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Preface

This report was prepared by Midwest Research Institute (MRI) for the U. S.
Environmental Protection Agency (EPA) under EPA Contract No. 68-D-98-027, Work
Assignment No. 2-11. Mr. Michael Toney is the EPA Work Assignment Manager (WAM).

Dr. Thomas Geyer is the MRI Work Assignment Leader (WAL). The field test was performed,
and draft and revised test reports were submitted under EPA Contract No. 68-D2-0165, Work
Assignment No. 4-01. Mr. Dennis Holzschuh and Michael Toney were the EPA WAMs for the
Emission Measurement Center (EMC) under Work Assignment 4-01.

This report presents the procedures, schedule, and test results for an emissions test
performed at Eastern Ridge Lime Company in Ripplemead, Virginia. The field test was
conducted in October, 1996. The draft and revised test reports were submitted in January and
September 1997, respectively. MRI performed FTIR emissions measurements at the inlet and
outlet of a wet scrubber control device using EPA Method 320. Method 320 has since been

" promulgated in the Federal Register on May 19, 1999.
This report consists of one volume (210 pages) with six sections and five appendices.
Midwest Research Institute
ﬂm%
g1 Andrew Trenholm
Deputy Program Manager

Approved:
e
‘f\‘fJeff Shular
Director, Environmental Engineering Division

September 30, 1999
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1.0 INTRODUCTION

1.1 BACKGROUND

The Emission Measurement Center (EMC) of the U. S. EPA received a request from the
Minerals and Inorganic Chemicals Group (MICG) of the U.S. EPA to perform emissions testing
at coal-fired lime kilns. In partial fulfillment of the test request, EMC issued Work
Assignments 2-11 and 4-01 under EPA Contract Nos. 68-D-98-027 and 68-D2-0165,
respectively, to Midwest Research Institute (MRI). The purpose of this project was to measure |
organic and inorganic hazardous air pollutants (HAPs) using a test method based on Fourier
transform infrared (FTIR) spectroscopy. This report describes the test procedures and presents
results of the testing at Eastern Ridge Lime plant in Ripplemead, Virginia.

1.2 PROJECT SCOPE |

Three locations were tested at Eastern Ridge: the inlet and outlet of a wet scrubber off of
the kiln, and the hydrator stack.

The procedures followed in this test are described in the FTIR sampling Method 320 for
hazardous air pollutants (HAPs).! The objectives of the field test were to: (1) screen for HAPs
regulated in Title [II of the 1990 Clean Air Act Amendments, (2) measure, if detected,
compounds that have been previously measured at cement kilns (e.g., formaldehyde, napthalene,
p-xylene), and (3) measure other pollutants such as SO, and NO,.

The test request specifically identified HCI as a target analyte. This facility uses coal as
fuel to fire the kiln and HCI has been measured with FTIR methods at other coal-burning
facilities. Draft Method 320 (reference 1) uses an analyte spiking procedure for quality assurance
{or Method 301 validation) to verify that the sampling system is suitable for measuring target
analyte(s) at the expected concentration. In this test, analyte spiking was performed using an HCl

cylinder standard from Scott Specialty Gases.
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In the FTIR screening procedure, spectra of gas samples contained in a leak tight infrared
gas cell are recorded at regular intervals over a sampling run. Typically, 8 to 10 sample spectra
are recorded in an hour. These spectra are then analyzed using reference spectra in the EPA
library to identify and quantify any HAPs in sample. Unidentified spectral features are analyzed
to check for the presence of other compounds, for which there are currently no reference spectra.
‘1.3 PROJECT PERSONNEL

This project was administered by the EMC of the U.S. EPA. The Test Request was
initiated by the MICG of the Office of Air Quality and Standards (OAQPS). Midwest Research
was assisted in the field test by staff from Emission Testing Services, Inc. (ETS) and Envirostaff,
Inc. Dr. Grant Plummer of Rho Squared assisted in the data analysis. Key project personnel are

listed in Table 1-1.

TABLE 1-1. PROJECT PERSONNEL

Eastern Ridge Lime Company - J. Steven Castleberry (618) 465-7741
EMC Work Assignment Mr. Michael Toney (919) 541-5247
Manager

MRI Work Assignment Dr. Thomas Geyer (919) 851-8181
Leader
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2.0 TEST LOCATIONS

Eastern Ridge Lime Company has two coal-fired rotary kilns. Emissions from the kiln
are controlled by two parallel Ducon wet scrubbers.

The facility also operates a hydrator to convert lime to hydrated lime.

The sampling location figures were prepared by Pacific Environmental Services, Inc.
(PES). The information below was also provided by PES.

2.1 NO. 2 KILN SCRUBBER INLET :

The common inlet is in a rectangular duct at a 45° angle to ground. At the kiln discharge '
the duct is about 6-ft by 4-ft. The dimensions narrow to about 5-ft by 4-ft immediately before the
duct splits upstream of the two scrubbers. Insulation was placed over the duct to provide a heat
shield.

The scrubber inlet location was within 50-ft of the outlet locations and within 100-ft of
where the FTIR trailer was parked. Figure 2-1 is a schematic of this location.

2.2 SCRUBBER OUTLETS (A AND B)

The sampling locations at the outlets of both scrubbers were similar. The scrubber outlet
stacks were within 8-ft of each other and within 100-ft of the FTIR ftrailer location. The outlet
sampling ports were in 48-in ID, round vertical stacks. Scaffolding and a ladder provided access
to ports in the scrubber stacks.

Flow straightening vanes were lowered into each stack before testing. The vanes blocked
the original FTIR test ports so new ports were cut in each stack just above the tops of the vanes

below the manual sampling ports. Figure 2-2 is a schematic of the scrubber outlet locations.

b
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2.3 HYDRATOR STACK

The sampling ports were in a (23.5-in ID) round, vertical stack, 10-ft upstream and 12-ft
downstream of the nearest flow disturbances. An inside stairway provided access to the roof and
scaffolding provided access to the sampling ports. The sampling location was within 100-ft of
the FTIR trailer position.

Figure 2-3 is a schematic of the hydrator stack location. The FTIR sampling ports were

about 4-ft below the manual sampling ports shown in Figure 2-3.

24



nor

144"

235"ID
SAMPLE TRAVERSE POINT LOCATIONS
Point Fraction of Distance Port Depth Port Location
Number StackID  Inches Ioches Inches
Cross Section ,
| 032 0.75 3.00 T 378
2 108 2.44 300 2 5.4
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7 895 21.06 3.00 24.06
3 968 2275 3.00 2275

Figure 2-3. Hydrator stack.
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3.0 RESULTS

3.1 TEST SCHEDULE

The testing was completed within a week on the test site from October 14 through
October 19, 1996. Table 3-1 summarizes the FTIR sampling schedule. A complete record of all
FTIR sampling is in Appendix B. '

The FTIR testing was coordinated with manual sampling and Method 25A testing
-~ performed by Pacific Environmental Services (PES). Process conditions were monitored by
Research Triangle Institute (RTI) during the field test.

3.2 FIELD TEST PROBLEMS AND CHANGES

Initially, the FTIR instrument was not working properly because the interferometer could
not consistently hold alignment. An Analect service technician was consulted on 10/15. The
technician suggested a slower scan speed and that helped the instrument function adequately, but
a site visit was scheduled for 10/17. About one hour into Run 1 on 10/16 the instrument lost
alignment. The alignment could not be recovered so FTIR testing was stopped. On 10/17 the
Analect technician visited the site, repaired and realigned the interferometer. FTIR testing was
resumed on 10/18 to coincide with Run 3 of the manual and M25A testing.

During the first test run, sample flow from the inlet location decreased rapidly to where it
was only about 2 Ipm when the FTIR testing was stopped after about one hour. The moisture
combined with a high particulate level quickly clogged the particulate filter. Particulate did not
clog the 50-ft section of heated line upstream of the filter. The flow problem was remedied by
replacing the 3/8—in diameter sample probe with a }2-in. probe. When sampling was resumed for
~ Run 3, the flow was higher and much more consistent for the run duration. Sample flow was

much better at the scrubber outlet, but that probe was also replaced with a %2-in diameter probe.



TABLE 3-1. SCHEDULE OF FTIR TESTING AT EASTERN RIDGE

(43

Time Time Kiln No 2. Scrubber
Date (Bkg & Cals) (Sampling) Kiln No 2. Scrubber Inlet Outlet Hydrator
10/15/96 1700-1758 Calibration and leak check
10/16/96 . 907-1318 Background and Calibrations
1455-1550 Inlet to scrubber
10/17/96 1835-2000 Background after cell alignment
10/18/96 947-1042 Background, calibration, and leak
check
1044-1117 Unspiked Unspiked
1122-1139 SF6 spike Unspiked
1144-1236 HCI spike Unspiked
1237 Spike off to inlet
1244-1325 Unspiked Unspiked
1345 Background
1355-1612 Unspiked Unspiked
1627 Background
1633 Calibration
10/19/96 932-1145 Background and calibrations at
hydrator stack
1206-1244 Hydrator stack
1240 : Background
1247-1314 Hydrator stack hot wet
1342-1406 Calibration
1409 , Started SF6 spike to probe
1410 Calibration
1419-1434 Hot wet spiked w/SF6
1436 . started HCI spike
1444-1531 spiked w/ HCI
1609-1620 Background and calibration




3.3 SCRUBBER INLET .

On October 16 limited testing was completed for about one hour before the FTTIR
instrument malfunction occurred. A full test run was completed on October 18. The principal
emissions were water vapor, CO,, SO,, CO, and HCI. The HC1 was not detected in samples that
had been treated with the condenser system. The concentration results are presented in Table 3-
2. Results for SO,, CO, and HCI are presented graphically in Figures 3-1 to 3-3. Some HCI

emissions were measured at the inlet and, in addition, three samples were spiked with the HCIl
| gas standard to determine if sampling system introduced any bias in the measured HCI
concentrations.

The estimated spike recovery is given in Table 3-2. Four samples spiked with HCl were
collected (samples 208-211). It is apparent from Table 3-2 that the spiked HCI concentration
was still increasing toward the expected value. Collecting additional samples may have given a

higher percent recovery.

* 3.4 SCRUBBER OUTLET

Table 3-3 and Figures 3-4 to 3-7 present the results from the scrubber outlet. The west
outlet stack (B) was sampled for the first part of the run. Then the probe was moved to the east
(A) stack, which was tested for the remainder of the run.

The effluent at the outlet of both scrubber stacks was cooler and had a higher moisture
content than at the inlet location. In addition, a wet scrubber is expected to provide an effective
. control for the emission of HCI, which is very soluble. The SO, emissions were significantly
reduced compared to the inlet concentrations. The peak HCI emission at the outlet was almost
15 ppm, about half the peak HCI emission measured at the inlet.

3.5 HYDRATOR STACK

Moisture at the hydrator stack was about 60 percent. It was necessary to maintain flow

through the manifold at at least about 5 LPM to prevent condensation in the rotameter. The HC]

spike was observed but not recovered quantitatively.
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TABLE 3-2. FTIR RESULTS FROM THE EASTRIDGE SCRUBBER INLET, 10/18/96.

irn . g

File name ' Time SO, ppm 4*c SO,lbs/hr | SFoppm 4*c | COppm 4*c COlbs/hr | HCl ppm  4*g HClHIbs/hr
SCINLO01.SPC 10/16/96 15:02 0.00 2.56 0.0
SCINLO02.SPC 10/16/96 15:12 23.86 229 37
SCINL201.SPC 10:52 2352 7.8 743 0.052 0.042 134.1 30.6 18.5 4.56 2.16 0.8.
SCINL202.SPC 10:57 243.8 7.7 771 0.054 0.041 139.6 29.2 19.3 14.43 2,01 26
SCINL203.SPC 11:09 268.6 8.1 84.9 0.065 0.043 154.3 30.8 21.3 10.75 1.93 1:9
SCINL204.SPC 11:13 265.0 8.1 83.7 0.062 0.043 127.3 -29.9 17.6 21.92 2.01 3.9
SCINS205.SPC 11:29 175.7 12.9 60.8 0.329 0.069 81.2 21.8 12.3 4.45 129 0.9
SCINS206.SPC 11:33 156.0 124 54.0 0.353 0.066 67.7 21.6 10.3 5.91 1.24 12
SCINS207.SPC 11:38 1749 114 60.5 0.364 0.061 77.6 214 11.7 5.44 1.15 1.1
SCINH208.SPC 11:58 167.6 16.8 58.0 0.000 0.087 51.3 243 78 4.36 1.30
SCINH209.SPC 12:08 202.8 14.8 70.2 0.000 0.078 62.5 21.7 95 18.53 1.53
SCINH210.SPC 12:19 151.3 14.6 524 0.000 0.076 439 222 6.6 30.92 1.65
SCINH211.SPC 12:30 184.5 113 63.8 0.000 0.059 41.8 21.0 6.3 19.11 1.41
SCINL212.SPC 13:02 261.4 8.0 82.6 0.063 " 0.043 48.2 31.2 6.7 9.32 1.93 1.7
SCINL213.SPC 13:08 312.0 8.3 98.6 0.065 0.044 51.9 32.1 72 22.31 2.09 40
SCINC214.SPC 13:13 2013 5.1 63.6 0.032 0.027 63.0 13.6 8.7 2.06 0.49 04
SCINC215.SPC 13:20 179.9 5.1 56.9 0.035 0.027 52.1 12.4 7.2 0.90 0.48 0.2
SCINC216.SPC 13:55 211.7 49 66.9 0.000 0.026 61.0 12.5 8.4 0.68 0.49 0.1
SCINL217.SPC 14:54 245.6 7.6 776 0.052 0.041 418 30.8 58 29.17 2.02 52
SCIND218.SPC 15:07 100.4 4.8 317 0.000 0.025 35.0 13.2 48 14.32 1.07 2.6
SCINL219.SPC 15:24 191.0 10.7 60.4 0.000 0.057 54.5 33.8 75 16.69 3.02 3.0
SCINC220.SPC 15:30 168.2 9.0 53.2 0.000 0.048 60.4 13.5 8.3 1.37 0.54 0.2
SCIND221.SPC 15:48 106.8 49 337 0.000 0.026 25.8 15.7 3.6 6.29 0.80 1.1
SCINL222.SPC 15:55 204.9 7.5 64.7 0.042 0.040 37.2 31.6 5.1 7.61 1.62 1.4
average {bs/hour 59.6 8.9 1.8
SF¢ standard = 4.01 HCI spike-unspike = 12.03 average HCl spike = 22.85 DSCFM = 29031

average SFg = 0.349 HC! "expected” = 8.97 average HCl unspike = 10.83 % moisture = 8.37

dilution = 4.01/.349 11.5 percent deviation - spike from unspike = 25.45%

1 - File name: *SCINL* untreated scrubber inlet sample; *F* flowing; bold, in box, spiked ('S* with SF6é, samples 208 to 211 spiked with HCI); *D" - dilution sampie; ‘C*
condenser sample.
'4*sigma’ - estimated uncertainty.
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TABLE 3-2. (continued)

File name " Date Time NO ppm 4*c  NOlbs/hr Time NO2 ppm 4*g NO2Ibs/hr
SCINLOO1.SPC 10/16/96 15:02:00 661.1 363.3 84.0 15:02:00 0 48.7
SCINL002.SPC 10/16/96 15:12:00 620.5 315.3 78.8 15:12:00 0 47.4
SCINL201.SPC 110/18/96 10:52:00 592.9 272.3 87.8 10:52:00 0 236.3
SCINL202.5PC 10/18/96 10:57:00 . 585.3 249.3 86.7 10:57:00 0 189.6
SCINL203.5PC 10/18/96 |  11:09:00 565.4 244.7 83.7 11:09:00 0 182.2
SCINL204.SPC 10/18/96 11:13:00 577.5 250.1 85.5 11:13:00 0 190.9
SCINS205.5PC 10/18/96 11:29:00 387.9 139.1 57.5 11:29:00 0 33.7
SCINS206.SPC 10/18/96 11:33:00 398.0 138.9 58.9 11:33:00 0 25.5
SCINS207.SPC 10/18/96 11:38:00 379.1 131.6 56.2 11:38:00 0 22.5
SCINH208.5PC 10/18/96 11:568:00 378.7 151.7 56.1 11:58:00 0 131.6
SCINH209.5PC 10/18/96 12:08:00 388.5 150.9 57.6 12:08:00 0 104.5
SCINH210.5PC 10/18/96 12:19:00 406.0 149.3 60.1 ' 12:19:00 0 37.1
SCINH211.5PC 10/18/96 12:30:00 388.6 140.2 57.6 12:30:00 0 29.0
SCINL212.SPC 10/18/96 13:02:00 572.7 247.6 84.8 13:02:00 0 187.3
SCINL213.SPC 10/18/96 13:08:00 557.0 246.8 82.5 13:08:00 0 191.7
SCINC214.5PC 10/18/96 13:13:00 4171 85.9 61.8 13:13:00 13.0 8.8 3.0
SCINC215.5PC 10/18/96 13:20:00 458.2 95.7 67.9 . 13:20:00 14.5 8.3 3.3
SCINC216.SPC 10/18/96 13:65:00 448.1 94.5 66.4 13:55:00 16.2 7.6 3.7
SCINL217.SPC 10/18/96 14:54:.00 570.1 230.7 84.5 14:54:00 0 145.2
SCIND218.5PC 10/18/96 15:07:00 353.4 74.2 52.3 15:07:00 0 , 9.5
SCINL219.SPC 10/18/96 15:24.00 587.8 266.3 87.1 15:24:00 0 180.9
SCINC220.5PC 10/18/96 15:30:00 459.7 102.4 68.1 ©15:30:00 14.3 8.6 3.2
SCIND221.5PC 10/18/96 15:48:00 359.5 91.2 53.2 15:48:00 0 12.2
SCINL222.5PC 10/18/96 15:55:00 583.6 228.5 86.4 15:55:00 0 135.0

1 - File name: "SCINL" untreated scrubber inlet sample; F* flowing; *S" spiked (bold indicates SFs or HC); "D” - dilution sample; “C* condenser
sample.

“4*sigma’ - estimated uncertainty. oo

Interference from moisture limits the NO2 anailysis.
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TABLE 3-3. FTIR RESULTS FROM THE EASTRIDGE SCRUBBER OUTLET, 10/18/96.

File name ' Time SO, ppm 4*c SO, Ibs/hr]CO ppm 4*g CO s/hrfHCl ppm 4*g HCllbs/hr
SCOUTO001.SPC West Stack (B) | 10/16/96 15:25 ) 0 1.72 0.0
SCOUT002.SPC 10/16/96 15:48 0 1.55 0.00
SCOUT201 .SPC 10:44 31.0 9.1 51 92.2 31.2 6.6 14.47 3.26 1.35
SCOUT202.SPC 10:47 14.8 9.8 24 111.0 323 8.0 5.23 3.42 0.49
SCOUT203.SPC . 11:02 0.0 9.5 0.0 "91.0 334 6.5 4.70 2 0.44
SCOUT204.SPC 11:05 0.0 9.9 0.0 106.4 334 7.6 0.00 3.18 0.00
SCOUT205.SPC 11:18 13.7 9.7 .23 1154 32.8 8.3 5.81 3.14 0.54
SCOUT206.SPC 11:23 15.4 9.8 25 94.8 335 6.8 3.28 3.12 0.31
SCOUC207.SPC 11:47 54 4.1 0.9 62.6 12.0 45 0.79 0.48
SCOUC208.SPC 11:53 12.4 4.1 2.0 69.9 12.5 5.0 0.77 0.49
SCOUC209.SPC 12:37 12.8 43 21 50.7 11.6 36 2.50 0.53
SCOUT210.SPC 12:44 22.1 10.1 36 105.3 342 7.5 7.60 3.31 0.71
SCOUD211.SPC 12:51 0.0 6.9 0.0 0.0 335 - 00 7.10 2.10 0.66
SCOUD212.SPC 12:57 0.0 71 0.0 0.0 33.7 0.0 5.37 230 0.50
SCOUT213.8PC 13:30 0.0 9.5 0.0 53.1 39.3 3.8 4.38 3.37 0.41
Average Ibs/hour = ' 1.6 5.3 ' 0.5
SCOUT214.SPC  East Stack (A) 14:06 0.0 7.4 0.0 49.6 324 49 2.11 2.00 0.27
SCOUC215.SPC 14:13 30.8 44 7.0 73.8 13.7 7.3 0.00 0.56
SCOUC216.SPC 14:19 13.9 4.4 3.2 53.4 11.8 53 0.00 0.55
SCOUT217.SPC 14:28 0.0 7.7 0.0 417 33.9 4.7 0.00 2.16 0.00
SCOUT218.SPC 14:41 0.0 10.6 0.0 0.0 475 0.0 0.00 3.48 0.00
SCOUC219.SPC 14:46 5.9 4.5 1.3 457 12.4 45 0.00 0.56
SCOUC220.SPC 14:50 4.5 44 1.0 46.2 11.6 46 0.00 0.53
SCOUD221.SPC 15:00 0.0 59 0.0 0.0 26.4 0.0 10.46 1.48 1.35
1SCOUD222.SPC 15:03 0.0 34 0.0 0.0 13.0 0.0 9.11 0.70 118
SCOUD223.SPC 15:15 0.0 5.8 0.0 0.0 26.2 0.0 8.71 1.45 1.12
SCOUC224.SPC 15:20 0.0 4.4 0.0 51.4 12.1 5.1 0.77 0.53
SCOUC225.SPC 15:35 14.5 4.2 33 47.7 11.2 4.7 0.65 0.56
SCOUT226.SPC 15:42 0.0 9.0 00 0.0 435 00 4.4 272 057
SCOUD227.SPC 16:00 0.0 22 0.0 0.0 .98 0.0 10.78 0.56 1.39
SCOUC228.SPC 16:05 7.8 4.2 18 43.0 11.3 4.3 0.64 0.53
SCOUT229 SPC 16:10 0.0 7.8 0.0 0.0 37.9 0.0 3.20 2.13 0.41
Average Ibs/hour = 1.10 2.84 0.70
A -DCFM = 18613 B-DSCFM: 13633 Y ’
A - % moisture = 18.1 B - % moistu 17

1 - File name: "‘SCOUT* scrubber outlet sample. untreated:. ‘F* flowing; 'D’ - dilution sample; ‘C' condenser sample.
‘4*sigma’ - estimated uncertainty.
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TABLE 3-3. (continued)

File name ' date Time NO ppm 4*c NOIbs/hr{NO2ppm 4*c NO2 lbs/hr
SCOUT001.SPC  West Stack (B) 10/16/96 156:25 58375 404.7 356 0.0 18.7
SCOUT002.5PC 10/16/96 15:48 5113 . 3723 33.8 0.0 28.8
SCOUT201.SPC 10/18/96 10:44 5495 371.2 422 0.0 3654 .
SCOUT202.5PC : 10/18/96 10:47 536.1 392.1 412 0.0 316.2
SCOUT203.5PC 10/18/96 11:.02 536.2 373.0 412 0.0 339.5
SCOUT204.5PC 10/18/96 11:05 530.6 372.9 407 0.0 362.8
SCOUT206.5PC 10/18/96 11:18 - 5218 369.9 40.1 0.0 356.4
SCOUT206.5PC 10/18/96 11:23 510.7 360.6 392 00 355.7
SCOUC207.5PC 10/18/96 11:47 3194 60.3 245 140 8.0 1.6
SCOUC208.5PC 10/18/96 11:53 3139 575 241 9.9 7.7 1.2
SCOUC209.5PC 10/18/96 12:37 334.2 62.8 257 13.6 8.5 1.6
SCOUT210.5PC 10/18/96 12:44 507.5 377.6 39.0 00 3414
SCOUD211.5PC 10/18/96 12:51 313.8 204.6 241 0.0 197.3
SCOUD212.5PC 10/18/96 12:57 326.5 210.1 251 00 198.3
JSCOuT213.5PC 10/18/96 13:30 4914 356.1 37.7 0.0 351.3
SCOUT214.5PC 10/18/96 14:06 479.2 248.6 36.8 00 239.8
SCOUC215.5PC 10/18/96 14:13 374.9 72.8 28.8 13.3 8.8 1.6
Average lbs/hour = 34.0 1.5
SCOUC216.SPC  East Stack (A) 10/18/96 14:19 377.8 80.8 40.1 163 7.6 25
SCOUT217.SPC 10/18/96 1428 482.8 268.2 - 513 0.0 290.0
SCOUT218.5PC 10/18/96 14:41 524.2 3904 55.7 00 284.5
SCOUC219.SPC 10/18/96 14:46 401.2 81.7 426 14.6 9.1 24
SCOUC220.5PC 10/18/96 14:50 400.9 81.0 426 14.3 8.3 23
SCOUD221.5PC 10/18/96 15:.00 311.2 163.0 33.1 0.0 133.2
SCOUD222.SPC 10/18/96 15:.03 132.3 62.8 14.1 00 9.8
SCOUD223.5PC 10/18/96 15:15 314 162.8 33.1 0.0 131.2
SCOUC224.5PC 10/18/96 156:20 404.9 823 430 14.3 8.6 2.3
SCOUC225.5PC 10/18/96 156:35 391.3 83.6 416 144 7.8 23
SCOUT226.5PC 10/18/96 15:42 5154 331.2 548 0.0 359.2
SCOUD227.SPC 10/18/96 16:.00 69.8 409 74 00 7.6
SCOUC228.5PC 10/18/96 16:05 384.0 849 40.8 - 17.8 84 2.9
SCOUT229.5PC 10/18/96 16:10 533.7 281.9 56.7 0.0 271.8

Average |bs/hour = 39.77 246

1 - File name: "SCOUT" scrubber outiet sample, untreated: *F* flowing; "D” - dilution sample; “C* condenser sample.
"4*sigma” - estimated uncertainty.



TABLE 3-4. ESTIMATED HAP UNCERTAINTIES, EASTERN RIDGE SCRUBBER INLET AND QUTLET

Scrubber Inlet Scrubber Outlet
Estimated Estimated
Compound Analytical Region (cmi™) | RMSD Uncertainty (ppm)] RMSD Uncertainty (ppm)
Acetonitrile 3038.97 304242 1.1E-03 13.2 9.53E-03 98.63
Acrolein 2636.11 2875.59 19E-03 2.8 7.83E-03 11.35
Acrylonitrile 963.58 974.19 7.7E-03 4.1 2.01E-02 10.61
Allyl Chloride 899.55 965.72 1.1E-02 7.3 4.49E-02 3155
Benzene 3036.88 3063.07 2.7E-02 14.0 2.16E-01 112.30
Bromoform 11359 11542 9.0E-03 19 1.20E-01 24.99
1,3-Butadiene 895.91 919.75 3.8E-03 1.3 545E-02 18.20
Carbonyl Sulfide 2026.14 2085.23 3.6E-01 12.8 4.84E-01 17.48
Chlorobenzene 1069.86 1103.34 2.0E-03 43 5.70E-02 30.89
Ethyl Benzene 2850.71 295943 7.5E-03 10.2 6.56E-02 88.68
Ethyl Chloride 943.43 1000.16 1.0E-02 16.1 2.64E-02 40.86 .
Ethylene Dibromide 1167.96 1208.92 1.3E-02 105 1.89E-01 149.17 ;
n-Hexane 2835.27 3005 .43 12E-02 20 1.15E-01 18.54
Methyl Bromide 2948.11 297253 14E-02 174 1.05E-01 133.50
Methyl Chloride 1017.96 1020.72 '} 3.3E-03 120 1.837E-02 67.99
Methyl Ethyl Ketone 11407 1222.63 1.3E-02 10.9 1.83E-01 149.64
Methyl Isobutyl Ketone 2872.05 299495 1.3E-02 5.9 1.09BE-01 51.10
Methyl Methacrylate 1137.5 1232.04 1.5E-02 19 3.71E-02 20.82
Methylene Chloride 743.96 769.17 14E-01 15.0 2.75E-01 29.46
2-Nitropropane 83147 868.5 7.0E-03 8.5 1.19E-01 14547
Propylene Dichloride 996.86 1038 B.1E-03 106 4.00E-02 3221
Styrene 886.69 520.72 3.5E-03 28 1.56E-02 2172
Tetrachloroethylene 899.2 9252 4.5E-03 0.5 5.88E-02 591
Toluene 2862 2924 4,1E-03 72 2.62E-02 45.90
1.1.2-Trichloroethane 916.98 956.37 1.2E-02 9.1 3.71E-02 28.96
Trichloroethylene 826.25 86091 7.6E-03 1.3 3.87E-02 8.24
2,2 4-Trimethylpentane 2861.57 3009.23 1.3E-02 1.8 1.23E-01 16 45
Vinyl' Acetale 1201.77 1242.73 1.8E-02 0.8 1.06E-01 1042
Vinyl Bromide 899.81 904.54 1.7E-03 0.8 1.35E-03 0.63
Vinyl Chleride 894.43 899.25 1.1E-03 20 9.69E-03 18.29
Vinylidene Chloride 1059 .44 1113.01 1.1E-02 32 7435E-02 22.02
O-xylene 2859.84 3095.04 24E-02 16.8 2.05E-01 144.20
P-xylene 285443 3083.14 2.3E-02 14.1 2.01E-01 121.88
3-8

See Section 4.8, Screening For HAPs.



TABLE 3-4. CONTINUED

Scrubber Inlet Scrubber Outlet
Estimated Estimated

Compound Analytical Region (cmi) RMSD Uncertainty (ppm)] RMSD Uncertainty (ppm)
Carbon Disulfide 2171.64 - 2198.03 7.8E-03 85 5.19E-02 36.16
Carbon Tetrachloride 79389 - 80058 3.5E-02 0.8 2.17E-01 4.68
Chloroform 75821 - 78125 54E-02 3.0 1.17E-01 6.56
Cumene 295121 - 299848 1.8E-02 5.2 1.60E-01 43.11
1,2-Epoxy Butane 90237 - 9197 4.4E-03 35 5.85E-02 47.22
Ethylene Oxide 8669 - 875 3.9E-03 1.0 2.75E-02 7.33
Methanol 280791 - 30294 1.5B-02 13.5 1.34E-01 11%.19
Methyl Chloroform 1057.95 - 11053 1.1E-02 22 6.71E-02 13.06
Methyl Iodide 1250.18 - 1253.53 1.5E-03 1.5 8.99E-03 9.02
Methyl t-Butyl Ether 1195 . 1210 8.0E-03 14 6.71E-02 12.53
Propylene Oxide 2875.59 - 3097.75 2.3E-02 17.8 2.15E-01 150.95
M-xylene 291025 . 295278 8.8E-03 59 7.87E-02 53.09 -
Acetone 1182 - 1255.03 1.7E-02 8.1 2.52E-01 121.27 ;
Acetaldehyde 268541 - 27444 1.5E-03 2.8 9.53E-03 17.35
Acetophenone 11404 - 12B6.06 3.0E-02 4.3 341E-01 48.76
Acrylic Acid 1104.89 - 1164.68 8.5E-03 1.2 9.74E-02 13.53
Aniline 11029 - 112363 B.1E-03 29 9.00E-02 31.73
Benzotrichloride 8665 - 8779 3.7E-03 0.7 247E-02 5.00
Benzyl Chloride 302752 - 3109.06 3.7E-02 321 3.06E-01 264.80
Bis(chloromethyl)ether 1068.78 - 1154.25 1.0E-02 12 B.76E-02 10.34
Chloroacetic acid 1094.97 - 1124.12 7.2E-03 17 8.28E-02 19.48
2-Chloroacteophenone 127439 - 128542 12E-02 25 2.61E-01 53.08
Chloromethyl methyl ether 1111.02 - 1146.08 9.4E-03 15 1.04E-01 16.70
Chloroprene 8759 - 8788 3.6E-03 0.7 1.94E-02 3.83
o-Cresol 1092.8 - 111407 5.9E-03 27 7.34E-02 33.83
m-Cresol 113968 - 1172.77 6.5E-03 13 7.20E-02 14.25
p-Cresol 1159.1 - 11855 12E-02 14 1.89E-01 22.79
1,2-Dibromo-3-chloropropane 113426 - 117542 1.2E-02 15.0 1.76E-01 218.20°
1.4-Dichlorobenzene 99596 - 1031.06 4.3E-03 2.0 4.03E-02 19.20
Dichloroethyl ether 110935 - 1155.04 8.9E-03 11 1.01E-01 12.54
1,3-Dichloropropens 768 - 791 3.9E-02 8.6 1.40E-01 31.04
Dichlorvos 83577 - 87695 6.8E-03 09 1.88E-02 250
N N-Diethyl aniline 265532 - 3136.07 2.3E-02 14.2 1.89E-01 119.51
Dimethyl carbampyl chloride 889.55 - 91752 3.3E-03 0.9 6.53E-02 10.03
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TABLE 3-4. CONTINUED

See Section 4.8, Screening For HAPs.

Scrubber Inlet Scrubber Outlet
Estimated Estimated

Compound Analytical Region (cm') | RMSD Uncertainty (ppm)| RMSD Uncertainty (ppm
Dimethyl formamide 28248 - 28736 2.0E-03 14 8.7CE-03 598
1,1-Dimethy] hydrazine 274077 - 291408 3.1E-03 | ] 1.62E-02 8.13
Dimethy! phthalate 115786 - 1254.16 1.6E-G2 93 241E-01 138,37
1,4-Dioxane 29194 - 29213 BO9E-04 02 3.98E-04 0.30
Epichlorohydrin 94352 - 98173 1.2E-02 108 3.06E-02 27.18
Ethyl Acrylate 1181.93 - 1210 1.2E-02 0.7 1.46E-01 8.08
Ethylene Dichloride 122788 - 12415 6.4E-03 39 9.00B-02 54.79
Ethylidene dichloride 1041.11 - 10805 1.5E-02 6.9 5.86E-02 27.19
Formaldehyde 278833 - 28422 1.7E-03 1.9 6.73E-03 7.35
Hexachlorobutadiene 976.9 - 997.7 5.3B-03 08 8.21E-03 1.25
Hexachloracylcopentadiene 1227.02 - 124042 6.4B-03 0.3 9.26E-02 7.61
Hexachloroethane 77926 - 79738 9.0E-01 207 1.03E+00 23.76 -

JHexamethylphosphoramide 94942 - 101953 8.5E-03 13 3.32E-02 492 )
Maleic Anhydride 281735 - 282326 1.9E-03 21 6.87E-03 7.30
Methyl hydrazine 26812 - 31306 2.3E-02 15.6 1.86E-01 128.28
Naphthalene 88527 - 90556 1.8E-03 0.2 2.55E-02 276
Nitrobenzene 2683 - 3061.78 1.6E-02 19.0 1.48E-01 176.38
N-Nitrosodimethylene 77931 - 7B35S 15E-02 1.6 5.60E-02 5.95
N-Nitrosomorpholine 8417 - 86139 8.2E-03 5 1.40E-01 60.04
Phenol 928 - 108528 1.2E-02 4.0 4.15E-02 13.97
beta-Propiolactone 89223 - 1024.64 9.3E-03 4.0 4.18E-02 18.18
Propionaldehyde 998.4 - 999.9 1.7E-04 0.9 8.16E-03 17.59
1,2-Propylenimine B60.13 - 957.64 8.8E-03 2.0 4.76E-02 10.79
Quioline 2546.18 - 311435 1.8E-02 209 1.58E-01 184.09
Styrene Oxide 817.57 - 82131 4.3E-03 20 3.97E-03 1.86
1,1,2,2-Tetrachloroethane 800.19 - 80373 2.0B-02 33 1L.31E-01 21.21
2.4-Taluene diisocyanate B5139 - 50393 3.2E-03 2.5 4.49E-02 34.30
o_Toidine 79492 - 824.07 1.8E-02 4.4 1.57E-01 38.75
1,2 4-Trichlorobenzene 22547 - 230118 5.3E-02 0.9 7.94E-02 1.30
2.4,5-Trichlorophenal 28585 - 2951.85 6.7E-03 6.1 6.37E-03 25.45
24.6-Tachlorophenol 108621 - 111437 65E-03 1.8 2.72E-02 9.38
Triethylamine 1178.04 -  1204.16 1.2E-02 4.1 153E-01 50.79
Ammonia 85627 - 86336 | 2.5B-03 06 4.05E-02 1047
Ammonia 2756.62 - 283934 1.3E-03 0.8 6.16E-03 2.84

3-10




TABLE 3-5. EASTERN RIDGE HYDRATOR ESTIMATED HAP UNCERTAINTIES

Hydrator Stack
» Estimated
Compound Analytical Region (em”) |RMSD  Uncertainty (ppm)
Acetonitrile 10414 - 104288 4.2E-03 23.9
Acrolein 2636.11 - 2875.59 3.5E-03 5.1
Acrylonitrile 968.58 - 974.19 6.7E-03 3.6
Allyl Chloride 80955 - 96572 2.1E-02 145
Benzene 3036.88 ’ - 3063.07 1.5E-01 78.3
Bromoform 11359 - 11542 7.3E-02 152
1,3-Butadiene 89581 - 91975 27E-02 2.1
Carbonyl Sulfide 2026.14 - 2085.23 25E-01 89
Chlorobenzene 1069.86 - 1103.34 2.8E-02 154
Ethyl Benzene 285071 - 295943 32E-02 43.6
Ethyl Chloride 94343 - 1000.16 1.0E-02 15.8
Ethylene Dibromide 116796 - 120852 1.3E-1 103.2
n-Hexane 283527 - 300543 6.6E-02 10.6
Methyl Bromide 2948.11 .« 297253 5.4E-02 69.2
Methyl Chloride 101796 - 1020.72 8.3E-03 302
Methyl Ethyl Ketone 1140.7 - 1222.63 1.2E-01 100.6
Methyl Isobutyl Ketone 2872.05 - 299495 6.3E-02 29.3
Methyl Methacrylate 915.64 - 962.12 1.5E-02 85
Methylene Chloride 74356 - 76917 1.5E-01 158
2-Nitropropane 83147 - 83685 6.7E-02 81.6
Propylene Dichloride 996.86 - 1038 1.7E-02 217
Styrene 974280 - 1006.59 5.1E-03 7.1
Tetrachloroethylene 899.2 - 9252 2.9E-02 2.9
Toluene 2862 - 2924 1.2E-02 203
1,1,2-Trichloroethane 91698 - 956.37 1.6E-02 123
Trichloroethylene 919.7 - 959.88 1.6E-02 34
2,2,4-Trimethylpentane 2861.57 - 300923 | 7.0E-02 94
Vinyl Acetate 1003.83 - 1041.65 1.7E-02 53
Vinyl Bromide $99.81 - 90454 1.4E-03 0.6
Vinyl Chloride 89443 - 89925 4.1E-03 7.7
Vinylidene Chloride 105944 - 111301 4.0B-02 11.8
O-xylene 285984 - 3095.04 13E-01 92.0
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TABLE 3-5. CONTINUED -

Hydrator Stack
Estimated
Compound Analytical ngon (emi l) RMSD Vncertainty (ppm)
P-xylene 77061 - 819.06 1.2E-01 765
Carbon Disulfide 217164 - 2198.03 3.1E-02 332
Carbon Tetrachloride 79389 - 80058 1.8E-01 4.0
Chloroform 75821 - 78125 6.6E-02 37
Cumene 1015.6 - 104081 1.1E-02 25.6
1.2-Epoxy Butane 90237 - 9197 3.0E-02 24.0
Ethylene Oxide ' 8669 - 875 14E-02 38
Methanol 280791 - 30294 8.0E-02 71.7
Methyl Chloroform 105795 - 11053 34E-02 6.6
Methyl Iodide 1250.18 - 125353 5.5E-03 55
Methyl +-Butyl Ether 10706 - 1109 3.7E-®2 6.9
Propylene Oxide 287559 - 309775 14E-01 96.6
M-xylene 2910.25 - 2952.78 3.9E-02 26.4
Acetone 1182 - 1255.03 1.7E-01 81.5
Acetaldehyde 268541 - 27444 4.1E-03 1.3
Acetophenone 87488 - 112636 2.7E-02 245
Acrylic Acid 95362 - 104671 1.3E-02 6.3
Aniline 11029 - 1123.63 5.2E-02 18.2
Benzotrichloride 866.5 - 8779 1.3E-02 2.6
Benzyl Chlozide . 302752 - 3109.06 2.0E-01 174.2
Bis(chloromethyl)ether 106878 - 115425 5.2E-02 6.1
Chloroacetic acid 109497 - 112412 4.6E-02 10.9
2-Chlorcacteophenone 127439 . 128542 1.7E-01 - 352
Chloromethyl methy] ether 1111.02 - 1146.08 6.5E-02 105
Chloroprene 8759 . 8788 1.1E-02 22
0-Cresol 10928 - 1114.07 4,2E-02 194
m-Cresol 1139.68 - 1172.77 3.8E-02 74
p-Cresol ' 28657 - 2893 5.6E-03 112
1,2-Dibromo-3-chloropropane 113426 - 1175.42 1.1E-01 140.6
1.4-Dichlorobenzene 059596 - 1031.06 1.8E-02 8.4
Dichloroethy! ether 1109.35 - 1155.04 6.2E-02 7.7
1,3-Dichloropropene 768 . 791 8.3E-02 184
Dichlorvos 967.79 - 1000.25 6.3E-03 10
3-12

See Section 4.8, Screening For HAPs




TABLE 3-5. CONTINUED

Hydrator Stack
Estimated
Compound Analytical Region (em") |RMSD Uncertainty (ppm)
N.N-Diethyl aniline 265532 - 3156.07 1.2E-01 775
Dimethyl carbamoy] chloride 1068.78 - 111447 3.6E-02 55
Dimethyl formamide 28248 - 28736 35E-03 24
1,1-Dimethyl hydrazine 274077 - 291408 | 7.4E-03 3.7
Dimethyl phthalate 1157.86 - 1254.16 1.6E-01 92.5
1,4-Dioxane 2861.1 - 28648 2.5E-03 04
Epichlorohydrin 94352 - 98173 1.2E-02 10.7
Ethyl Acrylate 118193 - 1210 1.1E-01 59
Ethylene Dichloride 712 - 736 1.5E-01 30.0
Ethylidene dichlogride 1041.11 - 10805 29E-02 13.5
Formaldehyde 278833 - 28422 3.6E-03 4.0
Hexachlorobutadiene 9769 - 9977 2.5E-03 04
Hexachlorocylcopentadiene 122702 - 124042 5.5E-02 45
Hexachloroethane 77926 - 797.38 94EB-02 2.2
Hexmeﬂtylphosphomnﬁde 94942 - 1019.53 14E-02 2.1
Hydrochloric Acid 281735 - 2823.2¢6 3.5E-03 37
Isophorone 26812 - 31306 | 1.2E-01 83.4
Maleic Anhydride 88527 - 90556 1.1E-02 1.2
Methyl hydrazine 2683 - 306178 | 9.4B-02 1119
Naphthalene 77931 -  783.55 3.5E-02 38
Nitrobenzene 8417 - 861.39 8.2E-02 353
N-Nitrosodimethylene 928 - 108528 1.9E-02 6.3
N-Nitrosomorpholine 89223 - 1024.64 1.8E-02 7.8
Phenol ‘ 1024 - 10266 4.6E-04 23
beta-Propiolactone 860.13 - 957.64 2.1E-02 49
Propionaldehyde 2546.18 - 311435 1.0E-01 116.3
1,2-Propylenimine 81757 - 82131 6.7E-04 03
Quinoline : - 800.19 - B03.73 9.0E-02 14.5
Styrene Oxide 86139 - 90393 2.0E-02 15.2
1,1,2,2-Tetrachloroethane 79492 - 82407 1.1E-01 28.4
2,4-Toluene diisocyanate 22547 - 2301.18 34E-02 0.6
o_Toluidine . 979 - 997.8 1.8E-03 72
1,2, 4-Trichlorobenzene 10282 - 1048.69 8.9E-03 31 ‘
3-13
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TABLE 3-5. CONTINUED

Hydrator Stack
Estimated
Compound Analytical Region (cm b |RMSD Uncertainty (ppm)
2,4.5-Trichlorophenol 1178.04 - 1204.16 1.1E-01 374
2.4.6-Trichlorophenol 85627 - B63.36 1.9B-02 49
Triethylamine 275662 - 283934 32E-03 15
Ammonia 893.1 - 926 2.6E-02 17.2

See Section 4.8, Screening For HAPs
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Figure 3-1. SO2 concentrations at Eastern Ridge scrubber inlet.
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Figure 3-2. CO concentrations at Eastern Ridge scrubber inlet.
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Figure 3-3. HCI concentrations at Eastérn Ridge scrubber inlet.
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Figure 3-4. SO2 concentrations at Eastern Ridge scrubber outlet.
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Figure 3-5. CO concentrations at Eastern Ridge scrubber outlet.
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Figure 3-6. HCI concentrations at Eastern Ridge scrubber outlet.
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E, spectrum of HCI cylinder standard
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Figure 3-7. Spectra from Eastern Ridge scrubber outlet, 10/18/96. This figure proves the presence of HCl in the unspiked outlet emissions and
indicates how the HCI1 emissions varied during the test run. A, “scout201;” B, “scout204;” C, the result after subtracting “scout204”

from “scout201;” D, the result after subtracting “scout204” from “scout210.” E, spectrum of 103 ppm HCI cylinder standard measured at the
same path length and temperature. The “standard” spectrum has been scaled by 0.1. All spectra are plotted to the same scale, over a range

of 0.035 absorbance units. Refer to Table 3-3 for file names, times, and corresponding HCI concentrations from the output of the
spectal analysis.



4.0 FTIR TEST PROCEDURES

A heated sample delivery system (Figure 4-1) was used to extract flue gas through a
stainless steel probe and transport the flowing sample gas through a heated Teflon sampling line
- to a heated gas distribution manifold. Valves in the manifold were used to direct the sample flow
(or a calibration standard) to the FTIR gas cell.

4.1 SAMPLING SYSTEM DESCRIPTION

This description refers to Figure 4-1.
- 4.1.1 Sampling System Components

The sample was extracted through a single port using a 4-ft long, 0.5-in diameter stainless
steel probe. Sample was transported through heated 3/8-in Teflon line using a KNF Neuberger
heated head sample pump (Model NO35 ST.111). A Balston particulate filter (holder Model
Number 30-25, filter element Model Number 100-25-BH, 99 percent removal efficiency at
0.1 pm) was connected in-line at the outlet of the sample probe. The sample line was heat
wrapped and insulated. Temperature controllers were used to monitor and regulate the sample
line temperature at about 350°F.

The sample pump outlet was connected to the sample manifold. The sample stream
passed through a secondary Balston particulate filter immediately after entering the manifold
box. The manifold is constructed of stainless steel 3/8-in tubing and contains 4-way valves and
heated rotameters (0 to 20 LPM) to allow the operator to control sample flow to the FTIR cell. A
heated 1/4-in diameter 20-ft long Teflon jumper line connected the manifold to the inlet of the

FTIR gas cell. The manifold was maintained at 300° to 310°F.
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Figure 4-1. FTIR extractive sampling system configuration for test at Eastern Ridge lime plant.



4.1.2 Sample Conditioning

Some samples were passed through a chilled condenser system to remove moisture before
going to the FTIR cell. The condenser inlet was connected to a second outlet of the gas
. distribution manifold through a another heated 1/4-in Teflon. A 4-way valve on the manifold
controlled sample flow to the condenser. The condenser outlet was connected by a Teflon line to
the inlet of the FTIR gas cell.

Since the condenser is not effective for measuring HCI or other water-soluble
compounds, it was not used extensively. The primary benefit of the condenser is in lowering
moisture to better reveal spectral features of gas phase compounds, such NO, and SO,

4.2 SAMPLING PROCEDURE
This test required two sampling configurations.

4,2.1 Testing Two Locations Simultaneously

The inlet and outlet to the wet scrubber were sampled with the configuration shown in
Figure 4-1. A separate sample assembly (probe, line and pump) was used for each location.
Both sampling lines were connected to the common sampling manifold. Each line had a pressure
gauge at the manifold inlet and a rotameter at the manifold outlet. A turn-valve was used to
independently control and monitor the total sample flow through either sample line. Four-way
valves, at the manifold outlets leading to the FTIR cell and condenser, could be closed or turned
to select gas from either sample.

Both sample lines were contained in the same insulated heated bundle up to scrubber
outlet location. The scrubber outlet sample probe was connected directly to the heated probe box
that contained the initial particulate filter. The scrubber inlet probe was connected to the same
probe box with a 50-ft section of heated sample line. The initial particulate filter for the inlet
location was also in the probe box at the end of the 50-ft section of line. The length of the heated
bundle from the scrubber outlet to the manifold was 100-ft.

A third, spike, line was contained in the 100-ft heated bundle from the scrubber outlet to
the manifold. The spike line carried dry gas standard from the calibration manifold through a
mass flow meter (Sierra, + | percent) up to a 3-way in the heated probe box. The valve could be

turned to either allow the spike flow to enter the scrubber outlet sample line upstream of the
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particulate filter, or direct the spike flow to a "tee" at the back of the scrubber inlet probe. In this
way either sample line could be spiked with the HCI standard at a controlled dilution ratio. In

this test only the inlet sample was spiked.

The total sample line length was 150-ft from the scrubber inlet location and 100-ft from
the scrubber outlet locations to the manifold in the FTIR trailer.

Downstream of the scrubber inlet location the duct divided to pass through two scrubbers,
each with its own stack. The stacks were only separated by about §-ft and were accessible from
the same platform. To obtain measurements from both scrubber outlets, the west stack (B) was
sampled for the first portion of the sample run, then the probe was moved to the east (A) stack
where sampling at the s;:rubber outlet was resumed with same sample configuration described
above.

4.2.2 Testing a Single Location

The hydrator stack was sampled alone. This configuration was the same as that shown in
Figure 4-1 for the sample line connection to the scrubber outlet. The spike line and valve
configuration for line 1 in Figure 4-1 was also used.
4.3 SAMPLING PROCEDURES

Figure 4-2 is a schematic of the FTIR instrument and connections to the manifold and
condenser.

Most of the measurements were performed using a batch sampling procedure to collect a
spectrum of a static sample. Some measurements were performed with the sample flowing
through the cell. Some samples were diluted in the cell with dry nitrogen and some were passed

through a condenser.
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4.3.1 Batch Sampling

The batch sampling procedure was used to collect samples in the FTIR cell.! Sample gas
was kept continuously flowing through each line and out the manifold vents (Figure 4-1). The
4-way valve was turned to divert a portion of the flow to the FTIR cell. The total flow meter
before the vent was monitored to ensure that a positive flow was always directed out the vent
during sampling. The cell was filled to above ambient pressure, which was about 720 mm Hg,
the 4-way valve was closed, and the cell outlet valve was opened to allow the cell to vent to
ambient pressure. The spectrum of the static sample was recorded and then the cell was
evacuated for the next sample.

4.3.2 Flow Through Measurements

The cell was filled as in the batch sampling procedure. The sample inlet valve was kept
open and the cell outlet valve was also opened to allow gas t6 pass through the cell. The sample
was maintained at ambient pressure by having the outlet valve partially open to the vacuum
pump. The inlet sample flow valve was adjusted until the pressure gauge was stable at ambient
pressure. The spectrum of the sample was recorded, and then the cell was evacuated for the next
sample.

4.3.3 Dilution Samples

Diluting the sample is a procedure for reducing spectral interference from moisture or
CO,. This procedure is only effective if the target analyte is present at a high enough
concentration to be detected after the dilution. The objective was to dilute the sample to Y2 to 1/4
its originél concentration.

The cell was partially filled with dry nitrogen and the cell pressure was recorded. Then
the cell was filled to ambient pressure with sample gas. The final pressure was recorded, the
spectrum of the static sample was measured and the cell was evacuated for the next sample.
4.3.4 Condenser Samples

Direeting the sample through a condenser can remove much of the moisture and improve
the measurement sensitivity for analytes that pass through the condenser. Analytes that are water
soluble, such as HCI, or have low vapor pressures at 32°F cannot be measured using a condenser

system.



Sample was diverted to the condenser through a second 4-way valve on the main
manifold (Figure 4-2). The valve was turned to direct sample from either location through the
condenser. This could be done while untreated sample was sent to the FTIR cell through the
other 4-way valve. After flow passed through the condenser for about 10 minutes, a 3-way valve
. at the cell inlet was turned to allow the condenser sample into the cell. The cell was filled to
ambient pressure and the spectrum recorded using the batch sampling procedure.

Before and after sampling a location dry nitrogen was passed through the condenser and
into the FTIR cell and a spectrum of the nitrogen was recorded. This was to verify that the
condenser was not contaminating the samples.

4.4 ANALYTICAL PROCEDURES

Analytical procedures in the EPA FTIR Protocol (Appendix D) were followed.?

- Analytical programs were prepared after the field test was completed. The programs employed
- automated routines to analyze the spectra using mathematical techniques based on a K-matrix

- analysis to determine analyte concentrations and sequentially subtract scaled reference spectra

. from the sample spectra. The subtracted residual baseline spectra was analyzed to estimate
uncertainties in the reported concentrations. K-matrix, and other quantitative methods, are

~ described in references 3 and 4. Additional description of the analytical procedures are given in
Appendix C.

4.5 FTIR SYSTEM

The FTIR system used in this field test was a KVB/Analect REX-40 interferometer. The
gas cell was a heated variable path (D-22H) gas cell from Infrared Analysis, Inc. A path length
of 36 laser passes was used for measurements at the scrubber locations and the path length was
reduced to 16 passes for measurements at the hydrator stack. A mercury/cadmium/telluride
(MCT) liquid nitrogen detector was used with a spectral resolution of 1.0 cm™, the highest
resolution of the RFX-40 system. »

The path length was measured by shining a He/Ne laser into the cell, and adjusting the
mirror tilt until the desired number of laser passes was observed. The number of passes was
recorded on the data sheets in Appendix B. The spectrum of an ethylene gas standard was

measured before and after each run. These ethylene spectra (calibration transfer standards or
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CTS) were then compared to CTS spectra in the EPA FTIR reference spectrum library to
determine the path length associated with the number of passes. Details of this procedure and
path length fesults are given in Appendix C.

4.6 ANALYTE SPIKING

Hydrogen chloride was an important target analyte. It is reactive and water soluble.
Sample flow and temperature influence whether HCI can quantitatively pass through the
sampling system to the analyzer. An FTIR instrument is ideally suited to measure spiked
samples because many analytes have very distinct infrared spectra and this is especially true of
HCL

The purpose of this procedure is to'measure a gas standard directly with the analyzer and
compare that measurement to one in a sample that has been spiked with a known concentration
of the analyte. Ideally, the spike will comprise about 1/10 or less of the spiked sample.

The spike procedure follows Section 9.2 of EPA Method 320.! The SF; tracer gas was
not contained in the same cylinder as the HCI standard. The tracer gas was first spiked from a
cylinder standard of 4 ppm SF; in nitrogen. The total sample flow and the spike flow were
continuously monitored and recorded while three separate spiked batch samples were collected
and their spectra recorded. The SF, spike was then turned off and the HCI spike was turned on.‘
The HCI spike flow was set at the same value as the SF, flow. At least three batch samples
spiked with HCI were collected and their spectra recorded while the total sample flow was
continuously monitored and recorded. The HCI spike was then tumed off and the procedure was
repeated with the SF, standard to collect three more samples.

Only the inlet location was spiked because, unless HCI could be measured at the inlet, it
was unlikely to be emitted after passing through the wet scrubber. The sample flow from the
inlet was very consistent using the ¥2-in diameter probe. Since the spike flow rate was also very
consistent, the spike ratio was not changing so the procedure of spiking the analyte and the tracer
gas separately should have been effective. This is supported by the results of the SF; spike
measurements before and after the run. These results were consistent so variations in the HCI
concentration in the (HCI1) spiked samples was due to variations in the flue gas HQI

concentration.
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4.7 SCREENING FOR HAPs
Estimated uncertainties for undetected compounds are presented in Tables 3-12 to 3-14.
After analysis, the residual sample spectra were screened for absorbances due to
| . hazardous air pollutants in the EPA FTIR spectral library.
The residual spectra were produced by sequential subtractions of scaled reference spectra.
. Reference spectra were scaled by a factor equal to the ratio of the calculated sample
. concentration divided by the reference spectrum concentration (corrected for path length and
temperature). The estimated uncertainty is determined primarily by the moisture in the sample
gas. Higher moisture results in a higher calculated uncertainty.
The noise level in each analytical region of the residual spectra was taken as the root mean
. square deviation (RMSD) of the baseline. The RMSD was multiplied by the width (in cm™) of
| ~ the analytical region. This value was compared to the integrated area in the same region of a

reference spectrum of the compound.

The noise was calculated from the equation:

1
| Llgn 2|2
R_MSD - {( —;{) Ei=1 (Ai—'AM)
(1
where:
RMSD = Root mean square deviation in the absorbance values within a region.
n = Number of absorbance values in the region.
A, = Absorbance value of the i data point in the analytical region.
Ay = Mean of all the absorbance values in the region.
The estimated uncertainty for a non-detect is given by:
(2)

RMSD x (x, - x))

Area r

x CON,

ppm



where:

Uppm - = Noise related uncertainty in ppm.
X, = Upper limit, in cm™, of the analytical region.
X, = Lowerlimit, in cm?, of the analytical region.
Area, = Total band area (corrected for path length, temperature, and pressure) in

analytical region of reference spectrum.

Cong, = Reference spectrum concentration.

This procedure for estimating the uncertainty for an undetected compound usually yields a
number that is higher than the actual quantitation limit. This is because no attempt is made to
optimize the analytical regions for each compound, nor is the spectral subtraction optimized. (All
spectral subtractions are performed, even subtractions that are unnecessary for detecting a
particular campound, before the RMSD calculations are performed.) Additionally, band area
calculations give a conservative estimate of analyte quantitation limits because the analytical
program can usually detect analyte absorbances at lower concentrations than the band area

calculations indicate.
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5.0 SUMMARY OF FTIR QA/QC PROCEDURES

5.1 SAMPLING AND TEST CONDITIONS

Before the test, sample lines were cleaned by purging with moist air (250°F). Following
this, the lines were checked with nitrogen. This was done by heating the sampling lines to 250°F
and then purging with dry nitrogen. The FTIR cell was filled with some of the purging nitrogen
and the spectrum of this sample was collected. This single beam spectrum was converted to
absorbance using a spectral background of pure nitrogen (99.99 percent) that was taken directly
from a cylinder. The lines were checked again on site before sampling. After each sampling run
where HC] was detected, the probe was pulled from the stack and ambient air samples were
measured to determine the residence time of the HCI in the line.

The run duration for FTIR testing was concurrent with the Method 25A. More than
20 samples were collected and their spectra recorded within the sample run.

Each spectrum was assigned a unique file name and written to the hard disk and a backup
disk under that file name when the spectrum was collected. Two copies of each interferogram
were also saved under the same filename as the absorbance spectrum using a different file
extension. Absorbance spectra and interferograms were saved to different file directories. Two
copies of background and calibration interferograms and spectra w‘ere also stored on disks to
separate directories. A complete copy of all spectra and interferograms was submitted to EPA at
the completion of the‘ test before leaving the site.

All of the spectral file names, sampling information, sampling times, sample temperatures
and pressures, and the instrument configuration were recorded in writing on data sheets. Copies

of these data sheets were submitted to EPA upon completion of the test. Copies of the data
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sheets (both the written and transcribed versions) are also included in Appendix B of this report.
Minor errors in the original data sheets are corrected in the transcribed version.

Effluent was allowed to flow through the entire sampling system for at least 5 minutes
before the first sample was collected. The 20-ft section from the manifold to the FTIR cell was
the only part of the sampling system that came in contact with gas from both locations. This
20-ft section of heated line was evacuated after each sample by closing the 4-way valve at the
manifold and opening the cell and line to the pump at the cell outlet. This line (and the
manifold) was also included in the pre-test leak-check procedure.

FTIR spectra were monitored and a new background spectrum was collected periodically.
The data records in Appendix B indicate when new background spectra were collected.

After each change of location, the sample lines were purged with air or nitrogen to clear
contamination from the previous run. The lines were checked for contamination by measuring
the FTIR spectrum of ambient air samples.

When the condenser was in use, sample was kept constantly flowing through it before a
sample was measured. Before switching to the other location, nitrogen was passed through the
condenser and a sample of the nitrogen was measured in the FTIR cell.

5.2 FTIR SPECTRA

For a detailed description of QA/QC procedures relating to data collection and analysis,
refer to the "Protocol For Applying FTIR Spectrometry in Emission Testing” (Appendix D).> A
spectrum of the calibration transfer standard (CTS) was recorded at the beginning and end of
each test run. Positive pressure and vacuum leak checks of the FTIR cell, connection line and
sample manifold were performed according to the procedures in references 1 and 2. Leak check
results are recorded in Appendix B. Two ethylene standards were used for the CTS. A 20.0 ppm
standard was used primarily for the longer path length and a 99.4 ppm standard was used for the
shorter path length. Both ethylene standards were measured at each path length. The CTS
spectrum provides a check on the operating conditions of the FTIR instrumentation, €.g., spectral
resolution and céll path length. Ambient pressure was recorded whenever CTS spectra were
collected. Atmospheric pressure measurements were also recorded by the PES test crew.

Ambient pressure was about 720 mm Hg (about 28.4 in. Hg).
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Two copies of all interferograms, processed backgrounds, sample spectra, and the CTS
were stored on separate computer disks. Additional copies of sample and CTS absorbance
spectra were also stored for data analysis. Sample absorbance spectra can be regenerated from
the raw interferograms, if necessary.

5.3 CORRECTIVE ACTIONS

The instrument malfunction described in Section 3.2 was corrected and testing continued.

5-3



6.0 REFERENCES

"Measurement of Vapor Phase Organic and Inorganic Emissions by Extractive Fourier
Transform Infrared (FTIR) Spectroscopy,” EPA Contract No. 68-D2-0165, Work
Assignment 3-08, July, 1996.

"Protbcol For The Use of FTIR Spectrometry to Perform Extractive Emissions Testing at
Industrial Sources,” EPA Contract No. 68-D2-0165, Work Assignment 3-12, EMTIC
Bulletin Board, September, 1996.

"Computer-Assisted Quantitative Infrared Spectroscopy,” Gregory L. McClure (ed.),
ASTM Special Publication 934 (ASTM), 1987.

"Multivariate Least-Squares Methods Applied to the Quantitative Spectral Analysis of
Multicomponent Mixtures,” Applied Spectroscopy, 39(10), 73-84, 1985.

"Method 301 - Field Validation of Pollutant Measurement Methods from Various Waste
Media,” 40 CFR Part 63, Appendix A.

6-1



APPENDIX A.
ADDITIONAL DATA AND CALCULATIONS

This appendix presents measurements and results from PES. Included are Methoed 25A

results and stack gas measurements conducted during the testing.
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Summary of Stack Gas Parameters and Test Results
Lime Manufacturing Emission Test - Eastern Rldge Lime Company
US EPA Test Method 23 - CDD/CDF
Kiln No. 2 - Scrubber A Outlet
Page10f6
RUN NUMBER M23-A-1 M23.A-2 M23-A-3
RUN DATE 10/16/96 10/17/96 10/18/36 Averags
RUN TIME 1510-2038 1140-1630 1100-1543
MEASURED DATA
Y) Meter Box Correction Factor, Y 1.008 1.008 1.008 - 1.008
(dH) Avg Meter Orifice Pressure, in, H20 1.073 0.827 0.884 0.862
(Pbar) Barometric Pressure, in. Hg . 28.65 28.54 28.32 28.50
(Vm) Sample Volume, fi* 138.188 121.991 130.841 130.340
(Tm) Average Meter Temperature, °F B4 80 o8 91
(Pg) Stack Static Pressure, in, H20 .07 -0.07 <0.07 -0.07
(Ts) Average Stack Temperature, °F 138 135 135 136
(Vic) Condensate Coilectad, mi 653.3 606.3 5§66.0 €05.2
(%C0O2)  Carbon Dioxide content, % by valume 21.1 237 21.0 21.8
(%02) Oxygen content, % by volume 6.6 5.0 6.7 6.1
(%N2) Nitrogen content, % by volume 72.3 71.3 72.3 72.0
{Cp) Pitot Tube Coefficient 0.84 0.84 0.84 0.84
(dP) Avg Sqrt Delta P, {in. H20)% 0.533 0.547 0.589 0.573
(Theta) Sample Time, min 240 240 240 240
(Dn) Nozzle Diameter, in. 0.257 0.247 0.247 0.250
CALCULATED DATA
{(An) Nozzle Area, ft? 0.000360 0.000333 0.000333 0.000342
(Vmstd, cf) Standard Meter Volume, dscf 128.658 112.781 118.347 120.262
(Vmstd, cm) Standard Meter Volume, dscm 3.652 3.177 3.334 3.388
{Qm) Average Sampling Rate, dscfm 0.540 0.470 0.493 0.501
(Ps) Stack Pressure, in. Hg 28.64 28.53 28.31 28.50
(%H20)  Moisture, % by volume 19.2 20.2 18.1 18.2
(%H20sat) Moisture (at saturation), % 19.3 18.1 18.1 185
(Vwstd)  Standard ‘Vater Vapor Velume, ft* 30.751 28.53¢9 26.171 28.487
(Mfd) Cry Mole Fraction 0.81 0.82 0.82 0.82
(Md) Molecular Weight-dry, ibflb-mole 31.64 31.99 31.683 31.75
(Ms) Moiecular Weight-wet, ib/ib-mole 29.03 25.46 29.17 28.22
{Vs) Stack Gas Velocity, ft/s 35.5 33.0 35.8 34.8
(A) Stack Area, ft? 12.57 12.57 12.57 12.57
(Qa) Stack Gas Volumetric flow, acfm 26,772 24,919 27,049 26,247
(Qs.cmm)  Stack Gas Volumetric flow, dscfm 18,286 17,273 18,613 18,061
(Qs,cfm)  Stack Gas Volumetric flow, dscmm 518.1 489.1 527.1 511.4
m Isokinetic Sampling Ratio, % 103.1 102.8 100.1 102.0
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Summary of Stack Gas Parameters and Test Results
- Ume Manufacturing Emission Test « Eastern Ridge Lime Company
US EPA Test Method 29 - Meatals and Particulate Matter
Kiln No. 2 ~ Serubber A Qutlet
Page 1of3
RUN NUMBER 1 2 3
RUN DATE 10/16/96 10/17/98 10/18/96 Average
RUN TIME 1510-2038 1140-1830 1100-1548
MEASURED DATA
(48] Meter Box Corection Faclor, Y 1.009 1.008 1.009 1.009
(dH) Avg Meter Orifice Pressure, in. H20 1.127 1.214 1265 1.202
{Pbar) Barometric Pressure, in. Hg 2B.65 28.54 28.32 28.503
(vm) Sample Volume, 2 135.203 142.503 142.643 140.116
(Tm) Average Meter Temperature, °F 75 85 77 79.021
Fa) Stack Static Pressure, in. H20 -0.07 -0.10 -0.10 -0.080
(Ts) Averagsa Stack Temperature, °F 126 128 129 127.410
(Vie) Condensate Collected, mi 6326 632.3 615.2 626.710
{5C02)  Carbon Dioxide content, % by volume 18.0 23.7 21.0 21.233
(%02) Oxygen content, % by volume 7.8 50 8.7 6.500
(%N2) Nitragen content, % by volume 732 71.3 72.3 72.267
(Cp) Pitot Tube Coefficient 0.84 0.84 0.84 0.840
{dP) Avg Sqrt Delta P, (in. H20)%4 0.5708 0.5680 0.6210 0.587
(Theta)  Sampla Time, min 240 240 240 240.000
(Dn) Nozzle Diameter, in, 0.254 0.259 0.250 0254
CALCULATED DATA
(Am) Nozzle Area, square feet 0.00035 0.00037 0.00034 0.000
(Vmstd) Standard Meter Volume, fi* 129.352 133.065 134,380 132.288
(Ps) Stack Pressure, inches Hg 28.64 28.53 28.31 28.497
(%6H2Q) Muisture, % 18.7 18.3 17.7 18.240
(%H20sat) Moisture (at saturation), % 14.1 14.9 15.4 14.796
(Vwstd) Standard Water Vapor Volume, ft2 25.778 .29.762 28957 29.489
{Mfd) Dry Male Fraction 0.859 0.851 0.848 0.852
Md) Moleeutar Weight-dry, Ib/lb-mole 31.35 31.99 3163 31.657
(Ms) Molecular Weight-wet, tb/lb-mole 28.94 27.23 28.75 26.972
(Vs) Velocity, ft/s : 35.7 355 39.3 36.833
(A) Stack Area, f2 12.57 12.57 1257 12,570
(Qa) Volumetric flow, acfm 26,923 26,759 28,685 27778
(Qs) Volumetric flow, dscfm 19,959 19,503 21,275 20245
()] isokinetic Rate, % 86.5 97.7 87.1 97.082
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Summary of Stack Gas Parameters and Test Results
Lime Manufacturing Emission Test - Eastern Ridge Lime Company
US EPA Test Method 23 - CDDICDF
Kiln No. 2 - Scrubber B Qutlet
Page 1 of 6
RUN NUMBER M23-81 M23-B2 M23-B3
RUN DATE 10/16/96 10/17/96 10/18/96 Average
RUN TIME 1511-2027 1140-1630 1100-1540
MEASURED DATA
) Meter Box Correction Factor, Y 1.C03 1.003 1.003 1.003
(dH) Avg Meter Orifice Pressure, in. H20 2282 0.808 1.476 1.525
(Pbar) Barometric Pressure, in. Hg 28.65 28.54 28.30 28.50
(Vmj Sample Vealume, ft* 187.909 116.621 151.944 152.158
(Tm) Average Meter Temperature, °F 84 85 - et 90
(Pg) tack Static Pressure, in. H20 -0.06 0.05 Q.12 0.04
{Ts) Average Stack Temperature, °F 136 131 134 133
(Vic) Candensate Collected, ml 783.0 415.4 6144 604.3
(%C02) Carbon Dioxide content, % by volume 19.0 20.0 19.7 1896
(%02) Oxygen content, % by volume 7.8 7.7 7.6 7.7
(%aN2) Nitragen content, % by volume 73.2 723 727 727
(Cp) Pitot Tube Coefficient 0.84 0.84 0.84 0.84
(dP) Avg Sqrt Dalta P, (in. H20)%2 0.363 0.312 0.425 0.367
(Theta)  Sample Time, min 240 240 240 240
{Dn) Nozzle Diameter, in. 0.375 0.210 0.310 0.332
CALCULATED DATA
(An) Nozzle Area, ft* 0.000767 0.000524 0.000524 0.000605
(Vmstd, cf) Standard Meter Volume, dscf 172.998 106.346 141.244 140.196
(Vmstd, cm) Standard Meter Volume, dsem 4.873 2.996 3.979 3.949
(Qm) Average Sampling Rate, dscfm 0.721 0.443 0.58¢9 0.584
(Ps) Stack Pressure, in. Hg 28.65 28.54 28.31 28.50
(%H20)  Moisture, % by volume 176 15.5 17.0 18.7
(%H20sat) Moaisture (at saturation), % 17.8 16.3 176 17.3
(Vwstd)  Standard Water Vapor Volume, f° 36.856 19.553 28.820 28.443
{Mfd) Dry Mole Fraction 0.82 0.84 0.83 0.83
(Md) Molecular VWeight<dry, Ib/ib-mole 31.35 31.51 31.46 31.44
(Ms) Molecular Weight-wet, Ib/lb-mole 29.01 29.41 28.17 29.20
(Vs) Stack Gas Velocity, ft/s 221 18.8 25.9 223
{A) Stack Area, f* 12.57 12.57 12.57 12.57
(Qa) Stack Gas Volumetric flow; acfm 16,853 14,168 19,530 16,783
{Qs.cmm) " Stack Gas Volumetric flow, dscfm 11,667 10,192 13,633 11,831
(Qs.cfm)  Stack Gas 'Volumetric flow, dscmm 3304 2886 386.0 335.0
()] isokinetic Sampling Ratio, % 101.3 104.3 103.5 103.0
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Summary of Stack Gas Parameters and Test Results
Lime Manufacturing Emisslon Tast - Eastern Rldge Lime Company
US EPA Test Method 29 - Metals and Particulate Mattar
Kiln No. 2 - Scrubber B Outlot
Page 1 0of 3
— =
RUN NUMBER v 2 (&= ,
RUN DATE 10/18/96 10/17/96 10/18/96 Averags
RUN TIME 1514-2037 1140-1630 1100-1550
MEASURED DATA
M Meter Bax Comection Factar, Y 1.003 1.003 1.003
(dH) Avg Meter Qrifice Pressure, in. H20 2.004 0.670 1.043
(Pbar) Baromeiric Pressure, in. Hg 28.85 28.54 28.30
(vm) Sample Volume, fi* 187.128 113.837 132.495
Tm) Average Meter Temperature, *F 94 97 85
(Pg) Stack Static Pressure, in. H20 -0.06 0.05 0.12
({Ts) Average Stack Temperature, °F 135 130 133
{Vic) Condensate Collectad, ml 776.9 380.4 5207
(%CO2Z)  Carbon Dioxide cantent, % by volume 19.0 20.0 19.7
(%02) Oxygen content, % by volume 7.8 7.7 7.6
(36N2) Nitrogen content, % by volume 732 72.3 72.7
(Cp)  Pitot Tube Coefficient 0.84 0.84 0.84
(dP) Avg Sqn Delta P, (in. H20)% 0.3587 0.3047 0.3745
(Theta)  Sample Time, min 240 240 240
{On) Nozzle Diameter, in. 0.378 0.310 0.310
CALCULATEDR DATA
(An) Nozzle Area, square feet 0.00078 0.00052 0.00052
(Vmstd) Standarcd Meter Voiume, f* 172.068 103,417 122.08§
{Ps) Stack Pressure, inches Hg 2885 28.54 23.31
(%H20) Molsture, % 17.8 15.1 18.7
(%H20sat) Moisture (at saturation), % 18.2 16.0 - 1758
(Vwsid)  Standard Water Vapor Volume, it 36.569 18.376 24,509
{Mfd) Dry Mole Fraction 0.825 0.849 0.833
{Md) Molecular Weight-dry, ib/lb-male 31.35 31.51 3146
{Ms) Molecular Weight-wet, IbAb-mole 25.86 26.75 26.20
vs) Velocity, s 231 19.2 241
(A) Stack Ama, ft* 1257 12.57 12.57
(Qa) Velumetric flow, acfm 17,419 14,507 18,145
(Qs) Volumetric flow, dsefm 12,192 10,507 12,717
M Isokinetic Rate, % 8949 g8.4 83.0
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Octaber 16, 1996

PES RTP NC

Eastern Ridge Lime Company
Kiin No. 2 Qutlet of Serubbars

Serubber A Serubber 8
Callbration Gases Systam Caiibeation Sytam Calibration | DIT Calbraton
0.0 ppm 235 a80 0.00
30.04 ppm .25 30.00 30.40
49.72 ppm 43538 4920 50,80
B7.88 ppm 83.86 84.40 58.00
Comsiation  0.885887 |Comeiation  D,099886|Comeiabon  0.99932]
Slope 0.9271117 Slopn 0.8518108{Slopa 1.00281
imercept 25553423 wtercept 12143665 /intorcept 028583
Samgpiing Systom Blas | Sampng System Blag Calibratlan Errnr
2254 0.80%
0,15% 040% 120%
1.42% 1.80% 2.47%
4,345 3.60%
Post Cal Deig Post Cal Onf
13:00 1.60 0.75% 160 0.80%
50,00 0.62% 040 1.20%
Post Caf Drift Post Cal Crite
1457 200 0.35% 1.60 0.90%
43.60 Q.22% 50,00 0.80%
15151530 41 Cofmected A
15:30-15:45 5.1 B &1
15:45-16:06 57 A 3.4
18:06-16:21 5.9 B £X)
16:21=16:36 5.3 A __38
16/36-18:31 3.8 B 4.8
16:51-17:06 5.7 A 34
17:06-1721 44 g 3,3
Pozt Cal Drit Post Cal Drit
17:36 240 0.05% 1.60 0.80%
44.80 4.58% 43.40 0.80%
28.40 1.85%
Cailbration Gasas Systemn Callbraton
] 2.0 ppm 240
30.04 ppm 28.40
43,72 ppm 4480
B7.89 pem 77.20
Callbraton Eror
. 1.13%
0.11%
Comrelation  0.9909747 ’
Slope 08502501
L ot €. 5702877
18:15-18:30 50 Comected A
18:30-18:45 [X] 8 5.1
13:45-12:00 48 A 7.8
12001815 45 <] 36
19151930 49 A a7
12:20-1%45 4.8 8 3.8
19:45-20:00 47 A 25
20:00-20:18 44 B8 33
Post Caf Drift Posl Cal DR
20:20 1.60 0.80% 120 o.40%
4400 0.80% 44.40 4.80%
27.62 2.40%

Page |

1.7 pomTHC (-U..ui bn\-ésa
1
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PES RTP NC

Eastern Ridge Lime Company

Kiln No. 2 Qutlet of Serubbers
October 17, 1336
Serubbsor A Senibber B
Calidration Gases System Calibration System Calibrallon Diret Calibration
0.0 ppm 0.80 0.80 0.00
30.04 ppm 29.60 30.00 30.40
43,72 pom 48,40 49,20 50.40
87.88 ppm 8320 B4.40 8720
Correidlion  0.9995028|Camelation 0.9958881 Cormelation 08585
|Slope 0.8378908 | Slape 0.5318108 Slope 0.puz8
Intercast 1.1976562 | intereet 12143685 Intercapt 0.39657
Sampling System Blas | Sampiing System Blas Callveation Errsr
0.80% 030%
0B0% 0.40% 1.20%
2.00% 1.20% 1.37%
4.00% 2.50%
11,10 Pom Cal Orift Podl Cal Drift
120 0.40% 0.0 0.00%
45.80 280% 48,80 2.40%
Calbration Gasss Sysiem Calibauon
0.0 ppm 120
30.04 ppm 28.40
42,72 ppm 45 80 .
8784 ppm 78.80
Cakbratian Ermor
13%%
0.47%
Comefation  0.9999455
Slope 0,8022094
Inorcapt 1.5810148
11:40.12:00 B4 Camacien A
12:00-1215 B
12:1512:30 57 . B ay
1230-12:45 71 A 83
12:45-12:00 ~%a B 4.8
13:00-13:15 T A 7.0
13:15-13:30 .5 B 5.6
Post Cal Orit Past Cal Drin
13:38 1.60 0.40% 120 0.40%
44.00 1.60% 44.40 4.80%
i re0  240%
14:00-14/15 88 Comractad A
14:15-14:20 1.5 8 -X-]
14:30-14:45 73 A 85
14:4515:00 _ 54 B 54
15:00-15:15 [X] A BO
15:15-15:30 55 8 45
15:20-15:45 8,0 A 51
15:45.18:00 5.2 I > S
16:00-16;15 52 A X0
18:15-15:30 5.5 8 4.5
Past Cal Drift Past Cal Ddk
1835 240 1.20% 1.50 0.80%
42.80 2.80% 48,00 3.20%
7.2 1.20% 2840 1.60%

Pagel




12715838 15:41 13198110234 PES RTF NC «o14/030

Eastern Ridge Lime Company
Kiin No. 2 Qutiet of Scrubbers
Ccteber 18, 1936

Pagel

Scrubber A Scrubbar 8
Cahbraiion Gases Sysiemn Callbeation Sysizm Cakbiaton Tirect CREDMRIoN
2.0 ppen 1.20 120 0.40
30,04 pprn 29.60 29.60 260
46,72 ppm 48.00 48 Ba 49,60
8786 pom 82 40 83.20 8569
Corrsiation  0,0599174 | Carrelaton  0.995991 74 |Carawmion  0.99591
Slapa 0.5239703|Stope 0,83454[Skope 0.9714%
Imorcad 1.551025A|Intoreepl 1.5381022)intercepl 0.59208
Sampling Syetem Hias | Sampiing Sysiemn Hlas Calibration Emor
0.90% 0.20%
0.00% 0.00% 1.48%
1.60% Q.80% 0,24%
3.20% 2.40%
10110-10:30 8.1 Correctsa A 48 pomTHC ( Wt basi ;
1030 180:45 59 B %4
10:45-11,00 6.2 A 50
11:00-11:15 5.6 B 43
11151130 63 A TTEITT
11:30-11:45 49 B 3B
11:45-12:00 5.2 A AR
12.00-12116 4.8 a8 33
Post Gl Dein Past Cal Dt
12:20 1.80 0.40% 1.50 0.40%
26.80 2.80% 27.20 240%
42.00 £.00% 44.00 480%
Caitration Gases Syatam Callbrution Systern Camdration
0.0 ppm 1.%0 160 ’
2004 ppm 26.00 2720
4872 pon 42.00 44.00
B7.86 pom 78.40 78,40 .
Cakbealion Eerec Cailbration Efroe |
0.67% OBA%
3.16% 1.72%
Correlation  0,3995726 {Carralation  0.558681
[Skope 0.8457419/Slope 0874
Intareapt 1,1334588 | intereapt 1.1750281
12:05-1315 .56 Corrocted A 53 ppmTHC Cua.k ) M’\a
13151330 56 A &3
13:30-13:45 [¥i B M
12451400 5§ A 2
1400-14:16 X H 3.5
14:15-14:30 (%) A Bl
14:30-14:45 4.8 B £1
. Post Cal Drin Pest Cal orm
14:50 1.20 Q40% 0.80 o.80%
26.40 D0.40% 2720 0.00%
43,20 1.20% 4400 0.00%
. 151151530 56 Comscmd A 53 _ pemTHC C“-'-* 5"5*9
15:30-15:45 4.8 8 4.1
16:45-15:00 5.1 A .
16:00-18:15 4.0 B 42
Poat Gl Dxitt Post Cai Dt
15:18 0.50 0.80% LY 1,20%
2400 2.20% 28.00 120%
40,00 2.00% 42.40 1.60%



12,187,983  13:41 219199410234 PES RTP NC ¥916/030
Summary of Stack Gas Parameters and Test Results
Lime Manufacturing Emission Test - Eagstern Ridge Lima Company
US EPA Test Method 29 - Metals and Particulate Matter
Kiln No. 2 - Hydratar Stack
Pageiof3
RUN NUMBER M2s4 M2s-5 M29-6 MZ29-7
RUN DATE 10/18/96 10/19/96 10/20/96 10/20/%6
RUN TIME 1100-1306 1339-1541 1008-1213 1233-1438
MEASURED DATA
44)] Mater Box Cerrection Factor, Y 1.003 1.003 1.0G3 1.003
(aH) Avg Meter Orifice Pressure, in. H20 1.021 0.683 0.442 0.566
(Pbar) Barometric Pressure, in. Hg 28.25 28.25 28.26 28.260
(vm) Sampie Volume, {2 " 68.258 55.512 44722 52.834
(Tm) Average Meter Temperature, *F g1 82 70 73.875
{Pg) Stack Static Pressure, in. H20 0.18 0.17 0.18 0.150
(Ts) Average Stack Temperature, °F 184 185 185 185.625
(Vic) Condensate Collected, mi 1858.8 1601.1 1155.4 1495.500
(%C02) Carben Dioxide content, % by volume c.0 0.0 0.0 0.000
(%602) Oxygen content, % by volums 21.0 21.0 21.0 21.000
{%N2) Nitrogen content, % by volume 780 790 79.0 79.000
(Cp) Pitot Tube Coeefficiant . 084 0.84 0.84 0.840
(dP) Avg Sqrt Delta P, (in. H20)% 0.2656 02819 0.2519 0.286
(Theta) Sampie Time, min 120 120 120 120.000
(On) Nozzle Diameter, in. 0.437 0.435 0.437 0.439
CALCIULATED DATA
(An) Nezzle: Area, square feet D.00104 0.00105 '0.00104 0.001
- (Vmstd) Standard Meter Volume, ft* €5.615 51.301 42,234 49848
(Ps) Stack Pressure, inches Hg 28.26 2826 28.27 28.271
(%6H20) Maisture, % 571 59.5 58.3 58.641
{%H20sat) Moisture (at saturation), % §8.2 60.4 60.3 51.083°
(Vwstd) Standard Watér Vapor Volume, ft* - 87.494 75.364 54.385 70.393
(Mfd) Dry Mole Fraction 0.429 0.405 0437 1.0C0
(Md) Malecular Weight-dry, Ibb-mele 28.84 28.84 28.84 28.840
(Ms) Melecular Weight-wet. Ib/Tb-mole 12.36 1168 12.81 28.840
(Vs) Velocity, ft's 28.0 28,5 243 18.268
(A) Stack Area, ft* 278 2.75 2.78 2,761
(Qa) Volumsatric flow, actm 4,306 4,721 4,032 3026
(Qs) Volumatric flow, dscfm 1,428 1,478 1,363 2338
) isokinetic Rate, % 101.5 76.0 68.5 48 500
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Data Sheet

: FTIR Background and Calibration Spectra: Eastem Ridge Lime Kiln. EPA Work Assignment 4-01.

Date Time File Name Path Location/Notes #scans |Res (cm-1)| Cell temp (F)| Prassure BKG Apod
10/15/96 | 17:00 “Leak check celi & manifold under pressure of 931 torr. Held steady for one minute.
10/15/96 17:50 |BKG1015A Flowing N2 - Fairly wet
17:50 “‘Leak check (time = 0, P=4.1) at (time = 2, P=10.1)
17:58  |CTS1015A Temp 123 C (cell)
10/16/96 9:07 |[BKG1016A 36 passes 100 2.0 Ambient 725.4 NB/med
9:15 |CTS1016A 36 passes|Ethylene 99.4 ppm in N2 AAL16529 100 2.0 Amblent 725.4 1016A | NB/med
9:30 ([CTS1016B 36 passes|Ethylens 20 ppm in N2 Almo 29430 100 2.0 Ambient 725 1016A | NB/med
10:45 |BKG1016B 36 passes|Background/N2 100 1.0 250F,121C 726.9
10:57 |CTS1016C 36 passes |20 ppm in N2 Almo 29430 50 1.0 250F,121C | 726.4
11:11  |HCI001 HCI 103.0 ppm 1A7805 50 1.0 250F,121C
11:42  [HCI00A N2 in cell after purge showing HCl traces remaining 50 1.0 250F,121C ,___
13:18 |BKG1016C 36 passes 200 1.0 122C 7253 NB/med
10/17/96 18:35 |BKG1017A 36 passes|Background after cell alignment 200 1.0 120C 7241
18:58 |CTS1017A 36 passes|20 ppm Ethylene 50 1.0 122C 722.4 A
19:10 |BKG1017B 36 passes|N2 dryer 100 1.0 122C 722.4 NB/med
19:21  |CTS1017B 36 passes|20 ppm 50 1.0 122C 7224 B NB/med
20:00 |SF6EA001 36 passes|4.01 ppm cyl #A7853 50 1.0 122C 720.4 B
.10/18/96 9:47 |BKG1018A 36 passes 100 1.0 121C 716.8 NB/med
9:63  |CTS1018A 36 passes |20 ppm Ethylene , 50 1.0 121C 716.8 A
10:03 {SFEEA002 36 passes|SF6 @ 4.01 ppm undiluted 50 1.0 121C 716.8 A
10:12 |HCIEA001 36 passes|HCI 103.0 ppm undiluted (static in the cell) 50
10:17 |HCIEA002 36 passes|Same fill of HCI 5 minutes later 50 1.0 121C 716.8 A NB/med
10:27 |SFEHCIO1 50/50 mixture total flow = 48 through cell 50 1.0 121C 716.8 A NB/med
10:32  |SF6HCI02 Same fill static
10:42 *leak check through back of cal manifold (time=0, P=6.3) at {time=1, P=14.0)
10/18/96 13:45 |BKG1018B 36 passes 100 1.0 122C 715.7 NB/med
16:27 |BKG1018C 36 passes 100 1.0 122C 715.7 NB/med
16:33 |CTS1018B 36 passes 50/100 1.0 122C 715.7 C
10/19/96 *leak check cell (tlime=0, P=5.3torr), (time=2min, P=8.2torr), (time=0, P=798.8), (time=1, P=800.2
10/19/96 9:32  |BKG1019A 36 passes|Hydrator stack 100 1.0 122C 717 6torr NB/med
9:50 [CTS1019A 36 passes|20 ppm Ethylene’ 50/100 1.0 122C 717.6torr A
9:56 |CTS10198 36 passes|20 ppm Ethylene 2nd fill A L
10/19/96 10:55 |BKG1019B 16 passes|Shorter path length for 38% moisture. Using ZnSe Window 100 1.0 122C 717.9 NB/med
11:02 [CTS1019C 16 passes|20 ppm Ethylene 50/100 1.0 122C 717.5 B NB/med
11:13  |CTS1019D 16 passes |20 ppm Ethylene 50/100 1.0 122C 717.5 B NB/med

g:\private\lig\emb\4-01\reporiMtabs\LIME_DAT.XLS




Data Sheet: FTIR Background and Calibration Spectra: Eastern Ridge Lime Kiln. EPA Work Assignment 4-01.

Date Time File Name

Path Location/Notes #scans [Res (cm-1)! Cell temp (F)| Pressure KG Apod

11:28 |CTS1019E 16 passes|99.4 ppm Ethylene 50/100 1.0 122C 717.4 B NB/med

11:35 |CTS1019F 16 passes[99.4 ppm Ethylene §0/100 1.0 122C 717.5 B8 NB/med

11:41  ISF6HY001 16 passes|4.01 ppm SF6 cal. standard 50/100 1.0 122C B8 NB/med
1019/96 | 11:45 [SF6HY002 16 passes|Second sample SF6 4.01 ppm 50/100 1.0 122F 717 B NB/med

12:40 |BKG1019C 16 passes|Closed down aperature to reduce energy 100 1.0 122F 717.4

13:42 |CTS1019G 16 passes|99.4 ppm Ethylene 50/100 122F 716.9 Cc NB/med

13:44 |CTS1019H 16 passes|99.4 ppm Ethylene 50/100 1.0 122F 716.9 Cc NB/med

14:.06 |SF6HY003 16 passes|SF6 4.01 ppm 60/100 1.0 122F 716.5 C NB/med

14:10 |SFEHY004 16 passes|SF6 4.01 ppm 60/100 1.0 122F 716.4 C NB/med

16:09 started spike (SF6) up to probe @ 1.00ppm total flow = 65

16:14 |BKG1019C 16 passes{N2 100 1.0 122C 717.3

16:20 |CTS10191 16 passes|99.4 ppm Ethylene in Nitrogen 50/100 1.0 122C 717.3 D NB/med
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Data Sheet: FTIR Batch Samples:

Eastern Ridge Lime Kiln. EPA Work Assignment 4-01.

Date | Sample ime | File name Path

__Date Localion/Notes #scans [Res (cm-1) Cell Temp (F) | Spk/Unsp | Sample Cond. Sample Flow BKG
10/16/96 | 14:55-14.58 |[Amblent 1 |36 passes|inlet probe 50 1.0 123C U H/W 110 C
' 1 1SCINLOO1 |36 passes|inlet to scrubber 50 1.0 123C U H/W 110 __Cc
SCINLO02 |36 passes|lnlet to scrubber - 50 1.0 123C U HW (P=722.2) 110 c
15:15-15:21 |SCOUTO001 | 36 passes |flow restricted at about 30 THC approx. 2 ppm 50 1.0 123C u H/W 110 Cc
15:33-15:50 |[SCOUTO002 |36 p flow restricted to about 10 50 1.0 123C U H/W 110 Cc
10/18/96 | 10:44-10:46 |SCOUT201 | 36 passes{Scrubber outlet west (P=716.3) 1.0 122F U H/W 85 - 1018A
10:48-10:50 {SCOUT202 | 36 passes|Scrubber outlet west (P=716.3) 1.0 122F U H/W 85 1018A
10:52-10:54 |SCINL201 |36 passes|Scrubber inlet U 120 1018A
1057 SCINL202 |36 passes|Scrubber inlet U 120 o
11:02-11:04 |SCOUT203 | 36 passes|Scrubber outlet west U 80
11:06-11:07 [SCOUT204 |36 passes|Scrubber outlet west U 75
11:10-11:11 |SCINL203 | 36 passes|Scrubber inlet u 120
11:13-11:15 |SCINL204 | 36 passes|Scrubber inlet U 120
11:17 SCOUT205 |36 passes|Scrubber outlet west U
11:22 36 passes |SF6 spike on to inlet u
] 1124 |SCOUT205 | 36 passes|Scrubber outlet west u 1 B
11:29-11:31 |SCINS205 | 36 passes |spiked w/ 1.00lpm SF6 S(SF6) 120 total 1.00 spike
11:34 SCINS206 |36 passes|spiked w/ 1.00lpm SF6 S(SF6) 120 total 1.00 spike
10/18/96 | 11:37-11:39 |SCINS207 |36 passes|spiked w/SF6 atinlet 50/100 1.0 122C S(SF6) H/W total =120, SF6=0.98Im A
11:44 HCl spike on| 36 passes|HCI spike on to inlet, spike = 1.00 Ipm, total low=120
11:46-11:48 {SCOUC207 | 36 passes|Condenser Sample scrubber outlet west 50/100
11:53-11:55 |[SCOUC?208 | 36 passes|Condenser Sample scrubber outlet west 50/100 .
. | 11:59-12:01 |SCINH208 |36 passes |inlet spiked w/HCI @ 1.05lpm 50/100 S(HCI) total flow=120 o
12:05-12:12 |SCINH209 |36 passes|iniet spiked w/HCI @ 1.04lpm_ flow through cell { 50/100 S(HCI) total flow=120
avacuate cell
12:14-12:23 |SCINH210 new fill w/HCI spike 50 1.0 122C S(HCI) total=120, HCI=1.00
12:25 Empty 001 evacuated cell 50/100 1.0 122C vacuated cell A
12:27 Empty 002
12:30  |SCINH211 HCI spike to inlet P=724 .4, flow through cell = 40, spike = 0.96 total=120
__112:36-12:38 [SCOUC209 Condenser from outst total outiet flow = 40 {bouncing)
12:37 spike off to inlet total inlet flow = 120
12:44-12:47 |[SCOUT210 H/W from scrubber outlet west
12:51 SCOUT211 fili to 360 torr with outlet sample diluted with N2, fill to 720 torr with N2
12:55-12:58 |SCOUD212 | 36 passes fill to 360 w/N2, fill to 720 w/outlet sample 50/100 1.0 122C U diluted total=35 1018A
13:03-13:04 |SCINL212 | 36 passes|untreated direct to cell 80/100 1.0 122C U H/W 120 A
. 113:08-13:10 |SCINL213 : o
13:13-13:15 |SCINC214 | 36 passes|Condenser sample scrubber inlet, flow through t{ 50/100 A
13:18-13:22 |SCINC215 |36 passes{Condenser sample scrubber inlet, flow through ¢4  50/100 A
13:26  |SCOUT?213 | 36 passes|Scrubber outlet west 50/100 1.0 122C U H/wW approx. 30 A
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Data Sheet: FTIR Batch Samples:

Eastern Ridge Lime Kiln. EPA Work Assignment 4-01.

Date | Sample ime | File name Path LocatiorvNotes #scans |Res (cm-1) Cell Temp (F}| Spk/Unsp | Sample Cond. Sample Flow BKG
13:55-13:57 |SCINC216 Condenser sample from Inlet 50/100 1.0 122C U Cond. total = 120 B
13:30-14:004 | |switch outletproba to east stack and replaced glass woal plug to improve flow lo manifold _ U S
14:05-14:08 |[SCOUT214 Scrubber outlet east stack 50/100 1.0 122C U H/W total = 75 B

10/18/96 | 14:11-14:14 [SCOUC215 Scrubber outlet east stack Cond. 8
14:18-14:21 |SCOUC216 |! Scrubber outlet east stack Cond. 8
14:26-14:30 |SCOUT217 Scrubber outlet east stack H/W 8
14:33-14:36 |CONBLNK1 nitrogen through the condenser B

14:35 Probe box back In operation
1 14:40-14:431SCOUT218 | 36 passes|Scrubber outlet east stack 50/100 1.0 122C Y] H/W B total =60 B
14:45-14:47 1SCOUC219 Scrubber outlet east stack 50/100 1.0 122C U Cond. total = 60 B
14:49-14:52 [SCOUC220 Scrubber outlet east stack 50/100 1.0 122C U Cond. total = 60 B
14:55-14:56 |SCINL217 Scrubber inlet 50/100 1.0 122C u H/W total = 60 B
15:00-15:02 |[SCOUD221 Outlet west to 360torr w/N2, to 720torr w/sample| 50/100 1.0 122C U Dil 50 B
15:05-15.06 |SCOUD222 Outiet west to 600 w/N2, to 720 w/sample 50/100 1.0 122C U Dil 50 B
15:08-15:09 [SCIND218 to 360 w/N2, to 720 w/scrubber outlet 50/100 1.0 122C U Dil 120 B
15:15-15:16 {SCOUD223 to 360 w/N2, to 720 wiscrubber outlet east 50/100 1.0 122C U D 50 B
___]15:19-15:22 |SCOUC224 Outlet east condenser 50/100 1.0 122C u Cond 50 B
15:25-15:26 [SCINL219 Inlet 50/100 1.0 122C U H/W 120 B
15:29-15:31 |SCINC220 Intat 50/100 1.0 122C U Cond 120 B
15:35-15:37 [SCOUC225 Outlet sast condenser 50/100 1.0 122C U Cond 50 B
15:42-15:44 |SCOUT226 Outlet sast condenser 50/100 1.0 122C U H/W 50 8

10/18/96 | 15:50-15:51 |SCIND221 |36 passes|inlet to 360 w/N2, to 720 w/sample 50/100 1.0 122C U Dilute 120 B
15:55-15:57 [SCINL222 |36 passes|Inlet untreated sample 50/100 1.0 122C U H/W 120 B

] 15:58-15:59 |SCOUD227 | to 67.5 w/sample, to 720 w/N2 50/100 1.0 122C u Dil 50 B
16:05-16:07 |SCOUC228 Outlet east condenser 50/100 1.0 122C U Cond 50 B
16:10-16:12)SCOUT229 Qutlet east condenser 50/100 1.0 t22C U H/W 50 B

RATOR STACK Sample 1 line on manifold total flow=85
10/19/96 | 12:06-12:08 {HYDHWO001]| 16 passes|from hydrator stack, some water condensed in th{ 50/100 U H/W 70 in stack B
j " 112:14-12:15 |HYDCN002 | 16 passes |through condenser 50/100 1.0 122F U Cond. 70 B
12:19-12:21 HYDCNO003 | 16 passes jthrough condenser 50/100 1.0 122F U Cond. 70 8
12:27-12:28 |HYDDI00O4 diluted to 600 w/N2, to 718 w/sample 50/100 1.0 122F U Dil 70
12:43-12:44 |HYDDI00S diluted to 600 w/N2, to 718 w/sample 50/100 1.0 122F U Dil 60 C
12:47-12:49 |HYDHWO006 Hot wet 50/100 1.0 122F U H/W 60 C
12:52-12:55 |[HYDCNo007 Condenser 50/100 1.0 122F u Cond 60 c
12:59-13:01 |HYDHWO0O08| 16 passes|Hot wet 50/100 1.0 122F U H/W total = 60 c_
|13:07-13:08 {HYDD1009 |16 passes|dilution @ 2:1 10 360 W/N2, to 720 w/sample | 50/100 | 1.0 122F u HW__ | _wl-60 | C
13:12-13:14 |HYDD1010 |16 passes|dilution @ 2:1 1o 360 w/N2, to 720 w/sample 50/100 1.0 122F u H/W total - 60 C
14:09 Started SF6 spike up to probe @ 1.04 Ipm, total flow =65
14:19-14:22 |HYDHS012 | 16 passes{Hot wet spiked w/SF6 | s0/100 1.0 122F U H/W total = 60 c
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Data Sheet: FTIR Baich Samples: Eastern Ridge Lime Kiln. EPA Work Assignment 4-01.

Date | Sample ime| File name Path Location/Notes #scans |Res (cm-1) Cell Temp (F) | Spk/Unsp { Sample Cond. Sample Flow BKG
14:27-14:28 |HYDHS013 Hot wet spiked w/SF6 0.98 Ipm 50/100 1.0 122F U H/W total = 75
. ]114:33-14:34 |HYDHSO014 Hot wet spiked w/SF6 0.98 Ipm 50/100 1.0 122F Y] HIW - total = 75 -
14:36 started HCl spike @ 1.00 Ipm total flow =75
14:44-14:46 |HYDHSO015 spiked w/HCI @ 0.97- 0.98 lpm, flow through at 717.3 torr total flow =75
14:49 HYDHSO016 | spiked w/HCI @ 0.99 Ipm, flow through at 719 torr total flow =78
14:56-14:59 [HYDHS017 spiked w/HCI @ 1.03 Ipm, flow through at 719.2 torr total flow =78
10/19/96 moisture condensing in rotameler cell ] :
15.05-15:10 {HYDHS018 spiked w/HCI @ 1.17 Ipm, flow through caell at about 50, rotameter to cell Is dry, manifold @ 320F, P=716.5 torr flow out vent = 25
continued purging cell as in HYDSO18
| 1523 |HYDHSO019 | 16 passes|continued purging cell, rotameter to cell still dry R
continued purge flow through @ about 50, P=~711.8 torr
15:31 HYDHS020 spike fiow = 1.06 lpm
Moisture was @ 58% at Hydrator stack
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Data Sheet: FTIR CTS and Background Spectra. Lime Kilns. EPA W.A. 3804-01.
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Data Sheet: FTIR CTS and Background Spectra. Lime Kilns. EPA W.A. 3804-01.
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Data Sheet: FTIR CTS and Background Spectra. Lime Kilns. EPA W.A.3804-01.
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Data Sheet: FTIR CTS and Backgroﬁv—ipectm.\iime Kilns. EPA W.A. 3804-01.
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Data Sheet: FTIR Batch Samples: Lime Kilns. EPA WA, 3804-01,
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Data Sheet: FTIR Baich Samples: Lime Kilns, EPA WA, 3804-01,
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Data Sheet: FTIR Batch Samples; Lime Kilns, EPA WA, 3804-01,

Date | Sample File Name Path Location/ Notes #scans| Res. | Temp.§ Spk/ | Sample | Sample | BKG
Time M cm’! °F Unsp | Cond. Flow
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V¥ Data Sheet; FTIR Batch Samples: Lime Kilns, EPA WA, 3804-01,
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Data Sheet: FTIR Batch Samples: Lime Kilns. EPA WA, 3804-01,

C Samben o oyl U'OOL%. Mo .S “u,
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Disclaimer

This document was prepared by Rho Squared under Midwest Research Institute
Purchase Order Number D02329. This document has been reviewed neither by Midwest

Research Institute nor by the U. S. Environmental Protection Agency.
The opinions, conclusions, and recommendations expressed herein are those of the
author, and do not necessarily represent those of Midwest Research Institute or those of the

United States Environmental Protection Agency.

Mention of specific trade names or products within this report does not constitute

endorsement by the EPA, by Midwest Research Institute, or by Rho Squared.
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Data Collection and Analytical Method

Midwest Research Institute performed extractive FTIR source testing in October 1996 at
Eastern Ridge lime kiln and provided the spectral data to Rho Squared for preliminary
quantitative least squares analysis. Compounds of quantitative interest in the samples, referred to
below as analytes and identified in conversations with Dr. Tom Geyer of MRI, are HCI, H,CO,
CO, SO,, NO, and NO,. The spectra also contain features from the interferant compound H,O,

~ and SF¢ was quantified in some spectra as the diluent tracer compound used for dynamic spiking.

References 1 thfough 5 comprise a thorough description of one technique for analyzing
~ FTIR absorbance spectra. Using the programming language ARRAY BASIC™ (GRAMS,™

~ Version 3.02, Galactic Industries Corporation, Salem, New Hampshire) Rho Squared has

- prepared a computer program to perform this technique. The “classical least squares™ (CLS) or
~ “K-Matrix” technique and the associated computer program are described in Reference 6. The
“ terminology and basic analytical approach employed in this work are described in the “EPA

. FTIR Protocol” (Reference 7).

The program allows the analyst to select a number of analytical regions and to specify
which of the selected reference spectra will be employed in determining the corresponding
compound concentrations. Baseline parameters (linear, and quadratic in some cases) were also
determined in the calculations but are not reported here. Reference spectra for the current work
were provided by MRI or were taken from the EPA FTIR spectral library of Hazardous Atir
Pollutants (hereafter, the “EPA library”). Additional information regarding the reference spectra

is listed below.

The program calculates the standard 1o uncertainty in each concentration. However, all
uncertainties quoted below are equal to four times the calculated 1o values. The program also
calculates the residual spectra (the difference between the observed and least squares fit

absorbance values) for each sample spectrum and analytical region. These data are not presented
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here but have been submitted to MRI in digital form with this report. The GRAMS™ format
residual spectral‘ files have DOS extensions of the form “rn”, where the integer n designates the
analytical region label for a particular analytical run. Although this labeling scheme does not
uniquely identify the residual spectra, the frequency ranges are unique and make identification of
the various spectra straightforward. |

For each analytical region, compounds whose reference spectra are employed in the least
squares fits are characterized either as analytes or as interferants. Table 1 lists the analytical
regions and summarizes the characterizations of the six target compounds (HCI, H,CO, CO, SO,,
NO, and NO,). Note that each target compound appears as an analyte in one and only one
analytical region. The concentrations and uncertainties reported in this work correspond to the

analyte characterizations of Table 1.

TABLE 1. ANALYTICAL REGIONS AND COMPOUND

CHARACTERIZATIONS®™®
Analytical | Lower Bound | Upper Bound
Region (em” {cm™” HCl 1 HCO ] CO | SO, | NO | NO, | HO | CO, SF,
0 500 1260 - - - A - - 1 I A
1 1581.7 1613.3 A 1 - -
2 1898.6 1904.8 - - - - A - I - -
3 2110 21255 - - { A - - - - | .
4 2747 2848 A A - - - - - - -

*l indicates “"interferant,” A indicates "analyte,” and the hyphen indicates that the compound was not included in the least
squares spectral analyses of the analytical region.

"Baseline slope and offset for each analytical region were also determined in the least squares concentration analyses (see
Reference 6). Quadratic baseline contributions were also determined for region 4.

MRI provided a total of 87 spectral files for analysis. After determining concentration
values and uncertainties for each compound in each analytical region of every sample spectrum,
the program rejects compounds from each analytical region if either a) the determined
concentration is negative or b) the 4¢ uncertainty in the concentration is greater than the
(positive) determined concentration. If a compound is rejected from a region for a particular
spectrum, the concentration is recorded as exactly zero in the output file along with the related

uncertainty from the original fit. Such uncertainty values are extremely conservative upper limits
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on the uncertainty of the reported zero concentration values. Concentration results and their 4c
uncertainties were recorded in Excel™ spreadsheet files and provided to MRI for inclusion in a

- comprehensive report to EPA.

Pathlength Determinations

Absorption pathlengths were determined from the field test CTS spectra and EPA library
CTS spectra of ethylene (C,H,) . For high temperature spectra, the EPA library interferograms
cts0115a.aif and bkg0115a.aif were de-resolved to the appropriate spectral resolution (either 1 or
2 em™) according to the procedures of reference 7 (Appendix K). The same procedure was used
to generate low-temperature spectra from the original imerferqmetﬁc data in the EPA library files
cts0829a.aif and bkg0829a.aif. The resulting files were used in least squares fits to the
. appropriate field CTS spectra (see reference 7, Appendix H) in two regions (the FP, or
“fingerprint” region from 790 to 1 139 cm™ and the CH, or “CH-stretch region” from 2,760 to
3,326 cm™). The fit results for each region, test, and set of test sampling conditions were
averaged. They and their average uncertainties are presented in Tables 2 and 3. The CH values

were used in analytical region 4; the FP values were used in all other analytical regions.
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TABLE 2. PATHLENGTH DETERMINATION RESULTS FOR

EASTERN RIDGE TEST DATA
CTS Conditions CH region FP region
# Passes Temp (K) | Result (m) % uncert. | Result (m) % uncert.
16 393 6.1 28 7.3 1.4
36 393 18.9 24 21.2 1.5

TABLE 3. REFERENCE SPECTRA

Analytical region

Compound 0 1 2 3 4

HCl - - 097 alf
H.CO - ' 087clasb.spc®

CO - - - c020829a.spc | -
SO 198.alf - - - -
NO - - 199¢1bsa.spc - -
NO, - 200c 1bse.spc - - -
H,O 194jsub.spc 194fsub.spc 194fsub.spe - -
CO, 193c1bsa.spc 193clbsa.spc -
SF, (a) - - - -

°File sf640p_ 1.alf was used for spectra recorded at (nominal) forty passes in the infrared absorption cell and for
all Eastern Ridge data.
*Results of analyses excluding H,CO from this analytical region were also supplied to MRL

Reference Spectra

Reference spectra for the current work were provided by MRI or were taken from the

EPA library. Table 4 lists the spectra used in the analyses for each analytical region.



TABLE 4. FRACTIONAL CALIBRATION UNCERTAINTY (FCU)

Compound FCU (%)
S0, 4.6
HCI 8.5
SF, (20 passes) 1.5
SF, (40 passes) 1.2




For the compound HCJ, the FTIR library spectra were de-resolved to 1 cm™ and
normalized for absolute temperature, concentration, and absorption pathlength. The resulting
files were averaged to provide a “reduced absorptivity” (see Reference 6), which was stored in
the spectral file 097.alf and employed in all subsequent HCI analyses. The HCI analysis was
applied to the de-resolved EPA library HC1 spectra to determine the fractional calibration
uncertainty (FCU), which is presented in Table 5. Similar procedures were followed to
determine the reduced absorptivity and FCU values for the compounds SO, and SF;. For SO,,
1.0 em-1 resolution spectra provided by MRI were used; the spectra used for SF, were those

recorded on the field instrument, at two different absorption pathlengths.
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I. Process Description for Eastern Ridge Plant

Lime (Ca0) is typically produced in the U.S. by crushing and
then heating limestone (CaCO,) in an inclined, rotating kiln.
‘The limestone is heated to temperatures of around 2000 degrees
Fahrenheit (deg F) which cause it to breakdown chemically into
lime and CO,. At Eastern Ridge, most of the lime is sold as CaO:
-a small amount (ten percent of production) is converted into
~hydrated lime (Ca(OH),.} :

Limestone at the Eastern Ridge plant is surface-mined from a
‘quarry located at the plant. The quarried limestone is crushed
and screened into several sizes and then transferred to a storage
area. Prior to entering the kiln, the sized stone is washed with
water to remove dirt.

The number two kiln is an inclined rotating kiln with a de-
sign capacity of 350 tons of lime per day (115,150 tons per
year).? The kiln is 392 feet long with a tapered diameter (11
feet in diameter at the front end of the kiln and 10 feet in
diameter the remaining length of the kiln).? The incline of the
kiln is 1/2 inch per foot.®? Limestone enters the kiln at its
back end (the highest point of incline) and tumbles through the
Xiln via gravity and the rotating motion of the kiln (typical
rotating rates are 55 to 65 revolutions per hour). The residence
‘time of the feed material in the kiln is four hours. Approxi-
mately two tons of limestone are required to produce a ton of
lime.?

The combustion of fuel, which consists of pulverized coal
suspended in air, occurs at the front end of the kiln (the origin
and chemical composition of the coal at the time of testing are
unknown). The coal is pulverized to the consistency of powder in
a bowl mill (the bowl mill is exclusive to the number two kiln).
Air from the firing hood, located directly above the combustion
end of the kiln, is pulled into the bowl mill. The air preheats
and dries the coal. A fan on the mill blows the air and dry
pulverized coal from the mill into the kiln. Typically a
quarter to a third of a ton of coal is consumed per ton of lime.f

As the lime exits the kiln, it drops intoc one of ten satel-
lite coolers that are attached to the exterior of the kiln. The
‘cooclers are long cylindrical tubes (30 feet long by 8 feet wide
in diameter) filled with chains. As the coolers rotate with the
‘kiln, the lime tumbles through the chains which conduct heat away
from the lime.’ Lime drops from the cooler tubes onto a conveyor
belt. The lime is conveyed to a screen, separated by particle
size, and stored. Fines from product screening are collected,
stored, and used in hydrate production.



Approximately ten percent of the lime produced at Eastern
Ridge is chemically reacted with water to form a hydrated
product.? The chemical reaction for hydration is as follows:

CaQ + H,O0 = Ca(QCH), + heat
Lime Hydrate

At Eastern Ridge, the hydration process is carried out in seven
steps. In step one, lime fines are mixed with water in a pug
mill to form a partially hydrated product. The pug mill is a
horizontal cylinder that contains a shaft fitted with short,
heavy paddles that push and mix the materials through the mill.
The source of water to the pug mill is effluent from the wet
scrubber that treats exhaust from steps two through seven (the
scrubber is discussed further under Hydrator Emissions Control).?®
In steps two through seven, the partially hydrated product passes
through a series of six mixing barrels which allow the mixture to
fully react (the transfer time through all six mixing barrels is
approximately thirty minutes). After the lime is hydrated, it is
transferred to a storage bin, milled, and separated from impu-
rities (such as unreacted lime and limestone) with a whigzzer
separator (similar to a cylone). Approximately 28,000 tons of
hydrate are typically produced annually.?'®

IT. Emissions Control
Kiln Emissicone Control

Exhaust from the number two kiln is routed to two, parallel
spray towers. The spray towers/scrubbers were manufactured by
Ducon and were installed at the plant in the 1970's. Each scrub-
ber is equipped with a fan which draws the kiln exhaust up
through the tower. Water is sprayed into the tower at various
points upstream of the fan and into the fan itself.!* The
exhaust from the fan exits through a stack. Effluent from the
scrubbers is directed to a series of four settling ponds where
solids are removed. Clarified water is recycled back to the
scrubbers.

Hydrator Emissions Control

The hydration process is exothermic, and part of the water
in the hydrate mixture is vaporized. Gases from the hydrator,
containing water and lime particles, are pulled by fan to a Ducon
scrubber, scrubbed with 10 gallons per minute (gpm) of water
(typical), and then vented to the atmosphere.!? (The flow rate
of scrubbing water varies somewhat with the moisture content of



the lime fines in step one of the hydration process. For
example, newly processed lime fines have less moisture than fines
which have been kept in storage; thus, the former may require
more than 10 gpm while the latter may require less than 10
gpm.)? Effluent from the scrubber is added to the lime fines in
step one. The Ducon scrubber is the same type of spray tower
‘used to control the kiln exhaust.

o Refer to Figure 1 for a diagram cf the kiln, hydrator and
‘assoclated emissions control. The diagram indicates the relative
locations for each unit operation, direction of flow for material
and gas, input and output of materials and gas, and approximate
locations where process parameters were measured.

III. Process Operation

Data indicating the operation of the kiln, the scrubbers
treating the kiln exhaust, and the scrubber treating the hydrator
exhaust are presented in this section. All process data for the
kiln were manually recorded by RTI every 15 minutes during the
emissions testing and taken from computer screens in the kiln
control room; the recorded data were measured with instruments
already in place and used by the plant for process control of the
kiln. ‘

For the scrubbers treating the kiln exhaust, PES measured
the pressure drop across each of the scrubbers and
measured/calculated the volumetric flow rates of water entering
and exiting each of the scrubbers. To measure pressure drop, PES
drilled pressure taps upstream of each scrubber tower and at the
end of each exhaust stack. The pressure drop across the upstream
tap and exhaust tap of each scrubber was measured using a U-tube
manometer. The pressure drop across each scrubber was measured
and recorded once during each run, just prior to testing.

PES measured the volumetric flow rate of water exiting the
bottom of the each scrubber by placing a container of known
volume below the water outlet and recording the time to fill the
container. The opening of the container was slightly smaller
‘than the water outlet, thus, the container only collected
approximately 80 percent of the exiting water. PES took two
measurements of the water flow rate exiting the bottom of each
.scrubber; the measurements were taken back-toc-back during run 2
of the kiln 2 scrubber tests.

PES measured the temperature, gas flow, and moisture content
of the kiln exhaust just pricr to each scrubber tower and exiting
each scrubber stack; based on these measurements, PES calculated



the volumetric flow rates of water vapor entering and exiting
each scrubber. These calculated flow rates, along with the
measured flow rate of water exiting each scrubber, were entered
into a mass balance of water across the system to calculate the
flow rate of water injected into each scrubber (see Figure 2 for
a mass balance of water of the scrubber system).

During emissions testing, RTI manually recorded the water
flow rate to the scrubber treating the hydrator. The water flow
rate was measured by an instrument already in place and used by
the plant for control of the hydrator. The water flow rate was
initially recorded every 15 minutes; however, after no change was
noted during the first hour, and after the operator of the hydra-
tor stated that the flow rate would remain fairly constant, the
readings were recorded less frequently.

Table 1 is a statistical summary of the process data
collected during testing. Tables 2a, 2b, and 2c¢ display all of
process data collected during testing.

Table 3 is a comparison of the values of the process
parameters recorded during testing to previously cited values of
these parameters. Previously cited values were extracted from
emission test reports provided by the plant (private testing was
comissioned in 1989 and 1995); a trip survey of the plant
written by Research Triangle Institute in 1995;'® a questionnaire
filled out by the plant for EPA in 1995; and standard operating
procedures (SOP) of Eastern Ridge Lime plant.'” values cited by
the kiln operator during testing are also included in Table 3.

Notes Pertaining to Test Data
~Coal feed rate, limestone feed rate, kiln speed

Table 4 compares calculated coal feed rates with the average
coal feed rates recorded during testing. Coal feed rates were
calculated using previously cited values for tons of coal per ton
of lime and tons of lime per ton of limestone and using the
average limestone rates recorded during testing. Using the
questionnaire values for tons of coal per ton of lime and tons of
lime per ton of limestone, the calculated coal feed rates were
1.85, 2.06, and 1.89 tons of coal per hour. Using the value for
tons of coal per ton of lime cited by the kiln operator and the
1995 test data, and using the questionnaire value for tons of
lime per ton of limestone, the calculated coal feed rates were
4.36, 4.46, and 4.87 tons of coal per hour. The recorded average
coal feed rates were 3.69, 3.65 and 3.61 tons of coal per hour
(Table 4).



Front end temperature, back end temperature, excess air

Ag shown in Table 3, the average back end temperatures
during testing were below both ranges of temperature specified in
the SOP. The front end temperature fell within the operating
range specified by the SOP. The percentage of oxygen in the kiln
exhaust exceeded the S0P ranges on two of the test days.

Despite the fact that the back end temperature and the
oxygen level were not within the ranges specified by the S0P, all
of the kiln operators stated that they were operating the kiln
under normal conditions during testing. They also stated that
the operation of the kiln varies on a day to day basis depending
on the weather, the size of the limestone, the moisture content
of the coal, the BTU wvalue of the coal, and other factors. These
factors may explain why the average oxygen content in the kiln
exhaust varied between days 10/17 and 10/18. According to the
kiln operator, the process was operating under normal conditions
on both of these days.

Stone size

Three different sizes of calcitic limestone were fed to the
number two kiln during testing; the stone sizes were referred to
as "twos", "threes”, and "fours". The sizes of these stones are
based on mesh size. "Twos" are stones that pass through a 1 and
3/8 inch mesh and are retained on a 7/8 inch mesh. "Threes" are
stones that pass through a 7/8 inch mesh and are retained on a
3/8 inch mesh. “Fours" are stones that pass threough a 3/8 inch
mesh and are retained on a 3/16 inch mesh.!® During testing, the
size two stone was fed to the kiln separately while the size
three and four stones were combined and fed to the kiln as one

feed. The process data in Tables 2a through 2e indicate the
" times when the different stone sizes were fed to the kiln. The
decision to use a stone size during the testing was dictated by
the existing supply of the stone. Neither size two stone nor
sizes three and four stones were available in a large enough sup-
ply to feed the number two kiln the same stone size during the
entire three days of testing.



Table 1. Statistical Summary of Process Data Collected at Eastern Ridge Lime Company

Run 1 of Kiln 2 Scrubber Tests

10/16/96; data recorded from 3:04 pm to 8:40 pm

Run 2 of Kiln 2 Scrubber Tests

10/17/96; data recorded from 11:42 am to 4:21 pm

Parameters for Kiln 2 mean std. dev. min. max. {# recordings
Tons of coal per hour 3.69 0.1 3.55 3.78 21
Tons of limestone per hour 25.21 2.0 21.65 27.64 20
Front end temperature {degq F) 1741 48.1 1800 1826 21
liBack end temperature (deg F) 1010.3 14.4 979.4 1038.1 21
IKiln revolutions per hour 53 4.8 50 64 21
Percent oxygen at back end kiln 1.2 0.8 0.1 4.1 21

e ——— ey

Parameters for Kiln 2 mean | std. dev. | min. max. |# recording
Tons of coal per hour 3.65 0.1 3.53 3.85 14
Tons of limestone per hour 28.16 0.8 26.66 29.04 14
Front end temperature (deg F) 1869 19.1 1840.00 1900 14
Back end temperature (deg F) 945.0 8.4 931.2 965.0 14
[IKiin revolutions per hour 66 2.1 62 68 14
Percent oxygen at back end kiln 0.3 0.2 0 0.7 14

Run 3 of Kiin 2 Scrubber Tests

10/18/96; data recorded from 11:05 am to 3:47 pm

mean | std. dev. min. max. #recording[

Parameters for Kiln 2

Tons of coal per hour 3.61 0.0 3.54 3.71 15

Tons of limestone per hour 25.81 1.4 23.73 29.34 15
Front end temperature {(deg F) 1840 15.6 1800.00 1858 15
iIBack end temperature (deg F) 1020.1 17.6 1003.6 1054.9 15
{IKiln revolutions per hour 60 3.4 55 68 15
[[Percent oxygen atback end kiln | 1.3 0.4 _ 08 25 15

Run 1 of Hydrator Tests

Sat 10/19/96; data recorded from 10:00 am to 3:35 pm
"Parameters for Hydrator mean std. dev. min. max. |# reccrding%l
[[Water flow rate (gal/min) 9.8 0.1 9.4 9.6 11 i

Runs 2 & 3 of Hydrator Tests

Parameters for Hydrator

Sun 10/20/96; data recorded from 8:00 am to 3:00 pm

I]Water flow rate (gal/min)

8.5

0.1

8.4

9.6 8




Table 2a. Process Data

10/16/96; Run 1 of Kiln 2 Scrubber Tests
Day kiln operator = Tony
Night kiln operator = James

KILN PARAMETERS
Time CFR LSFR FET BET RPH % Q2
2:50 PM Kiln burmers turned off for approximately 5 minutes to allow sampling probes to be inserted
upstream of scrubbers; the burners were turmned off to reduce the heat of the exhaust where the probes were
being inserted.
currently burning small stone

3:04 PM 3.71 21.65 1668 979.4 50 1.9
3:19 PM 3.77 21.74 1731 1002.7 50 1.4
3:34 PM 3.68 25.68 1800 1014.5 60 1.1
3:49 PM 3.74 27.08 1750 1013.3 64 1
4:04 PM 3.7 27.61 1734 1007.5 63 1.1
4:19 PM 3.74 27.48 1734 1007.5 63 1.1
4:34 PM 3.78 27.24 1757 998 64 0.1
4:49 PM 3.66 26.95 1719 1001.6 63 0.7
5.04 PM 3.75 27.03 1319 989.5 63 16.5*
(*oxygen high because coal grate clogged up; coal feed turned off for a few minutes to unclog)
512 PFM 3.73 27.19 1600 979.8 63 41
Break for filter change for Method 23
5:40 PM 3.72 24,22 1728 1004.7 56 11
5:55 PM 3.72 24.35 1709 1012.9 56 1.5
new operator came; changed to large size stone around 6:00
6:10 PM 3.64 2435 1733 1012.7 56 1.1
6:25 PM 3.72 24 .59 1705 1017.4 56 1
6:40 PM 3.59 24.39 1732 1020.6 56 0.7
6:59 PM 3.62 1780 1028.2 56 1.5
Stopped for testing change; resumed around 7:20
7:30 PM 3.7 24.58 1760 1009.5 64 0.6
7:45 PM 3.7 27.64 1793 1008.9 64 0.9
8:00 PM 3.7 27.01 1763 1009.7 63 0.6
8:15 PM 3.7 23.37 1780 1014.3 54 0.7
© 8:30 PM 3.55 23.33 1755 1035.2 54 1.6
8:40 PM 3.67 23.67 - 1826 1038.1 54 1.4

SCRUBBER PARAMETERS
Pressure drop of exhaust
Scrubber A Scrubber B
2.9in. Hgo 1.0in. Hzo

CFR = coal feed rate (tons per hour)

LSFR = limestone feed rate (tons per hour)
FET = front end temperature of kiln (deg F)
BET = back end temperature of kiln (deg F)
RPH = kiln revolutions per hour

% 02 = percent oxygen at back end kiln



Table 2b. Process Data

10/17/96; Run 2 of Kiln 2 Scrubber Tests
Day kiln operator = Chuck

KILN PARAMETERS

Time CFR LSFR FET
11:42 AM 3.7 26.66 1860
12:15 PM 3.85 27.57 1889
12:30 PM 3.7 27.35 1860
12:51 PM . 3.7 27.67 1850
1:06 PM 3.63 27.61 1900
1:27 PM 3.66 27.58 1840
stone size change
1:43 PM 3.67 28.19 1880
2:00 PM 38 28.22 1880
2:17 PM 3.6 28.95 1850
3:06 PM 3.54 28.95 1850
3:21 PM 3.53 28.85 1900
3:49 PM 3.55 28.85 1870
4:04 PM 3.62 29.04 1860
4:21 PM 3.55 28.81 1870

SCRUBBER PARAMETERS
Pressure drop Water Effluent
Scrubber A Scrubber B Scrubber A Scrubber B
4.9in. H.00.9in. H:O 33 gal /9 se 33 gal /15 sec
33 gal /10 s 33 gal /15 sec

CFR = coal feed rate (tons per hour)

LSFR = limestone teed rate (tons per hour)
FET = front end temperature of kiin (deg F)
BET = back end temperature of kiin {deg F)
RPH = kiln revolutions per hour

% 02 = percent oxygen at back end kiln

BET
965
953.2
952.9
948.2
949.1
940.2

942.3
931.2
936.8
939.8
938.7
945.6
9441
942.8

RPH
62
B4
64
64
64
64

66
66
68
&8
68
&8
68
&8

% 02
0.5
0.1
0.3
0.2
06
0.1

0.2

0.1
0.4
0.7
0.5
0.3
0.3



Table 2¢c. Process Data

10/18/96; Run 3 of Kiin 2 Scrubber Tests
Day kiln operator = Chuck

KILN PARAMETERS

Time CFR LSFR FET
11:05 AM 3.58 29.34 1855
11:20AM 1:55 PM 27.48 1841
11:40 AM 3.8 26.43 1847
11:57 AM 3.69 25.94 1850
12:15 PM 3.62 25.77 1845
12:36 PM 3.54 26.12 1840
12:56 PM 2:38 PM 25.71 1821
port changes; resumed around 1:35

1:37 PM 36 = 2622 1840
1:53 PM 3.59 25.68 1831
2:15 PM 3.62 23.99 1824
2:35 PM 3.55 23.94 1857
2:59 PM 3.59 23.73 1800
3:17 PM 3.71 26.08 1850
3:39 PM 3.58 25.43 1858
3:47 PM 3.62 25.34 1840

SCRUBBER PARAMETERS
Pressure drop

Scrubber A Scrubber B
3.8in. H,0 4.9 in. H0O

CFR = coal feed rate (tons per hour)

LSFR = limestone feed rate (tons per hour)
FET = front end temperature of kiln (deg F)
BET = back end temperature of kilin (deg F)
RPH = kiln revolutions per hour

% 02 = percent oxygen at back end kiln

BET
1005.1
1003.6
1008.5
1006.1
1007.2
1011.8
1015.3

1015.8
1017.2
10154
1018.3
1019.6
1054.9
1052.7
1050.5

RPH
68
64
62
60
60
60
60

60
60
55
55
55

60
60

% 02
1.2
0.9
0.8

1.9
2.5
1.2

1.3
0.9
1.3
1.5
1.2
1.3
1.5
1.3



Table 2d. Process Data

10/19/96; Runs 1 & 2 on Hydrator*
operator = Shockey

Time Hz0 flow rate ta scrubber
10:00 AM 9.6
10:35 AM 8.6

10:50 AM 9.6
11:50 AM 9.6
12:03 PM 9.6
12:20 PM 9.6
12:45 PM 9.6
1:15 PM 9.6
1:27 PM 9.6
3:22 PM 9.6
3:35 PM 9.4

*Run 1 test data was discarded due to non isokinetic conditions
Table 2e. Process Data

10/20/96; Runs 384 on Hydrator
Operator = Dave

Time H0 flow rate to scrubber
8:00 AM 9.6
9:00 AM 9.6

10:00 AM 9.6
11:00 AM 9.6
12:00 PM 9.4

1:00 PM 9.4
2:00 PM 9.4
3:00 PM 9.4

10
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Table 3. Comparison of Values of Operating Parameters Recorded During Testing to Values of Parameters Cited from Other Sources

Average values  Values from standard operating Values from Values from Values  Values
recorded during  and procedures manual for ~ Values from kiln 1995 site  from 1995 from 1989
Operating Parameters testing Eastern Ridge Lime questionnaire' _operator survey’  testdata’ test data*
Tons per hour of coal 3.69; 3.65; 3.61 2.04° _ 39-4 3.96 4 4
Tons per hour of limestone |25.21; 28.16; 25.81 27.85° Max 27 19
Tons limestone/ton lime 1.91
Tons coal/ton of lime 0.14 0.33 0.25-0.33
Kiln speed 59; 66; 60 55 to 65 65
(revolutions per hour)
Back end temp. of kiln 1010; 945; 1020 1050 to 1150 (operating range) 1050 - 1200 1100 928
(deg F) 1100 to 1120 (desired range)
Front end temp. of kiln 1741; 1869; 1840 1200 to 1950 (operating range) Avg 1800 1620 1863
(deg F) 1700 to 1850 (desired range)
% O in exhaust 1.2;0.3; 1.3 0.1 to 1 (operating range) 45
0.1 - 0.3 (desired range)
Water flow rate to hydrator |9.6; 9.5 10
scrubber (gpm)
'Ref 2.
*Ref 1.
*Ref 2
‘Ref 2

SValue not specified directly in questionnaire; value calculated from reported tons coal/ton of lime (0.14) and reported tons of lime per day (350).

8value not specified directly in questionnaire; value calculated from reported tons of limestone/ton of lime (1.91), and reported tons of lime per
day (350).
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Table 4. Comparison of Calculated and Recorded Coal Feed Rates

Calculated coal rate  Calculated coal rate Recorded
‘ (tons/hr) based on (tons per hour) based aver:ige coal rate
0.14 tons coal/ton of on 0.33 tons coal/ton  (tons per hour)

‘ lime' of lime® during testing
Run 1 of kiln 2 scrubber tests 1.85 4.36 3.69
Run 2 of kiln 2 scrubber tests 2.06 4.87 3.65
Run 3 of kiln 2 scrubber tests 1.89 4.46 3.61

1Equationfor@ulculatingcoal feed rates based on 0.14 tons of coal / ton of lime

calculated coal feedrate = M (questionnaire data) ton of.hme (questionnaire data) v tons of one (recorded data)
on lime 1.91 tons limestone - hr
calculated coal feed rate fromrun 1 of kiln 2 scrubber tests = 0.14 * 11 * 2521 = 1.85 tons coal per hour
calculated coal feed rate fromrun 2 of kiln 2 scrubber tests = 0.14 * -l—li * 2816 = 2.06tons coal per hour
calculated coal foed rate fromun 3 of kiln 2 scrubber tests = 0,14 * 7197 *2581 = 1.89tons coal per hour
2Equation for calculating coal feed rates based on 0.33 tons of coal / ton of lime:
- 033tonscoal . ton of lime . average tons of limestone
calculated coal feedrate = ———— operator and 1995 test data questionnaire data recorded data
ton lime (kiln ) 1.91 tons limestone ¢ ) hr ¢ )
calculated coal feed rate fromrun 1 of kiln 2 scrubber tests = 0.33 * 11 * 2521 = 4.36tons coal per hour
calculated coal feed rate fromrun 2 of kiln 2 scrubber tests = 0.33 * 11 * 2816 = 4.87tons coal per hour
calculated coal feed rate from run 3 of kiln 2 scrubber tests = 0.33 * 11 * 2581 = 4.46tcmsooalpérhour
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Limestone Feed
Kiln # 2

(Side View)

a: Location of coal feed measurement

b: Location of limestone feed measurement

¢: Location of front end temperature measurement

d: Location of back end temperature and % oxygen measurement
Gas Flow .. ...............

Material Flow

Satelljte Cooler
Satelljte

Cooled Lime

Coal
l a

e » Pulverizing Mill

v Water
Screening ¢
Spray Exhaust
"""" Tower [ 7777
v : Scrubber
Fines :
S
A 4
Hydrator
v

Hydrated Product

Figure 1. Process Diagram of Kiln # 2, Hydrator, and Associated Emission Control System at Eastern Ridge Lime.



22 gpm water
vapor?
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¢
|
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|
|
!

Scrubber A > water in = 273 gpm (by difference)

10 gpm water

vaporin " - ;
exhaust from
kitn?

water out = 261 gpm!

18 gpm water
vapor?

A

i

|
S
%

Scrubber B < water in = 177 gpm (by difference)

6 gpm water

vaporin " " ;
exhaust from
kiln?

water out = 165 gpm'

'Average of two measurements taken during run 2 of kiln 2 scrubber tests

%Calcuated from air flow, temperature, and moisture measurements at this location during run 2
of kiln 2 scrubber tests

Figure 2. Mass Balance of Water Across Kiln 2 Scrubbers
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APPENDIX E.

EPA METHOD 320
EPA FTIR PROTOCOL
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Appendix A of part 63 is amended by adding, in numerical
order, Methods 320 and 321 to read as follows:
Appendix A to Part 63-Test Methods

LRk & &

TEST METHOD 320
MEASUREMENT OF VAPOR PHASE ORGANIC AND INORGANIC EMISSIONS
BY EXTRACTIVE FOURIER TRANSFORM INFRARED (FTIR) SPECTROSCOPY

. 1.0 Introduction.

Persons unfamiliar with basic elements of FTIR
spectroscopy should not attempt to use this method. This
method describes sampling and analytical procedures for
extractive emission measurements using Fourier transform
infrared (FTIR) spectroscopy. Detailed analytical
procedures for interpreting infrared spectra are described
in the "Protocol for the Use of Extractive Fourier Transform
Infrared (FTIR) Spectrometry in Analyses of Gaseous
Emissions from Stationary Sources,” hereafter referred to as
the "Protoccl." Definitions not given in this method are
given in appendix A ¢f the Proctocol. References toc specific
sections in the Protccol are made throughout this Method.
For additional information refeﬁ to references 1 and 2, and
other EPA reports, which describe the use of FTIR
spectrometry in specific field measurement applications and

validation tests. The sampling procedure descriked here is
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extractive. Flue gas is extracted through a heated gas

transport and handling system. For some sources, sample
conditioning systems may be applicable. Some examples are
given in this method. Note: sample conditioning systems
may be used providing the method validation requirements in
Sections 9.2 and 13.0 of this method are met.

1.1 Sceope and Applicability.

1.1.1 Analytes. Analytes include hazardous air pollutants
(HAPs) for which EPA reference spectra have been developed.
Other compounds can also be measured with this method if
reference spectra are prepared according to section 4.6 of
the protocol.

1.1.2 Applicability. This method applies to the analysis
of vapor phase organic or inorganic compounds which absorb
energy in the mid-infrared spectral region, about 400 to
4000 cm™t (25 to 2.5 pm). This methcd is used to determine
compound-specific concentrations in a multi-component vapor
phase sample, which is contained in a closed-path gas cell.
Spectra of Samples are collected using‘double beam infrared
absorption spectroscopy.‘ A computer program is used to
analyze spectra and report compound concentrations.

i.2 Method Range and Sensitivity. Analytical range and
sensitivity depend on the frequency-dependent analyte
absorptivity, instrument configuration, data collection

parameters, and gas stream composition. Instrument factors
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include: (a) spectral resolution, (b) interferometer signal
averaging time, (c) detector sensitivity and response, and
(d) absorption path length.
1.2.1 For any optical configuration the analytical range is
between the absorbance values of about .0l (infrared
transmittance relative tc the background = 0.38) and 1.0 (T
= 0.1). . (For absorbance > 1.0 the relation between
absorbance and concentration may not be linear.)
1.2.2 The cocncentrations associated with this absorbance
range depend primarily on the cell path length and the
sample temperature. An analyte abscorbance greater than 1.0,
can be lowered by decreasing the optical path length.
Analyte absorbance increases with a longer path length.
Analyte detecticn alsc depends on the presence of other
species exhibiting absorbance in the same analytical region.
Additionally, the estimated lower absorbance (A) limit (A =
0.01) depends on the root mean sguare deviation (RMSD) noise
in the analytical region.
1.2.3 The concentration range of this method is determined
by the choice of optical configuration.
1.2.3.1 The absorbance for a given concentration can ke
decreased by decreasing the path length or by diluting the
sample. There is no practical upper limit to the
measurement range.

1.2.3.2 The analyte abscrbance for a given concentration
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may be increased by increasing the cell path length or (to
some extent) using a higher resolution. Beth modifications
also cause a corresponding increased absorbance for all
compounds in the sample, and a decrease in the signal
throughput. For this reason the practical lower detection
range (quantitation limit) usually depends cn sample
characteristics such as moisture content of the gas, the
presence of other interferants, and losses in the sampling
system.
1.3 Sensitivity. The limit of sensitivity for an optical
configuration and integration time is determined using
appendix D of the Protocol: Minimum Analyte Uncertainty,
(MAU) . The MAU depends on the RMSD noise in an analytical
region, and on the absorptivity of the analyte in the same
region.
1.4 Data Quality. Data quality shall be determined by
executing Protocol pre-test procedures in appendices B to H
of the protocecl and post-test procedures in appendices I and
J of the protocol.
1.4.1 Measurement objectives shall be established by the
choice of detection limit (DL;) and analytical uncertainty
kAUi) for each analyte.
1.4.2 An instrumental configuration shall be selected. An
estimate of gas composition shall be made based on previous

test data, data from a similar source or information
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gathe;ed in a pre-test site survey. Spectral interferants
shall be identified using the selected DL, and AU, and band
areas from reference spectra and interferant spectra. The
baseline noise of the system shall be measured in each
analytical region to determine the MAU of the instrument
configuration for each analyte and interferant (MIU,).

1.4.3 Data gquality for‘the application shall be determined,
in part, by measuring the RMS (root meaﬁ square} ncise level
in each analytical spectral region (appendix C of the
Protocol). The RMS noise is defined as the RMSD of the
absorbance values in an analytical region from the mean
absorbance value in the region,

1.4.4 The MAU is the minimum analyte concentration for
which the AU; can be maintained; if the measured analyte
concentration is less than MAU,, then data quality are
unacceptable.

2.0 Summary of Method.

2.1 Principle. References 4 through 7 provide background
material on infrared spectroscopy and guantitative analysis.
‘A summary is given in this section.

2.1.1 Infrared absorption spectroscopy is performed by
directing an infrared beam through a sample to a detector.
Thevfrequency—dependent infrared absorbance of the sample is
measured by comparing this detector signal (single beam

spectrum) to a signal cobtained without a sample in the beam



path (background).

2.1.2 Most molecules absorb infrared radiation and the
absorbanqe occurs in a characteristic and reproducible
paﬁtern. The infrared spectrum measures fundamental

molecular properties and a compound can be identified from

its infrared spectrum alone.

2.1.3 Within constraints, there is a linear relationship
between infrared absorption and compound concentration. If
this frequency dependent relationsﬁip {absorptivity) is
known (measured), it can be used to determine compcund
concentration in a sample mixture.

2.1.4 Absorptivity is measured by preparing, in the
laboratory, standard samples of compounds at known
concentrations and measuring the FTIR "reference spectra” of
these standard samples. These "reference spectra” are then
used in sample analysis: (1) compounds are detected by
matching sample absorbance bands with bands in reference
spectra, and (2) concentrations are measured by comparing
sample band intensities with reference band intensities.
2.1.5 This method is self-validating provided that the
results meet the performance requirement of the QA spike in
5ections 8.6.2 and 9.0 of this method, and results from a
previous method validation study support the use of this
method in the application.

2.2 Sampling and Analysis. In extractive sampling a probe



7

assembly and pump are used to extract gas from the exhaust
of the affected source and transport the sample to the FTIR
gas cell. Typically, the sampling apparatus is similar to
that used for single-component continucus emission mcnitor
(CEM) measurements.

2.2.1 The digitized infrared spectrum of the sample in the
FTIR gas cell is measured and stored on a computer.
Absorbance band intensities in the spectrum are related to
sample concentrations by what is commonly referred to as

Beer's Law.

Aj=abg (¢)
where:
A; = absorbance at a given frequency of the ith sample
component.
a; = absorption coefficient (absorptivity) of the ith

sample component.
b = path length of the cell.
c; = concentration of the ith sample component.
2.2.2 Analyte spiking is used for quality assurance (QA).
In this procedure (section §.6.2 of this methed) an analyte
is épiked into the gas stream at the back end of the sample
proke. Analyte concentrations in the spiked samples are

compared to analyte concentrations in unspiked samples.
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Since the concentration of the spike is known, this
procedure can be used to determine if the sampling system is
removing the spiked analyte(s) from the sample stream.
2.3 Reference Spectra Availability. Reference spectra of
over 100 HAPs are aﬁailable in the EPA FTIR spectral library
on the EMTIC (Emission Measurement Technical Information
Center) computer bulletin board service and at inteznet
address http://info.arncld.af.mil/epa/welcome.htm.
ﬁeference spectra for HAPs, or other analytes, may also be
prepared according to section 4.6 of the Protocol.
v2.4 Cperator Requirements. The FTIR analyst shall he
trained in setting up the instrumentation, verifying the
instrument is functioning properly, and performing routine
maintenance. The analyst must evaluate the initial sample
spectra to determine if the sample matrix is consistent with
pre-test assumptions‘and if the instrument configuration is
suitable. The analyst must be able to modify the instrument
configuration, if necessary.
2.4.1 The spectral analysis shall be supervised by someone
familiar with EPA FTIR Protocol procedures.
2.4.2 A technician trained in instrumental test methods is
aualified to install and operate the sampling system. This
includes installing the probe and heated line assembly,
operating the analyte spike system, and performing moisture

and flow measurements.



3.0 Definitions.

See appendix A of the Protocol for definitions relating
to infrared spectroscopy. Additional definitions are given
in sections 3.1 through 3.29.

3.1 Analyte. A compound that this method is used to
measure. The term "target analyte”™ is also used. This
method is multi-component and a number of analytes can be
targeted for a test.

3.2 Reference Spectrum. Infrared spectrum of an analyte
prepared under controlled, documented, and reproducible
~laboratory conditicns according to procedures in section 4.6
of the Protocol. A library of reference spectra is used to
measure analytes in gas samples.

3.3 Standard Spectrum. A spectrum that has been prepared
from a reference spectrum through a {documented)
mathematical operation. A common example is de-resolving of
reference spectra to lower-resoluticn standard spectra
{Protocol, appendix K to the addendum of this method).
Standard spectra, prepared by approved, and documented,
procedures can be used as reference spectra for analysis.
3.4 Concentration. In this method concentration is
expressed as a molar concentration, in ppm-meters, or in
{ppm-meters) /K, where K is the absclute temperature
(Kelvin). The latter units allow the direct compariscn of

concentrations from systems using different optical
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configurations or sampling temperatures.

3.5 Interferant. A compound in the sample matrix whose
infrared spectrum overlaps with part of an analyte spectrum.
The most accurate analyte measurements are achieved when
reference spectra of interferants are used in the
quantitative analysis with the analyte reference spectra.
The presence of an interferant can increase the analytical
uncertainty in the measured analyte concentration.

| 3.6 Gas Cell. kA gas containment cell that can be
evacuated. Tt is egquipped with the optical components to
pass the infrared beam through the sample to the detector.
Important cell features include: path length {or range if
variable), temperature range, materials of construction, and
total gas volume.

3.7 Sampling System. Eguipment used to extract the sample
from the test location and transport the sample gas to the
FTIR analyzer. This includes sample con&itioning systems.
3.8 Sample Analysis. The process of interpreting the
infrared spectra to obtain sample analyte concentrations.
This process is usually automated using a scftware routine
employing a classical least squares (cls), partial least
Squares (pls), or K- or P- matrix method.

3.9 One hundred percent line. A double beam transmittance
spectrum obtained by combining two background single beam

spectra. Ideally, this line is equal to 100 percent
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transﬁittance (or zero absorbance) at every frequency in the
spectrum. Practically, a zero absorbance line is used to
measure the baseline noise in the spectrum.
3.10 Background Peviation. A deviation from 100 percent
transmittance in any region of the 100 percent line.
Deviations greater than t 5 percent in an analytical region
are unacceptable (absorbance of 0.021 to -0.022). Such
deviations indicate a change in the instrument throughput
relative to the background single béam.
3.11 Batch Sampling. A procedure where spectra of
discreet, static samples are collected. The gas cell is
filled with sample and the cell is isclated. The spectrum
is collected. Finally, the cell is evacuated tc prepare for
the next sample.
3.12 Continuous Sampling. A procedure where spectra ares
collected while sample gas is flowing through the cell at a
measured rate.
1 3.13 Sampling resolution. The gpectral resolutiocn used to
collect sample spectra.
3.14 Truncation. Limiting the number of interfercgram data
points by deleting points farthest from the center burst
kzero path difference, ZPD).
3.15 2ero filling. The addition of points to the
interferogram. The position of each added point is .

interpclated from neighboring real data points. Zero
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filling adds no information to the interfercgram, but
affects line shapes in the absorbance spectrum (and possibly
analytical results).
3.16 Reference CTS. Calibration Transfer Standard Spectra
that were collected with reference spectra.
3.17 CTS Standard. CTS spectrum produced by applying a de-
resolution procedure to a reference CTS.
3.18 Test CTS. CTS spectra collected at the sampling
resolution using the same optical confiquration as for
sample spectra. Test spectra help verify the resolution,
temperature and path length of the FTIR system.
3.19 RMSD. Root Mean Square Difference, defined in EPA
FTIR Protocol, appendix A.
3.20 Sensitivity. The noise-limited compound-dependent
detection limit for the FTIR system configuration. This is
estimated by the MAU, It depends on the RMSD in an
analytical region of a zero absorbance line.
3.21 Quantitation Limit. The lower limit of detection for
the FTIR system configuration in the sample spectra. This
is estimated by mathematically subtracting scaled reference
spectra of analytes and interferences from sample spectra,
then measuring the RMSD in an analytical region of the
subtracted spectrum. Since the noise in subtracted sample
spectra may be mucﬁ greater than in a zerc absorbance

spectrum, the quantitation limit 1s generally much higher
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than the sensitivity. Removing spectral interferences from
the sample or improving the spectral subtraction can lower
the guantitation limit toward (but not below) the
seﬁsitivity. |
3.22 Independent Sample. A unique volume of sample gas;
there is no mixing of gas between twe consecutive
independent samples. In continuous sampling two independent
samples are separated by at least 5 cell volumes. The
interval between independent measurements depends on the
cell volume and the sample flow rate (through the cell).
3.23 Measurement. A single spectrum of flue gas contained
in the FTIR cell.
3.24 Run. A run consists of a series cf measurements. At
a minimum a run includes B independent measurements spaced
ovér 1 hour.
3.25 Validation. Validation of FTIR measurements is
described in sections 13.0 through 13.4 of this method.
Validation is used to verify the test procedures for
measuring specific analytes at a source. Validation
provides proof that the methed works under certain test
conditions.
3.26 Validation Run. A validation run consists of at least
24 measurements of independent samples. Half of the samples
are spiked and half are not spiked. The length of the run

is determined by the interval between independent samples.
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3.27 Screening. Screening is used when there is little or
no available information about a source. The purpose cof
screening is to determine what analytes are emitted and ta
obtain information about important sample characteristics
such as moisture, temperature, and interferences. Screening
results are semi~-quantitative (estimated concentrations) or
qualitative (identification only). Various opti&al and
sampling configurations may be used. Sample conditiconing
systems may be evaluated for their éffectiveness in removing
interferences. It i1s unnecessary to perform a complete run
under any set of sampling conditions. Spiking is not
necessary, but spiking can be a useful screening tool for
evaluating the sampling system, especially if a reactive or
soluble analyte is used for the spike.
3.28 Emissions Test. An FTIR emissions test is performed
according specific sampling and analytical procedures.
These procedures, for the target analytes and the scurce,
are based on previous screening and validation results.
Emission results are quantitative. A QA spike {(secticns
B.6.2 and 9.2 of this method) is performed under each set of
sampling conditions using a representative analyte. Flow,
éas-temperature and diluent data are recorded ccncurrently
with the FTIR measurements to provide mass emission rates
for detected compounds.

3.29 Surrogate. A surrogate is a compound that is used in
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2 QA spike procedure (section 8.6.2 of this method) to
represent other compounds. The chemical and physical
properties of a surrogate shall be similar to the compounds
it is chosen to represent. Under given sampling conditions,
usually a single sampling factor is of primary concern for
measuring the target analytes: for example, the surrogate
spike results can be representative for analytes that are
more reactive, more scluble, have a lower absorptivity, or
have a lower vapor pressure than the surrogate itself.
4.0 Interferences.

Interferences are divided into two classifications:
analytical and sampling.
4.1 Analytical Interferences. An analytical interference
is a spectral feature that complicates (in extreme cases may
prevent) the analysis of an analyte. Analytical
interferences are classified as background or spectral
interference.
4.1.1 Backgrouhd Interference. This results from a change
in throughput relative to the single beam background. It is
corrected by collecting a new background and proceeding with
the test. 1In severe instances the cause must be identified
énd‘corrected. Potential causes include: (1) deposits on
reflective surfaces or transmitting windows, (2) changes in
detector sensitivity, {3) a change in the infrared ;ource

output,. or (4) failure in the instrument electronics. In
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recutine sampling throughput may degrade over several hours.
Periodically a new background must be collected, but no
other corrective action will be required.
4.1.2 Spectral Interference, This results from tfhe
presence of interfering compound(s) {(interferant) in the
sample. Interferant spectral features overlap analyte
spectral features. Any compound with an infrared spectrum,
including aﬁalytes, can potentially be an interferant. The
Protocol measures absorbance band éverlap in each analytical
region to determine if potential interferants shall be
classified as known interferants (FTIR Protoceol, section 4.9
and appendix B). Water vapor and CO, are common spectral
interferants. Both of these compounds have strong infrared
spectra and are present in many sample matrices at high
concentrations relative to analytes. The extent of
interference depends on the (1) interferant concentration,
(2) analyte concentration, and (3) the degree of band
overlap. Choosing an alternate analytical region can
minimize or avoid the spectral interference. For example,
CO, interferes with the analysis of the 670 cm™' benzene

band. However, benzene can also be measured near 3000 cm!

(with less sensitivity).
4.2 Sampling System Interferences. These prevent analytes

from reaching the instrument. The analyte spike procedure

is designed to measure sampling system interference, if any.
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4.2.1 Temperature. A temperature that is too low causes
condensation of analytes or water vapor. The materials of
the sampling system and the FTIR gas cell usually set the
upper limit cf temperature.
4.2.2 Reactive Species. Anything that reacts with
analytes. Some aﬁalytes, like formaldehyde, polymerize at
lower temperatures.
4.2.3 Materials. Poocr choice of material for probe, or
sampling line may remcve scome anal?tes. For example, HF
reacts with glass components.
4.2.4 Moisture. 1In addition to being a spectral
interferant, condensed moisture removeﬁ scluble compounds.
5.0 Safety.

The hazards of performing this metheod are those
associated with any stack sampling method and the same
precautions shall be followed. Many HAPs are suspected
carcinogens or present cther serious health risks. Exposure
to these compounds should be avoided in all circumstances.
For instructions on the safe handling of any particular
compound, refer tc its material safety data sheet. When
using analyte standards, always ensure that gases are
éroperly vented and that the gas handling system is leak
free. (Always perform a leak check with the system under
maximum vacuﬁm and, agaiﬂ, with the system at greater than

ambient pressure.) Refer to section 8.2 of this methed for
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leak check procedures. This method dcoces not address all of
the potential safety risks associated with its use. Anycne
performing this methed must follow safety and health
péactices consistent with applicakle legal requirements and
with prudent practice for each application.

6.0 Eguipment and Supplies.

Note: Mention of trade names or specific products does

not constitute endorsement by the Environmental

Protection Agency.

The equipment and supplies are based on the schematic
‘of a sampling system shown in Figure 1. Either the batch or
continuous sampling procedures may be used with this
sampling system. Alternative sampling configurations may
also be used, provided that the data quality objectives are
met as determined in the post-analysis evaluation. Other
equipment cr supplies may be necessary, depending on the
design of the sampling system or the specific target
analytes.
6.1 Sampling Probe. Glass, stainless steel, or other
appropriate material of sufficient length and physical
integrity to sustain heating, prevent adsorption of
énalytes, and to transport analytes to the infrared gas
cell. Special materials or configurations may be reguired
in some applications. For instance, high stack sample

temperatures may require special steel or cooling the probe.
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For very high moisture sources it may be desirable to use a
dilution probe.

6.2 Particulate Filters. A glass wool plug {optional)
inserted at the probe‘tip {for large particulate removal)
and a filter (required) rated for 99 percent removal
efficiency at l-micron (e.g., Balstcn™) connected at the
outlet of the heated procbe.

6.3 Sampling Line/Heating System. Heated (sufficient to
prevent condensation) stainless steel,
polytetrafluorcethane, or othef material inert to the
'analytes.

6.4 Gas Distribution Manifold. A heated manifold allowing
the cperator to control flows of gas standards and samples
directly to the FTIR system or through sample conditioning
systems. Usually includes heated flow meter, heated valve
for selecting and sending sample toc the analyzer, and a by-
pass vent. This is typically constructed of stainless steel
tubing and fittings, and high-temperature valves.

6.5 S8tainless Steel Tubing. Type 316, appropriate diameter
(e.g., 3/8 in.) and length for heated connections. Highezx
grade stainless may be desirable in some applications.

6.6 Calibration/Analyte Spike Assembly. A three way valve
assembly (cr equivalent) to introduce analyte or surrogate
spikes into the sampling system at the outlet of the probe

upstream of the out-of-stack particulate filter and the FTIR
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analytical system.

6.7 Mass Flow Meter (MFM). These are used for measuring
analyte spike flow. The MFM shall be calibrated in the range
of 0 to 5 L/min and be accurate to * 2 percent (or better)
of the flow meter span.

6.8 Gas Regulators. Appropriate for individual gas
standards;

6.9 Polytetrafluoroethane Tubing. Diameter (e.g., 3/8 in.)
and length suitable to connect cylinder regulators to gas
standard manifold.

€.10 Sample Pump. A leak-free pump (e.g., KNF"), with by-
pass valve, capable of producing a sample flow rate of at
least 10 L/min through 100 ft of sample line. If the pump
is positioned upstream of the distribution manifold and FTIR
system, use a heated pump that is constructed from materials
non-reactive to the analytes. If the pump is located
downstream of the FTIR system, the gas cell sample pressure
will be lower than ambient pressure and it must be recorded
at regular intervals.

6.11 Gas Sample Manifcld. Secondary manifold to control
sample flow at the inlet to the FTIR manifold. This is
optional, but includes a by-pass vent and heated rotameter.
6.12 Rotameter. A 0 to 20 L/min rotameter. This meter
need not be calibrated. |

6.13 °FTIR Analytical System. Spectrometer and detector,
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capable of measuring the analytes to the chosen detection
limit. The system shall include a personal computer with
compatible software allowing automated collecticn of
spectra.
€.14 FTIR Cell Pump. Required for the batch sampling
technique, capable of evacuating the FTIR cell volume within
2 minutes. The pumping speed shall allow the operator to
cbtain B8 sample spectra in 1 hour. |
6.15 Absolute Pressure Gauge. Capéble of measuring
pressure from 0 to 1000 mmHg to within + 2.5 mmHg (e.qg.,
Baratron®).
6.16 Temperature Gauge. Capable of measuring the cell
temperature tc within # 2°C.
6.17 Sample Conditioning. COne option is a condenser -
system, which is used for moisture removal. This can ke
helpful in the measurement of some analytes. Other sample
conditioning procedures may be devised for the removal of
moisture or other interfering species.
6.17.1 The analyte spike procedure of secticn 9.2 of this
method, the QA spike procedure of section 8.6.2 of this
method, and the validation procedure of section 13 of this
ﬁethod demonstrate whether the sample conditioning affects
analyte concentrations. Alternatively, measurements can be
made with two parallel FTIR systems; one measuring’

conditioned sample, the other measuring unconditioned
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sample.

€.17.2 Another option is sample dilution. The dilution
factor measurement must be documented and accounted for in
the reported concentrations. An alternative to dilution is
to lower the sensitivity of the FTIR system by decreasing
the cell path length, or to use a short-path cell in
conjunction with a long path cell to measure more than one
concentration range.

7.0 Reagents and Standards.

7.1 Analyte(s) and Tracer Gas. Obtain a certified gas
cylinder mixture containing all of the analyte({s) at
concentrations within t 2 percent of the emission scurce
levels (expressed in ppm-meter/K). If practical, the
analyte standard cylinder shall also contain the tracer gas
at a concentration which gives a measurable absorbance at a
dilution factor of at least 10:1. Two ppm SF; is sufficient
for a path length of 22 meters at 250 °F.

7.2 Calibration Transfer Standard(s). Select the
calibration transfer standards (CTS} aécording to section
4.5 of the FTIR Protocol. Obtain a National Institute of
Standards and Technology (NIST) traceable gravimetric
étanda:d of the CTS (t 2 percent).

7.3 Reference Spectra. Obtain reference spectra for each
analyte, interferant, surrogate, CT3, and tracer. . If EPA

reference spectra are not available, use reference spectra
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prepared according to procedures in secticn 4.8 of the EPA
FTIR Protocol.
8.0 Sampling and Arnalysis Procedure.

Three types of testing can be performed: (1) screening,
(2) emissions test, and (3) validation. Each is defined in
section 3 of this method. Determine the purpose(s) of the
FTIR test. Test requirements include: (a) AU;, DL,, overall
fractional uncertainty, OFU,, maximum expected concentration
(CMAX,), and t, for each, (b} potential interferants, (c)
sampling system factors, e.g., minimum absolute cell
pressure, (P,,), FTIR cell volume (Vg), estimated sample
absorption pathlength, Ls', estimated sample pressure, Ps',
T.', signal integration time (tg), minimum instrumental
linewidth, MIL, fractional error, and (d) analytical
regions, e.g., m = 1 to M, lower wavenumber positien, FL,,
center wavenumber position, FC,, and uppef wavenumber
position, FU,, plus interferants, upper wavenumber positicn
of the CTS absorption kband, FFU,, lower wavenumber position
of the CTS absorption band, FFL,, waveﬁumber range ENU to
FNL. If necessary, sample and acquire an initial spectrum.
From analysis of this preliminary spectrum determine a
Suitable operational path length. Sét up the sampling train
as shown in Figure 1 or use an appropriate alternative
configuration. Sections 8.1 through §.11 of this method

provide guidance ¢n pre-test calculations in the EPA
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proteocol, sampling and analytical procedures, and post-test

protecol calculaticons.

8.1 Pretest Preparations and Evaluations. Using the
procedure in secticn 4.0 of the FTIR Protocol, determine the
optimum sampling system configuration for measuring the
target analytes. Use available information to make
reasonable assumptions about mo}sture content and other
interferences.

g8.1.1 Aralytes. Select the requiréd detection limit (DL;)
and the maximum permissible analytical uncertainty (AU;) fer
each analyte (labeled from 1 to i). Estimate, 1f possible,
the maximum expected concentration for each analyte, CMAX;.
The expected measurement range is fixed by DL; and CMAX, for
each analyﬁe (1.

8.1.2 Potential Interferants. List the potential
interferants. This usually includes water vapor and CO,,
but may also include some analytes and other compounds.
8.1.3. Optical Configuration. Choose an optical
configuration that can measure all of the analytes within
the absorbance range of .01 to 1.0 (this may regquire more
than one path length). Use Protocol sections 4.3 to 4.8 for
éuidance in choosing a configuraticn and measuring CTS.
§.1.4. Fractional Reproducibility Uncertainty (FRU;,). The
FRU is determined for each analyte by comparing CTS spectra

taken before and after the reference spectra were measured.
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The EPA para-xylene reference spectra were collected on
10/31/91 and 11/01/91 with corresponding CTS spectra
"ctsl031la," and "ctsll0lb.™ The CTS spectra are used to
estimate the reproducibility (FRU) in the system that was
used to collect the references. The FRU must be < AU,
Appendix E of the protocol is used to calculate the FRU from
CTS spectra. Figure 2 plots results for 0.25 cm™ CTS
spectra in EPA reference library: S; (ctsllOlb -.ctsl031a),
and 5, [{ctsllOlb + ctsl03la)/2]. The RMSD (SRMS) is
calculated in the subtracted baseline, 8,, in the
corresponding CTS region from 850 to 1065 em™*. The area
{BAV) 1is calculated in the same region of the averaged CTS
spectrum, S,.

8.1.5 Known Interferants. Use appendix B of the EPA FTIR
Protocol.

8.1.6 Calculate the Minimum Analyte Uncertainty, MAU
{(section 1.3 of this methcd discusses MAU and protocol
appendix D gives the MAU procedure). The MAU for each
analyte, i, and each analytical region, m, depends on the
RMS noise.

8.1.7 Analytical Program. See FTIR Protocol, section 4.10.
Frepare ccmputer program based on the chosen analytical
technique. Use as input reference spectra of all target
analytes and expected interferants. Reference spectra of

additional compounds shall alsc be included in the program
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if their presence (even if transient) in the samples is
considered possible. The program output shall be in ppm {or
ppb) and shall be corrected for differences between the
reference path length, L;, temperature, T;, and pressure, B2,
and the conditions used for collecting the sample spectra.
If sampling is pefformed at ambient pressure, then any
pressure correction is usually small relative to correcticns
for path length and temperature, and may be neglected.
8.2 Leak-check,. |
8.2.1 Sampling System. A typical FTIR extractive sampling
train is shown in Figure 1. Leak check frcm the probe tip
to pump cutlet as follows: Connect»a 0- to 250-mL/min rate
meter (rctameter or bubble meter) to the outlet of the pump.
Close off the inlet to the probe, and record the leak rate.
The leak rate shall be < 200 mL/min.
8.2.2 Analytical System Leak check. Leak check the FTIR
cell under vacuum and under pressure (greater than ambient).
Leak check cecnnecting tubing and inlet manifold under
pressure.
8.2.2.1 For the evacuated sample technique, close the wvalve
to the FTIR cell, and evacuate the absorption cell to the
6inimum absolute pressure P,,. Close the valve to the pump,
and determine the change in pressure AP, after 2 minutes.
8.2.2.2 For both the evacuated sample and purging

techniques, pressurize the system to about 100 mmHg above
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atmospheric pressure. 1Isclate the pump and determine the
change in pressure AP, after 2 minutes.
8.2.2.3 Measure the barometric pressure, P, in mmHg.
8.2.2.4 Determine the percent leak volume %V, for the
signal integration time t.; and for OPraxr 1.e., the larger of

AP, or AP, as follows:

o APIT‘I&X
%V = 50t (2)
s

where 50 = 100% divided by the leak-check time of 2 minutes.
8.2.2.5 Leak volumes in excess of 4 percent of the FTIR
system volume Vg are unacceptable.

8.3 Detector Linearity. Once an optical configuraticn is
chosen, use one of the procedures of sections 8.3.1 through
8.3.3 to verify that the detector response is linear. If
the detector response is nct linear, decrease the aperture,
or attenuate the infrared beam. After a change in the
instrument configuration perform a linearity check until it
is demonstrated that the detectcr response is linear.

8.3.1 Vary the power incident on the detector by modifying
the aperture setting. Measure the background and CTS at |
three instrument aperture settings: (1) at the aperture
setting to be used in the testing, (2) at one half this

aperture and (3) at twice the proposed testing aperture.
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Compare the three CTS spectra. CTS band areas shall agree
to within the uncertainty of the cylinder standard and the
RMSD noise in the system. If test aperture is the maximum
aﬁerture, collect CTS spectrum at maximum aperture, then
close the aperture to reduce the IR throughput by half.
Collect a second background and CTS at the smaller aperture
setting and compare thg spectra again.
8.3.2 Use neutral density filters to attenuate the infrared
beam. Set up the FTIR system as it will be used in the test
measurements. Collect a CTS spectrum. Use a neutral
‘density filter to attenuate the infrared beam (either
immediately after the source or the interferometer) to
approximately 1/2 its original intensity. Collect a secocnd
CTS spectrum. Use another filter to attenuate the infrared
beam to approximately 1/4 its original intensity. Collect a
third background and CTS spectrum. Compare the CT3S spectra.
CTS band areas shall agree to within the uncertainty of the
cylinder standard and the RMSD noise in the system.
8.3.3 Observe the single beam instrument response in a
frequency region where the detector résponse 1s known to be
zero. Verify that the detector response is "flat" and equal
to zero in these regions.
8.4 Data Storage Reguirements. All field test spectra
shall be stored on a computer disk and a second backup copy

must stored on a separate disk. The stored information
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includes sample interferograms, processed absorbance
spectra, background interferograms, CTS sample
interferograms and CTS absorbance spectra. Additionally,
dbcumentation of all sample conditions, instrument settings,
and test records must be recorded on hard copy or on
cemputer medium. Table 1 gives a sample presentation of
documentation.
8.5 Background Spectrum. Evacuate the gas cell to < 5
mmHg, and fill with dry nitrogen gas to ambient pressure (or
purge the cell with 10 volumes of dry nitrogen). Verify
" that no significant amounts of absorbing species (for
example water vapor and CO,;) are present. Collect a
background spectrum, using a signal averaging period equal
to or greater than the averaging pericd for the sample
spectra. Assign a unique file name to the background
spectrum. Store two coples of the background interfercgram
and processed single-beam spectrum on separate computer
disks (one copy is the back-up).
8.5.1 Interference Spectra. If possible, collect spectra
of known and suspected major interferences using the same
optical system that will be used in the field measurements.
This can be done on-site or earlier. A number of gases,
e.g. CO,, 50,, CO, NH,, are readily available from cylinder
gas suppliers.

8.5.2 Water vapor spectra can be prepared by the following
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procedure. Fill a sample tube with distilled water.
Evacuate above the sample and remove dissolved gasses by
alternately freezing and thawing the water while evacuating.
Allow water vapor into the FTIR cell, then dilute to
atmospheric pressure with nitrogen or dry air. If
quantitative water specpra are required, follow the
reference spectrum procedure for neat samples (protocol,
section 4.6). Often, interference spectra need not be.
gquantitative, but for best results the absorbance must be
ccmparable to the interference absorbance in the sample
spectra.
8.6 Pre-Test Calibrations
8.6.1 Calibration Transfer Standard. Evacuéte the gas cell
to £ 5 mmHg absolute pressure, and f£ill the FTIR cell to
atmospheric pressure with the CTS gas. Alternatively, purge
the cell with 10 cell volumes of CTS gas. (If purge is
used, verify that the CTS concentration in the cell is.
stable by collecting two spectra 2 minutes apart as the CTS
gas continues to flow. If the absorbance in the second
spectrum is no greater than in the first, within the
uncertainty of the gas standard, then this can be used as
fhe‘CTS spaectrum.) Record the spectrum.
8.6.2 QA Spike. This procedure assumes that the method has
been validated for at least scme of the target anaiytes at

the scurce. For emissions testing perform a QA spike. Use
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a certified standard, if possible, of an analyte, which has
been validated at the source. ©One analyte standard can
serve as a QA surrogate for other analytes which are less
reactive or less soluble than the standard. Perform the
spike procedure of section 9.2 of this method. Record
spectra of at least three independent (section 3.22 of this
method) spiked samplgs. Calculate the spiked component of
the analyte concentraticn. If the average spiked
concentration is within 0.7 to 1.3 times the expected
cencentration, then proceed with the testing. If
applicable, apply the correction factor from the Method 301
of this appendix validation test {(not the result from the QA
spike). |

8.7 Sampling. If analyte concentrations vary rapidly with
time, continuous sampling is preferable using the smallest
cell volume, fastest sampling rate and fastest spectra
collection rate possible. Continuous sampling requires the
least operator intervention even without an automated
sampling system. For continuous monitoring at one location
over long periods, Continuocus sampling is preferred. Batch
sampling and centinuous static sampling are used for
écreening and performing test runs of finite duration.
Either technique is preferred for sampling several locations
in a matter of days. Batch sampling gives reasonakly good

time resolution and ensures that each spectrum measures a
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discreet (and unique) sample volume. Ccontinuous static (and
continuous) sampling provide a very stable background aver
long periods. Like batch sampling, continuous static
sampling also ensures that each spectrum measures a unigue
sample volume. It is essential that the leak check
procedure under vacuum (section 8.2 of this method) is
passed if the batch sampling procedure is used. It is
essential that the leak check procedure under positive
pressure 1s passed if the continuous static or continuous
sampling procedures are used. The sampling technigues are
described in sections §.7.1 through 8.7.2 of this method.
8.7.1 BRatch Sampling. Evacuate the absorbance cell to
s 5 mmHg absolute pressure. Fill the cell with exhaust gas
to ambient pressure, isolate the cell, and record the
spectrum. Before taking the next sample, evacuate the cell
until no spectral evidence of sample absorption remains.
Repeat this procedure to collect eight spectra of separate
samples in 1 hour.
8.7.2 Continuous Static Sampling. Purge the FTIR cell with
10 cell volumes of sample gas. Isolate the cell, collect
the spectrum of the static sample and record the pressure.
éefore measuring the next sample, purge the cell with 10
more cell volumes of sample gas.
8.8 Sampling QA and Reporting.

8.8.1 Sample integration times shall be sufficient to
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achieve the required signal-to-noise ratic. Obtain an
abscrbance spectrum by filling the cell with N,. Measure
the RMSD in each analytical region in this absorbance
spéctrum. Verify that the number of scans used is
sufficient to achieve the target MAU.
8.8.2 Assign a unique file name to each spectrum.
8.8.3 3Store two copies of sample interferograms and
processed spectra on separate computer disks.
8.8.4 For each sample spectrum, document the sampling
conditions, the sampling time (while the cell was being
filled), the time the spectrum was recorded, the
instrumental conditions ({(path length, temperature, pressure,
resolution, signal integration time), and the spectral file
name. Keep a hard ccpy of these data sheets.
8§.% Signal Transmittance. While sampling, monitor the
signal transmittance. If signal transmittance (relative to
the background) changes by 5 percent cr more {absorbance =
-.02 to .02) in any analytical spectral region, obtain a new
background spectrum.
8.10 Post-test CTS. After the sampling run, record another
CTS spectrum.
§.11 Post-test QA.
8.11.1 Inspect the sample spectra immediately after the run
to verify that the gas matrix composition was close to the

expected (assumed) gas matrix.
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8.11.2 Verify that the sampling and instrumental parameters
were appropriate for the conditions enccuntered. For
example, if the moisture is much greater than anticipated,
it may be necessary to use a shorter path length or dilute
the sample.
8.11.3 Compare the pre- and post-test CTS spectra. The
peak absorbance in pre~ and post-test CTS must be £ 5
percent of the mean value. See appendix E of the FTIR
Protocol.
9.0 Quality Control.

Use analyte spiking (sections 8.6.2, 9.2 and 13.0 of
this method) to verify that the sampling system can
transport the analytes from the probe to the FTIR system.
9.1 Spike Materials. Use a certified standard (accurate to
t 2 percent) of the target analyte, if one can be obtained,
If a certified standard cannoct be cbtained, follow the
procedures in section 4.6.2.2 of the FTIR Protocol.

9.2 Spiking Procedure. QA spiking (section 8.6.2 of this
method) is a calibration procedure used before testing. QA
spiking involves fecllowing the spike procedure of sections
9.2.1 through 9.2.3 of this method to obtain at least three
spiked samples. The analyte concentrations in the spiked
samples shall be compared to the expected spike
concentration to verify that the sampling/analytical system

is working properly. Usually, when QA spiking is used, the
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method has already been validated at a similar source for
the analyte in question. The QA spike demenstrates that the
validated sampling/analytical conditiens are being
duplicated. If the QA spike fails then the
sampling/analytical system shall be repaired before testing
proceeds. The method validation procedure (section 13.0 of
this method) involves a more extensive use of the analyte
spike procedure of sections 9.2.1 through 8.2.3 of this
method. Spectra of at least 12 independent spiked and i2
independent unspiked samples are recorded. The
concentration results are analyzed statistically to
determine if there is a systematic bias in the method for
measuring a particular analyte. If there is a systematic
bias, within the limits allowed by Method 301 of this
appendix, then a correction factor shall be applied to the
analytical results. If the systematic blas is greater than
the allowed limits, this method is not valid and cannot be
used.
9.2.1 Introduce the spike/tracer gas at a constant flow
rate of < 10 percent of the total sample flow, when
possible. (Note: Use the rotameter at the end of the
sampling train to estimate the required spike/tracer gas
flo# rate.) Use a flow device, e.g., mass flow meter {t Z
percent), to monitor the spike flow rate. Record the spike

flow rate every 10 minutes.
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9.2.2 Determine the response time (RT) of the system by
continuocusly collecting spectra of the spiked effluent until
the spectrum of the spiked component is constant for §
minutes. The RT is the interval from the first measurement
until the spike becomes constant. Wait for twice the
duration of the RT, then collect spectra of two independent
spiked gas samples. Duplicate analyses of the spiked
concentration shall be within 5 percent of the mean of the
two measurements.

9.2.3 Calculate the dilution ratio using the tracer gas as

follows:
SF,
DF = 520 3)
SFy ai
where:
CS = DF=+Spike,_ + Unspike(1-DF) @
DF = Dilution factor of the spike gas: this value
shall be 210.
SFeiain = SF, (or tracer gas) concentration measured
directly in undiluted spike gas.
SFs spx = Diluted SF, {or tracer gas) concentraticn

measured in a spiked sample.
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Spikey,, = Concentraticon of the analyte in the spike
standard measured by filling the FTIR cell
directly.

CS = Expected concentratipn of the spiked samples.

Unspike = Native concentration of analytes in unspiked

samples

10.C¢ Calibkration and Sténdardizat&on.

10.1 Signal-to-Noise Ratic (S/N). The RMSD in the noise
must be less than one tenth of the minimum analyte peak
absorbance in each analytical region. For example if the
minimum peak absorbance is C.01 at the regquired DL, then
EMSD measured over the entire analytical region must be

s 0.001. |

10.2 Absorbance Path length. Verify the absorkance path
length by comparing reference CTS spectra to test CTS
spectra. See appendix E of the FTIR Frotocel.

10.3 Instxument Resolution. Measure the line width of
appropriate test CTS band(s) to verify instrument
resolution. Alternatively, compare CTS spectra to a
ieference CTS spectrum, if available, measured at the
nominal resoluticn.

10.4 Apodization Function. In transforming the sample

interferograms to absorbance spectra use the same
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apodization function that was used in transforming the
reference spectra.

16.5 FTIR Cell Volume. Evacuate the cell to < 5 mmHg .
Measure the initial absolute temperature (T,) and absolute
pressure (P;). Connect a wet test meter (or a calibrated
dry gas meter), and slowly draw room air into the cell.
Meaéure the meter veclume (V,), meter absolute temperature
(Tw), and meter absolute pressure (P,); and the cell final
absolute temperature (T,) and absolute pressure (P,).

Calculate the FTIR cell volume Vg, including that of the

connecting tubing, as follows:

P
vV =
Tm
Vs = (5)
P, P
T T,

11.0 Data Analysis and Calculations.

Analyte concentrations shall be measured using
reference spectra from the EPA FTIR spectral library. When
EPA library spectra are not availakle, the procedures in
section 4.6 of the Protocol shall be followed to prepare
reference spectra of all the target analytes.

11.1 Spectral De-resolution. Reference spectra can be

converted to lower resolution standard spectra ({section 3.3
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of this method) by truncating the original reference sample
and background interferograms. Appendix K of the FTIR
Protoccl gives specific deresolution procedures. Deresolved
spectra shall be transformed using the same apodization
function and level of zerc filling as the sample spectra.
Additicnally, pre-test FTIR protocel calculations (e.g.,
FRU, MAU, FCU} shall be performed using the de~resolved
standard spectra.

11.2 Data Analysis. Various analytical programs are
available for relating sample absorbance to a concentration
standard. Calculated concentrations shall be verified by
analyzing residual baselines after mathematically
subtracting scaled reference spectra from the sample
spectra. A full description of the data analysis and
calculaticns is contained in the FTIR Protocol (sections
4.0, 5.0, 6.0 and appendices). Correct the calculated
concentrations in the sample spectra for differences in
absorption path length and temperature between the reference

and sample spectra using equation 4§,

L T il P
CaM‘= — —=|| = ka (6)
LS TF PS
where:
C..r = Concentration, corrected for path length.
C.... = Concentration, initial calculation {(cutput of the

analytical program designed for the compound).
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L. = Reference spectra path length.

L, = Sample spectra path length.

T, = Absolute temperature of the sample gas, K.

T, = Absolute gas temperature of reference spectra, K.
P, = Sample cell pressure.

P. = Reference spectrum sample pressure.

12.¢C Metﬁod Performance.

12.1 Spectral Quality. Refer to the FTIR Protocol
appendices for analytical requirements, evaluation of data
quality, and analysis of uncertainty.

12.2 Sampling QA/QC. The analyte spike procedure of
section 9 of this method, the QA spiké of section 8.6.2 of
this method, and the validation procedure of section 13 of
this method are used to evaluate the performance of the
sampling system and to quantify sampling system effects, if
any, on the measured concentrations. This method is self-
validating provided that the results meet the performance
requirement of the QA spike in sections 9.0 and 8.6.2 of
this method and results from a previous method validation
study support the use of this method in the application.
Several factors can contribute to uncertainty in the
measurement of spiked samples. Factors which can be
controlled to provide better accuracy in the spiking
procedure are listed in sections 12.2.1 through 12.2.4 of

this method.
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12.2.1 F}ow meter. An accurate mass flow meter is atcurate
to £ 1 percent of its span. If a flow of 1 L/min is
monitored. with such a MEFM, which is calibrated in the range
of 0-5 L/min, the flow measurement has an uncertainty of §
percent. This may be improved by re-calibrating the meter
at the specific flow rate to be used.
12.2.2 Calibration gas. Usually the c¢alibration standard
1s certified to within t 2 percent. With reactive analytes,
such as HCl, the certified accuracy.in a commercially
available standard may be’no better than + 5 percent.
12.2.3 Temperature. Temperature measurements of the cell
shall be quite accurate. If practical, it is preferable to
measure sample temperature directly, by inserting a
thermocouple into the cell chamber instead of monitoring the
cell outer wall temperature.
12.2.4 Pressure. Accuracy depends on the accuracy of the
barcmeter, but fluctuations in presSure throughout a day may
be as much as 2.5 percent due to weather variations,
13.0 Method Validation Procedure.

This validation procedure, which is based cn EPA Method
301 (40 CFR part 63, appendix A}, may be used to validate
éhis method for the analytes in a gas matrix. Validation at
one source may also apply to another type of source, if it
can be shown that the exhaust gas characteristics are

similar at both sources.
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13.1 Section 5.3 of Method 301 (40 CFR part 63, appendix
A), the Analyte Spike procedure, is used with these
modifications. The statistical analysis of the results
follows section 6.3 of EPA Method 301. Section 3 of this
method defines terms that are not defined in Method 301.
13.1.1 The analyte spike is performed dynamically. This
means the spike flow is continucus and constant as spiked
samples are measured.
13.1.2 The spike gas is introduced at the back of the
sample probe. ,
13.1.3 Spiked effluent is cairied through all sampling
components dcwnstream cf the procbe. |
13.1.4 A single FTIR system (or more) may be used to
collect and analyze spectra (not quadruplicate integrated
sampling trains).
13.1.5 2all of the validation measurements are performed
sequentially in a single "run" (section 3.26 of this
method) .
13.1.6 The measurements analyzed statistically are each
independent (section 3.22 of this metheod).
13.1.7 A validation data set can consist of more than 12
spiked and 12 unspiked measurements.
13.2 Batch Sampling. The procedure in sections 13.2.1
through 13.2.2 may be used for stable processes. If process

emissions are highly variable, the procedure in secticn
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13.2.3 shall be used.
13.2.1 With a single FTIR instrument and sampling system,
begin by ccllecting spectra of two unspiked samples.
Introduce the spike flew into the sampling system and allow
10 cell volumes to purge the sampling system and FTIR cell.
Collect spectra of two spiked samples. Turn off the spike
and allow 10 cell volumes of unspiked sample to purge the
FTIR cell. Repeat this procedure until the 24 (or more)
samples are collected.
13.2.2 1In batch sampling, cocllect spectra of 24 distinct
samples. (Each distinct sample consists of f£illing the cell
to ambient pressure after the cell has been evacuated.)
13.2.3 Alternatively, a separate probe assembly, line, and
sample pump can be used for spiked sample. Verify and
document that sampling conditions are the same in both the
spiked and the unspiked sampling systems. This can be done
by wrapping both sample lines in the same heated bundle.
Keep the same flow rate in both sample'lines. Measure
samples in sequence in pairs. After two spiked samples are
measured, evacuate the FTIR cell, and turn the manifold
valve so that spiked sample flows to the FTIR cell. Allow
the connecting line from the manifold to the FTIR cell to
purge thoroughly (the time depends on the line length and
flew rate). Collect a pair of spiked samples. Repeat the

prccedure until at least 24 measurements are completed.



44
13.3 GSimultanecus Measurements With Two FTIR Systems. If
unspiked effluent concentratiocns of the target analyte(s)
vary significantly with time, it may be desirable to perform
synchronized measurements of spiked and unspiked sample.
Use two FTIR systems, each with its own cell and sampling
system to perform simultaneous spiked and unspiked
measurements. The optical configurations shall be similar,
if possible. The sampling configurations shall\be the same,
One sampling system and FTIR analyzer shall be used to
measure spiked effluent. The other sampling system and FTIR
analyzer shall be used to measure unspiked flue gas. Both
systems shall use the same sampling procedure (i.e., batch
or ¢ontinuocus).
13.3.1 1If batch sampling is used, synchronize the cell
evacuation, cell filling, and ceollection of spectra. Fill
both cells at the same rate (in cell volumes per unit time).
13.3.2 If continuous sampling is used, adjust the sample
flow through each gas cell so that the same number of cell
volumes pass through each cell in a given time (i.e. TC, =
TC,) .
13.4 Statistical Treatment. The statistical procedure of
EPA Method 301 of this appendix, section 6.3 is used to
evaluate the bias and precisicn. For FTIR testing a
validation "run" is defined as spectra of 24 independent

samples, 12 of which are spiked with the analyte(s) and 12
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of which are not spiked.

13.4.1 Bias. Determine the bias (defined by EPA Method 301

of this appendix, section 6.3.2) using equation 7:

B=S5 -CS )
where: |
B = Bias at spike level,
Sp = Mean concentration of the analyte spiked
samp;es.
CS = Expected concentration of the spiked samples.

13.4.2 Correction Factor. Use section 6.3.2.2 of Method
301 of this appendix to evaluate the statistical
significance of the bias. If it is determined that the bias
is significant, then use section 6.3.3 of Method 301 to
calculate a correction factor (CF). Analytical results of
the test method are multiplied by the correction factor, if
0.7 < CF s 1.3. 1If is determined that the bias is
significant and CF > = 30 percent, then the test method is
considered to "not valid.”

13.4.3 If measurements do not pass validaticn, evaluate the
Sampling system, instrument configuration, and analytical
system to determine if improper set-up cr a malfunction was
the cause. If sc, repair the system and repeat the

validation.
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14.0 Pellution Prevention.

The extracted sample gas is vented outside the
enclosure containing the FTIR system and gas manifold after
the analysis. In typical method applications the vented
sample volume is a small fraction of the source volumetric
flow and its compésition is identical to that emitted from
the scurce. When analyte spiking is used, spiked pollutants
are vented with the extracted sample gas. Approximately 1.6
X 107" to 3.2 x 10 lbs of a single'HAP may be vented to the
atmosphere in a typical validation run of 3rhours. {(This
assumes a molar mass of 50 to 100 g, spike rate of 1.0
L/min, and a standard concentration of 100 ppm). Minimize
emissions by keeping the spike flow off when not in use.
15.0 Waste Management.

Small volumeé of laboratory gas standards can be vented
through a laboratory hood. Neat samples must be packed and
disposed according to applicable regulaticns. Surplus
materials may be returned to supplier for disposal.

16.0 References.
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PROTOCOL FOR THE USE OF EXTRACTIVE FOURIER TRANSFORM
INFRARED (FTIR) SPECTROMETRY FOR THE ANALYSES OF GASEQUS
EMISSIONS FROM STATIONARY SOURCES

INTRODUCTION

The purpose of this document is to set general guidelines
for the use of modern FTIR spectroscopic methods for the analysis
of gas samples extracted from the effluent of stationary emission
sources. Thigs document outlines techniques for developing and
evaluating such methods and sets basic requirements for reporting
and quality assurance procedures.

1.0 NOMENCLATURE

1.1 Appendix A lists definitions of the symbols and terms
used in this Protocol, many of which have been taken directly
from American Society for Testing and Materials (ASTM)
publication E 131-90a, entitled “Terminology Relating to
Molecular Spectroscopy."

1.2 Except in the case of background spectra or where
otherwise noted, the term "spectrum" refers to a double-beam
spectrum in units of absorbance vs. wavenumber (cm~l),

1.3 The term "Study" in this document refers to a
publication that has been subjected to EPA- or peer-review.

2.0 APPLICABILITY AND ANALYTICAL PRINCIPLE

2.1 Applicability. This Protocol applies to the
determination of compound-specific concentrations in single- and
multiple-component gas phase samples using double-beam absorption
spectroscopy in the mid-infrared band. It does not specifically

address other FTIR applications, such as single-beam
spectroscopy, analysis of open-path (non-enclosed) samples, and
continuous measurement techniques. If multiple spectrometers,

absorption cells, or instrumental linewidths are used in such
analyses, each distinct operational configuration of the system
must be evaluated separately according to this Protocol.

2.2 Analytical Principle.

2.2,1 In the mid-infrared band, most molecules exhibit
characteristic gas phase absorption spectra that may be recorded
by FTIR systems. Such systems consist of a source of mid-
infrared radiation, an interferometer, an enclosed sample cell of
known absorption pathlength, an infrared detector, optical
elements for the transfer of infrared K radiation between
components, and gas flow control and measurement components.
Adjunct and integral computer systems are used for controlling
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the ’instru.ment, processing the signal, and for performing both
Fourier transforms and quantitative analyses of spectral data.

2.2.2 The absorption spectra of pure gases and of mixtures
of gases are described by a linear absorbance thecry referred to
as Beer’'s Law. Using this law, modern FTIR systems use
computerized analytical programs to quantify compounds by
comparing the absorption spectra of known (reference) gas samples
to the absorption spectrum of the sample gas. Some standard
mathematical techniques used for comparisons are classical least
squares, inverse least squares, cross-correlation, factor
analysis, and partial least squares. Reference A describes
several of these techniques, as well as additional techniques,
such as differentiation methods, linear baseline corrections, and
non-linear absorbance corrections.

3.0 GENERAL PRINCIPLES OF PROTOCOL REQUIREMENTS

The characteristics that distinguish FTIR systems from gas
analyzers used in instrumental gas analysis methods (e.g.,
EPA Methods 6C and 7E) are: (1) Computers are necessary to
obtain and analyze data; (2) chemical concentrations can be
quantified using previously recorded infrared reference spectra;
and (3) analytical assumptions and results, including possible
effects of interfering compounds, can be evaluated after the
quantitative analysis. The following general principles and
requirements of this Protocol are based on these characteristics.

‘ 3.1 Verifiability and Reproducibility of Results. Store

all data and document data analysis techniques sufficient to
allow an independent agent to reproduce the analytical results
from the raw interferometric data.

3.2 Transfer of Reference Spectra. To determine whether
reference sgpectra recorded under one set of conditions (e.g.,
optical bench, instrumental linewidth, absorption pathlength,
detector performance, pressure, and temperature) can be used to
analyze sample spectra taken under a different set of conditions,
quantitatively compare "calibration transfer standards" (CTS) and
reference spectra as described in this Protocol. (Note: The CTS
may, but need not, include analytes of interest). To effect
this, record the absorption spectra of the CTS (a) immediately
before and immediately after recording reference spectra and
(b) immediately after recording sample spectra.

3.3 Evaluation of FTIR Analyses. The applicability,
accuracy, and precision of FTIR measurements are influenged by a
number of interrelated factors, which may be divided into two
classes: .

3.3,.1 Sample-Independent Factors. Examples are. system
configuration and performance (e.g., detector 'sen51t1v1ty and
infrared source output), quality and applicability of reference
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absorption spectra, and type of mathematical analyses of the
spectra. These factors define the fundamental limitations of
FTIR measurements for a given system configuration. These
limitations may be estimated from evaluations of the gystem
before samples are available. For example, the detection limit
for the absorbing compound under a given set of conditions may be
egtimated from the system noise level and the strength of a
particular absorption band. Similarly, the accuracy of
measurements may be estimated from the analysis of the reference
spectra.

3.3.2 Sample-Dependent Factors. Examples are spectral
interferants (e.g., water vapor and CO,) or the overlap of
spectral features of different compounds and c¢ontamination
depogits on reflective surfaces or transmitting windows. TO
maximize the effectiveness of the mathematical techniques used in
spectral analysis, identification of interferants {(a standard
initial step) and analysis of samples (includes effects of other
analytical errors) are necessary. Thus, the Protocol requires
post-analysis calculation of measurement concentration
uncertainties for the detection of these potential sources of
measurement error.

4.0 PRE-TEST PREPARATIONS AND EVALUATIONS

Before testing, demonstrate the Ssuitability 6f FTIR
gpectrometry for the desired application according to the
procedures of this section.

4.1 Identify Test Requirements. Identify and record the
test requirements described below in 4.1.1 through 4.1.5. These
values set the desired or regquired goals of the proposed
analysis; the description of methods for determining whether
these goals are actually met during the analysis comprises the
majority of this Protocol.

4.1.1 Analytes (specific chemical species) of interest.
Label the analytes from 1 = 1 to I.

4.1.2 Analytical uncertainty limit (AU;). The AUy is the
maﬁimmn permissible fractional uncertainty of analysis for the
i*R analyte concentration, expressed as a fraction of the analyte
concentration in the sample.

4.1.3 Required detection limit for each analyte (DLj, ppm).
The detection limit is the lowest concentration of an anaiyte for
which its overall fractional uncertainty (OFU;) is required to be
less than its analytical uncertainty limit (AUj).

4.1.4 Maximum expected concentration of each analyte
(CMAX, ppm). :
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4.2 Identify Potential Interferants. Considering the
chemistry of the process or results of previous Studies, identify
potential interferants, i.e., the major effluent conatituents and
any relatively minor effluent constituents that possess either
strong absorption characteristics or strong structural
similarities to any analyte of interest. Label them 1 through
ggé where the subscript "j" pertains to potential interferants.

imate the concentrations of these compounds in the effluent
(CPOTj, ppm) .

4.3 Select and Evaluate the Sampling System. Considering
the source, e.g., temperature and pressure profiles, moisture
content, analyte characteristics, and particulate concentratiecn),
select the equipment for extracting gas samples. Recommended are
a particulate filter, heating system to maintain sample
temperature above the dew point for all sample constituents at
all points within the sampling system (including the filter), and
sample conditioning system (e.g., 'coolers, water-permeable
membranes that remove water or other compounds from the sample,
and dilution devices) to remove spectral interferants or to

protect the sampling and analytical components. Determine the
minimum absolute sample system pressure (Pp;., mmHg) and the
infrared abscrption cell volume (Vgg, liter). Select the

techniques and/or equipment for the measurement of sample
pressures and temperatures.

4.4 Select Spectroscopic System. Select a spectrosceopic
configuration for the application. Approximate the absorpticn
pathlength (Lg’, meter), sample pressure (Pg’, kPa), absolute
sample temperature Tg', and signal integration period (tgg,
seconds) for the analysis. Specify the nominal minimum
instrumental linewidth (MIL) of the system. Verify that the
fractional error at the approximate values Pg’' and Tg' is less
than one half the smallest value AU; (see Sectlon 4.1.2).

4.5 Select Calibration Transfer Standards (CTS’s). Select
CTS’s that meet the criteria listed in Sections 4.5.1, 4.5.2, and
4.5.3.

Note: It may be necessary to choose preliminary analytical
regions (see Section 4.7), identify the minimum analyte
linewidths, or estimate the system noise 1level (see
Section 4.12) before selecting the CTS. More than one
compound may be needed to meet the criteria; if so, obtain
geparate cylinders for each compound.

4.5.1 The central wavenumber position of each' analytical
region lies within 25 percent of the wavenumber position of at
least one CTS absorption band.

4.5.2 The absorption bands 1in 4.5.1 exhihit peak
absorbances greater than ten times the value RMSggy (see
Sectioh 4.12) but less than 1.5 absorbance units.
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4.5.3 At least one absorption CTS band within the operating
range of the FTIR instrument has an instrument-independent
linewidth no greater than the narrowest analyte absorption band;
perform and document measurements or cite Studies to determine
analyte and CTS compound linewidths.

4.5.4 For each analytical region, specify the upper and
lower wavenumber positions (FFU, and FFL_, respectively) that
bracke; the CTS absorption bang or bands for the associated
analyplgal region. Specify the wavenumber range, FNU to FNL,
containing the absorption band that meets the criterion of
Section 4.5.3,

4.5.5 Associate, whenever possible, a single set of CTS gas
cylinders with a set of reference spectra. Replacement CTS gas
cyligders shall contain the same compounds at concentrations
within 5§ percent of that of the original ¢TS cylinders; the
entire absorption spectra (not individual spectral segments) of
the replacement gas shall be scaled by a factor between 0.95 and
1.05 to match the original CTS spectra.

4.6 Prepare Reference Spectra. -

Note: Reference spectra are available in a permanent soft
copy from the EPA spectral library on the EMTIC {(Emission
Measurement Technical Information Center) computer bulletin
board; they may be used if applicable.

4.6.1 Select the reference absorption pathlength (Lg) of
the cell.

4.6.2 Obtain or prepare a set of chemical standards for
each analyte, potential and known spectral interferants, and CTS.
Select the concentrations of the chemical standards to corregpond
to the top of the desired range.

4.6.2.1 Commercially-Prepared Chemical Standards. Chemical
standards for many compounds may be obtained from independent
sources, such as a specialty gas manufacturer, chemical company,
or commercial 1laboratory. These standards (accurate to within
+2 percent) shall be prepared according to EPA Protocel 1 (see
Reference D} or shall be traceable to NIST standards. Obtain
from the supplier an estimate of the stability of the analyte
concentration; obtain and follow all the supplier’'s
recommendations for recertifying the analyte concentration.

4.6.2,2 Self-Prepared Chemical Standards. Chemical
gstandards may be prepared as follows: Dilute certified
commercially prepared chemical gases or pure analytes with ultra-
_ pure carrier (UPC) grade nitrogen according to the barometric and
volumetric techniques generally described in Reference A,
Section A4.6. :
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4.6.3 Record a set of the abscrption spectra of the CTS
{R1}, thel:} a set of the reference spectra at two or more
concentrations in duplicate over the desired range (the top of
the range must be less than 10 times that of the bottom),
followed by a second set of CTS spectra {R2}. (If self-prepared
standards are used, see Section 4.6.5 before disposing of any cof
the standards.) The maximum accepted standard concentration-
pathlength product (ASCPP) for each compound shall be higher than
the maximum estimated concentration-pathlength products for both
analytes and known interferants in the effluent gas. For each
analyte, the minimum ASCPP shall be no greater than ten times the
concentration-pathlength product of that analyte at its required
detection limit. :

4.6.4 Permanently store the background and interferograms
in digitized form. Document details of the mathematical process
for generating the spectra from these interferograms. Record the
sample pressure (Pg), sample temperature (Tgp), reference
absorption pathlength (Lp), and interferogram signal integration
period (tgg). Signal Entegration. periocds for the background
interferograms shall be =2tgp. Values of Pp, Lg, and tgp shall
not deviate by more than tf‘percent from the time of recording
{R1} to that of recording {R2}.

4.6.5 If self-prepared chemical standards are employed and
spectra of only two concentrations are recorded for one or more
compounds, verify the accuracy of the dilution technique by
analyzing the prepared standards for those compounds with a
secondary (non-FTIR) technique as follows:

4.6.5.1 Record the response of the secondary technique to
each of the four standards prepared.

4.6.5.2 Perform a linear regression of the response values
(dependant variable) versus the accepted standard concentration
(ASC) values (independent variable), with the regression
constrained to pass through the zero-response, zerc ASC point.

4.6.5.3 Calculate the average fractional difference between
the actual response values and the regression-predicted values
(those calculated from the regression line using the four ASC
values as the independent variable).

4.6.5.4 If the average fractional difference value
caleulated in Section 4.6.5.3 is larger for any compound than the
corresponding AU;, the dilution technique is not sufficiently
accurate and the reference spectra prepared are not valid for the
analysis.

4.7 Select Analytical Regions. Using the general
considerations in Section 7 of Reference A and the spectral
characteristics of the analytes and interferants, select the
analytical regions for the application. Label theg m = 1 to M.
Specify the lower, center and upper wavenumber positions of each
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analytical region (FLy,, FC,, and FU,, respectively) Specif

: ' : / . the
analytes and interferants which mexhibit absorption in yeach
region.

4.8 Determine Fractional Reproducibility Uncertainties.
Using Appendix E, calculate the fractional reproducibility
uncertainty for each analyte (FRU;) from a comparison of {R1} and
(rR2}. If FRU; o> AU; for any analyte, the reference gpectra
generated in Section 4.6 are not valid for the application.

4.9 Identify Known Interferants. Using Appendix B,
determine which potential interferant affects the analyte
concentration determinations. If it does, relabel the potential
interferant as "known" interferant, and designate these compounds
from k = 1 to K. Appendix B also provides criteria for
determining whether the selected analytical regicns are suitable,

4.10 Prepare Computerized Analytical Programs.

4.10.1 Choose or devise mathematical techniques (e.g,
classical least squares, inverse least squares, cross-
correlation, and factor analysis) based on Equation 4 of
Reference A that are appropriate for analyzing spectral data by.
comparison with reference spectra.

4.10.2 Following the general recommendations of Reference
A, prepare a computer program or set of programs that analyzes
all the analytes and known interferants, based on the selected
analytical regions (4.7) and the prepared reference spectra
(4.6). Specify the baseline correction technique (e.g.,
determining the slope and intercept of a linear baseline
contribution in each analytical region) for each analytical
region, including all relevant wavenumber pcositions.

4.10.3 Use programs that provide as output [at the
reference absorption pathlength (Lg), reference gas temperature
(TR) . and reference gas pressure (PR} ] the analyte
concentrations, the known interferant concentrations, and the
baseline slope and intercept values. If the sample absorption
pathlength (LS), sample gas temperature (Tg) or sample gas
pressure (Pg) during the actual sample analyses differ from Lg,
Tg, and Pp, use a program or set of programs that applies
multiplicative correcticns to the derived concentrations to
account for these variations, and that provides as output both
the corrected and uncorrected values. Include in the report of
the analysis (see Section 7.0) the details of any transformations
applied to the original reference spectra (e.g.,
differentiation), in such a fashion that all analytical results
may be verified by an independent agent from the reference
gpectra and data spectra alone.

4.11 Determine the Fractional Calibration Uncertainty.
Calculate the fractional calibration uncertainty for each analyte
(FCU;) according to Appendix F, and compare these values to the
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fractional wuncertainty limits (AU;; see Section 4.1), If

FCU; > AUy), either the reference spectra or analytical programs
for that analyte are unsuitable.

4.12 Verify System Configuration Suitability. Using
Appendix C, measure or obtain estimates of the noige level
(RMSpgp, absorbance) of the FTIR system:; alternatively, construct
the complete spectrometer system and determine the values RMS
using Appendix G. Estimate the minimum measurement uncertainty
for each analyte (MAU;, ppm) and known interferant (MIU,, ppm)
using Appendix D. Verify that (a) MAU; < (AUy) (DL;), FRU, < AU,,
and FCU; < AU; for each analyte and that (b) the C*S chosén mee%s
the requirements ligsted in Section 4.5.

5.0 SAMPLING AND ANALYSIS PROCEDURE

5.1 Analysis System Assembly and Leak-Test. Assemble the
analysis system. Allow sufficient time for all system components
to reach the desired temperature. Then determine the leak-rate
(Lg) and leak volume (V;), where Vi, = Ly tgg. Leak volumes shall
be s4 percent of Vgg.

5.2 Verify Instrumental Performance. Measure the noise
level of the system in each analytical region using the procedure
of Appendix G. If any noise level is higher than that estimated
for the system in Section 4.12, repeat the calculations of
Appendix D and verify that the requirements of Section 4.12 are
met; if they are not, adjust or repair the instrument and repeat
this section.

5.3 Determine the Sample Absorption Pathlength. Record a
background spectrum. Then, fill the absorption cell with CTS at
the pressure Pp and record a set of CTS spectra {R3}. Store the
background an unscaled CTS single beam interferograms and
spectra. Using Appendix H, calculate the sample absorption
pathlength (Lg) for each amalytical region. The values Lg shall
not differ from the approximated sample pathlength Lg’ (see
Section 4.4) by more than 5 percent.

5.4 Record Sample Spectrum. Connect the sample line to the
source. Either evacuate the absorption cell to an absolute
pressure below 5 mmHg before extracting a sample from the
effluent stream into the absorption cell, or pump at least ten
cell volumes of sample through the cell before obtaining a
sample. Record the sample pressure Pg. Generate the absorpance
spectrum of the sample. Store the background and sample single
beam interferograms, and document the process by 'which the
absorbance spectra are generated from these data. (If necessary,
apply the spectral transformations developed in Section 5.6.2).
The resulting sample spectrum is referred to below as Sg.
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-Note: Multiple sample spectra may be recorded according to

thg Ergcedures of Section 5.4 before performing Sections 5.5
an .6. \

5.5 Quantify Analyte Concentrations. Calculate the
unscaled agalyte concentrations RUA; and unscaled interferant
concentrations RUIx using the programs developed in Section 4.
To correct for pathlength and pressure variations between the
reference and sample spectra, calculate the scaling factor
Rpps = (LRPRTS)/(LSPSTR). Calculate the final analyte and
interferant concentrations RSA; = RppgRUA; and RSIp = RppgRUIy.

5.6 Determine Fractional Analysis Uncertainty. Fill the
absorption cell with CTS at the pressure Pg. Record a set of CTS
spectra (R4)}.. Store the background and (TS single beam
interferograms. Using Appendix H, calculate the fractional
analysis uncertainty (FAU) for each analytical region. If the
FAU indicated for any analytical region is larger than the
required accuracy requirements determined in Section 4.1, then
comparisons to previously recorded reference spectra are invalid
in that analytical region, and the analyst shall perform one or
both of the following procedures:

5.6.1 Perform instrumental checks and adjust the instrument
to restore its performance to acceptable levels. If adjustments
are made, repeat Sections 5.3, 5.4 (except for the recording of a
sample spectrum), and 5.5 to demonstrate that acceptable
uncertainties are obtained in all analytical regions.

5.6.2 Apply appropriate mathematical transformations (e.g.,
frequency shifting, zero-filling, apodization, gmoothing) to theé
spectra (or to the interferograms upon which the gpectra are
based) generated during the performance of the procedures of
Section 5.3. Document these transformations and their
reproducibility. Do not apply multiplicative scaling of the
spectra, or any set of transformations that is mathematically
equivalent to multiplicative scaling. Different transformations
may be applied to different analytical regions. Frequency shifts
shall be smaller than one-half the minimum instrumental
linewidth, and must be applied to all gpectral data points in an
analytical region. The mathematical transformations may be
retained for the analysis if they are also applied to the
appropriate analytical regions of all sample spectra recorded,
and if all original sample spectra are digitally stored. Repeat
Sections 5.3, 5.4 (except the recording of a sample spectrum},
and 5.5 to demonstrate that these transformations lead to
acceptable calculated concentration uncertainties in all
analytical regions.

6.0 POST-ANALYSIS EVALUATIONS

Estimate the overall accuracy of the analyses performed in
Section 5 as follows:



EPA PTIR Protocol Page 10

-

6.1 Qualipatively Confirm the Agsumed Matrix. Examine each
analytical region of the sample spectrum for spectral evidence of

unexpected or unidentified interferants. If found, identify the
interfering compounds (see Reference C for guidance) and add them
to the 1list of known interferants. Repeat the procedures of

Section 4 to include the interferants in the uncertainty
calculations and analysis procedures. Verify that the MAU and
FCU values do not increase beyond acceptable levels for the
application requirements. Re-calculate the analyte
concentrations (Section 5.5) in the affected analytical regions.

6.2 Quantitatively Evaluate Fractiocnal Model Uncertainty
(FMU). Perform the procedures of either Section 6.2.1 or 6.2.2:

6.2.1 Using Appendix I, determine the fractional modei
error (FMU) for each analyte.

6.2.2 Provide statistically determined uncertainties FMU
for each analyte which are equivalent to two standard deviations
at the 95% confidence level. Such determinations, if employed,
must be based on mathematical examinations of the pertinent
sample spectra (not the reference spectra alone). Include in the
report of the analysis (see Section 7.0) a complete description
of the determination of the concentration uncertainties.

6.3 Estimate Overall Concentration Uncertainty (OCU).
Using Appendix J, determine the overall concentration uncertainty
(OCU) for each analyte. If the OCU is larger than the required
accuracy for any analyte, repeat Sections 4 and 6.

7.0 REPORTING REQUIREMENTS

[Documentation pertaining to virtually all the procedures of
Sections 4, 5, and 6 will be required, Software copies of
reference spectra and sample spectra will be retained for some
minimum time following the actual testing.]
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APPENDIX A

DEFINITIONS OF TERMS AND SYMBOLS

A.1l Definitions of Terns

absorptign band - a contiguous wavenumber region of a spectrum
(equivalently, a contiguous set of absorbance spectrum data

points) in which the absorbance passes through a maximum or
a series of maxima.

absorption pathlength - in a spectrophotometer, the distance,
measured in the direction of propagation of the beam of
radiant energy, between the surface of the sgpecimen on which
the radiant energy is incident and the surface of the
specimen from which it is emergent.

analytical region - a contiguous wavenumber region (equivalently,
a contiguous set of absorbance spectrum data points) used in
the quantitative analysis for one or more analyte.

Note: The gquantitative result for a single analyte may be
based on data from more than one analytical region.

apodization - modification of the ILS function by multiplying the

interferogram by a weighing function whose magnitude varies
with retardation.

background spectrum - the single beam spectrum cbtained with all
system components without sample present.

bagelinre - any line drawn on an absorption spectrum to establish
a reference point that represents a function of the radiant
power incident on a sample at a given wavelength.

Beers’s law - the direct proportionality of the absorbance of a
compound in a homogeneous sample to its concentration.

calibration transfer standard (CTS) gas - a gas standard of a
compound used to achieve and/or demonstrate suitable
gquantitative agreement between sample spectra and the
reference spectra; see Section 4.5.1.

compound - a substance possessing a distinct, unique molecular
structure.

concentration (c) - the quantity of a compound contained in a
unit quantity of gample. The unit "ppm" (number, or mcle,
basis) is recommended.

concentration-pathlength product - the nathgmatical product of
concentration of the species and absorption pathlength. For
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reference‘ Spectra, this 1is a known quantity; for sample
spectra, 1t is the quantity directly determined from Beer’s

law. The units r"centimeters-ppm" or "meters-ppm" are
recommended.
derivative absorption spectrum - a plot of rate of change of

absorbance or of any function of absorbance with respect to
wavelength or any function of wavelength.

double beam spectrum - a transmission or absorbance spectrum
derived by dividing the sample single beam spectrum by the
background spectrum.

Note: The term "double-beam" is used elsewhere to dencte a
spectrum.in which the sample and background interferograms
are collected simultanecusly along physically distinct
absorption paths. Here, the term denotes a spectrum in
which the sample and background interferograms are collected
at different times along the same absorption path.

fast Fourler transform (FFT) - a method of speeding up the
computation of a discrete FT by factoring the data into
sparse matrices containing mostly zeros.

flyback - interferometer motion during which no data are
recorded.

Fourier transform (FT) - the mathematical process for converting
an amplitude-time sgpectrum to an amplitude-frequency
spectrum, Or vice versa.

Fourier transform infrared (FTIR) spectrometer - an analytical
system that employs a source of mid-infrared radiation, an
interferometer, an enclosed sample cell of known absorption
pathlength, an infrared detector, optical elements that
trangfer infrared radiation between c¢omponents, and a
computer system. The time-domain detector response
(interferogram) is processed by a Fourier transform to yield
a representation of the detector respcnse vs. infrared
frequency.

Note: When FTIR spectrometers are interfaced with other
instruments, a slash should be used to dencte the interface;
e.g., GC/FTIR; HPCL/FTIR, and the use of FTIR should be
explicit; i.e., FTIR not IR.

frequency, v - the number of cycles per unit time.

infrared - the portion of the electromagnetic gpectrum containing
wavelengths from approximately 0.78 to 800 microns.

interferogram, I(¢) - record of the modulated component qf the
interference signal measured as a function of retardation by

the detector.
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inte;tercmeter - device that divides a beam of radiant energy
into two or more paths, generate an optical path difference
between the beams, and recombines them in order to produce

repetitiye interference maxima and minima as the optical
retardation is varied.

linewidth - the full width at half maximum of an absorption band
in units of wavenumbers {cm-1).

mid-intrargd - the region of thi electromagnetic spectrum from
approximately 400 to 5000 cm™*.

pathlength - see "absorption pathlength."

reference spectra - absorption spectra of gases with known
chemical compositions, recorded at a known absorption
pathlength, which are used in the quantitative analysis of
gas samples. '

retardation, ¢ - optical path difference between two beams in an
interferometer; also known as "optical path difference" or
"optical retardation." :

scan - digital representation of the detector output obtained
during one complete motion of the interferometer’s moving
~agssembly or assemblies.

scaling - application of a multiplicative factor to the
absorbance values in a spectrum.

8ingle beam gpectrum - Fourier-transformed interferogram,
representing the detector response vs. wavenumber.

Note: The term "single-beam" is used elsewhere to dencte
any spectrum in which the  sample and backgrcund
interferogramg are recorded on the same physical absorption
path; such usage differentiates such spectra from those
generated using interferograms recorded along two physically
distinct absorption paths (see "double-beam spectrum”
above) . Here, the term applies (for example) to the two
gpectra used directly in the calculation of transmission and
absorbance spectra of a sample.

standard reference material - a reference material, the
composition or properties of which are certified by a
recognized standardizing agency or group.

Note: The equivalent IS0 term 1is r"certified reference
material."

transmittance, T - the ratio of radiant power transmitted by the
sample to the radiant power incident on the sample.
Estimated in FTIR spectroscopy by forming the ratio of the
single-hbeam sample and background spectra.
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wavenumber, v - the number of waves per unit length.

Note: The usual unit of wavenumber is the reciprocal

centimeter, cm™+. The wavenumber is the reciprocal of the
wavelength, A, when A is expressed in centimeters.

zZzero-filling - the addition of zero-valued points to the end of a
measured interferogram.

Note: Qerforming the PFT of a zero-filled interferogram
results 1in correctly interpolated points in the computed
spectrum.

A.2 Definitions of Mathematical Symbols

A, absorbance - the logarithm to the base 10 of the reciprocal of
the transmittance (T).

A = log,, (%) = -log,,T (1)
AAI;n - band area of the ith analyte in the mth analytical
region, at the concentration (CL;) corresponding to the

product of its required detection limit (DLj) and analytical
uncertainty limit (AUy) .

AAV;. - average absorbance of the ith analyte in the mth
analytical region, at the concentration (CL;) corresponding
to the product of its required detection limit (DL;) and
analytical uncertainty limit (AUy)

ASC, accepted standard concentration - the concentration value
assigned to a chemical standard.

ASCPP, accepted standard concentration-pathlength product - for
a chemical standard, the product of the ASC and the sample
absorption pathlength.: The units "centimeters-ppm" or
"meters-ppm" are recommended.

AUy, analytical uncertainty limit - the maximum Eﬁrmissible
fractional wuncertainty of analysis for the i analyte
concentration, expressed as a fraction of the analyte
concentration determined in the analysis.

AVT, - average estimated total absorbance in the mth analytical
region. ‘

CXWNy - estimated concentration cf the kth known interferant.

CMAX; - estimated maximum concentration of the ith analyte.
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CPOTj - estimated concentration of the jth potential interferant.

DLi, required getection limit - for the ith analyte, the lowest
concegtratlon of the analyte for which its overall
fractional uncertainty (OFU;) 1is required to be less than
the analytical uncertainty limit (AU4) .

FCy - center wavenumber position of the mth analytical region.

FAU;, fractional analytical uncertainty - ci%culated uncertainty
in the measured concentration of the it analyte because of
errors in the mathematical comparison of reference and
sample spectra.

FCU,;, fracticnal calibration uncertainty - ca}culated uncertainty
in the measured concentration of the it analyte because of
errors in Beer’'s law modeling of the reference spectra
concentrations. ‘

FFL, - lower wavenumber position of the CTS absorption band
asgociated with the m%! analytical region.

FFU, - upper wavenumber !Position of the CTS absorption band
associated with the m‘ analytical region.

PL, - lower wavenumber position of the mth

analytical region.

FMU,;, fractional model uncertainty - calcglated uncertainty in
the measured concentration of the it analyte because of
errors in the absorption model employed.

FN; - lower wavenumber position of the CTS spectrum containing an
absorption band at least as narrow as the analyte absorption
bands,

FNp - upper wavenumber position of the CTS spectrum containing an
abgorption band at least as narrow as the analyte absorption
bands.

FRU;, fractional reproducibility uncertaianty - calculated
uncertainty in the measured concentration of the i*R analyte
because of errors in the reproducibility of spectra from the
FTIR system.

FU, - upper wavenumber position of the mth analytical region.
IAIjm - band area of the jth potential interferant in the mth
analytical region, at its expected concentration (CPOTj).

IAV - average absorbance of the jth analyte in the mth

anai?tical region, at its expected concentration (CPOTj).
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ISCy or xr 1indicated standard concentration - the concentration
from the computerized analytical pRogram for a ingle-
compound reference spectrum for the it analyte or ktﬁ known
interferant.

kPa - kilo-Pascal (see Pascal).

Lg’ - estimated sample absorption pathlength.

Ly - reference absorption pathlength.

Lg - actual sample absorption pathlength.

MAU; - mean of the MAU;, over the appropriate analytical regions.

MAU;,, minimum analyte wuncertainty - the calculated minimum
concentration for which the analyticgl uncertainty 1limit
(AU;) in the measurement gf the it analyte, based on
spectral data in the mt analytical region, <can be

maintained.
MIUj - mean of the MIUjm over the appropriate analytical regions.

MIUjm, minimum interferant uncertainty - the calculated minimum
concentration for which the analytifal uncertainty limit
CPOT;/20 in the measurement gf the JER jnterferant, based on
spectral data in the mtP® analytical region, can be

maintained.

MIL, minimum instrumental linmewidth - the minimum linewidth from
the FTIR system, in wavenumbers.

Note: The MIL of a system may be determined by observing an
absorption band known (through higher resolution
examinations) to be narrower than indicated by the system.
The MIL is fundamentally limited by the retardation of the
interferometer, but is also affected by other operational
parameters (e.g., the choice of apodization).

Ny - number of analytes.
Nj - number of potential interferants.

Ny - number of known interferants.

Ngcan - the number of scans averaged to obtain an interferogram.

OFU; - the overall fractional uncertainty in an analyte
concentration determined in the analysis (OFU; = MAX {FRU; ,

FCU;, FAU;, FMU;}).

Pascal (Pa) - metric unit of static pressure, equal to one Newton
per square meter; one atmosphere is equal to 101,325 Pa;
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1/760 atmosphere (one Torr, or one millimeter H i
to 133.322 pa. ’ g) is equal

Prin T minimum pressure of the sampling system during the
sampling procedure.

Pg’ - estimated sample pressure.
Pp - reference pressure.
Pg - actual sample pressure.

RMS - measured noise level of the PFTIR system in the mth
analytical region.

RMSD, root mean square difference - a measure of accuracy
determined by the following equation: :

RMSD = \J(%) 3 o (2)

n = the number of observations for which the accuracy is
determined.

e; = the difference between a measured value of a property
and its mean value over the n cbservations.

Note: The RMSD value "between a set of n contiguous
absorbance wvalues (Aj) and the mean of the values" (Ay) 1is
defined as :

n

mesp - | (2) 5 - A g

i=1

RSAy - the (calculated) final concentration of the ith analyte.

RSIk - the (calculated) final concentration of the kth- known
interferant.

tgoap: Bcan time - time used to acquire a single scan, not
including flyback.

tg, signal integration period - the period of time over wh}ch an
V interferogram is averaged by addition and scaling of
individual scang. In terms of the number of scans Ng., and

scan time tg.an:, tg = Ngcantscan-

tgg - Signal integration period used in recording reference
spectra.
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tgg - sSignal integration period used in recording sample spectra.

Ty - absolute temperature of gases used in recording reference
spectra.

Tg - absolute temperature of sample gas as sample spectra are
recorded.

TP, Throughput - manufacturer’s estimate of the fraction of the
total infrared power transmitted by the absorption cell and
transfer optics from the interfercmeter to the detector.

Vgg - volume of the infrared absorption cell, including parts of
attached tubing. ,

Wi - ;ﬁeight used to average over analytical gegions k for
quantities related to the analyte i; see Appendix D.

Note that some terms are missing, e.g., BAV

m' OCU' R-MSSml SUBS’
SICi, SACi, SS
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APPENDIX B

IDENTIFYING SPECTRAL INTERFERANTS

B.l General

B.1.1 Assume a fixed absorption pathlength equal to the
value Lg’.

B.l:z Use band area calculations to compare the relative
absorptlgﬁ strengths of the analytes and potential interferants.
In the m-" analytical region (FL, to FUp), use either rectangular
or trapezoidal approximations to determine the band areas
described below (see Reference A, Sections A.3.1 through A.3.3);
document any baseline corrections applied to the spectra.

B.1.3 Use the average total absorbance of the analytes and
potential interferants in each analytical region to determine
whether the analytical region is suitable for analyte
concentration determinations. '

Note: The average absorbance in an analytical region is the
band area divided by the width of the analytical region in
wavenumbers. The average total absorbance in an analytical
region is the sum of the average absorbances of all analytes
and potential interferants.

B.2 Calculations

B.2.1 Prepare spectral representations of each analyte at
the concentration CL; = (DLy) (AU;), where DL; is the required
detection 1limit and AU:; is the maximum permissible analytical
uncertainty. For the meh analytical region, calculate the band
area (AAI;,) and average absorbance (AAV;,) from these scaled
analyte spectra.

B.2.2 Prepare spectral representations of each potentiaﬁ
interferant at its expected concentration (CPOT:). For the mb
analytical region, calculate the band area (IA}~ ) and average
absorbance (IAvjm) from these scaled potentfgi interferant
spectra.

B.2.3 Repeat the calculation for each analytiéal regiog,
and record the band area results in matrix form as indicated in
Figure B.1.

B.2.4 If the band area of any potential interferant in an
analytical region is greater than the one-half the‘band area of
any analyte .(i.e., IAIj > 0.5 AAI;, for any pair ij and any m},
classify the potentiallinterferant as known interferant. Label
the known interferants k = 1 to K. Record the results in matrix
form as indicated in Figure B.2.
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B.2.5 Calculate the average total absorbance (AVT,) for
each analytical region and record the values in the last row of

the matrix described in Figure B.2. Any analytical region where
AVT, >2.0 is unsuitable. ! g

FIGURE B.1 Presentation of Potential Interferant Calculations

Analytical Regions

1 . . . , M

Analyte Labels

1 "ARI;; . . . AAIy

I AAI;; . . . BAIpy

Potential Interferant

Labels

1 IAI,; . - - IAIjy

J IATy;; - . - IAI 3

W

FIGURE B.2 Presentation of Known Interferant Calculations

Analytical Regions

1 . M

Analyte Labels

1 AAT,; . . . . AAIy

I AAII]. - . . . AAIIM
Known Interferant

Labels
1 IAL;; . . . . IAIy
K IATg; - - - - IAIgy

Total Average
Absorbance AVT, AVTy
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APPENDIX C

ESTIMATING NQISE LEVELS

C.1 General

c.1.1 The root-mean-square (RMS) noise level is the
standard measure of noise in this Protocol. The RMS noise level
of a contiguous segment of a spectrum is defined as the RMS
difference (RMSD) between the absorbance values which form the
segment and the mean value of that segment (see Appendix A).

C.1.2 The RMS noise value in double-beam absorbance
spectra 1s assumed to be inversely proportional to: (a) the
square rcot of the signal integration period of the sample single
beam gpectra from which it is formed, and (b) to the total
infrared power transmitted cthrough the interferometer and
absorption cell.

C.1.3 Practically, the assumption of C.1.2 allow the RMS
noise level of a complete system to be estimated from the
following four quantities:

(a) RMS - the noise level of the system (in absorbance
units), without the absorption cell and transfer optics,
mini in inewidth, e.g., Jacquinot stop
size.

{(b) t - the manufacturer’s signal integration time used
to getermine RMSpyan-

(¢) tgg - the signal integration time for the analyses.

(d) TP - the manufacturer’s estimate of the fraction of the
total infrared power transmitted by the absorpticn cell
and transfer optics from the interfercmeter to the
detector.

C.2 Calculations

C.2.1 Obtain the values of RMSyayn., EMaN: and TP from the
manufacturers of the equipment, or determine the noise level by
direct measurements with the completely constructed system
proposed in Section 4.

C.2.2 Calculate the noise value of the system (RMSggp) as
follows:

t
RMSger = RMSway TP | £2 (4)
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APPENDIX D

ESTIMATING MINIMUM CONCENTRATION MEASUREMENT
UNCERTAINTIES (MAU and MIU)

D.1 General

Estlma e the minimum concentration measurement uncertainties
for the it analyte (MAU,;) .and 3B interferant (MIU;) based on
the spectral data in the mth analytical region by cdhparlng the
analyte band area in the analytical region (AAI;.) and estimating
or measuring the noise level of the system (RMSEST or RMSg.) .

Note: For a single analytical region, the MAU or MIU value
is the concentration of the analyte or interferant for which
the band area is equal to the product of the analytical
region width (in wavenumbers) and the noise level of the
system (in absorbance units). If data from more than one
analytical region is used in the determination of an analyte
concentration, the MAU or MIU is the mean of the separate
MAU or MIU values calculated for each analytical region.

D.2 Calculations

D.2.1 For each analytical region, set RMS = RMSg, if
measured (Appendix G), or set RMS = RMSpgp if estimated (Appendix
C).

D.2.2 For each analyte associated with the analytical
region, calculate

-_ FLm
D.2.3 If only the m® analxtical region is used to

calculate the concentration of the i1 analyte, set MAU; = MAU,.,

D.2.4 If a number of analys%cal regions are used to
calculate the concentration of the ith analyte, set MAU; equal to
the weighted mean of the approprlate MAU;, values calculated
above; the weight for each term in the mean is equal to the
fraction of the total wavenumber range used for the calculation
represented by each analytlcal region. Mathematically, if the
set of analytlcal reglons employed is {m’}, then the MAU for each
analytical region is
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MAU, = E Wy MAU,,
ke{m"}

(6)

where the weight W;, is defined for each term in the sum as

Wik”(mk‘FLk)( E [FMD*FL?])-I (7)

pem’}

D.2.5 Repeat Sections D.2.1 through D.2.4 to calculate the
analogous values MIU; for the interferants j = 1 to J. Replace
the value (AUy) (Dbi_t in the above equations with CPCT;/20;

replace the value AAl;, in the above equations with IAIjm. ]
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APPENDIX E

DETERMINING FRACTIONAL REPRODUCIBILITY UNCERTAINTIES (FRU)

E.l General

To estimate the reproducibility of the spectroscopic results
of the.system, compare the CTS spectra recorded before and after
preparing the reference spectra. Ccmpare the difference between
the spectra to their average band area. Perform the calculation
for each analytical region on the portions of the CTS spectra
agsociated with that analytical region.

E.2 Calculations

E.2.1 The CTS spectra {R1} consist of N spectra, denoted by
S,4, i=1, N. Similarly, the CTS spectra {R2} consist of N
spectra, denoted by S,;, i=1, N. Each Ski 1s the spectrum of a
single compound, where i denotes the compound and k denctes
the set {Rk} of which Sy ; is a member. Form the spectra S
according to S = S -5 : for each 1i. Form the spectra §

; 34 2i°°1 : 4
according to S, = [Szi+511}/2 for each i.

E.2.2 Each analytical region m is associated with a portion
of the CTS spectra S,; and S,;, for a particular i, with lower
and upper wavenumber flmits F and FFU,, respectively.

E.2.3 For each m and the associated i, calculate the band
area of S,; in the wavenumber range FFU, to FFL,. Follow the
guidelines of Section B.1.2 for this %and area calculation.
Denote the result by BAV,.

E.2.4 For each m and the associated i, calculate the RMSD
of S3i between the absorbance wvalues and their mean in the
wavenumber range FFUy, to FFL,. Denote the result by SRMS.

E.2.5 For each analytical region m, calculate the quantity
FM, = SRMSy (FFUp,-FFLy) /BAVy

E.2.6 If only the mth anathical region is wused to
calculate the concentration of the i%" analyte, set FRU; = FM.

E.2.7 If a number p; of anal%tical regicns are used to
calculate the concentration of the i"® analyte, set FRU; equal to
the weighted mean of the appropriate values calculated above.
Mathematically, if the set of analytical regicns employed is
{m’}, then

FRO; = E Wy FMy (8)
ke(m’}

where the Wj) are calculated as described in Appendix D.
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APPENDIX F

DETERMINING FRACTIONAL CALIBRATION UNCERTAINTIES (FCU)

F.1 General

F.l.1 The concentrations yielded by the computerized
analytical program applied to each single-compound reference
spectrum are defined as the indicated standard concentrations
(ISC's). The ISC values for a single compound spectrum sheould
ideally equal the accepted standard concentration (ASC) for one
analyte or interferant, and should ideally be zero for all other
compounds. Variations from these results are caused by errors in
the ASC values, variations from the Beer’s law (or modified
Beer’'s law) model used to determine the concentrations, and noise
in the spectra. When the first two effects dominate, the
systematic nature of the errors is often apparent; take steps to
correct them. '

F.1.2 When the calibration error appears non-systematic,
apply the following method to estimate the fractional calibration
uncertainty (FCU) for each compound. The FCU is defined as the
mean fractional error between the ASC and the ISC for all
reference spectra with non-zero ASC for that compound. The FCU
for each compound shall be leas than the required fractional
uncertainty specified in Section 4.1.

F.1.3 The computerized analytical programs shall alsc be
required to yield acceptably low concentrations for compounds
with ISC=0 when applied to the reference spectra. The limits
chosen in this Protocol are that the ISC of each reference
gspectrum for each analyte or interferant shall not exceed that
compound’s minimum measurement uncertainty (MAU or MIU).

F.2 Calculations

F.2.1 Apply each analytical program to each reference
spectrum. Prepare a similar table as that in Figure F.1 to
present the ISC and ASC values for each analyte and interferant
in each reference spectrum. Maintain the order of reference file
names and compounds employed in preparing Figure F.1.

F.2.2 PFor all reference spectra in Figure F.1, verify that
the absolute value of the ISC’s are less than the compound’s MAU
(for analytes) or MIU (for interferants).

F.2.3 For each analyte reference spectrum, calculate the
quantity (ASC-ISC)/ASC. For each ipalyte, calculate the mean of
these values (the FCU; for the it% analyte) over all reference
spectra. Prepare a similar table as that in Figure F.2 to
present the FCU; and analytical uncertainty limit (AUy) for each
analyte.
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FIGURE F.1

Presentation of Accepted Standard Concentrations (ASC'’s)
and Indicated Standard Concentrations (ISC’s)

FIGURE F.2

Presentation of Fractional Calibration Uncertainties (FCU’s)
and Analytical Uncertainties (AU’s)
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APPENDIX G

MEASURING NOISE LEVELS

G.1 General

The root-mean-square (RMS) noise 1level 1is the standard
measure of noise. The RMS noise level of a contiguous segment of
a gpectrum is the RMSD between the absorbance values that form
the segment and the mean value of the segment (see Appendix A).

G.2 Calculations

G.2.1 Evacuate the absorption cell or £ill it with UPC
grade nitrogen at approximately one atmosphere total pressure.

G.2.2 Record two single beam spectra of signal integration
period tgg-

G.2.3 Form the double beam abscrption spectrum from these
two single beam spectra, and calculate the noise level RMSg, in
the M analytical regions.
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APPENDIX EH

DETERMINING SAMPLE ABSORPTION PATHLENGTH (Lg)} AND
FRACTIONAL ANALYTICAL UNCERTAINTY (FAU

H.1l General

Reference spectra recorded at absorption pathlength (Ly),
gas pressure (Pp), and gas absolute temperature (Tg) may be uged
to determine analyte concentrations in samples whose spectra are
recorded at conditions different from that of the reference

Spectra, i.e., at absorption pathlength (Lg) , absolute
temperature (Tg), and pressure (Pg) . Appendix H describes the
calculations for estimating the fractional uncertainty (FAU) of
this practice. It also describes the <calculations for

determining the sample absorption pathlength from comparison of
CTS spectra, and for preparing spectra for further instrumental
and procedural checks.

H.1.1 Before sampling, determine the sample absorption
pathlength using least squares analysis. Determine the ratio
Lg/Ly by comparing the spectral sets ({R1} and {R2}, which are
recorded using the same CTS at Lg and Lg, and Tg and Tg, but both
at PR. .

H.1.2 Determine the fractional analysis uncertainty (FAU)
for each analyte by comparing a scaled CTS spectral set, recorded
at Lg, Tg, and Pg, to the CTS reference spectra of the same gas,
recorded at Lp. % , and Pp. Perform the quantitative comparison
after recording the sample spectra, based on band areas of the
spectra in the CTS absorbance band associated with each analyte.

B.2 Calculations

H.2.1 Absorption Pathlength Determination. Perform and
document separate linear baseline corrections to each analytical
region in the sgpectral sets {(R1} and (R3}. Form a one-

dimensional array Agp containing the absorbance values from all
segments of {R1} that are associated with the analytical regions;
the members of the array are Ag;, i = 1, n. Form a gimilar one-
dimensional array Ag from the gbsorbance values in the -spectral
set {R3}; the members of the array are Agi, i = 1, n. Based on
the model A%-= rA, + E, determine the least-squares estimate if
r’, the wvalue o r which minimizes the square error E°.
Calculate the sample absorption pathlength Lg = r’(Tg/Tg)Lg.

H.2.2 Fractional Analysis Uncertainty. Perform and
document separate linear baseline corrections to each analytical
region in the spectral sets {R1} and {R4}. Form the arrays
and A, as described in Section H.2.1, using values from {R1} to
form Ag, and values from {R4} to form Ag. Calculate the values
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NRMS, = A - |22 __a)(__s)A ] (9)
§ \jg [ st (TsMLR Pp) ™
and
n
33 e (2)(2)(32) 2
IA E — A i+ _— -_— — A (10)
v 2 [ s (Ts L J\ Pp M

The fractional analytical uncertainty is defined as

FAU = NRMS g , (11)
1A,, :
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APPENDIX I

DETERMINING FRACTIONAL MODEL UNCERTAINTIES (FMU)

I.1 General

To prepare analytical programs for FTIR analyses, the sample
constituents must first be assumed; the calculations in thig
appendix, based upon a simulation of the sample spectrum, verify
the approprlateness of these assumptions. The simulated spectra
consist of the sum of single compound reference spectra scaled to
represent their contributions to the sample absorbance spectrum;
scaling factors are based on the indicated standard

concentrations (ISC) and measured (sample) analyte and
interferant concentrationsg, the sample and reference absorption
pathlengths, and the sample and reference gas pressures. No

band-shape correction for differences in the temperature of the
sample and reference spectra gases 1s made; such errors are
included in the FMU estimate. The actual and simulated sample
spectra are quantitatively compared to determine the fractional
model uncertainty; this comparison uses the reference spectra
band areas and residuals in the difference spectrum formed from
the actual and simulated sample spectra.

I.2 Calculations

I.2.1 For each analyte (with scaled concentration RSA;),
select a reference spectrum SA; with indicated standard
concentration ISC;. Calculate the scaling factors

ca - TalsPs RS2, (12)
i
T, Ly Py 1SC;

and form the spectra SAC; by scaling each SA; by the factor RA;.

I.2.2 Por each interferant, select a reference spectrum SIy
with indicated standard concentration ISCy. Calculate the
scaling factors

Ty Lg Pg RSI,
Tg Ly Pp 1SCy

RI, = (13)

and form the spectra SIC, by scaling each SI, by the factor RIy.

I.2.3 - For each analytical region, determine by visual
inspection which of the spectra SAC; and SICy exhibit absorbance
bands within the analytical region. Subtract each spectrum SAC;
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and SIC, exhibiting absorbance from the sample spectrum

form the spectrum SUBg;. To save analysis time and to avo;égthe
introduction of unwanted noise into the subtracted spectrum, it
is recommended that the calculation be made (1) only for those
gspectral data points within the analytical regions, and (2) for
each analytical region separately using the original spectrum Sg.

I.2.4 Fof each analytical region m, calculate the RMSD of
SUBg between the absorbance values and their mean in the region
FFU, to FFL,. Denote the result by RMSS..

I.2.5 For each analyte i, calculate the guantity

RMSS,, (FFU, - FFL, ) AU, DL,

= 14
AAI, RSA, (14)
for each analytical region associated with the analyte.
I.2.6 If only the mC anathlcal region is used to

calculate the concentration of the i analyte, set FMU;=FM,.

I.2.7 If a number of analytﬁcal regions are used to
calculate the concentration of the 1 analyte, set FM; equal to
the weighted mean of the appropriate values calculated above.
Mathematically, if the set of analytical regions employed is
{m’}, then

MU, = E W,y FM, (15)
ke {m’)

where W;, is calculated as described in Appendix D.
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APPENDIX J

DETERMINING OVERALL CONCENTRATION UNCERTAINTIES (0OCU)

The calculations in previous sections and appendices
estimate the measurement uncertainties for various FTIR
measurements. The lowest ©possible overall concentration
uncertainty (OCU) for an analyte is its MAU value, which is an
estimate of the absolute concentration uncertainty when spectral
noise dominates the measurement error. However, if the product
of the largest fractional concentration uncertainty (FRU, FCU,
FAU, or FMU) and the measured concentration of an analyte exceeds
the MAU for the analyte, then the OCU is this prcduct. In
mathematical -terms, set OFU; = MAX{FRU;, FCU;, FAU;, FMU;} and
OCU; = MAX{RSA;*OFU;, MAU,}.
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APPENDIX K

SPECTRAL DE-RESOLUTION PROCEDURES

K.l General.

High resolution reference spectra can be converted into
lower resolution standard spectra for use in quantitative
analysis of sample spectra. This is accomplished by truncating
the number of data peints in the original reference sample and
background interfercograms.

De-resolved spectra must meet the following requirements to
be used in quantitative analysis.

(a) The resolution must match the instrument sampling
resolution. This is verified by comparing a de-resolved CTS
spectrum to a CTS spectrum measured on the sampling instrument.

(b) The Fourier transformation of truncated interferograms
(and their conversion to absorbance spectra) is performed using
the same apodization  function (and other mathematical
corrections) used in converting the sample interferograms into
absorbance spectra.

X.2 Procedures

This section details three alternative procedures using two
different commercially available software packages. A similar
procedures using another software packages is acceptable if it is
based on truncation of the original reference interfercgrams and
the results are verified by Section K.3.

K.2.1 KVB/Analect Software Procedure - The following
example converts a 0.25 em-1 100 ppm ethylene spectrum (cts0305a)
to 1 cm™l resolution. The 0.25 cm ! CTS spectrum was collected
during the BPA reference spectrum program on March 5, 1892. The
original data (in this example) are in KVB/Analect FX-70 format.

(1) decomp cts0305a.aif,0305dres,1,16384,1

"decomp®™ converts cts0305a to an ASCII file with name
0305dres. The resulting ASCII interferogram file is truncated tc
16384 data points. Convert background interferogram
(bkg0305a.aif) to ASCII in the same way.

(ii) compose 0305dres,0305dres.aif,1

"Compose" trangsforms truncated interferograms back to spectral
format.
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(11i) IG2SP 0305dres.aif,0305dres.dsf,3,1,low em"l,high cm"l

. "IGZ2SP" converts interferogram to a single beam spectrum
using Norton-Beer medium apodization, 3, and no zero filling, 1.
De-resolved interferograms should be transformed using the same
apodization and zero filling that will be used to collect sample
spectra.  Choose the desired low and high frequencies, in cm~1
Transform the background interferogram in the same way.

(iv) DVDR 0305dres.dsf,bkg0305a.daf, 0305dres.d1f

"DVDR" ratios the transformed sample spectrum against the
background. ‘

(v) ABSB 0305dres.dlf,0305dres.dlf
"ABSB" converts the spectrum to absorbance.

The resolution of the resulting spectrum should be verified
by comparison to a CTS spectrum collected at the nominal
resolution. Refer to Section X.3.

K.2.2 Alternate KVB/Analect. Procedure - In either DOS
(FX-70) or Windows version (FX-80) use the "Extract" command
directly on the interferogram.

(1) EXTRACT CTS0305a.aif,0305dres.aif,1,16384

"EXtract" truncates the interferogram to data points from to
16384 (or number of data points for desired nominal resolution).
Truncate background interferogram in the same way.

(ii) Complete steps (iii) to (v) in Section K.2.1.

K.2.3 Grams™ Software Procedure - Grams™ is a software
package that displays and manipulates spectra from a variety of
instrument manufacturers. ;ﬁis procedure assumes familiarity
with basic functions of Grams*™.

This procedure is specifically for using Grams to truncate
and transform reference interferograms that have been imported
into Grams from the KVB/Analect format. Table K-1 shows data
files -and parameter values that are used in the following
procedure.

The choice of all parameters in the ICOMPUTE.AB call of step
3 below should be fixed to the shown values, with the exception
of the “Apodization” parameter. This parameter should be set
(for both background and sample single beam conversions) to the
type of apodization function chosen for the de-resolved spectral
library.

TABLE K-1. GRAMS DATA FILES AND DE-RESOLUTION PARAMETERS.
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Desired Nominal Sgsstral Data File Name Parameter “N”
H Regolution (cm ) Value
0.25 200250.8av 65537
0.50 Z00500.sav 32769
1.0 Z201000.sav 16385
2.0 Z02000.8av 8193

(1) Import using "File/Import" the desired *.aif file. Clear
all open data slots. :

(ii) Open the resulting *.spc interfercgram as file #1.

(iii) Xflip - If the x-axis is increasing from left to right,
and the ZPD burst appears near the left end of the trace, omit
thig step.

In the “Arithmetic/Calc” menu item input box, type the text
below. Perform the calculation by clicking on “OK” (once only),
and, when the calculation is complete, click the “Continue”
button to proceed to step (iv). Note the comment in step (iii)
regarding the trace orientation.

xflip:#s=#s (#0,#N) +50

(iv) Run ICOMPUTE.ABR from “Arithmetic/Do Program” menu.
Ignore the “subscripting error,” if it occurs.

The following menu choices should be made before execution
of the program (refer to Table K-1 for the correct choice of
"NY:)

Firgt: N Last: 0 Type: Single Beam

Zero Fill: None Apodization: (as desired)
Phasing: User

Points: 1024 Interpolation: Linear P hase
Calculate

(v) As in step (iii), in the “Arithmetic/Calec” menu item
enter and then run the following commands (refer to Table 1 for
appropriate "FILE," which may be in a directory other than
"c:\mdgrams.")

getffp 7898.8805, 0 : loadspc “c:\mdgrams\ FILE” : #2=#5+#2

(vi) Use “Page Up” to activate file #2, and then use the
“File/Save As” menu item with an appropriate file name to save
the result.

X.3 Verification of New Resclution
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K.3.1 Obtain interferograms of reference sample and
background spectra. Truncate interferograms and convert  to
abscrbance apectra of desired nominal resolution.

K.3.2 Document the apodization function, the level of zero
filling, the number of data points, and the nominal resolution of
the resulting de-resolved absorbance spectra. Use the identical
apodization and level of zero filling when collecting sample
spectra.

K.3.3 Perform the same de-resolution procedure on CTS
interferograms that correspond with the reference spectra
(reference CTS) to obtain de-resolved CTS standard spectra (CTS

standards) . Collect CTS spectra using the sampling resolution
and the FTIR system to be used for the field measurements (test
CTS) . If practical, use the same pathlength, temperature, and

dtandard concentration that were used for the reference CTS.
Verify, by the following procedure . that CTS 1linewidths and
intenaities are the same for the CTS standards and the test (CTS.

K.3.4 After applying necessary temperature and pathlength
corrections (document these corrections), subtract the CTS
standard from the test CTS sgpectrum. Measure the RMSD in the
resulting subtracted spectrum in the analytical region(s) of the
CTS band(s). Use the following equation to compare this RMSD to
the test CTS band area. The ratio in equation 7 must be no
greater than 5 percent (0.05).

RMSS, x n{FFU; - FFL;) < .05 (16)

‘AC‘I'S- test

RMSS=RMSD in the ith analytical region in subtracted result, test
CTS minus CTS standard.

n=number of data points per em~l. Exclude zero filled points.

FFU; &=The upper and lower limits (cm™1), respectively, of the
FFL; analytical region.

Atest-CTS'band area in the it® analytical region of the test CTS.
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