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1.0 INTRODUCTION
1.1 BACKGROUND

The U. S. Environmental Protection Agency (EPA) Office of Air Quality
Planning and Standards (0AQPS), Industrial Studies Branch (ISB}, and Emission
Measurement Branch (EMB) directed Entropy, Inc. to conduct an emission test
at the Unit 1 oil-fired boiler at Long Island Lighting Company’s (LILCO)
electric generating station in Northport, New York. The test was conducted
on July 19 to July 21, 1993. The purpose of this test was to identify which
hazardous air pollutants (HAPs) listed in the Clean Air Act Amendments of
1990 are emitted from this source. The measurement method used Fourier
transform infrared (FTIR) spectrometry, which had been developed for
detecting and quantifying many organic HAPs in a flue gas stream. Besides
developing emission factors (for this source category), the data will be
included in an EPA report to Congress.

Before this test program, Entropy conducted screening tests using the
FTIR method at facilities representing several source categories, including
a coal-fired boiler. These screening tests were part of the FTIR Method
Development project sponsored by EPA to evaluate the performance and
suitability of FTIR spectrometry for HAP emission measurements. These tests
helped determine sampling and analytical limitations, provided qualitative
information on emission stream composition, and allowed estimation of the
mass emission rates for a number of HAPs detected at many process locations.
The evaluation demonstrated that gas phase analysis using FTIR can detect and
quantify many HAPs at concentrations in the low part per million (ppm) range
and higher, and a sample concentration technique was able to detect HAPs at
sub-ppm levels.

Following the screening tests, Entropy conducted a field validation
study at a coal-fired steam generation facility to assess the effectiveness
of the FTIR method for measuring HAPs, on a compound by compound basis. The
flue gas stream was spiked with HAPs at known concentrations so that
calculated concentrations, provided by the FTIR analysis, could be compared
with actual concentrations in the spiked gas stream. The analyte spiking
procedures of EPA Method 301 were adapted for experiments with 47 HAPs. The
analytical procedures of Method 301 were used to evaluate the accuracy and
precision of the results. Separate procedures were performed to validate a
gas phase analysis technique and a sample concentration technique of the FTIR
method. A complete report, describing the results of the field validation
test, has been submitted to EPA.’

This report was prepared by Entropy, Inc. under EPA Contract No.
68020163, Work Assignment No. I-34. Research Triangle Institute (RTI)
provided the process information given in Sections 2.1 and 3.3.3.

1.2 DESCRIPTION OF THE PROJECT

The FTIR-based method uses two different sampling techniques: (1) direct
analysis of the extracted gas stream (hereafter referred to as the gas phase
technique or gas phase analysis) and (2) sample concentration followed by




thermal desorption. Gas phase analysis involves extracting gas from the
sample point location and transporting the gas through sample lines to a
mobile Taboratory where sample conditioning and FTIR analysis are performed.
The sample concentration system employs 10 g of Tenax® sorbent, which can
remove organic compounds from a flue gas stream. Organic compounds adsorbed
by Tenax® are then thermally desorbed inte the smaller volume of the FTIR
absorption cell; this technique allows detection of some compounds down to
the ppb level in the original sample. For this test, approximately 850 dry
lTiters of flue gas were sampled during each run using the sample
concentration system. Section 4.0 describes the sampling systems.

Entropy operated a mobile Tlaboratory (FTIR truck) containing the
instrumentation and sampling equipment. The truck was driven to the site at
Northport, and parked within reach of both locations. Three test runs were
performed over a two-day period.

Entropy tested the flue gas from the inlet and the outlet of one of the
electrostatic precipitators (ESP). The furnace burned fuel oil No. 6.
Section 2.0 contains descriptions of the process and the sampling point
locations.

FTIR gas phase analysis was used to measure carbon monoxide {(CO), carbon
dioxide (CO,), sulfur dioxide (S0,), nitrogen oxides (NO,), and ppm levels of
other species. EPA instrumental test methods were used to provide
concentrations of CO, CO,, O0,, and hydrocarbons (HC). The sample
concentration technique was used to measure HAPs at ppb levels. Entropy
conducted three 4-hour sample concentration runs. During each run samples
were collected simultaneously at the inlet and outlet of the control device.
Gas phase analysis was used to test both locations sequentially concurrent
with each sample concentration run. Combustion gas volumetric flows were
determined by performing velocity traverses during each run. Section 3.1
gives the test schedule.




1.3 PROJECT ORGANIZATION

The test program was funded and administered by the Industrial Studies
Branch (ISB) and the Emissions Measurement Branch (EMB) of the U.S. EPA. A
representative from RTI collected process data. The following 1ist presents
the organizations and personnel involved in coordinating and performing this
project.

LILCO Corporate Ms. Linda Bergeron (516) 391-6136
Contacts: Mr. Paul Lynch (516) 391-6135
Northport Facility Mr. James Brennan (516) 262-2200
Coordinators: Mr. Jack Tiernan (516)
EMB Work Assignment Ms. Lori Lay {919) 541-4825
Managers: Mr. Dennis Holzschuh {919} 541-5239
[SB Contacts: Mr. Kenneth Durkee (919) 541-5425
Mr. William Maxwell {919} 541-5430
Entropy Project Manager: Dr. Thomas Geyer (919) 781-3551
Entropy Test Personnel: Mr. Scott Shanklin

Dr. Laura Kinner

Ms. Lisa Grosshandler
Mr. Mike Worthy

Dr. Ed Potts

Dr. Grant Plummer

Mr. Rick Straughsbaugh

RTI Representative: Mr. Jeffrey Cole (919) 990-8606




2.0 PROCESS DESCRIPTION AND SAMPLE POINT LOCATIONS

2.1 FACILITY DESCRIPTION

Long Island Lighting Company’s (LILCO} Northport One powerplant in
Northport, New York is Tocated in Suffolk County about 30 miles from New York
City. Unit One is an oil-fired (residual, No. 6) base-loaded unit that
normally operates 24 hours a day, 7 days a week, except for a 2- to 3-week
planned outage for maintenance every 18 months. Although Unit One is
technically a base-loaded unit, a better characterization would be a Toad-
following unit. The unit operates from approximately 25 to 100 percent
capacity (100 to 385 MWe) depending on the need for power.

Fuel is supplied to the plant through an offshore platform where oil
tankers can dock and transfer their oil. The source of oil varies but the
0il is sampled and analyzed prior to acceptance for delivery, upon delivery,
and once a week in as-burned grab samples. Table 2-1 shows the oil analysis
results for both days the plant was tested. During this test, Unit One oil
consumption averaged 389.2 gal/min.

During startup, Unit One is fired by distillate (No. 2) oil until the
operating temperature is achieved. At this time, residual oil is gradually
substituted until only residual oil is burned.

Northport One uses a tangentially-fired, dry bottom furnace to produce
2,550,000 1b/hr of steam for a General Electric steam turbine generator rated
at 385 MWe. A tangentially-fired furnace uses windboxes at the four corners
of the furnace to introduce fuel and air into the combustion zone (see Figure
2-1}). Combustion air is supplied by a forced draft fan and ducted through
the air preheater where the temperature of the air is increased. Both fuel
and preheated combustion air are projected from the corners of the furnace
along a line tangential to a small circle moving in a horizontal plane at the
center of the furnace. The fuel and combustion air are ignited by an
electric spark from gas igniters in the windboxes. The flame zone extends
from the corners of the furnace to the center where the fireball swirls. The
fuel nozzles can be tilted upward or downward as a means of temperature
control. Steam temperature is also controiled by gas recirculation, which
involves diverting a portion of the exhaust gases after the economizer and
reintroducing them at the bottom of the furnace. Normal operating
temperature in the furnace is approximately 1700-1800°F.

Flue gas from the combustion process passes through the superheater,
primary and secondary gas reheaters, and the economizer. From the
economizer, the majority of flue gas {(a portion being ducted through the gas
recirculation system) is ducted through the air preheater and to the
electrostatic precipitator (ESP). The flow is divided before passing through
the two ESP sections. At the ESP outlet, the separated flows are channeled
through two identical induced draft (ID) fans rated at 1,020,000 acfm (at
285°F). The two streams join at the base of the 600-ft stack and the flue
gas is exhausted to the atmosphere through the 16.75-ft stack exit diameter.




- TABLE 2-1.
NORTHPORT POWER STATION OIL SAMPLE ANALYSIS

Date Sampled July 19, 1993
Sample ID F-93-00279 (Unit 1)
Btu/Gal (calculated) 151,607
Btu/1b (calculated) 18,282
Vanadium (mg/kg) as V205 148
Magnesium Oxide {mg/kg) 396
Percent Sulfur 1.00
Sodium (mg/kg) 112

2.2 AIR POLLUTION CONTROL DEVICES
2.2.1 Nitrogen Oxides (NO ) Control

The tangentially-fired unit is by design a Tow NO, unit. This NO,
reduction is accomplished thorough mixing of air and fuel in the combustion
chamber. The unit also uses close couple overfire air (CCOFA) for NO,
control. Using CCOFA involves redistributing the combustion air introduced
into the furnace to reduce combustion temperatures.

2.2.2 Sulfur Dioxide (S0,) Control

To control SO, emissions LILCO uses No. 6 fuel oil with a maximum of one
percent sulfur, by weight.

2.2.3 Particulate Control

A cold-side ESP is used to collect the flyash exiting the air
preheaters. The total collection area and the specific collection area (SCA)
of the ESP are 206,640 ft? and 189 ft?/1000 acfm, respectively. The ESP has
4 fields in 4 parallel chambers resulting in 16 cells. The flue gas is
divided into two streams before entering the separate A and B sections of the
ESP. These sections consist of 4 fields in 2 parallel chambers resulting in
8 cells (Figure 2-2). During the test only the inlet and outlet of the B
section (South) were monitored. A rapping system is used to dislodge dust
from the ESP plates and into dust hoppers. The plates are rapped at
different times in a sequence designed to minimize the amount of particulate
re-entering the gas stream.
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2.3 SAMPLE POINT LOCATIONS

The FTIR truck was parked at a position along the process within 150 ft
of the ESP inlet and outlet sample point locations. This enabled Entropy to
perform gas phase sampling sequentially between the two locations. Figure 2-
3 is an overall schematic showing both test Tocations.

2.2.1 ESP Inlet

Sampling was performed at the inlet to the South-side ESP (Figure 2-4}.
Six 4-inch diameter sample ports were available at a location downstream of
the air preheater and upstream of the South-side ESP inlet. The ports were
equally spaced along the top of a horizontal section of the duct 30 feet
above ground level. Access was provided by stairs, ladder, and a catwalk.
The probes sampled flue gas from the middle two ports at a depth near the
center of the duct. One hundred fifty feet of heated sample line were used
to connect the gas phase probe to the sample pump in the FTIR truck.

2.2.2 ESP Qutlet

Four 4-inch diameter sample ports were available at a Tlocation
downstream of the South-side ESP and induced draft (ID) fan (Figure 2-5).
The ports were equally spaced along a section of the duct that was angled at
about 45° from vertical. This location was about 30 feet above ground level.
Access was provided by stairs, and a catwaik. Scaffolding was erected on the
catwalk to provide access to the ports. Flue gas was extracted from the
middle two ports at a depth near the center of the duct. One hundred feet of
heated sample line were used to connect the gas phase sample probe to the
sample pump in the FTIR truck.
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3.0 RESULTS

3.1 OBJECTIVES AND TEST MATRIX

The purpose of the test program was to obtain information that will
enable EPA to develop emission factors (for as many HAPs as possible) which
will apply to electric utilities employing oil-fired combustion sources. EPA
will include these results in a report for Congress.

The specific objectives were:

Measure HAP emissions (using methods based on FTIR spectrometry) in
two concentration ranges, near 1 ppm and higher using gas phase
analysis, and at sub-ppm levels using sample concentration/thermal
desorption.

Determine maximum possible concentrations for undetected HAPs based
on detection limits of instrumental configuration and limitations
imposed by composition of flue gas matrix.

Measure 0,, CO,, CO, and hydrocarbons using gas analyzers.

Perform simultaneous testing at the inlet and outlet of the ESP and
analyze data to assess the effect (if any) of the control device on
HAP (and other pollutant) emissions.

Obtain process information from LILCO. This information includes
the rate of power production during the test periods and operating
parameters of the control device.

Table 3-1 presents the test schedule that was followed.

12




TABLE 3-1. FTIR TEST SCHEDULE AT LILCO UNIT 1

SAMPLING PERIODS

Gas Phase Sample Cone. CEM Orsat Thermal Desorption

Date | Run® | Loc® [Conditioning” Time Analyzers | Samples |[ Date Time
7/19/93 | Amb 0 1845-1945

7/20/93 1 0o COND 1054-1104 | 1100-1506 1031-1046 | 11001506 | 7/20 | 1711-1733

H/W 1112-1147 1057-1219

COND 1204-1215 1421-1506

) H/w 1249-1303| 1100-1508 | 1220-1420| 1100-1506 || 7/20 | 1646-1705

COND 1321-1349

H/W  |1400-1417

7/20/93 2 o H/W 1533-1550| 1540-1940 1531-1624 | 15401940 || 7/21 | 1218-1243

COND 1554-1613

| COND 1742-1809| 1540-1940 1648-1944 | 1540-1940 || 7/21 | 11521220

H/W 1819-1854

7/20/93 | Amb | | 1906-2006
7/21/93| 3 i COND | 1032-1052] 1020-1420 |0958-1142 [ 1020-1420 || 7/21 | 17151742
H/W | 1102-1253 1243-1305

COND | 1300-1305
0 COND | 1317-1342| 1020-1420 | 1306-1420 | 1020-1420 || 7/21 | 1641-1709

H/W | 1355-1408
7/21/93 | Amb | | 1435-1535 | 0900-0911 [ 7/22 T 0900-0911
Amb | O 1423-1523 | 0918-0929 7/22 | 09168-0929

Amb denotes an ambient sample.
® Location designations; I = ESP Inlet South, O = ESP OQutlet South.
° COND = condenser sampling system; H/W = Hot/wet sampling system.
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3.2 FIELD TEST CHANGES AND PROBLEMS

On set-up day LILCO reported a possible steam leak in Unit 1 that could
have led to a shut-down of the unit. After consultation with LILCO, and EPA,
Entropy accelerated the schedule to complete the test in two days instead of
three. Runs 1 and 2 were performed on July 20 and Run 3 was performed on
July 21.

3.3 SUMMARY OF RESULTS
3.3.1 FTIR Results

Gas phase and sample concentration data were analyzed for HAPs and other
species. A1l spectra were inspected and absorbance bands identified where
possible. Spectra were analyzed, using procedures developed by Entropy, to
quantify detected species. The results are presented in Tables 3-2 and 3-3.
Maximum possible (minimum detectible) concentrations were determined for
undetected HAPs. These results are presented in Tables 3-4 to 3-7.

3.3.1.1 Gas Phase Results -- Each gas phase sample was analyzed for HAPs and
other species. The spectra revealed that the gas phase samples were composed
of:

° water vapor was detected but quantified with the wet bulb/dry bulb
method.

] C0, was detected but quantified using a CEM,
. CO was detected but quantified using a CEM.

o NO was measured in condenser and diluted hot/wet samples at an
average concentration of about 210 ppm. Water interference was too
high in the undiluted hot/wet samples to guantify NO.

. NO, was detected in some of the spectra but not quantified because
Entropy does not have reference spectra for NO,. Entropy will
provide NO, concentrations in the Final report.

o SO0, concentrations ranged from about 460 to 540 ppm with no
significant difference between the inlet and outlet of the ESP.

A set of subtracted spectra was generated to analyze for the maximum
possible (or minimum detectible) concentrations of undetected HAPs.
Reference spectra of water vapor, SO,, NO and CO, were scaled and subtracted
from each sample spectrum. The resulting base lines were analyzed according
to procedures described in Section 4.6.3. The upper Timit concentration of
an undetected compound is referred to in Tables 3-4 to 3-6 as the maximum
possible concentration. This quantity was calculated for HAPs in the
reference library. Results for hot/wet, condenser and diluted samples
(diluted with dry N, at about 2:1) are presented in Tables 3-4, 3-5, and 3-6,
respectively. The results are averages of the calculated values for all of
the spectra in the sample runs.

14




Hot/wet gas phase spectra are the most difficult to analyze due to
spectral interference from water vapor. Even so, in results from the hot/wet
gas phase data, 81 compounds gave minimum detectible concentrations below 10
ppm; of these, 65 are below 5 ppm, and 21 are 1 ppm or lower.

For the validation study' Entropy developed analysis programs for HAPs
in flue gas from a coal-fired boiler. Statistical analysis showed the
programs to be successful in measuring some HAPs in hot/wet and condenser
samples.' The major interferant species in coal-fired boiler emissions are
similar to those identified in the oil-fired boiler effluent. Therefore, the
same programs were used to analyze the data obtained in this test. The
results of the analysis are presented in Appendix C.

3.3.1.2 Sample Concentration Results -- Sample concentration spectra are
integrated samples collected over each 4-hour run. The samples were composed
of:

L] Water vapor was present but at lower levels than in gas phase
samples so spectral interference was reduced.

. Some CO, remained in the desorbed samples, but most of it was
removed so spectral interference from CO, was greatly reduced. The
gas analyzer provides a more accurate measure of the CO,
concentration.

L Some CO remained in the desorbed samples but was more accurately
measured using the gas analyzer.

. Trichlorofluoromethane (CC1,F) was identified in all samples
including the ambient runs and may be a contaminant.

. S0, was detected in samples from all three runs at both locations,
but the sample concentration process removes most of the S0,. A
more reliable measure of the SO, concentration is provided by the
gas phase results.

. HC1 was detected in the samples from Run 2 at the ESP inlet and
outlet. HC1 is volatile and does not adhere to Tenax well:
therefore, sample concentration provides a Tower Timit to the HCI
concentration. The upper Timit to the HC1 concentration is between
0.8 and 1.3 ppm (Table 3-4) determined from the hot/wet gas phase
data.

. Hexane was identified in all samples including the ambient runs.
Features similar to hexane are usually observed in spectra of
desorbed samples and probably include contributions from hexane and
other (higher molecular weight) aliphatic hydrocarbons that were
not completely removed from the Tenax 1in the pre-cleaning
procedure.

. A cyclic siloxane compound was detected in the samples from Runs 1

and 3 at the ESP inlet and in samples from Runs 1 and 2 at the ESP
outlet. Entropy identified this compound in spectra of samples

15




taken at the coal-fired boiler validation test.' This compound was
shown to be a product of a reaction between HC1 or water vapor in
the gas stream and materials in the filter housing of the Method 5
box. Entropy took steps to eliminate this problem and the
siloxane, if it is a contaminant, is present at very low levels (in
the samples from LILCO) relative to validation data.

. Formaldehyde was detected in the sample from Run 1 at the ESP
outlet and in one of the ambient samples. Formaldehyde is volatile
and does not adhere to Tenax well: therefore, sample concentration
provides a lower limit to the formaldehyde concentration. The
upper limit to the formaldehyde concentration is between 1 and 1.4
ppm {Table 3-4) determined from the hot/wet gas phase data.

Table 3-3 presents calculated results for SO,, HC1, formaldehyde, hexane,
and CC1,F in samples where these species were detected. The concentration of
CC1,F was estimated using a spectrum supplied by Infrared Analysis Inc. The
flue gas concentrations were determined using procedures described in Section
4.6.5. The adsorption/desorption efficiencies of 1ight compounds such as HC1
and formaldehyde have not been considered. Therefore, the values in Table 3-
3 are lower limit concentrations. Upper limits on HAP concentrations are
provided by the analysis of the gas phase data (Tables 3-4, 3-5, and 3-6).
Table 3-7 gives minimum detectible concentrations for HAPs undetected in the
Tenax® samples. The minimum detectible flue gas concentrations were derived
from amount of gas sampled (Sections 4.6.3 and 4.6.5) and are presented in
Table 3-7.

Additional absorbance features were observed but not identified. None
of these features were attributed to HAPs listed Table 3-7. Relative band
intensities vary among the sample spectra.

Spectral analysis programs were previously deve1oped for sample
concentration spectra for analysis of validation data.” The programs were
used to evaluate sample concentration data for HAPs. The results, presented
in Appendix C, give calculated concentrations for HAPs that Entropy used in

spiking exper1ments with Tenax.
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TABLE 3-2. SUMMARY OF GAS PHASE FTIR RESULTS FROM TESTING AT LILCO UNIT ONE

Hun)| Sample | Jampiing {Dilution uitur Dioxide Nitric Uxide
Date | # || Location Time System | Factor | ppm_uncertai lb/hr | ppm uncertai Ib/hr
[7720/93] 1 Outlet -1056 | Condenser| (&) 389 27 3815
1102-1104 480 5 4514 1 211 31 2067
11121114 | HotWet 2 456 22 3759 | 247 25 2033
1120-1123 428 31 3526 - {b) o
1132-1138 432 20 3560 - ]
1146-1147 4 496 14 4086 { 260 14 2138
1204-1208 | Condensar 462 6 4528 | 208 31 2048
1212-1215 465 6 4560 | 208 31 2038
Iniet 1249-1253 | Hot/Wet 478 20 4074 - 0
1300-1302 484 18 4124 0
1321-1325 | Condenser 509 8 51683 | 230 31 2337
1328-1332 518 8 5258 | 224 k| 2276
1337-1340 514 8 5213 | 224 N 2274
1346-1349 51§ 3 5233 | 222 31 2248
1400-1402 | Hot/Wet 4 540 6 4606 | 266 18 2287
| 1419-1417 4 494 5 4210 | 238 16 2025
(77207831 2 Outlet 1533-1535{ Hot/Wet 461 14 3773 ]
1538-15339 4864 14 3798 - 0
1543-1544 459 i4 3754 - o
1548-1550 461 14 3774 - 0
1554-1557 | Condenser 480 7 4773 | 198 29 1931
1601-1603 484 6 4716 188 29 1931
1606-1608 485 6 4725 | 200 29 1946
1611-1613 487 7 4741 | 200 29 1946
Intet 1742-1747 | Condenser 522 7 5326 | 221 32 2254
1751-1754 522 8 5326 | 221 32 2248
1759-1802 521 8 5311 | 221 32 2248
1807-1809 524 8 5341 | 219 32 2236
1819-1822 | Hot/Wet 489 13 4183 0
1826-1829 487 14 4166 0
1835-1836 4 560 7 4796 { 259 17 2220
1852-1854 4 537 8 4600 | 244 17 2083
(7721/33] 3 inlet 1032-1035 | Concenser 500 3 5235 F)
1039-1043 503 5 5264 | 228 35 2387
1047-1052 509 S 5321 | 228 35 2389
1102-1108 | Hot/Wet 4B6 9 4269 0
11111117 2 485 6 4348 | 237 23 2083
1129-1134 480 10 4215 0
1248-1253 492 12 4326 0
1300-1305 | Condenser 516 7 5397 | 226 33 2365
Outlet 1317-1318 | Condenser 470 B 4585 | 203 31 1981
1327-1329 468 7 4564 { 203 30 1976
1334-1336 466 6 4542 | 204 31 1993
1340-1342 465 8 4529 | 203 3 1980
1355-1359 | Hot/Wet 441 10 38610 0
1404-1408 439 9 3592 - 0

{a) Blank spaces indicate sample was not diluted.
(b} Water interference was too great to measure NO in hot/wet undiluted samples.
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TABLE 3-3
FLUE GAS CONCENTRATIONS (PPM) CALCULATED FOR SOME COMPOUNDS
DETECTED IN SAMPLE CONCENTRATION SPECTRA. LILCO UNIT 1 OIL-FIRED BOILER.

FORMAL-

RUN#{a) | LOCATION S02(b) HCI HEXANE || DEHYDE CCI3F
1 ESP Inlet 0.480 0.072 0.002

2 ESP Inlet 0.261 0.168 0.019 0.003

3 ESP inlet 0.182 0.043 0.008

1 ESP OQutlet 0.175 0.146 0.031 0.005

2 ESP Outlet 0.141 0.026 0.023 0.005

3 ESP Outlet 0.100 0.c09 0.001
Amb ESP Inlet 0.193 0.048 0.012
Amb ESP Outlet 0.009 0.005

{a} Amb denotes an ambient sample.
(b) Flue gas concentration ppm calculated as described in Section 4.6.5.
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TABLE 3-4. CALCULATED MAXIMUM POSSIBLE (MINIMUM DETECTIBLE) CONCENTRATIONS:
HAPs NOT DETECTED IN SPECTRA OF HOT/WET SAMPLES EXTRACTED FROM
UNIT 1 CIL-FIRED BOILER.

ESP_INLCET ESP__ OUTLET |
Maximum Maimgm
ICompound(a) Analytical Region fwn)(b|| RAMSD{c} ppm (d} RMSD ppm

Acetonitrilea)* 103980 - 1064.00 J.45E-03 47.30 3.59E-03 49,24
Acrolein® 2636.11 - 2875.59 1.60E-03 2,09 2.57E-03 3.35
Acrylonitrile* 92218 - 997.82 3.65E-03 3.00 3.B9E-03 3.20
Ayl Chloride* B893.51 - 1002.22 3.77E-03 3.08 4,07E-03 3.33
Benzena* 302015 - 3124.44 1.27E-02 6.81 1.23E-02 6.56
form* 113420 - 115940 6.38E-03 1.14 6.32E-03 1.13
,3-Butadiene* 870.00 - 1052.64 4.9E-03 5.14 5.10E-03 5.34
Carbonyi Sulfide* 2029.21 - 2075.69 4.02E-02 2.29 3.88E-02 2.22
|L:hlorobenzene' 1012.42 - 1036.64 7.04E-03 6.48 7.10E-03 6.54
|Eu-|y1 Benzens 2854.28 - 312212 1.17E-02 12.26 1.80E-02 18.75
lklhyl Chloride* 94343 - 1000.16 3.36E-03 4.68 3.50E-03 4.87
]k:hyiena Dibromide* 1167.96 - 1208.92 6.83E-03 4.86 7.69E-03 5.48
L-Hexane‘ 2835.27 - 3005.43 B8.07E-03 1.17 1.54E-02 2,24
Aethyl Bromide 2938.47 - 3002.81 5.22E-03 6.92 8.21E-03 10.88
Mathyl Chloride* 2028.38 - 3099.97 1.04E-02 21.81 1.43E-02 30,18
I Ethyl Xetone* 114070 - 122263 6.59E-03 4.86 7.59E-03 5.60
ILhﬂlvl Isobutyl Ketone 2872.05 - 2994.85 8.46E-03 3.56 1.63E-02 6.86
ethyl Methacrylate* 1137.50 - 1232.04 7.72E-03 0.86 9.19E-D3 1.03
|Llethylene Chloride 2952.01 - 304576 8.99E-03 33.52 1.21E-02 72.25
||2-Nitmprouane- B31.47 - 868.50 2.71E-03 2.99 3.20E-03 3.53
“’mpylene Dichloride* §96.86 - 1038.00 5.89E-03 6.93 5.97E-03 7.02
tyrene 886,32 - 931.22 2.34E-03 1.77 2.50E-03 1.90
Tetrachloroethyiene §99.20 - 92520 2.09E-03 0.19 2.26E-03 0.20
cluena 301819 - 3054.70 9.54E-03 4.52 9.61E-03 4.56
[1.1.2-Trichloroethana* 909.41 - 960.62 3.04E-03 3.16 3.15E-03 3.28
[Trichloroethviene*® B826.25 - 86091 3.07E-03 0.48 3.40E-00 0.53
.2 4-Trimethylpentane* 2861.57 - 3008.23 B.69E-03 1.05 1.66E-02 2.00
Vinyl Acetate* 832.23 - S06.69 2.65E-03 1.63 3.10E-03 1.91
Ninyl Bromide* 939.59 - 54472 2.51E-03 Q.80 2.79E-03 0.89
Niny} Chloride* 85281 - 1056.06 4.98E-03 5.09 5.18E-03 5.29
Winylidene Chloride* 1059.44 - 1113.01 6.26E-03 1.67 6.83E-03 1.82
O-xylena 2859.84 - 3095.04 1.05E-02 6.67 1.73E-02 10.96
-xylene” 2854.43 - 3083.14 1.06E-02 5.79 1.74E-02 9.54
ICarbon Disulfide 2188.79 - 2196.47 2.32E-02 18,39 2.94E-02 23.32
ICarbon Tetrachloride 75821 - R04.29 3.35E-01 15.48 3.07E-01 14,17
|L:hiorolorm 758,21 - 781.25 2.B2E-02 1.42 2.83E-02 1.43
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TABLE 3-4. CALCULATED MAXIMUM POSSIBLE (MINIMUM DETECTIBLE) CONCENTRATIONS:
HAPs NOT DETECTED IN SPECTRA OF HOT/WET SAMPLES EXTRACTED FROM

UNIT 1 OIL-FIRED BOILER.

ESP  INLET ESP_ OUTLET |

Maximum Maximum

Compound(a) Analytical Regian (wnl{b]| RMSDi(c) ppmid) RMSD ppm
umene 287126 - 309539 1.08E-02 26.97 1.77E-02 44,33
1,2-Epoxy Butane 90237 - 919.70 - 1.96E-03 1.43 2.13E-03 1.55
Ethylene Oxide 86690 - B75.00 2.03E-03 0.49 2.07E-03 0.50
lhethanol 2807.91 - 3029.40 8.56E-03 6.89 1.54E-02 12.35
“Aethyl Chloroform 71005 - 736.84 1.30E400 82.83 1.21E+00 76.94
|Ldothyi lodide 1250.18 - 1253.53 5.54E-04 0.50 6.36E-04 0.58
hothyl t-Butyl Ether 1195.00 - 1210.00 2.80E-03 0.44 3.23E-03 0.51
Propylene Oxide 287559 - 3087.75 1.11E-02 6.99 1.80E-02 11,36
-xylene 284693 - 3080.79 1.04E-02 9.97 1.70E-02 16.39
Acetone 1182.00 - 1255.03 8.03E-03 3.49 9.39E-03 4.08
Acetaldehyde 300620 - 3009.20 1.77E-03 4.22 1.91E-03 4.55
IAcetophenone 1140.40 1286.06 9.49E-03 1,22 1.14E-02 1.46
Acrylic Acid 758.79 - 1378.25 5.78E-01 289.78 5.54€E-01 277.99
Aniline 110280 - 1123.63 5.36E-03 1.70 5.77E-03 1.83
Benzotrichloride 3069.50 - 3088.80 7.60E-03 6.17 7.70E-03 6.25
honzyl Chloride 3070.16 3085.53 6.94E-03 11.18 7.28E-03 11.75
his(chloromathyl)ether 121865 - 1250.78 8.43E-03 3.14 1.00E-02 3.73
khloroaceticacid 1094.97 - 1124.12 4.99E-03 1.06 5.33E-03 1.13
P-Chloroacteophenone 127439 - 12B5.42 4.63E-03 0.85 8.15E-03 1.13
IChloromethyt methy| ether 1111.02 - 1146.08 6.98E-03 t.01 8.30E-03 1.20
IChIoroprene 97160 - 97580 4.03E-03 2.13 3.82E-03 2.02
-Cresol 109280 - 1114.07 3.59E-03 1.49 3.99E-03 1.66
Im-Cresol 915.55 539,18 2.33E-03 1,43 2.35E-03 1.45
p-Cresol 1245.80 - 1265.40 6.64E-03 1,08 7.54E-03 1.22
1,2-Dibromo-3-chicropropane 2959.13 2985.82 4.56E-03 7.66 6.64E-03 11.17
1.4-Dichlorebenzene 995,96 - 1031.06 2.69E-03 1.15 2.78E-03 1.19
ichlorocethyl ether 2662.14 - 3089.07 7.99E-03 9.77 1,33E-02 16.27
,3-Dichloropropene 768.00 791.00 1.78E-02 3.56 1.73E-02 J.44
Dichlorvos B35.77 B876.95 2.58E-03 0.29 3.09E-03 0.35
N,N-Diethyl aniiine 265532 - 3156.07 9.64E-03 5,49 1.47E-02 8.36
imethyl carbamovyi chloride 889.55 - 917,52 1.49€-03 0.37 1.69E-03 0.42
bimathvl formamide 2824.80 2873.60 2.32E-03 1,44 3.72E-03 2.31
1,1-Dimethyl hvdrazine 856.12 - 974.09 2.97E-03 2.40 3.27E-03 2.64
imathy! phthalate 1157.86 125416 7.56E-03 3.92 8.80E-03 4.56
1.4-Dioxane 2967.40 2970.30 1.87E-03 0.56 1.47E-03 0.44
Epichiorohvdrin 943.52 $81.73 3.90E-03 3.12 3.94E-03 3.13
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TABLE 3-4. CALCULATED MAXIMUM POSSIBLE (MINIMUM DETECTIBLE) CONCENTRATIONS:
HAPs NOT DETECTED IN SPECTRA COF HOT/WET SAMPLES EXTRACTED FROM
UNIT 1 OIL-FIRED BOILER.

ESP  INLET ESP  OUTLET
Maximum Maximum

Compound{a) Analvtical Region (wn)(bll RMSDic) ppmi(d) AMSD ppm
Llhy!Acrylaxe 1181.83 - 1210.00 7.12€-03 0.36 7.7BE-03 0.39
Iklhyiena Dichloride 296500 - 2999.00 5.35E-03 7.86 7.41E-03 10.90
thylidene dichioride 2792.57 - 3132.83 1.12E-02 47,43 1.70E-02 72.12
|}:ocmaldehvde 2788.33 - 2842.20 1.11E-03 1.09 1.46E-03 1.44
“—Iaxachlombutadieno 976.90 - 99770 1.52E-03 0.21 1.64E-03 0.22
“—hmn:hlorocylcopenmdiene 1227.02 - 1240.42 2.58E-03 0.19 3.0BE-03 0.23
|L'1mchloroethane 785.50 - 793.00 7.42E-01 32.39 6,.81E-01 29.70
Ii-lwnathylphosphoramida 949.42 - 101953 3.23E-03 0.43 3.33E-03 0.44
|L-IydrochloﬁcAcid 2817.35 - 2B823.26 8.74E-04 0.84 1.38E-03 1.32
|Lsophomna 2681.20 - 3130.60 9.81E-03 6.09 1.51E-02 9.35
|L(aleicAnhvdride 83845 - 84130 1.31E-03 0.13 1.97E-03 0.19
|Llerlhyl hydrazine 2683.00 - J061.78 7.B0E-03 8.37 1,33E-02 14.27
aphthalene 779.31 - 78355 t.11E-02 1.06 1.01E-02 0.97
|kitrobenzena 841.70 - 861,39 2.75E-03 1.06 3.02E-03 1.28
ILI-Nitrosodimelhvlene 928.00 - 1085.28 6.12E-03 1.85 6.28E€-03 1.93
|h-Nitrosomorphoiine 1024.64 - 1258.17 7.41E-03 3.09 9.07E-03 3.79
]hmnoi 2494.80 - 2530.90 1.77E-03 29.23 1.66E-03 27.32
|L)em-Propiolaclone 860.13 - 957.64 2.81E-03 0.60 3.26E-03 0.67
ropionaldehyde 2546.18 - 3114.35 7.64E-03 8.03 1.24E-02 13.01
[1,2-Propylenimine 817.57 - 821.31 1.02E-03 0.43 1.05E-03 0.44
Quioline 800.19 - B0O3.73 6.94E-03 1.01 6.82E-03 1.00
El'yrene Oxide B861.39 - 503.93 1.71E-03 1.18 1.97E-03 1.36
[1,1,2.2-Tetrachloroethane 794.92 . 324.07 8.03E-03 1.79 &.10E-03 1.81
[?,4-Toluene diisocvanata B8B5.61 - 905.31 1.15E-03 0.82 1.29E-03 0.91
o_Toluidine 2729.50 - 2758.80 7.07E-04 7.71 5.48E-04 7.06
1.2.4-Trichlorobenzene 1009.00 - 1198.39 7.02E-03 4.68 8.42E-03 5,61
P.4.5-Trichlorophenol 1178.04 - 1204.16 7.33E-03 2.20 8.01E-03 2.40
2.4,6-Trichlorophenol 856.27 - B63.36 1.12€-03 0.26 1.33E-03 0.3
[Thethylamine 2756.62 - 283934 1.08E-03 0.45 1.32E-03 0.35
Ammonia 892.10 -  926.00 2.01E-03 1.19 2.17E-03 1.29

(a) HAPs for which Entropy has obtained quantitative reference spectra.

(b) Fregquency region, in wavenumbers (1/cm) chosen for the analysis.

(¢} Calculated root mean square deviation over the analytical region in spectra generated by
subtracting reference spectra of interferant species from samplo spectra,

(@) Maximum flue gas concentration (in ppm) of undetected compound calculated according to procedures
discussed in Sections 4.6.3 and 3.3.1.

{&) All HAPs from acetonitrile to m-xyiene were measured in spiking experiments in a FTIR

validation test. Compounds marked with a * met Method 301 validation criteria.
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TABLE 3-5. CALCULATED MAXIMUM POSSIBLE (MINIMUM DETECTIBLE) CONCENTRATIONS:
HAPs NOT DETECTED IN SPECTRA OF CONDENSER SAMPLES EXTRACTED FROM
UNIT 1 OIL-FIRED BOILER.

ESP  INLET ESP  QUTLET
Maximum Maximum
ICompound(a) Analytical Region (wn)(bl] RAMSD(c) ppm(d) RMSD ppm

JAcatonitrila(e) 1039.90 - 106400 2.15E-03 29.51 2.24E-03 30.72
Acrolein 2636.11 2875.59 1.13E-03 1.48 1.20E-03 1,56
Acrylonitrile 922,19 - 997.82 2.3TE-03 1.95 2.64E-03 2.17
Iyl Chloride* B9.51 - 1002.22 2.2BE-03 1.87 2.53E-03 2.06
Ibonmno‘ 20,15 - 3124.44 3.82E-03 2.04 4.06€-03 217
aform 1134.20 - 1159.40 J.28E-03 0.58 3.19E-03 0.57
[1,3-Butadiene 870.00 - 105264 2.37E-03 2.48 2.53E-03 2.65
Carbony| Sulfide 2029.21 - 207569 1.65E-02 .0.94 1.86E-02 1.06
IChlorobenzene*” 1012.42 - i036.64 2.1E-03 2.12 2.52E-03 2.32
Ethyl Banzene* 2854.28 - 312212 4.11E-03 4.28 4.61E-03 4.81
hEI'hyl Chloride* 943.43 - 100016 2.16E-03 3.01 2.46E-03 3.43
Ethylene Dibromide* 116796 - 120892 3.04E-03 2.16 3.24E-03 220
h-Hexane* 283527 - 3005.43 2.52E-03 0.37 3.45E-03 0.50
Methyl Bromide* 2938.47 - 3002.81 2.42E-03 3.21 2.65E-03 3.51
hothvl Chloride* 2928.38 - 309997 4.52E-03 9.51 4.76E-03 10.02
Maethyi Ethyl Ketone® 1140.70 - 122263 3.63E-03 2.68 3.75E-03 2.76
| Isobutyl Ketone* 2872.05 - 2994.95 2.60E-03 1.09 3.52E-03 1.48
|Llelhyl Methacrylate* 137,50 - 1232.04 3.82E-03 0.43 3.96E-03 0.44
L.lethytene Chloride* 1241.32 - 129095 5.63E-03 3.06 7.53E-03 4,10
R-Nitropropane* 831.47 - 868.50 1.88€-03 2.08 2.20E-03 2.43
Propylene Dichloride* 996.86 - 1038.00 2.06E-03 2.42 2.22E-03 2.61
IStyrena* 886.32 - 931.22 1.64E-03 1.24 1.84E-03 1.40
[Tetrachioroethviene® 898.20 - 92520 1.49E-03 0.14 1.69E-03 0.15
oluene” 3018.19 - 3054,70 3.74E-03 1.78 3.88E-03 1.84
1,1,2-Trichloroethane* 909.41 - 960.62 2.18E-03 2.27 2.29E-03 2.38
[Frichioroethylene* 82625 - 860.91 1.75E-03 0.27 2.10E-03 0.33
[2.2,4-Trimethylpentana* 2861.57 - 3009.23 2.62E-03 0.32 3.61E-03 0.43
Ninyl Acetate 832,23 - 906.69 1.86E-03 1.15 2.12E-03 1.3
Viny| Bromide 939,59 - 944.72 2.75E-03 0.38 2.56E-03 0.82
Minyl Chloride 852.81 - 1056.08 2.55E-03 2.61 2.68E-03 2.73
NMinylidene Chioride* 1059.44 - 1113,01 2.88E-03 0.77 3.21E-03 0.86
C-xylene* 2859.84 - 3095.04 4,03E-03 2.55 4.54E-03 2.87
“xylane* 2854.43 - 3083.14 3.94E-03 2.16 4,49E-03 2.45
ICarbon Disulfide 1545.78 - 1548.33 2.18E-02 2.07 9.97E-02 2.53
ICarbon Tetrachloride 758.21 804.29 3.45E-01 15.96 3.21E-01 14.82
IChioroform 758.21 781.25 1 46E-02 0.74 1.72E-02 0.87
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TABLE 3-5. CALCULATED MAXIMUM POSSIBLE (MINIMUM DETECTIBLE) CONCENTRATIONS:
HAPs NOT DETECTED IN SPECTRA OF CONDENSER SAMPLES EXTRACTED FROM

UNIT 1 OIL-FIRED BOILER.

ESP  INLET ESP  QUTLET
Maximurm Maximum
Compound(a) Analvtical Region (wn){bl{f RMSOi(c} ppm{d) AMSD ppm
Cumene 2871.26 3085.39 4.11E-03 10,28 4.63E-03 11.58
i,2-Epoxy Butane 902.37 919.70 1.21E-03 0.88 3.42E-03 1.03
Ethylene Oxide B66.90 - B875.00 8,37E-04 0.20 9.86E-04 0.24
Methanol 2807.91 - 3029.40 3.57E-03 2.87 4.10E-03 3.30
Methyl Chioroform 71005 - 736,84 1.46E+00 92.71 1.41E4+00 89.77
Methyl lodide 1250.18 - 1253.53 3.57E-04 0.32 4.44E-04 0.40
Mathyl t-Butyl Ether 1195.00 - 1210.00 9.54E-04 0.15 1.01E-03 0.18
Propylene Oxide 2875.59 - 3097.75 4,14E-03 2.62 4.67E-03 2.85
M-xylene 284693 - 3090.79 3.97E-03 3.82 4.46E-03 4.29
Acetone 1182.00 - 1255.03 2.99E-03 1.30 3.36E-03 1.46
cetaldehyde 3006.20 - 3009.20 6.02E-04 1.43 6.69E-04 1,59
cetophanone 1140.40 -  1286.06 4.71E-03 0.61 §5_54E-03 0.71
erylic Acid 758.79 - 1378.25 2.28E-01 114.32 2.13E-01 106.98
Aniline 1102.80 - 1123.63 2.49E-03 0.79 2.98E-03 0.82
Banzotrichloride 3069.50 - J088.80 4.22E-03 3,43 3.93E-03 3.19
|bonzyl Chloride 1262.23 - 1277.93 5.77E-03 3.47 7.86E-03 4,72
|hls(chloromethyﬂ ether 1218.65 1260.78 3.69E-03 1.37 5.07E-03 1.89
Ikhloroacetic acid 1094.97 - 112412 2.83E-03 0.60 2.92E-03 0.62
-Chloroacteophenone 1274.39 - 1285.42 2.25E-03 0.41 3.60E-03 0.66
lkhloromethyl methyl ether 1111.02 - 1146.08 4.46E-03 0.64 3.98E-03 0.57
lChIoroprene 971.60 - 97580 1.40E-03 0.74 1,27E-03 0.67
o-Cresal 1092.80 - 1114.07 1.77E-03 0.74 2.00E-03 0.83
m-Cresol 915.55 - 939.18 1.99E-03 1.23 2.07E-03 1.28
Crasol 1245.80 - 126540 3.72E-03 0.60 5.60E-03 0.91
[1.2-Dibromo-3chleropropana 2953.13 - 2985.82 1.90E-03 3.20 2.07E-03 3.47
1,4-Dichlorobenzene 995.96 - 1031.06 1.56E-03 0.67 1.53E-03 0.66
ichloroethyl ether 2662.14 - 3089.07 3.16E-03 3.86 3.53E-03 4.32
.3-Dichloropropene 76800 -  7N.00 8.23E-03 1.64 9.17E-03 1.83
Dichlorvos B35.77 876.95 1.75E-03 0.20 2.09E-03 0.24
“‘d.N-Diethyi aniline 2655.32 3156.07 3.39E-03 1.93 3.79E-03 2.16
bimethvl carbamoyl chloride 889.55 917.52 9.97E-04 0.25 1.18E-03 0.29
Dimethy| formamide 1057.80 - 1103.890 2.84E-03 0.65 3.14E-03 0.72
1.1-Dimethyl hydrazine 856.12 974.09 2.12E-03 1.71 2.34E-03 1.88
Dimethy| phthalatle 1157.86 - 1254.16 3.77E-03 1.95 3.98E-03 2.06
1,4-Dicxane 2967.40 - 2970.30 1.95E-03 0.58 1.67E-03 0.50
Epichlorohydrin 943.52 - 981.73 2.40E-03 1.92 2.71E-03 217
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TABLE 3-5. CALCULATED MAXIMUM POSSIBLE (MINIMUM DETECTIBLE) CONCENTRATIONS:
HAPs NOT DETECTED IN SPECTRA OF CONDENSER SAMPLES EXTRACTED FROM
UNIT 1 OIL-FIRED BOILER.

ESP INLET ESP  OUTLET
Maximum Maximum
ICompound(a) Analvtical Region (wni{bf| RMSD(c} ppmid) RAMSD ppm
Ethyl Aceviate 1181.93 - 1210.00 2.47E-03 0.12 2.70E-03 0.14
|i2ﬂwleno Dichloride 2965.00 - 2895.00 2.14E-03 3.15 2.37E-03 3.49
|L5thylidene dichloride 2792.57 - 3132.83 3.79E-02 16.11 4.24E-03 18.05
lb‘orrnaldehyde 2788.33 - 2842.20 9.74E-04 0.96 1.02E-03 1.00
“-lonch}orobutadiene 976.90 - 997.70 1.64E-03 0.23 1.66E-03 0.23
“-laxachtorocvlcoponmdine 1227.02 - 1240.42 1.58E-03 0.12 1.82E-03 0.13
“—lmchioroethane 785.50 - 793.00 7.62E-01 33.27 7.09E-01 30.93
Ihexmnethylphosuhoramide 949.42 1019.53 1.98E-03 0.26 2.20E-03 0.29
drochloric Acid 2817.35 2823.26 5.77E-04 0.95 6,58E-04 0.63
"sophorone 2681.20 - 3130.60 3.37E-03 2.09 3.80E-03 2.36
L\la.leic Anhydride B838.45 B41.30 8.82E-04 0.09 1.31E-03 0.13
Methyl bydrazine 2683.00 - 3061.78 3.10€-03 3.32 3.52E-03 3.77
aphthalene 779.31 783.55 2.68E-03 0.26 3.35E-03 0.32
Nitrobenzene 84170 - 86139 1.60E-03 0.62 1.96E-03 0.76
hl-Nitrosodimethylena 928.00 - 1085.28 2.62E-03 0.79 2.82E-03 0.86
-Nitrasomorpholine 1024.64 - 1258.17 4.39€-03 1.84 3.97E-03 1.66
FPhenol 2494.80 - 2530.90 1.99E-03 32.85 1.94E-03 32.00
-Propiolactone 860.13 057.64 1.97E-03 0.40 2.17E-03 0.44
Propionaldehvde 2546.18 3114,35 2.98E-03 3.13 3.36E-03 3.53
1,2-Propylenimine 817.57 - B821.31 7.63E-04 0.32 7.53E-04 0.32
Quioline B00.19 - 803,73 1,65E€-03 0.24 1.97E-03 0.29
[Styrena Oxide 861.39 503.93 1.24E-03 0.86 1.44E-03 (.99
1,1,2.2-Tetrachlorcethane 754.92 824.07 1.83E-03 0.41 2.27E-03 0.51
P.4-Tolusne agiisocyanate 885.61 905.31 1.06E-03 0.75 1.16E-03 0.82
b _Toluidine 2729.50 2758.80 1.29E-03 14.08 1.27E-03 13,86
1,2.4-Trichlorobenzene 1009.00 - 1198.39 4.38E-03 2.92 3.86E-03 2.57
I2.4,5-Trichlorophenol 1178.04 - 1204.16 2.66E-03 0.80 2.86E-03 0.86
2.4,6-Trichlorophenol B856.27 863.36 1.08E-03 0.25 1.18E-03 0.28
[Triethvlamine 2756.62 - 2B839.34 9.82E-04 0.41 1.01E-03 0.42
lAmmonia 893.10 - 926.00 1,54E-03 0.92 1.73E-03 1.03

() HAPs for which Entropy has obtained quantitative reference spectra.

(b) Frequency region, in wavenumbers (1/cm) chosen for the analysis.

(c} Calculated root mean square deviation over the anaiytical region in spectra generated by

subtracting reference spectra of interferant species from sample spectra.

(d) Maximum flue gas concentration {in ppm) of undetected compound calculated according to

procedures discussed in Sections 4.6.3 and 3.3.1.

{e} All HAPs from acetonitrile to m-xylene were measured in spiking experiments in a FTIR

validation test. Compounds marked with * met Method 301 validation critenia.
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TABLE 3-6. CALCULATED MAXIMUM POSSIBLE (MINIMUM DETECTIBLE) CONCENTRATIONS:
HAPs NOT DETECTED IN SPECTRA OF DILUTED HOT/WET SAMPLES EXTRACTED
FROM UNIT 1 OIL-FIRED BOILER.

ESP_ INLET ESP__ OUTLET |
Maximum Maximurmn
ICompound(a) Analytical Region (wni(bl] RMSDic) ppm(d) RMSOD ppm
Acatonitrila(e) 1039.90 - 1064.00 2 81E-03 38.53 2.78E-03 38,15
IAcrotein 2636.11 2875.59 B.OGE-04 1.05 4. 22E-03 3.31
lAcrylonitrile 922.19 997.82 2.37E-03 1.95 2.30E-03 1.89
Alyl Chicride 893.51 1002.22 2. 31ED3 1.88 2.38E-03 1,94
zane 302015 - 3124.44 6.39E-03 3.42 B.08E-03 4,32
hmmoform 113420 - 1159.40 2.75E-03 0.49 3.86E-03 0.69
l,3-Butadiene 870.00 - 105264 2.90E-03 3.03 3.04E-03 3.18
arbonyl Sulfide 2029.21 - 2075.69 1.56E-02 0.89 1.76E-02 1.01
IChiorobanzene 1012.42 - 1036.64 3.60E-03 3.32 4.37E-03 4.02
Ethyl Benzene 2854.28 - 312212 4.81E-03 5.01 2.66E-02 27.76
|LEthyI Chloride 2916.56 - 3041.03 4.43E-03 3.29 2.66E-02 19.77
thylene Gibromide 1167.96 - 120892 1.91€-03 1.36 6.44E-03 4.59
h-Hexane 2835.27 - 3005.43 2.23E-03 0.32 2.92E-02 4.25
Methyl Bromide 2938.47 3002.81 2.35E-03 3.1 1.27E-02 15.78
Lﬂoihyl Chloride 2928.38 - 3099.97 5.03E-03 10.59 1.88E-02 39.59
Meathyl Ethyl Ketona 1140.70 - 122263 3.34E-03 2.46 6.66E-03 4.91
Methyl Isocbutyl Ketone 287205 - 299495 2.38E-03 1.00 3.10E-02 13.06
Aathyl Methacrylate 1137.90 - 123204 3.96E-03 0.44 8.25E-03 0.92
Methylene Chioride 1241.32 - 1290.85 1.04E-02 5.63 1.83E-02 9.98
-Nitropropane 83147 - 868.50 2.00E-03 2.20 4.45E-03 4.90
“’ropvlene Dichloride 996.86 - 1038.60 3.21E-03 3.78 3.80E-03 4.48
tyrene 886,32 931.22 1.49E-03 1.13 2.13E-03 1.62
[Tetrachloroethviene 899.20 525.20 3.48E-03 0.13 2.27E-03 0.21
[Toluene 2862.00 - 2924.00 1.08E-03 1.70 1.28E-02 20.26
t,1,2-Trichloroethane 908.41 960.62 1.96E-03 2.04 2.03E-03 2,51
Trichloroethylene 826.25 - 86091 2.31E-03 0.36 4.63E-03 0.72
.2,4-Trimethylpentana 2861.57 3009.23 2.36E-03 0.28 3.16E-02 3.81
Ninyl Acetate 832.23 906.69 1.79E-03 1,10 3.54E-03 2.18
Vinyl Bromide 939.59 - 944,72 2.30E-03 0,74 2.14E-03 0.69
inyl Chloride 852.81 - 1056.06 2.97E-03 3.03 3.43E-03 3.50
inylidene Chloride 1059.44 1113.01 4.14E-03 1.10 4.78E-03 1.27
O-xylene 2859.84 3095.04 4.24E-03 2.69 2.B1E-02 17,77
P-xylene 2854.43 3083.14 4 28E-03 2.34 2.84E-02 15,56
”Carbon Disulfide 1545.78 . 1549.33 2.44E-01 6.18 5.03E-01 12.74
|L‘.a:bon Tetrachiotide 758.21 804.29 1.25E-01 579 1.44E-01 6.65
|L3hforofom1 758.21 - 78125 2.64E-02 1.33 2.62E-02 1.33
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TABLE 3-6. CALCULATED MAXIMUM POSSIBLE {MINIMUM DETECTIBLE) CONCENTRATIONS:
HAPs NOT DETECTED IN SPECTRA OF DILUTED HOT/WET SAMPLES EXTRACTED
FROM UNIT 1 QIL-FIRED BOILER.

ESP INLET ESP OUTLET |
Maximum Maximum

Kompound(a) Anaivtical Region (wn)(bjl RMSD(c) ppm(d) RMSD ppm
Cumene 2871.26 - 3095.39 4.32E-03 10.81 2.87E-02 71.94
,2-Epoxy Butane 902.37 - 919.70 1.38E-03 1.01 2.26E-03 1.64
Ethylene Oxide 866.90 - B75.00 1,18E-03 0.28 1.46E-03 0.35
Methanol 2807.91 - 3029.40 2.76E-03 2.22 2.79E-02 22.43
dethyl Chloroform 71005 - 736.84 4.48E-01 28.52 4,75E-01 30.28
Methyi lodide 1250.18 - 1253.53 4,90E-04 0.44 6.87E-04 0.62
ethyl t-Butyl Ether 1185.00 - 1210.00 1.45E-03 0.23 3.11E-03 0.49
“’rupylene Oxide 2875.59 - 3097.75 4.49E-03 2.84 2. 8BE-02 18.22
-xylane 2846,93 - 3090.79 4.19E-03 4.04 2.76E-02 26.60
Acatone 1182.00 - 1255.03 3.88E-03 1.69 9.09E-03 3.95
Acetaldehyde 3006.20 - 3009.20 9.37E-04 2.23 2.29E-03 5.47
Acetophenone 1140.40 - 1266.06 6.21E-03 0.80 1.15E-02 1.49
Icrylic Acid 756.79 - 1378.25 2.38E-01 119,14 3,10E-01 155.48
JAniline 110290 - 1123.63 2.54E-03 0.81 3.99E-03 1,27
Benzotrichioride 3069.50 - 3088.80 3.65E-03 2.96 5.74E-03 4.66
lbenzyl Chioride 3070.16 - 3085.53 3.64E-03 5.86 5.80E-03 9.35
|bia(chloromem\/l)emer 1218.65 - 1260.78 6.74E-03 2.51 1.18E-02 4.41
k:hloroacaﬁcacid 1084.87 - 112412 2.79€-03 0.59 3.74E-03 0.79
P-Chloroacteophenone 1274.39 - 1285.42 4.63E-03 0.85 8,87E-03 1.63
IChloromethyl methyl ether 1111.02 - 1146.08 3.21E-03 0.46 4,31E-03 0.62
hicroprene 971.60 - 975.80 1.39E-03 0.74 1.70E-03 0.90
lo-Cresol 1092.80 - 1114.07 1.63E-03 0.68 2.62E-03 1.09
m-Cresol 915.55 - 939.18 1.42E-03 0.88 1.71E-03 1.05
p-Cresol 2865.70 - 2893.00 6.71E-Q4 1.20 3.32E-03 5.94
[.,2-Dibromo-3-chiloropropane 295913 - 2985.82 2.16E-03 3.62 9.04E-03 15.20
1,4-Dichlorobenzenea 995.96 - 1031.06 1.75E-03 0.75 2.15E-03 0.92
Dichloroathvi ether 2662.14 - 3089.07 J.24E-03 3.96 2.18E-02 26.67
1,XDichloropropene 768.00 - 791.00 1.20E-02 2.40 1.32E-02 2.62
Dichiorves 967.79 - 1000.25 1.57E-03 0.22 1.73E-03 0.24
|k.N-Diethvlanilina 265532 - 3156.07 4.11E-03 2.34 2.12E-02 12.07
lbimethvl carbamoyl! chloride 882.55 - 917.52 1.18E-03 0.29 1.95E-03 0.48
imethy| formamide 2824.80 - 2B73.60 9.77E-04 0.60 6.09E-03 3.77
It.1-Dimethy! hydrazine 856,12 - 974,09 2.06E-03 1.66 2.36E-03 1.91
Dimethyl phthalate 1157.86 - 1254.16 3.83E-03 1.99 8.72E-03 4.52
[,4-Dioxane 2967.46 - 2970.30 7.76E-04 0.23 6.88E-04 0.21
pichlorohvdrin 943.52 - 981,73 2.61E-03 2.09 2.67E-03 2.14
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TABLE 3-6. CALCULATED MAXIMUM POSSIBLE (MINIMUM DETECTIBLE) CONCENTRATIONS:
HAPs NOT DETECTED IN SPECTRA OF DILUTED HOT/WET SAMPLES EXTRACTED
FROM UNIT 1 OIL-FIRED BOILER.

ESP  INLET £SP  OUTLET
Maximum Maximum

ICompound{a) Anaivtical Ragion (wn)ib]| BMSD(c) ppmid) RMSD ppm
[Ethyl Acrylate 1181.83 - 1210.00 1.83E-03 0.09 5.42E-03 0.27
Ikﬂwiene Dichloride 2965.00 - 2999.00 2.63E-03 3.87 9.36E-03 13.76
Ikﬂwﬁdena dichloride 2762.57 - 3132.83 4,59E-03 19.50 2.48E-02 105.32
|b:ormaldehyde 2788.33 - 2842.20 7.36E-04 0.72 2.02E-03 1,98
“-blachlorobmadiena 976.90 - 997.70 1.19E-03 0.16 1.40E-03 0.19
lL-lexnchlorocylcopenmdieno 1227.02 - 1240.42 1,46E-03 0.11 3.24E-03 0.24
chioroethane 785.50 -  793.00 2.78E-01 12.15 3.20E-01 13,95
|honmemvlphosphoramide 949.42 - 1019.53 2.37E-03 0.32 2.37E-03 0.32
|L-Iydrochloric Acid 2817.25 - 2823.26 5.66E-04 0.54 2.51E-03 2.41
]Lsophorone 2681.20 - 3130.60 4.00E-03 2.48 2.22E-02 13.77
Lualeic Anhydride 838.45 - 841.30 1.62E-03 0.16 3.42E-03 0.33
pothyi hydrazine 2683.00 - J3061.78 2.98E-03 3.19 2.25E-02 24.15
Naphthalene 779.31 - 7B3.55 2.50E-03 0.24 2.44E-03 0.23
Nitrobenzene 84170 - 861.39 2.27E-03 0.88 5.34E-03 2,08
M-Nitrosodimethylene 928.00 - 1085.28 3.70E-03 1.12 4.01E-03 1.22
N-Nirosomorpholine 1024.64 - 1258.17 4.95E-03 2.07 6.85E-03 2.86
nol 2494.80 - 2530.90 1.30E-03 21.48 1.41E-03 23.19
|Lotb—Pl’opioIaclone BE60.13 - 957.64 1.91E-03 0.39 2.27E-03 0.46
|k’mpionaldehyde 2546.18 - 311435 3.18E-03 3.34 1.95E-02 20.54
"1.2-Propylenimina 817.57 -  821.31 6.20E-04 0.26 7.33E-04 0.3
ioline 800.19 - 803.73 1.71E-03 0.25 4.05E-03 0.59
Etyrene Oxide 861.39 - 90393 1,33E-03 0.92 1.HE-03 1.32
[.1,2.2-Tetrachioroethane 794,92 - 824.07 2.45E-03 0.56 5,82E-03 1.30
P.4-Toluene diisocvanate B85.61 - 905.31 1,00E-03 0.71 1.39E-03 0.99
b Toluidine 2729.50 - 2758.80 6.21E-04 6.77 6.90E-04 7.52
[1,2,4-Trichlorobenzene 1009.00 - 1198.39 4.86E-03 3.24 5,36E-03 3.57
P.4,5 Trichlorophenol 1178.04 - 120416 1.79E-03 0.54 5.54E-03 1,66
©.4,6-Trichlorophenol 856.27 - 863.38 B8.B4E-04 0.21 1.46E-03 0.34
[Triathylamine 2756.62 - 2839.34 7.06E-04 0.29 1.51E-03 0.63
Ammonia 89310 - 926.00 1.45E-03 0.86 2.14E-03 1.27

{a) HAPs for which Entropy has obtained quantitative reference spectra.

{b) Frequency region, in wavenumbers (1/cm)} chosen for the analysis,

{c) Calculated root mean square deviation over the analytical region in spectra generated by
subtracting reference spectra of interferant species from sampie spectra.

(d) Maximum flue gas concentration (in ppm) of undetected compound calculated according to procedures
discussed in Sections 4.6.3 and 3.3.1. Dilution factor not taken into account.

{e} Aill HAPs from acetonitrile to m-xyiene wera measured in spiking expeniments in a FTIR validation test,
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TABLE 3-7. CALCULATED MAXIMUM POSSIBLE (MINIMUM DETECTIBLE) CONCENTRATIONS: HAPs NOT DETECTED IN
SAMPLE CONCENTRATION SPECTRA EXTRACTED FROM UNIT 1 OIL-FIRED BOILER AND AMBIENT AIR,

ESP INLET ESP CUTLET
Maximum | Maxirmum
Compound(a) Analvtical Raaion twniibll RMSD(c) ppmitd}) I AMSD ppm

Acetonitrile(s) 1039.90 - 1064.00 3.17E-03 0.1544 1,40E-03 0.1911
erolein 913.70 - 1000.35 1.86E-03 0.0107 | 9.42E-04 0.0060
lAcrylonitriie 92219 - 997.82 1.79E-03 0.0134 I 8.96E-04 0.0074
iyl Chloride B93.51 - 1002.22 1.84E-03 | 0.0136 i 9.52E-04 0.0078
Benzena* 3020.15 - 3124.44 9.G2E-03 0.0428 i 1.01E-03 0.0054
Bromoiorm 1134.20 - 1159.40 2.00E-03 0.0032 i 8.94E-04 0.0016
1.3-Butadiene 870.00 - 1052.64 7.36E-03 0.0700 2.89E-03 0.0303
KCarbonyi Sulfide 2029.21 - 2075.69 1,15E-02 0.0060 | 2.18E-03 0.0012
IChlorobenzene” 1012.42 - 1036.64 | 4.16E-03 I 0.0348 | 1.68E-03 0.0154
lethyi Benzene 2854.28 - 312212 E 1.83E-02 ' 0.1739 “ 3.51E-03 0.0367
”Ethvi Chlonde 943.43 - i000.16 ‘I 1.56E-03 i 0.0197 ” 5.71E-04 0.0094
lEtthene Dibromie* i 1167.96 - 1208.92 T 2.77E-03 i 0.0179 II 7.38E-04 0.0057
h-Hexane*" 2835.27 - 3005.43 ‘ 1.96E-02 l Q.0260 i 3.99E-03 Q.0058
Methyl Bromide 2938.47 - 3002.81 1.74E-02 0.2093 H 2.23E-03 0.0296
Ihethyl Chloride 2928.38 - 3099.97 1.68E-02 0.3220 J 3.16E-03 0.0666
|huﬂwi Ethvi Ketone* 1130.70 - 1222.63 3.37E-03 0.0226 i 1.16E-03 0.0086
Ihﬁl:hvl Isobutyl Ketone 1144.42 - 1207.44 3.03E-03 0.0254 i 1.11E-03 0.0102
. | | Methacrviate 1137.50 - 1232.04 4.05E-03 0.0041 | 1.17E-03 0.0013
L«thlene Chloride 124122 - 1290.85 7.97E-02 0,3650 2.91E-03 0.0158
R-Nitropropane* 831.47 - 868.50 8,20E-03 0.0822 5.94E-03 0.0655
Propylene Dichloride 99686 - 1028.00 4.16E-03 0.0445 1,65E-03 0.0194
Styrena 886.32 - 931.22 1.55E-03 0.0107 I 7.17E-04 0.0054
Tetrachloroethviene” B99.20 - 92520 1.03E-02 0.0008 I 5.75E-04 0.0005
Toluene= l J018.19 - 3054.70 i 7.53E-03 { 0.0325 | S5.64E-04 0.0027
1,1.2-Trichloroethane E 969.41 - 960.62 % 1.33E-03 i 0.0126 | 7.B2E-04 | 0.0081
[Trichloroethviene* 919.70 - 959,88 1.33E-03 0.0023 !I 7.85E-04 I 0.0015
R.2.4-Trimethvipentane 2861.57 . 3009.23 2,00E-02 0.0219 | 3.94E-03 0.0047
Minyl Acetate 519.53 - 1046.33 7, 70E-03 0.0350 2.99E-03 0.0150
Minyl Bromide 939.58 - 94472 5.83E-04 C.0017 3.93E-04 0.0013
Minyl Chloride 852.81 - 1056.08 7.31E-03 | 0.0679 | 3.08E-03 0.0314
Vinylidane Chloride 10539.44 - 1113.01 5.43E-03 0.0132 i 2.23E-03 0.0059
[O-xylene 2859.84 - 309504 1.84E-02 0.1060 i 3.51E03 0.0222
iP-xylene* 770.61 - 319.06 | 3.77E-03 l 0.0196 U 1 04E-03 0.0060
ICarbon Disuifide 2188.79 - 2196.47 i 7.29E-03 I 0.0526 i 2.08E-03 0.0165
ICarbon Tetrachioride 75821 . 30420 | 3.22E-03 0.0014 i 1.08E-03 0.0005
Chloratorm 758.21 -  781.25 J 1.59E-03 0.0007 ' 7.GBE-04 0.0004
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TABLE 3-7. CALCULATED MAXIMUM POSSIBLE (MINIMUM DETECTIBLE) CONCENTRATIONS: HAPs NOT DETECTED IN
. SAMPLE CONCENTRATION SPECTRA EXTRACTED FROM UNIT 1 GIL-FIRED BOILER AND AMBIENT AIR.

ESP INLET Esp OUTLET
Maximum Maximum
Camoounaia) Analvtical Reqgion twni(bll  AMSD{c) ppm(d} AMSD ppm

Cumene 2871.26 - 3095.39 1.BOE-02 0.4090 3.54E-03 0.0885
1,2-Epoxy Butane 90237 -  918.70 1.03E-03 0.0068 5.68E-04 0.0041
Ethylene Oxide B66.90 - 875.00 9.ME-04 0.0022 4.46E-04 0.0011
|L|dhanol 2807.91 - 3029.40 2.21E-02 0.1618 4.40E-03 0.0353
lhothyl Chloroform 71005 - 73684 2.13E-02 0.0123 6.21E-03 0.0040
Ib.lothyl lodide 1250,18 - 1253.53 5.78E-04 0.0047 4 59E-04 0.0042
|L‘Oﬂwl t-Butvl Ether 119500 - 1210.00 1.93E-03 0.0028 4.97E-04 0.0008
|L=ropylena Cxide 2875.59 - 3097.75 1.79E-02 0,1028 3.51E-03 0.0222
xylene" 2848.93 - 3090.79 1.95E-02 0.1710 3.65E-03 0.0351
lAcatone 118200 - 1255.03 4.45E-03 0.0176 1,05E-03 0.0046
Acetaldehvae 3006.20 - 3009.20 9.53E-04 0.0206 I J.77E-04 0.0080
Acetophenone | 1140.40 - 12B6.06 I 7.77E-03 | 0.0091 1.94E-03 0.0025
Acrylic Acid 758.79 - 1378.2% ‘ 68,.57E-02 0.2986 9.48E-03 0.0476
Aniline 1102.90¢ - 112363 I 2.14E-03 0.0062 B.18E-04 0.0026
zotrichloride 866.50 - B77.90 9.00E-04 0.0015 5.50E-04 0.0010
|bonzvl Chloride 1262.23 - 1277.98 1.47E-02 0.0803 1.85E-03 0.0111
Ihh(chlo:omemvn sthar 1218.65 - 1260.78 6.14E-03 0.0208 1.53E-03 0.0057
. khloroaceu‘c acid 1094.97 - 112412 2.31E03 0.0045 8.12E-04 0.0018
P-Chloroactesphenane 1274.39 - 1285.42 3.52E-03 0.0059 6.94E-04 0.0013
KChloromethyl mathvl ether 1111.02 - 1146.08 2.4BE-03 0.0033 1.07E-03 0.0016
kohloroprene 971.60 - 975.80 3.44E-04 0.0017 4.21E-04 0.0022
lo-Cresoi 1092.80 - 1114.07 1.80E-03 0.0068 5.89E-04 0.0029
m-Cresol 91585 - ¢39.18 1.07E-03 0.0060 5.52E-04 ¢.0034
p-Cresol 1245.80 - 126540 i 5.91E-03 0.0087 | 1.35E-03 4.0022
1.2-Dibromo-~3-chloroprobane 2959.13 - 2985.82 i 1.27E-02 | 0.1936 I 1.64E-03 0.0276
I1.4-Dichlorobenzena 9355.96 - 1031.06 3.95E-03 0.0154 | 1.31E-03 0.0056
Dichloroethvt ether 2662.14 - 3089.07 1.96E-02 0.2179 3.96E-03 0.0484
1,3-Dichioropropene 76800 - 791.00 1.57E-03 0.0034 8,46E-04 0.0017
Dichlarvas 967.79 - 1000.25 1.04E-03 0.0013 6.28E-04 0.0009
|L¢,N-Diethvl aniline 2655.32 - 3156.07 1.96E-02 0.1014 4.08E-03 0.0232
|bimethvl carbamovi chloride 889.55 - 917,52 1.02E-03 0.0023 5.90E€-04 0.0015
bime(hvl formarmde 1057.8¢ - $103.90 4.72E-03 0.0098 2.17€-03 0.0050
1,1-Dimethvi hvdrazine 856.12 - 974.09 2.56E-03 0.0188 1.11E-03 0.0089
imethvl phthalate 1157.86 - 1254.18 | 4.19E-03 0.0197 1.09E-03 0.0057
1,4-Dioxane 2967.40 - 2970.30 i 1.39E-03 0.0038 2.BSE-04 0.Q009
IEpichlorohvarin 94352 - 98173 || 1.53E-03 0.0111 6.89E-04 | 0.0055
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TABLE 3-7. CALCULATED MAXIMUM POSSIBLE (MINIMUM DETECTIBLE) CONCENTRATIONS: HAPs NOT DETECTED IN
. SAMPLE CONCENTRATICON SPECTRA EXTRACTED FROM UNIT 1 QIL-FIRED BOILER AND AMBIENT AIR,
ESP_INLET ; ESP_OUTLET
Maximum Maximurm
Compound(a)} Analvtical Region (wnitbH AMSDIc) ppmid) AMSD ppm
Ethyt Acrviate 1181.93 - 1210.00 2.70E-03 0.0012 6.04E-04 0.0003
ILEIh'ylene Dichloride 1222.00 - 124400 | 5.10E-02 0.0266 7.76E-04 0.0044
iklhylidene dichloride 696.22 - 750.59 I 1.72E-02 0.0441 5.79E-03 0.0164
aldehvde 2788.33 - 2B42.20 l 1.27E-03 0.0114 7.42E-04 0.0073
lorobutadiene 97690 - 997.70 7.67E-04 0.0010 5.59E-04 0.0008
Hexachtorocylicopentadiene 1227.02 - 1240.42 1.37E03 0.0009 6.74E-04 0.0005
Hexachloroethane 785.50 - 793.00 8.95E-04 0.0004 6.27E-04 0.0003 '
Hexamethyiphosphoramide 949.42 - 1019.53 2.95E-03 0.0038 1.23E-03 0.0016
“’lydmchloric Acid 2817.35 . 2823.26 1.24E-03 0.0108 8.12E-04 0.0078
“sophorona 2681.20 - 3130.60 H 2.00E-02 0.1128 4.06E-03 0.0252
"Malsic Anhvdride 83845 - 84120 ” 6.60E-04 0.0006 i 3.40E-04 0.0003
”Methvl hydrazne 683.38 - 1026.25 || 1.74E-02 0.1365 | 6.59E-03 0.0570 |
laphthalsne 77931 - 78355 | 951604 | ocooos | e.12E.0a 0.0006
|L\Iitrobenzane 841.70 - 861.39 I 3.51E-03 0.0123 2.01E-03 0.0078
|h—Nitrosodimathvlene 928.00 - 1085.28 7.38E-03 0.0204 3.04E-03 0.0092
Ih—Ni!msomomhoiina 1024.64 - 125817 5.03E-03 0.0229 2.57E-03 0.0107
“’henol 1175.50 - 118590 1.16E-03 0.0032 5.49€-04 0.0017
. Lem-Propiolactone 860.13 - 957.64 2, 10E-03 0.0039 1.04E-03 0.0021
Propionaldehyde 2546.18 - 3114.35 1,76E-02 0.1678 3.63E-03 0.0381
[.2-Propylenimine 817.57 - 82131 4,40E-04 0.0017 3.46E-04 0.0015
uioline 800.19 - 803.73 1.65E-03 0.0022 4.95E-04 0.0007
Etyrene Oxide B61.3% - S03.93 | 1. 18E-03 0.0074 7.19%-04 3.005Q i
1,1,2.2-Tetrachioroethane 704.92 - 324.07 | 4.08E-03 0.6083 1.13E-03 0.0025 .
P.4-Toluene giisocvanate 885.61 - 80531 F 7.02E-04 1).0045 J 5.27E-04 0.0037
o _Toluidine 72430 - 765.20 1‘ 1.B1E-03 0.0145 i 1,49E-03 0.0048 |
1.2,4-Trichlorobanzene 1009.00 - 1198359 i 6.94E-03 0.0421 l 3.00E-02 0.0200
2.4.5-Trichlorophenol 1178.04 - 1204.16 2.81E-03 0.0077 5.36E-04 0.0019
P.4.6-Trichiorophenai 856.27 - 863.36 1.05E-03 0.0022 7.12E-04 G.0017
Tristhylamine 2756.62 - 2839.04 I 1.12E-03 0.0042 | 7.72E-04 0.0022
Ammonia 883.10 - 526.00 | 1.04E-03 0.0056 i 6.180E-04 0.0037

{a) HAPs in quantitative reference iibrary.

(e) Frequency region, in wavenumbers (1/cm) chosen for the anaiysis.

{c) Calculated root mean square deviation in chosen anaiytical region in subfracted spectra.

(d} Calculated maximum flue gas concentration {in ppm) of undetected compouna determined
aceording to procedures in Sections 4.6.3 and 3.3.2.

{e) All HAPs from acetonitrile to m-xylene were measured in spiking experiments on Tenax in FTIR

validation test. Compounds marked with * met Method 301 vaiidation criteria.

(9]
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3.3.2 Instrumental and Manuai Test Results

Table 3-8 summarizes the results obtained using EPA test methods as
described in Sections 4-3 and 4-4. Al1 concentration results in the table
were determined from the average gas concentration measured during the run
and adjusted for drift based on the pre- and post-run calibration results
(Equation 6C-1 presented in EPA Method 6C, Section 8). Although not required
by Methods 10 and 25A, the data reduction procedures of Method 6C were used
for the CO and HC determinations to ensure data quality. All measurement
system calibration bias and calibration drift checks for each test run met
the applicable specifications of the Methods. Each emission rate value
(expressed in units of 1b/hr) was computed using the averaged concentration
measurement for the test period, flue gas volumetric flow rate, and the
appropriate conversion factors.

The dry flue gas volumetric flow rates are expressed in units of "dry
standard cubic feet per minute (dscfm)." The SO,, NO,, and CO emission rates
were computed using the dry basis concentration and flow rate data. Because
Method 25A requires that the measurement be made on a wet basis, the wet flow
rate results in units of "wet standard cubic feet per minute (wscfm)" were
used to compute HC emission rates (1b/hr as methane}.
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3.3.3 Process Results

3.3.3.1 Operating Conditions -- Process data are presented in Tables in
Appendix B and are summarized in Figures 3-1 to 3-3.

3.3.3.2 Problems and/or Variations During Sampiing -- During Runs 1 and 2,
some ESP cells were inoperative. This did not present a problem because no
more than one of the eight cells monitored (Figure 2-2) was down at any one
time.

Otherwise During Run 1 (11:00 a.m. to 3:00 p.m.,7/20/93), Run 2 (3:20
p.m. to 7:20 p.m., 7/20/93), and Run 3 (10:20 a.m. to 2:20 p.m., 7/21/93),
the plant operated at a steady state without notable problems.
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3.3.3.3 Calculation of ESP Parameters -- Because the secondary voltage was
not displayed on any plant instrumentation, it was derived as shown below.
First, to obtain the apparent rectifier efficiency, the ratio of the input
rat;ngs to the nominal output ratings of the transformer-rectifier sets was
used.

Input ratings:
87.5 amperes x 460 Volts = 40,250 Watts
Nominal output ratings:
550 DC milliamperes x 45 KV OC = 24,750 Watts
Apparent rectifier efficiency:
24,750 / 40,250 = .615 = 61.5%
The apparent rectifier efficiency and the recorded parameters: primary

current, primary voltage, and secondary current were combined in equation 1
to calculate the secondary voltage.

V, = RE x |V, S
= X X
2 1 C, (1)
1000

where:
V, = Secondary voltage (kv DC)
RE = Rectifier efficiency
V, = Primary voltage (V)
[, = Primary current {amps AC)
[, = Secondary Current (mAmps DC)

In the following example calculation a rectifier efficiency of 61.5 percent
is assumed:

10.25 KV DC = .615 x [100 V x 50 A
(300 mA.DC) (2)

1000

The measured secondary currents and the derived secondary voltages for
each 15 minute monitoring interval were averaged. These averaged numbers
were multiplied together to obtain the average corona power input used by an
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ESP cell during the emissions test.

The average corona power input was used in two calculations. In the
first, all average corona power inputs were combined to obtain the total
average corona power input, which was then divided by the total plate area
(ft?) to obtain the total average corona power density. In the second
calculation, the average corona power input (for each cell) was divided by
each cell’s plate area. This calculation provided the average cell corona
power density. The result, along with the total average corona power
density, is shown in Figures 3-4 to 3-6 for Runs 1, 2 and 3, respectively.

Because the number of plates and their sizes were known, the surface
area of each cell was determined to aid in visual representation of ESP
performance as a function of power distribution.

Example:

Active Collection Plate Size

88,560 ft’

A, B, C Fields - 30' x 6' x 41 plates x 2 sides x 6 cells )
14,760 ft

D Fields - 30' x 3' x 41 plates x 2 sides x 2 cells =
Total Collection Area = 88,560 £t~ + 14,760 £t~ = 103,320 £t (South side only)
The collection area for each cell would then be:

14,760 ft2 each
7,380 £t~ each

A, B, C Fields - 88,560 ft / 6
D Fields - 14,760 ft° / 2
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4.0 SAMPLING AND ANALYTICAL PROCEDURES

The FTIR analysis is done using two different experimental techniques.
The first, referred to as gas phase analysis, involves transporting the gas
stream to the sample manifold so it can be sent directly to the infrared
cell. This technique provides a sample similar in composition to the flue
gas stream at the sample point location. Some compounds may be affected
because of contact with the sampling system components or reactions with
other species in the gas. A second technique, referred to as sample
concentration, involves concentrating the sample by passing a measured volume
through an absorbing material (Tenax®) packed into a U-shaped stainless steel
collection tube. After sampling, the tube is heated to desorb any collected
compounds into the FTIR cell. The desorbed sample is then diluted with
nitrogen to one atmosphere total pressure. Concentrations of species
detected in the absorption cell are related to flue gas concentrations by
comparing the volume of gas collected to the volume of the FTIR cell.
Desorption intoc the smaller FTIR cell volume provides a volumetric
concentration which gives a corresponding increase in analytical sensitivity
for the detection of species that can measured using Tenax®.

Infrared absorbance spectra of gas phase and concentrated samples were
recorded and analyzed. In conjunction with the FTIR sample analysis,
measurements of hydrocarbons (HC), carbon monoxide (CO), oxygen (0,), and
carbon dioxide (CO,) were obtained using gas anaiyzers. Components of the
gmission test systems used by Entropy for this test program are described

elow.

4.1 EXTRACTIVE SYSTEM FOR DIRECT GAS PHASE ANALYSIS

An extractive system, shown in Figure 4-1, was used to transport the gas
stream to the infrared cell.

4,1.1 Sampling System

Flue gas was extracted through a heated stainless steel sample probe.
A Balston® particulate filter rated at 1 micron was installed at the outlet
of the probe. The probe was connected to the heated sample pump in the FTIR
truck (KNF Neuberger, Inc. model number NO10 ST.111) using 3/8-in 0.D.
Teflon® sample line. The temperature of the sampling system components and
transport lines was maintained at about 300°F using digital temperature
controllers. All connections were wrapped with electric heat tape and
insulated to eliminate "cold spots” in the sampling system where sample might
condense. All components of the sampie system were constructed of Type 316
stainless steel or Teflon®. A heated manifold, in the FTIR truck, included
a secondary particulate filter and valves that allowed the operator to send
sample gas directly to the absorption cell or through a gas conditioning
system.

The extractive system can deliver three types of samples to the
absorption cell. Sample sent directly to the FTIR cell is considered
unconditioned, or "hot/wet." This sample 1is thought to be most
representative of the actual effluent composition. The removal of water
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vapor from the gas stream before analysis was sometimes desirable; therefore,
a second type of sample was provided by directing gas through a condenser
system. The condenser employed a standard Peltier dryer to cool the gas
stream to approximately 38°F. The resulting condensate was collected in two
traps and removed from the conditioning system with peristaltic pumps. This
technique is known to leave the concentrations of inorganic and highly
volatile compounds very near to the (dry-basis) stack concentrations. A
third type of sample was obtained by dilution. The cell was partially filled
with sample gas and the partial pressure of the sample was measured and
recorded. The cell was then filled to ambient pressure using dry nitrogen.
The procedure could be reversed with the nitrogen being introduced to the
cell first. A dilution factor of 2:1 significantly reduced spectral
interference from water vapor without removing any species from the sample
while minimizing the possibility of reducing HAP concentrations below
detectible levels. Lowering the water vapor concentration, in addition to
protecting the absorption cell components, relieved spectral interferences,
which could limit the effectiveness of the FTIR analysis for particular
compounds.

4.1.2 Analytical System

The FTIR equipment used in this test consists of a medium-resolution
interferometer, heated infrared absorption cell, liquid nitrogen cooled
mercury cadmium telluride (MCT) broad band infrared detector, and computer
(Figure 4-2). The interferometer, detector, and computer were purchased
from KVB/Analect, Inc., and comprise their base Model RFX-40 system. The
nominal spectral resolution of the system is one wavenumber (1 cm’). Samples
were contained in a model 5-22H infrared absorption cell manufactured by
Infrared Analysis, Inc. The inside walls and mirror housing of the cell were
Teflon® coated. Cell temperature was maintained at 240°F using heated jackets
and temperature controllers. The absorption path length of the cell was set
at 22 meters.

4.1.3 Sample Collection Procedure

During all three test runs, gas phase analysis was performed at the ESP
inlet and outlet concurrent with the sample concentration testing. The test
schedule is presented in Table 3-1. During a 4-hour run, flue gas
continuously flowed through the heated system to the sampie manifold in the
FTIR truck. A portion of the gas stream was diverted to a secondary manifold
located near the inlet of the FTIR absorption cell (Figure 4-2). The cell
was filled with sample to ambient pressure and the spectrum recorded. The
cell was then evacuated to prepare for a subsequent sample. The process of
filling the cell, collecting the spectrum and evacuating the cell took less
than 10 minutes. During each run, 12 gas phase samples were analyzed.
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4.2 SAMPLE CONCENTRATION

Sample concentration was performed using the adsorbent material Tenax®,
followed by thermal desorption into the FTIR cell. The sample collection
system employed equipment similar to that of the Modified Method 5 sample
train.

4.2.1 Sampling System

Figure 4-3 shows the apparatus used in this test program. Components of
the sampling train included a heated stainless steel probe, heated filter and
glass casing, stainless steel air-cooled condenser, stainless steel adsorbent
trap in an ice bath, followed by two water-filled impingers, a knockout
impinger, impinger filled with silica gel, sample pump, and a dry gas meter.
A1l heated components were kept at a temperature above 120°C to ensure no
condensation of water vapor within the system. The stainiess steel condenser
coil was used to pre-cool the gas before it entered the adsorbent trap. The
trap was a stainless steel U-shaped collection tube filled with 10 g of
Tenax® and plugged at both ends with giass wool. Stainless steel was used to
make the adsorbent tubes because it gives a more uniform and more efficient
heat transfer than glass.

A run lasted 4-hours with a sample flow rate of 0.12 to 0.17 dcfm for a
total volume of about 30 to 40 dcf. The sampling rate depended on the
sampling train used and was the maximum that could be achieved. Collection
times provided a volumetric concentration that was proportional to the
volume sampled. The resulting increase in sensitivity allowed detection of
some HAPs to concentrations below 1 ppm.

4.2.2 Analytical System

Before analysis condensed water vapor was removed from the collection
tubes using a dry nitrogen purge for about 15 minutes. Sample analysis was
performed using thermal desorption. The sample tubes were wrapped with heat
tape and placed in an insulated chamber. One end of the tube was connected
to the inlet of the evacuated FTIR absorption cell. The same end of the tube
that served as the inlet during the sample concentration run served as the
outlet for the thermal desorption. Gas samples were desorbed by heating the
Tenax® to 250°C. A preheated stream of UPC grade nitrogen was passed through
the adsorbent and into the FTIR absorption cell. About 7 liters of nitrogen
{at 240°F) carried the desorbed gases to the cell and brought the FTIR sample
to ambient pressure. The infrared spectrum was then recorded. The
desorption process was repeated until no evidence of additional desorbed
compounds was noted in the spectrum.

4.2.3 Sample Collection Procedure

Samples were collected at the inlet and outlet of the ESP. The test
schedule is presented in Table 3-1. A sample concentration apparatus was set
up at each location and ambient samples were collected to ensure each train
contained no significant contamination (Section 5.4.1}. Entropy performed
leak checks of the system and the start time of the run was synchronized at
both Tocations. Sample flow, and temperatures of the heated box, the dry gas
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meter, and the tube outlet were monitored continuousiy and recorded at 10-
minute intervals. After 4-hrs the collection tube was removed. the open ends
were tightly capped and the tube was stored on ice until it was analyzed.
The tubes were analyzed within 12 hours after the run.
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4.3 CONTINUQGUS EMISSION MONITORING

Entropy’s extractive measurement system and the sampling and analytical
procedures used for the determinations of S0,, NO,, HC, €O, 0,, and CO,
conform with the requirements of EPA Test Methods 6C, 7E, 25A, 10, and 3A,
respectively, of 40 CFR 60, Appendix B. Two heated sampling systems and a
single set of gas analyzers were used to analyze flue gas extracted from the
ESP inlet and outlet locations. The analyzers received gas delivered
sequentially from the two sample locations.

A gas flow distribution manifold downstream of the heated sample pump
was used to control the flow to each analyzer. A refrigerated condenser
removed water vapor except for samples analyzed for HC. (Method 25A requires
a wet basis analysis.) The condenser operated at about 38°F. Condensate was
continuously removed from the traps to minimize contact with the sample.

The sampling system included a calibration gas injection point
immediately upstream of the analyzers for calibration error checks and also
at the outlet of each sample probe for the sampling system bias and
calibration drift checks. The mid- and high-range calibration gases were
certified by the vendor according to EPA Protocol 1 specifications. Methane
in air was used to calibrate the HC analyzer.

Table 4-1 presents a Tist of the analyzers that Entropy used during the
test program to quantify the gas concentration levels at the sample point
locations. Figure 4-1 is a simplified schematic of Entropy’s extractive
measurement system.

A computer-based data acquisition system was used to provide an
instantaneous display of the analyzer responses, compile the measurement data
collected each second, calculate data averages over selected time periods,
calculate emission rates, and document the measurement system calibrations.

Test run values were determined from the average concentration
measurements displayed by the gas analyzers during the run and are adjusted
based on zero and upscale sampling system bias check results using the
equation presented in Section 8 of EPA Method 6C.
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TABLE 4-1. GAS ANALYZERS USED DURING THE TEST PROGRAM

PARAMETER {RANGE) ANALYZER ANALYTICAL TECHNIQUE
S0, (0-1000 ppm,) Western Research Model Ultraviolet (UV)
721AT2
NO, (0-1000 ppm,) Thermo Environmental Chemiluminescence
Model 42H
HC (0-1000 ppm,} Ratfisch Model RS255CA Flame ionization
detector (FID)
CO (0-2000 ppm,) Thermo Environmental Infrared gas filter
Model 48 correlation (GFC)
C0, {0-20%,) Fuji Model 3300 Non-dispersive infrared
{NDIR)
0, (0-25%,) Teledyne 320P-4 Micro-fuel cell

4.4 FLOW DETERMINATIONS

Flue gas flow rates were determined by different methods at each
location. The exhaust duct carrying gases from the air preheater branched
into two ducts upstream of the ESP inlet location (Figure 2-3). Each duct
passed through the ESP before the streams were recombined downstream of the
£SP outlet before the stack. During set-up day Entropy collected velocity
data using both a 3-Dimensional (3-D) pitot probe and a standard S-type pitot
probe at the inlet and outlet of the south-side ESP. This information
indicated a potential for flow disturbances at the outlet. The ESP inlet
location did not show evidence of flow disturbance; therefore, the inlet flow
determinations were made in accordance with EPA Methods 1, 2, and 3A. The
following plan was adopted to measure the total flow through the ESPs:

o Before and during Run 1, 3-D measurements were obtained at the south-
side ESP outlet.

e As Run 1 and Run 2 continued, 3-D measurements were obtained at the
north side of the ESP outlet.

e After Run 2, flow data were obtained using the 3-D probe at the
south-side ESP outlet.

o During Run 3, 3-D measurements were obtained at the north and south
sides of the ESP outlet.

e During Runs 1, 2 and 3 Entropy performed flow measurements at the
north and south-side ESP iniet using a standard S-type pitot.

A set of flow measurements was obtained for each run at the ESP outlet
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locations using the 3-D probe and at the ESP inlet locations using a standard
S-type pitot. Table 4-2 presents the schedule of flow measurements.

TABLE 4-2. SCHEDULE OF FLOW MEASUREMENTS DURING EMISSIONS TEST AT LILCO
South-Side North-Side |
Location Date 3-D S-type 3-D S-type
ESP Inlet 7-19 1400-1600
7-20 0915-1015 1525-1636
1845-2000
7-21 0905-0945 1120-1205
ESP Outlet | 7-19. 1433-1600
1620-1725
7-20 1127-1140 1145-1209
1908-1920 1835-1905
7-21 0930-1020 1025-1040

The wet-bulb/dry-bulb technique was used to measure percent moisture in
the flue gas. Pitot traverse point lTocations and measurements made at these
points are presented on the data sheets included in Appendix A.

The 3-D probe was used to measure off-axial flow disturbances.
Measurements were obtained at 11 points through each port (44 data points for
each duct) to establish a flow profile in the sampling region. Because of
the time required to obtain the 44-point traverses through each duct, it was
not practical to perform a complete set of pre- and post-run velocity
measurements on the north and south sides.

During the test runs, an S-iype pitot tube was positioned adjacent to
the point where the sample concentration probe was inserted. Single point AP
values were vrecorded at 10 minute intervals to verify that flow
characteristics, at the sampling point, were not changing significantly
during the run,

4.5 PROCESS DATA

During test runs, a representative from RTI monitored plant operations.
Process observations are described in Section 3.3.3.
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4.6 ANALYTICAL PROCEDURES

4.6.1 Description of K-Matrix Analyses

K-type calibration matrices were used to relate absorbance to
concentration. Several descr1pt10ns of this analytical technique can be
found in the literature®’. The d1scuss1on presented here follows that of
Haaland, Easterling, and Vopicka®.

For a set of m absorbance reference spectra of q different compounds
over n data points (corresponding to the discrete infrared wavenumber
positions chosen as the analytical region) at a fixed absorption pathlength
b, Beer’s law can be written in matrix form as

A=KC+E (3)

where:

A= The n x m matrix representing the absorbance values of the m
reference spectra over the n wavenumber positions, containing
contributions from all or some of the q components;

K = The n by q matrix representing the relationship between absorbance
and concentration for the compounds in the wavenumber region(s) of
interest, as represented in the reference spectra. The matrix
element K, = ba,, where a , is the absorptivity of the qth
compound at the nth wavenumber position;

C = The q x m matrix containing the concentrations of the q compounds
in the m reference spectra;

E = The n x m matrix representing the random "errors" in Beer’s law for
the analysis; these errors are not actually due to a failure of
Beer’'s law, but actually arise from factors such as
misrepresentation (instrumental distortion) of the absorbance
values of the reference spectra, or inaccuracies in the reference
spectrum concentrations.

The quantity which is sought in the design of this analysis is the
matrix K, since if an approx1mat1on to this matrix, denoted by K, can be
found, the concentrations in a sample spectrum can also be estimated. Using
the vector A’ to represent the n measured absorbance values of a sample
spectrum over the wavenumber region(s) of interest, and the vector € to
represent the j estimated concentrations of the compounds comprising the
sample, € can be calculated from A" and K from the relation

C=[K* K] *Kt*a* . (4)
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Here the superscript t represents the transpose of the indicated matrix, and
the superscript -1 represents the matrix inverse.

E=ACt[cc*t 1! (5)

The standard method for obtaining the best estimate K is to minimize the
square of the error terms represented by the matrix E. The equation
represents the estimate K which minimizes the analysis error.

Reference spectra for the K-matrix concentration determinations were de-
resolved to 1.0 cm’ resolution from existing 0.25 cm' resolution reference
spectra. This was accomplished by truncating and re-apodizing* the interfer-
ograms of single beam reference spectra and their associated background
interferograms. The processed single beam spectra were recombined and
converted to absorbance (see Section 4.3).

4.6,2 Preparation of Analysis Programs

To provide accurate quantitative results, K-matrix input must include
absorbance values from a set of reference spectra which, added together,
qualitatively model the appearance of the sample spectra. For this reason,
all of the Multicomponent analysis files included spectra representing
interferant species and criteria pollutants identified in the flue gas.

Several factors affect the detection and analysis of an anaiyte in the
flue gas matrix. One factor is the gas composition. The major spectral
interferants in oil-fired boiler effluent are water and C0,. At CO,
concentrations of 10 percent and higher, weak absorbance bands become
visible. Portions of the spectrum could not be analyzed because of
absorbance features from water and CO,, but most compounds exhibit at Teast
one absorbance band that is suitable for analysis. Significant amounts of
S0,, NO, and NO, were also present in the samples and these species must be
considered in the analysis. A second factor is the number of analytes
detected in the sample. The analytical program becomes more limited in
distinguishing overlapping bands as the spectra become more complicated. A
third factor depends on how well the sample spectra are modeled. Spectra are
best analyzed when all the observed bands are accounted for using with
reference spectra. If a major component is identified and its reference
spectrum is unavailable then the analysis of other species in the sample may
be complicated.

Before K-matrix analysis was applied to data, all of the spectra were
inspected to identify the components of the sample. Entropy prepared program
files to measure the detected species. Four baseline subtraction points were
specified in each analytical region, identifying an upper and a lower
baseline averaging range. The absorbance data in each range were averaged,
a straight baseline was calculated through the range midpoint using the
average absorbance values, and the baseline was subtracted from the
absorbance values prior to K-matrix analysis. Gas phase and sample
concentration spectra were analyzed using K-matrix analysis.
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4.6.3 Error Analysis of data

The principal constituents of the gas phase samples were water, C0,, SO,,
NO, and NO,. A program file was prepared to quantify each of these compounds.
Other than these species and N,0 no major absorbance features were observed
in the gas phase spectra. After concentrations of the main constituents were
determined, the appropriate standard was scaled and subtracted from the
spectrum of the sample mixture. This helped verify the calculated
concentrations and generated a base line by successively subtracting scaled
standard spectra of water, C0,, SO,, NO, and NO,. The resulting "subtracted"
spectrum was analyzed for HAPs and used to calculate maximum possible
concentrations for undetected HAPs.

Maximum possible (minimum detectible) concentrations were determined in
several steps. The noise level in the appropriate analytical region was
quantified by calculating the root mean square deviation {RMSD) of the
baseline in the subtracted spectrum. The RMSD was multiplied by the width
(in cm') of the analytical region to give an equivalent "noise area" in the
subtracted spectrum. This value was compared to the integrated area of the
same analytical region in a standard spectrum of the pure compound. The
noise was calculated from the equation:

e

n 6
RMSD = (711) 2 (A;-4,)72 (8)

i=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.
A, = Mean of all the absorbance values in the region.

The error in the calculated concentration of a detected compound is given by:

RMSD x (x, - Xx,)
E. = Z 1” x CON,
Ppm Area, R (7)

where:

m
It

opm Noise related error in the calculated concentration, in ppm.
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X, = Upper limit, in cm’, of the analytical region.

X, = Lower limit, in cm’', of the analytical region.

p=J]
b
1)
[}
=
|

Total band area (corrected for path length, temperature, and
pressure) in analytical region of reference spectrum of
compound of interest.

CON,

Known concentration of compound in the same reference
spectrum.

This ratio provided a concentration equivalent of the measured area in the
subtracted spectrum. For undetected compounds, E is equivalent to the
maximum possible concentration in the sampie.

PPmM

Some concentration limits given in Tables 3-4 to 3-6 are relatively high
{greater than 10 ppm) and there are several possible reasons for this.

e The reference spectrum of the compound may show low absorbance at
relatively high concentrations so that its fundamental 1limit of
detection is relatively high.

e The region of the spectrum used for the analysis may have residual
bands or negative features resulting from spectral subtraction. In
these cases the absorbance of the reference band may be large at Tow
concentrations, but the RMSD is also large (Equation 7). Condenser
samples often give lower E_ than hot/wet samples because it is
easier to spectrally subtract water vapor from the dry sample.
However, the E calculated for hot/wet spectra are often more

reliable becausgm;ome compounds do not pass through the condenser.

e The chosen analytical region may be too Targe, unnecessarily
including regions of noise where there is no absorbance from the
compound of interest.

In the second and third cases E,, may be lowered by choosing a different
analytical region, generating better subtracted spectra, or by narrowing the
1imits of the analytical region. Entropy took these steps to minimize the
maximum possible HAP concentrations presented in Section 3.3.1.

4.6.4 Concentration Correction Factors

Calculated sample concentrations were corrected for differences in
absorption pathlength between the reference and sample spectra according to
the following relation:

Ceorr = (%) X (%) X (Ccalc) (8)

where:
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c = The pathlength corrected concentration.

Contc = The initial calculated concentration {output of the Multicomp
program designed for the compound)
L, = The pathlength associated with the reference spectra.
L, = The pathlength (22m) associated with the sample spectra.
T, = The absolute temperature of the sample gas (388 K).
T, = The absolute gas temperature at which reference spectra were

recorded (300 to 373 K}.

Corrections for variation in sample pressure were considered, and found
to affect the indicated concentrations by no more that one to two percent.
Since this is a small effect in comparison to other sources of analytical
error, no sample pressure corrections were made.

4.6.5 Analysis of Sample Concentration Spectra

Sample concentration spectra were analyzed in the same way as gas phase
data. Flue gas concentrations were derived by dividing the calculated
concentrations by the concentration factor (C;). To illustrate, suppose that
10 ft* (about 283 1iters) of gas were sampled and then desorbed into the FTIR
cell volume of approximately 8.5 liters to give concentration factor of about
33. If a HAP is detected at 50 ppm in the FTIR cell, its corresponding flue
gas concentration is about 1.5 ppm. The volume of flue gas sampled was
determined from the relation:

= Vcal Tfl ue 9

Vet (_Tm) » (_l_w (9)

where

Vie = Total volume of flue gas sampled.

Ve = Volume of gas sampled as measured at the dry gas meter after

it passed through the collection tube.

Tawe = Absolute temperature of the flue gas at the sampiing location.

Toud = Absolute temperature of the sample gas at the dry gas meter.
W= Fraction (by voiume) of flue gas stream that was water vapor.

The concentration factor, CF, was determined using V., and the volume
of the FTIR cell, V

cell *
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CF = (h‘f] (10)

cell

The flue gas concentration was determined using CF and the concentration
in the FTIR sample, C_,.

C
Cflue = %’lf{ (11)
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5.0 INTERNAL QUALITY ASSURANCE/QUALITY CONTROL ACTIVITIES

Quality control (QC) is defined as a system of activities designed to
ensure a quality product or service. This may include routine procedures for
obtaining prescribed standards of performance in the monitoring and
measurement process. Quality assurance (QA) is defined as a system of
activities that provides a mechanism of assessing the effectiveness of the
quality control procedures. It is an integrated program for assuring the
reliability of monitoring and measurement data.

The specific internal QA/QC procedures that were used during this test
program to produce useful and valid data are described in this section. Each
procedure was an integral part of the test program activities.

5.1 QC PROCEDURES FOR MANUAL FLUE GAS TEST METHODS

This section details the QC procedures followed for manual test
activities.

5.1.1 Velocity/Volumetric Flow Rate {QC Procedures

The QC procedures for velocity/volumetric flow rate determinations
followed guidelines set forth by EPA Method 2. Incorporated into this method
are sample point determinations by procedures of EPA Method 1. Gas moisture
content was approximated using the wet bulb-dry bulb technique.

The following QC steps were followed during these tests:
¢ The S-type pitot tube was visually inspected before sampling.

e Both Tegs of the pitot tube were leak checked before and after
sampling.

e Proper orientation of the S-type pitot tube was maintained while
making measurements. The roll and pitch axis of the S-type pitot
tube was maintained at 90° to the flow.

o The magnehelic set was leveled and zeroed before each run.

e The pitot tube/manometer umbilical Tlines were inspected before and
after sampling for Teaks and moisture condensate (1ines were cleared
if found).

e Cyclonic or turbulent flow checks were performed prior to testing the
source.

e Reported duct dimensions and cross-sectional duct area were verified
by on-site measurements.

e If a negative static pressure was present at sampling ports, checks
were made for air in-leakage at the sample port which could have
resulted in possible flow and temperature errors. Leaks were sealed
when found.
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e The stack gas temperature measuring system was checked by observing
ambient temperatures prior to placement in the stack.

The QC procedures followed to ensure accurate sample gas volume
determination are:

o The dry gas meter is fully calibrated every 6 months using an EPA
approved intermediate standard.

e Pre-test and post-test leak checks were completed and were less than
0.02 cfm or 4 percent of the average sample rate.

e The gas meter was read to a thousandth (.001) of a cubic foot for the
jnitial and final readings.

e Readings of the dry gas meter, meter orifice pressure (AH), and meter
temperatures were taken every 10 minutes during sample collection.

e Accurate barometric pressures were recorded at least once per day.

e Post-test dry gas meter checks were completed to verify the accuracy
of the meter full calibration constant (Y).

5.1.2 Sample Concentration Sampling QC Procedures

QC procedures that allowed representative collection of organics by the
sample concentration sampling system were:

e Only properly cleaned glassware and prepared adsorbent tubes that had
been kept closed with stainless steel caps were used for any sampling
train.

e The filter, Teflon® transfer line, and adsorbent tube were maintained
at t10°F of the specified temperatures.

e An ambient sample was analyzed for contamination in the samplie train.

e (lean sample tubes were analyzed for contamination prior to their use
for sampling.

5.1.3 Mapual Sampling Equipment Calibration Procedures

5.1.3.1 Type-S Pitot Tube Calibration -- EPA has specified guidelines
concerning the construction and geometry of an acceptable Type-S pitot tube.
If the specified design and construction guidelines are met, a pitot tube
coefficient of 0.84 is used. Information pertaining to the design and
construction of the Type-S pitot tube is presented in detail in Section 3.1.1
of EPA document 600/4-77-027b. Only Type-S pitot tubes meeting the required
EPA specifications were used. The pitot tubes were inspected and documented
as meeting EPA specifications prior to field sampiing.

5.1.3.2 Temperature Measuring Device Calibration -- Accurate temperature
measurements are required during source sampling. The bimetallic stem
thermometers and thermocouple temperature sensors used during the test
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program were calibrated using the procedure described in Section 3.4.2 of EPA
document 600/4-77-027b. Each temperature sensor is calibrated at a minimum
of three points over the anticipated range of use against a NIST-traceable
mercury-in-glass thermometer. All sensors were calibrated prior to field
sampling.

5.1.3.3 Dry Gas Meter Calibration -- Dry gas meters (DGMs) were used in the
sample trains to monitor the sampling rate and to measure sample volume. All
DGMs were fully calibrated to determine the volume correction factor prior to
their use in the field. Post-test calibration checks were performed as soon
as possible after the equipment was returned as a QA check on the calibration
coefficients. Pre- and post-test calibrations should agree within 5 percent.
The calibration procedure is documented in Section 3.3.2 of EPA document
600/4-77-237b.

5.1.3.4 3-Dimensional Probe Calibration -- The following QC procedures were
performed when using the 3-dimensional probe.

e The barometric pressure was recorded daily.

e The entire sampling system was leak checked prior to each run.

e The direction of gas flow will be determined before sampling.

o The angle finder was determined to be working properly.

e The manometers were lteveled and zeroed every day.

e The probe was positioned at the measurement point and rotated in the
gas stream until zero deflection is indicated for the yaw angle; this
null position occurs when P, = P,. Each yaw angle reading from the

protractor or other angle measuring device was recorded.

e Holding the null position, readings were taken and recorded for the
(P, - P,) and (P, - Pg). The tester recorded the duct pressure or the

(Pz - Pbm)'
e The procedure was repeated at each measurement point.

e The pitch angle was determined from the F, calibration curve and F,
was determined from the F, calibration curve.

e Calibration curves were generated from the procedures outlined in
Draft Method 2E.

5.2 QC PROCEDURES FOR INSTRUMENTAL METHODS

Flue gas was analyzed for carbon monoxide (CO), oxygen (0,), carbon
dioxide {CO,) and hydrocarbons (HC). Prior to sampling each day a pre-test
leak check of the sampling system from the probe tip to the heated manifold
was performed and was less than 4 percent of the average sample rate.
Internal QA/QC checks for the CEM systems are presented below.
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5.2.1 Daily Calibrations, Drift Checks, and System Bias Checks

Method 3A requires that the tester: (1) select appropriate apparatus
meeting the applicable equipment specifications of the method, (2) conduct an
interference response test prior to the test program, and (3) conduct
calibration error (linearity), calibration drift, and sampling system bias
determinations during the test program to demonstrate conformance with the
measurement system performance specifications. The performance specifica-
tions are identified in Table 5-1.

TABLE 5-1. INSTRUMENTAL TEST METHOD SPECIFICATIONS

-~ PERFORMANCE TEST' . *SPECIFICATION

Analyzer Calibration Error + 2% of span for zero, mid-, and
high-range calibration gases

Sampling System Bias t+ 5% of span for zero and upscale
calibration gases

Zero Drift

I+

3% of span over test run period

Upscale Calibration Drift

H

3% of span over test run period

7% of the modified Method 6 result
for each run

Interference Check

1+

A three-point (i.e., zero, mid-, and high-range) analyzer calibration
error check is performed before sampling by injecting calibration gases
directly into the gas analyzer and recording the responses. Zero and upscale
calibration checks are conducted both before and after each run to quantify
measurement system calibration drift and sampling system bias. Upscale is
either the mid- or high-range gas, whichever most closely approximates the
flue gas level. During these checks, the calibration gases are introduced
into the sampling system at the probe outlet and anaiyzed in the same manner
as the flue gas samples. Drift is the difference between the pre- and post-
test run calibration check responses. Sampling system bias is the difference
between the test run calibration check responses (system calibration) and the
initial calibration error responses (direct analyzer calibration) to the zero
and upscale calibration gases. If an acceptable post-test bias check result
is obtained but the zero or upscale drift result exceeds the drift limit, the
test run result is valid; however, the analyzer calibration error and bias
check procedures must be repeated before the next test run. A run is
considered invalid and must be repeated if the post-test zero or upscale
calibration check result exceeds the bias specification. The calibration
error and bias checks must be repeated and acceptable results obtained before
testing can resume.

Although not required by Methods 10 and 25A, the same calibration and

data reduction procedures required by Method 3A were used for the CO and HC
determinations to ensure the quality of the reference data.
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5.3 QA/QC CHECKS FOR DATA REDUCTION, VALIDATION, AND REPORTING

Data quality audits were performed using data quality indicators which
require the detailed review of: (1) the recording and transfer of raw data;
(2) data calcutations; (3) the documentation of procedures; and (4) the
selection of appropriate data quality indicators.

A1l data and/or calculations for flow rates, moisture content, and
sampling rates were spot checked for accuracy and completeness.

In general, all measurement data have been validated based on the
following criteria:

e acceptable sample collection procedures

¢ adherence to prescribed QC procedures.
Any suspect data have been identified with respect to the nature of the
problem and potential effect on data quality. Upon completion of test, the
field coordinator was responsible for preparation of a data summary including
calculation results and raw data sheets.

5.3.1 Sample Concentration

The sample concentration custody procedures for this test program were
based on EPA recommended procedures. Because collected samples were analyzed
on-site, the custody procedures emphasized careful documentation of sample
collection and field analytical data. Use of chain-of-custody documentation
was not necessary. Instead, careful attention was paid to the sample
identification coding. These procedures are discussed in more detail below.

Each sample concentration spectrum was assigned a unique alphanumeric
identification code. For example, Tinl1102A designates a desorption spectrum
of a Tenax® sample taken at the ESP inlet during Run 1 using tube number 02.
The A indicates this was the spectrum of the first desorption from this
sample. Every collection tube was inscribed with an identification number.

The project manager was responsible for ensuring that proper custody and
documentation procedures were followed for the field sampling, sample
recovery, and for reviewing the sample inventory after each run to ensure
complete and up-to-date entries. A sample inventory was maintained to
provide an overview of all sample collection activities.

Every sample tube was cleaned and checked for contamination before use.
The contamination check consisted of desorbing the clean tube and recording
its spectrum. Each sampling train was checked for contamination before the
test and after all test runs were completed. The trains were set up
according to the procedures of Section 4.2, except that the probe was not
inserted into the port. Ambient air was drawn through the entire sample
concentration apparatus for one hour. This time was sufficient to reveal
significant contamination on the system components. About 10 ft® of air was
sampled for the ambient checks. The ambient tube was stored and analyzed in
the same way as the sample tubes. Minor contamination was accounted for in
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the subsequent analysis by using spectral subtraction. Evidence of major
contamination was not identified in any sampie.

Sample flow at the dry gas meter was recorded at 10 minute 1ntervq15.
Results from the analyzers and the spectra of the gas phase samples provided
a check on the consistency of the effluent composition during the sampling
period.

5.3.2 Gas Phase Analysis

During each run at Teast 12 gas phase samples were collected and
analyzed. FEach spectrum was assigned a unique file name and a separate data
sheet identifying sample location and sampling conditions. A comparison of
all spectra in this data set provided information on the consistency of
effluent composition and a real-time check on the performance of the sampling
system. Effluent was directed through all sampling lines for at least 5
minutes and the CEMs provided consistent readings over the same period before
sampling was attempted. This requirement was satisfied when switching to a
different conditioning system or between locations. The FTIR continuously
scanned when the cell was evacuating to provide a spectral profile of the
empty cell. A new sampie was not introduced until no residual absorbance
features remained from the previous sample. The FTIR also continuously
scanned during sample collection to provide a real-time check on possible
contamination in the system.

5.3.3 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." A spectrum of the calibration transfer
standard (CTS) was recorded and a leak check of the FTIR cell was performed
before and after each sampling session. The CTS was 100 ppm ethylene in
nitrogen. The CTS spectrum provided a check on the operating conditions of
the FTIR instrumentation, e.g. spectral resolution and cell path length.
Ambient pressure was recorded whenever a CTS spectrum was collected.

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 use in the data
analysis. Sample spectra can be regenerated from the raw interferograms, if
necessary. FTIR spectra are available for inspection or re-analysis at any
future date.

Pure, dry ("zero") air was periodically introduced through the sampling
system in order to check for contamination or if condensation formed. Once,
when water condensed in the manifold, the lines and cell were purged with dry
N,, until sampling could continue.

The position and slope of the spectral base line was constantly
monitored. If the base line within a data set for a particular sample run
began to deviate by more than 5 percent from 100 percent transmittance, a new
background was collected.
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5.4 CORRECTIVE ACTIONS

During the test program, it was the responsibility of the field
coordinator and the team members to ensure that all data measurement
procedures were followed as specified and that data met the prescribed
acceptance criteria. Specific procedures for corrective actions are
described above.
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6.0 CONCLUSIONS AND DISCUSSION

Entropy conducted an emission test at LILCO’s oil-fired boiler in
Northport, New York. Gas phase analysis, and sample concentration were
performed over two days. Three 4-hour sample concentrations runs were
performed at the ESP inlet and outlet. FTIR gas phase analysis and CEM
measurements were performed concurrently with the sample concentration runs.

Gas phase analysis revealed the presence of water vapor, CO0, CO,, NO,,
S0,, and NO. HC1, CCi,F, formaldehyde, hexane, and a cyclic siloxane were
detected in concentrated samples from both locations. Also, unidentified
absorption bands remain which may be due to species produced in the process.

The primary goal of this project was to use FTIR instrumention in a
major test program to measure as many HAPs as possible or to place upper
limits on their concentrations. Four other electric utilities were tested
along with the LILCO facility. Utilities present a most difficult testing
challenge for two reasons:

1) They are combustion sources so the flue gas contains high levels of
moisture and CO, (both are spectral interferants}).

2) The large volumetric flow rates typical of these facilities can lead
to mass emissions above regulated limits even for HAPs at very low
concentrations. This places great demand on the measurement method
to achieve low detection limits.

This program represents the first attempt to use FTIR spectroscopy in
such an ambitious test program. The program accomplished very significant
achievements and demonstrated important and fundamental advantages of FTIR
spectroscopy as an emissions test method over other test methods:

e Using a single method quantitative data were provided for over 100
compounds.

e Software was written to analyze a large data set and provide
concentration and detection 1imit results quickly. The same or
similar software can be used for subsequent tests with very little
investment of time for minor modifications or improvements.

e The original data are permanently stored so the resuits can be
rechecked for verification at any time.

e A single method was used to obtain both time-resolved (direct gas)
and integrated (sample concentration) measurements of gas streams
from two locations simultaneously.

¢ The two techniques of the FTIR method cover different concentration
ranges.

¢ Preliminary data (qualitative and quantitative) are provided on-site
in real time.
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o With little effort at optimization (see below), detection limits in
the ppb_range were calculated for 21 HAPs and between 1 and 5 ppm for
65 other HAPs using direct gas phase measurements of hot/wet samples,
which present the most difficult analytical chailenge. Sample
concentration provided even lower detection Timits for some HAPs.

e A compound detect is unambiguous.

It is appropriate to include some discussion about the "maximum possible
concentrations" presented in Tables 3-4 to 3-7. These numbers were
specifically not labeled as detection 1imits because use of that term could
be too easily misinterpreted. But the numbers in Tables 3-4 to 3-7 will be
referred to as "detection limits" in the discussion below.

In FTIR analysis detection 1imits are calculated from the spectra (see
Section 4.6.3 and the "FTIR Protocol"). These calculated numbers do not in
any way represent fundamental measurement 1imits, but they depend on a number

of factors. For example:

Some instrumental factors
e Spectral resolution.
e Source intensity..
e [Detector response and sensitivity.
o Path length that the infrared beam travels through the sample.
e Scan time.
e Efficiency of infrared transmission (through-put).

e Signal gain.

Some sampling factors
e Physical and chemical properties of a compound.
¢ Flue gas composition.
e Flue gas temperature.
e Flue gas moisture content.
e Length of sample line (distance from location).
e Temperature of sampling components.
e Sample flow.
Instrumental factors are adjustable. Ffor this program instrument settings
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were chosen to duplicate conditions that were successfully used in previous
screening tests and the validation test. These conditions provide speed of
analysis, durability of instrumentation, and the best chance to obtain
measurements of the maximum number of compounds with acceptable sensitivity.
Sampling factors present the same challenges to any test method.

An additional consideration is that the numbers presented in Tables 3-4
to 3-7 are all higher than the true detection limits_that can be calculated
from the } cm' data collected at LILCO. This results from the method of
analysis: the noise calculations were made only after all spectral
subtractions were completed. Each spectral subtraction adds noise to the
resulting subtracted spectrum. For most compounds it is necessary to perform
only some (or none) of the spectral subtractions before its detection limit
can be calculated. With even more sophisticated software it will be possible
to automate the process of performing selective spectral subtractions and
optimize the detection 1imit calculation for each compound. (Such an
undertaking was beyond the scope of the current project.) Furthermore, the
detection limits represent averages compiled from the results of all the
spectra collected at a given location. A more realistic detection limit is
provided by the single spectrum whose analysis gives the lowest calculated
value. It would be more accurate to think of "maximum possible
concentrations" as placing upper boundaries on the HAP detection Timits
provided by these data.

Perhaps the most important sampiing consideration is the sample
composition. In Table 3-4 benzene’s detection 1imit is quoted as 6.56 ppm.
This was determined in the analytical region between 3020 and 3125 cm’.
Benzene exhibits a much stronger infrared band at 673 cm' but this band was
not used in the analysis because absorbance from CO, strongly interfered in
this analytical region. At a lower C0, emission source an identical FTIR
measurement system would provide a benzene detection limit below 1 ppm for
direct gas analysis {even ignoring the consideration discussed in the
previous paragraph). Data from Tables 3-4 to 3-7 should not be used to
calculate mass emission rates because compounds listed in these tables are
non-detects.

Finally, there may be some question about why certain species were not
detected in gas phase samples; particularly HC1. (HC1 was measured in both
Tenax samples from Run 2, but at very low levels, and these measurements are
not quantitative.) One answer could be that HC1 concentrations were actually
below the Towest stated detection Timit of 840 parts per billion (at the ESP
inlet). The fuel analysis provided te RTI (Table 2-1) does not include a
chioride measure, but for the sake of discussion it will be assumed that HC1
was present above 1 ppm in the gas stream at the sampling location, which is
detectible by direct FTIR gas analysis, and the question will be explored as
to why the HC1 in the FTIR sample was not also above 1 ppm so that it could
be measured.

The sampling system configuration (including the temperatures of
components) was chosen because the same configuration was used successfully
at other tests. HC1 was measured at utilities and other emission sources
during the FTIR development project. It was assumed that flue gas conditions
would be similar to those at the electric utilities Entropy tested during the
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development project. In fact, the flue gas at LILCO contained 16 percent
moisture. This is much higher that the 7 percent moisture that was
encountered when Entropy tested utilities for the screening and validation
tests. High moisture makes HC1 measurements difficult because it is water
soluble. (Entropy has detected HC1 in a 22 percent moisture stream using
dilution.) Maintaining the sampling system and FTIR cell at a higher
temperature would have meant testing under conditions different from those
used at the validation. The sample stream could have been spiked with HCI to
verify sampling system integrity but this precaution was not considered
before the test because it was assumed the moisture content would not be a
significant problem. In any event, nothing would have been gained by raising
the temperature of the sampling components because the measured flue gas
temperature at both locations was between 300 and 320°F. The sampling system
up to the FTIR cell was maintained above 300°F. The FTIR cell was maintained
at 250°F (to keep spectral conditions near to those of the reference spectra},
but this could not have interfered with HC1 measurements because there was no
condensation in the cell.

The important point to emphasize is that these difficulties are all
related to the sampling system and have absoiutely nothing to do with the
FTIR analysis. In fact, FTIR techniques offer the best opportunity to
accurately measure HC1 {and other unstable or reactive species) because FTIR
spectrometry can be readily used to easily and unequivocally monitor the
sampling system integrity. That was not done in this test because the
primary goal was the general one of measuring as many compounds as possible,
not optimizing the measurement system for any particular compound or set of
compounds. Furthermore, the testing schedule was compressed by the process
difficulties LILCO experienced. This made any further deviation from the
plan impossible.

A11 previous studies on HC1 sampling and measurement indicate that high
sample flow rates are required to deliver HC1 to the measurement system.
Entropy has participated in EPRI (Electric Power Research Institute) studies
performing FTIR CEM measurements at utilities. 1In these studies HCl was
measured using a sample flow of 10-15 1pm and heated lines at 300°F. At the
LILCO test it was not possible to achieve a sample flow rate above 6-7 lpm
because, in addition to FTIR testing, Entropy was also delivering sample to
five gas analyzers. EPA required CO, CO,, HC, and 0, measurements and a NO,
monitor was also used to provide LILCO with data to optimize their process
before testing. When FTIR is used as a stand-alone method the sampling
demands of similar emissions tests will be greatly reduced.
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