
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0. 280 = Mol ecular weight of N, or CO divided by
100.
0. 320 = Mol ecul ar weight of O divided by 100.

0. 440 = Mol ecul ar wei ght of CO, divided by 100.

12.2 N trogen, Carbon Mnoxi de Concentration.
Determ ne the percentage of the gas that is N, and CO by
subtracting the sum of the percent CO, and percent O, from
100 percent.

12.3 Dry Mol ecular Wight. Use Equation 3-1to

cal cul ate the dry nol ecul ar wei ght of the stack gas.

M, = 0.440(%0,) + 0.320 (%0,) + 0.280 (%N, + %O Eq. 3-1

NOTE: The above Equation 3-1 does not consider the
effect on cal culated dry nol ecul ar wei ght of argon in the
effluent gas. The concentration of argon, with a nol ecul ar
wei ght of 39.9, in anbient air is about 0.9 percent. A
negative error of approximtely 0.4 percent is introduced.
The tester may choose to include argon in the anal ysis using
procedures subject to approval of the Adm nistrator.

13.0 Method Performance. [ Reser ved]
14.0 Pollution Prevention. [Reserved]
15.0 Waste Management. [ Reserved]

16.0 References.
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EMISSION MEASUREMENT TECHNICAL INFORMATION CENTER
NSPS TEST METHOD

Method 10 - Determination of Carbon Monoxide Emissions
from Stationary Sources

1. PRINCIPLE AND APPLICABILITY

1.1 Principle. An integrated or continuous gas sample is
extracted from a sampling point and analyzed for carbon monoxide
(CO) content using a Luft-type nondispersive infrared analyzer
(NDIR) or equivalent.

1.2 Applicability. This method is applicable for the
determination of carbon monoxide 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 an integrated
sample is to be used.

2. RANGE AND SENSITIVITY
2.1 Range. 0 to 1000 ppm.

2.2 Sensitivity. Minimum detectable concentration is 20 ppm for
a 0- to 1000—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,0) and carbon dioxide (CO,) are 3.5 percent H,0 per 7 ppm
CO and 10 percent CO, per 10 ppm CO, respectively, for devices
measuring in the 1500- to 3000-ppm range. For devices measuring in
the 0- to 100-ppm range, interference ratios can be as high as
3.5 percent H,0 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 measured gas volume must be corrected
if these traps are used.

4. PRECISION AND ACCURACY

4.1 Precision. The precision of most NDIR analyzers is
approximately *2 percent of span.

4.2 Accuracy. The accuracy of most NDIR analyzers is
approximately *5 percent of span after calibration.
5. APPARATUS

Note: Mention of trade names or specific products does not
constitute endorsement by the Environmental Protection Agency.
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5.1 Continuous Sample (Figure 10-1).

5.1.1 Probe. Stainless steel or sheathed Pyrex glass, equipped
with a filter to remove particulate matter.

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

5.2 Integrated Sample (Figure 10-2).
5.2.1 Probe. Same as in Section 5.1.1.
5.2.2 Air-Cooled Condenser or Equivalent. Same as in Section
5.1.2.

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

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

5.2.5 Rate Meter. Rotameter, or equivalent, to measure a flow
range from
0 to 1.0 liter per minute (0 to 0.035 cfm).

5.2.6 Flexible Bag. Tedlar, or equivalent, with a capacity of 60

to 90 liters (2 to 3 ft’). Leak-test the bag in the laboratory
before using by evacuating bag with a pump followed by a dry gas
meter. When evacuation is complete, there should be no flow

through the meter.

5.2.7 Pitot Tube. Type S, or equivalent, attached to the probe so
that the sampling rate can be regulated proportional to the stack
gas velocity when velocity is varying with time or a sample
traverse is conducted.

5.3 Analysis (Figure 10-3).

5.3.1 Carbon Monoxide Analyzer. Nondispersive infrared
spectrometer, or equivalent. This instrument should be
demonstrated, preferably by the manufacturer, to meet or exceed
manufacturer's specifications and those described in this method.
5.3.2 Drying Tube. To contain approximately 200 g of silica gel.
5.3.3 cCalibration Gas. Refer to Section 6.1.

5.3.4 Filter. As recommended by NDIR manufacturer.

5.3.5 CO, Removal Tube. To contain approximately 500 g of
ascarite.

5.3.6 Ice Water Bath. For ascarite and silica gel tubes.
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5.3.7 Valve. Needle valve, or equivalent, to adjust flow rate.

5.3.8 Rate Meter. Rotameter, or equivalent, to measure gas flow
rate of 0 to 1.0 liter/min (0 to 0.035 cfm) through NDIR.

5.3.9 Recorder (Optional). To provide permanent record of NDIR
readings.

6. REAGENTS

6.1 Calibration Gases. Known concentration of CO in nitrogen (N,)
for instrument span, prepurified grade of N, for zero, and two
additional concentrations corresponding approximately to 60 percent
and 30 percent of span. The span concentration shall not exceed
1.5 times the applicable source performance standard. The
calibration gases shall be certified by the manufacturer to be
within 2 percent of the specified concentration.

6.2 Silica Gel. Indicating type, 6- to l6-mesh, dried at 175°C
(347°F) for 2 hours.

6.3 Ascarite. Commercially available.
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 leak free. Place the
probe in the stack at a sampling point, and purge the sampling
line. Connect the analyzer, and begin drawing sample into the
analyzer. Allow 5 minutes for the system to stabilize, then record
the analyzer reading as required by the test procedure. (See
Sections 7.2 and 8). CO, content of the gas may be determined by
using the Method 3 integrated sampling procedure, or by weighing
the ascarite CO, removal tube and computing CO, concentration from
the gas volume sampled and the weight gain of the tube.

7.1.2 Integrated Sampling. Evacuate the flexible bag. Set up the
equipment as shown in Figure 10-2 with the bag disconnected. Place
the probe in the stack, and purge the sampling line. Connect the
bag, making sure that all connections are leak free. Sample at a
rate proportional to the stack velocity. CO, content of the gas
may be determined by using the Method 3 integrated sample
procedures, or by weighing the ascarite CO, concentration from the
gas volume sampled and the weight gain of the tube.

7.2 CO Analysis. Assemble the apparatus as shown in Figure 10-3,
calibrate the instrument, and perform other required operations as
described 1in Section 8. Purge analyzer with N, prior to
introduction of each sample. Direct the sample stream through the
instrument for the test period, recording the readings. Check the
zero and the span again after the test to assure that any drift or
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malfunction is detected. Record the sample data on Table 10-1.
8. CALIBRATION

Assemble the apparatus according to Figure 10-3. Generally an
instrument requires a warm-up period before stability is obtained.
Follow the manufacturer's instructions for specific procedure.
Allow a minimum time of 1 hour for warmup. During this time check
the sample conditioning apparatus, i.e., filter, condenser, drying
tube, and CO, removal tube, to ensure that each component is in
good operating condition. Zero and calibrate the instrument
according to the manufacturer's procedures using, respectively, N,
and the calibration gases.

TABLE 10-1 - FIELD DATA

Location: Date:

Test: Operator:

Clock Time Rotameter Reading Comments
liters/min (cfm)

9. CALCULATION--CONCENTRATION OF CARBON MONOXIDE

Calculate the concentration of carbon monoxide in the stack using
Equation 10-1.

Ceocstackr = Ceomnorry (1= Feoz)
where:
Ceo(stack) = Conqentration of CO in stack, ppm by volume, dry
basis.
Ceomprry = Concentration of CO measured by NDIR analyzer, ppm by

volume, dry basis.

F.o, = Volume fraction of CO, in sample, i.e., percent CO,
from Orsat analysis divided by 100.

10-1
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10. ALTERNATIVE PROCEDURE--INTERFERENCE TRAP

The sample conditioning system described in Method 101A, Sections
2.1.2 and 4.2, may be used as an alternative to the silica gel and
ascarite traps.
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ADDENDA

A. Performance Specifications for NDIR Carbon Monoxide Analyzers.

TABLE A-1. Performance Specifications for NDIR CO Analyzers

Range (minimum) 0-1000 ppm
Output (minimum) 0-10 mv

Minimum detectable sensitivity 20 ppm

Rise time, 90 percent (maximum) 30 seconds

Fall time, 90 percent (maximum) 30 seconds

Zero drift (maximum) 10% in 8 hours
Span drift (maximum) 10% in 8 hours
Precision (maximum) 2% of full scale
Noise (maximum) 1% of full scale
Linearity (maximum deviation) % of full scale
Interference rejection ratio Co, - 1000:1; H,0 -

500:1

B. Definitions of Performance Specifications.

1. Range - The minimum and maximum measurement limits.

2. Output - Electrical signal which is proportional +to the
measurement; intended for connection to readout or data
processing devices. Usually expressed as millivolts or
milliamps full scale at a given impedance.

3. Full Scale - The maximum measuring limit for a given range.

4. Minimum Detectable Sensitivity - The smallest amount of input
concentration that can be detected as the concentration
approaches =zero.

5. Accuracy - The degree of agreement between a measured value and
the true value; usually expressed as * percent of full scale.

6. Time to 90 Percent Response - The time interval from a step
change in the input concentration at the instrument inlet to
a reading of 90 percent of the ultimate recorded concentration.

7. Rise Time (90 Percent) - The interval between initial response
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10.

11.

12.

13.

time and time to 90 percent response after a step increase in
the inlet concentration.

Fall Time (90 Percent) - The interval between initial response
time and time to 90 percent response after a step decrease in
the inlet concentration.

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

Span Drift - 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 between repeated
measurements of the same concentration, expressed as the
average deviation of the single results from the mean.

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

Linearity - The maximum deviation between an actual instrument
reading and the reading predicted by a straight line drawn
between upper and lower calibration points.
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APPENDI X A TO PART 63--TEST METHOD
Met hod 316 - Sanpling and Analysis for Formal dehyde Em ssions
from Stationary Sources in the Mneral Wol and Wol Fiberglass
| ndustries
1.0 |Introduction.

This method is applicable to the determ nation of
f or mal dehyde, CAS Regi stry nunber 50-00-0, from stationary
sources in the mneral wool and wool fiber glass industries.
High purity water is used to collect the formal dehyde. The
f or mal dehyde concentrations in the stack sanples are determ ned
using the nodified pararosaniline nethod. Formal dehyde can be
detected as low as 8.8 x 10 Ibs/cu ft (11.3 ppbv) or as high as
1.8 x 102 I bs/cu ft (23,000,000 ppbv), at standard conditions
over a 1 hour sanpling period, sanpling approximately 30 cu ft.
2.0 Sunmary of Method.

Gaseous and particul ate pollutants are w t hdrawn
i sokinetically froman em ssion source and are collected in high
purity water. Formal dehyde present in the em ssions is highly
soluble in high purity water. The high purity water containing
f ormal dehyde is then anal yzed using the nodified pararosaniline
met hod. Fornmal dehyde in the sanple reacts with acidic
pararosaniline, and the sodiumsulfite, formng a purple
chronmophore. The intensity of the purple col or, neasured
spectrophotonetrically, provides an accurate and preci se neasure
of the formal dehyde concentration in the sanple.
3.0 Definitions.

See the definitions in the General Provisions of this

Subpart.
4.0 |Interferences.

Sulfite and cyanide in solution interfere with the
pararosaniline method. A procedure to overcone the interference
by each conpound has been descri bed by M ksch, et al
5.0 Safety. (Reserved)

6.0 Apparatus and Materials.

6.1 A schematic of the sanpling train is shown in
Figure 1. This sanpling train configuration is adapted from EPA
Met hod 5, 40 CFR part 60, appendi x A, procedures.
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The sanpling train consists of the foll ow ng conponents: probe
nozzl e, probe liner, pitot tube, differential pressure gauge,

i npi ngers, netering system baroneter, and gas density

determ nati on equi prnent.

6.1.1 Probe Nozzle: Quartz, glass, or stainless
steel with sharp, tapered (30° angle) |eading edge. The taper
shall be on the outside to preserve a constant inner dianeter.
The nozzl e shall be buttonhook or el bow design. A range of
nozzl e sizes suitable for isokinetic sanpling should be avail abl e
inincrenments of 0.15 cm(1/16 in), e.g., 0.32 to 1.27 cm(1/8 to
1/2 in), or larger if higher volune sanpling trains are used.
Each nozzl e shall be calibrated according to the procedure
outlined in Section 10. 1.

6.1.2 Probe Liner: Borosilicate glass or quartz
shall be used for the probe liner. The probe shall be naintained
at a tenperature of 120°C = 14°C (248°F = 25°F).

6.1.3 Pitot Tube: The pitot tube shall be Type S,
as described in Section 2.1 of EPA Method 2, 40 CFR part 60,
appendi x A, or any other appropriate device. The pitot tube
shall be attached to the probe to allow constant nonitoring of
the stack gas velocity. The inpact (high pressure) opening plane
of the pitot tube shall be even with or above the nozzle entry
pl ane (see Figure 2-6b, EPA Method 2, 40 CFR part 60, appendi x A)
during sanmpling. The Type S pitot tube assenbly shall have a
known coefficient, determned as outlined in Section 4 of EPA
Met hod 2, 40 CFR part 60, appendix A

6.1.4 Differential Pressure Gauge: The
differential pressure gauge shall be an inclined manoneter or
equi val ent device as described in Section 2.2 of EPA Method 2, 40
CFR part 60, appendix A One manoneter shall be used for
vel ocity-head reading and the other for orifice differential
pressure readings.

6.1.5 | npi ngers: The sanpling train requires a
m ni mum of four inpingers, connected as shown in Figure 1, with
ground gl ass (or equivalent) vacuumtight fittings. For the
first, third, and fourth inpingers, use the G eenburg-Smth
design, nodified by replacing the tip with a 1.3 cminside
dianeters (1/2 in) glass tube extending to 1.3 cm (1/2 in) from
the bottom of the flask. For the second inpinger, use a
Greenburg-Smth inpinger with the standard tip. Place a
t her nonet er capabl e of neasuring tenperature to within 1°C (2°F)
at the outlet of the fourth inpinger for nonitoring purposes.

6.1.6 Metering System The necessary components
are a vacuum gauge, |eak-free punp, thernoneters capabl e of
measuring tenperatures within 3°C (5.4°F), dry-gas neter capable
of neasuring volunme to within 1 percent, and rel ated equi pnent as
shown in Figure 1. At a mninmm the punp should be capable of 4
ctmfree flow, and the dry gas neter should have a recording
capacity of 0-999.9 cu ft with a resolution of 0.005 cu ft.

O her netering systens may be used which are capabl e of



mai nt ai ni ng sanple volunes to within 2 percent. The netering
system nmay be used in conjunction with a pitot tube to enable
checks of isokinetic sanpling rates.

6.1.7 Baroneter: The baroneter may be nercury,
aneroid, or other baroneter capabl e of neasuring atnospheric
pressure to within 2.5 mmHg (0.1 in Hg). |In many cases, the

baronetric readi ng may be obtained froma nearby National Wather
Service Station, in which case the station value (which is the
absol ute baronetric pressure) is requested and an adjustnent for
el evation differences between the weather station and sanpling
point is applied at a rate of mnus 2.5 nmHg (0.1 in Hg) per 30
m (100 ft) elevation increase (rate is plus 2.5 mm Hg per 30 m
(100 ft) of elevation decrease).

6.1.8 Gas Density Determ nation Equi prent:
Tenperat ure sensor and pressure gauge (as described in Sections
2.3 and 2.3 of EPA Method 2, 40 CFR part 60, appendi x A), and gas
anal yzer, if necessary (as described in EPA Method 3, 40 CFR part
60, appendix A). The tenperature sensor ideally should be
permanent|ly attached to the pitot tube or sanpling probe in a
fixed configuration such that the top of the sensor extends
beyond the | eadi ng edge of the probe sheath and does not touch
any netal. Alternatively, the sensor may be attached just prior
to use inthe field. Note, however, that if the tenperature
sensor is attached in the field, the sensor nust be placed in an
interference-free arrangenent with respect to the Type S pitot
openi ngs (see Figure 2-7, EPA Method 2, 40 CFR part 60, appendi x
A). As a second alternative, if a difference of no nore than 1
percent in the average velocity nmeasurenent is to be introduced,
the tenperature gauge need not be attached to the probe or pitot
t ube.

6.2 Sanple Recovery.

6.2.1 Probe Liner: Probe nozzle and brushes;
bristle brushes with stainless steel wire handles are required.
The probe brush shall have extensions of stainless steel,
Teflon™ or inert material at |least as long as the probe. The
brushes shall be properly sized and shaped to brush out the probe
liner, the probe nozzle, and the inpingers.

6.2.2 Wash Bottles: One wash bottle is required.
Pol yet hyl ene, Teflon™ or glass wash bottles may be used for
sanpl e recovery.

6.2.3 G aduated Cylinder and/or Bal ance: A
graduated cylinder or balance is required to neasure condensed
water to the nearest 1 m or 1 g. Gaduated cylinders shall have
division not > 2 m. Laboratory bal ances capabl e of weighing to
+ 0.5 g are required.

6.2.4 Pol yet hyl ene Storage Containers: 500 m
wi de- mout h pol yet hyl ene bottles are required to store inpinger
wat er sanpl es.

6.2.5 Rubber Pol i ceman and Funnel: A rubber
poli ceman and funnel are required to aid the transfer of materi al



into and out of containers in the field.
6.3 Sanple Anal ysis.

6.3.1 Spect rophot oneter - B&L 70, 710, 2000, etc.,
or equivalent; 1 cm pathlength cuvette hol der.

6.3.2 Di sposabl e pol ystyrene cuvettes, pathlengh 1
cm volune of about 4.5 m.

6.3.3 Pi pettors - Fixed-volune Oxford pipet (250

wl; 500 wl; 1000 wi); adjustable volune Oxford or equival ent
pi pettor 1-5 m nodel, set to 2.50 m.

6.3.4 Pipet tips for pipettors above.

6.3.5 Parafilm 2° wide; cut into about 1" squares.
7.0 Reagents.

7.1 High purity water: Al references to water in
this method refer to high purity water (ASTM Type | water or
equivalent). The water purity wll dictate the lower |limts of
f or mal dehyde quantificati on.

7.2 Silica Gel: Silica gel shall be indicting type,
6-16 nesh. |If the silica gel has been used previously, dry at
175°C (350°F) for 2 hours before using. New silica gel nay be
used as received. Alternatively, other types of desiccants
(equi val ent or better) may be used.

7.3 Crushed Ice: Quantities ranging from 10-50 | bs
may be necessary during a sanpling run, dependi ng upon anbi ent
tenperature. Sanples which have been taken nust be stored and
shi pped cold; sufficient ice for this purpose nust be all owed.

7.4 Quaternary amoni um conpound stock sol ution
Prepare a stock sol ution of dodecyl trinmethyl ammoni um chl ori de (98
percent m ni mum assay, reagent grade) by dissolving 1.0 gramin
1000 mM water. This solution contains nomnally 1000 ng/ n
guat ernary ammoni um conpound, and is used as a biocide for sone
sources which are prone to mcrobial contam nation.

7.5 Pararosaniline: Wigh 0.16 grans pararosaniline
(free base; assay of 95 percent or greater, CI. 42500; Sigma
P7632 has been found to be acceptable) into a 100 m fl ask.
Exercise care, since pararosaniline is a dye and wll stain.
Usi ng a wash bottle with high-purity water, rinse the walls of
the flask. Add no nore than 25 ml water. Then, carefully add 20
m of concentrated hydrochloric acid to the flask. The flask
wi |l beconme warmafter the addition of acid. Add a magnetic stir
bar to the flask, cap, and place on a magnetic stirrer for
approximately 4 hours. Then, add additional water so the total
volune is 100 m. This solution is stable for several nonths
when stored tightly capped at roomtenperature.

7.6 Sodiumsulfite: Wigh 0.10 granms anhydrous sodi um
sulfite into a 100 m flask. Dilute to the mark with high purity
water. Invert 15-20 tinmes to m x and dissol ve the sodi um
sulfite. This solution MJUST BE PREPARED FRESH EVERY DAY.

7.7 Formal dehyde standard solution: Pipet exactly
2.70 m of 37 percent formal dehyde solution into a 1000 m
vol unetric flask which contains about 500 m of high-purity



water. Dilute to the mark with high-purity water. This solution
contains nomnally 1000 nxg/ m of formal dehyde, and is used to
prepare the working formal dehyde standards. The exact
f or mal dehyde concentration may be determ ned if needed by
suitabl e nodification of the sodiumsulfite nmethod (Reference:
J.F. Wl ker, FORVMALDEHYDE (Third Edition), 1964.). The 1000
ug/ m formal dehyde stock solution is stable for at | east a year
if kept tightly closed, with the neck of the flask sealed with
Parafilm Store at roomtenperature.

7.8 Wbrking formal dehyde standards: Pipet exactly
10.0 m of the 1000 ng/ m formal dehyde stock solution into a 100
m volunmetric flask which is about half full of high-purity
water. Dilute to the mark with high-purity water, and invert 15-
20 times to m x thoroughly. This solution contains nomnally 100
wg/ m fornmal dehyde. Prepare the working standards fromthis 100
ug/ m standard solution and using the Oxford pipets:

Wor ki ng uL or 100 Vol unetric Flask Vol une
Standard, w/ nmL | ug/mL Solution | (Dilute to mark with water)
0. 250 250 100
0. 500 500 100
1.00 1000 100
2.00 2000 100
3.00 1500 50

The 100 wug/ m stock solution is stable for 4 weeks if kept
refrigerated between anal yses. The working standards (0.25 -
3.00 wg/ m) should be prepared fresh every day, consistent with
good | aboratory practice for trace analysis. |If the |aboratory
water is not of sufficient purity, it may be necessary to prepare
t he worki ng standards EVERY DAY. The |aboratory MJST ESTABLI SH
that the working standards are stable - DO NOT assune that your
wor ki ng standards are stable for nore than a day unl ess you have
verified this by actual testing for several series of working

st andar ds.



8.0 Sanple Collection.

8.1 Because of the conplexity of this nethod, field
personnel should be trained in and experienced with the test
procedures in order to obtain reliable results.

8.2 Laboratory Preparation:

8.2.1 Al'l the components shall be maintained and
cali brated according to the procedure described in APTD- 0576,
unl ess ot herw se specified.

8.2.2 Wei gh several 200 to 300 g portions of silica
gel in airtight containers to the nearest 0.5 g. Record on each
container the total weight of the silica gel plus containers. As
an alternative to preweighing the silica gel, it may instead be
wei ghed directly in the inpinger or sanpling holder just prior to
train assenbly. 8.3 Prelimnary Field Determnations.

8.3.1 Sel ect the sanpling site and the m ni mum
nunmber of sanpling points according to EPA Method 1, 40 CFR part
60, appendix A, or other relevant criteria. Determ ne the stack
pressure, tenperature, and range of velocity heads using EPA
Met hod 2, 40 CFR part 60, appendix A A |l eak-check of the pitot
lines according to Section 3.1 of EPA Method 2, 40 CFR part 60,
appendi x A, nust be perforned. Determ ne the stack gas noisture
content using EPA Approximation Method 4,40 CFR part 60, appendi x
A or its alternatives to establish estimtes of isokinetic
sanpling rate settings. Determ ne the stack gas dry nol ecul ar

wei ght, as described in EPA Method 2, 40 CFR part 60, appendi x A,



Section 3.6. |If integrated EPA Method 3, 40 CFR part 60,
appendi x A, sanpling is used for nol ecul ar wei ght determ nation,
the integrated bag sanple shall be taken simultaneously with, and
for the sane total length of tinme as, the sanple run

8.3.2 Sel ect a nozzle size based on the range of
velocity heads so that it is not necessary to change the nozzle
size in order to maintain isokinetic sanpling rates bel ow 28
¢/mn (1.0 cfm. During the run do not change the nozzle.

Ensure that the proper differential pressure gauge is chosen for
the range of velocity heads encountered (see Section 2.2 of EPA
Met hod 2, 40 CFR part 60, appendi x A).

8.3.3 Sel ect a suitable probe liner and probe
Il ength so that all traverse points can be sanpled. For |arge
stacks, to reduce the length of the probe, consider sanpling from
opposite sides of the stack.

8.3.4 A mnimumof 30 cu ft of sanple volune is
suggested for em ssion sources wth stack concentrati ons not
greater than 23,000,000 ppbv. Additional sanple volunme shall be
coll ected as necessitated by the capacity of the water reagent
and anal ytical detection |imt constraint. Reduced sanple vol une
may be collected as long as the final concentration of
formal dehyde in the stack sanple is greater than 10 (ten) tines
the detection limt.

8.3.5 Determne the total |length of sanpling tinme

needed to obtain the identified m ninmum vol ume by conparing the



antici pated average sanpling rate with the vol une requirenent.
Al ocate the sane tine to all traverse points defined by EPA

Met hod 1, 40 CFR part 60, appendix A To avoid tinekeeping
errors, the length of time sanpled at each traverse point should
be an integer or an integer plus 0.5 mn.

8.3.6 In sone circunstances (e.g., batch cycles) it
may be necessary to sanple for shorter tinmes at the traverse
points and to obtain smaller gas-volune sanples. |n these cases,
careful docunentation nust be maintained in order to allow
accurate cal cul ati ons of concentrations.

8.4 Preparation of Collection Train.

8.4.1 During preparation and assenbly of the
sanpling train, keep all openings where contam nation can occur
covered with Teflon™ filmor aluminumfoil until just prior to
assenbly or until sanpling is about to begin.

8.4.2 Place 100 m of water in each of the first
two i npingers, and |l eave the third inpinger enpty. |f additional
capacity is required for high expected concentrations of
formal dehyde in the stack gas, 200 m of water per inpinger may
be used or additional inpingers may be used for sanpling.
Transfer approximately 200 to 300 g of pre-weighed silica gel
fromits container to the fourth inpinger. Care should be taken
to ensure that the silica gel is not entrained and carried out
fromthe inpinger during sanpling. Place the silica gel

container in a clean place for later use in the sanple recovery.



Alternatively, the weight of the silica gel plus inpinger may be
determ ned to the nearest 0.5 g and recorded.

8.4.3 Wth a glass or quartz liner, install the
sel ected nozzle using a Viton-A Oring when stack tenperatures
are < 260°C (500°F) and a woven gl ass-fiber gasket when
tenperatures are higher. See APTD-0576 for details. O her
connection systens utilizing either 316 stainless steel or
Tefl on™ ferrul es nmay be used. Mark the probe with heat-
resi stant tape or by sone other nethod to denote the proper
di stance into the stack or duct for each sanpling point.

8.4.4 Assenble the train as shown in Figure 1
During assenbly, a very light coating of silicone grease nay be
used on ground-glass joints of the inpingers, but the silicone
grease should be limted to the outer portion (see APTD 0576) of
the ground-glass joints to mnimze silicone grease
contam nation. |f necessary, Teflon™ tape may be used to seal
| eaks. Connect all tenperature sensors to an appropriate
potentionmeter/display unit. Check all tenperature sensors at
anbi ent tenperatures.

8.4.5 Pl ace crushed ice all around the inpingers.

8.4.6 Turn on and set the probe heating system at
the desired operating tenperature. Allowtine for the
tenperature to stabili ze.

8.5 Leak-Check Procedures.

8.5.1 Pre-test Leak-check: Recommended, but not



required. If the tester elects to conduct the pre-test |eak-
check, the follow ng procedure shall be used.

8.5.1.1 After the sanpling train has been assenbl ed,
turn on and set probe heating systemat the desired operating
tenperature. Allowtinme for the tenperature to stabilize. If a
Viton-a Oring or other |eak-free connection is used in
assenbl ing the probe nozzle to the probe liner, |eak-check the
train at the sanpling site by plugging the nozzle and pulling a
381 mMm Hg (15 in Hg) vacuum
NOTE: A | ower vacuum may be used, provided that the | ower vacuum
is not exceeded during the test.

| f a woven gl ass fiber gasket is used, do not connect
the probe to the train during the | eak-check. Instead, |eak-
check the train by first attaching a carbon-filled | eak-check
inpinger to the inlet and then plugging the inlet and pulling a
381 mmHg (15 in Hg) vacuum (A lower vacuum nay be used if this
| oner vacuumis not exceeded during the test.) Next connect the
probe to the train and | eak-check at about 25 mmHg (1 in Hg)
vacuum Alternatively, |eak-check the probe with the rest of the
sanpling train in one step at 381 nmHg (15 in Hg) vacuum
Leakage rates in excess of (a) 4 percent of the average sanpling
rate or (b) 0.00057 n¥/mn (0.02 cfm, whichever is less, are
unaccept abl e.

8.5.1.2 The foll ow ng | eak-check instructions for the

sanpling train described in APTD- 0576 and APTD- 0581 nay be



hel pful. Start the punp with the fine-adjust valve fully open
and coarse-val ve conpletely closed. Partially open the coarse-
adj ust valve and slowy close the fine-adjust valve until the
desired vacuumis reached. Do not reverse direction of the fine-
adj ust valve, as liquid wll back up into the train. If the
desired vacuumis exceeded, either performthe |eak-check at this
hi gher vacuum or end the | eak-check, as described bel ow, and
start over.

8.5.1.3 When the | eak-check is conpleted, first
slowy renove the plug fromthe inlet to the probe. Wen the
vacuumdrops to 127 mm (5 in) Hg or less, immediately close the
coarse-adjust valve. Switch off the punping system and reopen
the fine-adjust valve. Do not reopen the fine-adjust valve until
t he coarse-adjust valve has been closed to prevent the liquid in
the i npingers frombeing forced backward in the sanpling |line and
silica gel from being entrained backward into the third inpinger.

8.5.2 Leak-checks During Sanpling Run:

8.5.2.1 | f, during the sanpling run, a conponent
change (e.g., inpinger) becones necessary, a |eak-check shall be
conducted i medi ately after the interruption of sanpling and
before the change is made. The | eak-check shall be done
according to the procedure described in Section 10. 3.3, except
that it shall be done at a vacuum greater than or equal to the
maxi mum val ue recorded up to that point in the test. |If the

| eakage rate is found to be no greater than 0.0057 n¥/ mn (0.02



cfm or 4 percent of the average sanpling rate (whichever is
|l ess), the results are acceptable. |If a higher |eakage rate is
obt ai ned, the tester nust void the sanpling run.
NOTE: Any correction of the sanple volunme by cal cul ati on reduces
the integrity of the pollutant concentration data generated and
must be avoi ded.

8.5.2.2 | medi ately after conponent changes, | eak-
checks are optional. |If perfornmed, the procedure described in
section 8.5.1.1 shall be used.

8.5.3 Post -t est Leak-check:

8.5.3.1 A | eak-check is mandatory at the concl usion
of each sanpling run. The | eak-check shall be done with the sane
procedures as the pre-test |eak-check, except that the post-test
| eak- check shall be conducted at a vacuum greater than or equal
to the maxi mum val ue reached during the sanpling run. |If the
| eakage rate is found to be no greater than 0.00057 n¥/ m n (0.02
cfm or 4 percent of the average sanpling rate (whichever is
|l ess), the results are acceptable. [If, however, a higher |eakage
rate is obtained, the tester shall record the | eakage rate and
voi d the sanpling run

8.6 Sanmpling Train Operation.

8.6.1 During the sanpling run, maintain an
i sokinetic sanpling rate to within 10 percent of true isokinetic,
below 28 ¢/ mn (1.0 cfn). Mintain a tenperature around the

probe of 120°C + 14°C (248° + 25°F).



8.6.2 For each run, record the data on a data sheet
such as the one shown in Figure 2. Be sure to record the initial

dry-gas neter reading. Record the dry-gas neter



Pl ant
Locati on

Oper at or

Dat e

Run No

Sanpl e box No
Met er box No
Meter )H

C Factor

Pitot tube coefficient,

o

Figure 2 -

SCHENMATI C OF STACK CROSS SECTI ON

For mal dehyde Field Data

Anmbi ent tenperature .
Baronetric pressure .
Assuned noi sture, percent
Probe length, m(ft)
Nozzl e lIdentification No
Aver age calibrated nozzle
di aneter, cm (in.)

Probe heater setting

Leak rate, n¥/mn (cfm
Probe liner materi al
Static pressure, mmHg (in. Hg)

Filter No.



Pressure Gas sanpl e Tenperat ure
differ- tenperature of gas
St ack enti al Gas at dry gas Filter | eavi ng
tenper- | Velocity acr oss sanpl e net er hol der condenser
Sanpl i ng Vacuum ature head orifice | volune t enper - or | ast
Traverse tinme (T) nmet er ! nc! et QJtOI et ature i npi nger
poi nt nm Hg (OP) mm nm H,O n¥ OC OC
nunber | (e) mn. |[(in Hy) |°c(°F) | (in) Ho|(in. O | (ft3y | OB | OB [ ec (°p °C (°F)
Tot al Avg. Avg.
Aver age Avg.




readi ngs at the beginning and end of each sanpling tinme

i ncrenment, when changes in flow rates are nade, before and
after each |eak-check, and when sanpling is halted. Take
ot her readings required by Figure 2 at | east once at each
sanpl e point during each tinme increnent and additional
readi ngs when significant adjustnments (20 percent variation
in velocity head readi ngs) necessitate additional
adjustnents in flowrate. Level and zero the nmanoneter.
Because the manoneter |evel and zero may drift due to

vi brations and tenperature changes, nake periodi c checks
during the traverse.

8.6.3 Cl ean the stack access ports prior to
the test run to elimnate the chance of sanpling deposited
material. To begin sanpling, renove the nozzle cap, verify
that the probe heating systemare at the specified
tenperature, and verify that the pitot tube and probe are
properly positioned. Position the nozzle at the first
traverse point, with the tip pointing directly into the gas
stream Imediately start the punp and adjust the flow to
i sokinetic conditions. Nonographs, which aid in the rapid
adj ustment of the isokinetic sanpling rate w thout excessive
conput ati ons, are available. These nonographs are desi gned
for use when the Type S pitot tube coefficient is 0.84 %
0.02 and the stack gas equivalent density (dry nol ecul ar

weight) is equal to 29 £+ 4. APTD 0576 details the procedure



for using the nonographs. |f the stack gas nol ecul ar wei ght
and the pitot tube coefficient are outside the above ranges,
do not use the nonographs unl ess appropriate steps are taken
to conpensate for the deviations.

8.6.4 When the stack is under significant
negati ve pressure (equivalent to the height of the inpinger
sten), take care to close the coarse-adjust valve before
inserting the probe into the stack in order to prevent
[iquid from backing up through the train. |If necessary, a
| ow vacuum on the train may have to be started prior to
entering the stack.

8.6.5 When the probe is in position, block off
t he openi ngs around the probe and stack access port to
prevent unrepresentative dilution of the gas stream

8.6.6 Traverse the stack cross section, as
requi red by EPA Method 1, 40 CFR part 60, appendi x A, being
careful not to bunp the probe nozzle into the stack walls
when sanpling near the walls or when renoving or inserting
t he probe through the access port, in order to mnimze the
chance of extracting deposited material.

8.6.7 During the test run, nmake periodic
adj ustnents to keep the tenperature around the probe at the
proper levels. Add nore ice and, if necessary, salt, to
mai ntain a tenperature of < 20°C (68°F) at the silica gel

outl et.



8.6.8 A single train shall be used for the
entire sanpling run, except in cases where sinultaneous
sanpling is required in two or nore separate ducts or at two
or nore different | ocations within the sane duct, or in
cases where equi pnent failure necessitates a change of
trains. An additional train or trains may al so be used for
sanpling when the capacity of a single train is exceeded.

8.6.9 Wien two or nore trains are used,
separ ate anal yses of conponents fromeach train shall be
performed. |If multiple trains have been used because the
capacity of a single train would be exceeded, first
i npi ngers fromeach train may be conbi ned, and second
i npi ngers fromeach train may be conbi ned.

8.6.10 At the end of the sanpling run, turn off
t he coarse-adjust valve, renove the probe and nozzle from
the stack, turn off the punp, record the final dry gas neter
readi ng, and conduct a post-test |eak-check. Al so, check
the pitot lines as described in EPA Method 2, 40 CFR part
60, appendix A  The lines nmust pass this | eak-check in
order to validate the vel ocity-head data.

8.6.11 Cal cul ate percent isokineticity (see
Met hod 2) to determ ne whether the run was valid or another
test shoul d be nade.

8.7 Sanple Preservation and Handl i ng.

8.7.1 Sanpl es from nost sources applicable to



this nethod have acceptabl e holding tines using norma
handl i ng practices (shipping sanples iced, storing in
refrigerator at 2°C until analysis). However, formng
section stacks and other sources using waste water sprays
may be subject to mcrobial contam nation. For these
sources, a biocide (quaternary amoni um conpound sol ution)
may be added to coll ected sanples to i nprove sanple
stability and net hod ruggedness.

8.7.2 Sanpl e holding tine: Sanples should be
anal yzed within 14 days of collection. Sanples nust be
refrigerated/ kept cold for the entire period preceding
analysis. After the sanples have been brought to room
tenperature for analysis, any anal yses needed shoul d be
performed on the sane day. Repeated cycles of warm ng the
sanples to roomtenperature/refrigerating/rewarmng, then
anal yzi ng again, etc., have not been investigated in depth
to evaluate if analyte levels remain stable for all sources.

8.7.3 Addi tional studies will be perforned to
eval uate whet her | onger sanple holding tinmes are feasible
for this method.

8.8 Sampl e Recovery.

8.8.1 Preparation

8.8.1.1 Proper cl eanup procedure begins as soon
as the probe is renoved fromthe stack at the end of the

sanpling period. Allow the probe to cool. Wen the probe



can be handl ed safely, wipe off all external particulate
matter near the tip of the probe nozzle and place a cap over
the tip to prevent losing or gaining particulate matter. Do
not cap the probe tightly while the sanpling trainis
cool i ng because a vacuumw || be created, drawing liquid
fromthe inpingers back through the sanpling train.

8.8.1.2 Before noving the sanpling train to the
cl eanup site, renove the probe fromthe sanpling train and
cap the open outlet, being careful not to | ose any
condensate that m ght be present. Renove the unbilical cord
fromthe last inpinger and cap the inpinger. |If a flexible
line is used, |let any condensed water or liquid drain into
the inmpingers. Cap off any open inpinger inlets and
outlets. Gound glass stoppers, Teflon™ caps, or caps of
other inert materials nmay be used to seal all openings.

8.8.1.3 Transfer the probe and inpi nger assenbly
to an area that is clean and protected fromw nd so that the
chances of contami nating or |losing the sanple are m nim zed.

8.8.1.4 | nspect the train before and during
di sassenbly, and note any abnornmal conditions.

8.8.1.5 Save a portion of the washing sol ution
(high purity water) used for cleanup as a bl ank.

8.8.2 Sanpl e Cont ai ners:

8.8.2.1 Cont ai ner 1: Probe and | npi nger

Catches. Using a graduated cylinder, neasure to the nearest



m, and record the volune of the solution in the first three
inpingers. Alternatively, the solution nay be wei ghed to
the nearest 0.5 g. Include any condensate in the probe in
this determ nation. Transfer the conbi ned inpinger solution
fromthe graduated cylinder into the polyethylene bottle.
Taki ng care that dust on the outside of the probe or other
exterior surfaces does not get into the sanple, clean al
surfaces to which the sanple is exposed (including the probe
nozzl e, probe fitting, probe liner, first three inpingers,
and i npinger connectors) with water. Use |ess than 400 m
for the entire waste (250 ml woul d be better, if possible).
Add the rinse water to the sanpl e container.

8.8.2.1.1 Carefully renove the probe nozzle and
rinse the inside surface with water froma wash bottle.
Brush with a bristle brush and rinse until the rinse shows
no visible particles, after which make a final rinse of the
i nside surface. Brush and rinse the inside parts of the
Swagel ok (or equivalent) fitting with water in a simlar
way.

8.8.2.1.2 Rinse the probe liner with water. Wile
squirting the water into the upper end of the probe, tilt
and rotate the probe so that all inside surfaces wll be
wetted with water. Let the water drain fromthe | ower end
into the sanple container. The tester may use a funnel

(glass or polyethylene) to aid in transferring the liquid



washes to the container. Followthe rinse with a bristle
brush. Hold the probe in an inclined position, and squirt
water into the upper end as the probe brush is being pushed
with a twsting action through the probe. Hold the sanple
contai ner underneath the | ower end of the probe, and catch
any water and particulate matter that is brushed fromthe
probe. Run the brush through the probe three tinmes or nore.
Rinse the brush with water and quantitatively collect these
washi ngs in the sanple container. After the brushing, make
a final rinse of the probe as describe above.
NOTE: Two people should clean the probe in order to
mnimze sanple | osses. Between sanpling runs, brushes nust
be kept clean and free from contam nati on.

8.8.2.1.3 Rinse the inside surface of each of the
first three inpingers (and connecting tubing) three separate
times. Use a small portion of water for each rinse, and
brush each surface to which the sanple is exposed with a
bristle brush to ensure recovery of fine particulate matter.
Make a final rinse of each surface and of the brush, using
wat er .

8.8.2.1.4 After all water washing and particul ate
matter have been collected in the sanple container, tighten
the lid so the sanple will not |eak out when the container
is shipped to the | aboratory. Mark the height of the fluid

| evel to determ ne whether | eakage occurs during transport.



Label the container clearly to identify its contents.

8.8.2.1.5 If the first two inpingers are to be
anal yzed separately to check for breakthrough, separate the
contents and rinses of the two inpingers into individual
containers. Care nust be taken to avoid physical carryover
fromthe first inpinger to the second. Any physica
carryover of collected noisture into the second i npinger
wi |l invalidate a breakthrough assessnent.

8.8.2.2 Cont ai ner 2: Sanple Blank. Prepare a
bl ank by using a pol yethyl ene contai ner and adding a vol une
of water equal to the total volune in Container 1. Process
the blank in the sane manner as Container 1

8.8.2.3 Cont ai ner 3: Silica Gel. Note the
color of the indicating silica gel to determ ne whether it
has been conpletely spent and nmake a notation of its
condition. The inpinger containing the silica gel may be
used as a sanple transport container with both ends seal ed
with tightly fitting caps or plugs. G ound-glass stoppers
or Teflon™ caps maybe used. The silica gel inpinger should
then be | abel ed, covered with alum numfoil, and packaged on
ice for transport to the |laboratory. |If the silica gel is
renmoved fromthe inpinger, the tester may use a funnel to
pour the silica gel and a rubber policeman to renove the
silica gel fromthe inpinger. 1t is not necessary to renove

the small anmount of dust particles that nmay adhere to the



inpinger wall and are difficult to renove. Since the gain
in weight is to be used for noisture cal cul ati ons, do not
use water or other liquids to transfer the silica gel. If a
bal ance is available in the field, the spent silica gel (or
silica gel plus inpinger) may be weighed to the nearest 0.5
g.

8.8.2.4 Sanpl e containers should be placed in a
cool er, cooled by (although not in contact with) ice.
Putting sanple bottles in Zip-Lock™ bags can aid in
mai ntaining the integrity of the sanple |abels. Sanple
cont ai ners should be placed vertically to avoi d | eakage
during shipnent. Sanples should be cool ed during shi pnent
so they will be received cold at the laboratory. It is
critical that sanples be chilled imediately after recovery.
| f the source is susceptible to mcrobial contam nation from
wash water (e.g. formng section stack), add biocide as
directed in section 8.2.5.

8.8.2.5 A quat ernary ammoni um conpound can be
used as a biocide to stabilize sanpl es agai nst m crobi al
degradation follow ng collection. Using the stock
quat ernary ammoni um conpound (QAC) solution; add 2.5 Ml QAC
solution for every 100 ml of recovered sanple vol une
(estimate of volune is satisfactory) imrediately after
collection. The total volune of QAC solution nust be

accurately known and recorded, to correct for any dilution



caused by the QAC solution addition
8.8.3 Sanple Preparation for Analysis
8.8.3.1 The sanpl e should be refrigerated if the
analysis will not be perfornmed on the day of sanpling.
Al'low the sanple to warm at room tenperature for about two
hours (if it has been refrigerated) prior to analyzing.
8.8.3.2 Anal yze the sanple by the pararosaniline
met hod, as described in Section 11. |[If the col or-devel oped
sanpl e has an absorbance above the highest standard, a
suitable dilution in high purity water should be prepared
and anal yzed.

9. Quality Control.

9.1 Sanpling: See EPA Manual 600/ 4-77-02b for
Met hod 5 quality control.

9.2 Analysis: The quality assurance program
required for this nethod includes the analysis of the field
and net hod bl anks, and procedure validations. The positive
identification and quantitation of fornmal dehyde are
dependent on the integrity of the sanples received and the
preci sion and accuracy of the analytical nethodol ogy.

Qual ity assurance procedures for this nethod are designed to
nmoni tor the performance of the anal ytical nethodol ogy and to
provide the required information to take corrective action
if problens are observed in |aboratory operations or in

field sanpling activities.



9.2.1 Field Bl anks: Field bl anks nust be
submtted with the sanples collected at each sanpling site.
The field blanks include the sanple bottles containing
al i quots of sanple recover water, and water reagent. At a
m ni mum one conplete sanpling train will be assenbled in
the field staging area, taken to the sanpling area, and
| eak- checked at the beginning and end of the testing (or for
the sane total nunber of times as the actual sanpling
train). The probe of the blank train nust be heated during
the sanple test. The train will be recovered as if it were
an actual test sanple. No gaseous sanple will be passed
t hrough the bl ank sanpling train.

9.2.2 Bl ank Correction: The field blank
f or mal dehyde concentrations wll be subtracted fromthe
appropriate sanple fornal dehyde concentrations. Bl ank
f or mal dehyde concentrati ons above 0.25 pug/ m shoul d be
consi dered suspect, and subtraction fromthe sanple
f or mal dehyde concentrations should be performed in a manner
acceptable to the Adm nistrator.

9.2.3 Met hod Bl anks: A nethod bl ank nust be
prepared for each set of analytical operations, to evaluate
contam nation and artifacts that can be derived from
gl assware, reagents, and sanple handling in the |aboratory.

10. Cali bration.

10.1 Probe Nozzl e: Probe nozzl es shall be



calibrated before their initial use in the field. Using a
m croneter, neasure the inside dianeter of the nozzle to the
nearest 0.025 mm (0.001 in). Make neasurenents at three
separate places across the dianeter and obtain the average
of the measurenents. The difference between the high and
| ow nunbers shall not exceed 0.1 mm (0.004 in). \Wen the
nozzl e beconmes nicked or corroded, it shall be repaired and
calibrated, or replaced wwth a calibrated nozzle before use.
Each nozzl e nust be permanently and uniquely identified.

10.2 Pitot Tube: The Type S pitot tube assenbly
shall be calibrated according to the procedure outlined in
Section 4 of EPA Method 2, or assigned a nom nal coefficient
of 0.84 if it is not visibly nicked or corroded and if it
nmeets design and interconponent spacing specifications.

10. 3 Metering System

10.3.1 Before its initial use in the field, the
metering systemshall be calibrated according to the
procedure outlined in APTD-0576. Instead of physically
adjusting the dry-gas neter dial readings to correspond to
the wet-test neter readings, calibration factors may be used
to correct the gas neter dial readings mathematically to the
proper values. Before calibrating the netering system it
I's suggested that a | eak-check be conducted. For netering
systens havi ng di aphragm punps, the normal | eak-check

procedure will not delete | eakages with the punp. For these



cases, the follow ng | eak-check procedure will apply: nmake
a ten-mnute calibration run at 0.00057 n¥/ mn (0.02 cfn).

At the end of the run, take the difference of the nmeasured
wet -test and dry-gas neter volunmes and divide the difference
by 10 to get the leak rate. The |eak rate should not exceed
0. 00057 n¥/ mn (0.02 cfm.

10. 3.2 After each field use, check the
calibration of the netering systemby performng three
calibration runs at a single internediate orifice setting
(based on the previous field test). Set the vacuum at the
maxi mum val ue reached during the test series. To adjust the
vacuum insert a valve between the wet-test nmeter and the
inlet of the metering system Calcul ate the average val ue
of the calibration factor. |If the calibration has changed
by nore than 5 percent, recalibrate the neter over the ful
range of orifice settings, as outlined in APTD 0576.

10.3.3 Leak-check of netering system The
portion of the sanpling train fromthe punp to the orifice
meter (see Figure 1) should be | eak-checked prior to initial
use and after each shipnent. Leakage after the punp wll
result in less volunme being recorded than is actually
sanpled. Use the followi ng procedure: Cl ose the main valve
on the meter box. Insert a one-hole rubber stopper with
rubber tubing attached into the orifice exhaust pipe.

Di sconnect and vent the low side of the orifice manoneter.



Close off the low side orifice tap. Pressurize the system
to 13 - 18 cm (5 - 7 in) water colum by blowng into the
rubber tubing. Pinch off the tubing and observe the
manoneter for 1 mn. A loss of pressure on the manoneter
indicates a leak in the meter box. Leaks nust be corrected.
NOTE: |If the dry-gas neter coefficient values obtained
before and after a test series differ by > 5 percent, either
the test series nmust be voided or calculations for test
series nust be performed using whi chever neter coefficient
value (i.e., before or after) gives the |lower value of tota
sanpl e vol une.

10.4 Probe Heater: The probe heating system nust
be calibrated before its initial use in the field according
to the procedure outlined in APTD-0576. Probes constructed
according to APTD 0581 need not be calibrated if the
calibration curves in APTD 0576 are used.

10.5 Tenperature gauges: Use the procedure in
section 4.3 of USEPA Method 2 to calibrate in-stack
tenperature gauges. Dial thernoneters such as are used for
the dry gas neter and condenser outlet, shall be calibrated
agai nst nercury-in-glass thernoneters.

10. 6 Baroneter: Adjust the baronmeter initially
and before each test series to agree to within £ 2.5 mm Hg
(0.1 in Hg) of the nercury baroneter. Alternately, if a

Nat i onal Weat her Service Station (NWSS) is |located at the



sane altitude above sea level as the test site, the
baronetric pressure reported by the NWSS may be used.

10. 7 Bal ance: Calibrate the bal ance before each
test series, using Class S standard wei ghts. The weights
must be within £ 0.5 percent of the standards, or the
bal ance nust be adjusted to neet these l[imts.

11. 0 Procedure for Analysis.

The wor ki ng formal dehyde standards (0.25, 0.50,
1.0, 2.0, and 3.0 wug/m) are analyzed and a calibration
curve is calculated for each day's analysis. The standards
shoul d be analyzed first to ensure that the nmethod is
wor ki ng properly prior to analyzing the sanples. |In
addition, a sanple of the high-purity water should al so be
anal yzed and used as a "0" fornmal dehyde standard.

The procedure for analysis of sanples and
standards is identical: Using the pipet set to 2.50 m,
pi pet 2.50 m of the solution to be analyzed into a
pol ystyrene cuvette. Using the 250 wl pipet, pipet 250 wl
of the pararosaniline reagent solution into the cuvette.
Seal the top of the cuvette with a Parafilmsquare and shake
at |l east 30 seconds to ensure the solution in the cuvette is
wel | -m xed. Peel back a corner of the Parafilmso the next
reagent can be added. Using the 250 wl pipet, pipet 250 wl
of the sodiumsulfite reagent solution into the cuvette.

Reseal the cuvette with the Parafilm and again shake for



about 30 seconds to mx the solution in the cuvette. Record
the tine of addition of the sodiumsulfite and |l et the col or
devel op at roomtenperature for 60 mnutes. Set the
spectrophotoneter to 570 nmand set to read in Absorbance
Units. The spectrophotoneter should be equi pped with a

hol der for the 1-cm pathlength cuvettes. Place cuvette(s)
containing high-purity water in the spectrophotoneter and
adjust to read 0.000 AU.

After the 60 m nutes col or devel opnment period, read the
standard and sanples in the spectrophotoneter. Record the
absor bance reading for each cuvette. The calibration curve
is calculated by linear regression, with the formal dehyde
concentration as the "x" coordinate of the pair, and the
absorbance reading as the "y" coordinate. The procedure is
very reproduci ble, and typically will yield values simlar
to these for the calibration curve

Correl ation Coefficient: 0.9999

Sl ope: 0. 50

Y-Intercept: 0. 090
The fornmal dehyde concentration of the sanples can be found
by using the trend-line feature of the cal culator or
conputer programused for the linear regression. For
exanple, the TI-55 calculators use the "X' key (this gives
the predicted fornal dehyde concentration for the val ue of

t he absorbance you key in for the sanple). Miltiply the



f or mal dehyde concentration fromthe sanple by the dilution
factor, if any, for the sanple to give the formal dehyde
concentration of the original, undiluted, sanple (units wll
be m crograns/ m).

11.1 Notes on the Pararosaniline Procedure

11.1.1 The pararosaniline nethod is
tenperature-sensitive. However, the small fluctuations
typical of a laboratory will not significantly affect the
results.

11.1.2 The calibration curve is linear to
beyond 4 wg/ m formal dehyde, however, a research-grade
spectrophotoneter is required to reproducibly read the high
absor bance values. Consult your instrunment manual to
eval uate the capability of the spectrophotoneter.

11.1.3 The quality of the | aboratory water used
to prepare standards and nmake dilutions is critical. It is
inportant that the cautions given in the Reagents section be
observed. This procedure allows quantitation of
formal dehyde at very low levels, and thus it is inperative
to avoid contam nation from ot her sources of formal dehyde
and to exercise the degree of care required for trace
anal yses.

11.1.4 The anal yst shoul d becone famliar with
the operation of the Oxford or equival ent pipettors before

using themfor an analysis. Follow the instructions of the



manuf acturer; one can pipet water into a tared contai ner on
any anal ytical bal ance to check pipet accuracy and
precision. This will also establish if the proper technique
is being used. Always use a newtip for each pipetting

oper ati on.

11.1.5 This procedure follows the
recommendati ons of ASTM Standard Gui de D 3614, reading al
solutions versus water in the reference cell. This allows
t he absorbance of the blank to be tracked on a daily basis.
Refer to ASTM D 3614 for nore information.

12.0 Cal cul ati ons.

Carry out calculations, retaining at |east one
extra decimal figure beyond that of the acquired data.
Round of f figures after final cal cul ations.
12.1 Cal cul ations of Total Fornal dehyde.
12.1.1 To determ ne the total fornal dehyde
in ng, use the follow ng equation if biocide was not used:

Total ng fornml dehyde =

C, X V x DF x 0.001 mg/ug

wher e:

o8 = measured conc. formal dehyde, wg/m
\% = total volunme of stack sanple, m
DF = dilution factor

12.1.2 To determ ne the total formal dehyde in



nmg, use the follow ng equation if biocide was used:

Total ng forml dehyde =

CyxV
(V-B) x DF x 0.001 mg/ug

Wer e:
G = measured conc. formal dehyde, wg/m
\% = total volunme of stack sanple, m
B = total volunme of biocide added to sanple, m
DF = dilution factor

12. 2 Formal dehyde concentration (ng/n¥) in stack
gas. Determne the fornal dehyde concentration (ng/nf) in
the stack gas using the foll ow ng equation:

For mal dehyde concentration (ng/n?) =

K x [total formaldehyde,mg]

V_ (std)
wher e:
K = 35.31 cu ft/n? for V(std) in English units,
or
K = 1.00 n¥/n¥ for V(std) in nmetric units
V (std) = vol ume of gas sanple neasured by a dry

gas neter, corrected to standard
condi tions, dscm (dscf)

12.3 Average dry gas neter tenperature and average

orifice pressure drop are obtained fromthe data sheet.



12. 4 Dry Gas Vol une: Cal cul ate V,(std) and
adjust for |eakage, if necessary, using the equation in
Section 6.3 of EPA Method 5, 40 CFR part 60, appendix A

12.5 Vol une of Water Vapor and Mi sture Content:
Cal cul ated the vol unme of water vapor and noi sture content
fromequations 5-2 and 5-3 of EPA Met hod 5.

13. 0 Met hod Perf or nance.

The precision of this nmethod is estimated to be
better than £ 5 percent, expressed as = the percent relative

st andard devi ati on.

14.0 Pollution Prevention. (Reserved)

15.0 Waste Managenent. (Reserved)

16.0 References.

R R Mksch, et al., ANALYTI CAL CHEM STRY, Novenber 1981, 53
pp. 2118-2123.
J.F. Wal ker, FORVMALDEHYDE, Third Edition, 1964.

US EPA 40 CFR, Part 60, Appendix A, Test Methods 1-5
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1.0 PROJECT/TASK ORGANIZATION
Figure 1.1 illustrates the program organization for the Formaldehyde Emissions Testing
From Asphalt Heaters project. Each organization and individual shown in Figure 1.1 is
described in the following subsections.

1.1  NATIONAL ASPHALT PAVEMENT ASSOCIATION (NAPA)

This study is being funded by the National Asphalt Pavement Association (NAPA) and
the State Asphalt Pavement Association (SAPA). NAPA is located in Lanham, Maryland.

1.1.1 NAPA Project Director (NAPA PD)

The NAPA Project Director (NAPA PD) is the NAPA counterpart to the MACTEC
Federal Programs, Inc. (MACTEC) Project Director MACTEC PD). The NAPA PD and the
MACTEC PD will work in coordination to ensure all parties are properly prepared and informed.

The NAPA PD for this project is Ms. Una Connolly.

1.2 MACTEC FEDERAL PROGRAMS, INC.

MACTEC Federal Programs, Inc. (MACTEC, formerly Pacific Environmental Services,

Inc.) will provide overall project management and supervision for each aspect of the project.

MACTEC is a nationwide environmental engineering and industrial hygiene firm.
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Figure 1.1. Project Organization
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1.2.1 MACTEC Project Director

Mr. John T. Chehaske will serve as the MACTEC Project Director MACTEC PD) and
manage the day-to-day activities of the contract. These include selecting the MACTEC Project
Manager (PM), tracking project costs, coordinating activities, and communicating project status
to the NAPA. Mr. Chehaske is MACTEC’s Corporate Director of Air Monitoring with over 30
years of experience in the field of air pollution monitoring. He has directed a variety of test
programs, including: hazardous waste burns at cement kilns, VOC testing at printing and coating

processes, method development, refuse derived fuel evaluations, and many others.

1.2.2 MACTEC Project Manager (PM)

The MACTEC PM has ultimate responsibility for the successful completion of this
project. He is responsible for coordinating activities with the facility personnel, regulatory
personnel, and MACTEC employees. The PM is Mr. Franklin Meadows. Mr. Meadows has
over 37 years of experience in emissions measurement studies. He has managed complex field
testing assignments in support of standards setting and method evaluations. Mr. Meadows
served as the PM on numerous assignments under which he developed Site Specific Test Plans,

Quality Assurance Project Plans, and report documentation.

1.2.3 MACTEC Quality Assurance Officer (QAQ)

The MACTEC QAO is responsible for assuring that all project QA/QC requirements are
met. The MACTEC QAO is James Paumier. Mr. Paumier has 10 years of experience executing

projects following strict QA/QC requirements.
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1.2.4 MACTEC Field Sampling Crew

During the field testing, Mr. Meadows will be assisted by experienced personnel in the
assembly, operation, sample recovery activities associated with the sampling trains being used,
sample analysis, data reduction and interpretation of results, é,nd report documentation.
MACTEC will provide platforms (scaffold or man lifts) to support the test team personnel and

test equipment.

1.2.5 Resolution Analvytics, Inc. (RAI)

Under contract to MACTEC, Resolution Analytics, Inc., located in Sanford, North
Carolina, will be responsible for analyzing the formaldehyde samples. The analyses will be

performed under the direction of Mr. Bruce Nemet.

1.3 HOST FACILITIES

NAPA has selected four facilities located in North Carolina as host facilities for the
planned testing program. Two are owned and operated by REA Construction and two are owned

and operated by S. T. Wooten Corporation. They include:

REA Construction REA Construction
North Mecklenburg Plant Mallard Creek Plant
Charlotte, NC Charlotte, NC

No. 2 Oil-fired HOS Natural Gas-fired HOS
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Mr. Tim Gaddy, Commercial Contracts Manager is the point of contact for both REA

Construction facilities.

S.T Wooten Corporation S. T. Wooten Corporation
255 Material Drive 2710 Commerce Road
Franklinton, NC Wilson, NC

No. 2 Oil-fired HOS No. 2 Oil-fired HOS

Mr. David K. Glover, Asphalt Production Manager, is the point of contact for both S. T. Wooten

Corporation facilities.

1.4 HEATEC

HEATEC is the manufacturer of the burners used at the four host facilities. HEATEC
will be responsible for installing heat sinks on each burner so that the burners can operate
continuously for the duration of the testing. Also, HEATEC will modify the burner exhaust
stacks per MACTEC direction and measure fuel usage during each measurement run. HEATEC
is represented by Mr. Ronald M. Henry, Service Manager and Mr. Mark D. Moon, P.E., Design

Engineering Manager.

1.5 U.S.ENVIRONMENTAL PROTECTION AGENCY (USEPA)

At the request of the NAPA, the USEPA’s Emission Measurement Center (EMC) has
agreed to review this QAPP/SSTP. The QA Manager at the EMC responsible for reviewing the
QAPP/SSTP is Mr. Michael L. Toney.
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1.6 NORTH CAROLINA DEPARTMENT OF ENVIRONMENT AND NATURAL
RESOURCES (NCDENR)

The NCDENR representative is Mr. Keith Overcash, Director of Air Quality.
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2.0 PROBLEM DEFINITION/BACKGROUND

In 2000, the U.S. Environmental Protection Agency’s (USEPA) Office of Air Quality
Planning and Standards (OAQPS) published Section 11.1 in their Compilation of Air Pollutant
Emission Factors, 5" Edition, Volume 1: Stationary Point and Area Sources, more commonly
know as AP-42. Section 11.1 provides emission factors for Hot Mix Asphalt (HMA)
manufacturing facilities and ancillary operations. Ancillary operations include the heating
system for the asphalt cement storage facilities. There are three types of heating systems that are
used to maintain requsite asphalt cement temperatures in the storage tanks: hot oil heat transfer,
direct-fired, and electric probes. The hot oil heat transfer syétern is the most common system in

use today and the direct-fired system is phasing out.

The hot oil heat transfer system involves heating a specially designed heat transfer oil to
specified temperatures and pumping the hot oil through a piping system that passes through the
asphalt cement storage tank. The heat is provided by burning a fossil fuel. The flue gas
generated from the combustion of the fossil fuel is emitted into the environment. The flue gas

consists of typical products of combustion and incomplete combustion.

The heat input capacity of the burners in hot oil systems (HOS) generally range in size
from less than 1 million BTUs per hour to 1.5 million BTUs per hour. The burners are operated
to heat oil on an as-needed basis, which is based on the desired asphalt cement storage
temperature. Once the asphalt cement reaches the specified temperature, the burner will shut
down and remain inactive until the asphalt cement cools and its temperature drops below the

temperature setting, just like any household heating system. The asphalt cement storage tanks

are insulated to slow down the cooling process. The result is that the burners do not run
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continuously around the clock. HEATEC will install heat sinks on each burner so that the

burners can operate continuously for the duration of the testing.

The list of emission factors for a HOS published by the USEPA in AP-42 Section 11.1
includes only hazardous air pollutants, including formaldehyde, for a HOS burning No. 2 fuel oil.
They were derived from a single stack test conducted in the 1980s. Because of the small size of
the burners in terms of heat input capacity, HOS emissions have been considered insignificant
when estimating emissions from a HMA facility, or they have been exempted by state regulations
because the heat input rating falls below state regulatory thresholds. However, in 2002, several
states have insisted that emissions be calculated for HOS at HMA facilities, and concerns have
been raised by the states and the HMA industry regarding the reliability of the HOS emission

factor for formaldehyde.

When the formaldehyde emission factor for asphalt HOS was compared to the
formaldehyde emission factor published for combustion of fuel oil in an industrial furnace or
boiler in AP-42 Section 1.3, the HOS emission factor was found to be three orders of magnitude
higher. While it is accepted that small combustion units are not as efficient as industrial sized
combustion units, the USEPA agreed with NAPA that the combustion efficiency of a small
combustion burner is unlikely to be three orders of magnitude lower. Summarized below are the

AP-42 emission factors from fuel oil combustion and hot oil heaters.

Emission Factor
Source 1b/10° gal
Fuel Oil Combustion 0.035-0.061

Hot Oil Burner 27
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On May 1, 2002, HMA Industry representatives met with representatives from the
USEPA and the North Carolina Department of Environment and Natural Resources (NCDENR)
in Raleigh, North Carolina, to discuss the situation regarding the formaldehyde emission factor
for HOS as listed in Section 11.1, Table 11.1-13. This emission factor was based on data from a
single stack test. The USEPA recognizes that a single stack test does not constitute a statistically
significant databasc. However, if that is all they have, they will use a single stack test to
determine and publish emission factors. They account for the small quantity of data by assigning
the lowest condfidence rating from the confidence rating scale established by the OAQPS. The
USEPA representative at the meeting stated that he believes at least four separate HOS need to

be stack tested to establish an emission factor that would be assigned a higher confidence rating.

The USEPA representative discussed his review of the original stack test from which the
original formaldehyde emission factor was derived (the emission factor was actually derived by a
firm contracted by the USEPA to conduct this type of work). He found that there was probably
some deficiencies in the report and insufficient information to verify the derivation of the
emission factor. He was able to verify that Method SW846/0011 was used. After considerable
discussion among the participants of the meeting, it was determined that stack testing should be
conducted to establish a more reliable emission factor for formaldehyde from asphalt cement

HOS. It was also determined that Reference Method 316 would be used for this stack testing

project.
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3.0 PROJECT/TASK DESCRIPTION

NAPA is conducting this testing effort to develop emission factors for formaldehyde
emissions from HOS burners at HMA plants. This project entails working with personnel
representing NAPA, MACTEC, REA Construction, S. T. Wooten Corporation, USEPA,
NCDENR, and HEATEC. NAPA has contracted the testing efforts to MACTEC. The primary
objective of this testing project will be to accurately determine formaldehyde concentrations and
mass emission rates from HOS burners. Because carbon monoxide (CO) is also a product of
incomplete combustion, determinations of CO concentrations and mass emission rates will also
be made. The results will be used by NAPA to develop emission factors for formaldehyde and
CO. This Quality Assurance Project Plan/Site-Specific Test Plan (QAPP/SSTP) presents an

overview of the procedures MACTEC proposes to follow to accomplish this objective.

3.1 WORK TO BE PERFORMED

The USEPA has recommended to NAPA that at least four different HOS burners be
tested in order to obtain sufficient data to constitute a statistically significant data base. In order
to satisfy this recommendation, NAPA has selected four HMA plants, all located in North
Carolina, to serve as host facilities for the planned testing program. Three of the burners are No.
2 oil-fired and one of the burners is natural gas-fired. The testing program includes preparation

of this QAPP/SSTP, field testing, and report documentation.

3.1.1 Field Testing

At each of the four facilities, testing will be performed at the exhaust stack of the HOS

burner for the following pollutants: formaldehyde as per EPA Method 316 and CO as per EPA
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Method 10. This will require accurate determinations of burner exhaust gas volumetric flow
rates, pollutant concentrations, and fuel usage during each individual test run. Accurate
determinations of these pollutants/parameters are considered to be critical to the success of this
test program. The test methods used in this test program will comply with the technical criteria

described in the reference methods and the quality standards described in this document.

Once on-site at each facility, the MACTEC test crew will set up the test equipment and
perform miscellaneous pretest activities including: measuring the stacks and calculating sample
traverse point locations, conducting cyclonic flow checks, conducting preliminary velocity and
temperature traverses, performing initial calibrations and bias checks on the CO analyzer, and
making final preparations for testing. The actual testing at each facility will consist of a

minimum of three valid test runs. The minimum sample time for each test run will be one hour.

At the conclusion of the field test, MACTEC will pack up the samples and test
equipment, restore the test sites, and return to the MACTEC office in Research Triangle Park,
NC. Post test activities will include cleanup, maintenance, and calibration of MACTEC’s test

equipment, and transfer of the formaldehyde samples to RAI for analysis.
3.2 SCHEDULE FOR IMPLEMENTATION
Specific test dates have not been established pending approval of this QAPP/SSTP.

Testing will be conducted in early 2003. The S.T. Wooten facilities in Wilson and Franklinton
will be tested first during the same field trip. The REA North Mecklenburg and Mallard Creek

facilities will be tested during the next field trip.




33 REPORTS

Project No. 5940.000
Element No. A6 (Section 3)

Revision No. 1
Date March 19, 2003
Page 3-3

MACTEC will prepare and submit a draft report summarizing the results of MACTEC’s

test results to the NAPA Project Director. The draft report will include a summary and

discussion of the results as well as copies of field data and any laboratory results. Once NAPA

has reviewed the draft report and provided written comments, MACTEC will make any revisions

and submit a final report.
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4.0 QUALITY OBJECTIVES AND CRITERIA FOR MEASUREMENT DATA

4.1 DATA QUALITY OBJECTIVES

The overall objective of this test program is to quantify the uncontrolled formaldehyde
and carbon monoxide (CO) emissions from HOS burners. The data will be used by NAPA to
develop emission factors for HOS burners. To obtain data which will satisfy this objective, the
test design must provide enough representative data to be statistically useful and standards for
accuracy, precision and completeness of data must be met. Section 8.0 discusses the specific
quality control procedures and criteria used to determine compliance with these quality

objectives.

42  CRITERIA FOR MEASUREMENT DATA

The following standards for representativeness, precision, accuracy and completeness

have been established for this project:

— The representativeness of the formaldehyde and CO data will be insured by testing

four separate HOS burners, three oil-fired and one natural gas-fired.

— The HOS burners will be operated at high-fire, constant load conditions.

— Triplicate samples for formaldehyde and CO, each 60 minutes in duration, will be

collected simultaneously over a several hour work day to account for fluctuations over

time. If any test runs need to be aborted, a replacement test run will be performed to
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ensure three data points for each parameter. The USEPA has established three test

runs as the minimum number for statistical purposes.

The formaldehyde detection limit is 11.3 ppbv based on a sample volume of 30 dry

standard cubic feet.

The carbon monoxide detection limit is 0.2 ppmv on a range of 0-100 ppm.

Formaldehyde sample break-through must be < 20%.

The targets for precision, accuracy and completeness are summarized below

Precision Formaldehyde <20% RSD
CcO 5% RSD
Accuracy Formaldehyde 90%
CcO 10%
Completeness | Formaldehyde 100%
CcO 100%

RSD - Relative Standard Deviation
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5.0 SPECIALIZED TRAINING

Personnel involved in this project have been trained in equivalent or similar tasks and
have from 2 to 38 years of experience in the duties similar to the ones they will be performing.

All MACTEC personnel have basic field safety training,

Each of the four sites will require the test personnel to work from scaffold or portable
man lifts. Fall protection consisting of full body harnesses and lanyards will be required for all

personnel working on scaffold or man lifts.

The field sampling crew will be equipped with standard personal protective gear (e.g.,
hard hats, safety shoes, eye goggles, and gloves). In addition, each person will be equipped with
hearing protection. All personnel will be required to wear DOT approved safety traffic vests.

Traffic cones will be used for traffic control in close proximity to the work areas.

The formaldehyde analyses will be performed by Resolution Analytics, Inc. whose

laboratory personnel are qualified and trained in all aspects of wet chemical analyses.
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6.0 DOCUMENTATION AND RECORDS

Records for this project will include a field test log, field data sheets, sample custody
records, computer data files for each run, and QA reports to management. These records and the

draft final report will be subject to an internal review before submission to NAPA.

6.1 FIELD OPERATION RECORDS

Field testing activities will be documented on standardized pre-formatted forms, Test
personnel will record data on “Field Data Sheets” designed for documentation of stack gas
parameters, sampling equipment operating parameters, and ambient conditions. CO
concentrations will be continuously monitored and the results will be logged using a data logger
and a chart recorder. Sample recovery activities will be recorded on a “Sample Recovery Data
Sheet” that will document moisture catch, sample description, and sample identification and
labeling. Quality Control samples such as field and reagent blanks will also be documented on
the “Sample Recovery Data Sheet.” A sample “Chain-of- Custody” will be completed for each
set of formaldehyde samples from each facility. If corrective action is required during any
segment of the field testing activities, the reason for the correction and the action taken will be
noted on the “Corrective Action Report.” All entries on these forms will be written in indelible
ink. If correction action is required on the form, a single line will be made through the error and
the correction will be dated and initialed. Any blank spaces will have a line drawn through to

ensure it is not later filled in. Example field data sheets appear in Appendix A.

Field test personnel will have access to this QAPP/SSTP and general field procedures in
the form of expanded USEPA reference methods. If any procedure becomes unclear the test

crew can refer to these as a step-by-step reference.
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6.2 LABORATORY RECORDS

RAI will provide sample tracking forms, case narratives describing the analytical
procedures used, including any anomalies and any modifications to procedures, data handling

records, and lab notes, for inclusion in the final report.

6.3 DRAFT AND FINAL REPORTS

The final report will include all raw field data, analytical data, and records. A summary
of any outliers or findings will be presented in the report. The report will undergo an internal
review before submittal. After submittal, the report will be filed at MACTEC for a period of no

less than three years. The file will also include disk copies of all electronic data used in the

development of the report.
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7.0 SAMPLING PROCESS DESIGN

The emission factors for formaldehyde and CO published in AP-42, Section 1.3, for oil-
fired HOS burners are expressed as pounds of pollutant per 1,000 gallons of fuel burned (1b/10°
gal), specifically 0.024 - 0.061 1b/10° gal for formaldehyde and 5 1b/10° gal for CO. The goal of
this testing program is designed to gather the necessary emissions and process data necessary for
the development of emission factors expressed in the same units. This will entail the accurate
measurement of formaldehyde and CO concentrations and mass emission rates, and accurate

determination of fuel usage during each test.

Formaldehyde and CO will be determined using EPA Methods 316 and 10, respectively.
When applied and used correctly, these methods produce accurate results. Testing will consist of

conducting triplicate 1-hour measurement runs for formaldehyde and CO at each facility.

The sampling process design at each of the four facilities is identical. Each burner has a
single stack that will need to be modified to meet the requirements of EPA Method 1 (REA
North Mecklenburg, REA Mallard Creek and S.T. Wooten, Wilson) or EPA Method 1A (S.T.
Wooten, Franklinton). The REA North Mecklenburg facility is unique in that the HOS burner
has a heat exchanger on the stack. This stack will require a taller stack extension because of the

heat exchanger.
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TABLE 7.1
TEST SCHEDULE

Date(s) Activity Comments

Day 1 Prepare/mobilize

Day 2 Travel to site, set-up

equipment, perform
preliminary measurements

Day 3 Conduct three 1-hr sampling
runs for CO and
formaldehyde, pack up
equipment, return travel

Day 4 Cleanup /calibrate
equipment, transport samples
to lab
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TABLE 7.2
SAMPLE & ANALYSIS MATRIX
Collection Media Analyte Analysis | Number of
By Samples
CARBON MONOXIDE - EPA METHOD 10
Continuous NDIR Carbon monoxide MACTEC | 12 samples?
FORMALDEHYDE - EPA METHOD 316
Probe & 1* impinger Formaldehyde RAI 12 samples®
2m & 3" impinger Formaldehyde RAI 12 samples®
Blanks Formaldehyde RAI 4 reagent
blanks®
4 field blanks®

* Three samples at each facility.
" One water and one reagent blank at each facility
¢ One field blank at each facility
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8.0 SAMPLING METHOD REQUIREMENTS

The sampling methods and procedures used for this field test are discussed below.
MACTEC anticipates performing three test runs at each facility, using standard operating
procedures specified in the reference sampling methods. Copies of the EPA Test Methods are

included in Appendix B.

8.1 LOCATION OF MEASUREMENT SITES

The measurement sites at each of the four facilities will be modified to exceed the
minimum requirements of EPA Methods 1 or 1A. The measurement sites at the four facilities
are schematically similar, although different in size. Dimensional data on the measurement sites

follow.

8.1.1 REA Construction - North Mecklenburg Facility

Depicted in Figure 8.1 is a simplified schematic of the existing stack and the
modifications that will be required. The modifications will include removal of the mesh bird

screen and installation of a stack extension. The stack extension will be 48 inches in length.

Once the modifications are complete, the measurement site will meet the requirements of
EPA Method 1, “Sample and Velocity Traverse for Stationary Sources”. The sample test ports
will be located 62 inches (4.4 stack diameters) downstream of the nearest flow disturbance
(asphalt tank heater) and 28 inches (2.0 stack diameters) upstream of the nearest flow
disturbance (atmosphere). According to EPA Method 1 criteria, this location requires 24 sample

traverse points, 12 along each of two perpendicular diameters. An additional port (1" pipe
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Figure 8.1 Proposed Stack Modifications for the REA North Mecklenburg Facility
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coupling) will be installed 12 inches upstream (not shown) of the asphalt tank heater and will be
used for the CO sample probe.

8.1.2 REA - Mallard Creek and S.T. Wooten - Wilson Facilities

The measurements sites at these two facilities are identical. Depicted in Figure 8.2 is a
simplified schematic of the existing stack(s) and the modifications that will be required. The
modifications will include removal of the mesh bird screen(s) and installation of a stack

extension. A stack extension, 49 inches long, will be added to facilitate testing.

Once the modifications are complete, the measurement sites will meet the requirements
of EPA Method 1, “Sample and Velocity Traverses for Stationary Sources”. The measurement
site will be located in a 14-inch inner diameter (ID) round, vertical stack 63 inches (4.5 stack
diameters) downstream of the nearest flow disturbance (asphalt tank heater) and 28 inches (2.0
stack diameters) upstream of the nearest flow disturbance (atmosphere). According to EPA
Method 1 criteria, this location requires 24 sample traverse points, 12 along each of two
perpendicular diameters. One additional port (1" pipe coupling) will be installed 34 inches

downstream of the asphalt tank heater and will be used for the CO sample probe.

8.1.3 S.T. Wooten - Franklinton Facility

The HOS burner and stack at the S.T. Wooten, Franklinton facility is schematically
identical to the REA Mallard Creek and S.T. Wooten, Wilson facilities, except it is a much
smaller system. The existing stack has an inner diameter of nine inches; therefore, this stack and
measurement site will be subject to the requirements of EPA Method 1A, “Sample and Velocity

Traverses for Stationary Sources With Small Stack or Ducts”. EPA Method 1A requires two

measurement sites, one for pollutant sampling and one for velocity measurements.
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Figure 8.2 Proposed Stack Modifications for the REA Mallard Creek

and Wooten Wilson Facilities.
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Figure 8.3 depicts a simplified schematic of the existing stack and the modifications that
will be required. The modifications will include removal of the mesh bird screens and
installation of a stack extension. Once the modifications are complete, the pollutant
measurement site will be located 42 inches (4.7 stack diameters) downstream of the nearest flow
disturbance (asphalt tank heater) and 54 inches (6.0 stack diameters) upstream of the nearest flow
disturbance (atmosphere). According to EPA Method 1A criteria, this location requires 24
sample traverse points, 12 along each of two perpendicular diameters. The velocity measurement
site will be located 36 inches downstream of the sampling measurement site and 18 inches (2.0
stack diameters) upstream of the nearest flow disturbance (atmosphere). Twenty four velocity
traverse points, 12 along each of two diameters, will be used to be consistent with the sample
traverse points. One additional port (1" pipe coupling) will be installed near the base of the stack

and will be used for the CO sample probe.

8.2 DETERMINATION OF STACK GAS VELOCITY

EPA Method 2, “Determination of Stack Gas Velocity and Volumetric Flow Rate
(Type S Pitot Tube)”, will be used to determine gas velocity at the sampling point. A Type S
pitot tube, constructed according to Method 2 geometric criteria and having an assigned
coefficient of 0.84, will be connected to a differential pressure gage (manometer) and to measure
velocity pressure (AP) at each sample traverse point. The exhaust gas temperature will also be
measured at each sample traverse point using a Type K thermocouple connected to a
potentiometer. The average exhaust gas velocity will be calculated using the average square

roots of the velocity pressure, average exhaust gas temperature, exhaust gas molecular weight,

and absolute stack pressure.
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8.3 DETERMINATION OF CARBON DIOXIDE, OXYGEN, AND DRY
MOLECULAR WEIGHT

EPA Method 3, “Gas Analysis for the Determination of Dry Molecular Weight”, will be
used to determine dry molecular weight of the stack gas. During each formaldehyde and CO
measurement run, grab samples will be collected using Fyrite® analyzers for determination of
percent (%) concentrations carbon dioxide (CO,) and oxygen (O,). The balance will be assumed

to be nitrogen (N,). These data will be used to calculate dry molecular weight.

84 DETERMINATION OF STACK GAS MOISTURE CONTENT

EPA Method 4, “Determination of Moisture Content in Stack Gases”, will be used to
determine stack gas moisture content. This method will be conducted simultaneously with the
EPA Method 316 formaldehyde measurement run. The impingers will be weighed on a top-
loading balance before and after each measurement run. The net weight gain will be converted to
an equivalent volume of air and compared to the total sample volume to calculate moisture

content.

8.5 DETERMINATION OF FORMALDEHYDE CONCENTRATIONS

EPA Method 316, “Sampling and Analysis for Formaldehyde Emissions from
Stationary Sources in the Mineral Wool and Wool Fiberglass Industries”, will be used to
determine formaldehyde concentrations. This method is applicable to the determination of
formaldehyde concentrations from stationary sources. Gaseous and particulate pollutants are
withdrawn isokinetically from the stack and are collected in high purity water. Formaldehyde
present in the emissions is highly soluble in high purity water. The high purity water sample

containing formaldehyde is then analyzed using the modified pararosaniline method.
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Formaldehyde in the sample reacts with acidic pararosaniline, and sodium sulfite, forming a
purple chromophore. The intensity of the purple color, measured spectrophotometrically,
provides an accurate and precise measure of the formaldehyde concentration in the sample.
Using this method, formaldehyde can be detected as low as 11.3 parts per billion by volume
(ppbv) or as high as 23,000,000 ppbv, based on a 1-hour sampling period and a sample volume
of 30 cubic feet.

8.6 DETERMINATION OF CARBON MONOXIDE CONCENTRATIONS

EPA Method 10, “Determination of Carbon Monoxide Emissions From Stationary
Sources”, will be used to measure carbon monoxide concentrations in the stack gas. During
each formaldehyde measurement run, a stack gas sample will be extracted continuously from the
sampling point and analyzed for CO using a non-dispersive infrared analyzer (NDIR) with gas
filter correlation (GFC). The NDIR/GFC will be operated on the range of 0-100 parts per million
by volume (ppmv). The output from the NDIR will be monitored using a data logger and chart

recorder.

8.7 DETERMINATION OF FUEL USAGE

Fuel usage rates will be the responsibility of NAPA and will be determined using data on
the fuel nozzle and fuel pressure. The nozzle size and pressure relates to a specific flow rate.
MACTEC has been assured by HEATEC that the fuel usage rates can be determined to within
+1% accuracy using this procedure. No. 2 fuel oil usage rates will be expressed in gallons per

hour. Natural gas usage will be expressed in cubic feet per hour.
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8.8 SELECTION AND PREPARATION OF SAMPLE CONTAINERS

Glass containers used to collect and/or transport formaldehyde samples will be

commercially pre-cleaned prior to use.

8.9 PRESERVATION METHODS AND MAXIMUM HOLDING TIMES

All formaldehyde samples will be stored and transported in sealed containers away from
dust and other ambient causes of contamination. The samples will be stored in coolers with blue
ice to maintain a temperature at 2 “C until analysis. The formaldehyde samples will be analyzed

within 14 days of collection.

8.10 IDENTIFY INDIVIDUALS RESPONSIBLE FOR CORRECTIVE ACTION

The MACTEC Field Team Leader will be on-site during all sampling and cleanup
procedures, and will serve as the individual responsible for devising and implementing any

corrective actions which may be necessary while in the field. As necessary, the MACTEC PM

will provide assistance in devising and implementing any corrective actions deemed necessary.
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9.0 SAMPLE HANDLING AND CUSTODY

9.1 SAMPLE CUSTODIANS

The sample custodians are identified below. These individuals will be responsible for
maintaining the proper chain of custody procedures during this testing program. They are also
responsible for the samples during substrate preparation, sample collection, sample recovery, and

analysis.

Mike Maret

MACTEC Federal Programs, Inc.
5001 S. Miami Blvd, Suite 300

RTP, NC 27709-12077

919/941-0333 (ph) 919/941-0234 (fax)

Bruce Nemet

Resolution Analytics, Inc.

2733 Lee Avenue

Sanford, NC 27330

919/774-5557 (ph) 919/776-6785 (fax)

9.2 SAMPLE LABELING SCHEME

Table 9.1 shows the formaldehyde sample labeling scheme.

Each test run will have a unique alpha-numeric code to be used only for sample
components from that test run. This code will include information on the run number and sample
component. The sample components are described in a one or two word phrase such as: rinse,

etc.
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TABLE 9.1

FORMALDEHYDE SAMPLE LABELING SCHEME

Facility/Run No. Pollutant Sample Description Sample ID Code
REA North Mecklenburg
NM-F-1 Formaldehyde Probe & 1* Impinger NM-F-1(A)
2" & 3" Impinger NM-F-1(B)
NM-F-2 Formaldehyde Probe & 1* Impinger NM-F-2(A)
2" & 3™ Impinger NM-F-2(B)
NM-F-3 Formaldehyde Probe & 1° Impinger NM-F-3(A)
2" & 3™ Impinger NM-F-3(B)
NM-F-FB Formaldehyde Probe & 1% Impinger NM-F-FB(A)
Field Blank 2" & 3" Impinger NM-F-FB(B)
NM-F-RB Formaldehyde Reagent Blank NM-F-RB
REA Mallard Creek
MC-F-1 Formaldehyde Probe & 1* Impinger MC-F-1(A)
2" & 3" Impinger MC-F-1(B)
MC-F-2 Formaldehyde Probe & 1* Impinger MC-F-2(A)
2" & 3" Impinger MC-F-2(B)
MC-F-3 Formaldehyde Probe & 1% Impinger MC-F-3(A)
2™ & 3" Impinger MC-F-3(B)
MC-F-FB Formaldehyde Probe & 1* Impinger MC-F-FB(A)
Field Blank 2M & 3" Impinger MC-F-FB(B)
MC-F-RB Formaldehyde Reagent Blank MC-F-RB
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TABLE 9.1 (Concluded)

Facility/Run No. Pollutant Sample Description Sample ID Code
Wooten Franklinton
WEF-F-1 Formaldehyde Probe & 1* Impinger WF-F-1(A)
2M & 3" Impinger WEF-F-1(B)
WEF-F-2 Formaldehyde Probe & 1* Impinger WF-F-2(A)
2™ & 3" Impinger WF-F-2(B)
WF-F-3 Formaldehyde Probe & 1% Impinger WEF-F-3(A)
2M & 3" Impinger WEF-F-3(B)
WF-F-FB Formaldehyde Probe & 1* Impinger WE-F-FB(A)
Field Blank 2M & 3" Impinger WEF-F-FB(B)
WE-F-RB Formaldehyde Reagent Blank WF-F-RB
Wooten Wilson
WW-F-1 Formaldehyde Probe & 1* Impinger WW-F-1(A)
2" & 3" Impinger WW-F-1(B)
WW-F-2 Formaldehyde Probe & 1* Impinger WW-F-2(A)
2" & 3™ Impinger WW-F-2(B)
WW-F-3 Formaldehyde Probe & 1% Impinger WW-F-3(A)
2" & 3" Impinger WW-F-3(B)
WW-F-FB Formaldehyde Probe & 1* Impinger WW-F-FB(A)
Field Blank 2" & 3" Impinger WW-F-FB(B)
WW-F-RB Formaldehyde Reagent Blank WW-F-RB
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9.3 SAMPLE STORAGE AND PRESERVATION

All MACTEC formaldehyde samples will be stored and transported in sealed containers
away from dust and other ambient causes of contamination. The samples will be stored in either

a freezer or coolers with blue ice to maintain a temperature at 2 °C.

9.4  FIELD DATA

All data sheets from the test location and sample recovery activities will be collected at
the end of each test day by the Field Team Leader and kept in his custody. The original field data
sheets will remain in MACTEC custody. Copies will be included with the draft and final reports.

9.5 CHAIN OF CUSTODY PROCEDURES

Chain of custody records will be implemented once sample substrates are prepared. After
collection, each sample container will be labeled and inspected prior to packaging for transport.
MACTEC will maintain custody of the samples during transport back to the MACTEC office in
Research Triangle Park, NC. Samples will be stored in MACTEC’s RTP laboratory which has
restricted access. MACTEC will be utilizing RAI for formaldehyde sample analyses and will
relinquish the samples to them using appropriate Sample Chain of Custody protocol. An

example Chain of Custody form appears in Figure 9.1.
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Cantral Park Wast
j ) . 5001 South Miami Boulevard, P.O. Box 12077
(] Research Triangle Park, North Carolina 27709-2077
PACIFIC ENVIRONMENTAL SERVICES, INC. (919) 941-0333 FAX: (919) 941-0234
Chain of Custody Record
[Fraject Froject Name
Number 4913.001 I VIWAPA Analysis Requested
Sarmplers:
Remarks
Date Time Field Sample I Sample Description
Relinquizhed by: {Signature) Date/Time ived by: (S Reknquished by: {Sig Ciate/Time |Received by: (Signature)
Rebngquizhed by: (Signature) Date/Time ived by {Si Relnquished by: (Signature) Date/Time }Received by: (Signature)
Refinguished by: (Sknature} Date/Time [Received for lab by: (Signature) REMARKS
¥
Page. of

Figure 9.1 Example Chain of Custody Form.
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10.0 ANALYTICAL METHOD REQUIREMENTS

Formaldehyde samples will be analyzed in accordance with the procedures specified in
EPA Method 316. The analyses will be performed by Resolution Analytics, Inc. (RAI) of
Sanford, North Carolina. Analyses will include samples, and field, reagent, and laboratory

blanks.,

Fourteen days has been established as the holding time for sample analysis after sample
collection. Once the samples are in the laboratory, RAI will prepare a formaldehyde standard
solution. The standard solution is stable for a period of four weeks if kept refrigerated between
analyses. Using the standard solution, RAI will prepare formaldehyde working standards daily.
The laboratory must establish that the formaldehyde working standards are stable. This will be
demonstrated by actual testing. The working standards will be analyzed and a calibration curve
will be calculated for each day’s analysis. The standards will be analyzed first to ensure that the
method is working properly prior to analyzing the samples. In addition, a sample of the
laboratory’s high purity water will be analyzed and used as a “0" formaldehyde standard. The
formaldehyde content of the water must be <0.005 pg/ml. The quality of the laboratory water

used to prepare standards and make dilutions is critical.

The procedure for analysis of standards and samples is identical. The standards and
samples will be analyzed following the procedures in Section 11.0 of Method 316 using a
spectrophotometer wave length of 570 nm and set to read in Absorbance Units. The calibration
curve will be calculated using linear regression. All samples from the four facilities will include

analysis of the “A” and “B” fractions of the sample, so that formaldehyde sample break-through

can be ascertained.
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11.0 QUALITY CONTROL REQUIREMENTS

The goal of the QC program is to ensure, to the highest degree possible, the accuracy of
the data collected and quantify the accuracy. This section describes specific procedures for
equipment preparation, on-site sampling, and sample recovery that affect sample quality, and

laboratory analysis.

11.1 REAGENTS AND GLASSWARE PREPARATION

All sample train glassware and sample recovery apparatus will be preconditioned
following the procedures of Method 316. All sampling train components and sample recovery
apparatus coming in contact with the sample will be soaked in hot soapy water (Alconox®),
followed by three rinses each with tap water, and high purity water. All glassware will then be

capped with cleaned aluminum foil (or other inert material).
High purity water (ASTM Type I) or equivalent will be used to collect formaldehyde in
the impingers and to recover the samples. The water will be provided by the analytical

laboratory (RAI) and will be analyzed before use for formaldehyde content. All samples will be

recovered into and stored in certified, pre-cleaned glass sample bottles.

11.2 CALIBRATION OF APPARATUS

The preparation and calibration of source sampling equipment is essential in maintaining

data quality. Brief descriptions of the calibration procedures to be used by MACTEC follow.
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11.2.1 Barometric Pressure

MACTEC uses aneroid barometers which are calibrated against a barometric pressure

value reported by a nearby National Weather Service station, and corrected for elevation.

11.2,2 Temperature Sensors

Type K thermocouples will be checked for proper operation using the procedures
described in Section 3.4.2 of the Quality Assurance Handbook, Volume III, 1994, Each
temperature sensor will be initially checked over the expected range of use against an ASTM 3C
or 3F thermometer. Electronic temperature readouts will be checked using a thermocouple

simulator having a range of 0-2400 °F.

11.2.3 Pitot Tubes

MACTEC uses S-type pitot tubes which are constructed according to EPA Method 2
specifications. Pitot tube dimensions are checked against EPA Method 2 dimensional criteria.
Pitot tubes not meeting these criteria are rejected. Pitot tubes meeting these criteria are assigned
a baseline coefficient of 0.84 and need not be calibrated.

11.2.4 Differential Pressure Gauges

MACTEC uses Dwyer differential pressure gauges (inclined/inclined-vertical

manometers). Manometers are primary standards and need no calibration.




Project No. 5940.000
Element No. B5 (Section 11)

Revision No. 1
Date March 19, 2003
Page 11-3

11.2.5 Dry Gas Meter and Orifice

The EPA Method 316 metering system consists primarily of a dry gas meter for
measuring sample volume and an orifice for adjusting sampling rate. Calibration of the metering
system will include initial calibration of the dry gas meter and orifice, and post-test calibration of
the dry gas meter. The calibrations will follow the procedures given in Section 10.3 of
Method 316. The initial calibration requires the dry gas meter to be within + 1% of a reference

value. The post-test dry gas meter calibration must be within 5% of the initial calibration.

11.3 ON-SITE SAMPLING
MACTEC will perform the following checks on the sampling equipment.

11.3.1 Measurement Sites

The dimensional data on the stacks in this QAPP/SSTP are based on preliminary
information obtained during the pretest site surveys. Prior to sampling, all stacks and stack
extensions will be carefully measured and sketches will be made showing the sample test port
locations, up and down stream distances to obstructions, and inner stack diameters. Inside
dimensions will be checked to determine uniformity of the stack cross-sectional area and the
sample test ports will be checked to verify that they do not extend beyond the inside wall. The
stack inside dimensions, wall thickness, and sample port depths will be measured to the nearest

1/16 inch.

Once the dimensional data are obtained, MACTEC will calculate the number of sample
traverse points as per EPA Method 1, and conduct tests on each stack to check for the presence of

cyclonic or non-parallel flow.
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11.3.2 Barometric Pressure.

Barometric pressure will be recorded at the beginning and end of each test run. The

average will be used for test run calculations. If necessary, adjustments will be made for

elevation depending on the actual location of the barometer.

11.3.3 Velocity Measurements

All velocity measurement apparatus will be assembled, leveled, zeroed, and leak-checked

prior to use and at the end of each test run. The static pressure will be determined at a single

point near the center of the stack cross-section. The stack gas stream will also be checked for

cyclonic flow. If cyclonic conditions are evident, they will either be eliminated, or if no other

options are possible, the “alignment method” will be used for sampling.

Apparatus QC Check Criteria Corrective Action
Manometer Leveled and zeroed Bubble leveler must | Re-level and re-zero.
before and after each | indicate level Note in test log.
test. conditions.
Manometer must
read zero.
Pitot Check for chips in Pitot lines must Repair or replace

Pitot. Perform leak
check on pitot lines
before and after each
test run.

indicate no leak over
a 15 second period at
a AP of 3 inches of
water.

pitots. A post test
leak check failure
indicates the run
must be voided and
repeated.
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11.3.4 Moisture

The EPA Method 316 trains will be used to determine stack gas moisture. During
sampling, the exit gas of the last impinger will be maintained below 68°F to ensure adequate
condensation of the stack gas water vapor. The total moisture will be determined gravimetrically

using an electronic platform balance with 0.1 gram sensitivity.

Apparatus QC Check Criteria Corrective Action
Impinger Glassware | Monitor Exit Exit temperature to Add more ice.
Temperature be kept below 68°F.
Electronic Balance Reference Weight Reading within 0.1 Recalibrate and
grams of known reweigh.
standard

11.3.5 EPA Method 316 Sampling Trains

The field sampling QA/QC for EPA Method 316 will begin in the sample recovery area.
The impingers will be charged with high purity water and silica gel, then weighed to the nearest
0.1 gram on a top loading electronic balance. The sample trains will be assembled without
attaching the sample probe. At the sampling site the sample probe will be attached to the sample
train and a leak check will be conducted. Any leaks found in excess of 0.02 cfm will be
corrected prior to beginning the test runs. Leak checks will also be conducted before and after
any sample train component changes, and upon completion of each test run. Probe heaters will

be maintained within allowable ranges throughout the test runs.
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Apparatus QC Check Criteria Corrective Action
Probe Heaters Monitor Temperature | Temperature to be Adjust Heater

kept 248 + 25°F. Setting.

Isokinetic Leak Check Leak Rate of less Adjust Sample
Sampling Train than 0.02 cfm. Volume or Retest.

11.3.6 EPA Method 10 Carbon Monoxide Analyzer

The field sampling QA/QC activities for EPA Method 10 will be more vigorous than

specified in the reference method. Specific QA/QC activities include:

Activity

— Calibration error

— Sampling system bias

— Zero and calibration draft test

Criteria

< 5% of calibration gas value

< 5% of span

+ 3% of span

In addition, initial up- and down-scale response time checks will be conducted.

114 EPA METHOD 316 SAMPLE RECOVERY

Sample recovery will be performed in an on-site laboratory van under the supervision of

the MACTEC Field Team Leader. Recovery of the formaldehyde sample trains will be
performed following the procedures of Method 316. In addition to the field blank, blanks will be

taken of the reagent grade water. The sample recovery apparatus will be made of pre-cleaned

Teflon® or glass. Before recovery, the impingers will be weighed to the nearest 0.1 grams so that

the moisture content of the gas stream can be calculated. The sample train cleanup will be
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accomplished by rinsing each sample train component from the nozzle up to and including the
“U” bend between the third and fourth impingers. The rinse up to and including the first
impinger will be recovered separately from the rest of the sample train so that separate analyses
can be performed on each fraction for the purpose of calculating formaldehyde collection
efficiency. All sample containers will be tared and then re-weighed following sample recovery,

so that sample integrity can be ascertained.

11.5 EPA METHOD 316 LABORATORY ANALYSIS

The formaldehyde samples will be analyzed following the procedures of EPA
Method 316. Field blanks and reagent blanks will be used to check for contamination. They
will be processed in the same way the field samples are processed. Field blank concentrations
will be subtracted from the appropriate sample formaldehyde concentrations. Blank

concentrations above 0.25 pg/ml will be considered suspect and will not be subtracted from the

sample formaldehyde concentrations.
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12.0 INSTRUMENT/EQUIPMENT TESTING, INSPECTION, AND MAINTENANCE

Prior to the field test, MACTEC will prepare a packing list identifying the sampling
equipment, instrumentation, and supplies necessary for the planned field testing. As part of this
activity, MACTEC will inspect each piece of sampling equipment to ensure that it is in good
repair and that the initial calibrations are still current. MACTEC will also prepare spare
sampling systems and supplies, so that interruptions in the testing program can be minimized in
the event of equipment malfunctions. All the equipment and supplies will be readied in a staging

area in MACTEC’s laboratory, then loaded onto a MACTEC van for transport to the test sites.

Upon arrival at the test site, MACTEC will inspect all the sampling equipment to verify
that it arrived in good condition. After inspecting the equipment, MACTEC will set up the
sample preparation and recovery area, and organize the equipment and work area, so that it is

functional and safe, and commence the pre-test activities.
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13.0 INSTRUMENT/EQUIPMENT CALIBRATION AND FREQUENCY
MACTEC’s sampling equipment is calibrated according to the criteria specified in the

EPA Methods 2, 316 and 10. The range of calibration is specified for all environmental

measurements to encompass the range of probable experimental values.

13.1 CALIBRATION AND PREPARATION OF SAMPLING APPARATUS

The preparation and calibration of source sampling equipment is essential in maintaining

data quality. MACTEC will follow the calibration routines described in the EPA Methods.
13.2 CALIBRATION OF ANALYTICAL INSTRUMENTS
All formaldehyde sample analysis for this effort will be conducted by MACTEC’s

subcontractor, RAl. MACTEC has assurances from RAI that all analytical instruments and

equipment used to process and analyze the samples will be calibrated according to standard

operating procedures for laboratory standards.
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14.0 INSPECTION/ACCEPTANCE OF SUPPLIES AND CONSUMABLES

Typically the manufacturer states purity levels on the packages of reagents and sampling
media. High purity water used for collection of formaldehyde and the rinsing of the train will

meet the requirements of ASTM Type I water. MACTEC will ensure that blanks of all water and

reagents used in the test are analyzed as discussed in Section 11 for the reagents.
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15.0 NON-DIRECT MEASUREMENTS

For this project, data will either be measured directly (e.g., temperature, velocity head,

etc.) or calculated from directly measured data. Project data will be recorded manually for

Method 316 and on a data logger for Method 10. Method 316 observations will be recorded in

ink on preformatted data sheets.
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16.0 DATA MANAGEMENT

16.1 USE OF NON-MEASUREMENT DATA

All data used in this project will be measured directly, calculated from direct
measurement data, or consist of notes and observations concerning any problems implementing
the procedures. The notes and observations recorded during the field testing will be provided for

assessment in a separate section of the draft final report.

16.2 USE OF CALCULATED DATA

EPA Method 316 will be used to determine the concentration of formaldehyde. The
laboratory analytical results provide total mass of formaldehyde per sample. The total
formaldehyde concentration in the stack gas will be calculated using the mass of formaldehyde in
the sample and the volume of air sampled. Using the concentration and the stack gas volumetric
flow rate, the formaldehyde mass emission rate will be calculated. The mass emission rate
(pounds per hour) and the fuel rate (gallon per hour) will be used by NAPA to calculate the

emission factor expressed as pounds of pollutant per gallon of fuel fired.

16.3 LIFE CYCLE OF DATA

Project data will be recorded in ink on preformatted data sheets. Method 10 instrument
readouts will be saved to a disk file and subsequently printed. These data sheets and samples
will be returned from the field to MACTEC. The samples will be transferred by MACTEC to
RAI for analysis. RAI will use standard laboratory tracking procedures. The field data will be
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input into software designed to generate information on gas stream conditions based on data

provided.

When the laboratory analysis is complete, MACTEC will receive laboratory analytical
reports from RAI and will combine the analytical data with the MACTEC field data to calculate
the concentrations. Calculated results, copies of field data sheets, and raw analytical data will all
be included in the draft and final reports. The original data sheets, analytical data, and disk
copies of the software used in the calculations will be stored on file at MACTEC for a period of

no less than three years after the end date of the project.

16.4 DATA RECORDING

Extreme care will be exercised to ensure hand recorded data are written accurately and
legibly. Additionally, the forms have been formatted for easy use. Errors and discrepancies will

be noted in the field log book.

16.5 DATA COLLECTION AND VALIDATION

The MACTEC Field Team Leader will review field data sheets looking for
inconsistencies in such parameters as: temperatures, pressures, velocity head, sample volume,
etc. The Field Team Leader will also review sample components and sample recovery sheets

looking for inconsistencies. Errors and discrepancies will be noted in the field log book.
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16.6 DATA PROCESSING AND TRACKING

Individual data points will be transformed into calculated results using a series of
equations. The equations have been incorporated into software for efficiency. Asa QC check,
dummy values will be input to the software and the results will be checked against expected
values. The MACTEC PM will keep a data tracking log during the data processing and reporting

phase of the project.

16.7 DATA STORAGE AND RETRIEVAL

The original data sheets, analytical data, and disk copies of the software used in the

calculations will be stored on file at MACTEC for a period of no less than three years after the

end date of the project.
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17.0 ASSESSMENTS AND RESPONSE ACTIONS

17.1 ON-SITE PROCEDURE AUDIT

There will be no QA coordinator on-site to observe testing. Data collected will be

evaluated according to the criteria listed in Section 4.0.

17.2 INTERNAL DATA REVIEW

MACTEC personnel with technical expertise in the field of air emissions testing, who
have had minimal or no involvement with the field data collection, will provide a thorough
review of the data. Reviewers will determine if the project activities were technically adequate,

competently performed, and properly documented.

17.3 ASSESSMENTS

Using the quality indicators and associated criteria as listed in Section 4.0 and tabulated

in Table 17.1, NAPA will make assessments as to whether the results are adequate for their

intended use. Results and any recommendations will be documented in the Draft Final Report.
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QUALITY INDICATORS & CRITERIA

Activity | Quality Indicator Criteria
1 Method 316 sample volume > 30 cubic feet
2 Method 316 sample time > or equal to 60 minutes
3 Method 316 formaldehyde concentration > 11.3 parts per billion by
volume
4 Method 316 formaldehyde break-through | <20%
5 Average isokinetic ratio >90 & <110%
6 Perform 12 one-hour Method 316 runs 100 % completeness
7 Perform 12 one-hour Method 10 runs 100 % completeness
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18.0 REPORTS TO MANAGEMENT

Because each of the four field tests are short-term tasks, no written formal reports to
management will be generated. Informal communications (voice mail, email, fax, letter, or
memo) with the NAPA PD will be made on an as-needed basis. A formal report of the test and
its results will be submitted to the NAPA PD after the test is completed. The report will include
documentation of the outcome of the test, all test results, the results of QA assessments, the
comparisons of the data to the criteria given in Section 4.0, the procedures and methodologies

followed, and any conclusions and recommendations derived from evaluating the results of the

test.
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19.0 DATA REVIEW, VERIFICATION, AND VALIDATION

The purpose of this section is to state criteria for accepting, rejecting, or qualifying the

test data. This discussion focuses on the quality indicators and criteria listed in Table 17.1.

The main objective is to accurately determine formaldehyde emissions from HOS

burners, so it is imperative that sufficient sample is collected and that formaldehyde is detected in

the samples.

Variability or failure to meet all the criteria in Table 17.1 may be an indicator of

inconsistent or erroneous data, and will require examination of possible causes of data rejection.

As stated earlier, this sampling project will consist of 12 test runs, three at each of the

four facilities. MACTEC’s goal is to have at 12 successful runs.
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20.0 VERIFICATION AND VALIDATION METHODS

The purpose of validation is to assess the degree to which the data meets the quality
specifications outlined in the QAPP. If deviations are noted, the validation procedures can be

used to assess the effect the deviation will have on test data usability.

20.1 SAMPLING DESIGN

This test program is designed to gather data that will be used by NAPA to develop
formaldehyde emission factors for HMA plant’s HOS burners.

20.2 SAMPLE COLLECTION PROCEDURES

Actual procedures documented in field logs and data sheets will be checked against the
procedures described in the QAPP. Deviations from the QAPP will be classified as acceptable or
unacceptable, and critical and non-critical. Significant changes will be documented in the draft

and final reports.

20.3 SAMPLE HANDLING

Sample custody will be maintained for each sample component. Sample custody from
the field to the laboratory and within the departments of the laboratory will be checked. All

deviations will be documented in the draft and final reports.
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20.4 ANALYTICAL PROCEDURES

The analytical procedures performed during the test program will be checked against
those described in the QAPP. Deviations from the QAPP will be classified as acceptable or

unacceptable, critical and non-critical, and will be documented in the draft and final reports.

20.5 QUALITY CONTROL

QC samples and procedures performed during the test program will be checked against
those described in the QAPP. Omissions will be discussed in the final report. QC results of the

blank analyses will be reviewed and described in the draft and final reports.

20.6 CALIBRATION

Documentation of equipment calibration (nozzles, dry gas meter, thermocouples, etc.)
will be checked against the values used in data collection. Errors and omissions will be

discussed in the draft final report.

20.7 DATA PROCESSING

The data processing system will be checked by using example raw data for which

calculated values are already known. The example data are input into the system and the

calculated results are compared to the known. Hand calculations will be used to spot check the

data processing system.
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21.0 RECONCILIATION WITH USER REQUIREMENTS

Results obtained from the project will be evaluated with respect to the quality indicators
described in Section 4.0 of this document. Results will be checked for collection efficiency
(accuracy), precision, and completeness. Qualitative assessments will be made on meeting
sampling, sample recovery, and analytical precision requirements of the methods. These will be
discussed with the NAPA PD during preparation of the draft and final reports. The NAPA PD
will evaluate whether the project met the objectives of the sampling design, and whether
departures from the QA/QC guidelines are acceptable. The conclusions will be included in the

draft and final reports. The following subsections show the calculations involved.
21.1 SAMPLE BREAK-THROUGH DETERMINATION

Sample break-through is a measure of the amount of a compound of interest that passes
through the sample media without being collected in the media. The amount of formaldehyde
sample break-through will be determined by analyzing the contents of the 1* and 2™ impingers
separately from the 3™ impinger. The percent break-through (% BT) will be calculated as

follows:

of BT — Amt. in 2™ & 3" impingers 100

Amt. in I", 2 & 3" impingers
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21.2 PRECISION

Precision is the repeatability of the result. In this project, precision will be measured
using the results of the three replicate measurement runs at each site. The precision is expressed

as relative standard deviation (RSD).

21.3 COMPLETENESS

Completeness refers to the amount of data gathered compared to the amount of data
required in the project design. MACTEC has a 80 % completeness standard for this project.

Amount of Data Col{ec__t_e_d

Y%Completeness = - x 100

Amount of Data Requtred by QAPP
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Appendix A was removed since the Field Data Sheets are included in the Appencix B of the Source Test Report.


Appendix B

EPA Test Methods 1, 1A, 2-4, 10 and 316
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