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Electncpower 
Researchinsmute Leadership in Science and Technology 

February 12,1993 

Mr. William H. Maxwell, P.E. (MD13) 
Office of Air Quality Planning and Standards 
U.S. Environmental Protection Agency 
Research Triangle Park, NC 27711 

Dear Mr. Maxwell: 

In response to the Clean Air Act Amendments of 1990, the Electric Power 
Research Institute (EPRI) initiated the PISCES (Power Plant Integrated 
Systems: Chemical Emissions Studies) program to better characterize the 
source, distribution, and fate of trace elements from utility fossil-fuel-fired 
power plants. As part of the PISCES program, the Field Chemical Emissions 
Monitoring (FCEM) program has sampled extensively at a number of utility 
sites, encompassing a range of fuels, boiler configurations, and particulate, 
SO2, and N4( control technologies. EPRI is actively pursuing additional 
FCEM sampling programs, with at least 24 sites either completed or planned. 

This site report presents a preliminary summary of data gathered during a 
sampling program conducted at one of the FCEM sampling programs - Site 13. 
Site 13 consists of a boiler burning No. 6 fuel oil. No air pollution control 
equipment was available to control emissions from the boiler; however, a 
pilotscale pulse-jet fabric filter treating a small fraction of the flue gas from 
this unit was also tested. Two sets of measurements were conducted - one 
with all burners in service (Baseline configuration) and a second set with 
some burners taken out-of-service to control NOx emissions (Low-NOx 
configuration). It should be noted that the results presented in this report are 
considered PRELIMINARY. The results are believed to be essentially correct 
except as noted. As additional data from other sites are collected and 
evaluated, however, EPRI may conduct verification tests at this site. If this is 
done, the new data will be made available to the Environmental Protection 
Agency P A ) .  

The primary objective of this report is to transmit the preliminary results 
from Site 13 to the EPA for use in evaluating select trace chemical emissions 
from fossil-fuel-fired steam generating plants. In addition to the raw data in 
the Appendix, the report provides an assessment of the trace metals material 
balances, discusses the data quality, identifies suspect data, and offers possible 
explanations for the questionable data. Because the discussion only focuses 

eenth Street: NW. Suite 1000. Washington. DC 20036. USA - ( wa.m%E%P”  Washi- 
Headquarters: 3412 Hillview Avenue. post Office Bm 10412, Palo Alto. CA 84303. USA (415) 855200 



upon the suspect or invalidated data, please keep in mind that most of the 
data meet the standards of quality established for this study. This report does 
not compare the results from Site 13 with the results from previous utility 
sites. Generic conclusions and recommendations were not drawn concerning 
the effectiveness of a pulse-jet fabric filter system as a potential control 
technology for trace elements; however, removal efficiencies were calculated 
where possible. Nor does this site report attempt to address the 
environmental and health risk impacts associated with the trace chemical 
emissions. 

In the earlier PISCES FCEh4 sites (the first five sites from Group 1 delivered to 
EPA in October and December 1992), the mercury measurements in flue gas 
were believed to be biased low due to incomplete recovery of mercury from 
the impinger solution prior to analysis. A review of the laboratory analysis 
records indicated that the correct analytical procedures were followed during 
the Site 13 test program. The mercury concentrations in the flue gas were 
either below or slightly above the reporting limits in each of the sample 
trains. 

EPRI hopes that this site report is of assistance to the EPA in evaluating 
utility trace chemical emissions as well as the associated health risk impacts. 

Sincerely, 

Paul Chu 
Manager, Toxic Substances Control 
Environment Division 
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Section 1 

INTRODUCTION 

This report summarizes data gathered during a sampling program sponsored by the 
Electric Power Research Institute (EPFU). The data have been prepared to be suitable 
for the Environmental Protection Agency to use in their study of emissions from fossil- 
fuel-fired power plants, as mandated by the Clean Air Act Amendments (M) of 
1990. 

Stack emissions were measured from a wall-fired, twin-furnace boiler burning NZ6'fuel5' 
oil. Samples were collected during March and April of 1991. A pilot-scale pulse-jet 
fabric filter (PJFF) treating a small fraction of the flue gas from this unit was also tested 
during the same period. Tests were conducted in two series: one series during normal 
operation, and another during experimental low-NO, operation. The results presented in 
this report are preliminary. At present, we believe them to be correct; however, as we 
obtain information from other sites, samples wil l  be occasionally reanalyzed to obtain 
additional information. We have also resampled plants when the initial results do not 
appear to be reasonable indicators of process perfomauce. 

The project examined the fates of numerous substances found in the process streams at 
the host site. AU of the analytical data generated during the project appear in the 
appendices. The body of the report presents information about the fuel and flue gas 
stream compositions. Stack gas emissions are presented both as concentrations and as 
unit-energy emission factors. 

The results reported in this document are of generally good quality and meet the 
objectives of the FCEM study. They provide a more accurate and comprehensive 
characterization of a power plant system than is often found in the published literature. 
The samples on which the reported results are based were collected and analyzed 
carefully using accepted and appropriate sampling and analytical methods. The sampling 
and analytical results were subjected to an extensive QA/QC evaluation (Appendix H). 
In this report, data of satisfactory quality are simply reported and not extensively 
discussed. The focus of the discussions is on results that are questionable, uncertain, or 
known to be of poor quality. 

This report is one of a series being produced under the Field Chemical Emissions Moni- 
toring (FCEM) project (RP 3177-1) sponsored by EPRI. The objective of this project is 
to measure selected inorganic and organic substances in the process and discharge 
streams of power plants. Table 1-1 lists the substances of interest to the program. Data 
on additional substances detected by the analytical methods employed appear in the 
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Table 1-1 

FCEM Substances 

Elements Organic Compounds 

Arsenic 
Barium 
Beryllium 
cadmium 
Chlorine (as chloride) 
C h r O m i u m  
Cobalt 
Copper 
Fluorine (as fluoride) 
Lead 
MEgEese 
Mercury 

Nickel 
Phosphorus 
Selenium 
Vanadium 

~ ~ -~ Molybdenum 

Benzene 
Toluene 
Formaldehyde 
Polycyclic Organic Matter (POW a 

'Ais0 referred to as semivolatile organic compounds. Indudes polynuclear aromatic hydrocarbons (F'AHs). 
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Introduction 

appendices. By characterizing all streams of interes6 information about the control and 
fates of these substances can be developed. 

The plants studied during the FCEM project were chosen to reflect a cross section of the 
existing technologies for controlling air emissions. They were not chosen to represent 
"typical" fossil-fuel-fired power plant operation per se, nor should the solid or aqueous 
waste treatment systems used or discharge levels achieved be deemed representative of 
the industry as a whole. 

The technical approach used at each plant is to employ "standard" sampling and 
analytical procedures to the extent possible. In other words, this is not a methods 
development or research program designed to measure extremely low levels of emissions. 
The target reporting level for the selected substances was established at 20 pg/Nd in 
the stack gas stream. (As the FCEM program has progressed, lower reporting levels 
have been sought for some substances to provide more information.) The sampling 
protocol is to obtain three sets of samples for the chemical analysis of each process 
stream. The results are presented both by individual run and averaged with a 95% 
confidence interval about the mean to demonstrate the combined process, sampling, and 
analytical variability. 

Section 2 of this report briefly describes the plant and sample locations. Section 3 pre- 
sents the results of the chemical analyses of the fuel oil and the three gas streams sam- 
pled at the plant. Section 4 discusses the results in terms of both analytical and en- 
gineering considerations. Section 5 shows example calculations, and a glossary is pro- 
vided in Section 6. The appendices contain information on the sampling and analytical 
methods employed, stream concentrations, measured and calculated stream flows, par- 
ticulate measurement results, QA/QC infomation, and blank correction data 
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section 2 

SITE DESCRIPTION 

Facility Information 

The Site 13 power plant began operating in 1959. A 35@MW (gross) oil-fired steam 
electric generating unit is located at this site. A No. 64uel.oil containing approximately 
03% sulfur  was fired during the test period. No=air-pollution control equipment was on 
the ut to - _  control emissions from-the boiler; however, a pilot-scale pulse-jet fabric filter, 
treating a small fraction of the flue gas from the host unit, was located at the site during 
the test period. Figure 2-1 is a process flow diagram of the plant- 

Steam is generated in a Babcock and Wilcox face-fired, balanced-draft, twin-furnace 
steam-generating boiler. As illustrated in Figure 2-2, the twin-furnace design results in 
two totally separate combustion zones. The heat recovery systems in each furnace are 
different, one furnace being the “reheat” side and the other being the “superheat” side. 
The superheat furnace provides steam to the high-pressure turbine, and the reheat 
furnace provides steam to the intermediate and low-pressure turbines. 

Each furnace contains a total of 16 burners located on the front ?Kall.of.the firebox. The 
burner numbering system used at Site 13 is shown in Figure 2-3. AU burner tips in the 
reheat furnace were 12-hole modified Peabody design. These modified burner tips were 
installed approximately one year before FCEM testing. These same burner tips were 
also being used in the top two rows (60 and 70 rows) in the superheat furnace. The 
bottom two rows were using six-hole burner tips supplied by Electric Power Tech- 
nologies, Inc. Both types of burner tips are a dual-fluid, hollow-cone design with a spray 
angle of approximately 75 degrees. Each burner requires steam to atomize the fuel oil 
with the total steam flow rate for atomization estimated to be 12% of the main steam 
flow rate. 

A detached vertical plate located in each furnace divides the compartment in half, eight 
burners are on each side of the plate. Limited mixing of the flue gas from each side of 
the plate can occur in the combustion zone. The flue gas from each side of the furnace 
has a greater potential to mix after leaving the combustion zone. Also, there are three 
points at which the flue gas from each furnace can combine: a common flue gas recira- 
lation header, a common air preheater header, and a common plenum just before the 
boiler outlet flue gas sampling locations. These common mixing regions are illustrated in 
Figure 2-2. Gas concentration data for 9, CO, and NO at the economizer indicated 
that the flue gas was s t i l l  not completely mixed. 
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Site Description 

Pulse-Jet Fabric Filter 

The pilot-scale pulse-jet fabric filter is a 1-2 MW equivalent unit. The system, supplied 
by Howden Environmental Systems Inc., is designed for a flue gas flow rate of 5,000 
acfm. A flue gas slipstream from the south reheat furnace duct is used for testing the 
pilot system. Figure 24  illustrates the pilot system. 

The filter housing has 48 bags, each 20 feet in length, arranged in three concentric rings 
within a square enclosure. The bags are constructed of Ryton needled felt on a Ryton 
scrim. Each oval bag is supported on a lewire, mild steel cage and has a filtering 
surface area of approximately 26 ft  ’. The bags were precoated with limestone during 
installation to improve filtration and protect the surface of the fabric. At the design flue 
gas flow rate, the unit will operate at an air-to-cloth ratio of 4.0 acfm/ft *. The bags are 
cleaned by means of a rotating cleaning manifold, which supplies low-pressure air (12 
psi) to the bags. The cleaning system was designed to start automatically when the 
pressure drop across the bags reaches a set point. However, because of the low inlet 
particulate loadings, the cleaning sequence triggered only hkequently (one to three 
times per day) so that the period between cleaning was much longer than the flue gas 
sampling times; therefore, the cleaning cycle was inactivated during flue gas sampling at 
the fabric filter to avoid sampling under nonrepresentative conditions. The bags were 
cleaned manually each day immediately prior to the flue gas sampling. 

Low-NO, Configuration 

During the second series of test runs, NO, emissions were reduced by removing various 
burners kom service in each furnace and optimizing the amount of excess air. The 
burners were removed from service by shutting off the oil and atomizing steam flow to 
the desired burner. The air slide, which controls the combustion air to the burner, was 
left open. This procedure had two effects that ultimately contriiuted to reduced N Q  
formation. 

First, the remaining burners in service had to fire additional fuel to maintain a consistent 
unit load. Or stated another way, the fuel that would have normally been 6red in the 
burners removed from service was distributed among the burners remaining in service. 
The amount of combustion air available to each burner would remain about the same 
whether the burner was in service or not. This creates localized regions in the furnace 
that are fuel rich (less combustion air) and, hence, less atmospheric nitrogen is present 
to promote NO, formation in the primary combustion zone. 

Second, the combustion air not used by the burners that were out of service would simu- 
late an overfire air con6guration, resulting essentially in staged combustion. The lower 
temperatures in the second combustion stage result in reduced NO, formation. 

The daily average NO, reduction was defined by using the baseline concentration of NO, 
the primary component of N Q ,  which was measured each day before the boiler opera- 
tion was modified. The daily average reductions in N Q  for the four days of the low- 
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Site Description 

NO, test period were 24%, 19%, 22%, and 16%, respectively. Typically, four or five of 
the 32 burners were removed from service during the test periods. 

Sampling Locations 

Samples were collected at seven locations at Site 13. Two feed streams were sampled 
the fuel oil and the condensate of the steam used to atomize the fuel in the burners. 
Three discharge streams were sampled the boiler outlet gas, the fabric filter outlet gas, 
and the solids collected by the fabric filter. One intermediate stream was sampled the 
inlet flue gas to the pulse-jet fabric filter. In addition, a grab sample of the limestone 
used to precoat the filter bags was collected. Process sampling locations are noted in 
Figures 2-1 and 2-2. A brief description of each sampling point follows below: 

Fuel oil samples were collected from a sample tap located on the main fuel oil supply 
header. 

Boiler outlet flue gas samples were collected from ports atop the two horizontal 
ducts, rectangular in cross section, exiting the reheat furnace. The ports were located 
downstream of the common plenum, as shown in Figure 2-2. Impactor samples were 
collected exclusively from the north (left in Figure 2-2) reheat duct, and all other 
samples were collected exclusively from the south reheat duct. Velocity profiles were 
also taken from the two superheat ducts, although no samples were collected from 
these ducts. 

Fabric filter inlet flue gas samples were collected from ports in a vertical, l&inch 
diameter circular duct entering the fabric filter. 

Fabric filter outlet samples were collected from ports in the vertical, 18-inch diameter 
circular duct exiting the pulse-jet fabric filter. 

Samples of the solids collected by the fabric filter were obtained through a man-way 
at the bottom of the filter hopper. The hopper was evacuated at the beginning of the 
test period and solids were allowed to build up in the hopper throughout the entire 
baseline testing period. Solids were sampled from the hopper the morning of March 
30. Three individual grab samples were submitted for analysis. 

Samples of the limestone used to precoat the filter bags were taken from one of the 
SO-pound bags available on site. 

Samples of the condensate of the steam used to atomize the fuel were collected from 
the main steam sample line in the plant water treatment lab. 

Sample collection, sample pretreatment, and chemical analysis procedures are summa- 
rized in Appendix A Table 2-1 presents an overview of the types of analyses performed 
on these samples. 
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Table 2-1 

Process Stream Analyses 

a 
Fuel Oil 

Limestone 

PJFF Collected Fly Ash 
Boiler Outlet Gas 

PJFF Inlet Gas 

PJFF Outlet Gas 

Steam Condensate 

semivolatile 

Cornwunds Aldebvdes 
organic 

PFSLIhaNARY 
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Section 3 

RESULTS 

This section summarizes the results of the oil characterization and gas stream analyses. 
Detailed data appear in Appendices B through E. Multiple analytical methods were 
employed for some samples to obtain quantifiable measurements. The methods selected 
for use in this report are presented in Appendices E% and D (baseline and low-NO,, 
respectively). Appendices C and E present the results using alternate analytical methods. 
Analytical methods are summarized in Appendix k 

Sampling Schedule 

Site 13 was sampled in late March and early April 1991. To obtain samples for the 
analytes in Table 1-1, five sampling trains were used to sample the boiler outlet, the 
fabric filter inle& and the fabric filter outlet flue gas streams. The multi-metals and 
semivolatile trains required full traversing of the ducts. The other three trains (VOST, 
anions, and aldehydes) were sampled at single points. It was not possible to complete all 
five trains on three successive days. Figure 3-1 presents the actual schedule for baseline 
testing, showing when the various gas train measurements were conducted. Figure 3-2 
shows the corresponding schedule for low-NO, testing. The inlet and outlet of the fabric 
filter were not sampled during low-NO, testing. To our knowledge, there is no reason to 
suspect that operation of the plant during any test day was irregular and would, there- 
fore, have resulted in a nonrepresentative data set. 

Data Treatment 

Several conventions were developed for treating the test data and developing average 
concentrations of substances in the various streams. 

To determine the total gas concentration for each run, both the solid and vapor phase 
contriiutions were considered. However, the absence of reportable concentrations in 
either (or both) phase(s) required that conventions be developed for dealing with these 
data and formulating emission factors. These conventions are summarhd below. 

For each substance, there are three possible combinations of vapor and solid phase con- 
centrations in the emitted gas stream. These are: 

Case 1: The concentrations in both the solid and vapor phases are above the 
reporting limits. 
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Results 

Case 2 The concentrations in both the solid and vapor phases are below the 
reporting limits. 

The concentration in one phase is above the reporting limit, and the 
concentration in the other phase is below the reporting limit. 

For those constituents of interest, other than mercury, Ha, and HF, the stack gas stream 
data from oil-fired power plants have indicated that most of the material is present in 
the solid phase and that only a minor fraction is generally found in the vapor phase. 
Thus, the following conventions were selected for defining total gas stream 
concentrations: 

Case 3: 

Case 1: The total concentration is the sum of the concentrations in the vapor and 
solid phases. 

For example, the total nickel concentration in the boiler outlet gas (base- 
line) is calculated as follows for Run D: 

Ni in solid phase = 2,230 pg /Nd  

Ni in vapnr phaze = 48 pg,/Nd 

Total Ni in boiler outlet gas = a 7 8  p g / N d  

The total concentration is considered to be below the reporting limit in the 
solid phase. 

~~ ~ ~~ 

Case 2 

For example, the beryllium concentration in the boiler outlet gas (baseline) 
is calculated as follows for Run B 

Be in solid phase = NR(028 p g / N d )  

Be in vapor phase = NR(056 pg/Nn?) 

where NR(0.56) indicates that the analytical result was below the reporting 
limit of 056 pg/Nn? (see footnote in Table 3-1 for additional details) 

Total Be in boiler outlet gas = N R ( O . 2 3  pg/Nd) 

The total concentration is considered to be the level measured above the 
reporting limit, regardless of which phase this represents. 

For example, the selenium concentration in the boiler outlet gas (low NO,) 
is calculated as follows for Run M 

Se in solid phase = NR(0.27 p g / N d )  

v 

Case 3: 
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Se in vapor phase = 1.7 p g / N d  

Total Se in boiler outlet gas = 1.7 pg/Nn? 

The above conventions are also in agreement with guidance provided by EPA (Technical 
Implementation Document for EPA’s Boiler and Furnace Regulations, U.S. Environmen- 
tal Protection Agency, office of Solid Waste, Washington, D.C., March 1992). 

Testing at several sites has indicated that mercury, HCl, and HF are present primarily in 
the vapor phase. For Case 2, then, the total concentration in the gas stream is consid- 
ered to be the reporting limit in the vapor phase. For Cases 1 and 3, the methodologies 
are unchanged from those descriied above. 

The following criteria were used when averaging the results of multiple samples: 

When all values for a given variable were above the method reporting limit, the 
mean concentration was calculated as the true arithmetic mean. 

For results that include values both above and below the reporting limit, one-half of 
the reporting limit was used to calculate the mean. For example: 

Analvtical Values Calculation Mean Value 
10, 12, NR(8) (10+12+[8/2])/3 8.7 

By convention, the calculated mean was not allowed to be smaller than the largest 
reporting limit value. In the following example, using one-half the reporting limit 
value would yield a calculated value of 2.8, which is less than the highest reporting 
level obtained, so the reported mean is NR(4). 

When al l  analytical results for a given variable are less than the reporting limit, the 
reported mean is the largest reporting limit. The bias estimate is one-half of the 
reporting level, and no confidence interval is reported. 

Questionable analytical data were excluded from all summary calculations, including 
results that indicate a sampling bias, analytical interference, or the presence of 
organic compounds known to be laboratory contaminan ts. 

Fuel Oil 

Table 3-1 presents the results of analyses of the fuel oil for the samples collected during 
baseline operation; and Table 3-2 presents the results for the samples collected during 
low-NQ operation. The sample runs correspond to the sample dates shown in Figures 
3-1 and 3-2. Appendix A presents the analytical method reported for each combination 
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Results 

of substance and stream. Selection of the values reported here was based on our 
judgment of the best method for each matrix &e., typically the lowest reporting limit, 
avoiding known matrix interferences). For each substance, a mean was calculated, along 
with the 95% confidence interval about the mean. The confidence interval is the range 
about the calculated mean in which there is a 95% probability that the true mean lies. 
For example, it can be said, with a 95% certainty, that the true mean arsenic concentra- 
tion in the fuel oil during baseline operation is between 0.11 and 0.15 mg/kg, according 
to the five results presented in Table 3-1. The calculation of this confidence interval is 
discussed in Section 5. Most of the substances in the table were analyzed by Instnunen- 
tal Neutron Activation Analysis (INAA). Beryllium and lead were analyzed using 
Graphite Furnace Atomic Absorption Spectroscopy (GFAAS). The fluoride concen- 
tration in the fuel oil was measured using an Ion Selective Electrode (ISE). Mercury 
was analyzed using both Double Gold Amalgamation (DGA) followed by Cold Vapor 
Atomic Absorption Spectroscopy (CVAAS) and INAk Mercury was initially detected 
using CVAAS at concentrations of 0.1 to 0.4 mg/kg. Using INAA, mercury was detected 
in only one of ten samples at 0.03 mg/kg. Subsequent reianalysis of selected samples by 
CVAAS indicates that the INAA values are correct. 

Boiler Outlet Gas 

Table 3-3 summarizes the cnncem~tinn II?easILreme"'c =de fer +he gzs -si+;-- the 
boiler during baseline operation. Table 3-4 presents concentration measurements made 
during low-NO, operation. In addition to the substances shown in these two tables, 
organic compounds listed in Table 1-1 were also analyzed; however, none were present 
in concentrations above laboratory reporting limits. The results for the individual 
compounds appear in Appendices B and D. The trace element and anion data in this 
table are presented for both the solid and vapor phase fractions. Many of the vapor 
phase concentrations are less than five times the reporting limit. AU results have been 
field blank corrected to account for significant background levels on the particulate filter 
and in the impinger solutions. Refer to Appendix I for blank correction data. 

Process problems were encountered during the first day of testing on March 25. The 
unit was operated at reduced load due to problems with one of the four induced draft 
fans. The north superheat induced draft fan was out of service during the day. With only 
three induced draft fans in service, maximum load was approximately 280 MW. This 
resulted in an abnormal flue gas distribution through the outlet ducts as well as higher- 
than-normal flue gas temperatures in the south reheat duct. This also resulted in a 
higher flow rate througb the pulse-jet fabric filter due to the flue gas flow controller's 
inability to compensate for changes in gas temperature. This problem was rectified by 
adjusting the controller set point to the correct flue gas flow rate. 

There were other minor fluctuations in baseline operation during each day of testing 
except for March 29. These fluctuations, however, were probably no more significant 
than the day-to-day variability of the unit operation. This variability was due to changes 
in individual burner performance, fuel oil quality, operating personnel, and a number of 
other parameters. 

UILb 
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Reduction in NO, emissions was accomplished by removing various burners from service 
in each furnace and optimizing the amount of excess air. Three of the burners that were 
consistently removed from service during the low-NO, testing, burners 33,34, and 72 
(see Figure 2-3), exhibited poor combustion characteristics relative to the other burners. 
These burners in effect may have biased the baseline NO, levels high due to their poor 
performance. It was readily apparent that the maximum NO, reduction could not be 
achieved by leaving these burners in service and removing burners at other locations. 

The resulting NO, reduction is illustrated in Figure 3-3 for each test day. The values 
plotted in the figure are: 1) the daily average reduction for each sample location in the 
boiler, 2) the average of these four locations, and 3) the composite sample average. The 
composite sample is a combination of all four locations mixed and analyzed as one 
sample. The composite sample should be approximately the same value as the average 
of the four independent sample locations. The daily average reduction is calculated by 
using the baseline NO, concentrations measured each day prior to modifying the boiler 
operation to reduce NO, emissions. As indicated in the .figure, the daily average NO, 
reductions for the April 1-4 test period were 24%, 19%, 22%, and 16%, respectively. 
The NO, reduction for the south side of the reheat furnace was less than the other three 
sections of the unit boiler except for testing on April 4 when an additional burner was 
removed from service on this side of the furnace. 

On April 2, the unit was operated at a normal full load of 340 MW. Five burners were 
removed from service. As during the previous day burners 72 and 74 were removed 
from service in the superheat furnace, and burners 33 and 34 were removed from service 
in the reheat furnace. However, the superheat furnace was smoking more relative to the 
previous day’s operation, and burner 84 appeared to be contributing significantly to the 
problem. Therefore, it was removed from service, also. Due to the sample locations 
being on the reheat side of the furnace, removing this burner on the superheat side from 
service probably had negligible impact on the samples collected. In addition to having an 
extra burner out of service, the recirculation gas flow rate was reduced shortly after 
testing began due to the gas recirculation fan outlet temperature exceeding its recom- 
mended maximum limit. 

No problems were encountered on April 3. The unit was operated at the normal full 
load of 345 MW with four burners removed from service. Burners 33,34,72, and 74 
were again removed from service. 

One potential problem that was identified early in the low-NO, testing was the unsym- 
metrical pattern of the burners removed from service. Specifically, the burners removed 
from service in the reheat furnace 33 and 34) were both on the north side. This resulted 
in the north side of the reheat furnace operating with the desired overfire air configura- 
tion. However, with no burners removed from service on the south side of the reheat 
furnace, this side was firing fuel-rich with no direct source of overfire air introduced 
within the combustion zone. As alluded to earlier, the flue gas was not completely 
mixed as it exited each side of the furnace. This observation was based on CEM gas 
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Results 

concentrations. Since the flue gas samples, with the exception of the Cyclade PSD tests, 
were obtained exclusively from the south reheat duct sample location, there appeared to 
be a potential to bias the sample results due to this burner firing configuration. 

In an attempt to quanti@ this possible bias, an additional day of low-NQ testing was 
conducted on April 4. Again, the unit was operated at a normal full load condition. 
Five burners were removed from service: Burners 33,34,72, and 74, as before, and 
burner 32, which is located on the south side of the reheat furnace. This configuration 
was dif€icult to set up in terms of balancing the air to each furnace to inhibit smoking. 
Also, the fuel oil header pressure was once again above recommended operating limits. 
The pressure was reduced by lowering the load by approximately 4 IKW while tests were 
being conducted. Interestingly, although the overall NO, reduction was lower for this 
burner configuration in comparison to the prior three days of testing, the NQ reduction 
was greater for the south reheat furnace relative to the other sampling locations, as 
illustrated in Figure 3-3. 

PulseJet Fabric Fllter Inlet Gas 

Table 3-5 presents the concentrations of the substances measured in the flue gas entering 
the pilot-scale, pulse-jet fabric filter. Most concentrations are comparable to the concen- 
trations measured at the boiler outlet. The concentration of formaldehyde, which was 
below reporting limits in all of the tests conducted at the boiler outlet, is inexplicably 
above the reporting limits in all three runs at the fabric filter inlet and extremely high in 
Run C. The Run C value is not used in the mean calculation. When compared to all of 
the other formaldehyde values measured, it is an outlier, using Nalimo$s method 
(“Detection of Outliers by Means of NaIimo$s Test, Chemical Engineering, August 6, 
1984, pp. 74). Other aldehydes measured by this method for this sample are also very 
high, indicating an anomalous condition or an analytical problem, presumably the latter. 

PuiseJet Fabric Filter Outlet Gas 

Table 3-6 presents the concentrations of the substances measured at the outlet of the 
pulse-jet fabric filter. Three multi-metals trains were run at this location, but the results 
for all of the FCEM target metals in the solid-phase fraction were below laboratory 
reporting limits (Le., no substances were detected on any of the filters). However a mass 
gain was seen in the probe and nozzle rinse fraction. Filter weight gains were negligible. 
Analysis revealed that the mass was comprised primarily of sulfate, presumably due to 
sulfuric acid condensation in the probe and out-of-stack filter. 

In conjunction with these tests, a single cascade impactor train was run mer the five days 
of sampling (see Figure 3-1) to obtain particle size distribution data. This in-stack device 
had a measurable mass gain in the final stage and the filter. The filter contained 93% of 
the total collected mass (these particles are ~ 0 . 7  microns in diameter). This filter was 
analyzed and detectable quantities of many substances were found at concentrations 
lower than the reporting limits for the Method 5 train. Approximately nine months after 
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this sampling event occurred, the PIFF gas streams were tested by another contractor for 
particulate concentrations. The outlet mass loadings obtained then, using Method 17 (in- 
stack filter), are even lower than the impactor particulate concentration, as shown below. 
During the retest, inlet concentrations were 30 to 60% of the values shown earlier in 
Table 3-5. 

Particulate Concentration 
Samde Method (rnn/Nm’) Comment 

PJFF Outlet 

Method 5 3.7 to 4.1 From Table 3-6 

Cascade Impactor 0.58 From Table 3-6 

Method 17 0.07 to 0.16 Retest 9 months later 

PJFF Inlet 

Method 5 

Method 17 
29-48 From Table 3-5 

7-22 Retest 9 months later 

Therefore, except for chloride, nuoride, mercury, and the organic substances, the mean 
value in Table 3-6 and subsequent tables for PJFF outlet concentrations are based upon 
the single filter analysis of the cascade impactor. All values have also been corrected for 
blank results to account for significant background levels, as discussed in Appendix I. 

Emission Factors 

Table 3-7 presents emission factors, on a unit-energy basis, for the boiler outlet emission 
during baseline and low-NQ operation and for the pulse-jet fabric filter. Boiler outlet 
emission factors were calculated by dividing the mean mass flow rate of a substance by 
the average heat input to the boiler during the test period. Pulse-jet fabric filter emis- 
sion factors were calculated similarly, except that the heat input rate to the boiler was 
scaled down to pilot scale by the ratio of the fabric filter inlet gas flow rate to the total 
boiler outlet gas flow rate. 

Emission factors for many of the trace metals are higher at the boiler outlet during 
baseline operation than duriug low-NQ operation. However, the method used to induce 
low NQ operation at this unit could have influenced the concentrations measured at the 
south reheat duct.” It should not be concluded that low-NO, operation reduces trace 
substance emissions. 
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Control Device Performance 

Table 3-8 presents the average removal efficiency of the pilot-scale pulse-jet fabric filter 
calculated for various substances. 

The average particulate removal efficiency is 983 percent. Most of the trace elements 
were removed quite effectively. As expected, the acid gases and the volatile organic 
compounds, benzene, formaldehyde, and toluene, were not controlled by the particulate 
removal device. A comparison of the confidence intervals about the mean on the inlet 
and outlet confirms this observation. The mercury removal of > 13% is calculated based 
upon the rules stated in the Data Treatment section. Since some mercury was found in 
the inlet gas solid phase and some was found in the outlet gas vapor phase, this calcula- 
tion can be performed, although the value can be questioned. The reporting limit varies 
based on the analytical method, sample volumes, and preparation procedures used. 

Other Species of Interest 

Other substances not on the FCEM list (Table 1-1) but listed in Title III of the CAAA 
of 1990 were also determined by the multi-substance analytical techniques used. These 
concentrations appear in Appendices C and E. Measurements for which the concentra- 
tion of at least one run was above the reporting limit are shown in Table 3-9. 
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Table 3-8 

PulseJet Fabric Fitter Removal Efficiencies 

Substance Removal (96) 
Particulate Matter' 
Arsenic" 
Barium" 
Benzene 
Beryllium" 
cadmium" 
Chloride 
ChrOmiUm" 
Cobalt" 
Copper" 
Fluoride 
Formaldehyde 
Lead" 
Manganese " 
Mercury 
Molybdenum" 
Nickel" 
Phosphorus " 
Selenium" 
Toluene 
Vanadium" 

983 
99.4 
97 
O b  

NC 
NC 
O b  
76 

> 99.9 
98 
O b  

6 
99.5 
85 
> 13 
95 
99.9 
NC 
NC 
O b  

> 99.96 

NC = Not calculated because substance was below reporting limit in inlet stream. 

'Results based on single impador sample at PJFF outlet and average of three Method 5 samples at the PJFF 
inlet. 

bCalculated removal effiaenaes were negative but are shown as WO. 
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Section 4 

DATA ASSESSMENT 

Several procedures can be used to evaluate data quality from a field samplhg program. 
The primary methods to evaluate analytical quality are the traditional QA/W protocols 
of laboratory analysis: comparing the results of duplicates, blanks, standards, and spiked 
samples to the data quality objectives. These procedures are used to assess the effects of 
analytical precision, bias, and potential contamination. Field QA/QC procedures include 
the calibration of sampling equipment and the adherence to standard operating 
procedures. 

Data consistency can be used as another evaluation tool, especially in the evaluation of 
coal, ash, and flue gas flow rates. Material balances for ash and major elements can be 
used to verify self-wnsisteney of stream flows. Material balance closures for trace 
species can be used to decide whether the samples collected were representative with 
respect to the trace element ooncenmtions, and can help to identify analytical biases in 
one or more types of samples. Closures between 70 and 130% are considered desirable. 
Closures outside this range indicate a higher degree of uncertainty or bias in the results. 

QA/QC Summary 

Laboratory Analysis 

The laboratory QA/QC data gathered during this field effort are discussed in detail in 
Appendix H. The results show that the data collected during this field sampling effort 
are valid and usable for the needs of this project. Data quality objectiveS-in terms of 
blank sample purity, aew~cy in adyzing standards, spike rccoverieS, and duplicate 
precision-were met or exceeded for the target analytes with very few exceptions. The 
laboratory QAjQC hdings which potentially impact the data are: 

Field blank HNO,&Q impinger solutions from the multi-metals trains show low 
levels of metals (<5x the reporting limit) for nearly all substances. 

The level of target metals in blank Method 5 filters, while near reporting limits, were 
found to be significant when compared to the low levels found in the gas samples. 
The PJFF outlet impactor filter had significantly lower blank levels. However, this 
identified the need to blank correct all particulate phase samples affected, as 
discussed in Appendix I. 

The recovery of silver and arsenic was low for filters and impingers and high for lead 
for both quality control check samples and spiked samples. 
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Data Assessment 

The duplicate analysis relative percent difference was above the desired value for the 
oil ash measurement. 

Other less significant deviations from the data quality objectives are discussed in Appen- 
dix H. None of these observations are serious enough to discredit the laboratory results. 

Sample Collection 

Key components of the sampling equipment-pitot tubes, thermocouples, orifice meters, 
dry gas meters, and sampling nozzles-were calibrated prior to use in the field and those 
caliirations were checked at the conclusion of sampling. All flue gas samples were 
collected at rates between 90 and 110% of the isokinetic rates. Grab samples of fuel oil 
and atomizing steam were obtained from continually flowing pipes. The solids were 
obtained from the center of the limestone pre-coat bag and the ash hopper. 

Process Stream Flows 

Process stream flows which are presented in th is  report appear to be valid. A combus- 
tion calculation was performed using the mean oil composition, mean oil flow rate, and 
the mean oxygen concentration in the outlet gas to predict a "theoretical" flue gas flow. 
llLw wculareu Y V W  I a b c  46ACZU with elc! est=;;;2t;ed ;3*A Sd&; 23s izte -%isii 10 
percent. The mean flow rate measured at the PJFF outlet was 10-15% higher than that 
measured at the PJFF inlet. Inleakage of air across the PJFF is possible, however, the 
oxygen measurements for both streams do not substantiate this hypothesis. 

Material Balance Results 

At Site 13, three key streams define the overall plant material balauce: the fuel oil, the 
steam condensate (used to atomize the fuel oil), and the boiler outlet flue gas. For the 
pulse-jet fabric filter, the inlet and outlet flue gases and the collected ash define the 
m a t e d  balance. For substances of interest, stream flow and concentration dism3utions 
(average, standard deviation, and number of measurements) were entered into an error 
propagation model to estimate the uncertainty in the overall material balance closure. 
Closure is defined as the ratio of outlet to inlet mass rate. A 100% closure indicates 
perfect agreement. For trace substances, closures between 70 and 130% are the goal for 
the FCEM projen This range reflects the typical level of analytical uncertainty and, 
therefore, allows the investigator to interpret the inlet and outlet stream component mass 
flow rates as being statistidy equivalent. Poor closure values usually indicate an 
analytical problem with one or more types of sample matrices or problems collecting 
representative samples. 

Table 4-1 presents the results of the material balance error propagation analysis. The 
detailed calculations appear in Appendix G. Three separate material balances are 
presented: around the boiler during both baseline and low-NO, operation and around 
the fabric filter during baseline operation. In addition to the FCEM elements of 
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interest, the closures of aluminum, iron, and sulfur, elements that are all present in 
significant concentrations in the fuel oil, are included for comparison. 

The closures of some substances could not be calculated because their concentrations 
were below laboratory reporting limits in one or more key streams. Barium, beryllium, 
cadmium, molybdenum, and selenium concentrations were below reporting limits in the 
fuel oil. The phosphorus concentration was below reporting limits in the boiler outlet 
gas, which prevented the calculation of a boiler material balance. Fabric flter material 
balances for beryllium, cadmium, molybdenum, phosphorus, and selenium were not 
possible because concentrations of these elements were below reporting limits in the 
fabric filter inlet gas. 

Only nickel shows acceptable closure in all three material balances. The data for nickel 
are considered valid and no further discussion is presented. In general, more substances 
showed acceptable closures around the fabric filter than around the boiler, indicating 
better agreement between the flue gas and the collected ash results than between the 
flue gas and the fuel oil results. Most of the substances were measured in the flue gas 
samples and the collected ash samples by the same technique (ID-AES); however, the 
fuel oil was analyzed mainly by I N M  Therefore, the generally poorer closures around 
the boiler may indicate an inconsistency between concentrations measured by INAA and 
those measured by ICP-AES. On the other hand, it may also reflect the greater difficulty 
in getting representative samples of the fuel oil, and especially of the boiler outlet flue 
gas, where only one duct out of four was sampled. 

Substance Discussion 

Although the closures were outside the desired range for most substances, in many 
instances, the uncertainty associated with the closure is large and the 95% confidence 
interval encompasses 100 percent. For many substances, the data are adequate in terms 
of describing the operation of Site 13. More severe inconsistencies exist for chrodum, 
copper, chlorine, fluorine, lead, and mercury. A brief discussion of FCEM target 
elements whose material balance closures were not within the desired range, as well as 
of the organic compounds measured, appears below. 

Arsenic, Cobalt, Manganese, and Vanadium 

Each of these elements has one or more material balance closures slightly outside the 
desirable range; however, the results do not indicate any serious measurement errors that 
would invalidate the results. 

Chloride 

The chloride closure around the fabric filter was within the desirable range, but since the 
collected ash contributes very little to the balance,, the closure merely demonstrates 
agreement between the inlet and outlet gas concentrations. The closure around the 
boiler under baseline operation (140 f 77%) encompasses the desired range, but the 
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closure around the boiler during low-NOx operation (268 f 84%) does not Chloride 
concentrations in the fuel oil were not highly variable and were similar for low-NO, (19 
mg/kg mean) and baseline (15 mg/kg) operation. However, the chloride concentrations 
measured in the boiler outlet gas during low-NO, (2$50 pg/Nm mean) operation are 
significantly higher than those measured during baseline (1,190 pg/Nm mean) opera- 
tion. Since chloride is predominantly present in the vapor phase, it should be distributed 
fairly uniformly throughout the flue gas. The reason for the higher chloride flue gas 
concentrations during low-NOx operation is not readily apparent. Laboratory QA 
information does not indicate possible analytical problems. 

Chromium, Copper, and Lead 

Each of these elements has a closure around the fabric filter within or near the accept- 
able range. However, the closures around the boiler during both baseline and low-NO, 
operation are well below the acceptable range. These low boiler closures reflect an 
inconsistency between the fuel oil concentrations and the boiler outlet concentrations. 
Problems analyzing the fuel oil by INAA, or the flue gas by ICP-AES (GFAAS for lead), 
or both, may be responsible for the low boiler closures. 

Fluoride 

The fluoride closure around the fabric filter was within the desired range, but, as with 
chloride, the collected ash contributes little to the balance, and the closure merely 
indicates agreement between the two flue gas streams. The closures around the boiler 
during both baseline (10 & 16%) and low-NO, (4 f 2%) operation are well below the 
desirable range and indicate problems analyzing the fuel oil, the flue gas, or both. 

Mercury 

Recent FCEM sampling experience with multi-metals trains indicates that, if mercury is 
present, a large portion of the mercury will be trapped in the nitric acid/hydrogen 
peroxide impingers. Review of laboratory anaIysis records indicate that correct proce- 
dures were followed during the preparation and analysis of the nitric aad/hydrogen 
peroxide impingers at Site 13. Mercury concentrations were below or only slightly above 
reporting limits in all of the nitric acid/ hydrogen peroxide impingers, and below 
reporting limits in all but two of the potassium permanganate impinges, which indicates 
that vapor phase mercury was present at very low levels in all gas streams. 

Mercury concentrations in the fuel oil were determined by both INAA and DGA/ 
C V M ,  however, results from the two methods were inconsistent. INAA analyses 
showed that mercury was present in only one sample at a reporting limit of approximate- 
ly 0.03 pg/g whereas DGA/CVAAS analyses of the same fuel oil indicated mercury was 
present at concentrations ranging from 0.09 to 036 pg/g. The INAA results are 
consistent with the low levels of mercury found in the vapor phase and are also compara- 
ble to historical mercury data from the PISCES database for No. 6 fuel oil (mean 
literature value = 0.01 pg/g). Fuel oil mercury concentrations ranging from 0.003 to 
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0.004 mg/kg are calculated when the boiler outlet gas mercury concentrations are 
converted to equivalent fuel oil concentrations. Because of this discrepancy, oil samples 
were retrieved from sample archives and r e - d y e d  by DGA/CVAAS. Four samples 
all reported at 0.03 or 0.04 pg/g. A blank mineral oil sample reported as 0.03 pg/g; 
therefore, the original INAA results are considered to be valid. 

Benzene and Toluene 

The benzene and toluene concentrations at each gas sampling location were comparable, 
considering the variabilities in the individual runs. Mean benzene concentrations ranged 
from 0.9 to 2.0 pg/Nm ’. Mean toluene concentrations ranged from 15 to 5.4 pg/Nm ’. 
Foimaldehyde 

Measurements of flue gas formaldehyde concentrations produced inconsistent results. 
Formaldehyde was not present in concentrations above the reporting limits of approxi- 
mately 7 to 9 pg/Nm ’ in five of six samples at the boiler outlet during baseline and low- 
NO, operation. One concentration of 10 pg/Nm ’, measured at the boiler outlet during 
baseline testing, was barely above the reporting limit. However, five of the six samples 
collected at the fabric filter inlet and outlet (obtained during the boiler baseline testing) 
showed concentrations raneing from 30 to 42 pg/Nm ’. One sample at the fabric filter 
inlet showed a concentration of 2,020 pg/Nm 3, which is much higher than the others and 
is considered an outlier. Acetaldehyde also exhibits this behavior. 

PAHs and Additional POMs 

No PAHs or additional POMs were present in concentrations above reporting limits in 
any of the flue gas samples. 

4-6 

PRELIMINARY DO NOT ClTE OR QUOTE 



Section 5 

EXAMPLE CALCULATIONS 

This section describes the methodology and sample calculations used to develop the 
results discussed in Sections 3 and 4. Specifically, the calculation of stream flow rates, 
mean values, confidence intervals, and unit-energy emission factors are described. 

Stream Flow Rates 

Appendix F contains information about the stream flow rates measured or calculated at 
Site 13 during the sampling trip. Fuel oil feed rates were obtained directly from plant 
meters. The flow rates of the flue gas in the south reheat boiler outlet duct and the 
pulse-jet fabric filter inlet and outlet ducts were measured directly during sampling. The 
total boiler outlet flue gas flow was calculated from the measured south reheat duct flow 
rate, multiplied by 3.45. This factor was derived from two velocity traverses of all four 
boiler outlet ducts, which indicated that the south reheat duct represents 29% of the 
total flue gas flow. The flow rate of ash collected by the pulse-jet fabric filter was 
calculated from a particulate balance around the fabric filter, using the measured 
particulate loadings and gas flow rates of the inlet and outlet flue gas streams. The flow 
rate of steam used to atomize the fuel oil was calculated to be 1.2% of the measured 
main steam flow rate for the unit, based on burner design specifications supplied by the 

Unit Energy Emission Factor Calculation 

In addition to the gas phase concentrations, a unit-energy basis emission factor was also 
developed for each substance. These values were determined by dividing the mass flow 
rate of a substance (mean concentration times'mean flow rate) by the mean heat input 
to the boiler during testing. The mean heat input was obtained from the product of the 
mean fuel oil flow rate and the mean higher heating value ("v) of the fuel. 

As an example, we have presented the calculation of the emission factor for arsenic from 
the boiler outlet during baseline operation. The mean fuel oil flow rate during baseline 
operation is 156,000 Ib/hr, and the mean HHV is 19,OOO Btu/lb. Multiplying these two 
values produces a mean heat input of 29 x 10 Btu/hr. The mean arsenic mass flow 
rate, the product of the mean arsenic concentration, 7.7 pg/Nm 3 ,  and the mean gas flow 
rate, 1,260,000 Nm /hr, is 9.7 x 10 pg/hr, or 0.021 lb/hr. When the mean mass flow 
rate is divided by the mean heat input, an emission factor of 72 lb/10 '' Btu is obtained, 
as shown in Table 3-7. 

utility. 
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Example Calculations 

The equations in Appendix 0 were use to calculate the 95% confidence intervals for the 
emission factors. For each parameter (flue gas flow rate, concentration, oil flow rate, 
and HHV) the mean, standard deviation, number of points, and bias estimates were used 
to calculate the combined uncertainty in the mean emission factors. 
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Btu 
CAAA 
CI 
CVAAS 
DGA 
DQO 
ds& 
ESP 
FCEM 
GFAAS 
HGAAS 
HHV 
IC 
ICP-AES 
ID 
MDL 
MSD 
Mw 
INAA 
NBS 
NC 
Nm ' 
NR 
PAH 
PJJT 
POM 
PSD 
QA/Qc 
RPD 
SIE 
voc 
VOST 

. 
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British Thermal Unit 
Clean Air Act Amendments 
Confidence Interval 
Cold Vapor Atomic Absorption Spectroscopy 
Double Gold Amalgamation 
Data Quality Objectives 
Dry Standard Cubic Feet per Minute (1 atm, 68°F) 
Electrostatic Precipitator 
Field Chemical Emissions Monitoring 
Graphite Furnace Atomic Adsorption Spectroscopy 
Hydride Generation Atomic Absorption Spectroscopy 
Higher Heating Value 
Ion Chromatography 
Inductively Coupled Plasma-Atomic Emission Spectroscopy 
Induced Draft 
Method Detection Limit 
Matrix Spike Duplicate 
Megawatt 
Neutron Activation Analysis 
National Bureau of Standards 
Not Calculated 
Dry Normal Cubic Meter (1 atm, OOC) 
Not Reported (below reporting limit) 
Polynuclear Aromatic Hydrocarbons 
pulse-Jet Fabric Filter 
Polycyclic Organic Matter 
Particle Size Distribution 
Quality Assurance/Quality control 
Relative Percent Difference 
Selective Ion Electrode 
Volatile Organic Compound 
Volatile Organic Sampling Train 
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Appendix A 

Detailed Sample Collection/Preparation/Analysis Tables 
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Baseline Data Used In Calculations 
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Key to Data Flags 

Flag Description 

@ 
E 

Less than five times the reporting limit. 
Estimated analyte result greater than calibration range. 

NA Not analyzed. 
R 
< 

Reported in blank, corrected in sample result. 

Less than the reporting limit. 
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Appenda B 

Methods Key 

Method DescriDtion Method Code 
824swNT1 
827SSNT1 
827SWNT1 
AGESWNOO 

ALDELKAS 
ALESWNOO 

ASGSSAOO 
ASHRWAOO 

BAESWNOO 

BEESWNOO 

B-ESWNOO 

CAESWNOO 

CDGSSAOO 
CDGSWAOO 
cDGsw000 
CLIESNOO 
CLIFWNOO 
COESWNOO 

 WOO 

CUESWNOO 

D2361 
D2795 
D3302 
D3761 
D4326 

PRELIMINARY 

Gas Chromatography/Mass Spectroscopy 
Gas Chromatography/Mass Spectroscopy 
Gas Chromatography/Mass Spectroscopy 
Inductively Coupled Argon Plasma Emission 
Spectrophotometry 
High Performance Liquid Chromatography 
Inductively Coupled Argon Plasma Emission 
Spectrophotometry 
Graphite Furnace Atomic Absorption Spectrophotometry 
Hydride Generation Atomic Absorption 
Spectrophotometry 
Inductively Coupled Argon Plasma Emission 
Spectrophotometry 
Inductively Coupled Argon Plasma Emission 
Spectrophotometry 
Inductively Coupled Argon Plasma Emission 
Spectrophotometry 
Inductively Coupled Argon Plasma Emission 
Spectrophotometry 
Graphite Furnace Atomic Absorption Spectrophotometry 
Graphite Furnace Atomic Absorption Spectrophotometry 
Graphite Furnace Atomic Absorption Spectrophotometry 
Ion Chromatography 
Ion Chromatography 
Inductively Coupled Argon Plasma Emission 
Spectrophotometry 
Inductively Coupled Argon Plasma Emission 
Spectrophotometry 
Inductively Coupled Argon Plasma Emission 
Spectrophotometry 
Parr Bomb Digestion/Potentiometric Titration 
Parr Bomb Digestion/Visible Spectrophotometry 
Oven Drying 
Parr Bomb Digestion/Ion Selective Electrode 
X-ray Fluorescence 
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Method Code 
FEESWNOO 

F - SESAOO 
GFAA 
HGAA 

HGC - SNOO 
HGC - WNOO 
HHV 
HPLC 
I39RWNOO 

IC 
ICP 

ICPSSNOO 

ICPSWNOO 

K - ESWNOO 

MGESWNOO 

M " o 0  

MOESWNOO 

NAA 
NAESWNOO 

NaOH FUS 
PBGSSAOO 
PBGSWAOO 
PBGSWOOO 
P - ESWNOO 

PRELIMINARY 

Method Descnotion 
Inductively Coupled Argon Plasma Emission 
Spectrophotometry 
Ion Specific Electrode 
Graphite Furnace Atomic Absorption Spectrophotometry 
Hydride Generation Atomic Absorption 
Spectrophotometry 
Cold Vapor Atomic Absorption Spectrophotometry 
Cold Vapor Atomic Absorption Spectrophotometry 
Adiabatic Bomb Calorimetry 
High Performance Liquid Chromatography 
Inductively Coupled Argon Plasma Emission 
Spectrophotometry 
Ion Chromatography 
Inductively Coupled Argon Plasma Emission 
Spectrophotometry 
Inductively Coupled Argon Plasma Emission 
Spectrophotometry 
Inductively Coupled Argon Plasma Emission 
Spectrophotometry 
Inductively Coupled Argon Plasma Emission 
Spectrophotometry 
Inductively Coupled Argon Plasma Emission 
Spectrophotometry 
Inductively Coupled Argon Plasma Emission 
Spectrophotometry 
Inductively Coupled Argon Plasma Emission 
Spectrophotometry 
Neutron Advation Analysis 
Inductively Coupled Argon Plasma Emission 
Spectrophotometry 
Inductively Coupled Argon Plasma Emission 
Spectrophotometry 
Sodium Hydroxide Fusionfion Chromatography 
Graphite Furnace Atomic Absorption Spectrophotometry 
Graphite Furnace Atomic Absorption Spectrophotometry 
Graphite Furnace Atomic Absorption Spectrophotometry 
Inductively Coupled Argon Plasma Emission 
Spectrophotometry 
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Method Code 
PROXIMAT 
SEHRSNOO 

SEHRWNOO 

SFIFWNOO 
SLESWNOO 

S"O0 

SRESWNOO 

s - ESWNOO 

TIESSNOO 

TIESWNOO 

TPOEST 
TPOEWJ 
TPORSNOO 
'ITSRSNOO 
ULTIMATE 
VSTSAOT2 
v - ESWNOO 

z " o 0  

AC DISS 
AQ 
IMP 
OVEN DRY 

Method DescriDttion 
Oven Drying, Oven Heating, Ignition 
Hydride Generation Atomic Absorption 
Spectrophotometry 
Hydride Generation Atomic Absorption 
Spectrophotometry 
Ion Chromatography 
Inductively Coupled Argon Plasma Emission 
Spectrophotometry 
Inductively Coupled Argon Plasma Emission 
Spectrophotometry 
Inductively Coupled Argon Plasma Emission 
Spectrophotometry 
Inductively Coupled Argon Plasma Emission 
Spectrophotometry 
Inductively Coupled Argon Plasma Emission 
Spectrophotometry 
Inductively Coupled Argon Plasma Emission 
Spectrophotometry 
Visible Spectrophotometry 
Visible Spectrophotometry 
Visible Spectrophotometry 
Leco Total Sulfur Analysis 
Combustion/Gas Absorption, Digestion/Titration, Ignition 
Gas Chromatography/Mass Spectroscopy 
Inductively Coupled Argon Plasma Emission 
Spectrophotometry 
Inductively Coupled Argon Plasma Emission 
Spectrophotometry 
Acid Dissolution/Ion Chromatography 
Ion Specific Electrode 
Ion Specific Electrode 
Oven Drying 
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Baseline Data Not Used In Calculations 
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Low-NOx Data Used In Calculations 
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Low-NO, Data Not Used In Calculations 
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Process Stream Flows and Flue Gas Sampling Data 
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Table F-1 

Process Stream Flows at Sie 13 

Stream 

Fuel Oil (lb/hr) 

Atomizing Steam (lb/hr) 

Fabric Filter 
Collected Ash (lb/hr) 

South Reheat Duct 
Gas (dscfm) 
Total Boiler Outlet 
Gas (dscfm) 

Fabric Filter Inlet 
Gas (dscfm) 
Fabric Filter Outlet 
Gas (dscfm) 

PRELIMINARY 

Baseline Testing 

Mean 

156,000 11,800 

26,400 2,460 

Flow Rate Std. Dev. 

0398 0.097 

227,000 4 3 0  

784,000 14,700 

2,860 171 

3,300 59 

Low NO Testing 

Mean 
Flow Rate Std. Dev. 

163,000 4,660 

28,100 1,120 

237,000 5,250 

818,000 18,100 
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Appendix F 

PARAM- 

MULTI-METALS 

PJFF Inlet PJFF Outlet Boiler Outlet 

03129191 03/29191 -1 
62652 DSCF 

Me 
OF, aandard Meter Volume 6834 DSCF 75.229 DSCF 

percent Flue Gas Moisture 
Flue Gas Molecular Weight (Wet) 
Average Gas Velocitv 
~verage Flue Gas Flow Rate 
Average Flue Gas Flow Rate 

oxygen= 
Wnetic samplina Rate 

Total M 0.0878 
entration 

Paniculateateconcemration 
Paniculate unisim 
lrnpinger Volumes Qmp 182) 
lmpinger Volumes Bmp 3 W  

10.07 96 7.21 PI 10.56 % 

28.65 plomale 28.91 28.64 olemole 
4232 W a c  50.5 W a c  
4 S 1  ACFM 5.073 AcRI 
2.690 DSCfM 3.347 DscfM 233.623 DSCFM 
l a 4  46 94.3 46 

55.76 W a c  
330.196 AcfM 

100.4 W 
7.5 % 6 %  6 %  

ORma 0.0087 9- 0.0879 ORms a g o f P ~  BSOIIQS 
0.0197 orlDscF 0.0018 ormSCF 0.0217 0r-F 

0.05 lbhr 43.36 lbmr 0.45 lmr 
744.4 Drmr 
576.6 grams 

745.3 gram. 706.2 gnms 
576.1 grams 575.6 ORms 
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Appendk F 

Multi-Metals 

PARAM€ER Boiler Outlet 

Date W2191 
Dry Standard Meter Volume 69.467 DSCF 
Percent flue Gas Moisture 10 96 

Flue Gas Molecular Weight (wet) 28.76 afg-mdo 
A~WGasVeiOCHY 55.32 nlmc 
Awaw flue Gas Flow Rate 235,642 DSCFM 
lsokinetic Sampling Rate 101.2 % 
oxygen Concentration 7 %  
Tdal M a s  Of Paniculate SOlldS 0.0645 prams 
Particulate Concentration 0.0143 orlDSCF 
Panculate Emlsiw 28.95 IMU 
lmpinger Volumes (imp 182) 765.7 gnma 

lmpinger Volumes (imp W) 550.6 gmna 

PARAMETER Boiler Outlet 

Date 04/03/91 
Dry Standard Meter Volume 72.958 DSCF 
Percent flue Gas Motsture 10.07 % 

,..a,,*" UC." ."U'., 

Average flue Gas Flow Rate 241.480 DSCFM 

Flue Gas Molecular Weight (wet) 28.85 g/gp-mdE 

lwkinetic Sampling Rae 101.8 % 
cutcentration 5.5 % 

56.S fvmc a.. ."I.. C",. \,A&-*.. 

Total Mass of Pantcuiate solids 
Particulate Concentration 0.0181 grlDSCF 
Particulate Emim 37.62 lbhr  

0.0859 grams 

lmpinger Volumes (imp 182) 746.9 O m s  
lmpingef Volumes (imp Si4) 560.4 g m s  

PARAMETER Boiler Outlet 

Ddte 04/04/91 

Percent flue Gas Moisture 9.86 % 

Flue Gas Molecular Waght (m) 
Average Gas Velocity 55.06 W a c  

ox ye en^ emration 5.5 9b 

Dry standard Meter Volume 70.136 DSCF 

28.87 olemol. 

Average Flue Gas Flow Rate 237,439 DSCW 
lsokinetlc Sampling Rate 101.4 % 

Total M a s  of Particulate Sollds 
Particulate Concentration 0,0170 grlDSCF 
particulate Emissions 34.67 lbmr 
hplnger Volumesgmp iez) 804.6 gram 
lmpinger Volumesfimp W) 517.1 gmns 

0.0774 grams 
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PARAM- 

MODIFIED METHOD 5 

PJFF Inlet PJFF Outlet 

Appendbc F 

Boiler Outlet 

Date 3/25/91 3/25/91 3/25/91 
Dry Standard Meter Volume 66.071 DSCF 75.135 DSCF 54.833 DSCF 
percent flue Gas Moisture 10.11 96 8.51 96 10.41 96 
flue Gas Molecular Weight (wet) 28.55 glgmde 28.8 glg-mole 28.68 glmol. 
Average Gas Velocity 46.82 Nrs 51.82 Nrs 55.85 WOK 

Average flue Gas flow Rate 4.703 ACFM 5.206 ACFM 390.840 ACFM 
Average flue Gas flow Rate 2.853 DSCFM 3,235 DSCFM 224,852 DSCFM 
lsokinetic Sampling Rate 1023 96 99.0 96 103.4 96 

PARAMmR PJFF Inlet PJFF Outlet Boiler Outlet 

Date Y2W91 3/26/91 3/26/91 
Dry Standard Meter Volume 70.900 DSCF 73.09 DSCF 54.812 DSCF 
Percent Flue Gas Moisture 9.56 96 8.51 96 10.41 96 

flue Gas Molecular Weight (wet) 28.89 glgmde 28.61 glg-mde 28.68 N W  
Average Gas Velocity 46.51 Nrs 50.49 NOK 54.12 ukec 
Average Flue Gas flow Rate 4,672 ACFM 5.072 ACFM 378.770 ACFM 
Average flue Gas Flow Rate 2.980 DSCFM 3,187 DSCFM 233.536 DSCFM 
bkinetic Sampling Rate 103.9 96 97.8 96 96.7 96 . .  . .  ::;. : . .  . ,  . .  . 

. .  . .  . .  . .  . : :.  . .  . . . . . .  
. .  ... 

. ,  :. . . .  : . ,  . .. . 
PARAMETER PJFF Inlet PJFF Outlet Boiler Outlet 

Date 3/27/91 3/27/91 3/27/91 
Dry Standard Meter Volume 68.535 DSCF 76.129 DSCF 59.729 DSCF 
Percent Flue Gas Moisture 10.07 96 8.66 96 10.41 96 

Average Gas Velocity 46.08 WOK 5281 Nrs 5294 Rlrs 
Average flue Gas flow Rate 4.628 ACFM 5.305 ACFM 370.475 ACFM 
Average Flue Gas flow Rate 2.969 DSCFM 3,503 DSCFM 226518 DSCFM 

Flue Gas Molecular Weight (wet) 28.65 glpmde 28.74 glg-mds 2a7s 01- 

lsokinetic Sampling Rate 1W.8 96 92.6 96 96.8 96 

PARAMmA PJFF inlet PJFF Outlet Boiler Outlet 

Date 3/28/91 3/28/91 3128191 
Dry Standard Meter Volume 68.627 DSCF 75.202 DSCF 60.511 DSCF 
Percent Flue Gas Moisture 9.56 pb 8.66 96 10.56 96 

flue Gas Molecular Weight (wet) 28.82 g/gmde 28.71 dg-mde 28.7 N o - m k  
Average Gas Velocity 45.93 WOK 51.76 Nrs 56.48 Nrs 
Average Flue Gas Flow Rate 4,613 ACFM 5.199 ACFM 386.839 ACFM 

lsokinetic Sampling Rate 103.2 96 96.3 96 95.7 96 
Average flue Gas Flow Rate 2,905 DSCFM 3.328 DSCFM 235.075 DSCFM 
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MODIFIED MOHOD 5 

PARAMETER Boiler Outlet 

Date 04/01/91 
Drv Standard Meter VOlUme 59.6 DSCF 
Percent flue Gas Moisture 10 46 
Flue Gas Molecular Weight (wet) 
Average Gas Velocity 59.52 Naec 
Average flue Gas flow Rate 247.562 DSCW 
lsokinetic Sampling Rate 99.2 qb 

PARAMETER Boiler Outlet 

Data 

28.76 OlpmoIe 

PA.RAMrnR . . ... . .../... : , .. ,,..... 
Boiler Outlet 

Date 04/03/91 

Percent flue Gas Moisture 10.07 qb 

Average Gas Velocity 54.66 Wt.s 
Average Flue Gas Flow Rate 235,088 DSCFM 

Dry Standard Meter Volume 62215 DSCF 

Flue Gas Molecular Weight (wet) 28.85 glgmds 

lsokinetic Sampling Rate 106.4 46 
. .  

PARAMmR Boiler Outlet 
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Meter Robe Bar. asVOlUme Pair Start Stop Volume 
R u n ~ o .  NO.  ate Time Time atMeter f f i ~ c ~  ~ e m p  Temp Pressure Collected 

0 (dWF) ( d W 0  0n.W ( a d 0  

Boiler Outlet A 03/26/91 1750 1830 20.00 1.037 66 263 30.6 21.29 
5.34 
1.07 

RUN NO.l B 03/26/91 1834 1844 
c 03/26/91 1849 1851 

1.037 64 
1.037 63 

.... . .  . . .  . . . .  . . .  . .  
. .  

. . .  . . . . . . . . .  
. .  

Boiler Outiet A 03/27/91 1531 1611 
RUN N0.2 B 03/27/91 1618 1628 

C 03/27/91 1640 1642 

. . . . . . .  . . .  ... . .  . .  
Boiler ouilet" A 03/28/91 1641 1721 
RUN N0.3 B 03/28/91 1729 1739 

c 03/28/91 1745 1747 

5.00 
1 .00 

20.22 
5.00 
1.00 

21.04 
5.18 
1.00 

Baghouse Outlet A 03/26/91 1651 1731 20:02 
RUN ~ 0 . 1  B 03/26/91 1734 1744 

c 03126/91 1748 1750 

. . . . . . .  . , . ,  . . . . .  . . . . .  . . . . .  . .  
Baghouse Outlel A ' '  03/27/& 1535 1615 
RUN N0.2 B 03/27/91 1632 1642 

C 03/27/91 1715 1717 

. . .  . . . . .  . . . . . .  . . . . .  . . . . . . . . . . . . .  . . . . .  . . . . . . .  . .  . . ::. : . .  
&ghouseoutrer A -1 

1647 1727 
RUN N0.3 B 03I2w1 17% 1744 

c 03/28/91 1805 1807 

. . . .  . .  . .  

Baghouseinlet A W 9 i  ' . 1650 1730 
RUN NO.l E 03/26/91 1735 1745 

c 03/26/91 1750 1752 

. .  . . . . .  .. . . .  ... : . .  . . .  . . . . . . . . . . . . . . . . . . . . . . . .  
Baoho&'lniet ' A 03/27/91 1530 1610 
~ ~- 
RUN NO2 B 03/27/91 1634 1644 

c 03/27/91 1715 1717 

. . .  
. . .  . . .  . . . .  . . . . . . .  :,.. . . ~  . . . .  . . . . . . . . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . . . .  

kghouselnlet A 03/28/91 1655 1735 
RUN N0.3 E 03/28/91 1800 1810 

c 03/28/91 1821 1813 

1.037 68 
1.037 72 
1.037 71 

1.037. 87 
1.037 84 
1.037 83 

270 30.6 
250 30.6 

288 30.15 
270 30.15 
260 30.15 

259 29.92 
260 29.92 
256 29.92 

5.00 
1.00 

20. 00 
5.00 
1.00 

20.01 
5.07 
1.02 

20.01 
5.02 
1.10 

20.00 
5.00 
1.00 

20.01 
5.10 

21.13 
5.19 
1.04 

21.06 
5.21 
1.01 

1 .038 57 293 30.6 21.71 
1 .038 
1.038 

1.038 
1.038 
1.038 

1.038 
1.038 
1.038 

0.996 
0.996 
0.996 

0.996 
0.9% 
0.9% 

0.996 
0.996 

1.01 0.996 

~~ ~ 

57 283 30.6 5.42 
55 291 30.6 1.09 

. .  .. , . 

62 279 30.15 21.16 
66 281 30.15 5.25 
64 ' 280 30.15 1.05 

. . .  .... . . . . . . .  . . .  
. .  . .  . . .  ' ..:,: . . .  

84 2al 29.92 20.16 
82 280 29.92 5.13 
80 280 29.92 1.04 

, .  . .  
. . . . . .  

55 274 30.06 20.53 
55 278 30.06 5.15 
55 218 30.06 1.13 

...... . .  ......... .................. .......... ....... ~ , ,  .,: :.... : 

64 283 30.15 20.25 

. . . . . . . . .  .~. . ,:<...: ............ . . . . . .  . . . . . . . . .  .,: . . . . . . . .  . . . . .  ~ ~ . . .  .......................... 

66 280 30.15 5.04 
65 276 30.15 1.01 

< . . . . . . . . . . . . . . . . . . . . .  .: . . .  ,:.:. .. .:. ................ ;. ... ,;... 
85 281 29.92 i9.31 
83 280 29.92 4.94 
82 279 29.92 0.98 

. .  . .  . . . . .  
. .,.. ............................. 
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VOST DATA 

Pair Stan Stcg Volume Meter Probe Bar. asVolume 
Run No. N a  Date l ima l ime atMeter DGMCF Temp Temp PreSure collected 

0) (dW0 0 n . W  (SldI) 

Boiler Outlet A 04/1/91 1248 1328 20.03 1.037 64 273 30.12 21.07 
RUN NO.l B 04/1/91 

c 04/1/91 

. .. . . . ...: . . . . . . . . . . . . . . .  
Boiler Outlet A 04/02/91 
RUN N0.2 B 04/02/91 

c 04/02/91 

. . .  . .  .,. . 
Boiler outlet A W W 9 1  
RUN N0.3 B 04/03/91 

c 04/0391 

. .  . .  ~ . .  . .  - ....- .._. A xx9i 
RUN N0.4 B 04/04/91 

c 04/04/91 

DUllt.1 U U l l W l  

~~ ~ ~ ~~ 

. .:: 

PRELIMINARY 

1333 
1 350 

1350 
1440 
1455 

1142 
1231 
1249 

-""- 
law 

1351 
1407 

1343 
1352 

1430 
1450 
1457 

1222 
1241 
1251 

.^.- 
I J*J 

1401 
1409 

4.98 1.037 63 
1.00 1.037 64 

20.00 1.037 68 
5.00 1.037 70 
1.05 1.037 70 

20.00 1.037 85 
5.00 1.037 84 
1.00 1.037 84 

-- i G . O t  i.GS7 I Y  

5.00 1.037 79 
1.00 1.037 80 

272 
277 

267 
261 
264 

261 
272 
264 

253 
260 
268 

~ 

30.12 
30.12 

30.17 
30.17 
30.17 

30.52 
30.52 
30.52 

SG.55 
30.55 
30.55 

5.25 
1.05 

20.93 
5.21 
1.09 

20.50 
5.13 
1.03 

20.76 
5.19 
1.04 

F-16 
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ANIONS 

PJFF Inlet PJFF Odet Boiler Outlet 

Dty Standard DIY Standard hys- 
Meter Volume Meter Volume ~ e t e r  volume 

wm1 64.303 DSCF €6.250 DSCF 60.688 DSCF 
03127191 64.582 DSCF 63.987 DSCF 60.460 DSCF 

62.165 DSCF 71.799 DSCF 58.946 DSCF wm1 
Filter Weight Filler Weight Filter weight 
Gain Gain Gain 

w25nl 0.0356 gms 0.0027 gms 0.0271 oms 

0.0354 oms w27/91 0.0425 gmr 0.0013 gmr 
03/29/91 0.0678 gmr 0.0025 gmt 0.0462 oms 

lmpinger 
volume 

lmpinger 
volume 

lmpinger 
volume 

03125191 669.0 g 639.1 g 659.0 g 

W29/91 670.5 g 657.4 g m 7  9 
W 9 1  630.2 g 621.5 0 710.7 0 

. . . . .  ... . . . .  . . . . . . .  . . .  . . . . . .  . . . . . . .  
: . 

. . .  . . . .  . . . . .  . . .  . . .  . : 
. .  . . . . . .  

. : 

. . . . .  0 : :  .:: .::: . .  
: . 

ALDEHYDES 

Dry Standard Dry Standard Dry-ard 
Meter Volume Meter Volume Meter Volume 

03125191 14.062 DSCF 13.967 DSCF 10.271 DSCF 
10.065 DSCF 032791 12267 DSCF 12900 DSCF 

W29/91 11.883 DSCF 12.302 DSCF 9.W DSCF 

PRELIMINARY 
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ANIONS 

Boiler Outlet 

Dry Standard 
Meter Volume 

, 04/01/91 61.855 DSCF 
04/02/91 62,601 DSCF 
04/03/91 63.640 DSCF 
04/04/91 59.491 DSCF 

Filter WeigM 
Gain 

0.0960 gms 04/01/91 
04/02/91 0.0656 gma 

0.0791 oms w1w91 
0.0621 gme 04/04/91 

lmpinger 
volume 

04/01/91 670.5 o 
04/02/91 ~ 628.9 g 

04/03/91 673.7 g 

04/04/91 626.6 o 

PRELIMINARY 

ALDEHYDES 

Mystandard 
Meter Volume 

04/02/91 12943 DSCF 
04/03/91 13.165 DSCF 
WOW91 12.400 DSCF 
04/04191 12319 DSCF 
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Uncertainty Analysis and Material Balance Tables 
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An error propagation analysis was performed on calculated results to determine the 
contribution of process, sampling, and analytical variability, and measurement bias, to the 
overall uncertainty in the result. This uncertainty was determined by propagating the 

bias and precision error of individual parameters through the calculation of the results. 

This uncertainty does not represent the total uncertainty in the result since many 
important bias errors are unknown and have been assigned a value of zero for this 
analysis. Also, this uncertainty is only the uncertainty in the result for the period of time 
that the measurements were taken. 

This method is based on ANSI/AsME PTC 19.1-1985, "Measurement Uncertainty." 

Nomenclature 

Calculated result; 
Sample standard deviation of parameter i; 
Sensitivity of the result to parameter i; 
Bias error estimate for parameter i; 
Degrees of freedom in parameter i; 
Degrees of freedom in result; 
Precision component of result uncertainty; 

Bias component of result uncertainty; 
Student Y factor (two-tailed distribution at 95% confidence); 

Uncertainty in r; and 
Number of measurements of parameter i. 

For a result, r, the uncertainty in r is calculated as: 

PRELIMINARY 

u r =Jm 
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The components are calculated by combining the errors in the parameters used in the 

result calculation. 

s = (ei*%? 
I 1' i=l 

(3) 

aI e. = - 
l a p i  

Or using a perturbation method (useful in computer applications): 

fli + APi> - 
A =  

APi -i 

The standard deviation of the average for each parameter is calculated as: 

G 4  

PRELIMINARY 
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The degrees of freedom for each parameter is found from 

vi = Ni-1 

and the degrees of freedom for the result is found by weighing the sensitivity and 
precision error in each parameter. 

The student "t" in Equation 1 is associated with the degrees of freedom in the result. 

The precision error terms are easily generated using collected data The bias error 

terms are more difticult to quantify. The following conventions were used for this 
report: 

0 

e 

5% bias on fuel oil and fabric filter collected ash flow rates. 

No bias in gas flow rates. 

e No bias in analytical results if the result is greater than the reporting limit. 
One-half of the reporting limit is used for both the parameter value and its 
bias in calculations if the result is below the reporting limit. 

G-5 
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The flow rate bias values are assigned using engineering judgment. No bias is assigned 
to the analytical results (above the reporting limit) or gas flow rate since a good estimate 

for magnitude of these terms is unknown. These bias terms may be very large (relative 

to the mean values of the parameters) and may represent a large amount of unaccounted 

uncertainty in each result. Analytical bias near the instrument detection l i t  may be 
especially large. The uncertainty values calculated for this report are, therefore, subject 

to these limitations. 

An example of the calculation of confidence intervals is below. 

Confidence Interval Calculations 

Confidence intervals (CIS) were calculated for the mean concentrations in the oil and all 
gas streams. In addition, confidence intervals were determined for the stack gas 
emission factors presented in Table 3-7. 

. 

~ 
~ 

Cis for Stream Concentrations 

For cadmium in the boiler outlet gas during low-NO, operation, the 95% CI is calcu- 
lated using the equations presented above. The 95% CI about the total mean for the 

sum of two values can be represented by: 

where: 

U,, = 95% CI for the total concentration; 

u, PAKT = 95% CI for the particulate phase; and 

G-6 
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U, = 95% CI for the vapor phase. 

The 95% CI for each phase is given by: 

where: 

u, = 

8 =  

t =  

5= 

N =  

95% CI for each phase; 

Bias component; 

Student’s t factor for 975 percentile (one-tail) and N-1 degrees of 
freedom; 

Standard deviation of the individual run measurements; and 

Number of measurements. 

The three sets of concentration data (in pg/Nd) for arsenic in the boiler outlet gas 
shown in Table 3-3 were: 

Particulate 

Vapor 

Total 

-B 

7.0 

NR(l.l) 

7.0 

-D - Run E 

8.1 8.0 

NR(0.66) NR(0.74) 

8.1 8.0 

G-7 
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For this set of data, the average value was calculated by adding zero to the particulate 

concentration and obtaining the mean [ 7.0 + 8.1 + 8.0 ] / 3 = 7.7 

For the individual run totals, the standard deviation (&) equals 0.63. 

The bias for the nean is found by roat-sum-squaring the product of bias error and the 
sensitivity from each run. According to the conventions listed in Section 3, no bias error 

is assigned to values above reporting limits, whereas a bias error of one-half of the 

reporting limit is assigned to values below reporting limits. The sensitivities of the mean 
to each run is this case is 1/N = 113. 

~~ = o  ~ 

The total uncertainty in the result is found from equation 10. 

= 1.6 

This is the 95% CI shown in Table 3-3 for arsenic. Similar calculations were pexformed 
to determine the confidence intervals for all other values. 

PRELIMINARY 
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In addition to the assumptions about bias error referred to above, the calculations also 
assume that the population distribution for each measurement is normal and that 
samples collected reflect the population. 

Also, the uncertainty calculated is only for the average value over the sampling period. 

The uncertainty does not represent long-term process variations. In other words, the 
calculated uncertainty does not include a bias term to reflect the fact that the sampled 
system was probably not operating (and emitting) at conditions equivalent to the average 
conditions for that system over a longer period. 

Improvements in bias estimates will be made as more data is collected and the QA/QC 

database is expanded. Spike and standard recoveries can be used to estimate analytical 

bias. Also, as the analytical methods improve, accuracy will improve, resulting in the 
true bias of the analytical results being closer to the zero bias now assigned. 

Accounting for long-term system variability will require repeated sampling trips to the 
Same location. 

The tables which follow this discussion are the computer-generated results from the 
material balance error propagation. Three material balances were performed: around 

the boiler during both baseline and low-NO, operation and around the fabric filter 
during baseline operation. Each table provides the results for an individual element, 
For example, the table on page G-10 shows that the average material balance closure for 
aluminum around the boiler during baseline operation is 175%, with a total absolute 

uncertainty of 61%. The individual contributions to the uncertainty are also shown, with 
the input variables sorted in descending order of error contribution. 

PRELIMINARY 
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Section 4 

DATA ASSESSMENT 

Several procedures can be used to evaluate data quality from a field sampling program. 
The primary methods to evaluate analytical quality are the traditional QA/QC protocols 
of laboratoq analysis: comparing the results of duplicates, blanls, standards, and spiked 
samples to the data quality objectives. These procedures are used to assess the effects of 
analytical precision, bias, and potential contamination. Field QA/QC procedures include 
the calibration of sampling equipment and the adherence to standard operating 
procedures. 

Data consistency can be used as another evaluation tool, especially in the evaluation of 
coal, ash, and flue gas flow rates. Material balances for ash and major elements can be 
used to veri@ self-consistency of stream flows. Material balance closures for trace 
species can be used to decide whether the samples collected were representative with 
respect to the trace element concentrations, and can help to identify analytical biases in 
one or more types of samples. Closures between 70 and 130% are considered desirable. 
Closures outside this range indicate a higher degree of uncertainty or bias in the results. 

QA/QC Summary 

Laboratory Analysis 

The laboratory QA/QC data gathered during this field effort are discussed in detail in 
Appendix H. The results show that the data collected during this field sampling effort 
are valid and usable for the needs of this project. Data quality objectives-in terms of 
blank sample purity, accuracy in analyzing standards, spike recoveries, and duplicate 
precision-were met or exceeded for the target analytes with very few exceptions. The 
laboratory QA/QC findings which potentially impact the data are: 

Field blank HNQ /&C+ impinger solutions from the multi-metals trains show low 
levels of metals (<5x the reporting limit) for nearly all substances. 

The level of target metals in blank Method 5 filters, while near reporting limits, were 
found to be significant when compared to the low levels found in the gas samples. 
The PJFF outlet impactor filter had signi6cantly lower blank levels. However, this 
identified the need to blank correct all particulate phase samples affected, as 
discussed in Appendix I. 

The recovery of silver and arsenic was low for filters and impingers and high for lead 
for both quality control check samples and spiked samples. 

4-1 
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Data Assessment 

The duplicate analysis relative percent difference was above the desired value for the 
oil ash measurement. 

Other less significant deviations from the data quality objectives are discussed in Appen- 
dix H. None of these observations are serious enough to discredit the laboratory results. 

Sample Collection 

Key components of the sampling equipment-pitot tubes, thermocouples, orifice meters, 
dry gas meters, and sampling nozzles-were calibrated prior to use in the field and those 
calibrations were checked at the conclusion of sampling. All flue gas samples were 
collected at rates between 90 and 110% of the isokinetic rates. Grab samples of fuel oil 
and atomizing steam were obtained from continually flowing pipes. The solids were 
obtained from the center of the limestone pre-coat bag and the ash hopper. 

Process stream Flows 

Process stream flows which are presented in this report appear to be valid. A combus- 
tion calculation was performed using the mean oil composition, mean oil flow rate, and 
the mean oxygen concentration in the outlet gas to predict a "theoretical" flue gas flow. 
This calculated flow rate agreed with the estimated total outlet flow rate within 10 
percent. The mean flow rate measured at the PJFF outlet was 10-15% higher than that 
measured at the PJFF inlet. Inleakage of air across the PJFF is possible, however, the 
oxygen measurements for both streams do not substantiate this hypothesis. 

Material Balance Results 

At Site 13, three key streams define the overall plant material balance: the fuel oil, the 
steam condensate (used to atomize the fuel oil), and the boiler outlet flue gas. For the 
pulse-jet fabric filter, the inlet and outlet flue gases and the collected ash defme the 
material balance. For substances of interest, stream flow and concentration distributions 
(average, standard deviation, and number of measurements) were entered into an error 
propagation model to estimate the uncertainty in the overall material balance closure. 
Closure is defined as the ratio of outlet to inlet mass rate. A 100% closure indicates 
perfect agreement. For trace substances, closures between 70 and 130% are the goal for 
the FCEM project. This range reflects the typical level of analytical uncertainty and, 
therefore, allows the investigator to interpret the inlet and outlet stream component mass 
flow rates as being statistically equivalent. Poor closure values usually indicate an 
analytical problem with one or more types of sample matrices or problems collecting 
representative samples. 

Table 4-1 presents the results of the material balance error propagation analysis. The 
detailed calculations appear in Appendix G. Three separate material balances are 
presented around the boiler during both baseline and low-NO, operation and around 
the fabric filter during baseline operation. In addition to the FCEM elements of 
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Appendix H 

The objective of quality assurance and quality control (QA/QC) efforts associated with 
the Site 13 study is to ensure that all data collected are of known and su€6cient quality 
to qualitatively and quantitatively characterize the various process streams. This section 

addresses the QA/QC associated with the chemical analyses of gas, solid, and aqueous 

samples from the program. 

Summary of Data Quality and QA/QC Approach 

Quality assurance and quality control procedures used for this program are consistent 
with those described in Table 4-5 of the Site 13 sampling and analytical plan, February 
1991 and the Laboratorv Ou alitv Assurance Propram Plan (QAPP, revision 2, February, 

1990) for Radian’s Austin Laboratories. The following key types of QA/QC provide the 

primary basis for quantitatively evaluating data quality: 

e Laboratory and field blank samples; 

e Laboratory quality control check samples; 

e Laboratory spiked samples; 

e Duplicate samples; 

e Duplicate analyses; and 

e Performance evaluation audit samples. 

Quality assurance/quality control data associated with the sampling and analytical 
procedures for this study indicate that, with the exceptions to be discussed below, the 

data quality objectives were achieved for al l  variables. For this reason, most of the data 
may be considered valid and usable for project needs. 
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Blank Samples 

Blank samples consist of laboratory pure matrices that are subjected to routine sampling 

and analytical procedures. For this project trip blanks, field blanks, and laboratory 

blanks were analyzed. Trip blanks consist of blank sampling media that are transported 
to the field but are not exposed to field conditions. Field blanks are blank sampling 

media that are placed in the sampling equipment, transported to the sampling location, 
leak checked, and then recovered immediately into sampling containers. Laboratory 

blanks consist of laboratory water or sampling media that are prepared and/or digested 
in the same manner as the samples. Laboratory blank samples are used to control 

laboratory contamination because corrective action is initiated when results are above 
acceptable limits. Field blank samples are used to assess sampling contamination. 

One set of field blank samples was collected for each gas collection technique except for 
VOST sampling, where field blanks were collected daily at each sampling site. In 
addition, trip blanks were collected for each of the gas sampling techniques. Laboratory 

blanks were analyzed at a frequency of 10% or with each batch of samples analyzed 
(which ever was greater). Blank results are compared with quality control (QC) limits 
that are five times the laboratory reporting limit for most analyses. Generally, if 
laboratory blank results are found above the QC limit, analytical procedures could be 

contaminating field samples. Similarly, field blank results above the QC limits indicate 

that sampling procedures may be contaminating field samples. 

Table H-1 summarkes the laboratory blank and field blank results. This table shows the 

total number of blank samples for each method, any  compounds detected, and the range 

of results detected in the blanks. Low levels of chloride were found in the impjnger trip 
blanks; chloride and sulfate were found in the filter trip and field blanks and in the 

probe/nozzle rinse but were not detected in the lab blanks. Fluoride was detected in the 
lab blanks analyzed with the solid samples. Low levels of many of the target metals 
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Table H-I 

Summary of BlanK Sample Results - FCEM 13 
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Table H-1 (Continued) 

Appends H 

1 0 

2 0 
1 0 
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1 0 
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1 0 

1 0 
I 1 
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I 
I 
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I 
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0.0024 mgn 0.1 mpn 
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Table H-1 (Continued) 
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Table H-1 (COntinUed) 
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Table H-1 (Continued) 
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were detected (less than the reporting limit) in all blanks associated with the ICP-AES 
and AAS analyses (trip, field and laboratory). Aluminum, barium, iron, and 
molybdenum were found in the filter trip blank and aluminum, barium, iron, manganese, 

molybdenum, nickel, strontium, zinc, and lead were found in the filter field blanks at 

levels greater than five times the reporting limits. Molybdenum was the only element 
that appeared to be a significant background conm%ution when compared to the levels 

of these elements found in the samples. No metals were found in the impinger field 
blanks, trip blanks, or lab blanks at levels greater than five times the reporting limit. 

Barium, iron, nickel, and strontium were found at levels greater than five times the 

reporting limit in the laboratory blanks associated with the analysis of the solid samples. 
Of these elements, only strontium was present at significant concentrations in the blanks 
when compared to the levels found in the samples. Silver was the only element detected 

at levels above the reporting limit for laboratory blanks prepared and analyzed with the 
water samples. 

Quality Control Check Samples ~~ ~ ~ ~ ~ 

Quality control check samples (QCC3) are laboratory pure matrices to which known 
amounts of target analytes have been added. Results from QCCS analyses are used to 
calculate percent recoveries which are then compared to established acceptance limits to 

check instrument calibration and/or control analytical performance. Expressed as a 
percentage of the ainount added, QCCS recovery provides an measure of the accuracy of 
the analysis. For a single sample, this includes the combined effects of bias, or 

systematic error, and variability due to imprecision. Averaging QCCS recoveries tends to 

"average out" the random error due to imprecision and provides an estimate of analytical 

bias. In addition, the laboratory may also analyze standard and reference materials with 
certified compositions. NBS ash and coal samples were used for this project. Percent 
recoveries for these materials are also used to indicate overall analytical efficiency. 
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Table H-2 s u m m a r h s  the QCCS analyses for organics, anions and metals performed 

with the sample analysis. The mean percent recovery shown in these tables represent 
analytical bias which was estimated to be within acceptance limits (90-110 % recovery for 
the inorganics while limits for the organic analyses vary for each compound) for all 
compounds analyzed except for 4-chloro-3-methylphenol, 2,4-dinitrotoluene, 4- 

nitrophenol, phenol, and 1,2,4trichlorobenzene in the MM5 analysis and 
trichlorofluoromethane in the VOST analysis. QCCS samples analyzed with the filters 
from the impinger train showed low recoveries for silver (by ICF'-AES) and selenium (by 

HGAAS) and hi& recovery for lead (by GFAAS). Zinc recovery was slightly below the 

acceptance limits for a spike into reagent water that was analyzed with the condensate 
water samples. NBS 1633a fly ash samples analyzed as laboratory QCCS along with 
solid samples from the project showed low recoveries in at least one of the four aliquots 
analyzed for aluminum, antimony, barium, calcium, chromium, magnesium, manganese, 
nickel, potassium, sodium, strontium, and thallium by ICP-AES and cadmium and 
selenium by GFAAS and HGAAS, respectively. Cobalt, molybdenum, silicon, and 
thallium showed high recoveries for the 1633a fly ash samples analyzed as QCCS by 

ICP-AES. 

Spiked samples 

Spiked samples are field samples to which horn amounts of the analyte of interest have 
been added. A spiked and unspiked aliquot were analyzed for this project. The 

difference in the concentration between the spiked and unspiked aliquots are calculated 
and compared to the amount of spike added. Since actual samples are used for the 

determination, any matrix effects can be identified. Like QCCS analyses, spiked sample 
analyses may be used to estimate analytical bias. The bias estimate generated from the 

spiked sample analyses includes systematic bias contributed by the sample matrix. 
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Table H-2 

Summary of Quality Control Check Sample Results for Site 13 

Comwnnd 

Semivolatile Orgauics (MIS): 
Acenaphthene 
4Chlorc+3-methylphenol 
2-Chlorophenol 
l,4-Dichlorobenzcne 
2,4-Dinitrotoluene 
N-Nitrosodipropyiamioc 
4-Nitrophenol 
Pentachlorophenol 
Phenol 
Wene 
l&%-Trichlorobenzene 

Volatile Orgauics in Gas (VOST): 
Chloromethane 
vinyl chloride 
Bromomethane 
Chloromethane 
Trichlorofluoromethane 
l.,l-Dichloroethene 
Carbon Dsultide 
Acetone 
Methylene chloride 
trans-l&Dichlorcethene 
l,l-DichlorCethane 
Vmyl Aeetate 
2-Butanone 
Chloroform 
l,l,l-Trichloroethane 
Carbon Tetrachloride 
Benzene 
l,2--Dichloroethaue 
Trichlomdene 

PRELIMINARY 

No. 
d 

OCCS 

4 

4 
4 

4 
4 
4 

4 

4 
4 

4 
4 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
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102 
100 
88 
87 
94 
91 
141 
78 
87 
70 
102 

96 
92 
91 
93 
116 
102 
78 
I32 
107 
102 
100 
?3 
140 

100 
91 
92 
90 
95 
94 

(Std. Lkv.) 

8.8 
7.1 
45  
4 5  
7.1 
7 5  
283 
4.9 
3.4 
17.9 
7.0 

~ 

282 
14.7 
172 
153 
45.4 
162 
17.6 
56.0 
18.7 
162 
19.4 
143 
25.1 
145 
9.0 
83 
7.9 
7.7 
7.6 

No. 
Below 
Limits 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

No. 
Above 
Limits 

0 
1 
0 
0 
3 
0 
3 
0 
1 
0 
1 

~~ 

0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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Table H-2 (Continued) 

Comnoond 
Volatile Organics in Gas (VOST) (Cont'd) 

l,2-Didoropropane 
Bromodichloromethane 
trans-l,3-Didoroprppene 
4-Methyl-2-Pentauone 
Toluene 
&-l,3-Dichloropropene 
l,l,2-Trichloroethane 
Tetradoroethene 
2-Hexanone 
Dibromochloromethaue 
Chlorobenzene 
Ethyl Benzene 

+Xylene 
Styrene 
Bromoform 
l,l,Z,Z-Tetrachloroethane 
l,3-Didorobenzene 
l,4Didorobenzene 
l,2-Didorobenzcne 

m,pXylme 

Anions in solids: 
Chloride 
Fluoride 

Anions in Impinger Samples: 
Phosphate 

Metals by ICP-AES in Impinger  solutio^^^ 
Aluminum 
AntimOny 
Barium 
Beryllium 

No. 
Of 

m S  

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
. 6  
6 
6 
6 
6 
6 
6 

1 
1 

1 

1 
1 
1 
1 

%% 
ReeOVery  

88 
86 
84 
99 
98 
81 
85 
102 
87 
84 
96 
93 
92 
92 
98 
88 
83 
93 
95 
94 

98.4 
93.9 

89 

97 
101 
101 
100 

istd. De-V.1 

92 
7.8 
121 
403 
95 
15.6 
10.9 
83 
18.0 
I32 
6.4 
6.8 
62 
6.1 
U.4 
21.6 
17.8 
us 
165 
22.8 

- 

- 
- 

- 

No. 
Below - Limits 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 

0 
0 

0 
0 
0 

0 
0 
0 
0 
0 

0 
0 

0 

0 
0 
0 
0 

NO. 
Above - Limits 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

0 
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Table H-2 (Continued) 

ComDound 
Metals by ICP-AES in Impinger 
Solutions (Cont'd) 

calaum 
chromium 
Cobalt 

Copper 

MagnesiUUI 

Mangana 

Iron 

Molybdenum 
Nickel 
Potassium 
Sodium 
Sicon 
Strontium 
Thallium 
Titanium - 

Vanadium 
zinc 

Metals by GFAAS and CVAAS in 
Impinger Solutions: 

ArseniC 

cadmium 
Lead 
Selenium 

Mctals by ICP-AES in F&ers 
Aluminum 

Barium 
Beryllium 
calaum 
ChrOmiUm 
cobalt 

Antimony 

No. 
of % 

m S  Recovery 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
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99 
9l 
100 
98 
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94 
98 
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101 
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98 
99 
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90 
110 
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88 

90 
85 
96 
a9 
95 
94 

92 

NO. 
Below 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 -  
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

No. 
Above 
Limits - 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

DO NOT CITE OR QUOTE 
_- 



Append~ H 

Table H-2 (Continued) 

Comwnnd 
Metals by ICP-AES in Filters (Cont’d) 

Copper 

Magnesium 
Iron 

Mauganese 
Molybdenum 
Nickel 
Potassium 
Silver 
Sodium 
Strontium 
Thallium 
Titanium 
VaMdiUm 
Zinc 

MciaLs by GFAAS and CVAAS in Nters: 

A I S C n i C  

cadmium 
Lead 
Selenium 

Metals by ICP-AES in Solids. 
Aluminum 
Antimony 
Barium 
Beryllium 
cadmium 
calaum 
Chromium 
Cobalt 

copper 
Iron 
MagnesiW 

PRELIMINARY 

NO. 
of occs 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

% 
Raeovey 

93 
94 
89 
91 
97 
93 
94 
15 
94 
96 
94 
94 
93 
88 

105 
116 
138 
61 

82 
80 
85 

81 
83 
105 
89 
91 
90 
87 
81 

No. 
Below 

1Std.Dev.) Limits 

0 
0 

- 0 

0 
0 
0 
0 
1 

0 
- 0 

0 
0 
0 

- 0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

NO. 
Above 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

1 

0 

0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 
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Table H-2 (Continued) 

Comuouod 
Metals by ICP-AES in Solids (Cont'd) 

MaDganese 
Molybdenum 
Nickel 
Potassium 
sodium 
Strontium 
Thallium 
Titanium 
Vanadium 
Zinc 

Metals by GFAAS and CVAAS in Solids: 
ATsenic 

cadmi.n 
Lead 

M e a  by ICP-AES in Waters: 
Aluminum 
Aatimony 
Barium 
Beryllium 
calaum 
Qlromium 

Cobalt 

copper 

MEpesium 

Manganese 

Iron 

Molybdenum 
Nickel 
Potavium 
S i r  
SOdiUm 

PRELIMINARY 
~~ 

No. 
of 

=S 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
.1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

H-18 

5% 
Recovery 

m 
88 
118 
90 
86 
80 
94 
88 
87 
81 

80 
92 
102 

~ 

91 
% 

90 
90 
95 
90 
90 
90 
93 
90 
90 
92 
91 

94 
92 
93 

NO. 
Below 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 

0. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

No. 
Above - Limits 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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Table H-2 (Continued) 

Compound 
Metals by ICP-AES in Waters (Cont'd) 

Strontium 
Thallium 
Vanadium 
zinc 

Metals by ICP-AES in 163% Fly Ash: 
AlumiDuum 
Antimony 
BariWll 
Beryllium 
Calaum 
chromium 
Cobalt 

Copper 

MagnesiU 

Mangan- 

Iron 

Molybdenum 
Nickcl 
Potassium 
Silicon 

Sodium 
Skodum 

Thallium 
Titanium 
Vanadium 
zinc 

M& by GFAAS - 1633A Fly Ash 
A m a i C  
cadmium 
Lead 
Selenium 

PRELIMINARY 

No. 
Of occs 
1 
1 
1 
1 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
4 
5 
5 
5 
5 

2 
2 

2 
2 

% 
Recoverv 

91 
91 
90 
89 

80 
0 
14 
95 
82 
90 
114 
97 
91 
66 
81 
275 
78 
88 
149 
90 
16 
364 
99 
96 
94 

91 
95 
106 
80 

JStd. k.1 

- 

- 

E5 
0 
13 
8.4 
20.2 
19.1 
6.1 
112 
63 
163 
UJ 
102 
44.0 
1.6 
123 
115 
U.0 
364 
43 
6.0 
10.6 

1.4 
35.4 
127 
10.6 

No. 
Below 
Iirnits 

0 
0 
0 
1 

2 
5 
3 
0 
2 
1 
0 
0 
0 
3 
2 
0 
1 
1 
0 
1 
2 
1 
0 
0 
0 

0 
1 
0 
1 

No. 
Above 
Iirnits 

0 
0 

0 
0 

0 
0 
0 
0 
0 

0 
1 
0 
0 
0 
0 
4 
0 
0 
5 
0 
0 
4 
0 
0 
0 

0 
0 
0 
0 

H-19 
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Tables H-3, H-4, and H-5 summarize the spiked sample results. The mean percent 
recovery was within acceptable limits for the aldehyde spiked samples. Fluoride spikes 
into the solids showed recoveries below the acceptance limits for one of two spiked 
samples analyzed. Phosphate spikes into the filter, probe/nozzle rinse fraction of the 

impinger train showed recoveries below objectives for both spikes. The low spike 
recoveries for fluoride and phosphate may be due to the peroxide in the anions impinger 

solutions analyzed for phosphate and the NaOH fusion preparation for fluoride. Spikes 
into impinger solutions showed good recoveries for elements analyzed by ICP-AES. 
Recoveries were below acceptance limits for arsenic, mercury, and selenium and above 

limits for lead for analyses performed by GFAAS, CVAAS, or HGAAS. Antimony, 
beryllium, cobalt, nickel, silver, vanadium, and zinc (ICP-AES) and arsenic and selenium 
(HGAAS) recoveries were below the 75% recovery objectives for the fly ash spikes. 

Recoveries for aluminum, barium, beryllium, chromium, iron, magnesium, nickel, silver, 
sodium, and strontium by ICP-AES and arsenic and selenium by HGAAS were below 
the 75% QC limits for limestone matrix spikes. One calcium spike recovery exceeded 

~ 
~ the QC acceptance limits. ~ - ~ 

Surrogate spiked samples are a special type of spiked sample used as a part of the 
analytical protocol for organic analyses to monitor method performance with each 

sample. (Surrogate compounds are not expected to be found in the sample and are 
added to each sample, blank, and standard before sample extraction). Surrogate spike 
results for the volatile organic analyses are s u m m i z e d  in Table H-4 and surrogate 

spikes for the semivolatile analyses are summarhd in Table H-5. All surrogate 
recoveries were within the QC acceptance limits, except for one sample of the 20 boiler 

outlet gas samples aualyzed for volatile organics which showed recoveries below the 
acceptance limits. In four of the 24 gas samples analyzed for semivolatile organics, 2,4,6- 

tniromophenol exceeded the acceptance limits. 

H-20 
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Table H-3 

Summary of Spiked Sample Results for Site 13 

ccrrand 
Aldehydes i n  Gas: 

Acetaldehyde 
Acrolein 
Baraldehyde 
Formaldehyde 

Anions i n  Gas (Fi l ter .  
Probe, end Nozzle Rimes): 

Chloride 
Sulfate 
Phosphate 

Anions i n  Gas (Iupinger 
Solutions): 

Chloride 
Phosphate 
Sulfate 

Anions in Limestone: 
Chloride 
Fluoride 
Phosphate 

him in PJFF O i l  Fly Ash: 
Chloride 
Fluoride 
Sulfate 

Metals k y  ICP-AES in lllpinger 
Solutions: 

A l u a i m  
Antinmy 
Barium 
Beryllium 
Calcium 
Chraniun 
Cobelt 
CoAmr 
Imn 
Magnesirm 
uamanese 
*ol- 
Nickel 
POtassirm 
S i l i c m  
S i  lver 

lo. of a 

4 
4 
4 
4 

2 
2 
2 

3 
2 
2 

2 
2 
2 

2 
2 
2 

4 
4 
L 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

I 
pecovm 

77 
70 
77 
94 

111 
92 
16 

107 
ea 
85 

106 
70 
92 

92 
85 
90 

92 
92 
96 
95 
97 
% 
96 
% 
94 
92 
95 
93 
97 
92 
106 
v4 

Std. Der. 

12.2 
16.8 
13.5 
7.6 

I .a 
3.3 
12.5 

11.5 
9.1 
9.4 

0.9 

0 
28.6 

0 
37.6 
1.1 

1 .4 
2.5 
1.5 
2.3 
1.3 
1.2 
1.5 
2.4 
1.7 
1.3 
1.5 
1.0 
1 .z 
5.4 
13.2 
1.5 

lo. BeLou 
Limits - 

0 
0 
0 
0 

0 '  
0 
2 

0 
0 
0 

0 
1 
0 

0 
1 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

lo. #&we 
Li.ill 

0 
0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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Table H-3 (Continued) 

I 

- 
bktals by Icp-AES i n  lnpinger 
Solutions (Cmt'd) 

Sodim 
strmtim 
Tbllim 
Titmim 
Venadirm 
Z i n c  

Metals by M S  and CVMS 
i n  Impinger Solutions: 

Arsenic 
Cadniun 
k M r y  
Lead 
S e l a i m  

k t a l s  by ICP-AES in PJFF 
O i l  F ly Ash: 

A l u a i r a m  
Antimony 
brim 
Berylliun 
Cslcim 
!3mim 
Cobalt 

Irm 
Hagnesim 
m e  
bl- 
Nickel 
POt8ssim 
S i  ln r  
Sodim 
Strontim 
Thal l im 
Venadim 
Z i r r  

Coppr 

Metals tv M S  and N U S  
i n  PJFF O i l  Fly Ash: 

Arsenic 
Cadaim 
Mercury 
Lcad 

lo. of 

4 
4 
4 
4 
4 
4 

4 
c 
6 
4 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 

X 
P m  

94 
96 
w 
93 
9.5 
9s 

76 
109 
84 
116 
40 

80 
16 
a6 
74 
110 
en 
18 
en 
a2 
a2 
7p 

en 
0 
a6 
36 
as 

82 
48 
69 

a1 

16 
92 
97 
100 

std. Der. 

1 .2 
1 .s 
1 .7 
1.5 
1.3 
2.1 

4.6 

10.2 
26.0 
3.5 

4.8 

0 
7.9 
3.5 

0 
0 

3.1 
200 
2.5 
3.1 
1 .2 
5.1 
1 .2 
0 

1 .2 
22.2 
2.4 
2.3 
3.7 
104 

~ 

8.7 

5.3 
5.4 

0 
4.0 

lo. BeIOU 
L i d t s  - 

0 
0 
0 
0 
0 
0 

2 
0 
2 
0 
2 

0 
1 
0 
2 
0 
0 
2 
0 
0 
0 
0 
0 
2 
0 
2 
0 
0 
0 
2 
2 

~ 

1 
0 
0 
0 

lo. b b e  
Li.itS 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

~ ~~ 
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Table H-3 (Continued) 

Wetels bv MS end N U S  
in PJFF O i l  Fly Ash (Cmt'd): 

Selenim 

Wetats bv ICP-AES i n  Limestme: 
Alunirm 
Antimmy 
Eariun 
Bzry l l im 
Calciun 
Chraniun 
Cobalt 
C q r p r  
I rm 
Uagnesiun 

WOlVbdenrm 
Wicket 
Potassim 
S i  lver 
Sodiun 
Strmtiun 
Thalliun 
Vanadim 
2inc 

Hetels ty U S  end CVMS 
i n  Limestme: 

Arsenic 
W i u n  
mrwy 
Lcad 
Seleniuo 

lo. of soite+ 

2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 

I 
pcconr). 

27 

42 
80 
73 
71 
112 
66 
a8 
87 
b4 
20 
gl. 

83 
0 
09 
22 
72 
60 
a8 
04 
80 

TI 
91 
106 
100 
60 

Std. Dw. 

14.0 

9.5 
3.7 
2.7 
0 

20.4 
1 .5 
1.1 
0 
1.6 
10 
1.2 
1.2 
0 
2.2 
9.1 
1.4 
0 
5.7 
1 .2 
0 

3.0 
1.1 
1.9 
3.0 
0 

no, ~ l o v  
L,.Its - 

2 

2 
0 
2 
2 
0 
2 
0 
0 
2 
2 
0 
0 
2 
0 
2 
2 
2 
0 
0 
0 

2 
0 
0 
0 
2 

lo. ab#e 
Limits - 

0 

0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

8 2 3  
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Table H4 

Summary of Surrogate Recoveries for Volatile Organic Analyses from Site 13 

PJFF I n l e t  Gas: 
1 ,L -E rmf  luoroberuene 
1,2-Dichlorwthane-d4 
Toluene-dE 

PJFF R l t l e t  Gas: 
1 , .C-Ermf luorobenrene 
1,2-Dichloroethane-d6 
Tolume-dE 

Boi ler  h r t l e t  Gas: 
1.4-Brcs~f luorobmrem 
1,2-0ichloroethane-d4 
Toluene-dE 

V M T  Field Blanks: 
1.l-Eramflwroberuene 
1,2-OichIar~thane-d4 
1olUnx-dB 

M S T  Trip Blanks: 
1.4-Er-f luoroberuene 
1,2-0ichloroethane-d4 
Toluene-dE 

YOST Lab B l W .  
1 ,&-Bromf luorobenzm 
1,2-Oichlomethane-& 
T0luene-dE 

PRELIMINARY 

*o. Of 

9 
9 
9 

9 
9 
9 

20 
20 
20 

9 
9 
9 

2 
2 
2 

19 
19 
19 

Meal 

97 
97 
96 

101 
93 

100 

a5 
91 
92 

97 
96 
97 

92 
104 
88 

96 
97 
95 

H-24 

Std-Dev. no. Belw yo. Above 
Limits w m  - 

2.7 
5.4 
7.0 

3.0 
3.2 
2.4 

34.3 
21.8 
22.9 

3.6 
4.0 
2.4 

~~ 

2.1 
7.1 
4.2 

3.5 

4.0 
3.8 

0 0 
0 0 
0 0 

0 0 
0 0 
0 0 

1 0 
1 0 
1 0 

0 0 
0 0 
0 0 
~ 

0 0 
0 0 
0 0 

0 0 
0 0 
0 0 

ac 
Limits L 

70-130 
70-130 
70-130 

70-130 
70-130 
70-130 

70-130 
70-130 
70-130 

70-130 
70-130 
70-130 

~ 

70-130 
70-130 
70-130 

70-130 
70-130 
70-130 
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Gas samples: 
2-Fluorobiphenyl 
2- Fluorophenol 
Nitrobenzene-d5 
Phenol-d5 
Terphenyl-dl4 
2.4.6-Tribrmophenol 

Trip Blanks: 
2-Fluorobiphenyl 
2-Fluoropheml 
W i  trobenzene-d5 
Phenol-& 
Terphenyl-dl4 
2.4.6-Tribromopheml 

Fieid ~~enks: 
2-Fluorobiphmyl 
2-Fluorophenol 
Witrcberuen-dS 
PhenOl-d5 
lerphenyl-dl4 
2,4,6-Tribr@enol 

Lab Blanks: 
2-Fluorobiphenyl 
2-Flwrophenol 
W i t  robenrene-d5 
Phenol-d5 
Terphenyl-dl4 
2.4.6-Tribronophenol 

Table H-5 

Summary of Surrogate Recoveries for 
Semivolatile Organic Analyses from s i e  13 

YO. of 

24 
24 
24 
24 
24 
24 

2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 

6 
6 
6 
6 
6 
6 

*sari 
xlec. 

93 
82 
95 
93 
W 
W 

83 
m 
74 
83 
90 
72 

92 
88 
e4 
101 
% 
81 

95 
82 
Po 
W 
107 
Po 

std. Dev. 

6.8 
6.2 
10.0 
10.1 
12.8 
17.8 

9.9 
3.5 
9.2 

0 
13.4 
2.1 

1.4 
3.5 
2.8 
2.8 
2.8 
4.2 

8.2 
4.3 
6.5 
11.0 
6.8 
7.1 

YO. Eelw 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

YO. hhve 

0 
0 

0 
0 
0 
c 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

Appendix H 

oc 

30-115 
255-121 
23-120 
24-114 
18-137 
19-122 

30-115 
25-121 
23-120 
24-114 
18-137 
19-122 

30-115 
25-121 
23-120 
24-114 
18-137 
19-122 

30-115 
25-121 
23-120 
24-114 
18-137 
19-122 

PRELIMINARY 
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Duplicate Samples and Duplicate Analyses 

Duplicate samples and duplicate analyses are used as indicators of measurement data 

precision. Precision is a measure of mutual agreement among individual measurements 

of the same property made under similar conditions. Variability among the 
measurements is attributable to random error. In the case of duplicate analyses, the 

analytical process is replicated for separate aliquots of a single sample with prescribed 
elements of the process held constant. For example, duplicate analyses are usually 

performed on the same day, by the same analyst, using the same instrument and same 
calibration. Differences in results for duplicate analyses are attributable to random 

variability in the analytical process and are a measure of analytical precision. 

Duplicate samples provide another measure of precision. Collecting and analyzing 
duplicate samples involves replicating sample collection (and associated sample handling 
activities) and analysis, therefore, precision estimates based on duplicate sample results 

take both sampling variability and analytical variability into account. ~~ ~~~ ~ ~ 

Duplicate samples and duplicate analysis results both provide data for precision 

estimates. Generally, however, duplicate sample data are used in different ways than the 

results for duplicate analyses. Since analytical precision is primarily a function of the 

analytical procedures used, precision data for duplicate analysis may be used as an 
ongoing quality control check, and corrective action can be initiated when results indicate 
that analytical precision is not within acceptable limits. 

Results for duplicate samples, on the other hand, are more often used merely as a data 
quality assessment tool. There is a lag between sample collection and the availability of 
analytical results, and it is usually not possible to initiate corrective action based on 
duplicate sample data because the process would no longer be at the same conditions. 

Variability in duplicate sample results may also include a component of variability 
attriibutable to inherent nonhomogeneity of the sample matrix. 

PRELIMINARY DO NOT CITE OR QUOTE 
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Both types of duplicate data are useful as indicators of the degree to which results may 
be expected to vary by chance alone. This information is important whenever 

comparisons are made between measured values. Without this information it is difficult 
to know when to attribute observed differences to measurement error and when to 

attribute them to real differences. 

Precision estimates for field duplicate samples for the project are presented in Table 
8 6 .  The precision objective is expressed in terms of the relative percent difference 

(RPD) and represents the objective for analytical variability. Duplicate samples were 
collected only for the solid and liquid streams. The results for the duplicate analyses are 

also presented in Table H-6. The precision objectives were met for most analytes. 
Exceptions and limitations are discussed later in this section. 

Performance Evaluation Samples 

Performance audit samples are samples of hown composition which provide a point-in- 

time assessment of analytical performance. Audit samples were prepared for this study 
by spiking hown concentrations of target analytes from EPA Quality Control Check 
material, vendor certified standard material, or standards obtained from NIST (formerly 

NBS). Audit samples are similar to QCCS except that they are submitted "double blind" 

to the analytical laboratory. That is, the laboratory does not know the identity or 

composition of the audit samples. 

Audit samples were prepared at concentration levels simulating the expected range of 

the analytes in the field samples when possible. Organic audit samples were not 
prepared because the laboratories performing organic analyses have consistently shown 
acceptable performance on surrogate recoveries and internal quality control samples. 
Tables H-7 through H-9 present the results of the performance evaluation samples. The 
results for these samples should be considered when comparing the relative accuracies of 
each method for a particular element. 

PRELIMINARY 
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Table H-6 

Summary of Duplicate Sample Results from Site 13 

Chloride and Sulfate in PJFF Outlet Impinger 
Samples (mg/L): 

Chloride 
Sulfate 

Chloride and Sulfate in Boiler Outlet Impinger 
Samples (mg/L): 

Chloride 
Sulfate 

Chloride, Fluoride, and Total Sulfur in 
Limestone (mg/kg): 

~ 
~ 

Chloride 
Fluoride 
Total Sulfur 

ICP-AES Metals in Limestone Samples: 
Aluminum 
Antimony 
Barium 
Beryllium 
calaum 
Chromium 
Cobalt 

Iron 
Magnesium 
Manganese 
Molybdenum 

copper 

No. of 
- Pairs 

1 
2 

2 
1 

2 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

Mean 

7.78 
1,650 

521  
1,542 

X 114 
403 

0.009- 
2% 

786 
< 53 
< 10 

< 1.02 
225000 

1.58 
< 10 
< 20 
49 1 

100,350 
305 
112 

Relative 
Percent 

Difference 
0 

1 2  
1.06 

05 
1.8 

~ 
~ NC 

60 
37 

8.1 
NC 

0 
NC 
0.9 
112 

0 
0 

15.1 
1 3  
6.6 

16.1 
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Relative 
Percent 

Difference 
m 

0 
8.1 
0 
0 
0 
40 
0 
33 
0 

15.1 
0 
0 
0 

NC 

2.1 
2.1 
1.7 
25 
23 
2.0 
0.6 
5.7 

Table H-6 (Continued) 

ICP-AES Metals in Limestone Samples 
(Cont'd) 

Nickel 
Potassium 
Silver 
sodium 
Strontium 
Thallium 
Titanium 
Vanadium 
zinc 

No. of 
- Pairs 

GFAAS, HGAAS, and CVAAS in Limestone Samples: 
Arsenic 1 
Cadmium 1 
Lead 1 

Selenium 1 
Mercury 1 

INAA Metals in PJFF Fly Ash bg/g): 
Aluminum 
Arsenic 
Chromium 
Cobalt 
Iron 
Magnesium 
Manganese 
Molybdenum 

PRELIMINARY 

Mean 

< 20 
706 
< 10 

< 1000 
<3 
27.8 
4 0  
2.4 

< 20 

2.06 
< 1  
<3 

< 0.045 
<45 

24,249 
175 

231.8 
3,875 
45,504 
7,388 
239 
96 
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Table H-6 (Continued) 

INAA Metals in PJFF Fly 
Ash Gg/g) (Cont’d) 

Nickel 
Selenium 
Sodium 
Vanadium 
zinc 

INAA Metals in Fuel Oil (pg/g): 
Aluminum 
Antimony 
Arsenic 
calcium 
Chromium 
Cobalt ~ ~ 

Copper 
Iron 
Magnesium 
Manganese 
Molybdenum 
Nickel 
Silver 
Sodium 
Titanium 
Vanadium 
zinc 

No. of 
&S 

2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

7 - 

H-30 
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Relative 
Percent 

Difference 
- Mean _CRPD) 

56,137 4.2 
30.96 8.9 

24,238 3 
8,203 0 

853 0.2 

12.60 7.9 
0342 46 
0.120 9 3  
88.3 135 

0.686 9 2  
232 -6.4 
8.55 8.6 

21.88 4.6 
7.18 12.4 

0.096 9.2 
C0.16 NC 
41.48 4.7 
< 0.08 NC 

12.2 2.4 
53 25 

634 8.6 
055 72 
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Mineral Analysis o 
Silica 
Alumina 
Titania 
Femc oxide 
Calcium oxide 
Magnesia 
Potassium oxide 
Sodium oxide 
Sulfur trioxide 

Fly * II 

Table H-6 (Continued) 

%): 

Phosphorus pentoxide 
Strontium oxide 
Barium oxide 
Manganese oxide 
Loss on Ignition 

HHV (Btu/lb) 
Water by Distillation 
Carbon 
Hydrogen 
Nitrogen 
Sulfur 
Ash 
Oxygen by Difference 
Chlorine 
Fluorine 
Phosphorus 

Ultimate and Proximate Analysis of PJFF Oil (%): 

No. of 
&S 

1 
1 
1 
1 
1 
1 

' 1  
1 
1 
1 
1 
1 
1 
1 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

- Mean 

4.88 
0.73 
0.03 
030 
54.96 
38.5 
0.185 
0.025 
0.0285 
0.05 
0.035 
< 0.01 
0.015 
45.725 

19,006 
0.70 
86.82 
1121 
033 
0292 
0.028 
131 
0.02 
10 

0.41 

Relative 
Percent 

Difference 
0 

1.2 
82 
0 
67 
0.5 

<0.1 
27 
40 
3.5 
0 
29 
0 
67 
0 

0.85 
12 
<1  
<2 
18 
1.9 

> 75 
34 
0. 
34 
25 
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Table H-8 

Limestone 1C - Site 13 PE Sample 

Parameter 

Aluminum 

calcium 

Iron 
Magnesium 
Manganese 
Phosphorus 
Potassium 
Silicon 
Sodium 
Strontium 
Titanium 

Certified 
Value % 

0.688 
35.9 
0385 
0.253 
0.019 
0.017 
0.23 
3.197 
0.0148 
0.0254 
0.042 

~ 

INAA 

Result % 

0.6347 
51.0 
1.06 

0.0878 
0.0144 

- 
0.2186 

- 
0.0154 
0.0730 

< 0.0395 
~~ 

H-34 

R e c . 0  
92 
142 
275 
35 
76 

95 

155 
287 
> 94 

~ 

XRF 

Result % R e e . 0  
0.771 112 
35.64 99 
0.37 96 
0.29 115 
0.014 74 
0.0184 108 
0.2546 111 
3.297 103 

0.01336 91 
0.254 100 
0324 78 

~ 
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Table H-9 

Fuel Oil Performance Evaluation QC Sample - Site 13 

NAA 

Parameter 

Aluminum 
Barium 
calcium 
Chromium 

Cobalt 

Iron 
Manganese 

Nickel 

Sodium 
Titanium 

Vanadium 
zinc 

Arsenic 

Mercury 
Lead 

Selenium 

NC = Not able to calculate. 

Certified 
Value u d g  

16 
1.3 
15 

0.7 

032 

31.6 
0.23 

28 

90 

55.4 
3.0 

0.12 

< 0.001 

2.8 

0.18 

Result ~ g / p  

10.823 

4.428 
< 117 

0.8425 

0.3499 

30327 

0.1726 
32.1 13 

74.97 
< 11.95 

56.832 

2.0679 

0.1099 

<0.0815 

0.1674 

-0 

68 
34 1 

NC 
120 

109 

96 
75 

115 

83 
NC 
102 

69 

92 

NC 

93 
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Table H-7 presents the results for the analysis of NBS fly ash sample 1633A by ICP- 
AEs/AAS following microwave digestion, neutron activation (INAA), and X-ray 
fluorescence (XRF). Results for the ICP-AEs/AAS analyses show recoveries below the 
80% objective for barium, nickel, sodium, and mercury. Recoveries were above the 

120% objective for antimony and chromium. Recoveries for the neutron activation 

analyses were above the objective for barium, calcium, nickel, potassium, and strontium. 
Recoveries for the XRF analyses were above the objective for manganese and strontium 

and below the objective for sodium. 

Table H-8 presents the results for the analysis of a sample of NIST argillaceous 
limestone 1C by neutron activation (INAA) and X-ray fluorescence (XRF). Results for 
INAA show recoveries below the acceptance limits for magnesium and manganese. 

Recoveries for calcium, iron, sodium, and strontium were above the acceptance criteria 
Recoveries for the XRF analyses were below the acceptance criteria for manganese and 

titanium. 

~ ~ 
~ 
~ 

Results for the neutron activation analysis of a NBS 1634 B fuel oil sample is presented 
in Table H-9. Recoveries were below the 80% acceptance limits for aluminum, 

manganese, and zinc and above the 120% limits for barium. 

Summary of Quality Control Results 

Semivolatile Organics 

All surrogate recoveries associated with the semivolatile organics, except for 2,4,6- 
tribromophenol in four samples, were witbin control limits. Surrogate recoveries are 

70% to 107% and repeatability ranging from 0 to 17.8% standard deviation. Benzoic 

acid and phenol were the only target analytes detected at concentrations above the 
method detection limits in any of the gas streams analyzed for semivolatile organics. 

* ed in Table H-5. These results show average surrogate recoveries ranging from 

DO NOT CITE OR QUOTE 
~ 



Appendx H 

Benzoic acid and phenol were also found in one of the two field blank samples, but at 
levels below the reporting limits. 

Volatile Organics 

During the VOST sampling, the target compounds were benzene and toluene. For these 
analyses, surrogate recovery and laboratory system blanks were within control ranges 
except for one surrogate sample set. 

Benzene, trichlorofluoromethane, l,l,l-trichloroethene, methylene chloride, toluene, and 
xylene were found in most of the samples kom the PJFF inlet, the PJFF outlet, and the 
boiler outlet gas streams sampled by VOST. Tetrachloroethene, ethylbenzene, and vinyl 
acetate were found in at least the PJFF outlet and boiler outlet sample but were not 

found in the PJFF inlet stream. In addition, acetone was found in one boiler outlet 
sample and 2-butanone was found in one PJFF sample. Methylene chloride was 
detected in several of the field blanks but was not found in laboratory or trip blanks. 

A summary of surrogate spike recoveries for the volatile organic analyses is presented in 
Table H-4. These summaries indicate that the results are generally within control limits. 
Surrogate recoveries were outside the acceptance limits for one boiler outlet sample. 

Mean recoveries ranged from 85% to 104% with a repeatability of ranging from 2.1 to 
343% standard deviation. 

Aldehydes 

Acetaldehyde, acrolein, and formaldehyde were detected in at least one of the three 
PJFF inlet gas samples while only formaldehyde was found in the PJFF outlet stream. 

Acetaldehyde and formaldehyde were found in the boiler outlet gas samples. Matrix 
spike recoveries averaged kom 70% for acrolein to 94% for formaldehyde. 
Acetaldehyde and formaldehyde were also detected in the trip and field blank samples at 

PRELIMINARY 
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concentrations greater than five times the method detection limits. Formaldehyde was 

detected in the lab blank at concentrations less than five times the method detection 
limits. Acetaldehyde and formaldehyde concentrations in the field samples in many 
cases are at the same level as found in the field and trip blanks, suggesting that these 

compounds may be artifacts of sampling or sample handling process. 

Anions 

Quality control sample results for analyses of fluoride, chloride, sulfate, and phosphorus 
showed acceptable calibration and insmunent control. Spike recoveries for hpinger 
samples averaged 107% for chlorides, 88% for phosphate, and 85% for sulfate. Spikes 
into fly ash samples showed 92% recovery for chloride, 85% for fluoride, and 90% for 

sulfate. Results for duplicate sample and duplicate analyses showed good repeatability 

for chloride and sulfate in the impinger samples. Duplicate results for fluoride and total 
sulfur analysis of limestone samples were 60% and 37%, respectively. 

All quality control data for metals analyses point to accurate calibration and instrument 
control. Limitations based on matrix effects and sample preparation techniques are 
discussed below. 

Limestone. Matrix spike results for the limestone samples were outside the 75125% 
recovery objectives for aluminum, barium, beryllium, calcium, chromium, iron, 
magnesium, nickel, silver, sodium,and strontium by ICP-AES analysis and arsenic and 
selenium by HGAAS analysis. Results for the performance audit sample submitted 

"double blind" to the laboratories showed recoveries outside the criteria for calaum, iron, 
magnesium, manganese, sodium, and strontium analyzed by INAA. Manganese and 

tikmium were outside the recovery objectives for the XRF analyses. 

H-38 
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Fuel Oil. A NBS 1634b fuel oil performance audit sample was analyzed by neutron 

activation showed recoveries outside the acceptance criteria for aluminum, barium, 
manganese, and zinc. Duplicate analyses of fuel oil samples were outside the 20% 

precision criteria for antimony and titanium by INAA and ash, fluorine and phosphorus 
by the ultimate/proximate analyses. 

fly Ash and Bottom Ash. Matrix spike results in the fly ash solids were below the 

75125% recovery objectives for antimony, beryllium, cobalt, nickel, silver, vanadium, and 
zinc by ICP-AES and arsenic and selenium by HGAAS. Nickel spikes were made at too 
low a level compared to the native concentrations in the samples. Duplicate RF'Ds 
(relative percent differences) were within the 20% objective for all elements analyzed by 
INAk A NBS 1633a fly ash sample analyzed as a blind performance evaluation sample 

showed good recoveries except for antimony (140%), barium (75%), chromium (202%), 
nickel (O%), sodium (75%), and mercury (78%) analyzed by ICP-AES/AAS. Fly ash 
samples analyzed by INAA showed recoveries within the acceptance criteria for a l l  

elements except barium, chromium, nickel, potassium and strontium. Aluminum, barium, 
iron, nickel, and strontium were detected in the laboratory prepamtion blank. This could 
significantly affect results for these elements in the solid samples. 

Mews Train Particulate Samples. Several aliquots of a standard fly ash sample (1633a) 
obtained from the National Institute of Standards and Technology were digested and 
analyzed in conjunction with the analysis of particulates from the filter and probe and 
nozzle rinses out of the metals train. Very poor recoveries were obtained on all of the 
aliquots analyzed for antimony by ICP-AES, recoveries greater than 125% were observed 

for molybdenum, silicon, and thallium by ICP-AES analysis which indicate a bias for 
these metals. In addition, one or more of the five fly ash aliquots analyzed showed 
recoveries below 75% for aluminum, barium, calcium, chromium, magnesium, 
manganese, nickel, potassium, sodium, and strontium by ICP-AES. Recoveries were also 

below criteria for cadmium and selenium which were analyzed by GFAASPGAAS. 
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The results for the trip and field blanks showed aluminum, barium, iron, manganese, 
molybdenum (field blank only), and strontium at levels greater than five times the 
method detection limits in the filter samples. However, the concentrations of these 
elements found in the samples were at least 5 to 10 times the background contributed by 
the filter except for molybdenum. The concentration of molybdenum in the blanks and 
samples were near the same levels, suggesting that the filter may be a significant 
contribution of molybdenum in these samples. 

Metals Train lmpinger Solutions. Spike recoveries for all elements were within control 

limits in the PJFF inlet impinger samples analyzed by ICY-AES. Recoveries for arsenic 
and selenium analyzed by HGAAS were outside limits. Trip blanks, field blanks, and lab 
blanks for the &pinger samples did not show any elements at concentrations above five 
times the detection limits. 

Condensate Water. Spike recovery data for QCCS prepared in reagent water showed 
recoveries rangiug eom 89% to 96% for all elements analyzed by ICP-AES. Laboratory 
blanks analyzed with the water samples showed trace levels of many of the target 
elements. However, only silver was detected at levels greater than the reported 
detection limits. Silver was not detected in any of the condensate water samples. 
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For most of the metallic elements of interest to this program, small traces are present in 
both the reagents and filter media used in sampling and analyses. In some instances, the 

total mass present in these materials prior to sampling is equivalent to that measured after 
sampling. Consequently, we routinely use a blank correction in the calculation of gas stream 
concentrations for metals and anions. Semivolatile gas analyses have not indicated the 

presence of semivolatile organic compounds in the blanks. Aldehyde samples occasionally 
require blank correction. In the following tables, the mass or concentrations reported by 

the laboratory are presented for those substances for which concentrations were reported 
in the blank. The ratio of the blank value to the measured value is then calculated. 

Instances where the blank values are equal to or greater than 50% of the measured values 
are denoted with a '73''. As shown in Appendix H, for the large majority of substances, the 
blank levels detected are below the reporting limit or less than five times the reporting limit, 
indicating that the substance levels in the reagent and filter media are low. 

Table El presents the metals train probe and nozzle rinse and filter blank corrections for 
Site 13. Thirteen substances were reported in the field blanks. Of the 45 values which were 

blank corrected, corrections of 50% or more were only made to the levels of mercury in the 
PJFF outlet gas, molybdenum in the PJFF inlet gas and boiler outlet gas (both baseline and 
low N Q  test), cadmium in the PJFF inlet gas and boiler outlet gas (low NO,), and selenium 

in the boiler outlet gas (low NO,). 

Table 1-2 presents the metal impinger blank corrections for Site U. Only lead was present 
above reporting limits in the field blank impinger solution. Many of the sample train 
impingers contained substances at concentrations that were below the reporting limits 
(arsenic, barium, cadmium, chromium, cobalt, manganese and nickel); these data are 
marked with a "J" flag. In all cases, the uncorrected sample results were below reporting 

limits; therefore, the blank correction has no effect on the reported results. 

Tables 1-3 and I 4  summarhe blank correction data for anions (solid and vapor phase) and 
aldehydes. Chloride was present above reporting limits both the particulate and vapor 

phase blanks. Blank correction was greater than 50% for many of the particulate phase 
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samples. Fluoride was present in the vapor phase blank; however, blank corrections were 

less than 50% of the measured sample values. Both formaldehyde and acetaldehyde were 

present in the aldehydes field blank. Formaldehyde and acetaldehyde blank corrections 

were greater than 50% for the boiler outlet gas during both the baseline and low NOz tests. 

I 4  

PRELIMINARY 



Appendbc I 

E 

Y 1 
d 

1-5 

W -. 
0 

m 
t- 

z * 

" 3  
5: 

3 s  

DO NOT ClTE OR QUOTE 



Id 

3 
0 

x 

s 

PRELIMINARY DO NOT ClTE OR QUOTE 



PRELIMINARY 

1-7 

DO NOT ClTE OR QUOTE 



Appenda I 

Table 1-2 

Site 13 Metals Train lmpinger Blank Corrections 

Sobstance 
A m n i C  
ArseniC 

Arsenic 
Arsenic 
Arsenic 
Arsenic 
Arsenic 
A m n i C  
Arsenic 
Arsenic 
A m l I i C  

A m n i C  

Barium 
Barium 
Barium 
Barium 
Barium 
Barium 
Barium 
Barium 
Barium . 
Barium 
Barium 
Barium 
cadmium 
cadmium 
cadmium 
cadmium 
cadmium 
cadmium 

PJFF Inlet, Baseline 
PJFF Inlet, Baseline 
PJFF Inlet, Baseline 
PJFF Outlet, Baseline 
PJFF Outlet, Baseline 
PJFF Outlet, Baseline 
Boiler Outlet, Baseline 
Boder Outlet, Baseline 
Bailer Outlet, Baseline 
Boiler Outlet, Low NO, 
Bailer Outlet, Low NO, 
Bailer Outlet, Low NQ 
PJFF Inlet, Baseline 
PJFF Inlet, Baseline 
PIFF Inlet, Baseline 
PJFF Outlet, Baseline 
PJFF Outlet, Baseline 
PJFF Outlet, Baseline 
Boiler Outlet, Baseline 
Boiler Outlet, Baselinc 
Bailer Outlet, Bascline 
Bailer Outlet, Low NO, 
Bailer Outlec Low NQ 
B o i r  Outlet, Low NQ 
PJFF Inlet, Baseline 
PJFF Met, Baseline 
PJFF Inlet, Baseline 
PJFF Outlet, Baseline 
PJFF Outlet, Baseline 
PJFF Outlet, Baselinc 

- R m  
B 
D 
E 
B 
D 
E 
B 
D 
E 
K 
L 
M 
B 
D 
E 
B- 
D 
E 
B 
D 
E 
K 
L 
M 
B 
D 
E 
B 
D 
E 

Samule Result. f ig  

0.64 J 
033 JB 
059 JB 
0.28 JB 
055 JB 
034 JB 

0.0082 JB 
< 1.07 
< 122 
<1.U 
< 180 
c 190 
136 J 

031 JB 
0.40 J 
1.07 J 

0.19 JB 
OM JB 
L17 J 
1.07 J 
038 J 
0.60 J 
066 J 
051 J 

050 JB 
022 JB 
0.04 JB 
0.23 JB 
0.09 JB 
0.19 JB 

Field 
Blank, 
u 
032 J 
032 J 
032 J 
032 J 
032 J 
032 J 
032 J 
032 J 
032 J 
032 J 
032 J 
032 J 
0.16 J 
0.16 J 
0.16 J 

= 0.16 J 
0.16 J 
0.16 J 
0.16 J 
0.16 J 
0.16 J 
0.16 J 
0.16 J 
0.16 J 
053 J 
053 J 
053 J 
053 J 
053 J 
053 J 

% Blank 
50% 
95% 
54% 
114% 
57% 
92% 

3845% 
30% 
26% 
28% 
18% 
17% 
12% 
51% 
40% 

15% 
84% 
52% 
14% 
15% 
42% 
26% 
24% 
31% 
105% 
239% 

l287% 
234% 
576% 

~ 

m% 
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Tablel-2 (Continued) 

substance 
cadmium 
cadmium 
cadmium 
cadmium 
cadmium 
ChrOmiUIB 
chromium 
chromium 
chromium 
ChrOmiUm 
chromium 
chromium 
ClUOmiUm 

ChrOmiUm 
chromium 
ChrOmiUIl l  
chromium 
Cobalt 
cobalt 
cobalt 
cobalt 
cobalt 
Cobalt 
Cobalt 
cobalt 
cobalt 
cobalt 
cobalt 
cobalt 
Lead 
Lead 

Boiler Outlet, Baseline 
Boiler Outlet, Baseline 
Boiler Outlet, Low NO, 
Boiler Outlet, Low NO, 
Boiler Outlet, Low NO, 
PJFF Inlet, Baseline 
PJFF Met, Baseline 
PJFF Inlet, Baseline 
PJFF Outlet, Baseline 
PJFF Outlet, Baseline 
PJFF Outlet, Baseline 
Boiler Outlet, Baseline 
Boiler Outlet, Baseline 
Boiler Outlet, Baseline 
Boiler Outlet, Low NO, 
Boiler Outlet, Low NO, 
Boiler Outlet, Low NO, 
PJFF Inlet, Baseline 
PJFF Inlet, Baseline 
PJFF Inlet, Baseline 
PJFFOUtlyBaseline 
PJFFOutlet,Baseliae 
PJFF Outlet, Baseline 
Boiler Outlet, Baseline 
Boiler Outlet, Basclinc 
Boiler Outlet, Baseline 
Boiler Outlet, Low NO, 
Boiler Outlet, Low NO, 
Boiler Outlet, Low NO, 
PJFF Inla, Baseline 
PJFF Inlet, Baseline 

PRELIMINARY 

D 
E 
K 
L 
M 
B 
D 
E 
B 
D 
E 
B 
D 
E 
K 
L 
M 
B 
D 
E 
B 
D 
E 
B 
D 
E 
K 
L 
M 
B 
D 

~ 0 . 6 8  B 
0.11 JB 

OMIO JB 
0.11 JB 
0.18 JB 
1.49 J 
c424 
037 J 

0.0591 JB 
0.26 J 

0.047 JB 
0.82 J 
5.86 J 
0.69 J 
0.95 J 
0.42 J 
026 J 
1.03 JB 
059 JB 
0.12 JB 
0.u  JB 
021 JB 
1.12 JB 
0.94 JB 
0.47 JB 
c 7.44 

055 JB 
1.01 JB 
0 s  JB 
c2Ls B 

Field 
BlanL, 
I.% 
053 J 
053 J 
053 J 
053 J 
053 J 

0.077 J 
o.on J 
0.077 J 
0.077 J 
0.077 J 
0.077 J 
0.077 J 
0.W J 
0.077 J 
0.077 J 
0.077 J 
0.W J 
057 J 
057 J 
057 J 
057 J 
057 J 
057 J 
057 J 
057 J 
057 J 
057 J 
057 J 
057 J 
3.42 

c208 B 3.42 

% Blank 
78% 
481% 
754% 
471% 
287% 
5% 
2% 
21% 
l31% 
30% 
164% 
9% 
1% 
11% 
8% 
15% 
29% 
55% 
%% 
459% 
490% 
274% 
51% 
60% 
121% 
8% 

1@3% 
56% 
98% 
159% 
164% 
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Snbstance 
Lead 
Lead 
Lead 
Lead 
Lead 
Lead 
Lead 
Lead 

Manganese 
Manganese 
Manganese 
Manganese 
Manganese 
Mangasese 
Manganwe 
M.2IIpl-3 

Manganese 
Manganese 
Manganese 

Manganese 
Nickel 
Nickel 
Nickel 
Nickel 
Nickel 
Nickel 
Nickel 
Nickel 
N . 1  
Nckel 
Nickel 
Nckel 

- sheam 

PJFF Outlet, Baseline 
PJFF Outlet, Baseline 
Boiler Outlet, Baseline 
Boiler Outlet, Baseline 
Boiler Outlet, Baseline 
Boiler Outlet, Low NQ 
Boiler Outlet, Low N Q  
Boiler Outlet, Low N Q  
PJFF Inlet, Baseline 
PJFF Inlet, Baseline 
PJFF Inlet, Baseline 
PJFF Outlet, Baseline 
PJFF Outlet, Baseline 
PJFF Outlet, B-e 
Boiler Outlet, Baseline 
Bder Outlet, Baseline 
Boiler Outlet, Baseline 
Boiler Outlet, Low N Q  
Boier Outlet, Low NQ 
Boiler Outlet, Low N Q  
PJFF Inlet, Baseline 
PJFF Inlet, Baseline 
PJFF Inlet, Baseline 
PJFF Outlet, Baseline 
PJFF Wet ,  Baseline 
PJFF Outlet, Baseline 
Boiler Outlet, Baseline 
Boilex Outlet, Baseline 
Boiler Outlet, Basetinc 
Boiler Outlet, Low N Q  
Boiler Outlet, Low NO, 
Bok Outlet, Low N Q  

- Run 
D 
E 
B 
D 
E 
K 
L 
M 
B 
D 
E 
B 
D 
E 
B 
D 
E 
K 
L 
M 
B 
D 
E 
B 
D 
E 
B 
D 
E 
K 
L 
M 

~ 

T indicates value below reporting limit 

T mdicates blank CIDCtds 50% of uncorr~acd result 
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h D k  hdf Ug 

c217 B 

c203 B 
c203 B 
c223 B 
0.11 JB 
c224B 
156 JB 
452 J 

028 JB 
205 J 
202 J 

0.68 JB 
0.84 JB 
252 J 
1.m J 
3.23 J 

1.40 JB 
0.84 JB 
0.62 JB 
0.42 JB 
CU.87 
054 JB 
c U.00 
C8.46 
c 5.84 
053 JB 
78.04 

0.08 JB 
030 JB 
c 14.94 
c 16.09 

<212 B 

Fidd 

a 
Bknlq 

3.42 
3.42 
3.42 
3.42 
3.42 
3.42 
3.42 
3.42 

0.76 J 
0.76 J 
0.76 J 
0.76 J 
0.76 J 
0.76 J 
0.76 J 
0.76 J 
0.76 J 
0.76 J 
0.76 J 
0.76 J 
2 2 4 J  
2 2 4 J  
2 2 4 J  
2 2 4 J  
2 2 4 J  
2 2 4 J  
2 2 4 J  
2 2 4 J  
2241 
2 2 4 J  
2 2 4 J  
2 2 4 J  

% Blank 
m% 
161% 
169% 
169% 
153% 
3L55% 
153% 
21% 
17% 
271% 
37% 
38% 
lU% 
91% 
30% 
#% 
24% 
54% 
91% 
l23% 
534% 
16% 
416% 
17% 
26% 
38% 

3% 
2837% 
743% 
15% 
14% 

420% 
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