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INTRODUCTION 

This report summarizes data gathered by Radian Corporation at a coal-fired power 
plant, designated Site 16, for a program sponsored by the United States Department of 
Energy (DOE), Southern Company Services (SCS), and the Electric Power Research 
Institute (EPRI). The concentrations of selected inorganic and organic substances were 
measured in the process and discharge streams of the plant operating under two different 
types of combustion modifications: overfire air (OFA) and a combination of overfire air 
with low-NO, burners (OFA/LNB). The Site 16 plant is a participant in the DOE- 
sponsored Clean Coal Technology (CCT) program, and the information contained in this 
report will allow DOE and EPRI to determine the effects of low-NO, modifications on 
plant emissions and discharges. In addition, SCS can use this information to make future 
decisions about plant modifications and control strategies. 

Sampling was performed on an opposed wall-fired boiler burning medium-sulfur 
bituminous coal. Emissions were controlled by electrostatic precipitators (ESPs). The 
testing was conducted in two distinct sampling periods, with the OFA test performed in 
March of 1991 and. the OFA/LNB test performed in May of 1993. The specific objec- 
tives for each test period were: 

l To quantify emissions of target substances from the stack; 

l To determine the efficiency of the ESPs for removing the target substances; and 

l To determine the fate of target substances in the various plant discharge streams 

Table 1-l lists the substances of interest to this project. 

The Clean Coal Technology program, which DOE began in 1986, demonstrates the 
commercial readiness and monitors the environmental performance of new, advanced 
coal utilization technologies. DOE shares the cost on each project, with private sector 
sponsors providing at least 50% of the funds. Within the CCI program there are 
currently 46 projects, each of which was selected under one of five rounds of nationwide 
competition. The Site 16 project, which is a demonstration of advanced combustion 
techniques to reduce NO, emissions, was selected under the second round of CCT. 

DOE is actively involved in the measurement of potentially hazardous substances 
identified in Title III of the Clean Air Act Amendments (CAAA) of 1990. The intention 
of these efforts is to obtain data that will allow a better understanding of the principles 
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Table l-l 
Substances of interest 

Elements Organic Compounds 

Arsenic 
Barium 
Beryllium 
Cadmium 
Chlorine (as chloride) 
Chromium 
Cobalt 

Wper 
Fluorine (as fluoride) 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Phosphorus 
Selenium 
Vanadium 

Benzene 
Toluene 
Formaldehyde 
Polycyclic Organic Matter (POM)’ 

’ Also referred to as semivolatile organic compounds. Includes polynuclear aromatic hydrocarbons (PAHS). 
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and processes involved with the formation, distribution, and fate of toxic substances in 
power plant systems. Some of the DOE toxics monitoring work is being performed 
under the CCT program. The first three of the five CCT solicitations were issued before 
the enactment of the CAAA in 1990, and did not originally include extensive air toxics 
monitoring activities. However, DOE has expanded several of these projects (including 
Site 16), through cooperative agreements with private industry and with EPRI, to 
emphasize measurement of Title III substances. Air toxics monitoring activities were 
included in the fourth and fifth CCT solicitations. In addition, DOE’s Flue Gas Cleanup 
program issued a solicitation (Comprehensive Assessment of Toxic Emissions from Coal- 
Fired Power Plants) in 1992 to gather further information on Title III substances at coal- 
bred power plants participating in CCT. 

EPRI is cosponsoring the work at Site 16 several reasons. During the Power Plant 
Integrated Systems Chemical Emissions Studies (PISCES) project (EPRI RP-2933-l), a 
number of data gaps were identified for certain streams and substances within specific 
power plant configurations. The work discussed here was done in response to EPRI 
member utility concerns about the concentrations of trace substances in process streams, 
the effectiveness of control technologies in reducing emissions of these substances, and 
the applicability of the results of previous studies discussed in the literature. 

The Field Chemical Emissions Monitoring (FCEM) project (EPRI RP-3177-1) sponsored 
by EPRI was initiated to generate the missing data identified by the PISCES project. 
Although the Site 16 project was conducted separately from the FCEM project, most of 
the objectives were the same, and the sampling, analytical, and data handling procedures 
are consistent with those used in the FCEM project. Reports on several of the plants 
sampled have already been furnished to the U.S. Environmental Protection Agency 
(EPA) to use to study emissions from fossil-fuel-fired power plants, as mandated by the 
Clean Air Act Amendments of 1990. 

Radian Corporation conducted the testing and has prepared this report using the 
following procedures to evaluate the data: 

l The type and quantity of quality assurance samples were reviewed to determine the 
confidence that can be placed in the results; and 

l The QA/QC results were compared with data quality objectives to evaluate precision 
and accuracy. 

The results for each substance are presented by individual run and as averaged totals. 
To quantify the variability of the data, the 95% confidence interval about the mean is 
also presented. The confidence interval incorporates the combined process, sampling, 
and analytical variabilities. 
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Process Operation 

The unit operated at nearly full load during each of the sampling periods. Operating 
parameters were monitored to verify the process stability during sampling. Process 
operation is discussed in more detail in Section 5. No unusual process upsets were 
encountered. By all indications, process operation was normal during the sampling. 

Sampling and Analysis Protocol 

Appendix A describes the sampling and analysis protocol for Site 16. The methods used 
are comparable to those used by Radian in the FCEM project. The major exception was 
at the ESP inlet during the OFA/LNB test, where metals, anions, and semivolatile 
compound trains were equipped with a cyclone precutter ahead of the thimble filter 
normally used. This prevented the loss of particulate matter from the probe, a problem 
identified from the OFA test. 

Quality Assurance/Quality Control (OA/QC) Data Completeness 

The completeness of the quality assurance data was reviewed to judge whether the 
quality of the measurement data could be evaluated with the available information. In 
general, the results of the QC checks available for Site 16 indicate that the samples are 
well characterized. An evaluation of the accuracy, precision, and bias of the data, even if 
only qualitative, is considered to be an important part of the data evaluation. A full 
discussion of each of these components of quality can be found in Section 5. 

Standard QA/QC checks for this type of sampling program involve the use of: 1) 
replicate tests, duplicate field samples and lab analyses, and matrix spike and lab control 
duplicates to determine precision; 2) matrix spikes, surrogate spikes, and laboratory 
control samples to determine accuracy; and 3) field blanks, trip blanks, method blanks, 
and reagent blanks to determine if any of the samples were contaminated during 
collection or analysis. All of these standard QA/QC checks were used on various 
samples from Site 16. The absence of any of these quality control checks for a given 
measurement does not necessarily reflect poorly on the quality of the data but does limit 
the ability to measure the various components of measurement error. 

Data Quality 

The available QA/QC results were compared to the data quality objectives discussed in 
Section 5. QA/QC results outside the data quality objectives are noted and discussed, 
other quality assurance values are evaluated, and the potential effect on data quality is 
noted. From the detailed information in Section 5, several important issues have been 
identified that may affect the data. 



Inrrodunion 

For the OFA test: 

l The high recoveries of copper and barium in a coal performance evaluation sample 
suggest that copper and barium concentrations in the coal may be biased high. 

l The concentrations of molybdenum on the blank filters are significant, compared to 
the sample results, and may positively bias the results. 

l The high spike recoveries and significant blank levels suggest that cadmium concen- 
trations in the fly ash and flue gas samples may be biased high. 

l The formaldehyde concentrations measured in the flue gas are highly suspect. 
Formaldehyde was detected in the lab, trip, and field blanks in concentrations 
comparable to those found in the samples. 

For the OFA/LNB test: 

l The PAH concentrations measured in the flue gas were highly variable and should be 
considered order-of-magnitude estimates. The internal standard and surrogate spike 
recovery data indicate acceptable analytical performance but suggest sample matrix 
interference problems. 

l The formaldehyde concentrations measured in the stack were near detection limits 
and were indistinguishable from the lab, trip, reagent, and field blank results. 

l High levels of Cr(VI) were found in the KOH reagent blanks, but these were found 
to be repeatable in three blanks and were subsequently corrected for in the sample 
results. However, the blank correction exceeded 50% of the result in two of the 
three samples. 

l Toluene was detected in very low but similar concentrations in blank and actual 
VOST samples. The toluene concentrations measured in the stack may be biased 
slightly high if not artifacts of blank contamination. 

l The variable spike recoveries by GFAAS show that selenium concentrations in the 
flue gas may show higher-than-expected variability. 

Report Organization 

Section 2 of this report briefly describes the plant and the sample locations. Section 3 
discusses the chemical analyses of the coal, flue gas, and other process streams. Section 
4 contains a discussion of the results, focusing primarily on the comparison of the OFA 
and OFA/LNF8 tests. Section 5 presents QA/QC and engineering evaluations of the 
data. Section 6 presents example calculations, and a glossary of terms is provided in 
Section 7. The appendices contain information on sampling and analytical methods, 
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stream concentrations, sampling data, error propagation equations, and detailed QA/QC 
data. 
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2 
SITE DESCRIPTION 

The FCEM project has a policy of assigning a site code to each plant sampled. The 
plant covered by this report has been designated Site 16. The test site and sampling 
locations are described in this section. 

Facility Information 

The characteristics of the unit are summarized in Table 2-1. The unit tested has a gross 
generating capacity of approximately 500 MW. The opposed wall-fired, subcritical boiler 
was designed by Foster Wheeler. A partial, vertical dividing plate within the furnace 
creates two combustion zones, and very little mixing of the flue gas occurs between the A 
and B sides. 

Figure 2-1 is a process flow diagram of the unit. The plant burns a combination of 
bituminous coals that have a typical sulfur content of 1.6% and a typical ash content of 
10 percent. 

Bottom ash is removed from the boiler by an ash sluicing system. Electrostatic precipita- 
tors (ESPs) remove fly ash from the flue gases. The flue gas treatment and ash removal 
facilities are described in greater detail below. 

Flue Gas Treatment Facilities 

The flue gas exiting each side of the furnace flows into a separate duct, designated the A 
or B side. Two ESPs, one each for the A and B sides, remove particulate matter from 
the flue gas. The unit is equipped with a conditioning system capable of injecting SO, 
or NH, into the fhte gas upstream of the ESPs to improve ESP performance. The 
conditioning system was not in use during the OFA testing. During the OFA/LNB test, 
NH, was injected at a rate of approximately 25 scfm, which is equivalent to a concentra- 
tion of about 20 ppmv in the flue gas entering the ESPs. The NH3 injection was used 
because of plant concerns about complying with particulate matter emission limits. 
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Site Description 

Table 2-1 
Unit Summary 

Maximum Gross Electrical Outout (MW): 
Particulate Emission Limit (lb/lo6 Btu): 0.24 
Particulate Matter Controls: Cold-Side ESPs 
Flue Gas Conditioning: 
Boiler Type: 
Boiler Additives: 
NO, Control: 
Fuel Tvoe: 

SO, or NHsb 
Opposed Wall-Fired 
None 
OFA or OFA/LNB 
Bitmninous Coal 

Fuel Sulfur Content (% dry): 
Fuel Ash Content f% drv): 

1.6’ 
10’ 

Fuel Heating Value @u/lb, dry): 
Flv Ash Disoosak 
Bottom Ash Disposal: 
Ash Sluice Water Source: 
Cooling Water System: 
Cooling Water Source: 

13,700’ 
Pond 
Pond 
Recycle from Pond 
Once Through 
River 

’ Mean values measured during sampling. 

’ No conditioning was used during the OFA test. A concentration of approximately 20 
ppmv NH, was used during the OFA/LNB test. 
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Site Descripxion 
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Site Dewription 

Ash Removal Facilities 

Dry ash collected in the economizer and ESP hoppers is pneumatically transported to a 
tank where it is mixed with water and sluiced to a settling pond. Bottom ash from the 
boiler is sluiced to a separate settling pond. The water used for ash sluicing is recycled 
water from the settling ponds. 

NO, Control 

The overfire air ports were installed during a four-week outage in the spring of 1990 by 
Foster Wheeler Energy Corporation (FWEC). The design includes four overfire air 
ports on each side of the boiler directly above the top row of burners. Overtire air is 
diverted from the secondary air ductwork. At full load, ,approximately 20% of the 
secondary air is introduced through the overfire air ports. 

The low-NO, burners were installed during a seven-week outage in the spring of 1991. 
The FWEC burners are of the controlled flow/split flame (CFSF) design. The 24 
burners are arranged on opposing walls, with three rows of four burners on each wall. 
The low-NO, burners replaced the pre-NSPS Intervane burners previously in service that 
were in place during the OFA test. 

Sampling Locations 

Samples were collected at several locations, identified on the process flow diagram 
Figure 2-l. Each sampling location is briefly described below: 

During the OFA test, coal composite samples were collected through “clean-out” 
ports at the bottom of the bunkers that feed each of the six coal mills. For the 
OFA/LNB test, samples were collected from taps (which weren’t present during the 
OFA test) on each of the six coal feeders directly below the bunkers. Because the 
samples were collected upstream of the mills in both tests, they were taken before 
the rejection of pyrites. 

Flue gas entering the ESPs was sampled through four-inch sampling ports on both the 
A and B inlet ducts. The ducts were angled approximately 20 degrees from horizon- 
tal, and each duct had 7 ports. 

Stack gas samples were collected from six horizontal ports on the stack at the 250- 
foot level. 

Bottom ash that had accumulated in the boiler during testing was sampled from the 
discharge of the sluice pipe during a sluicing event. The sluice water was sampled 
concurrently. 

24 



Site Dtmripion 

l Dry J3SP fly ash samples were collected from each of the 16 ESP hoppers through 
ports located near the bottom of each hopper. 

l Sluice water supply samples were collected from the recycled pond water intake. 

The procedures for collecting, pretreating, and analyzing the samples are discussed in 
Appendix A. Table 2-2 presents an overview of the types of analyses performed on these 
streams. Several analyses were not performed during the OFA/LNB test because of the 
extremely low concentrations found in the OFA test or, in the case of ESP ash, because 
of concerns about the representativeness of a composite sample of the 16 hopper 
fractions. 
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Site Description 

Table 2-2 
Process Stream Analyses Performed 

Stream Metals 

Semivolatile Volatile 
Organic Organic 

Anions Comoounds Comoounds Aldebvdes 
coal 
Bottom Ash 

x0 x,0 
x.0 x.0 X 

Bottom Ash Water X X X 
Sluice SUDD~V Water X X X 
ESP Ash 
ESP Inlet Gas 

X X X 
x.0 x.0 x.0 X X 

Stack Gas x,0 x,0 x,0 x0 x,0 

X = OFA Test 
0 = OFA/LNB Test 
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RESULTS 

This section summarises the results of the stream characterisation for both the OFA and 
LNB tests. Sampling, preparation, and analytical methods are summarized in Appendix 
A. Detailed analytical data can be found in Appendices B and C. 

Sampling Schedule 

The OFA sampling was conducted in March 1991. The OFA/L.NB test was conducted in 
May 1993. Flue gas samples were collected from the A and B ESP inlet ducts and the 
stack. Multi-metals trains and Modified Method 5 (MM5, semivolatile organic com- 
pound) trains were used to traverse the ducts during each sampling run. Anions, 
aldehydes, VOST, impactors, Cr(VI), and mercury speciation trains were used to collect 
samples at single points of average velocity. 

Figure 3-l shows the sample collection schedule for the OFA test; Figure 3-2 shows the 
schedule for the OFA/LNB test. Three valid runs for each train were completed. 

Data Treatment 

Several conventions have been 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 
contributions were considered; however, the absence of some detectable concentrations 
in either (or both) phase(s) required that conventions be developed for dealing with 
these data. These conventions are summarized below. 

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

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

Case 2: The concentrations in both the solid and vapor phases are below the detection 
limits. 
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Case 3: The concentration in one phase is above the detection limit, and the concen- 
tration in the other phase is below the detection limit. 

For constituents of interest other than HCl, HF, and mercury, the flue gas stream data 
from previous studies of coal-fired power plants have shown that most of the material is 
present in the solid phase, and that only a small fraction is generally found in the vapor 
phase. Thus, the following conventions were selected for defining the total gas stream 
concentrations: 

l For Case 1, the total concentration is the sum of the concentrations in the vapor and 
solid phases. 

For example, the total arsenic concentration in the stack gas for Run 2 (OFA/LNJ3 
test) is calculated as follows: 

As in the solid phase = 110 ag/Nm’ 

As in the vapor phase = 2.0 pg/Nm” 

Total As in ESP inlet gas = 112 pg/Nm’ 

l For Case 2, the total concentration is considered to be the detection limit in the solid 
phase. 

For example, the total molybdenum concentration in the ESP inlet gas for Run 3 
(OFA test) is calculated as follows: 

MO in the solid phase = ND(290 ag/Nm’) 

MO in the vapor phase = ND(22 Fg/Nm’) 

Total MO in the ESP inlet gas = ND(290 pg/Nm3) 

l For Case 3, the total concentration is considered to be the one above the detection 
limit, regardless of which phase this represents. 

For example, the cobalt concentration in the stack gas for Run 3 (OFA test) is 
calculated as follows: 

Co in the solid phase = 7.6 pg/Nm’ 

Co in the vapor phase = ND(1.7 pgg!Nm’) 

Total Co in the stack gas = 7.6 pg/Nm’ 
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The above conventions also are in accordance with guidance provided by EPA (TechnicnI 
Implementation Document for EPA’S Boiler and Industrial Furnace Regulations. U.S. 
Environmental Protection Agency, Office of Solid Waste, Washington, D.C., March 
1992). 

Testing at several sites has indicated that HCl, HF, and mercury are present primarily in 
the vapor phase (although mercury is sometimes also detected in the solid phase). For 
Case 2, then, the total concentration of each of these species is considered to be the 
detection limit in the vapor phase. For Cases 1 and 3 the methodologies are unchanged 
from those described above. 

The following criteria were used when averaging the results of different runs: 

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

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

Analvtical Values Calculation Mean Value 

10, 12, ND(8) [10+12+(8/2)]/3 8.7 

By convention, the calculated mean is not allowed to be smaller than the largest 
detection limit value. In the following example, using one-half the detection limit would 
yield a calculated mean of 2.8. This is less than the highest detection level obtained; 
therefore, the reported mean is ND(4). 

Analvtical Values Calculation Mean Value 

5, ND(4), NW) [5+(4/2)+(3/2)]/3 = 2.8 W4) 

l When all analytical results for a given variable are below the detection limit, the 
mean is reported as ND(x), where x is the largest detection limit. The bias estimate 
(used where calculating confidence intervals for other parameters) is one-half of the 
detection level, and no confidence interval is reported. 

Coal 

Tables 3-1 and 3-2 show the analytical results for the coal samples collected during the 
OFA and OFA/LNB tests, respectively. Appendix A describes the analytical methods 
used for each combination of substance and stream. Measurements of the concentra- 
tions reported here were made using what Radian considered to be the best method for 
each matrix. Typically, the method with the lowest detection limit was chosen, except 
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Table 3-1 
Coal Composition - OFA Test (m&g dry unless noted) 

substance Run1 Run3 Run4 Run5 MC?Zill 95% CI 

Dpte 3l3191 3/s/91 316191 316191 

GTOSSlBdfMWl 472 417 411 471 416 4 

Cd Rate Ilblhr. drv1 33o.OcO 335.ocn 328.Ofxl 326.WO 330.000 6.100 

HHV (Btu/lb. drv) 13.400 13.900 13,700 13,700 13.700 370 

Ash (%. dry) 12 9.1 10 10 10 1.6 

Moishln (%) 5.5 4.1 4.3 4.8 4.7 1.0 

sultk (5%. dry) 1.8 1.6 1.6 1.6 1.6 0.2 

Maim Soecies 

Aluminum 16.C!OO 14,ooo 13.000 14.Oca 3.800 

Iron 15,000 13,000 11,OCQ 13,ooo 5wQ 

Sodium 288 266 260 270 3-J 

Titanium 915 694 714 770 300 

Ameoic 13 19 19 17 8.0 

Barium 210 160 140 170 86 

Beryllium 1.7 1.5 1.W 1.4 0.93 

cadmium ND(O.10) 0.16@ NDCO.11) NDCO.11) 

cbbide 310@ 5ow 400@ 410 230 

chromium 26 21 19 22 8.6 

Cobalt 8.9 8.3 7.8 8.3 1.4 

clmoer 56 29 31 38 37 

FlWXi& 73 38@ 100 70 79 

Lad 4.8 5.6 4.9 5.1 1.1 

MllngPnese 14 16 22 17 11 

Mercurv 0.19 0.13 0.15 0.15 0.08 

Molvbdeoum 3.8 5.2 ND(1.4) 3.2 5.7 

Nickel 28 27 25 27 3.1 

Phosphorus 210 260 270 240 16 

.seIenium 3.9 3.2 4.2 3.8 1.2 

Vanadium 36 

ND = Not detected at the concentration in parentheses. 
CI = confidul~ Interval. 

41 35 37 8.8 

@ = Result is less than five times the detection limit. 
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Table 33 
Coal Composition - OFA/LNB Test (m&g dry unless noted) 

substpna Run2 Run3 Run4 Mm 95% CI 

DW s/19/93 s/20/93 5121193 

G=-(MW 467 472 470 470 6 

copl Ita Obh, dry) 313,cGa 316,000 317,000 315,000 5,200 

HHV fBtu/Ib. dw) 13.700 13.700 13.900 13.800 200 

Ash (a. dry) 9.5 10 8.9 9.5 1.3 

Moisture (Is) 4.3 4.0 3.0 3.8 1.7 

Sulliu ($6. dd 1.8 1.7 1.6 1.7 0.27 

Maior Soecifs 

Aluminum Aluminum 12,000 12,000 15,OCO 15,OCO lS.CiQ lS.CiQ 14,cOO 14,cOO 4,590 4,590 

Iron Iron 14,OQO 14,OQO 10,caO 10,caO 9,500 9,500 11,000 11,000 6,200 6,200 

Sodium Sodium 310 310 390 390 320 320 340 340 110 110 

Titanium Titanium 740 740 980 980 800 800 840 840 310 310 

~AIxmiC 23 22 24 23 2.3 

Barium 94 120 86 99 39 

Bervllium 1.9 2.4 2.4 2.2 0.72 

cadmium ND(2.6) ND(2.6) ND(2.6) ND(2.6) 

ChlOri& 430@ 28’3@ 310@ 340 200 

cllromium 15 21 15 17 8.1 

cobalt 5.9 6.8 5.5 6.1 1.7 

C0DC.H 29 33 40 34 14 

Fluoride 110 81 79 91 49 

Lead 8.0 8.0 6.0 7.3 2.9 

MUiQnn@& 14 14 14 14 0.8 

Mercurv 0.16 0.15 0.11 0.14 0.07 

Molybdenum 3.m 5.w ND(3.6) ND(3.6) - 

Nickel 21 19 12 17 12 

Pbosnhonw 170 140 110 140 IS 

Selenium 3.4 4.0 3.6 3.7 0.8 

Vanadium 23 30 25 26 8.1 

ND = Not detected at the concentration in parentheses. 
CI = confidence Interval. 
@ = Result is less than five times the detection limit. 
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when the QA/QC results indicated significant problems with precision or bias for a 
particular technique. For each substance, a mean concentration was calculated, along 
with the 95% confidence interval about the mean. The confidence interval is the range 
about the mean wherein the probability is 95% that the true mean lies. For example, 
according to the three results shown in Table 3-1, it can be said, with 95% certainty, that 
the true mean cobalt concentration in the coal during the OFA test was between 6.9 and 
9.7 mg/kg. Calculation of this confidence interval is discussed in Section 6. 

For those substances that could not be quantified, the notation “ND(x)” is used. This 
term means “not detected at a concentration of x.” The detection limit can vary accord- 
ing to sample size, sample preparation, and analytical method. For instance, the 
detection limit for cadmium in the coal is higher for the OFA/LNB test than for the 
OFA test, because only INAA was employed for the OFA/LNB test, as opposed to a 
specific cadmium analysis by GFAAS for the OFA test. 

Calculations were performed with unrounded numbers, and the results were rounded for 
presentation in the table; therefore, slight differences in calculated means and confidence 
intervals are attributable to round-off errors. 

Ash Streams 

Table 3-3 shows the mean compositions of the bottom ash and fly ash samples. For the 
OFA test, bottom ash samples and fly ash samples (taken from the ESP hoppers) were 
collected and analysed. For the OFA/LNB test, only the bottom ash samples were 
analyzed. Fly ash samples were collected from each of the 16 ESP hoppers, but they 
were archived for possible future analysis because of concern about the representative- 
ness of a composite sample made from equal fractions of each of the 16 hopper samples 
(as was done for the OFA test). The ESP inlet particulate matter was deemed to be a 
better measure of the ash collected in the ESP. 

In both tests, significant concentrations of mercury were detected in the fly ash. The 
concentrations are higher than observed for most FCEM project sites. The sorption of 
mercury onto the fly ash may be influenced by the level of unburned carbon in the ash. 
The loss on ignition (LOI) of the fly ash was not measured for the OFA test, but the 
LQI of the ESP inlet particulate matter collected during the OFA/LNB test was 6.2 f 
2.1 percent. This is a relatively high LO1 and may be responsible for the higher-than- 
expected levels of mercury in the fly ash. 

Water Streams 

Table 3-4 shows the mean compositions of the sluice supply water and the bottom ash 
sluice water samples collected during the OFA test. These streams were also sampled 
during the OFA/LNB test, but the samples were archived for possible future analysis. 
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Table 3-3 
Ash Stream Compositions - OFA and OFA LNB Tests (m&g dry unless noted) 

Substalla 

Row Rate 
Oh/b dry) 

Bottom Ash 
OFA Test 

MeaIl 95% Cl 

6,770 130 

ESP Collected ESP Inlet 
Bottom Ash Fly Ash PWtiCUl~te 

OFA/LNB Test OFA Test OFAfLNB Test 

MeaIl 95% Cl Meall 95% Cl M&XII 95% Cl 

7&O 4,370 27,100 5,040 24,300 2,900 

MaJorSpecies 

Aluminum 140,WO 3,500 lm,m 29,m l50,OW 7,200 l30,OOO 8,300 

IIOU 92m lO,ooo llO,c00 19,ooo 92,ooo l2@o 93,Kn 4,700 

sodium 1,m 210 3,fjoo 9oil LWO 490 3,400 670 

SUlfW 440 cm 71 200 ~,~ 330 4,uM 8,800 

Titanium W@-’ 3,700 68Q3 340 88333 560 6,900 130 

Target Species 

ArsHliC 52 66 23 78 220 38 310 160 

B.WiUm 860 2.54 920 mo 780 110 1,lOLl 24 

Bclyuium 10 2.9 22 4.7 13 5.1 23 3.0 

Cadmium ND(1.0) -- NJI(1.0) -- ND(l.0) -- 3.6 6.1 

Chloride ND(lW) -- NLyloo) -- NLqloo) -- 2,300 1,100 

cluomiom 110 34 110 15 120 34 150 33 

Cobalt 50 9.0 67 34 55 14 51 28 

Copper 97 3.6 130 30 160 16 zoo 45 

Fluoride ND(n) -- 24 16 56 12 220 230 

Lead 20 2.9 14 1.6 7s 75 61 12 

Manganese 120 51 150 19 140 190 160 44 

Mercury ND(O.020) -- ND(O.012) -- 0.23 0.05 0.79 035 

Molybdenum ND(m0) -- 24 41 ND(200) -- 15 22 

Nickel 100 7.7 82 3.1 240 620 120 8.2 

Phosphorus 1,120 820 540 19 1,4@J 1,300 810 ‘240 

S&niW ND(5.0) -- ND(l.2) -- 17 18 17 1.3 

Vanadium 210 11 2% 12 240 14 260 61 

ND = Not detected at concentration in parentheses. 
Cl = Confidence Interval. 
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Results 

Table 3-l 
Water Stream Compositions - OFA Test &g/L) 

Substance 

Maior Suedes 

Sluice Supply Water Bottom Ash Sluice Water 

Mean 95% CI Mean 95% CI 

Ahunirmm 680 53 200 220 

Iron 790 46 240 220 

Sodium 

Sulfate 

Titanium 

Target Species 

Arsenic 

Barium 
Beryllium 

Cadmium 

< Aoride 

9,300 1,700 6,500 2,000 

68,000 7,700 40,000 11,000 

ND(50) -- ND&O) __ 

16 0 1.2 1.9 

150 3.0 98. 17’ 
ND(2.0) -- ND(2.0) -- 

1.5 0.4 ND(l.O) __ 

3.000 50 3.100 540 

Chromium ND(lO) -- ND( 10) 

Cobalt ND(l0) -- ND( 10) 
Copper 35 1.4 ND(20) 

Fluoride 180 11 130 
Lead 3.7 5.7 ND(3.0) 

Manganese 90 6.3 52 

Mercury ND(0.20) -- ND(0.20) 
Molybdenum ND(50) :- ND(50) 

Nickel ND(20) -- ND(20) 

Phosphorus 53 2.9 ND(50) 

-- Selenium ND(5.0) ND(5.0) 

Vanadium ND(20) -- ND(20) 

ND = Not detected at concentration in parentheses. 
CI = Confidence Interval. 

__ 

-_ 

__ 

21 
-- 

10 
_- 

-- 

-- 

__ 

__ 

__ 

3-10 



ESP Inlet Gas 

Tables 3-5 and 3-6 show the concentrations of the target analytes in the ESP inlet gas for 
the OFA and OFA/LNB tests, respectively. The A and B ducts were sampled sequen- 
tially with a single train for each type of gas sample, producing samples representative of 
the unit as a whole. The data are presented as solid and vapor compositions, along with 
the mean concentrations and confidence intervals in the combined phases. 

For the OFA test, blank concentrations for both vapor-phase and solid-phase samples 
were significant for many of the substances when compared with the measured concen- 
trations. Blank corrections were applied, and the details of these corrections can be 
found in Appendix I. For the OFA/LNB test, blank contributions to the target analyte 
results were not significant, and blank corrections were not applied. 

The analytical results for semivolatile organic compounds were completely different for 
the two tests. For the OFA test, the samples collected with the MM5 train at the ESP 
inlet and the stack were analysed by Method 8270 (GC-MS) for a long list of semivola- 
tile organic compounds, some of which are classified as semivolatile organic matter 
(POM). During the OFA test, none of the POM compounds were present in the ESP 
inlet gas (or the stack gas) above detection limits, which were approximately S-10 
pg/Nm’ for most of the compounds. 

For the OFA/LNB test, the MM5 train samples collected at the ESP inlet and the stack 
were analyzed for a select group of polycyclic aromatic hydrocarbons (PA%, a subset of 
POM) by high-resolution GC-MS. The concentrations of several of the compounds 
measured were above detection limits, but note that these levels are much lower (up to 3 
orders of magnitude) than the detection limits available with the 8270 analysis used for 
the OFA test. The decision to use high-resolution GC-MS was made after the OFA test 
showed that all of the PAH concentrations were below 8270 analysis detection limits. 

There are some anomalous results in the ESP inlet gas stream compositions for chloride, 
fluoride, mercuty, and selenium. Each of these substances can potentially be present in 
the vapor phase. A problem that may have been encountered during sampling of the 
high-particulate ESP inlet gas is that, as the flue gas was drawn through the in situ 
thimble filter, reactions between the vapor and the large quantities of particulate in the 
thimble may have caused some vapor-phase species to be captured in the particulate 
fraction of the sampling train. While this would not affect the total concentration 
measured, it would attribute more of the substance to the particulate phase and less to 
the vapor phase than was actually present in the duct. Ash alkalinity may be a factor in 
the case of chloride, fluoride, and selenium, but it is also possible that unburned carbon 
in the ash may act as a sorbent for these vapor-phase species, including mercury. 

For chloride, it appears that some reaction with the fly ash did occur during sampling in 
both the OFA and OFA/LNB tests. The total amount of chloride in the ESP inlet gas 
looks reasonable compared to the coal, but the vapor component measured at the ESP 
inlet is noticeably lower than at the stack. While the particulate/vapor chloride ratio 
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may have been overestimated, it appears that there was at least some chloride actually 
present in the particulate phase. The total concentrations of chloride are lower at the 
stack than at the ESP inlet, which suggests removal of particulate-phase chloride across 
the ESP. 

For fluoride, the OFA/LNB results are consistent, with no evidence of artifacts. 
However, for the OFA test, the ESP inlet vapor-phase and total concentrations appear to 
be biased low when compared to the coal and stack gas fluoride concentrations, but not 
because of reaction with the fly ash in the sampling train. The total concentration of 
fluoride at the ESP inlet for the OFA test is only about 40% of the concentration at the 
stack, which is clearly inconsistent. The ESP inlet fluoride results obtained during the 
OFA/LNB test are probably more representative. 

For mercury, the OFA test results indicate that the total concentration of mercury 
measured in the ESP inlet gas, which is only about 60% of that expected based on the 
coal composition, may be biased low. There is also evidence of vapor-phase mercury 
being sorbed onto the fly ash during sampling. The concentrations of mercury in the 
ESP inlet particulate are, on average, more than twice those measured in the ash 
collected by the ESP, while the vapor-phase mercury concentrations are lower at the ESP 
inlet than at the stack. 

For the OFA/LNB test, the ESP inlet mercury total concentrations agree well with those 
expected based on the coal mercury concentrations, and the vapor-phase levels are 
consistent with those measured at the stack. There is no evidence of artifacts, and it 
appears that the high level of mercury in the ESP inlet particulate, which accounts for 
roughly half of the total mercury, may reflect the true distribution in this stream. As was 
previously discussed under the ash stream results, the relatively high levels of unburned 
carbon in the ash may be sorbing the mercury onto the ash. 

For selenium the OFA test results suggest that both the vapor-phase and total selenium 
concentrations measured at the ESP inlet are biased low. The total ESP inlet selenium 
concentration is only about 40% of that expected based on the coal measurements, and 
the vapor-phase concentrations of selenium are dramatically lower than those measured 
at the stack. While it is possible that there may be some of the vapor-phase selenium 
reacting with the fly ash during sampling, there is an indication that significant amounts 
of vapor-phase selenium may not have been recovered from the ESP inlet sampling tram. 
The multi-metals train used at the ESP inlet location (described in Appendix A) was 
modified to use an in situ filter for particulate capture, with a Teflon@ transfer line 
transporting the vapor to the impinger train. Because the Teflon@ line was not heated to 
duct temperatures, vapor-phase selenium may have condensed in this line. Even though 
the transfer line was rinsed during recovery, Radian’s experience with selenium deposits 
indicates that, if selenium had condensed in the transfer line, it could not have been 
recovered by rinsing with dilute nitric acid. The Method 5 sampling train used at the 
stack, with its heated glass-lined probe, does not suffer from this same limitation. 
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For the OFA test, the selenium ESP inlet results are less clear. As with the OFA/LNB 
test, there is very little vapor-phase selenium measured in the ESP inlet gas. However, 
considering that the total amount of selenium in the ESP inlet gas is about 170% of that 
expected based on the coal measurements, it doesn’t appear that any selenium was lost 
during sampling. The lack of vapor-phase selenium in the ESP inlet gas might be 
attributed to reaction with the fly ash in the sampling train but there is also an apparent 
high bias in the total selenium results at this location. 

Stack Gas 

Tables 3-7 and 3-8 show the concentrations of the target analy-tes measured in the stack 
gas during the OFA and OFA/LNB tests, respectively. For the OFA test, blank 
corrections were applied for many of the target substances. The details of these 
corrections can be found in Appendix I. 

For the OFA/LNB test, blank contributions for most of the target analytes were not 
significant; therefore, no blank corrections were applied. The exceptions are Cr(VI) and 
formaldehyde. For Cr(VI), a consistent, significant background concentration was 
measured in the KOH reagent used in the sampling train This background contribution 
was subtracted from the sample results. The details of the blank correction are included 
in Appendix I. For formaldehyde, blank contributions from field, trip, and reagent 
blanks were as large as or even greater than the sample results. However, a consistent 
contamination level could not be defined; therefore, the results were not corrected for 
the blank results. 

Emission Factors 

Table 3-9 presents the mean emission factors for target species in the stack gas during 
both the OFA and OFA/LNB tests. The mass emission rates (lb/hr) for each substance 
were divided by the heat input (Btu/hr) of the coal. 

Mean particulate matter emissions at the stack were 0.21 lb/lo6 Btu for the OFA test 
and 0.12 lb/lo6 Btu for the OFA/LNB test. Chloride and fluoride emission factors are 
the highest of the target species, which is expected because the vapor-phase species (HCl 
and HF) are not effectively removed by the ESP, and because the concentrations of 
chloride and fluoride in the coal are higher than those of the other target species. 

ESP Performance 

Table 3-10 shows the removal efficiencies for the target species across the ESP for both 
the OFA and OFA/LNB tests. Most of the inorganic species are effectively removed by 
the ESP, except for chloride, fluoride, and mercury. Although selenium shows a removal 
of 72% for the OFA test, essentially no removal of selenium was measured during the 
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Table 3-9 
Stack Emission Factors - OFA and OFAlLNB Tests (lh/lO” Btu unless noted) 

OFA Test OFAlLNB Test 

Combined Combined 
Substance MeWI 95% CI MeaIl 95% CI 

Gas Flow Rate (dscfm) 1,110,000 75,700 1 ,080,OOO 19,000 
Gas Flow Rate (Nm ‘/hr) 1,750,OOO 118,000 1,710,OOO 31,000 
Coal Flow Pate (lblhr, dry) 330,000 6,100 315,000 5,200 
Heating Value (Btullb, dry) 13,700 370 13,800 200 
Particulate Matter (lb/IO6 Btu) 0.21 0.24 0.12 0.061 
Target Species 

Arsenic 94 430 110 56 
BWiUlll 220 180 140 58 
Beryllium 3.7 3.8 3.1 1.5 
Cadmium 0.50 2.7 3.6 2.4 
Chloride 19,900 2,400 15,000 2,400 
Chromium 38 32 21 7.5 
Chromium (VI) NA __ 5.4 7.3 

Cobalt 11 11 6.5 2.9 

Copper 41 41 30 15 
Fluoride 6,200 570 5,100 710 

Lead 33 34 11 5.1 
Manganese 25 18 21 4.9 
Mercury 6.4 1.1 4.8 2.0 
Molybdenum Nw2) -- 12 1.8 
Nickel 24 19 17 4.5 
Phosphorus 230 200 180 31 
Selenium 128 33 140 120 
Vanadium 72 64 41 18 
Benzene 1.4 3.0 ND(O.51) -- 

Toluene ND(O.49) -_ 0.70 0.21 
Formaldehyde ND(4.0) _- 1.3 2.4 
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Table 3-9 (Continued) 

Substance 

OFA Test 

Combined 
MeaIl 95% CI 

OFAlLNB Test 

Combined 
MeZlIl 95% CI 

PAHS 
Z&methyl chrysene 

17Hdibenzo[c,g]carbazole 

Acenaphthene 

Acenaphthylene 

Anthracene 
Benzo[a]pyrene 

Benzo[b,j&k]fluoranthenes 
Benzo[ghi]perylene 

Benz[a]anthracene 

Chrysene 

Dibenzo[a,e]pyrene 
Dibenzo[a,h]pyrene 
Dibenzo[a,i]pyrene 

Dibenz[a,h]acridine 

Dibenz[a,h]anthracene 
Dibenz[a,i]acridine 

Fluoranthene 

Fluorene 

Indeno[l,2,3-cdlpyrene 
Phenanthrene 

Pyrene 

NA -- ND(O.ooo9) -- 

NA -_ ND(O.016) -- 

NW) -- 0.0081 0.017 

lw5) -- 0.0030 0.0016 

Nm) -_ 0.0037 0.0060 
NJm) -- ND(0.0041) -- 

NA -- 0.0015 0.0038 
ND(5) -- ND(O.0031) -- 

ND(5) -_ 0.0070 0.02748 

ND(5) -_ 0.0018 0.0030 

NA __ ND(O.0030) -- 

NA -_ ND(O.0032) -_ 

NA -- ND(O.0042) -- 

NA -- ND(O.0016) -- 

ND(5) __ ND(O.0037) -_ 

NA -- ND(O.0042) -- 

ND(5) -_ 0.010 0.026 

M)(5) -_ 0.0099 0.023 

ND(5) __ ND(O.0027) -_ 

ND(5) -- 0.044 0.098 

ND(5) -_ 0.011 0.035 

ND = Not Detected. Value in parentheses is based on the detection limit, 
CI = Confidence Interval. 
NA = Not Analyzed. 

3-25 



Table 3-10 
ESP Removal Efficiency - OFA and OFAlLNB Tests 

Substance 

Particulate Matter 

Target Species 
Arsenic 

Barium 
Benzene 

Beryllium 

Cadmium 

Chloride 
Chromium 

Cobalt 

Copper 

Fluoride 
Formaldehyde 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Phosphorus 

Selenium 

Toluene 
Vanadium 

OFA Test OFALNB Test 

Removal (%) ’ 95% CI (%) Removal (%) * 95% CI (46) 

96 4 98 1 

95 25 94 3 

96 2 98 1 
Ob 190 NA -- 

97 4 98 1 

NC -- 83 18 

46 11 39 7 

96 3 98 1 

97 3 98 1 

97 3 98 1 

Ob 56 13 9 
NC -- NA -- 

92 4 97 1 

97 2 98 0.4 

9’ 80 55 17 

NC -- 86 16 

96 3 98 1 

96 3 96 1 

72 14 0’ 130 

NC -_ NA __ 

96 3 97 1 

S-methyl chrysene 

7?Gdibenzo[c,g]carbazole 

Acenaphthene 
Acenaphthylene 

Anthracene 
3-26 

NA __ NC __ 

NC -_ NC -_ 

NC __ 45 93 

NC -_ 33 48 

NC -- 26 123 



Table 3-10 (Continued) 

OFA Test OFA/LNB Test 

Substance Removal (%) ’ 95% CI (%) Removal (%) ’ 95% CI (%) 

Benzo[a]pyrene NC -- > 56 -_ 

Renzo[b,j&k]fluoranthenes NA -- NC -_ 

Benzo[ghi]perylene NC -- NC __ 

Renz[a]anthracene NC -- NC -_ 

Chrysene NC -- 61 57 

Dibenzo[a,e]pyrene NA __ NC -_ 

Dibenzo[a,h]pyrene NA -- NC __ 

Dibenzo[a,i]pyrene NA -- NC -- 

Dibenz[a,h]acridine NA -_ NC -_ 

Dibenz[a,h]anthracene NC -_ NC -_ 

Dibenz[a,i]acridine NA -- NC 

Fluoranthene NC -- 21 170 

Fluorene NC __ Ob 220 

Indeno[l,2,3-cd]pyrene NC __ NC 

Phenanthrene NC -- Ob 210 

Pyrene NC -_ Ob 370 

‘Removal efficiencies were calculated based on mass rates, i.e., concentration times flow rate, 
rather than concentrations alone. 

b Calculated removal was negative but is shown as zero. 

“Based on an ESP inlet concentration that may be biased low. See the discussion in the text 
under the ESP inlet results. 

NC = Not calculated because substance concentration was below the detection limit at the 
ESP inlet. 

NA = Not applicable because substance was not analyzcd at the ESP inlet. 

CI = Confidence Interval. 
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OFA/LNB test. However, the confidence interval is very large, indicating considerable 
uncertainty in this measurement. 

The removal efficiencies for volatile organic compounds were measured during the OFA 
test. Essentially no benzene was removed and the removal efficiencies for toluene and 
formaldehyde were not calculated because their concentrations in the ESP inlet gas were 
below detection limits. The removal efficiencies for these substances during the 
OFA/LNB test could not be determined because they were not sampled in the ESP inlet 
gas. This decision was made because the concentrations of benzene, toluene, and 
formaldehyde were low for the OFA test and are not expected to be controlled by the 
ESP. 

The removal efficiencies for the PAHs were measured during the OFA/LNB test. 
Several of the compounds were below detection limits in the ESP inlet gas; therefore, 
their removal efficiencies were not calculated. For those compounds for which a 
removal efficiency could be calculated, the large confidence intervals indicate high 
uncertainties. 

Speciation of Mercury 

Stack gas samples were collected with the Frontier Geoscience’s mercury speciation train 
during the OFA/LNB test, and the results are shown in Table 3-11. The analysis only 
included vapor-phase mercury. The results show that 40% of the stack mercury is 
present as ionic inorganic mercury, 54% as elemental mercury, and 6% as methyl 
mercury. These results are discussed and compared to the multi-metals train results in 
Section 4. 

Mercury speciation samples were also collected during the OFA test, but by a substan- 
tially different technique that has since been shown to be invalid. These results are 
presented in Appendix D. 

Size-Fractionated Stack Particulate Matter 

Table 3-12 shows the results obtained from the chemical analysis of size-fractionated 
stack particulate matter from the OFA/LNB test. The samples were collected with 
University of Washington Mark 5 cascade impactors. Individual impactor stages were 
combined before analysis to produce three target size ranges: < 3 pm, 3-10 pm, and 
> 10 pm. The actual size ranges obtained were < 4 pm, 4-9 pm, and > 9 pm. Samples 
were digested in the microwave and analyzed using inductively coupled plasma mass 
spectrometry (ICP-MS). The results are reported as mg/kg of the target analytes in each 
size fraction. 

Size-fractionated particulate matter samples were also collected during the OFA test. 
The samples were analyzed by instrumental neutron activation analysis (INAA), but the 
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Table 3-11 
Mercury Speciation in Stack Gas - OFA/LNB Test @g/N& unless noted) 

Run 2 Run 3 Run 4 Percent of 
Component’ 5/19/93 s/20/93 s/21/93 Mean 95% CI Vapor Hg 

Ionic Inorganic Hg 2.4 3.3 2.1 2.6 1.6 39% 

Elemental Hg 4.1 3.4 3.3 3.6 1.1 54% 

Methyl Hg 0.16 0.91 0.20 0.44 1.1 1% 
Total Vaoor He 6.1 1.1 5.6 6.6 2.6 -_ 

’ Results determined using Frontier Geoscience’s mercury speciation train. 

CI = Confidence Interval. 
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Table 3-12 
Size-Fractionated Stack Particulate Matter - OFA/LNB Test (mg/kg) 

Substance 
Gas Volume (Nm’) 

c 4 pm Fraction 

Run 2 Run 3 Run 4 
s/19/93 s/20/93 5/21/93 Mean 95% CI 

3.74 3.75 3.96 -- -- 

Collected Mass (mg) 35.4 29.6 27.7 -- _- 

Antimony 83 87 
Arsenic 1,400 1,900 
Barium 2,000 1,900 
Beryllium 24 33 
Cadmium 6.4 5.7 
Chromium 390 490 
Cobalt 56 68 
Copper 420 400 
Lead 320 200 
Manganese 200 230 
Mercury 2.6 2.8 
Molybdenum 240 280 
Nickel 170 200 
Selenium loo 130 
Vanadium 610 770 

94 
1,700 
2,100 

29 
8.7 

430 
58 

360 
220 
180 
1.2 

290 
170 
140 
730 

88 13 
1,700 580 
2,000 330 

29 11 
6.9 3.8 

440 130 
61 17 

390 82 
250 160 
200 65 
2.2 2.2 
270 76 
180 33 
120 46 
700 200 

4-9 LI m Fraction 

Collected Mass (mg) 40.7 33.7 34.4 -_ 

Antimony 43 44 42 43 3.1 
Arsenic 690 790 740 740 130 
Barium 1,800 1,700 1,700 1,700 160 
Beryllium 38 41 39 39 3.3 
Cadmium 4.2 7.3 3.6 5.0 4.9 
Chromium 380 400 370 380 33 
Cobalt 98 97 94 96 5.6 
Copper 700 400 400 500 430 
Lead 270 200 170 210 130 
Manganese 300 250 240 260 81 

~ Mercury 3.2 2.2 1.2 2.2 2.6 
Molybdenum 64 62 56 61 11 
Nickel 240 220 220 230 22 
Selenium 53 36 42 44 21 
Vanadium 630 640 640 640 8.9 
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Table 3-U (Continued) 

Substance 

> 9 pm Fraction 

Run 2 Run 3 Run 4 
S/19/93 S/20/93 s/21/93 Mean 95% CI 

Collected Mass (mg) 164 207 164 -_ 

Antimony 17 21 18 19 5 
Arsenic 310 410 410 380 140 
Barium 1,200 1,400 1,300 1,300 240 
Beryllium 22 25 28 25 8 
Cadmium 3.2 5.1 1.7 3.4 4.3 
Chromium 240 230 370 280 190 
Cobalt 58 59 71 62 18 
Copper 1,700 620 430 900 1,600 
Lead 120 120 92 110 35 
Manganese 230 280 220 250 75 
Mercury 2.4 5.6 1.6 3.2 5.3 
Molybdenum 26 29 29 28 4 
Nickel 150 140 220 170 110 
Selenium 63 100 120 96 77 
Vanadium 350 350 430 380 110 

CI = Confidence Interval. 
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quality of the results was poor because of the relatively low concentrations. These 
results are presented in Appendix D. (The results from the OFA test led to the 
modification of the techniques used for the OFA/LNB test.) 

Other Species Detected 

Other substances not on the target analyte list but listed in Title III of the Clean Air Act 
Amendments of 1990 were also measured as part of the multi-substance techniques used 
for the target analytes. Additional Title III substances include antimony and organic 
compounds available from the VOST, semivolatile compounds, and aldehydes analyses. 
Table 3-13 shows the concentrations of antimony and organic compounds that were 
detected in at least one flue gas sample. 
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4 
DISCUSSION 

This section discusses the important results of the testing at Site 16. The results from 
the OFA and OFA/LNB tests are compared. In addition, special topics such as mercury 
speciation, chromium speciation, size-fractionation, and elemental enrichment are 
discussed. 

Coal Composition Comparison 

Figures 4-la and 4-lb show the trace element compositions of the coal fired during the 
OFA and OFA/LNB tests. The error bars represent the 95% confidence intervals about 
the mean values. The trace element compositions for the two tests are statistically 
equivalent; for every element, the 95% confidence intervals for the two tests overlap. 
Cadmium was not detected during either test. The detection limit was higher for the 
OFA/LNB test, because only MA.4 was employed, as opposed to a specific Cd analysis 
by GFAAS for the OFA test. Other coal measurements, such as heating value, moisture, 
sulfur content, ash content, and major element concentrations are similar for the two 
tests. Therefore, the coal composition can be considered consistent, and any differences 
in the emission results between OFA operation and OFA/LNB operation must be 
attributed to other factors. 

Emissions Comparison 

Figures 4-2a, 4-2b, and 4-2~ show the emission factors for metals, acid gases, and volatile 
organic compounds for the two tests. The 95% confidence intervals overlap for all of the 
species shown, indicating that there is not a significant difference between the emissions 
of the unit under OFA operation or OFA/LNB operation. There is, however, a slight 
downward trend in the emissions during OFA/LNB operation. For elements primarily 
associated with the particulate matter, ten (barium, beryllium, chromium, cobalt, copper, 
lead, manganese, nickel, phosphorus, and vanadium) show lower mean emissions during 
OFA/LNB operation; only two (arsrnic and cadmium) show higher mean emissions 
during OFA/LNB operation. The total particulate matter emissions were also lower 
during the OFA/LNB test. 

The slight trend toward lower emissions of particulate-phase elements is more a 
reflection of the ESP performance than it is of the low-NO, burners. The system 
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appeared to be more “in tune” during the OFA/LNB test, as shown by the greater 
overall particulate matter removal efficiency (98% for OFA/LNB vs. 96% for OFA). 

Precipitator performance is very sensitive to ash resistivity which, in turn is sensitive to 
the unburned carbon content of the fly ash. After the low-NO, burners were first 
installed, ESP performance was very poor. However, the burners were tuned by the 
vendor a short time before Radian conducted the OFA/LNB testing, decreasing the 
carbon content of the fly ash and improving ESP performance. In addition, NH, 
conditioning during the OFA/LNB test further improved performance. No conditioning 
was used during the OFA test. 

There is some concern that combustion modifications designed to reduce NO, emissions 
may also increase the emissions of organic compounds. In response to this, it can be 
said that the emissions of benzene, toluene, and formaldehyde were very low (either 
below detection limits or less than five times the detection limits) during both OFA and 
OFA/LNB operation. Furthermore, the presence of these compounds in laboratory and 
field blanks makes their measured concentrations in the flue gas highly uncertain. 

Comparison of PAH Results 

The analysis of PAHs was significantly different for the two tests. For the OFA test, 
samples were analyzed by GC-MS (Method 8270). For the OFA/LNB test, high- 
resolution GC-MS was employed for a selected list of PAHs pre-approved by Southern 
Company Services. The detection limits for high resolution GC-MS were much lower 
(up to 3 orders of magnitude) than those available through standard GC-MS. As a 
consequence, the PAH results are difficult to compare. 

Table 4-1 lists the PAHs for which results were obtained, along with the range of 
concentrations measured in the ESP inlet gas and stack gas by each technique. Thirteen 
of the compounds were measured during both tests. During the OFA test, none of the 
PAHs were detected; detection limits were about 6 pg/Nm’ for most of the compounds. 
For the OFA/LNB test, many of the compounds were detected by high-resolution GC- 
MS but at concentrations one to four orders of magnitude lower than the detection limits 
available for the OFA test. 

The PAH concentrations measured during the OFA/LNB test show very high variability. 
As discussed in Section 5, the recoveries of surrogate compounds in actual samples were 
poor; however, acceptable recoveries of standards spiked into blank samples show that 
no problem existed with the analytical procedure, and the problem lies with the sample 
matrix. Possibly, carbonaceous material in the flue gas particulate matter interferes with 
the analysis; however, high-resolution GC-MS still represents the state of the art for 
analyzing low levels of PAHs. The PAH results for the OFA/LNB test should be 
considered order-of-magnitude estimates. 
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Table 41 
Comparison of PAH Results 

OFA Test ’ 
Range of Results 

PAH Compounds @ g/Nm’) 
Acenaphthene ~6 
Acenaphthylene <6 
Anthracene ~6 
Benz[a]anthracene ~6 
Benzo[b]fluoranthene ~6 
Benzo[k]fluoranthene <6 
Benzo[bj&k]fluoranthenes NA 
Benzo[ghi]perylene ~6 
Benzo[a]pyrene ~6 
Chrysene <6 
Dibenz[a,h]acridine NA 
Dibenz[a,ilacridine NA 
Dibenz[q+h]anthracene ~6 
7H-Dibenzo[c,g]carbaole NA 
Dibenzo[a,e]pyrene NA 
Dibenzo[a,h]pyrene NA 
Dibenzo[a,i]pyrene NA 
7,12-Dimethylbenz[a]anthracene Cl.5 
Fluoranthene <6 
Fluorene ~6 
Indeno[l,2,3-cdlpyrene ~6 
3-Methylcholanthrene ~6 
5-Methyl chrysene NA 
ZMethylnaphthalene ~6 
Naphthalene ~6 
Phenanthrene ~6 
Pyrene ~6 

’ Compounds measured by Method 8270 (GC-MS). 
b Compounds measured by high-resolution GC-MS. 

OFA/LNB Test b 
Range of Results 

Cu g/Nm’) 
0.0025 - 0.033 
0.0027 - 0.0058 
0.0014 - 0.0069 
0.00063 - 0.023 

NA 
NA 

< 0.032 
<0.041 

co.0025 - 0.023 
0.00091 - 0.0063 

c 0.032 
< 0.022 
< 0.053 
< 0.078 
< 0.012 
< 0.058 
< 0.018 

NA 
0.0044 - 0.026 
0.0047 - 0.024 

<O.Ml 
NA 

<0.0048 
NA 
NA 

0.021 - 0.10 
0.0023 - 0.031 

NA = Not Analyzed. 
c = Indicates a detection limit value. 
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Mercury Speciation 

Table 4-2 shows the mercury concentration measured in the stack gas during the 
OFA/LNB test using the Frontier Geosciences mercury speciation train and the multi- 
metals train. A different type of mercury speciation train, since shown to be invalid, was 
used during the OFA test, and those results are discussed in Appendix D. 

The Frontier Geosciences train used for the OFA/LNB test is described in detail in 
Appendix A. The technique was developed by Nicholas Bloom, now with Frontier 
Geosciences, Inc., but formerly with Brooks Rand, Ltd. The solid sorbent technique uses 
KCl/soda lime to capture ionic forms of mercury (inorganic Hi+ as well as monomethyl 
species such as CH,HgCl), and iodated charcoal to, capture elemental mercury. The 
samples were collected nonisokinetically from a fixed point in the stack. A glass wool 
plug ahead of the sorbent cartridges prevented particulate matter from entering the 
sorbents, and this plug was not analyzed; therefore, the results apply to the vapor phase 
only. Because the particulate loading in the stack gas is relatively low, it is not expected 
that particulate trapped on the glass wool would have absorbed significant quantities of 
vapor-phase mercury. 

The multi-metals train, also described in Appendix A, uses aqueous impinger solutions to 
capture vapor-phase metals, including mercury. Samples were collected isokinetically 
while traversing the stack. Although the multi-metals train was not designed to provide 
speciation information, it may still give some insight into the mercury species present. 
Ionic forms of mercury are water-soluble and should be readily captured in the 
HNO,/H,O, impingers. Elemental mercury, on the other hand, should pass through 
the HN03/H,01 solutions, because the solubility of elemental mercury in aqueous 
solutions is very low and the H,O, cannot efficiently oxidize it. The elemental mercury 
is oxidized and captured in the H,SO,/KMnO, impingers. 

The total vapor-phase mercury concentrations measured by the two techniques show 
good agreement. The mean vapor concentrations are 6.6 + 2.6 pg/Nm’ by the Bloom 
train and 5.3 k 2.5 pg/Nm’ by the multi-metals train. However, the results for the 
individual species do not agree as well; the Frontier Geosciences train shows a mean of 
39% oxidized mercury, compared with 69% oxidized mercury measured by the multi- 
metals train. 

Blank contamination was not a problem for either type of train, and spike recoveries 
were within acceptance limits. However, the issue of species conversion during sampling 
has not been addressed; therefore, although each method can be considered to give 
reliable results for the total concentration of vapor-phase mercury, less confidence can be 
placed in the speciation results for either type of train. The possibility of one species 
converting to another within the sampling equipment or in the sampling media makes it 
less certain that ,the species were actually present in the flue gas at the measured levels. 

The Frontier Geosciences train is a technique still being developed. Extensive work has 
been done to improve the capture efficiency of the traps, to increase the analytical 
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Table 4-2 
Comparison of Mercury Methods - OFA/LNFJ Test 

Stack Concentrations, cg/Nm’ 
Percent of 

Component Run 2 Run 3 Run 4 
S/19/93 S/20/93 S/21/93 Mean 95% CI 

Vapor Hg 

Frontier Geosciences Hg Speciation Train 

Ionic Inorganic Hg 2.4 3.3 2.1 2.6 1.6 39% 

Elemental Hg 4.1 3.4 3.3 3.6 1.1 54% 

Methyl Hg 0.16 0.97 0.20 0.4 1.1 7% 
Total Vapor 6.7 7.7 5.6 6.6 2.6 _- 

Multi-Metals Train 

Ionic Hg’ ’ 2.7 3.1 5.2 3.7 3.3 69% 

Elemental Hgb 1.7 2.1 1.2 1.7 1.1 31% 
Total Vauor 4.4 5.2 6.4 5.3 2.5 _- 

Solid 0.29 0.12 0.17 0.19 0.22 

Total Vapor + Solid 4.7 5.3 6.6 5.5 2.4 

’ Mercury collected in the HNO,/H,O, impingers. 

b Mercury collected in the H,S0,/KMn04 impingers 

CI = Confidence Interval. 
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efficiency, and to minimize the chance for species conversion. However, there are no 
studies that would conclusively demonstrate the validity of the method for mercury 
speciation, such as the spiking of specific mercury compounds into the flue gas ahead of 
the sampling train. Therefore, the method can be considered unproven for mercury 
speciation. 

No reported studies have been done on the ability of the multi-metals train to provide 
mercury speciation information. The interpretation of the results thus far relies largely 
on chemical theory. The efficiencies of the HNO,/HzOI impingers for capturing ionic 
mercury and for allowing elemental mercury to pass through have not been established. 
In addition, the extent of species conversion within the train is unknown. Therefore, the 
method can be considered unproven for mercury speciation. 

Chromium(W) 

Table 4-3 shows the concentrations of total chromium and of chromium(VI) measured in 
the stack gas during OFA/LNB operation. An attempt was made to measure Cr(VI) in 
the particulate matter during the OFA test by a different technique, and these results are 
shown in Appendix D. The OFA results are judged to be nonrepresentative because of 
shortcomings in the sampling method. 

The EPA Cr(VI) train described in Appendix A, was used for the OFA/LNB test. This 
train does not use a filter; instead, particulate matter is allowed to enter the KOH 
impinger solution, A portion of this solution is continuously circulated to the tip of the 
probe. The KOH solution is used to maintain a pH of 8.5 or higher to prevent the 
reduction of any Cr(VI) species to Cr(II1). The analytical result includes both vapor- 
phase Cr(VI) and soluble particulate-phase Cr(VI) contributions. 

The multi-metals train showed that most of the total chromium was in the particulate 
phase. Total Cr concentrations exhibited relatively low variability (24 + 8.6 pg/Nm3). 
However, the measured concentrations of Cr(VI) were highly variable (6.2 + 8.4 
pg/Nm’). It is not known whether the variability in Cr(VI) was due to the process or 
the sampling and analytical methods. 

The KOH impinger solution contributed significant background concentrations of Cr(VI), 
which were subtracted from the results. The background concentrations measured in 
three KOH reagent blanks showed very low variability, but the background itself 
accounted for 48% to 83% of the three uncorrected sample results, contributing consid- 
erable uncertainty to the corrected results. The EPA Cr(VI) method calls for a 0.1 N 
KOH solution, but the technique was not designed to sample gases with the high levels 
of CO, and SO2 typically found in power plant flue stacks. A 10 N KOH solution was 
used to guarantee a high pH, but in retrospect this contributed to the high Cr(VI) 
background. Future measurements made with this technique should focus on determin- 
ing the minimum required KOH concentration and/or on using higher purity KOH 
reagents. 
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Discussion 

Table 4-3 
Comparison of Chromium Methods - OFA/LNB Test 

Multi-Metals Train Results 

Solid Phase Chromium 

Vapor Phase Chromium 

Total Chromium 
(Solid + Vapor) 

Cr(VI) nain Results 

Chromium (VI) 
(Solid + Vapor) 

Stack Gas Concentrations, pg/Nm’ 

Run 2 Run 3 Run 4 95% CI 
s/19/93 s/20/93 S/21/93 Mean 

20 27 23 23 8.6 

1.0 0.77 1.1 0.96 0.42 

21 28 24 24 8.6 

6.8 2.6 9.3 6.2 8.4 

Chromium (VI) Percent’ 26% 

’ Mean Cr(VI) result divided by mean total Cr result from the multi-metals train. 

CI = Confidence Interval. 
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Size-Fractionated Particulate Matter 

Table 44 compares, for the OFA/LNB test, the total (sum of size fractions) concentra- 
tions of metals in size-fractionated particulate matter samples to those measured using 
the multi-metals train. The results are shown on a gas basis in ag/Nm’. 

The mean concentration of total particulate matter collected with the impactor is only 
43% of the loading measured with the multi-metals train. The concentrations of the 
individual metals are, for the most part, also lower in the impactor samples than in the 
multi-metals train. This is not surprising, because it is difficult to completely recover the 
particulate matter from the inside surfaces of the impactor. Conversely, the recovery of 
particulate matter from the multi-metals train is much more complete. Because of the 
possibility of incomplete recovery from the impactor, the size-fractionated compositions 
are more meaningful when expressed on a solid-phase basis (mg/kg of particulate 
matter, as presented in Table 3-12). 

Other factors contribute, to a lesser degree, to the difference between the impactor and 
multi-metals train results. First, the impactor sample was collected at a single point 
within the stack, while the multi-metals train traversed the stack. Second, since the 
impactor was inside the stack during sampling, the particulate matter was collected at 
stack temperature. The multi-metals train, on the other hand, used an out-of-stack filter 
maintained at 250” F. 

Elemental Enrichment in Ashes and Particulate Matter 

The relative enrichment factor, RE, is defined here as the ratio of the concentration of 
an element in the ash or flue gas particulate matter to its equivalent concentration in the 
coal ash: 

RE = x3 &/Xc 

where: 

L = the concentration of the element in the ash or particulate matter (mg/kg); 

XA = the fraction of ash in the coal; and 

XC = the concentration of the element in the coal (mg/kg). 

If an element is uniformly distributed throughout the bottom ash and all size fractions of 
the fly ash, the enrichment factor for all ash and particulate matter samples would be 
unity. Factors greater than unity indicate enrichment of the element in a specific solid. 
This enrichment can occur as the result of vaporization within the boiler and recondensa- 
tion on the particulate matter. In addition, an element that is undergoing vaporization 
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Table 4-4 
Comparison of Impactor and Multi-Metals Train Results - OFA/LNB Test 

Substance 

Particulate Matter 
bg/Nd ) 

Impactor Total Multi-Metals Ratio 
Mean Concentration Mean Concentration Impactor/MM 

dug/N& ktz/Nm’) (So) 
60 139 43% 

Antimony 2.0 2.6 77% 

Arsenic 38 121 31% 

Barium 94 161 58% 

Beryllium 1.8 3.4 52% 

Cadmium 0.27 4.2 6% 

Chromium 20 23 87% 

Cobalt 4.3 7.5 58% 

Copper 50 35 142% 

Lead 

Manganese 

9.2 13 70% 

15.8 23 67% 

Mercury 

Molybdenum 

0.20 0.19 103% 

4.1 14 29% 

Nickel 11.2 19 60% 

Selenium 5.9 15 38% 

Vanadium 29 47 62% 

MM = Multi-Metals Train. 
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Discwsion 

and recondensation should be enriched to the greatest extent in the finest particulate 
fractions, because the surface area per unit mass increases with decreasing particle size. 

Tables 4-5 and 4-6 present the elemental enrichments determined from the concentra- 
tions measured during the OFA and OFA/LNB tests, respectively. The interpretation of 
these factors is limited by the potential biases and imprecisions associated with the 
measured coal and ash compositions. However, three elements -- arsenic, lead, and 
selenium -- show signs of significant enrichment in the fine particulate matter for both 
tests, suggesting that these elements are subject to a vaporization/recondensation 
mechanism. Mercury tends to vaporize almost completely within the boiler but recon- 
densation is limited, as evidenced by the less-than-unity REs for all but the finest (stack) 
particulate matter. 
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Table 4-S 
Enrichment Factors - OFA Test 

Substance Bottom Ash ESP Ash 
ESP Inlet 

Particulate 
Stack 

Particulate 

Arsenic 0.31 1.3 1.8 3.4 

Barium 0.52 0.47 0.65 0.66 

Bervllium 0.73 0.89 1.4 1.2 

Cadmium 

Chloride 

Chromium 

NC NC NC NC 

NC NC NC NC 

0.52 0.56 0.77 0.87 

Cobalt q.61 0.67 0.78 0.68 

Copper 

Ruoride 

0.26 0.42 0.58 0.54 

NC 0.081 NC NC 

Lead 

Manganese 

Mercury 

Molvbdenum 

0.41 1.5 1.6 4.6 

0.72 0.84 0.77 0.74 

NC 0.16 0.36 0.87 

NC NC NC NC 

Nickel 0.38 0.92 0.44 0.46 

Phosphorus 0.48 0.60 0.43 0.48 

Selenium NC 0.46 2.3 2.6 

Vanadium 0.58 0.66 0.84 1.0 

NC = Not calculated because substance was below the detection limit in the coal, ash, 
or both. 
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Table 4-6 
Enrichment Factors - OFA/LNB Test 

Bottom ESP Inlet shck Part stack stack Stack lrnpsam 
SUhStaMx Ash Park. Multi-Metals <4pm 4-9pm >9pm WW AVJ 

Arsenic 0.10 13 3.1 6.1 3.0 15 2.4 

BariUUl 0.88 1.0 1.1 1.9 1.7 12 1.4 

BeIyIliWll 0.93 O.% 1.0 1.2 1.7 1.1 1.2 

cadmium NC NC NC NC NC NC NC 

Chloride NC 0.63 059 NA NA NA NA 

Chromium 0.61 0.84 0.93 2.4 2.1 1.6 1.8 

Cobalt 1.0 0.19 0.84 0.94 1.5 0.97 1.0 

Copper 037 057 0.71 1.1 1.4 2s 22 

Fluoride 0.024 0.23 0.62 NA NA NA NA 

Lead 0.18 0.79 1.2 3.2 2.7 1.4 1.8 

MWpllW 1.0 1.1 1.1 13 1.7 1.6 1.6 

Mercury NC 0.53 1.0 15 1.5 2.2 2.0 

MOlybdCINUD NC NC NC NC NC NC NC 

Nickel 0.45 0.66 0.75 1.0 1.2 0.92 0.98 

PhosphoNs 036 0.55 1.0 NA NA NA NA 

S&liUlU NC 0.45 2.9 3.2 1.1 25 2.4 

V~diUm 0.83 0.95 1.2 26 23 1.4 1.7 

NA = Not Analyad. 

NC = Not calculated because concentration of substamx was below tbe detection limit in the cod ash, or 
both. 
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5 
DATA EVALUATION 

Several procedures can be used to evaluate the information developed during a field 
sampling program. In the case of Site 16, three methods were used to evaluate the 
quality of the data. First, the process data were examined to determine if the unit 
operated at normal, steady-state conditions during the sampling periods. Second, the 
QA/QC protocol for sampling and analytical procedures used at Site 16 (i.e., equipment 
calibration and leak checks, duplicates, blanks, spikes, standards, etc.) was evaluated. 
Site 16 QA/QC data were compared with project objectives. Third, material balances 
were calculated around the unit. Material balances involve the summation and compari- 
son of mass flow rates in several streams, often sampled and analyzed by different 
methods. Closure within an acceptable range can be used as an indicator of accurate 
results for streams that contribute significantly to the overall inlet or outlet mass rates. 

Process Operation 

Process operating data were examined to ensure that operation was stable during the 
sampling periods. Measurements were available in 5-minute intervals from the plant 
computerized data acquisition system. Tables 5-l and 5-2 show the key parameters 
monitored for the OFA test and the OFA/LNB test, respectively. In addition, process 
trend plots are included in Appendix H. 

The coefficients of variation (CV, standard deviation divided by the mean) were 
calculated to evaluate the process variability. Steady boiler operation (between 93% and 
95% of full load) was maintained during each of the test runs, as indicated by the low 
CVs for the load, the coal feed rate, and the economizer outlet oxygen levels. Stack 
opacity and stack CO levels were typically more variable than the other parameters; Cvs 
for opacity ranged from 13% to 22%, and 0s for CO ranged from 8% to 60%. 

A comparison of the operating parameters between the OFA and OFA/LNB tests 
showed that only the NO, levels were substantially different. The stack concentrations of 
NO, were, on average, about 50% lower during OFA/LNB operation than during OFA 
operation. 

For one day during each of the two test efforts, operating problems were encountered. 
On March 3, 1991 (OFA test), two of the burners were feeding coal but were not ignited, 
and they remained unlit throughout the sampling period. As a result, elevated stack CO 
levels were observed on this day compared to the other runs. The metals and anions 
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samples collected on March 3 were not analysed, and an extra set of samples was 
collected on March 6. Samples for organic compounds collected on March 3 were 
analysed and included in the data set; however, no unusual results were obtained when 
compared with the results for samples collected during the other runs. 

On March 18, 1993 (OFA/LNB test), samples were collected while the unit operated 
with one burner out of service. An extra day of testing was added to the schedule, and 
the samples collected on March 18 were not analysed because of concerns about the 
non-representativeness of the process on that day. 

Sample Collection 

Several factors indicate the acceptable collection of gas samples. Key components of the 
sampling equipment -- pitot tubes, thermocouples, orifice meters, dry gas meters, and 
sampling nozzles -- were calibrated before use in the field, and those calibrations were 
checked at the end of sampling. These calibrations are on file at Radian. The methods 
used to collect samples were comparable to those used at other sites sampled by Radian 
in the FCEM project. The sampling runs were well documented, and all flue gas 
samples were collected at rates between 90 and 110% of isokinesis, except for the 
semivolatile train (86% isokinetic) and the aldehyde train (80% isokinetic) at the ESP 
inlet on March 3, 1991. Sufficient data were collected using standard sampling and 
analysis methods to ensure acceptable data completeness and the comparability of the 
measurements. 

Flue gas samples were collected at both the ESP inlet and the stack. It was easier to 
collect representative samples at the stack, because the flow was more fully developed 
and the particulate loading was much lower. During the OFA test, difficulty was 
encountered in obtaining representative particulate loadings at the ESP inlet. The 
particulate loadings measured at the ESP inlet showed approximately 40-50% of the coal 
ash partitioning to fly ash. For this type of boiler, a split closer to 80:20 (fly ash to 
bottom ash) would be expected, and the 80% fly ash figure was later confirmed by 
another contractor (SRI) and again by Radian during the OFA/LNB test. It is now 
suspected that particulate matter was lost from the sampling nozzle. An in-stack thimble 
was used at this location, and because of the inclined orientation of the ESP inlet duct, 
the nozzle actually faced 20 degrees downward during sampling. Particulate matter 
captured in the thimble could have fallen out through the nozzle under the force of 
gravity when the sample flow was halted. For the OFA/LNB test, the sampling probe 
was fitted with a cyclone precutter ahead of the thimble to prevent the loss of particulate 
matter. 

Because the particulate loadings measured at the ESP inlet during the OFA test were 
not considered valid, the particulate loading in this stream was calculated from the coal 
ash content, assuming an 80:20 fly ash to bottom ash split. The gas-based concentrations 
of particulate phase analytes in this case were obtained by multiplying the assumed 
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particulate loading (g/Nm’) by the concentration of the analytes in the particulate 
mater bg/g>. 

The flue gas flow rates measured at the ESP inlet during both the OFA and OFA/LNB 
tests were about 15% higher than at the stack, although the 9 concentration was slightly 
higher at the ,stack (which indicates the inleakage of air between the two locations). To 
check the consistency of the measurements, a combustion calculation was performed 
using the mean coat composition, the mean coal flow rate, and the mean oxygen concen- 
tration at each location to predict a “theoretical” flue gas flow rate. The measured stack 
gas flow rates agreed with the theoretical flow rates within 5%. However, the measured 
ESP inlet flow rates were approximately 15% higher than the theoretical flow rates, 
indicating that the measured flow rates may be biased high at the ESP inlet. 

Coal samples are considered to be representative of the coal fired during flue gas 
sampling. Coal samples for each run were composites of multiple grab samples obtained 
from every mill. For the OFA test, samples were collected through “clean-out” ports at 
the bottom of each coal bunker. During the OFA/LNB test, samples were collected 
from newly installed taps on each of the coal feeders. Although the locations were 
slightly different, both the clean-out ports and the feeder taps provided samples of the 
coal immediately before it entered the mills. The coal was sampled before the rejection 
of pyrites, but this is not expected to affect the results because pyrite rejects are a minute 
fraction of the total coal feed. 

Bottom ash samples are also considered representative. Bottom ash was allowed to 
accumulate in the bottom of the boiler during each of the test periods, and samples were 
collected as the ash was sluiced to the pond. Multiple grab samples were taken through- 
out the sluicing period so that the composite would represent the bottom ash generated 
during the test. 

Freshly-generated ESP ash samples were collected from each of the 16 hoppers. For the 
OFA test, equal portions of the ash from each hopper were combined into a single 
composite. It was not known what fraction each hopper contributed to the total ash flow 
rate; therefore, the results are subject to this limitation. For the OFA/LNB test, the 
samples from each of the 16 hoppers were kept separate, and these samples were 
archived for possible analysis in the future. 

Analytical Quality Control Results 

Generally, the type of quality control information obtained pertains to measurement 
precision, accuracy (which included precision and bias), and blank effects, determined 
using various types of replicate, spiked, and blank samples. The specific characteristics 
evaluated depend on the type of quality control checks performed. For example, blanks 
may be prepared at different stages in the sampling and analysis process to isolate the 
source of a blank effect. Similarly, replicate samples may be generated at different 
stages to isolate and measure the sources of variability. The QA/QC measures common- 
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ly used as part of the data evaluation protocol, and the characteristic information 
obtained, are summarized in Table 5-3. The absence of any of these types of quality 
control checks from the data does not necessarily reflect poorly on the quality of the 
data but does limit the ability to estimate the magnitude of the measurement error and, 
hence, prevents estimating the confidence in the results. 

As shown in Table 5-3, different QC checks provide different types of information, 
particularly pertaining to the sources of inaccuracy, imprecision, and blank effects. 
Measurement precision and accuracy are typically estimated from QC indicators that 
cover as much of the total sampling and analytical process as feasible. Precision and 
accuracy measurements are based primarily on the actual sample matrix. The precision 
and accuracy estimates obtained experimentally during the test program are compared 
with the established data quality objectives (DQOs). 

These DQOs are not intended to be used as validation criteria but as empirical estimates 
of the precision and accuracy expected from existing reference measurement methods 
and that would be considered acceptable. Although analytical precision and accuracy are 
relatively easy to quantify and control, sampling precision and accuracy are unique to 
each site and each sample matrix. Data that do not meet these DQOs are not neces- 
sarily unacceptable; the intent is to document the precision and accuracy actually 
obtained, and the objectives serve as benchmarks for comparison. The effects of not 
meeting the objectives are considered in light of the intended use of the data. 

Tables 5-4 and 5-5 present the types of quality control information reported for the OFA 
and OFA/LNB tests. The results for QC sample analyses can be found in Appendix F. 
Tables 5-6 and 5-7 present summaries of precision and accuracy estimates obtained 
during the OFA and OFA/LNB tests, respectively. 

Evaluation of the measurement results for the OFA test, conducted in March 1991, are 
based on QC results previously reported in the “Field Chemical Emission Monitoring 
Project: Site 16 Report” (1992). Some features of the QC data presentation differ 
slightly between the 1991 OFA and 1993 OFA/LNB tests. For example, QC data for the 
1991 OFA test were presented (as shown in Appendix F.1) in summarized form only, 
whereas the 1993 OFA/LNB QC data are presented as individual results as well as 
summaries. The OFA QC data summaries were also broken down by train fraction; the 
OFA/LNB QC data include all individual fraction results but are summarized in terms 
of whole trains because no significant performance distinction was evident for the 
separate fractions. Overall, however, the data sets for the two tests are comparable in 
terms of both quality control activities performed and performance results. 

Comparability is a qualitative parameter expressing the confidence with which one data 
set can be compared with another. Sampling data should be comparable with other 
measurement data for similar samples collected under similar conditions. This goal is 
achieved using standard techniques to collect and analyze representative samples and by 
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Table 5-3 
Types of Quality Control Samples 

Precision 

QC Activity Characteristic Measured 

Replicate samples collected over time 
under the same conditions 

Duplicate field samples collected 
simtdtaneousl~ 

Duplicate analyses of a single sample 

Total variability, including process or temporal, 
sampling, and analvtical, but not bias. 

Sampling plus analytical variability at the actual sam- 
pie concentrations. 

Analyrical variability at the actual sample 
concentrations. 

Matrix- or media-spiked duplicates Sampling plus analytical variability at an established 
concentration. 

Laboratory control sample duplicates Analytical variability in the absence of sample matrix 

Surrogate-spiked sample sets Analytical variability in the sample matrix but at an 
established concentration. 

Accuracy (Iduding Bias and Precision) 

Matrix-spiked samples Analyte recovery in the sample matrix, iodicating 
possible matrix interferences and other effects. In a 
single sample, includes both random error (ipreci- 
sion) and systematic error (bias). 

Media-spiked samples Same as matrix-spiked samples. Used where a matrix- 
spiked sample is not feasible, such as certain stack 
sampling methods. 

Surrogate-spiked samples Anal@ recovery in the sample matrix, to the extent 
that the surrogate compounds are chemically similar 
to the compounds of interest. Primarily used as 
indicator of analytical efficacy. 

Laboratory control samples (LCS) Analyte recovery in the absence of actual sample 
matrix effects. Used as an indicator of analytical 
control. 

Standard Reference Material Analyte recovery in a matrix similar to the actual 

Blank Effects 

Field Blank Total sampling plus analytical blank effect, including 
sampling equipment and reagents, sample transport 
and storage, and analytical reagents and equipment. 

Trip Blank Blank effects arising from sample transport and 
storage. Typically used only for volatile organic 
compound analyses. 

Method Blank 

Reagent Blank 

Blank effects inherent in analytical method, including 
reagents and equipment. 

Blank effects from reagents used. 

5-7 
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reporting analytical results in appropriate units. Data sets can be compared with 
confidence when the precision and accuracy are known. 

Representativeness expresses the degree to which sample data accurately and precisely 
represent a characteristic of a population, parameter variations at a sampling point, or an 
environmental condition. The representativeness criterion is based on making certain 
that sampling locations are properly selected and that a sufficient number of samples are 
collected. The results of both the OFA and OFA/LNB tests are considered representa- 
tive and comparable. 

Key characteristics of the QC results for the two tests are discussed separately in the 
following subsections, including a discussion of the overall measurement precision, 
accuracy, and blank effects. 

Precision is a measure of the reproducibility of measurements under a given set of 
conditions. It is expressed in terms of the distribution, or scatter, of the data, calculated 
as the standard deviation or coefficient of variation (CV, standard deviation divided by 
the mean). For duplicates, precision is expressed as the relative percent difference 
(RPD). 

Accuracy is a measure of the degree of conformity of a value generated by a specific 
procedure with the assumed or accepted true value, and includes both precision and bias. 
Bias is the persistent positive or negative deviation of the method average value from the 
assumed or accepted true value. The efficiency of the analytical procedure for a given 
sample matrix is quantified by the analysis of spiked samples containing target or 
indicator analytes or other quality assurance measures, as necessary. However, all spikes, 
unless made to the flowing stream ahead of sampling, produce only estimates of recovery 
of the analyte through all of the measurement steps occurring after the addition of the 
spike. A good spike recovery tells little about the true value of the sample before 
spiking. 

Blank effects, including contamination and other artifacts, contribute to low-level 
measurement bias, which may or may not be significant, depending on the relative 
quantity of measure found in the investigative samples. A well-known blank may be 
corrected for, but spurious blank effects generally cannot. 

OFA Test Analytical QC Data 

The following potential areas of concern were indicated by the OFA test quality control 
data. 

5-19 



Daza Ewluation 

Fly Ash 

l A standard fly ash performance evaluation (PE) sample (NIST 1633a) was submitted 
double blind and analyzed by ICP/AAS following microwave digestion, instrumental 
neutron activation (INAA), and x-ray fluorescence (XRF). Recoveries for chromium 
(229%), nickel (202%), and arsenic (148%) were high when the sample was analyzed 
after digestion in the microwave. Recoveries were high for nickel (140%) when 
analyzed by INAA, and the recovery of manganese (440%) was high when analyzed 
by XRF. These results may indicate a high bias for these analytes (when prepared by 
the respective methods) in flue gas particulate samples. However, neither the XRF 
nor the INAA analyses were selected as the primary methods for these analytes. 

l Recoveries from the fly ash PE sample were low for mercury (65%) after digestion in 
the microwave. This result may indicate a low bias for mercury in samples prepared 
by this method. 

l The fly ash PE sample was also analyzed after being aspirated into the impinger 
train. Recoveries indicating a high bias included arsenic (144%) and cadmium 
(198%). The barium recovery (63%) indicated a low bias after being corrected for 
the blank results. 

l Lead recoveries (average recovery 67%) for spike samples in fly ash indicated low 
bias. 

l Cadmium recoveries (average 150%) in spike samples for fly ash indicated a high 
bias for this matrix. 

Coal 

l Recoveries for a standard coal sample (NIST 1632a) indicated a high bias for barium 
(145%) and selenium (127%) by INAA. The recovery was excessively high for 
copper (878%). 

l The recovery of copper by ICP-AES was low in two spiked samples, and high in one 
spiked sample. These results indicate higher than expected variability for copper in 
coal, and the quantitation of the field samples may be suspect. 

Gas Streams 

l The mean recoveries for selenium (70%) and lead (74%) were slightly below the 75- 
125% objective in the impinger solution spike samples. Selenium recoveries were 
also low (72%) in the stack gas probe and nozzle spike samples. 
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The mean recovery for arsenic (71%) was slightly low in the RSP inlet gas spike 
samples. 

Barium and molybdenum are reported in both the field and trip blanks for filters at 
concentrations greater than five times the detection limits. The filter field sample 
results may be biased high because of contamination. 

Lead and cadmium are reported in the blanks associated with the impingers in 
concentrations greater than five times the detection limits. Impinger samples results 
for these metals near the detection limit may be biased high because of contamina- 
tion. 

Chloride and sulfate were reported in both the filter trip blank and the field blank 
samples; however, the blank levels were insignificant compared to the sample 
concentrations. 

The concentration of formaldehyde was reported above the detection limit in the lab, 
trip, and field blanks. The field sample data may be biased high because of contami- 
nation. 

Precision. The precision of metals analyses was estimated using duplicate spike samples 
and field duplicate samples. All of the calculated relative percent differences (RPDs) for 
field duplicate samples met the precision acceptance objective (20%). The spike 
duplicate RPDs for copper (61%), selenium (63%), and molybdenum (25%) indicate that 
field sample results for these analytes may be more variable than anticipated. 

A majority of the calculated RPDs for metals in coal were acceptable in the field 
duplicate samples. RPDs for copper (23.9%) and molybdenum (34.9%) were above the 
20% objective, but acceptable considering the low concentrations and heterogenous 
sample material. Six duplicate spiked sample RPDs were reported outside the 20% 
objective, including copper (33%), lead (32%), and mercury (22%). 

RPDs for duplicate fly ash sample analyses were within the precision objective. Dupli- 
cate bottom ash samples results met the 20% RPD objective except chromium (160%), 
manganese (60%), nickel (129%), cadmium (27%), lead (65%), and selenium (65%). 
These results indicate that the corresponding field sample analyte results for fly ash may 
also have higher than anticipated variability. No duplicate spike samples were analyzed 
for bottom ash; however, all but two of the fly ash duplicate spike RPDs were within the 
acceptance limits. 

The field duplicate and duplicate spike sample RPDs for bottom ash sluice water and 
sluice water supply met the precision acceptance objective. 

5-21 



Data Evaluation 

Accuracy. Accuracy for the metals analyses in stack gas was estimated using laboratory 
control samples (LCS) and spike samples, The majority of LCS recoveries for metals 
were within the accuracy acceptance limits (75-125%) and indicate that the analytical 
systems were in control during gas sample analyses. A majority of recoveries in the spike 
gas samples (impinger solutions, stack gas probe and nozzle rinses, and inlet gas filters) 
were also reported within the acceptance limits. 

Mercury was recovered high (average recovery 310%) in both spike ESP inlet gas filter 
samples; however, these spikes were referenced to an anomalously low unspiked sample 
result (Run 4), and probably do not indicate a positive bias in the particulate-phase 
mercury results. Selenium recoveries (average 70% and 72%) were slightly low in both 
impinger solution samples and both spiked stack gas probe and nozzle rinses. Lead 
(average recovery 74%) was recovered just below the acceptance limit in both spike 
impinger solutions, and the concentration of arsenic was recovered slightly low (average 
recovery 71%) in both ESP inlet gas filter spike samples. Concentrations of these 
analytes may also be biased slightly low in the field sample results for the corresponding 
matrices. 

The accuracy of the measurements of metals in coal was estimated using LCSs, spiked 
samples, and PE samples. The majority of LCS recoveries for metals were within the 
accuracy acceptance limits and indicate that the analytical systems were in control during 
the analysis of coal samples. The recoveries of three analytes were high in the coal PE 
sample (NIST 1632a). PE sample recoveries for barium (145%), copper (878%), and 
selenium (127%) indicate a high bias by INAA for these analytes in coal. The concen- 
tration of barium was within the acceptance limits in all four spiked samples, selenium 
recoveries were acceptable in three of four spiked samples, but copper recoveries were 
acceptable in only one of four spiked samples. The recovery of copper was low in two of 
four samples and high in one of four spiked samples. These results do not show any 
definite trends, but the quantitation of copper in coal may be suspect. 

The accuracy of measurements of metals in fly ash was estimated using LCSs, spike 
samples, and PE samples. The majority of LCS recoveries for metals were within the 
accuracy acceptance limits and indicate that the analytical systems were in control during 
analysis for fly ash samples. A majority of the spike sample recoveries were also 
reported as acceptable; however, the recovery of cadmium was high (average recovery 
150%) and the recovery of lead was low (average recovery 67%) in both fly ash spike 
samples. These recoveries indicate that cadmium results may be biased high and the 
lead result may be biased low in the fly ash field samples. Fly ash PE samples were 
analyzed after preparation by microwave digestion, INAA, XRF, and after being 
aspirated into the impinger train. Recoveries were above the acceptance limits for 
chromium (229%), nickel (2020/o), and arsenic (148%) when prepared using microwave 
digestion. The recovery of nickel (140%) was also high when analyzed by INAA. The 
recovery of manganese was high (440%) when analyzed by XRF. The recoveries of 
arsenic (144%) and cadmium (198%) were high for the fly ash sample after being 
aspirated into the impinger train. The nickel and arsenic results indicate that the field 
sample results may be biased high. Unlike nickel and arsenic, the remaining PE sample 
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recoveries listed above were high in only one analysis. This does not necessarily indicate 
an analytical bias for these analytes, but may indicate a non-systematic preparation or 
analytical problem. 

PE sample recoveries were low for mercury (65%) after digestion in the microwave, and 
for barium (63%) after the aspirated fly ash result was corrected for the blank result. 
These recoveries indicate that the corresponding field sample results may also be biased 
low. 

Blank Effects. One field blank and one trip blank were reported for filter samples. A 
majority of the target metals were detected in the filter field blank and the filter trip 
blank. These are trace impurities in the quartz fiber filters. Results above the detection 
limits were reported for barium (6.75 ag), chromium (2.13 pg), manganese (1.28 pg), 
molybdenum (29.2 pg), nickel (2.10 pg), and lead (0.56 pg) in the filter field blank. Only 
barium and molybdenum results were greater than five times the detection limits; all 
other analytes were less than three times the detection limits. The filter trip blank had 
results above the detection limits reported for barium (6.27 pg), chromium (2.06 ag), 
manganese (1.17 pg), molybdenum (29.6 ag), lead (0.57 pg), and mercury (0.0424 gg). 
Again barium and molybdenum had results greater than five times the detection limit. 
Mercury was reported in concentrations greater than four times the detection limit, but 
the concentrations of all other trip blank analytes were two times the detection limits or 
less. All of the analytes listed above, except for nickel and mercury, were detected in 
both the field and trip blanks for filters. The stack results were corrected for the blank 
values, the details of which are shown in Appendix I. The corrections were small, with 
the exception of molybdenum. 

One laboratory blank was reported for coal. All of the ICP metals and none of the AAS 
metals were detected in the coal lab blank. Only molybdenum (6.95 mg/kg) was 
reported above the detection limit (5 mg/kg). The concentration of this analyte may be 
biased high in the coal field sample results because of low-level laboratory contamina- 
tion. 

One lab blank, two field blanks, and one trip blank were reported for impinger solutions. 
The concentrations of three analytes were reported above the detection limits in the lab 
blank, including arsenic (0.005 mg/L), cadmium (0.006 mg/L), and lead (0.0049 mg/L). 
The cadmium result was six times the detection limit, whereas arsenic and lead were 
reported at less than two times the detection limits. A majority of the target analytes 
were reported in the impinger field blanks. Only manganese (0.017 and 0.025 mg/L), 
molybdenum (0.054 mg/L), and lead (0.0068 and 0.0122 mg/L) were reported in 
concentrations above the detection limits (0.01, 0.05, and 0.003 mg/L, respectively). A 
majority of the target analytes were detected in the impinger trip blank. Analytes 
reported above the detection limits include manganese (0.02 mg/L), molybdenum (0.059 
mg/L), nickel (0.022 mg/L), cadmium (0.0014 mg/L), and lead (0.015 mg/L). These 
analytes were reported in concentrations less than two times the detection limits, except 
for lead, which was five times the detection limit. The results from the lab, field, and 
trip blanks for impinger solutions indicates that the impinger field sample results may be 
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were also performed, yielding results of 83% and 89% for formaldehyde, 81% and 100% 
for acetaldehyde. These are all well within the accuracy objective of 50-150% recovery. 

Blank Effects. Aldehyde results in samples were not distinguishable from those in the 
blank samples, which included field, trip, reagent, and lab blanks, precluding the ability 
to determine whether aldehydes were present in the gas samples. 

Mercury Speciation (Frontier Geosciences Method) 

Precision. No precision data were available for mercury speciation results. 

Accuracy. Lab spikes were performed to demonstrate instrumental accuracy. Recov- 
eries were good, ranging from 88% to 106%, but these do not address matrix effects or 
address the sample collection effectiveness, with respect to representative speciation. 
The method has demonstrably reliable features that make it a useful empirical tool, but 
species conversion in the sampling train carmot be discounted. 

Blank Effects. Field blanks analyzed for mercury speciation showed no blank contami- 
nation problems. 

Material Balances 

Evaluating data consistency can be another overall data quality evaluation tool. Material 
balances for major elements can be used to verify the internal consistency of stream flow 
rates. Material balance closures for trace species can be used to indicate whether the 
samples collected were representative with respect to the trace element concentrations 
and can help identify analytical biases in one or more types of samples. 

The results of material balances around the unit for the OFA and OFA/LNB tests are 
shown in Table 5-8. Closure is defined as the ratio of outlet to inlet mass rates for a 
particular substance. A 100% closure indicates perfect agreement. When trace sub- 
stances are analyzed, a closure of between 70 and 130% has been set as a goal for the 
project. This range reflects the typical level of uncertainty in the measurements and, 
therefore, allows one to interpret the inlet and outlet mass flow rates as being equiva- 
lent. The 95% confidence intervals about the closures have been calculated using an 
error propagation analysis, which is discussed in detail in Appendix E. 

The material balance calculation included a single inlet stream (coal), and three outlet 
streams: bottom ash, ESP ash, and stack gas. For the OFA/LNB test, the ESP hopper 
ash was not analyzed, so its composition was assumed to be equal to that of the ESP 
inlet particulate matter. 

Closures for the major species (except for sodium in the OFA test) met the project goal, 
which supports the stream flow rates used in the material balances. For the OFA test, 8 
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Data E&ion 

Table 5-8 
Material Balance Results - OFA and OFAlLNB Tests 

OFA Test OFAlLNB Test 
Substance out/In, % 95% CI, % Out/In, % 95% CI, % 

Major Srxcies 
Ash 100 __ a 100 __ l 

Aluminum 100 24 89 24 
Iron 71 17 85 33 
Sodium 68 14 102 23 
Sulfur 
Titanium 

Target Soecies 
Arsenic 
Eiarium 

99 11 97 13 
103 31 81 23 

112 36 111 41 
47 16 105 32 

Bervllium 87 40 100 24 
Cadmium NC -_ NC __ 

Chloride 64 25 113 49 
Chromium 53 15 83 32 
cobalt 65 13 89 29 
Copper 40 25 55 16 
Fluoride 128 120 96 38 
Lead 130 90 70 22 
Manganese 80 75 110 19 
Mercurv 71 27 90 31 
Molybdenum _L __ 

Nickel 78 180 65 40 
Phosphorus 57 36 54 22 
Selenium 82 30 90 38 
Vanadium 65 14 97 24 

‘Ash balance was forced to close by assuming an 80:20 fly ash to bottom ash ratio. 
CI = Confidence Interval. 
NC = Not calculated because substance was not detected in the coal. 
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Data Evaluation 

of the 15 target elements detected in the coal had closures that met the project goal, 
indicating that, in general, representative samples were obtained. Barium, chlorine, 
chromium, cobalt, copper, phosphorus, and vanadium all show closures outside the 
project goal. The fact that none of the 95% confidence intervals for these elements 
contain 100% indicates that imprecision is not responsible for the poor closures. The 
low closures may indicate an analytical bias in one or more of the process streams. 

For the OFA/LNB test, 12 of the 15 target elements detected in the coal had closures 
within the desired range of 70 to 130%. Tbe closures for copper, nickel, and phosphorus 
were below 70%. For copper and phosphorus, this may indicate a bias in one or more of 
the process streams. For nickel, because the 95% confidence interval contains lOO%, 
imprecision may be partly responsible for the low mean closure. 
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6 
EXAMPLE CALCULATIONS 

This section presents selected examples of the calculations used to develop the results 
shown in Section 3. Specifically, the calculation of stream flow rates, mean concentration 
values and confidence intervals, and emission factors are presented. 

Stream Flow Rates 

Appendix F contains information about the stream flow rates measured at Site 16 during 
the sampling period. Coal flow rates were obtained directly from plant meters, and flue 
gas flow rates were measured during sampling. Neither the bottom ash nor the ESP 
collected ash flow rates could be measured directly. These rates were calculated from 
other available data. 

For the OFA test, the particulate loading measured in the ESP inlet gas is not consid- 
ered accurate. The measured loadings showed approximately 40-50% of the coal ash 
appearing in the ESP inlet gas. For this type of boiler, a split closer to 80~20 (fly ash to 
bottom ash) would be expected. The 80% fly ash figure was later confirmed by another 
contractor (SRI) and again by Radian during the OFA/LNB test. It is now suspected 
that during the OFA sampling, ESP inlet particulate matter was lost through the nozzle 
between sampling and recovery. The sampling probe was modified for the OFA/LNB 
test to prevent this from occurring. 

The bottom ash and fly ash rates were calculated from the coal ash rate, assuming an 
80~20 fly ash to bottom ash ratio. For example, for Run 1 on March 3, 1991, the 
following data were collected: 

Coal Flow Rate = 330,000 lb/hr (dry) 
Coal Ash Content = 12% (dry) 

The bottom ash and fly ash flow rates were calculated as: 

Fly Ash Rate = (0.80)(0.12)(330,000 lb/hr) 
= 31,700 lb/hr 

Bottom Ash Rate = (0.20)(0.12)(330,000 lb/hr) 
= 7,920 lb/hr 
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For the OFA/LNR test, the particulate loadings measured at the ESP inlet are consid- 
ered valid. Therefore, a different approach was taken in calculating the ash flow rates. 
The ESP collected ash rate was calculated as the difference between the ESP inlet 
particulate matter rate and the stack particulate matter rate. The bottom ash rate was 
calculated as the difference between the coal ash rate and the ESP inlet particulate 
matter rate (adjusted for loss on ignition, LOI). For example, for Run 2 on May 19, 
1993, the following data were obtained: 

Coal Flow Rate = 313,000 lb/hr (dry) 
Coal Ash Content = 9.47% (dry) 
Stack Ash Rate = 427 lb/hr 
ESP Inlet Ash Rate = 22,920 lb/hr 
ESP Inlet Ash LO1 = 5.19% 

The bottom ash and collected fly ash flow rates were calculated as: 

Bottom Ash Rate = (0.0947)(313,000 Ib/hr) - (l-0.0519)(22,920 lb/hr) 
= 7,920 lb/hr 

Fly Ash Rate = 22,920 lb/hr - 427 lb/hr 
= 22,500 lb/hr 

Means and Confidence intervals for Stream Concentrations 

The mean concentrations and 95% confidence intervals (CIs) about the mean were 
calculated for each target substance in the streams sampled. The means were calculated 
according to the conventions listed in Section 3. The equations used to calculate the 
95% confidence intervals are presented in Appendix E. Example calculations for 
chromium in the stack gas during the OFA/LNR test follow here; these results were 
shown in Table 3-8. 

The concentration data (in pg/Nm ‘) given ~for chromium in Table 3-8 are: 

Run2 Run 

Solid Phase 20 27 

Vapor Phase 1.0 0.77 

Total 21 28 

Run 

23 

1.1 

24 

The mean is calculated from the individual run totals: 

Mean = (21 + 28 + 24)/3 

= 24 
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Example Calcukztiom 

The sample standard deviation of the individual run totals is calculated: 

S, = [(21-24y + (28-24)2 + (24-24)‘] /2 (es. 1) 

= 3.5 

The standard deviation of the average is calculated according to Equation 6 in Appendix 
E for N = 3: 

$ = 3.5//-3 (eq. 2) 

= 2.0 

The bias error is found by root-sum-squaring the product of the bias error and the 
sensitivity from each run (see Equation 2 in Appendix E). According to the conventions 
listed in Section 3, no bias error is assigned to values above detection limits, whereas a 
bias error of one-half the detection limit is assigned to values below detection limits. 
The sensitivity of the mean to each run in this case is l/3. 

6, = J (l/3 x 0)’ + (l/3 x 0)’ + (l/3 x 0)’ 

= 0 

The total uncertainty in the result is found from Equation 1 in Appendix E: 

ur = \Is:+ 

(eq. 3) 

(es. 4) 

= Jd l (4.303 x 2.0)* 

= 8.6 
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Thus, the result is reported as 24 f 8.6 pg/Nm3. 

Unii Energy Emission Factors 

In addition to the gas-phase concentrations, unit-energy-based emission factors were 
developed for each target substance. These values were determined by calculating the 
mass flow rate of a substance in the flue gas (mean concentration times mean flow rate) 
and dividing by the mean heat input to the boiler during testing. The mean heat input is 
the product of the mean coal flow rate and the mean higher heating value (HHV) of the 
coal. 

For example, note the calculation of the emission factor for chromium during the 
OFA/LNB test. The mean coal flow rate is 315,000 lb/hr on a dry basis. The mean 
HHV of the coal is 13,800 Btu/lb on a dry basis. Multiplying the coal flow rate by the 
HHV gives a mean heat input of 4.3 x lo9 Btu/hr. The mean chromium mass 5ow 
through the stack (the product of the mean concentration, 24 pg/Nm ‘, and the mean gas 
flow rate, 1,710,OOO Nm3/hr) is 4.1 x lo7 pg/hr or 0.090 lb/hr. When the mean mass 
flow rate is divided by the mean heat input, an emission factor of 21 lb/10 ‘* Btu is 
obtained, as shown in Table 3-9. 

The 95% confidence intervals for emission factors were calculated according to the 
equations presented in Appendix E. For each parameter (flue gas flow rate, concentra- 
tion, coal 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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GLOSSARY 

BtlJ 
CAAA 
CI 
cv 
CVAAS 
DGA 
DQO 
dscfm 
ESP 
GFAAS 
HGAAS 
HHV 
IC 
ICP-AES 
ICP-MS 
INAA 
ISE 
LNB 
MS/MSD 
MW 
NC 
ND 
NIST 

Nm’ 
OF A 
PAH 
POM 
QA/QC 
RPD 

British Thermal Unit 
Clean Air Act Amendments of 1990 
Confidence Interval 
Coefficient of Variation 
Cold Vapor Atomic Absorption Spectrophotometry 
Double Gold Amalgamation 
Data Quality Objective 
Dry Standard Cubic Feet per Minute (1 atm, 68°F) 
Electrostatic Precipitator 
Graphite Furnace Atomic Absorption Spectrophotometry 
Hydride Generation Atomic Absorption Spectrophotometry 
Higher Heating Value 
Ion Chromatography 
Inductively Coupled Plasma Atomic Emission Spectroscopy 
Inductively Coupled Plasma Mass Spectrometry 
Instrumental Neutron Activation Analysis 
Ion Selective Electrode 
Low NO, Burners 
Matrix Spike/Matrix Spike Duplicate 
Megawatt or Microwave 
Not Calculated 
Not Detected (below detection limit) 
National Institute of Standards and Technology (formerly 
National Bureau of Standards, NBS) 
Dry Normal Cubic Meter (O”C, 1 atm) 
Overfire Air 
Polynuclear Aromatic Hydrocarbon 
Polycyclic Organic Matter 
Quality Assurance/Quality Control 
Relative Percent Difference 
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APPENDIX A: SAMPLE COLLECTION, 
PREPARATION, AND ANALYSIS 

This appendix presents the methods used to collect and analyze each type of sample. 
Difference between the methods used during the OFA and OFA/LNB tests are noted 
where appropriate. Detailed method tables are included. 

Multi-Metals Sampling Trains 

Multi-metals samples were collected according to the procedure described in Section 3.1 
of 40 CFR, Part 266, Appendix IX, “Methodology for the Determination of Metals 
Emissions from Hazardous Waste Incineration and Similar Combustion Processes,” with 
modifications as noted here. This method provides for the collection of a flue gas 
sample at isokinetic conditions while traversing the duct according to EPA Method 1. 
Particulate matter is collected on a filter (which is also used to determine particulate 
loading) and the vapor-phase species are absorbed in an impinger train consisting of: 

l Two impingers containing 5% HN03/10% H,O,, which are analyzed for all metals 
of interest; and 

l Two impingers containing 4% KMnO,/lO% H,SO,, which are analyzed for mercury 
only. 

The multi-metals method specifies that HNO,/H,O, impinger solutions be evaporated 
to near dryness prior to analysis. However, due to concern over the possible loss of 
volatile metals, this procedure was not followed. Instead, the impinger solutions were 
analyzed as recovered to avoid any loss of volatile metals. 

Stack 

Samples were collected at the stack according to the method. A Method 5 type train 
was used, with particulate matter captured on an out-of-stack quartz filter maintained at 
250” F during sampling. The glass-lined probe was also maintained at 250” F. After 
sampling, the glass nozzle and probe liner were rinsed first with acetone, then with 0.1 N 
nitric acid according to the multi-metals method. 
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AppmdLt A: Sample ColLxtion, Preparation, and Analysis 

ESP Inlet 

The multi-metals method specifies that particulate matter be collected according to the 
extractive Method 5. However, the high particulate loading at the ESP inlet precluded 
the use of a Method 5 filter. Instead, particulate matter was collected with an in situ 
quartz thimble (Method 17) at the ESP inlet. A Teflon@’ transfer line connected the 
thimble holder to the impinger train. 

A single ‘train was used to sample both the A- and B-side ducts. After sampling, the 
glass noele and the thimble holder were rinsed first with acetone, then with 0.1 N nitric 
acid according to the multi-metals method. The Teflon@ transfer line was rinsed with 
0.1 N nitric acid. 

As was discussed in Section 5, it is suspected that particulate was lost through the nozzle 
during the OFA test. To prevent this from occurring during the OFA/LNB test, a 
cyclone precutter was added to the train ahead of the thimble. The solids collected in 
the cyclone were added to those collected in the thimble. The precutter was rinsed with 
acetone. 

Anions Sampling Trains 

Anions samples were collected using a Radian procedure designed for collection of HCl, 
HF, and SO,. Particulate matter is captured on a filter and the acid gases are absorbed 
in an impinger train consisting of two impingers containing a solution of 0.013% 
Na,COs, 0.013% NaHCO,, and 6% H,O,. 

An out-of-stack Method 5 glass filter was used at the stack. The filter and glass-lined 
probe were maintained at 250” F during sampling. The samples were collected isokinet- 
ically at a single point within the stack. After sampling, the glass nozzle and probe liner 
were rinsed with fresh anions impinger solution. 

ESP Inlet 

An in situ Method 17 glass thimble was used to collect anions samples at the ESP inlet. 
A Teflon@ transfer line connected the filter holder to the impinger train. Samples were 
collected isokinetically at a single point. During sample recovery, the nozzle, thimble 
holder, and the transfer line were rinsed with fresh anions impinger solution. 

For the OFA/LNB test, a cyclone precutter was added to the train ahead of the thimble 
to prevent the loss of particulate. The precutter was rinsed with fresh anions impinger 
solution during recovery. 
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Appendix A: Sample Collection, Preparation. and Analysis 

Semivolatiles Sampling Trains (MM5) 

Samples were collected according to SW-846 Method 0010, “Modified Method 5 (MM5) 
Sampling Train for Semivolatile Principal Organic Hazardous Compounds.” Particulate 
matter is collected on a filter and vapor-phase compounds are captured in a chilled XAD 
resin cartridge. Samples are collected isokinetically while traversing the duct according 
to EPA Method 1. 

Stack 

Samples were collected according to the method using an out-of-stack quarta filter 
maintained at 250°F. The glass-lined probe was also maintained at 250°F. The glass 
nozzle and probe liner were rinsed with methylene chloride during sample recovery. 

ESP Inlet 

Particulate collection was the same as for the multi-metals train at the ESP inlet. An in 
situ quartz thimble was used, and a Teflon@ transfer line connected the thimble holder to 
the train holding the XAD cartridge. A single train was used to sample both the A- and 
B-side ESP inlet ducts. The nozzle, thimble holder, and transfer line were rinsed with 
methylene chloride during sample recovery. 

For the OFA/LNB test, a cyclone precutter was added to the train ahead of the thimble 
to prevent the loss of particulate. The precutter was rinsed with methylene chloride 
during recovery. 

Volatile Organic Sampling Train (VOW) 

Samples for volatile organic compounds were collected according to SW-846 Method 
0030 “Volatile Organic Sampling Train (VOST).” Volatile organics are captured by a 
pair of sorbent resin traps in series and maintained at 20°C. The first trap contains 
Tenax and the second trap contains Tenax followed by petroleum-based charcoal. 
Samples are collected at rate of 0.5 liters per minute from a fixed point in the duct. 
After sampling, the resin traps are sealed and returned to the laboratory for analysis. 

For the OFA test, each sampling run included the collection of l-L, 5-L and 20-L 
samples. For the OFA/LNB test, each run included the collection of three 20-L 
samples. 
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Apprndir A: SMIpk CoIledon, Preporafion, and Analysis 

Aidehyde Sampling Train 

Aldehyde samples were collected according to SW-846 Method 0011, “Sampling for 
Formaldehyde Emissions from Stationary Sources.” Aldehydes are absorbed in impingers 
containing a solution of 2,4-dinitrophenylhydraxine and HCI. A filter is used to prevent 
particulate matter from entering the impingers. Samples are collected isokinetically from 
a single point within the duct. 

For convenience, the aldehydes impinger trains shared filters with the anions trains, 
because the particulate is not analyxed for aldehydes. After an anions sample was 
collected, the anions impinger train was disconnected and the aldehydes impinger train 
was attached. Therefore, the particulate capture was identical to that previously 
described for the anions trains. No aldehydes samples were collected at the ESP inlet 
during the OFA/LNB test. 

Chromium (Vi) Sampling Train (OFA/LNB Test) 

Samples for chromium (VI) were collected at the stack during the OFA/LNB test 
according to the procedure described in Section 3.2 of 40 CFR, Part 266, Appendix IX, 
“Determination of Hexavalent Chromium Emissions from Stationary Sources.” The 
method uses a probe/impinger train equipped with a recirculation line to continuously 
pump the impinger solution to the tip of the probe during sampling. No filter is used; 
particulate is allowed to enter the impinger train. The impinger solution consists of a 
KOH solution designed to maintain the pH above 8.5 to prevent reduction of Cr(VI). 

The method calls for a 0.1 N KOH solution. However, the method was not designed to 
contend with the high levels of CO, and SO, typically found in power plant stack gas. 
Therefore, the method was modified by using a 10 N KOH solution to guarantee a pH of 
8.5 or greater during sampling. 

After recovery of the KOH solution, all train components were rinsed with 0.1 N nitric 
acid, as per the method. The analysis of this rinse is necessary only if total chromium 
results are desired. Nitric acid rinses were held for possible analysis in the future. 

Mercury Speciation Train (OFA/LNB Test) 

The Frontier Geosciences mercury speciation train was used to collect samples at the 
stack during the OFA/LNB test. The solid sorbent technique was developed by Nicholas 
Bloom, now with Frontier Geosciences, Inc., but formerly with Brooks Rand, Ltd. A 
quartz-lined probe was inserted into the stack, and flue gas was extracted non-isokinetic- 
ally from a single point at a rate of 0.5 liters per minute. The flue gas then passed 
through a series of four solid adsorbent cartridges which were used to trap the various 
vapor-phase mercury species. The cartridges were maintained at approximately 1 lo” C in 
a heated jacket outside the duct. The first two cartridges contained KCl-impregnated 
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soda lime which is designed to capture ionic inorganic mercury species (Hg*+) as well as 
monomethyl mercury species (such as CHZHgCl). The third and fourth cartridges 
contained iodated carbon, which is designed to capture elemental mercury. A glass wool 
plug ahead of the adsorbent cartridges prevented particulate from entering the adsor- 
bents. This plug was not analyzed, because the single-point, non-isokinetic sampling does 
not provide representative particulate capture. Only vapor-phase species were deter- 
mined. 

The KCl/soda lime traps were dissolved in acetic acid solutions. Ionic and methyl 
mercury were determined by aqueous-phase ethylation, purging onto a carbotrap, 
cryogenic GC separation, and detection with cold vapor atomic fluorescence spectrome- 
try (CVAFS). Methyl mercury was determined as methylethyl mercury, while inorganic 
ionic mercury was determined as diethyl mercury. Elemental mercury on iodated carbon 
traps was determined by digesting with a mixture of HN0,/H,S04 and BrCl, reducing 
with S&l,, purging and preconcentrating on gold, and detecting with CVAFS. 

impactor Sampling (OFA/LNB Test) 

Size-fractionated particulate samples were collected at the stack using a University of 
Washington Mark 5 cascade impactor. Samples were collected isokinetically at a fixed 
point. Particulate on each impactor stage was collected on Kapton (polyamide) sub- 
strates, and a quartz fiber filter was used as the final filter. Prior to analysis, adjacent 
impactor stages were combined to provide three size fractions: approximately <3 pm, 
3-10 pm, and > 10 pm. Quartz final filters were microwave digested and analyzed by 
ICP-MS. Kapton substrates were rinsed and soaked in dilute nitric acid. The solids and 
nitric acid solution were then microwave digested and analyzed by ICP-MS. 

Process Sample Collection 

The details of sample collection at each location are listed below. Differences between 
the methods used for the OFA and OFA/LNB tests are noted where appropriate. 

Coal 

For the OFA test, a metal corer was used to collect samples from the clean-out ports at 
the bottom of each the coal bunkers. For the OFA/LNB test, samples were collected by 
opening a tap on each of the coal feeders, allowing the coal to fall into a plastic bucket, 
and subsampling the catch with a plastic scoop. For both tests, multiple grab samples 
were composited directly into a five-gallon plastic bucket and split with a riffler to 
provide two one-ldlogram samples for analysis. 
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Bottom Ash and Bottom Ash Water 

To obtain representative bottom ash samples, the bottom ash was sluiced prior to each 
test run and allowed to accumulate in the boiler bottom during the run. At the end of 
the run, the bottom ash was sluiced again. Wet bottom ash samples were collected from 
the discharge of the sluice pipe at the ash basin. For the OFA test, a polyethylene 
dipper was used to collect multiple grab samples. For the OFA/LNB test, a one-liter 
plastic graduated cylinder was used to traverse the discharge stream during sluicing to 
obtain one grab sample per minute during sluicing. 

For both tests, the multiple grab samples were combined in a large container and the 
solids were allowed to settle. The bottom ash water was then siphoned off and filtered 
for collection. The bottom ash water samples collected during the OFA/LNB test were 
archived for possible analysis in the future. 

ESP Ash 

A metal sample thief was used to collect samples from the ESP hoppers. For the OFA 
test, multiple grab samples were collected from each of the 16 ESP hoppers during the 
gas sampling periods. A composite sample was generated by combining all hopper 
samples in equal proportions by volume. For the OFA/LNB test, the samples from each 
of the 16 hoppers were kept separate and archived for possible analysis in the future. 

Sluice Supply Water 

Grab samples of the water used for ash sluicing were collected at the recycle pond water 
intake immediately before sluicing. Single grab samples were collected for both the 
OFA and OFA/LNB tests. The samples collected during the OFA/LNB test were 
archived for possible analysis in the future. 

Detailed Sample Collection/Preparation/Analysis Tables 

Table A-l lists the techniques used to collect, preserve, and handle the samples at Site 
16. Analytical methods applied to coal samples are listed in Table A-2. Analytical 
methods for inorganic species in other samples are listed in Table A-3. The analytical 
methods applied to organic compounds are listed in Table A-4. 
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Appendix A: Sample Collenion. Preparation, and Analysis 

Table A-2 
Preparation Procedures and Chemical Analysis Methods 
Applied to Coal at Site 16 

Component 

Ultimate Analysis of Coal 
Ash 
Carbon 
Hydrogen 
Nitrogen 
Suifur 
Heating Value 

Proximate Analysis of Coal 
Moisture 
Ash 
Volatiles 
Fixed Carbon 

Target Elements by INAA 
Preparation - None 
Analysis by INAA 

Arsenic 
Barium 
Cadmium 
Chlorine 
Chromium 
Cobalt 
Copper 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
Vanadium 

Method Reference Coal 

ASTM D3174 x,0 
ASTM D3178 x,0 
ASTM D3178 X0 
ASTM D3179 x90 
ASTM D4239 x,0 
ASTM D2015 x,0 

ASTM D3173 x0 
ASTM D3174 x,0 
ASTM D3175 X,0’ 
Calculated x,0 

Karr, Chapters 12 and 46 x,0 
Karr, Chapters 12 and 46 x0 
Karr, Chapters 12 and 46 x0 
Karr, Chapters 12 and 46 X0 
Karr, Chapters 12 and 46 x,0 
Karr, Chapters 12 and 46 x,0 
Karr, Chapters 12 and 46 x.0 
Karr, Chapters 12 and 46 x,0 
Karr, Chapters 12 and 46 x0 
Karr, Chapters 12 and 46 x0 
Karr, Chapters 12 and 46 x,0 
Karr, Chapters 12 and 46 x,0 
Karr, Chapters 12 and 46 x,0 
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Table A-2 (Continued) 

Component 

Chlorine and Fluorine in Coal 
Preparation 

Oxygen Bomb Digestion 
Analysis by Potentiometric Titration 

Chloride 
Analysis by Ion Selective Electrode 

Fluoride 

Total Phosphorus in Coal 

Method Reference Coal 

ASTM D2361/ASTM D3761 X,0 

SM 4500 KO 

ASTM D3761 x.0 

Ashing and Acid Digestion 
Spectrophotometric Analysis 

Total Phosphorus 

ASTM D279.5 X 

ASTM D2795 X 

Be, Pb, P in Coal 
Preparation 

Ashing at 500” C/Acid Digestion 
Analysis by ICP-AES 

Beryllium 
Lead 
Phosphorus 

Analysis by GFAAS 

EPA 340.2 X0 

SW 6010 x,0 
SW 6010 0 
SW 6010 0 

Arsenic and Selenium in Coal 
Preparation 

Oxygen Bomb Combustion/Acid Digestion ASTM D3684 X 
Analysis by GFAAS 

Arsenic SW 7060 X 
Selenium SW 7740 X 
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Table A-2 (Continued) 

Component 

Mercury in Coal 
Preparation 

Double Gold Amalgamation 
Analysis by CVAAS 

Mercury 

Additional Inorganic Analytes in Coal 
Preparation - None 
Analysis by INAA 

Ahnninum 
Antimony 
Iron 
Sodium 
Titanium 

Method Reference Coal 

Karr, Chapter 14 x0 

Karr, Chapter 14 x,0 

Karr, Chapters 12 and 46 x,0 
Karr, Chapters 12 and 46 x,0 
Karr, Chapters 12 and 46 x0 
Karr, Chapters 12 and 46 x,0 
Karr, Chapters 12 and 46 x,0 

Karr, C. Jr., (ed)., “Analytical Methods for Coal and Coal Products.” 

SW is EPA SW-846, Test Methods for Evaluating Solid Waste”. 

SM is “Standard Methods for the Examination of Water and Wastewater,” 16th Edition. 
ASTM is American Society for Testing and Materials. 

X = Procedure performed on samples from OFA test. 

0 = Procedure performed on samples from OFA/LNB test. 
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Appendir A: Sample Colleaion, Preparation, and Analysis 

Table A-4 
Preparation Procedures and Chemical Analysis Methods Used to 
Measure Organic Compounds at Site 16 

Method Wiiter 
Component Reference Flue Gas Ashes Samples 

Volatile Organic Compounds 
Sample Collection 

VOST SW CO30 x,0 
Analysis by GC-MS 

Benzene SW 8240 x,0 
Toluene SW 8240 x0 

Formaldehyde 
Sample Collection 

DNPH Impinger SW 0011 x0 
Analysis by HPLC 

Formaldehyde TO5 x,0 

Polycyclic Organic Matter 
Sample Collection 

MM5 SW 0010 x,0 

Soxhlet Extraction SW 3540 x,0 X X 
Analysis by GC-MS 

Semivolatile organics, SW 8270 X X X 
including PAHs and 
other POM 

Analysis by High Resolution GC-MS 
PAHS 

DNPH is 2,4-Dinitrophenylhydrazine. 

0 

SW is EPA SW-846, ‘Test Methods for Evaluating Solid Waste.” 

TO5 is “EPA Compendium of Methods for the Determination of Toxic Organic 
Compounds in Ambient Air,” EPA 600/4/84/041. 

X = Procedure performed on samples from OFA test. 
0 = Procedure performed on samples from OFA/LNB test. 
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Appendix B: Analytical Data Used in Calculations 

Key to Data Flags 

E!a Description 

@ Concentration is less than five times the detection limit. 

B Detected in blank. 

E Estimated analyte result exceeds calibration range. 

R Detected in blank, corrected in sample result. 

< Less than the detection limit. 

+ Blank level exceeds 50% of uncorrected result. 
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APPENDIX D: 
ADDITIONAL OVERFIRE AIR TEST RESULTS 

This appendix discusses additional results from the OFA test. Specifically, the arsenic, 
chromium, and mercury speciation results, and the analytical results for size-fractionated 
particulate matter samples are presented and discussed. These results are not consid- 
ered valid for the following reasons: 

l Arsenic speciation: The spike results showed that As(II1) was oxidized to As(V) 
during sample recovery, preservation, or analysis. This procedure was not used for 
the OFA/LNB test. 

l Chromium speciation: The spike results showed that Cr(VI) was reduced by the flue 
gas during sample collection, probably to Cr(II1). This procedure was not used for 
the OFA/LNB test; instead, the EPA Cr(VI) method was selected. 

l Mercury speciation: The procedure used for the OFA test has since been shown to 
be invalid. The technique has been changed significantly, and an improved method 
was used for the OFA/LNB test. 

l Size-fractionated particulate matter samples: INAA has been shown to give poor 
results for this type of sample; therefore, ICP-MS was selected as the technique to 
analyze the samples collected during the OFA/LNB test. 

Each of these topics is discussed in detail below. 

Arsenic Speciation 

Special stack gas samples were collected during the OFA test to determine the oxidation 
state of arsenic present in the stack gas and to verify the sampling and analytical 
methods applied. Studies by EPRI have shown that As(III) and As(V) concentrations 
can be determined in aqueous samples by adjusting the sample pH during analysis by 
hydride generation atomic absorption spectrophotometry (HGAAS). This analytical 
approach was applied to the impinger and extraction solutions for vapor- and particulate- 
phase samples collected for this test. 
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Sampling and Analytical Method 

Stack gas samples were collected isokinetically at a single point in the stack representa- 
tive of the overall gas velocity obtained from previous velocity profiles. Three EPA 
Method 5 samples were collected simultaneously from separate ports to provide triplicate 
samples for each sampling period. Teflon@-coated fiber filters were used to collect the 
particulate phase, and an impinger solution of nitric acid and hydrogen peroxide was 
used to collect vapor-phase arsenic. 

Two sets of triplicate samples were collected to determine the concentration of As(III) 
and As(V) in the stack gas. Two additional sets of triplicate samples were collected 
using filters previously spiked with two different levels of As(II1) and As(V). The 
purpose of analyzing these samples was to determine the recovery of As(II1) and (V) 
after exposure to flue gas. One set was spiked with aqueous As(II1) and (V) solutions to 
provide 3 pg of arsenic at each oxidation state. A second set was spiked with 15 pg 
each. Additional filters were spiked at the same levels but not exposed to flue gas. 
These filters were analyzed to determine spike recoveries without interference from the 
sample matrix. 

The solids present in the sampling probe and nozzle were recovered by rinsing with a 
solution of 0.1 N sodium hydroxide (reducing-agent free). The filter was recovered from 
the hot box apparatus and placed in a covered Petri dish and sealed with Teflon@ tape. 
Impinger solutions were transferred to polyethylene bottles. After the sample was 
recovered, the probe and nozzle rinse samples and impinger solutions were refrigerated 
at 4” C, the filters were placed in a freezer at approximately -20” C. Samples were 
shipped to the laboratory on ice by overnight express and refrigerated on arrival. 

On the analysis date, the filters were combined with the corresponding probe and nozzle 
rinse samples and sonicated to solubilize the arsenic in the filtered solids. The leachates 
were analyzed by HGAAS. As(III) was analysed directly at an adjusted pH of 6. Total 
arsenic was determined from the same sample with the pH adjusted to less than one. 
The concentration of As(V) was determined by subtracting the As(III) values from the 
total As value. 

Arsenic Results and Discussion 

Table D-l shows the arsenic test results for the unspiked samples. Total arsenic 
averaged 108 pg/Nrr? and corresponded well with the 112 pg/Nmr result obtained by 
analyzing the multi-metals train samples collected on the two preceding days. However, 
the test results for As(II1) and As(V) are considered suspect because of the poor spike 
recovery obtained in the analysis of the spiked blank filters. The analytical results from 
these control samples are presented in Table D-2. The average spike recovery for the 
As(U) spikes on blank filters was less than 3 percent. The recovery of As(V) on the 
same filters exceeded 175%, demonstrating the oxidation of As(II1) to As(V). Total 
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arsenic recoveries averaged 88.9% and 96.0% for the 3 c(g and 15 pg spikes, respectively. 
The results for the spiked sample filters are not shown because the spike levels were 
much too low, compared with the native arsenic concentration in the stack gas, rendering 
them meaningless. 

Because nitric acid/peroxide impinger solutions were not amenable to analysis by 
HGAAS or speciation, they were analyzed for total arsenic by graphite furnace atomic 
absorption spectroscopy. Arsenic was not detected in these impinger solutions at a limit 
of detection of 1.2 pg/Nn?. 

A problem experienced with the sample sparger in the hydride generation unit during 
the analysis of As(II1) may have contributed to the low As@) results obtained during 
this test. However, a review of the QC check samples run during analysis tends to 
discredit the significance of this equipment problem, and Radian assumes that the poor 
recovery of As(II1) is the result of oxidation to the more stable As(V) valence state. The 
high recovery of As(V) also supports this assumption. 

Greater attention to sample handling, preservation, and preparation techniques will be 
necessary to maintain the oxidation state of the samples up to the time of analysis. An 
EPRI study of arsenic speciation in natural waters and sediments suggests that samples 
should be quick-frozen in liquid nitrogen and maintained at -80” C until analysis. Future 
sampling efforts should implement this preservation technique. 

Chromium Speciation 

Stack gas samples were collected during the OFA test to determine chromium concentra- 
tions in the +6 oxidation state. A modified version of California’s Air Resources Board 
(CARB) Method 425 was used at this site. This method has been undergoing field 
application studies for detecting and quantifying Cr(VI) emissions in flue gas at several 
coal-fired generating stations. The method validation test results at this site are pre- 
sented in this section. 

Sampling and Analytical Methods 

Three individual sampling trains were used to simultaneously collect triplicate sample 
sets from three sampling points of average flue gas velocity. Samples were collected 
isokinetically with Teflon@-coated filters used to separate the particulate material from 
the vapor phase. Unspiked filters and filters spiked with Cr(VI) were used to determine 
the efficacy of the sampling and analytical procedure. Instead of sodium hydroxide 
impingers being used to collect vapor-phase Cr(VI), impingers containing nitric 
acid/hydrogen peroxide solution were used to collect total vapor-phase chromium. 
Previous experience with impinger collection techniques for Cr(VI) in the presence of 
Sq have been unsuccessful. 
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Five sample sets were collected over a two-day period. Two sample sets (one each day) 
were collected on unspiked filters for determining the baseline Cr(VI) concentration in 
the particulate phase. The other sample sets were collected on filters pre-spiked with 
potassium dichromate solution to a level of 7.6 micrograms of Cr(VI). Additional filters 
were spiked at 1.25 pg, 6.25 pg, and 25 pg of Cr(VI) for spike recovery tests and sample 
degradation studies. 

Particulate material was recovered from the sampling trains by rinsing the probe and 
nozzle with a solution of 0.1 N sodium hydroxide (reducing agent free). The particulate 
filters were recovered and immediately placed into the probe and nozzle rinse samples. 
The total volume was then adjusted to 100 mL and quantitied gravimetrically. The 
samples were well mixed for approximately 30 minutes to extract Cr(VI) from the 
particulate material. Filtered aliquots of the extracts were then reacted with diphenylcar- 
baxide reagent to produce a colored Cr(VI) complex suitable for spectrophotometric 
analysis. 

Blank and pre-spiked filters not subjected to flue gas were extracted and analyxed along- 
side the samples to determine extraction efficiency and background corrections. To 
determine potential holding times for the samples, 18 pre-spiked filters of each spiking 
level (1.25, 6.25, and 25 pg) were collected for a time-related degradation study. Six 
filters of each Cr(VI) level were analyzed after one day, one week, and one month of 
storage under ambient conditions. 

Chromium (Vlj Results and Discussion 

Table D-3 shows the results of Cr(VI) analyses for the spiked and unspiked filters used 
to .sample the flue gas particulate material. Each series of three runs represents three 
samples obtained simultaneously using three stack sampling trains. The Series 1 runs 
provide an estimate of the Cr(M) particulate material on the first day of sampling. The 
filters used contained no spike. The mean (&- 95% confidence interval) particulate 
matter Cr(VI) concentration was 5.4 + 1.9 pg/Nn?. The Series 4 rum found the mean 
flue gas particulate matter Cr(VI) concentration to be 3.0 f 4.5 pg/Nm’. 
The mean particulate-phase total chromium concentration in the stack gas, as measured 
by the multi-metals train, was 44 f 37 pg/Nn?. These results show that about 10% of 
the particulate-phase total chromium was attributed Cr(VI). 

Table D-3 also shows the detailed results for the spiked filters exposed to flue gas. Tbe 
Series 2 results were obtained when the particulate filter was spiked with the medium 
spike before sampling on March 7. The Series 3 and Series 5 filters were obtained in 
the same way, except the sampling was performed on March 8. Because the daily flue 
gas particulate matter Cr(VI) values differ, the daily values were used to calculate 
expected filter Cr(VI) weights for spiked filters on the corresponding days. Comparison 
of the expected quantity of Cr(VI) on the filter with the measured Cr(VI) by the 
candidate method shows that, in every case, the measured Cr(VI) was less than the 
expected value. The mean recovery was 30 + 38 percent. 
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Table D-4 shows the results of the sample degradation study. Cr(VI) was spiked onto 
tbe blank filters at low, medium, and high levels. The results indicate the variability in 
the spiking and analysis at each of the three spiking levels. The results also show that 
there is no significant difference in the amount of Cr(VI) on the filters after one day 
after one month of storage. Filters spiked at the same time as the medium-level spiked 
filters in this test were used to conduct flue gas testing at Site 16. The results in Table 
D-4 show that the best estimate of the amount of Cr(VI) on these medium-spiked filters 
is 7.6 pg. 

Chromium (VI) (as potassium dichromate) spiked onto clean Teflon@)-coated filters, can 
easily be extracted and analyzed with close to 100% recovery at a level comparable to 
the amount of Cr(VI) detected in the particulate matter collected on unspiked filters 
from the flue gas at this site. However, when spiked filters are exposed to a large 
quantity of flue gas, the recoveries of these medium-level spikes are highly variable. The 
high degree of variability and the poor spike recoveries associated with pre-spiked 
sample results have been the primary concern when evaluating the data from this and 
other test sites. The low recoveries suggest that the Cr(VI) collected on the filter is 
being reduced to Cr(II1) during sampling. 

Mercury Speciation 

Samples of stack gas were collected during the OFA test to characterize the forms of 
mercury being emitted from a coal-fired utility boiler and to validate the sampling and 
analytical methods applied. Elemental mercury (Hg’), inorganic ionic mercury (Hi+), 
and methyl mercury (compounds such as C&HgCl) were the targeted species. The 
analysis was conducted by Brooks Rand, Ltd. in Seattle, Washington. This technique, 
developed by EPRI contractor Nicholas Bloom (formerly with Brooks Rand), was in the 
early stages of development when the OFA test was conducted. 

Sampling and Analytical Methods 

Four stack gas samples were collected non-isokinetically from a single port with a special 
impinger train. A Teflone tube was inserted into the stack port and directed towards the 
gas stream for sample collection. The sampling train was designed for in-stack filtration 
of particulates from the gas stream before bubbling the gas through a solution of 1.0 N 
potassium chloride (KCl) and on through a series of iodated-charcoal sorbent tubes. The 
purpose of the KC1 impinger solution is to collect water-soluble forms of mercury such as 
C@Hg and Hg+, and the charcoal sorbent is used to collect elemental mercury. 

Three Teflon@ filters and one ashed, quartz-fiber filter were used in an effort to compare 
the effects of the filtering media on sample recovery and analysis. Three Teflon@ 
impingers, each with approximately 100 mL of 1.0 N KC1 solution, were placed in an ice 
bath during sample collection, and three iodated-charcoal sorbent tubes followed in 
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Table D-4 
Cr(VI) Spiked Filter Degradation Results - OFA Test 

Tareet CrP’I) Level ’ 

Cr(VI) Measured on Filter bg) 

One Day One Week One Month 

Low (1.25 pg) 0.91 0.94 1.18 
0.89 0.89 1.14 
0.84 0.85 0.87 
0.91 0.75 1.21 
0.91 0.89 1.18 
0.84 0.99 1.18 

0.88 k O&lb 0.89 * 0.09 1.13 * 0.13 

Medium (6.25 p g) 7.91 7.69 7.11 
7.84 7.83 8.10 
7.42 8.01 7.07 
7.42 __ 7.68 
7.69 __ 7.98 
7.34 -- 7.41 

7.60 & 0.25 7.84 * 0.40 7.56 f 0.46 

High (25 pg) 27.4 28.6 29.1 
26.1 27.1 29.3 
27.7 28.4 28.0 
27.9 29.2 29.5 
27.4 28.8 28.2 
28.2 28.6 29.4 

27.4 f 0.8 28.4 + 0.8 28.9 + 0.7 

’ Cr(VI) spiked onto a blank filter. No flue gas sample was collected. 

b Mean + 95% CI. 
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series to complete each sampling train. All connecting pieces of the sampling train were 
made of Teflone. 

Impinger samples were combined in Teflone bottles and refrigerated immediately after 
collection. Filters were placed in separate sealed containers and also refrigerated. 
Charcoal sorbent tubes were left connected with the ends capped and refrigerated after 
collection. All samples were packed on ice and sent by next day air to the laboratory. 
At the laboratory, the impinger samples were preserved with the addition of 10 mL/L of 
HCl and the filters were transferred to a freezer. 

Aqueous (impinger) samples were first analyzed for ionic mercury by the direct reduction 
of a small aliquot with SnC&, purging onto gold, and analysis by cold vapor atomic 
fluorescence spectroscopy (CVAFS). The remaining sample was then divided into 
aliquots for methyl mercury extraction and total mercury analysis. 

For the methyl mercury extractions, one sample was extracted in triplicate and the others 
were performed in duplicate. Approximately 40-mL aliquots were accurately weighed 
into Teflone bottles, the volume was brought to exactly 60 mL with deionized water, and 
the samples were extracted by shaking overnight with 40 mL of methylene chloride. The 
methylene chloride layer was then separated, and 50 mL of deionized water was added. 
The methylene chloride was removed by boiling off at 60” C and then sparging with 
nitrogen. The methyl mercury, thus transferred to pure water, was analyxed by aqueous- 
phase ethylation, cryogenic gas chromatography, and CVAFS detection. 

The remaining aliquots of impinger samples were cold oxidized with BrCl and analyzed 
for total mercury by the techniques described for ionic mercury analysis. 

The filters were pre-digested in 5 mL of 6N HCl for 24 hours and then diluted to 18.2 
mL in Teflon@’ vials. A small aliquot (100 pL) of this digestate was analyxed for ionic 
mercury and another aliquot (25 pL) for methyl mercury by the methods previously 
described. The remainder of the sample was then cold oxidized with BrCl (0.5 n&/18.2 
mL). A 1-mL aliquot of this digestate was analyzed for total mercury by the method 
described above. 

The iodated-charcoal sorbent media was recovered from the tubes and placed into 
18.2~mL Teflone vials with 5 mL of 7:3 HNQ/H$O,. ~The samples were digested for 
three hours at 70°C in sealed containers, cooled, and diluted to 18.2 mL. Aliquots of 
these digestates were analyzed for total mercury, as described above. 

Mercury Rest&s and Discussion 

Table D-5 presents the stack gas mercury concentrations determined by the Brooks Rand 
sampling system. For comparison, the results from the multi-metals train samples 
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collected during the preceding two days are also provided. The mean total mercury 
concentrations are 1.6 + 1.4 Fg/Nn? for the Brooks Rand train and 7.5 f 1.6 pg/Nn? 
for the multi-metals tram. The multi-metals results agree much better with the coal 
measurements (71 f 27 percent material balance closure), suggesting that the Brooks 
Rand results are biased very low. 

The mercury speciation technique used for the OFA test was declared invalid by 
Nicholas Bloom in a communication to EPRI on July 7, 1993. The main problem with 
the system was the loss of mercury by condensation in the Teflon@ tubing ahead of the 
KC1 impingers. Also, some analytical interferences were presented by the KC1 solution. 

A much improved sampling system was used for the OFA/LNB test, the results of which 
were discussed in Section 3. The improvements included using heated quartz tubing 
ahead of the mercury traps (to prevent condensation) and a KCl/soda lime solid sorbent 
to replace the KC1 impingers. 

Sire-Fractionated Particulate Matter Samples 

Particulate matter samples were collected with particle sizing devices at both the ESP 
inlet and the stack during the OFA test. Specific size fractions were analyzed for metals 
by INAA. 

Sampling and Analysis Methods 

Stack particulate matter fractions were collected with a University of Washington Mark 5 
cascade impactor to provide four particle size fractions: < 0.8, 0.8-1.8, 1.8-12, and 
> 12 pm. The samples were collected isokinetically at a fixed point in the stack. 
Because of the low particulate loading at the stack, samples collected over three days 
(March 5-7, 1991) were combined to produce a single set of four fractions for analysis. 

At the ESP inlet, size-fractionated particulate matter was collected using an Anderson 
High Capacity Stack Sampler in four approximate particle sizes: ~2, 2-7, 7-13, and > 13 
pm. The samples were collected isokinetically at a fixed point in the ESP inlet duct. 
Three sets of ESP inlet samples were submitted for analysis. 

Following collection, the samples were desiccated and weighed until a constant weight 
was obtained. The samples were then analyzed as-collected using INAA. For those 
samples collected on a substrate, the entire substrate was placed in the analysis vial. 
Blank Kapton (polyamide) films, quartz filters, and glass fiber thimbles were analyzed so 
that the background concentrations of metals in these substrates could be subtracted 
from the sample values. All the results were corrected for the blank results for the sub- 
strates. 
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Size Fraction Results and Discussion 

Table D-6 presents the results for the stack particulate matter, and Tables D-7, D-8, and 
D-9 show the results for the ESP inlet particulate matter. High background concentra- 
tions of aluminum, arsenic, barium, calcium, chromium, and manganese were observed in 
the blank glass fiber thimbles; therefore, those blank corrections were the most signifi- 
cant. 

For the major elements such as aluminum, calcium, iron, and titanium and the non- 
volatile trace elements such as barium, cobalt, manganese, nickel, and vanadium, 
relatively constant levels are expected in all of the size fractions. These elements should 
appear in the particulate matter at levels approximately equal to their concentrations in 
the ash fraction of the coal. However, many anomalous results can be seen in Tables D- 
6 through D-9. 

Two ash standards were analyzed in the same batch as the samples. Ash masses of 
roughly 10 mg and 100 mg were chosen to approximate the masses of particulate matter 
found in the samples. As shown in Table D-10, the recoveries were, in general, poor. 
Of the 13 elements with a certified value, only one element (titanium) had a recovery in 
the acceptable range of 75125% for both sample sizes. In addition, there is no consis- 
tent pattern in the recoveries. Many of the elements show high recoveries in one sample 
but low recoveries in the other. 

The analysis of particulate matter samples by INAA was attempted for one other test 
site in the FCEM project, with similar findings. As a result, INAA is not considered a 
reliable technique for accurately determining the composition of small quantities of 
particulate matter. A different procedure, microwave digestion followed by ICP-MS, was 
used successfully to analyze the samples collected during the OFA/LNB test. 
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Table D-6 
Elemental Analysis of Stack Particulate Matter Fractions - OFA Test 
Samples Collected March 5-7, 1993 

Sample No. UWST4 UWST3 UWSTZ UWSTl 

Sample ID Stage 4 ‘Stage 3 Stage 2 Stage 1 

dP50 Size Range <0.8pm 0.8-1.8 pm 1.8-12 pm >12am 

Substrate Quartz Filter Kapton Kapton Quartz Filter 

Mass Collected, g 0.012 0.008 0.046 0.088 

% of Total Mass, g 8 5 30 57 

Mass Analyzed, g 0.012 0.008 0.046 0.088 

Gas Volume, Nm’ 0.9057 0.9057 0.9057 0.9057 

Elemental Cont., mg/kg 

Alumhm 150,000 180,000 41,000 43,000 

calcium 8,300 20,000 7,600 7,500 

Iron 130,000 200,000 50,000 67,000 

Titanium 11,000 15,000 3,300 2,700 

Arsenic 3,000 ND( 12) 390 130 

Barium 3,500 3,800 1,100 2,200 

Cadmium ND( 130) ND(llO) ND(Z) ND(18) 

Chromium 660 1,100 280 270 

Cobalt 130 210 59 44 

Copper 2,500 1,600 330 410 

Manganese 320 190 50 65 

Mercury ND(8) ND(63) 1 ND(l.l) 

Molybdenum NC 3,000 ND( 10) NC 

Nickel 320 640 120 210 

Selenium 830 930 150 140 

Vanadium 1,200 1,100 220 100 

D-14 



Appendix D: Additional Ovqtire Air Tst Redts 

Table D-7 
Elemental Analysis of ESP Inlet Particulate Matter Fractions - OFA Test 
Samples Collected March 5, 1991 

Sample No. Ii? 11 10 9 

Sample ID Stage 4 Stage 3 Stage 2 Stage 1 

dP50 Size Range <2.1pm 2.1-7.5 gm 7.5-14 pm >14flm 

Substrate Glass Thimble None None None 

Mass Collected, g 0.1288 0.32 0.461 3.492 

% of Total Mass, g 3 7 11 79 

Mass Analyzed, g 0.1288 0.1226 0.1906 0.4399 

Gas Volume, Nm’ 0.6465 0.6465 0.6455 0.6465 

Elemental Cont., mg/kg 

Aluminum 

Calcium 

Iron 

Titanium 

Arsenic 

Barium 

Cadmium 

Chromium 

Cobalt 

Copper 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Vanadium 

NC 160,000 160,000 130,008 

93,000 18,000 13,000 8,900 

24,000 100,000 89,000 69,000 

ND(1,4OO) 11,000 9,800 7,200 

1,600 660 280 63 

540,000 1,700 1,300 750 

ND(220) ND(34) ND(24) ND(12) 

600 500 240 110 

23 110 82 38 

ND(6,400) 690 740 ND(370) 

34 240 190 130 

9.3 ND(3.4) ND(2.4) ND(1.2) 

110 180 56 ND(6.3) 

ND(640) 130 61 26 

480 28 19 23 

570 630 430 220 
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Table D-8 
Elemental Analysis of ESP Inlet Particulate Matter Fractions - OFA Test 
Sample Collected March 6,1PPl 

Sample No. 16 15 14 13 

Sample ID Stage 4 Stage 3 Stage 2 Stage 1 

dP50 Size Range c2.1 pm 2.1-7.3 gm 7.3-13 pm >13pm 

Substrate Glass Thimble None None None 

Mass Collected, g 0.1288 0.269 0.263 2.155 

% of Total Mass, g 1 10 10 79 

Mass Analyzed, g 0.1288 0.1995 0.2232 0.4978 

Gas Volume, Nmi 0.4935 0.4935 0.4935 0.4935 

Elemental Cont., mg/kg 

Aiuminum NC 150,000 140,000 126,000 

Calcium ND( 19,000) 15,000 17,000 8,400 

Iron 1,000,000 93,000 99,000 ~,ooo 
Titanium 12,000 9,700 8,400 6,500 

Arsenic 2,@30 480 280 60 

Barium 140,000 1,600 1,500 WC@ 
Cadmium ND(370) ND@) ND(22) ND( 18) 

Chromium 4,000 370 260 120 

Cobalt 2,500 89 84 49 

‘Copper ND(4,900) 600 760 310 

Manganese 110 250 210 130 

Mercury 7 ND(2.4) ND(2.2) ND( 1.8) 

Molybdenum 1,200 97 65 ND(9.3) 

Nickel 64,000 110 72 ND(39) 

Selenium 5,500 26 29 11 

Vanadium 760 560 380 200 
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Appendix D: Mditional ovnfire Air Test Rewlts 

Table D-P 
Elemental Analysis of ESP Inlet Particulate Matter Fractions - OFA Test 
Samples Collected on March 7, 1991 

Sample No. 484 483 482 481 

Sample ID Stage 4 Stage 3 Stage 2 Stage 1 

dP50 Size Range c2.0 pm 2.0-7.0 pm 7.0-13 pm >13pm 

Substrate Glass Thimble None None None 

Mass Collected, g 0.0646 0.499 0.553 3.871 

% of Total Mass, g 1 10 11 78 

Mass Anaiyzed, g 0.0646 0.1563 0.201 0.5022 

Gas Volume, Nn? 0.7764 0.7764 0.7764 0.7764 

Elemental Cow., mg/kg 

Ahuninum NC 150,000 150,000 150,000 

Calcium 260,000 13,000 14,000 8,~ 
Iron 87,000 130,000 120,000 93,m 

Titanium ND(28,OOO) 10,000 8,900 6,500 

Arsenic 5,300 760 420 88 

Barium 1,200,OOo 2,600 1,800 960 

Cadmium ND(450) ND(36) ND(29) ND(20) 

Chromium 1,500 580 270 120 

Cobalt 88 140 120 50 

Copper ND( 13,000) 980 780 ND(590) 

Manganese 34 ND(9.0) 160 120 

Mercury NC ND(3.8) ND(3.1) ND(2.1) 

Molybdenum 670 88 42 ND(7.5) 

Nickel ND( 1,300) 640 310 ND( 150) 

Selenium 2,ooo 26 17 6.7 

Vanadium 1,500 640 450 260 
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Appendix D: Adiitimal Obqtire Air Tat Ruults 

Table D-10 
INAA Analysis of Standard Reference Material (SRM) Ash 

Element 

AIuminum 

Reference 0.096g Sample 
Value (mg/kg) Recovery (%) 

146,000 139 

0.1013g Sample 
Recovery (%) 

115 

Calcium 

Iron 55,700 149 48 

Titanium 13,700 123 99 

Arsenic 56.9 113 48 

Barium 

Cadmium 

Chromium 

711 201 61 

3.06 ND ND 

183 158 47 

Cobalt 

Qver 

49.8 153 53 

157 ND ND 

Manganese 381 95 73 

Nickel 

Vanadium 

117 ND 42 

375 137 116 
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APPENDIX E: UNCERTAINTY FORMULAS 

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 havebeen assigned a value of zero for this 
analysis. Also, this uncertainty is only for the period of time that the measurements were 
taken. 

This method is based on ANSI/ASME PTC 19.1-1985, “Measurement Uncertainty.” 

Nomenclature 

r= 

2: 

0,; = 
Vi= 

:: 

B, = 
t= 

u, = 
N, = 

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 “t” 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: 

u, = /p: + (S, l t) (eq. 1) 
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APPENDIX F: QA/QC RESULTS 
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&w&F: QA/QCResults 

Table F.l-1 

SUMMARY OF BLANK SAMPLE RESULTS FOR SITE 16 

Analvte Growing 

Number 
of 

Blanks 
Analvzed 

Semivolatile Organics 
Lab Blanks (MM5) 1 
Field Blanks (MM5) 2 
Dibutylphthalate 
Diethylphthalate 
Bis(2-Ethylhexyl) 
phthalate 
Naphthalene 
Trip Blanks 2 
Dibutylphthalate 
Diethylphthalate 
Bis(L-Ethylhexyl) 
phthalate 
Naphthalene 

Semivolatile Drganics (Solids) 
Lab Blanks 1 
Dibutylphthalate 

Semivolatile Organics (Waters) 
Lab Blanks 1 
Field Blanks 1 

VOST 
Lab Blanks 4 
Field Blank - ESP Inlet 3 
Trichlorofluoromethane 
Methylene Chloride 
Field Blanks - Stack 3 
Trichlorofluoromethane 
Methylene Chloride 

of 
Detects 

0 

2 
1 

2 
1 

1 
1 

2 
1 

1 

0 
0 

0 

1 
1 

1 
1 

Range of Method 
Compounds Detection 

Detected Limits 

0.83-106 ug 
1.81 ug 

1.53-2.44 ug 
2.05 ug 

13.8 ug 
3.32 ug 

1.64-26.3 ug 
1.82 ug 

0.104 ug/g 

10 ug 
10 ug 

10 ug 
10 ug 

10 ug 
10 ug 

10 ug 
10 ug 

1 w 

25 ng 10 ng 
26 ng 10 ng 

23 ng 10 ng 
410 ng 10 ng 

F-2 



Ap~endti F: QA/QC Resulrs 

Table F.l-1 

(Continued) 

Number 
of Number 

Blanks of 
Analvzed Detects Analvte Grouoinq 

Aldehydes 
Lab Blanks 
Formaldehyde 
Field Blanks 
Formaldehyde 
Trip Blanks 
Formaldehyde 

Chloride 
Lab Blanks (Solids) 
Lab Blanks (Filters) 
Lab Blanks (Impingers) 
Lab Blanks (Waters) 
Field Blanks (Filters) 
Trip Blanks (Filters) 
Field Blanks (Impingers) 
Trip Blanks (Impingers) 
Field Blanks (Waters) 

Fluoride 
Lab Blanks (Solids) 
Lab Blanks (Filters) 
Lab Blanks (Impingers) 
Lab Blanks (Waters) 
Field Blanks (Filters) 
Trip Blanks (Filters) 
Field Blanks (Impingers) 
Trip Blanks (Impingers) 
Field Blanks (Waters) 

1 
1 

1 
1 

1 
1 

1 0 
I 0 
1 0 
1 0 
1 1 
1 1 
1 0 
1 1 
1 0 

1 
1 

1 
1 
1 

0 
0 

Range of Method 
Compounds Detection 

Detected Limits 

1.32 ug 0.48 ug 

5.4 ug 2.4 ug 

3.06 ug 0.95 ug 

4.34 ug 
3.75 ug 

0.0864 mg/L 0.036 mg/L 
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&mdir F: QA/QC Rtmh 

Analvte Grouoinq 

Phosphate 
Lab Blanks (Solids) 
Lab Blanks (Filters) 
Lab Blanks (Impingers) 
Lab Blanks (Waters) 
Field Blanks (Filters) 
Trip Blanks (Filters) 
Field Blanks (Impingers) 
Trip Blanks (Impingers) 
Field Blanks (Waters) 

Sulfate 
Lab Blanks (Solids) 
Lab Blanks (Filters) 
Lab Blanks (Impingers) 
Lab Blanks (Waters) 
Field Blanks (Filters) 
Trip Blanks (Filters) 
Field Blanks (Impingers) 
Trip Blanks (Impingers) 
Field Blanks (Waters) 

Metals (ICP) - Coal 
Lab Blanks 
Aluminum 
Barium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Magnesium 
Manganese 

F-4 

Table F.l-I 

(Continued) 

Number 
of 

Blanks 
Analvzed 

1 
1 
1 
1 
1 
2 
1 
1 
1 

1 
1 
1 
1 
1 
2 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 

Number Range of Method 
of Compounds Detection 

Detects Detected Limits 

0.228 mg/L 

0.0421 mg 0.0035 mg 
0.0398-0.052 mg 0.008 mg 

2.04 mg/L 2.4 mg/L 

3.65 mg/kg 20 w/kg 
0.01 mg/kg 1.0 mg/kg 
2.32 mg/kg 100 mg/kg 

0.500 mg/kg 1.0 mg/kg 
0.17 mg/kg 1.0 mg/kg 
0.18 mg/kg 2.0 mg/kg 
3.91 mg/kg 4.0 mg/kg 
1.04 mg/kg 100 mg/kg 
0.07 mg/kg 1.0 mg/kg 

0.30 mg/L 



Appcndir F: QA/QC Results 

Analvte Groupinq 

Metals (ICP) - Coal 
(Cont'd) 

Molybdenum 
Nickel 
Potassium 
Sodium 
Titanium 
Thallium 
Vanadium 
Zinc 

Metals (GFAAS, HGAAS, CVAAS) 
Coal 

Arsenic 
Cadmium 
Lead 
Mercury 
Selenium 

Metals (ICP) - Filters 
Field Blanks 
Aluminum 
Barium 
Calcium 
Chromium 
Copper 
Iron 
Magnesium 
Manganese 
Molybdenum 
Nickel 
Potassium 
Sodium 
Titanium 

Table F.l-1 

(Continued) 

of Number Range of Method 
Blanks of Compounds Detection 

Analvzed Detects Detected Limits 

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

1 0 
1 0 
1 0 
1 0 
1 0 

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

6.95 mg/kg 5.0 mg/kg 
0.92 mg/kg 2.0 mg/kg 
1.53 mg/kg 300 mg/kg 
4.90 mg/kg 100 mg/kg 
0.47 mg/kg 5.0 mg/kg 
0.27 mg/kg 10 w/kg 
0.99 mg/kg 2.0 mg/kg 
0.80 mg/kg 2.0 mg/kg 

232 ug 20 ug 
6.75 ug 1.0 ug 
101 ug 100 ug 

2.13 ug 1.0 ug 
0.986 ug 2.0 ug 

35 ug 4.0 ug 
16.6 ug 100 ug 
1.28 ug 1.0 ug 
29.2 ug 5.0 ug 
2.10 ug 2.0 ug 
17.0 ug 300 ug 
110 ug 100 ug 
2.3 ug 0.30 ug 
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Appendix F: Q4fQC Results 

Table F.l-1 

(Continued) 

Analvte Grouoinq 

Number 
of Number Range of Method 

Blanks of Compounds Detection 
Analvzed Detects Detected Limits 

Metals (ICP) - Filters 
(Cont'd) 

Vanadium 
Zinc 

Metals (GFAAS, HGAAS, CWS) . 
Filters 

Field Blanks 
Arsenic 
Cadmium 
Lead 
Mercury 
Selenium 

Metals (ICP) - Filters 
Trip Blanks 
Aluminum 
Barium 
Calcium 
Chromium 
Copper 
Iron 
Magnesium 
Manganese 
Molybdenum 
Nickel 
Silicon 
Sodium 
Strontium 
Vanadium 
Zinc 

1 0.900 ug 2.0 ug 
1 3.74 ug 2.0 ug 

1 
1 0.16 ug 0.40 ug 
0 
1 0.56 ug 0.30 ug 
1 0.0082 ug 0.018 ug 
0 

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

230 ug 20 ug 
6.27 ug 1.0 ug 
114 ug 100 ug 

2.06 ug 1.0 ug 
1.3 ug 2.0 ug 

32.4 ug 4.0 ug 
14.9 ug 100 ug 
1.17 ug 1.0 ug 
29.6 ug 5.0 ug 
1.95 ug i.0 ug 

330000 ug 1000 ug 
105 ug 300 ug 

2.27 ug 0.3 ug 
0.931 ug 2.0 ug 
3.03 ug 2.0 ug 
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Appendix F: QAIQC Results 

Table F.l-1 

(Continued) 

Analvte Grouoinq 

Number 
of Number 

Blanks of 
Analvzed Detects 

Metals (GFAAS, HGAAS, CVAAS) - 
Filters 

Trip Blanks 
Arsenic 
Cadmium 
Lead 
Mercury 

Selenium 

Metals (ICP) - Probe and 
Nozzle Rinse 

Field Blanks 
Aluminum 
Barium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Magnesium 
Manganese 
Molybdenum 
Nickel 
Silicon 
Sodium 
Strontium 
Vanadium 
Zinc 

Metals (GFAAS, HGAAS, CVAAS) . 
Probe and Nozzle Rinse 

Field Blanks 
Arsenic 
Cadmium 

1 
1 
0 
1 
1 
0 

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

Range of Method 
Compounds Detection 

Detected Limits 

0.13 ug 0.4 ug 

0.57 ug 
0.0424 ug 

0.030 ug 
0.018 ug 

6.51 ug 
1.46 ug 
17.7 ug 
0.53 ug 

0.129 ug 
0.3 ug 

30.8 ug 
4.47 ug 
0.139 ug 
0.894 ug 
0.700 ug 
18500 ug 

71 ug 
0.692 ug 
0.128 ug 
1.22 ug 

20 ug 
1.0 ug 
100 ug 
1.0 ug 
1.0 ug 
2.0 ug 
4.0 ug 
100 ug 
1.0 ug 
5.0 ug 
2.0 ug 
1000 ug 
300 ug 
0.3 ug 
2.0 ug 
2.0 ug 

1 
1 0.63 ug 0.4 ug 
0 0.100 ug 0.1 ug 
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Appendix F: QAIQC Results 

Table F.l-I 

(Continued) 

Analvte GrOUDinq 

Number 
of Number 

Blanks of 
Analvzed Detects 

Metals (GFAAS, HGAAS, CVAAS) - 
Probe and Nozzle Rinse (Cont'd) 

Lead 
Mercury 
Selenium 

Metals (ICP) - Probe and 
Nozzle Rinse 

Trip Blanks 
Barium 
Beryllium 
Calcium 
Chromium 
Copper 
Iron 
Magnesium 
Manganese 
Silicon 
Sodium 
Strontium 
Thallium 
Zinc 

Metals (GFAAS, HGAAS, CVAAS) - 
Probe and Nozzle Rinse 

Trip Blanks 
Arsenic 
Cadmium 
Lead 
Mercury 
Selenium 

1 
0 
0 

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

Range of Method 
Compounds Detection 

Detected Limits 

0.50 ug 

0.0652 ug 1.0 ug 
0.149 ug 0.2 ug 
25.1 ug 100 ug 

0.179 ug 1.0 ug 
0.34 ug 2.0 ug 
2.58 ug 4.0 ug 
7.16 ug 100 ug 
0.142 ug 1 ug 
19000 ug 1000 ug 
48.2 ug 100 ug 
0.235 ug 0.3 ug 
0.903 ug 10 ug 
0.905 ug 2.0 ug 

0.14 ug 
0.17 ug 

0.0302 ug 

0.3 ug 

0.4 ug 
0.1 ug 

0.009 ug 

F-8 



Table F.l-1 

(Continued) 

Number 
of 

Blanks 
Analvte Grouoinq Analvzed 

Metals (ICP) - Impinger Solutions 
Field Blanks 2 
Aluminum 
Antimony 
Barium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Magnesium 
Manganese 
Molybdenum 
Nickel 
Potassium 
Silicon 
Silver 
Sodium 
Strontium 
Thallium 
Vanadium 
Zinc 

Metals (GFAAS, HGAAS, CVAAS) - 
Impinger Solutions 

Field Blanks 2 
Arsenic 
Cadmium 
Lead 
Mercury 
Selenium 

Number Range of Method 
of Compounds Detection 

Detects Detected Limits 

2 
2 
2 
2 
2 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
0 
0 

0.213-0.228 mg/L 0.2 mg/L 
0.001-0.042 mg/L 0.1 mg/L 
0.003-0.006 mg/L 0.01 mg/L 
0.145-0.154 mg/L 1.0 mg/L 
0.003-0.005 mg/L 0.01 mg/L 

0.006 mg/L 0.01 mg/L 
0.004-0.007 mg/L 0.02 mg/L 
0.058-0.063 mg/L 0.04 mg/L 
0.005-0.039 mg/L 1.0 mg/L 
0.017-0.025 mg/L 0.01 mg/L 

0.054 mg/L 0.05 mg/L 
0.016-0.017 mg/L 0.02 mg/L 
0.124-0.30 mg/L 3.0 mg/L 
0.578-0.975 mg/L 1.0 mg/L 

0.001 mg/L 0.01 mg/L 
0.35-0.564 mg/L 1.0 mg/L 

0.009-0.0012 mg/L 0.003 mg/L 
0.049-0.064 mg/L 0.1 mg/L 
0.006-0.008 mg/L 0.02 mg/L 

46-47.6 mg/L 0.02 mg/L 

0.0010-0.0011 mg/L 0.004 mg/L 
0.0007-0.0009 mg/L 0.001 mg/L 
0.0068-0.0122 mg/L 0.003 mg/L 
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Apptmdix F: QA/QC Redrs 

Table F.l-1 

(Continued) 

Analvte Grouoinq 

Number 
of Number 

Blanks of 
Analvzed Detects 

Metals (ICP) - Impinger Solutions 
Trip Blanks 
Aluminum 
Barium 
Calcium 
Chromium 
Copper 
Iron 
Magnesium 
Manganese 
Molybdenum 
Nickel 
Potassium 
Silicon 
Sodium 
Strontium 
Thallium 
Vanadium 
Zinc 

Metals (GFAAS, HGAAS, CVAAS) 
Impinger Solutions 

Trip Blanks 
Arsenic 
Cadmium 
Lead 
Mercury 
Selenium 

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

1 
1 
1 
1 
0 
0 

Metals (ICP) - Impinger Solutions 
Lab Blanks 1 
Antimony 1 
Calcium 1 
Cobalt 1 

Range of Method 
Compounds Detection 

Detected Limits 

0.206 mg/L 
0.005 mg/L 
0.039 mg/L 
0.005 mg/L 
0.015 mg/L 
0.027 mg/L 
0.016 mg/L 
0.02 mg/L 

0.059 lag/L 
0.022 mg/L 
0.244 mg/L 
0.152 mg/L 
0.197 mg/L 

0.0009 mg/L 
0.081 mg/L 
0.007 mg/L 
53.7 mg/L 

0.2 mg/L 
0.01 mg/L 
1.0 mg/L 

0.01 mg/L 
0.02 mg/L 
0.04 mg/L 
1.0 mg/L 

0.01 mg/L 
0.05 mg/L 
0.02 mg/L 
3.0 mg/L 
1.0 mg/L 
1.0 mg/L 

0.003 mg/L 
0.1 mg/L 
0.02 mg/L 
0.02 mg/L 

0.0001 mg/L 
0.0014 mg/L 
0.015 mg/L 

0.004 mg/L 
0.001 mg/L 
0.003 mg/L 

0.005 mg/L 
0.036 mg/L 
0.002 mg/L 

0.1 mg/L 
1.0 mg/L 

0.01 mg/L 
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Appertdix F: QA/QC Raulrs 

Table F.l-1 

(Continued) 

Analvte Grouoinq 

Number 
of Number Range of Method 

Blanks of Compounds Detection 
Analvzed Detects Detected Cimits 

Metals (ICP) - Impinger Solutions 
(Cont'd) 

Copper 
Magnesium 
Silicon 
Zinc 

Metals (GFAAS, HGAAS, CVAAS) - 
Impinger Solutions 

Lab Blanks 
Arsenic 
Cadmium 
Lead 
Mercury 
Selenium 

Metals (ICP) - Solid 
Samples 

Lab Blanks 
Beryllium 
Chromium 
Molybdenum 
Silicon 
Silver 

Metals (ICP) - Water Samples 
Lab Blanks 
Antimony 
Cobalt 
Copper 
Magnesium 
Manganese 
Sodium 

1 0.002 mg/L 0.02 mg/L 
1 0.001 mg/L 1.0 mg/L 
1 0.055 mg/L 1.0 mg/L 
1 0.015 mg/L 0.02 mg/L 

1 
1 0.005 mg/L 0.004 mg/L 
1 0.006 mg/L 0.001 mg/L 
1 0.0049 mg/L 0.003 mg/L 
0 
0 

2.4 mg/kg 2.0 mg/kg 
20.7 mg/kg 10 w/kg 

58 Wkg 50 w/ kg 
159000 mg/kg 10000 mg/kg 
56.4 mg/kg 40 w/kg 

1 
1 0.035 mg/L 0.10 mg/L 
1 0.002 mg/L 0.01 mg/L 
1 0.001 mg/L 0.02 mg/L 
1 0.001 mg/L 0.01 mg/L 
1 0.037 mg/L 0.05 mg/L 

1 0.198 mg/L 1 w/L 
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Appendir F: QA/QC Results 

Table F.l-1 

(Continued) 

Number 
of Number Range of Method 

Blanks of Compounds Detection 
Analvte Groupinq Analvzed Detects Detected Limits 

Metals (ICP) - Water Samples (Cont'd) 
Vanadium 
Zinc 

Metals (GFAAS, HGAAS, CVAAS) - 
Water Samples 

Lab Blanks 1 
Arsenic 
Cadmium 

Metals (GFAAS, HGAAS, CVAAS) - 
Water Samples (Cont'd) 

Lead 
Mercury 
Selenium 

1 0.004 mg/L 0.02 mg/L 
1 0.001 mg/L 0.001 mg/L 

0 
0 
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Appendix F: QAIQC Results 

Table F.l-2 

SUMMARY OF QUALITY CONTROL CHECK SAMPLE RESULTS FOR SITE 16 

Parameter 

Semi-Volatile Organics: 
Acenaphthene 
4-Chloro-3-methylphenol 
2-Chlorophenol 
1,4-Dichlorobenzene 
2,4-Dinitrotoluene 
N-Nitrosodipropylamine 
4-Nitrophenol 
Pentachlorophenol 
Phenol 
Pyrene 
1,2,4-Trichlorobenzene 

Volatile Organics (VOST): 
Chloromethane 
Vinyl Chloride 
Bromomethane 
Chloromethane 
Trichlorofluoromethane 
I,l-Dichloroethene 
Carbon Disulfide 
Acetone 
Methylene Chloride 
trans-1,2-Dichloroethene 
l,l-Dichloroethane 
Vinyl Acetate 
2-Butanone 
Chloroform 
l,l,!-Trichloroethane 
Carbon Tetrachloride 
Benzene 
1,2-Dichloroethane 
Trichloroethene 

& 
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 
2 
2 
2 
2 

Avg. 
% Rec. 

Std. No. Below 
Dev. 

66 2.8 
78 0.71 
84 0.71 
86 0.71 
68 3.5 
80 0.71 
74 2.8 

114 0 
78 2.1 
82 0.71 
94 0 

52 0.7 
71 5.6 
76 3.5 
81 1.4 
80 4.9 
80 3.5 
93 4.2 
94 21.9 
83 2.8 
82 2.1 
90 6.4 
69 53.7 

103 15.6 
93 7.1 
78 0.7 
78 6.4 
90 14.1 

116 14.1 
105 19.8 

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 
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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Appendir F: m/QC Results 

Parameter 

Volatile Organics (VOST) 
(Cont'd): 

1,2-Dichloropropane 
Bromodichloromethane 
trans-1,3-Dichloroprypene 
4-Methyl-P-Pentanone 
Toluene 
cis-1,3-Dichloropropane 
1,1,2-Trichloroethane 
Tetrachloroethene 
2-Hexanone 
Dibromochloromethane 
Chlorobenzene 
Ethyl Benzene 
m,p-Xylene 
o-Xylene 
Styrene 
Bromoform 
1,1,2,2-Tetrachloroethane 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
1,2-Dichlorobenzene 

Anions: 
Fluoride - Aqueous 
Fluoride - Solids 
Phosphate - Aqueous 
Phosphate - Solids 

Table F.l-2 

(Continued) 

o”t”;s 

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

1 
3 
1 
1 

Avg. 
% Rec. 

Std. No. Below 
Dev. 

106 13.4 
100 2.1 
105 9.9 

74 5.6 
96 2.1 
82 11.3 

121 14.1 
80 13.4 

102 1.41 
102 0.7 
94 1.4 
86 2.1 
87 2.8 

104 9.2 
120 4.2 
120 2.1 

94 36.1 
96 7.1 
96 9.2 
93 2.8 

98 
111 
105 
101 

11.3 

Metals (Predigestion Spike into Reagent 
Water): 

Aluminum 5 92 
Antimony 5 84 
Barium 5 95 
Beryllium 5 89 

1.6 
15.5 
3.7 
4.3 

Limits 

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

0 

0 
1 
0 
0 

Above 
Limits 

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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Appetzdiz F: QA/QC Resulrs 

Table F.l-2 

(Continued) 

Avg. 
Parameter o"c";s % Rec. 

Metals (Predigestion Spike into Reagent 
Water) (Cont'd): 

Calcium 5 94 
Chromium 5 94 
Cobalt 5 94 
Copper 5 95 
Iron 5 93 
Magnesium 5 90 
Manganese 5 92 
Molybdenum 5 107 
Nickel 5 93 
Potassium 5 92 
Silicon 5 708 
Silver 5 31 
Sodium 5 94 
Strontium 5 95 
Thallium 5 79 
Titanium 4 89 
Vanadium 5 93 
Zinc 5 89 

Metals by GFAAS and HGAAS (Predigestion 
Spike into Reagent Water): 

Arsenic 4 98 
Cadmium 5 100 
Lead 5 111 
Selenium 2 79 

Metals-ICAPES (NBS Fly Ash 1633A): 
Aluminum 2 91 
Barium 2 82 
Beryllium 2 91 
Calcium 2 90 
Chromium 2 93 
Cobalt 2 108 

Std. No. Below 
Dev. 

3.3 
4.4 
4.2 
5.2 
3.4 
2.2 
4.1 

26.3 
6.1 
6.8 

1038 
33.6 

3.2 
3.0 

44.6 
4.1 
4.1 
6.0 

16.4 
26.0 
13.0 
17.0 

1.1 
3.7 
4.4 
3.3 
6.4 
8.3 

Limits 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 

1 
1 
0 
1 

0 
0 
0 
0 
0 
0 

No. 
Above 
Limits 

0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
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Appcndir F: QNQC Resulrs 

Table F.l-2 

(Continued) 

Parameter 

Metals-ICAPES (NBS Fly Ash 1633A) 
(Cont'd): 

Copper 2 
Iron 2 
Magnesium 2 
Manganese 2 
Molybdenum 1 
Nickel 2 
Silicon 1 
Sodium 2 
Strontium 2 
Titanium 2 
Vanadium 2 
Zinc 2 

Metals -GFAAS, HGAAS, and CVAAS 
(NBS Fly Ash 1633A) 

Arsenic 1 
Cadmium 1 
Mercury 1 
Lead 1 
Selenium 2 

Metals-ICAPES (NBS Coal 1632A): 
Aluminum 2 
Barium 2 
Beryllium 2 
Calcium 2 
Cobalt 1 
Iron 2 
Manganese 2 
Nickel 2 
Potassium 2 
Sodium 2 
Thallium 1 

F-16 

Avg. 
% Rec. 

91 
91 
86 
88 

266 
94 

166 
92 
89 
95 
92 
88 

143 
150 
69 

131 
83 

62 
56 
62 

107 
114 

78 
76 

260 
76 
92 

100 

No. 
Std. No. Below Above 
Dev. 

4.4 
0 

3.5 
0 

0 
24.8 

5.4 
6.7 
1.0 
1.1 
1.1 

14.4 

36.5 
25.6 
40.4 
29.5 

14.2 
7.9 
116 

11.9 
16.4 

Limits Limits 

0 0 
0 0 
0 0 

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

1 1 
1 1 
1 0 
0 1 
0 0 

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



Ajqmdix F: QA/QC Results 

Table F.l-2 

(Continued) 

Avg. Std. No. Below 
Parameter % Rec. Dev. Limits 

Metals-ICAPES (NBS Coal 1632A): 
(Cont'd) 

Titanium 1 88 - 0 
Strontium 1 46 - 1 
Zinc 1 87 - 0 

Metals -GFAAS (NBS Coal 1633A) 
Arsenic 2 288 144 0 
Lead 2 58 17.2 2 
Selenium 2 62 9.7 2 

No. 
Above 

Cimits 

0 
0 
0 

2 
1 
0 
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Ajqmdlx F: m/QC Results 

Table F.l-3 

SUMMARY OF SPIKE0 SAMPLE RESULTS FOR SITE 16 

Comvound 

Semivolatile Organics - 
Bottom Ash: 

Acenaphthene 
4-Chloro-3-methylphenol 
P-Chlorophenol 
1,4-Dichlorobenzene 
2,4-Dinitrotoluene 
N-Nitrosodipropylamine 
4-Nitrophenol 
Pentachlorophenol 
Phenol 
Pyrene 
1,2,4-Trichlorobenzene 

Anions: 
Chloride - Solids 
Chloride - Water 
Fluoride - Gas 
Fluoride - Solids 
Fluoride - Waters 
Phosphate - Waters 
Phosphate - Solids 

No. of % Mean RPD 
Soikes Recovery jStd. Dev.I. 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

4 
1 
1 
5 
2 
1 
1 

64 7.8 
82 3.6 
82 6.1 
88 6.8 
68 4.4 
80 6.2 
63 0 
96 5.2 
84 3.6 

125 11.2 
94 3.2 

94 
100 
103 

77 
100 
105 

76 

4.8 

23.2 
11.3 

Metals by ICP in ESP Inlet Gas 
(Impinger Solutions): 

Aluminum 2 
Antimony 2 
Barium 2 
Beryllium 2 
Boron 2 
Calcium 2 
Chromium 2 
Cobalt 2 
Copper 2 

F-18 

92 0 
86 1.2 
94 1.1 
96 1.0 
90 1.1 
96 0 
92 0 
92 1.1 
91 0 

No. No. 
Below Above 
Limits Limits 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
2 

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 
0 
0 
0 

.O 
0 
0 
0 



Appendix F: QA/QC Results 

Table F.l-3 

(Continued) 

No. of 
Comoound &j& 

Metals by ICP in ESP Inlet Gas 
(Impinger Solutions): (Cont'd) 

Iron 
Magnesium 
Manganese 
Molybdenum 
Nickel 
Potassium 
Silicon 
Silver 
Sodium 
Strontium 
Thallium 
Titanium 
Vanadium 
Zinc 

Metals by GFAAS, HGAAS, and 
CVAAS in Impinger Solutions: 

Arsenic 
Cadmium 
Lead 
Mercury 
Selenium 

Metals by ICP in Stack Gas 
(Probe and Nozzle Rinse): 

Antimony 
Barium 
Beryllium 
Chromium 
Cobalt 
Copper 
Manganese 
Molybdenum 

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 
2 

% 
Recovery 

No. No. 
Mean RPD Below Above 

(Std. Dev.) Limits Limits 

96 0 
90 1.1 
91 1.1 
94 1.2 
94 1.1 
86 1.2 
98 1.0 
86 1.2 
92 0 
95 2.1 
93 3.2 
94 1.1 
92 0 
40 100 

74 1.3 
106 7.5 

74 1.3 
98 0 
70 5.1 

84 2.4 
94 1.0 
86 0 
95 1.0 
96 2.1 
92 61.10 
91 0 
95 0 

0 
0 
-0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 

1 
0 
2 
0 
2 

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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ApprndirF: ~/QCRe.dts 

Table F.l-3 

(Continued) 

No. of 
Compound Soikes 

Metals by ICP in Stack Gas (Probe 
and Nozzle Rinse) (Cont'd): 

Nickel 
Silver 
Strontium 
Thallium 
Titanium 
Vanadium 
Zinc 

Metals by GFAAS in Stack Gas 
(Probe and Nozzle Rinse): 

Selenium 

Metals by ICP in ESP, Inlet 
Gas (Filter): 

Aluminum 
Antimony 
Barium 
Beryllium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Magnesium 
Manganese 
Molybdenum 
Nickel 
Potassium 
Silver 
Sodium 
Strontium 
Thallium 
Titanium 

F-20 

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 
2 

No. No. 
% Mean RPD Below Above 

Recovery (Std. Dev.1 Limits Limits 

92 4.3 0 
0 NC 2 

93 2.2 0 
91 2.2 0 
92 1.1 0 
94 0 0 
86 0 0 

72 62.80 2 0 

63 15.9 2 0 
80 11.2 0 0 
80 6.2 0 0 
74 4.0 1 0 
88 4.5 0 0 
83 2.4 0 0 
85 2.4 0 0 
84 3.6 0 0 
72 4.1 2 0 
77 7.8 1 0 
84 6.0 0 0 
79 25 0 0 
82 1.2 0 0 
86 2.3 0 0 
11 18.2 2 0 
90 5.6 0 0 
68 10.4 2 0 
82 11.0 0 0 
78 2.6 0 0 



Ap~endir F: QA/QC Resulrs 

Table F.l-3 

(Continued) 

No. of 
Comoound Soikes 

Metals by ICP in ESP Inlet 
Gas (Filter): (Cont'd) 

Vanadium 2 
Zinc 2 

Metals by GFAAS, HGAAS, and CVAAS 
in ESP Inlet Gas (Filter): 

Arsenic 2 
Cadmium 2 
Lead 2 
Mercury 2 
Selenium 2 

Metals by ICP in Coal: 
Aluminum 4 
Antimony 4 
Barium 4 
Beryllium 4 
Calcium 4 
Chromium 4 
Cobalt 4 
Copper 4 
Iron 4 
Magnesium 
Manganese 
Molybdenum 
Nickel 
Potassium 
Silver 
Sodium 
Strontium 
Thallium 

No. No. 
% Mean RPD Below Above 

Recoverv (Std. Dev.) Limits Limits 

83 2.4 0 0 
80 2.5 0 0 

71 2.8 2 
91 2.2 0 
92 1.1 0 

310 2.9 0 
92 13.0 0 

106 50 1 1 
92 5.0 0 0 

102 7.5 0 0 
84 5.4 0 0 

119 20.2 0 2 
86 14.6 1 0 
94 3.9 0 0 
98 33.1 2 1 

52.5 49 2 0 
83 13.4 1 0 
95 2.6 0 0 
95 2.9 0 0 
88 19.9 1 0 
99 9.0 0 0 

12.6 7.4 4 0 
94 2.1 0 0 

109 9.1 0 0 
97 7.6 0 0 
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Appmdix F: a/QC Rerulrs 

Table F.l-3 

(Continued) 

Compound 
No. of 
Soikes 

Metals by ICP in Coal: 
(Cont'd) 

Vanadium 
Zinc 

Metals by GFAAS, HGAAS, and 
CVAAS in Coal: 

Arsenic 
Cadmium 
Lead 
Mercury 
Selenium 

Metals by ICP in Fly Ash: 
Aluminum 
Antimony 
Barium 
Beryllium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Magnesium 
Manganese 
Molybdenum 
Nickel 
Potassium 
Silver 
Sodium 
Strontium 
Thallium 
Vanadium 
Zinc 

F-22 

4 
4 

4 
4 
4 
4 
4 

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

No. No.~ 
% Mean RPD Below Above 

Recoverv (Std. Dev.) Limits Limits 

97 4.2 
88 3.3 

108 8.3 
99 12.3 

116 32.3 
57 21.5 

110 15.9 

57 21.1 
68 10.4 
80 7.5 
80 0 
75 8.0 
86 0 
90 1.1 
90 0 
82 4.9 
61 9.8 
82 2.4 
84 3.6 
88 1.1 
92 1.1 
25 20 
80 2.5 
68 14.7 
96 1.0 
88 0 
85 5.9 

0 

0 

0 

0 

0 

2 
0 

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

0 
0 

0 
0 
2 
0 
1 

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



Appendix F: W/QC Re.wlrs 

Table F.l-3 

(Continued) 

Comoound 

No. No. 
No. of % Mean RPD Below Above 
SDikes Recoverv (Std. Dev.) Limits Limits 

Metals by GFAAS, HGAAS, and 
CVAAS in Fly Ash: 

Arsenic 
Cadmium 
Lead 
Mercury 
Selenium 

Metals by ICP in Bottom Ash 
Sluice Water: 

Aluminum 
Antimony 
Barium 
Beryllium 
Boron 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Magnesium 
Manganese 
Molybdenum 
Nickel 
Potassium 
Silicon 
Silver 
Sodium 
Strontium 
Thallium 
Vanadium 
Zinc 

2 97 0 
2 92 0 
2 97 1.0 
2 96 0 
2 96 1.0 
2 98 6.1 
2 94 1.1 
2 94 0 
2 94 0 
2 96 1.1 
2 94 1.1 
2 94 1.1 
2 92 1.1 
2 94 1.1 
2 94 1.1 
2 105 1.9 
2 93 0 
2 97 21 
2 96 1.0 
2 96 0 
2 93 0 
2 92 1.1 

89 11.2 
150 5.3 
67 20.9 
97 2.1 
88 0 

0 
0 
2 
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 
2 
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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Appendir F: @d/QC Results 

Compound 

Metals by ICP in Sluice 
Water Supply: 

Aluminum 
Antimony 
Barium 
Beryllium 
Boron 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Magnesium 
Manganese 
Molybdenum 
Nickel 
Potassium 
Silicon 
Silver 
Sodium 
Strontium 
Thallium 
Vanadium 
Zinc 

Table F.l-3 

(Continued) 

No. of % Mean RPD 
&J& Recovery JStd. Dev.1 

2 99 1.0 0 0 
2 90 1.1 0 0 
2 96 1.0 0 0 
2 96 1.1 0 0 
2 96 0 0 0 
2 98 5.1 0 0 
2 94 1.1 0 0 
2 94 1.1 0 0 
2 94 1.1 0 0 
2 95 1.1 0 0 
2 95 0 0 0 
2 94 1.1 0' 0 
2 92 1.1 0 0 
2 96 1.0 0 0 
2 102 1.0 0 0 
2 108 1.0 0 0 
2 92 1.1 0 0 
2 97 0 0 0 
2 96 0 0 0 
2 94 3.3 0 0 
2 93 2.2 0 0 
2 92 1.1 0 0 

No. No. 
Below Above 
Limits Limits 
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Appendti F: QA/QC Resulrs 

Table F.l-4 

SUMMARY OF SURROGATE RECOVERIES FOR VOLATILE ORGANIC ANALYSES 

Site 16 

No. 
of 

Analvses 

ESP Inlet Gas (VOST): 
1,4-Bromofluorobenzene 9 
1,2-Dichloroethane-d14 9 
Toluene-d8 9 

Stack Gas (VOST): 
1,4-Bromofluorobenzene 9 
1,2-Dichloroethane-d14 9 
Toluene-d8 9 

VOST Field Blanks (ESP Inlet): 
1,4-Bromofluorobenzene 3 
1,2-Dichloroethane-d14 3 
Toluene-d8 3 

VOST Field Blanks (Stack): 
1,4-Bromofluorobenzene 3 
1,2-Dichloroethane-d14 3 
Toluene-d8 3 

VOST Lab Blanks: 
1,4-Bromofluorobenzene 4 
1,2-Dichloroethane-d14 4 
Toluene-d8 4 

Mean % 
Rec. 

103 11.9 0 0 50-150 
92 13.4 0 0 50-150 

104 6.2 0 0 50-150 

110 15.1 0 1 50-150 
94 6.6 0 0 50-150 

109 10.6 0 0 50-150 

100 
90 

105 

118 11.2 0 0 50-150 
94 6.1 0 0 50-150 

109 8.5 0 0 50-150 

110 
92 

110 

Std. 
No. No. 

Below Above QC 
Dev. 

16.2 
6.4 
8.2 

13.6 
3.3 
8.3 

Limits 

0 

0 
0 

0 
0 

0 

Limits 

0 

0 
0 

0 
0 

0 

Limits % 

50-150 
50-150 
50-150 

50-150 
50-150 
50-150 

F-25 



Apprndir F: @i/QC Redts 

Table F.l-5 

SUMMARY OF SURROGATE RECOVERIES FOR SEMIVOLATILE ORGANIC ANALYSES 

Site 16 

Gas: 

2-Fluorobiphenyl 

2-Fluorophenol 

Nitrobenzene-d5 

Phenol-d5 

Terphenyl-d14 

2,4,6-Tribromophenol 

Solids: 

2-Fluorobiphenyl 

2-Fluorophenol 

Nitrobenzene-d5 

Phenol-d5 

Terphenyl-dl4 

2,4,6-Tribromophenol 

Waters: 

2-Fluorobiphenyl 

t-Fluorophenol 

Nitrobenzene-d5 

Phenol-d5 

Terphenyl-d14 

2,4,6-Tribromophenol 

No. of % Std. 
Analvses Rec. Dev 

12 88 23.2 

12 70 23.2 

12 80 22.5 

12 80 21.7 

12 91 31.0 

12 109 32.7 

8 102 2.6 

8 86 3.4 

8 92 2.2 

8 91 4.6 

8 94 21.4 

8 70 5.2 

12 67 7.3 

12 65 4.1 

12 86 5.0 

12 85 2.7 

12 130 14.2 

12 81 13.8 

No. No. QC 
Below Above Limits 
Limits Limits A.- 

1 

1 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

30-115 

25-121 

23-120 

24-114 

18-137 

19-122 

30-115 

25-121 

23-120 

24-114 

IS- 137 

19-122 

43-116 

21-100 

35-114 

10-94 

33-141 

lo-123 
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Appendir F: PA/QC Resulrs 

Table F.l-5 

(Continued) 

No. of 
Site 16 Analvses 

Field Blanks - Gas Samples: 

2-Fluorobiphenyl 

E-Fluorophenol 

Nitrobenzene-d5 

Phenol-d5 

Terphenyl-d14 

2,~4,6-Tribromophenol 

Trip Blanks - Gas Samples: 

E-Fluorobiphenyl 

E-Fluorophenol 

Nitrobenzene-d5 

Phenol-d5 

Terphenyl-d14 

2,4,6-Tribromophenol 

Lab Blanks - Gas Samples 

2-Fluorobiphenyl 

2-Fluorophenol 

Nitrobenzene-d5 

Phenol-d5 

Terphenyl-d14 

2,4,6-Tribromophenol 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

3 

3 

3 

3 

3 

3 

Mean No. No. 
% Std. Below Above 

Rec. Dev. Limits limits 

92 1.4 

51 46.7 

98 3.5 

58 54.4 

89 1.4 

64 2.8 

99 8.5 

72 2.1 

80 6.4 

86 6.4 

96 3.5 

85 41.0 

99 1.2 

78 1.2 

84 1.5 

89 2.9 

98 2.1 

117 5.3 

0 

1 

0 

1 

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 

Qd 
Limits 
-%- 

30-115 

25-121 

23-120 

24-114 

18-137 

19-122 

30-115 

25-121 

23-120 

24-114 

18-137 

19-122 

43-116 

21-100 

35-114 

10-94 

33-141 

lo-123 
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Appcndis F: WQC Results 

Table F.l-5 

(Continued) 

Site 16 

Mean No. No. QC 
No. of % Std. Below Above Limits 

Analvses Rec. Dev. Limits Limits -L 

Lab Blanks - Solid Samples 

2-Fluorobiphenyl 3 

2-Fluorophenol 3 

Nitrobenzene-d5 3 

Phenol-d5 3 

Terphenyl-d14 3 

2,4,6-Tribromophenol 3 

Field Blanks - Water Samples 

E-Fluorobiphenyl 1 

2-Fluorophenol 1 

Nitrobenzene-d5 1 

Phenol-d5 1 

Terphenyl -d14 1 

2,4,6-Tribromophenol 1 

Lab Blanks - Water Samples: 

2-Fluorobiphenyl 1 

2-Fluorophenol 1 

Nitrobenzene-d5 1 

Phenol-d5 1 

Terphenyl-d14 1 

2,4,6-Tribromophenol 1 

101 6.1 0 

77 3.1 0 

95 0.6 0 

94 3.1 0 

123 12.6 0 

83 7.6 0 

80 NC 0 

68 NC 0 

98 NC 0 

88 NC 0 

157 NC 0 

66 NC 0 

67 NC 0 0 43-116 

66 NC 0 0 21-100 

70 NC 0 0 35-114 

73 NC 0 0 10-94 

90 NC 0 0 33-141 

98 NC 0 0 lo-123 

43-116 

21-100 

35-114 

10-94 

33-141 

lo-123 

43-116 

21-100 

35-114 

10-94 

33-141 

lo-123 
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Appendix F: QA/QC Results 

Table F.l-6 

SUMMARY OF DUPLICATE SAMPLE RESULTS 

Site 16 

Chloride, Phosphate, and Total 
Phosphorus in Coal (mg/kg): 

Chloride 
Phosphate 
Total Phosphorus 

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

Chloride 
Fluoride 
Total Sulfur 

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

Chloride 
Fluoride 
Total Sulfur 

ICAPES Metals in ESP Inlet 
Gas Samples: 

Aluminum 
Antimony 
Barium 
Beryllium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Magnesium 
Manganese 
Molybdenum 
Nickel 
Potassium 

No. of 
Pairs Mean 

1 414.7 13.1 
1 <30 0 
1 42.7 28.9 

1 Cl34 >50 
1 14.8 23.6 
1 co.005 NC 

1 tlO0 NC 
1 84.4 11.2 
1 0.211 12.8 

1 69450 1.6 
1 (50 0 
1 555 1.8 
1 10.25 2.9 
1 19550 1.5 
1 130 0.8 
1 31.7 3.8 
1 111.5 1.8 
1 39450 1.8 
1 8255 1.6 
1 65.55 0.5 
1 50.85 0.2 
1 60.65 1.5 
1 13850 2.2 
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Site 16 

ICAPES Metals in ESP Inlet 
Gas Samples: (Cont'd) 

Silver 
Sodium 
Strontium 
Thallium 
Titanium 
Vanadium 
Zinc 

Arsenic and Lead by AAS in ESP 
Inlet Gas Samples: 

Arsenic 
Cadmium 
Lead 
Mercury 
Selenium 

ICAPES Metals in Coal (mg/kg): 
Aluminum 
Antimony 
Barium 
Beryllium 
Calcium 
Chromium - 
Cobalt 
Copper 
Iron 
Magnesium 
Manganese 
Molybdenum 
Nickel 
Potassium 
Silver 
Sodium 

F-30 

Table F.l-6 

(Continued) 

No. of 
&i& 

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 

t5 0 
48800 1.6 

487 2.0 
9.665 NC 

3605 1.9 
151 2.6 

95.2 0.1 

164 0 
0.625 8.0 

51.3 5.1 
0.55 18.2 
49.3 2.8 

9583 2.8 
(10 0 

99.6 3.7 
1’. 676 2.5 

814 1.3 
21.48 6.8 
6.438 6.3 
47.48 23.9 

8252 0.2 
355.6 2.9 
11.75 0.9 
2.305 34.9 
22.95 9.6 

1220 5.4 
cl 0 

251.4 1.6 



Appendix F: QA/QC Rtwlts 

Table F.~l-6 

(Continued) 

No. of 
Site 16 Pairs Mean 

ICAPES Metals in Coal (mg/kg): (Cont'd) 
Strontium 
Titanium 
Vanadium 
Zinc 

Metals by AAS and CVASS in 
Coal (mg/kg): 

Arsenic 
Cadmium 
Mercury 
Lead 
Selenium 

ICAPES Metals in Bottom Ash (mg/kg): 
Aluminum 
Antimony 
Barium 
Beryllium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Magnesium 
Manganese 
Molybdenum 
Nickel 
Potassium 
Silicon 
Silver 
Sodium 
Strontium 
Thallium 
Titanium 

1 1.552 NC 
1 600 2.8 
1 24.52 0 
1 614.38 6.3 

1 128500 0.8 
1 t100 NC 
1 882 2.5 
1 11.2 0.9 
1 7295 1.0 
1 120 1.7 
1 51.3 5.4 
1 94.2 2.1 
1 90550 0.1 
1 4490 0.4 
1 141 1.4 
1 c200 NC 
1 103.5 1.0 
1 18315 1.0 
1 348500 0.3 
1 c40 NC 
1 2475 a.5 
1 978 4.5 
1 (100 NC 
1 7215 0.1 

31 
co.1 

4.6 2.2 
1.4 6.9 

1.9 
0 
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Table F.l-6 

(Continued) 

No. of 
Site 16 Pairs 

ICAPES Metals in Bottom Ash (mg/kg): 
(Cont'd) 

Vanadium 
Zinc 

Arsenic and Lead by AAS in 
Bottom Ash (mg/kg): 

Arsenic 
Cadmium 
Lead 
Mercury 
Selenium 

ICAPES Metals in Fly Ash (mg/kg): 
Aluminum 
Antimony 
Barium 
Beryllium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Magnesium 
Manganese 
Molybdenum 
Nickel 
Potassium 
Silicon 
Silver 
Sodium 
Strontium 
Titanium 
Vanadium 
Zinc 

F-32 

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 

212 
31.25 

1.0 
8.6 

84.15 6.8 
<l NC 

21.4 0.5 
co.045 NC 

(5 NC 

104500 6.7 
t100 NC 

a01 6.5 
12.6 0 
7585 1.7 

491 157 
58.95 5.6 
153.5 9.8 
78600 2.5 

3305 22.1 
180 55.5 

<200 NC 
322 129 

15850 4.4 
310100 1.2 

(40 NC 
2336 1.4 
886 6.4 

6595 1.4 
242 0.4 

88.3 5.0 



Appendix F: QA/QC Results 

Site 16 

Metals by AAS and CVASS in 
Fly Ash (mg/kg): 

Arsenic 
Cadmium 
Mercury 
Lead 
Selenium 

ICAPES Metals in Bottom Ash 
Sluice Water (mg/L): 

Aluminum 
Antimony 
Barium 
Beryllium 
Boron 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Magnesium 
Manganese 
Molybdenum 
Nickel 
Potassium 
Silicon 
Silver 
Sodium 
Strontium 
Titanium 
Vanadium 
Zinc 

Table F.l-6 

(Continued) 

No. of 
Pairs 

1 0.266 13.2 
1 CO.1 NC 
1 0.094 1.1 
1 0.0007 0 
1 0.1125 6.2 
1 16.0 0.6 
1 0.002 NC 
1 0.003 NC 
1 0.006 0 
1 0.335 25.1 
1 2.84 1.7 
1 0.05 2.0 
1 <0.05 NC 
1 0.008 NC 
1 2.24 2.2 
1 3.61 2.2 
1 0.002 NC 
1 5.535 0.54 
1 0.169 1.1 
1 to.1 NC 
1 0.003 0 
1 0.014 NC 

224 0.4 
Cl 27.0 

0.263 6.8 
59.4 64.8 
18.9 64.6 
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Appcndir F: QA/QC Results 

Site 16 

ICAPES Metals in Sluice Water 
Supply (mg/L): 

Aluminum 
Antimony 
Barium 
Beryllium 
Boron 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Magnesium 
Manganese 
Molybdenum 
Nickel 
Potassium 
Silicon 
Silver 
Sodium 
Strontium 
Titanium 
Vanadium 
Zinc 

Table F.l-6 

(Continued) 

No. of 
Pairs 

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

0.688 5.2 
to.1 NC 

0.150 0.7 
0.0011 NC 

0.160 NC 
21.25 1.4 
0.004 0 
0.008 NC 
0.034 NC 
0.828 5.4 

3.58 1.4 
0.092 1.1 
to.05 0 
0.013 NC 

3.46 4.3 
3.96 4.3 

0.006 NC 
9.04 0.1 

0.267 0.8 
CO.1 0 

0.007 NC 
0.02 NC 
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Appendir F: QA/QC Results 

Table F.l-7 

RESULTS OF SITE 16 PERFORMANCE EVALUATION SAMPLE - 
FLY ASH 1633a ANALYZEO 8Y ICP/AAS AND NEUTRON ACTIVATION 

Parameter 

Certified 
Value 
UI‘B 

Result Rec. Result Rec. Result 
KILL % El&L % % 

Aluminum 
Antimony 
Barium 
Beryllium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Magnesium 
Manganese 
Nickel 
Potassium 
Silicon 
Sodium 
Strontium 
Titanium 
Vanadium 
Zinc 

14.3% 
6.8 

0.15% 
12 

1.11% 
196 

46 
ii8 

9.4% 
0.455% 

179 
127 

1.88% 
22.85% 

0.17% 
a30 

0.8% 
297 
220 

12.0% 
<IO0 

0.115% 
11.0 

0.913% 
450 

54.8 
115 

8.28% 
0.336% 

186 
256 

1.66% 
34.8% 

0.156% 
664 

0.772% 
277 
192 

Arsenic 145 214 
Cadmium 1.00 <I 
Mercury 0.16 0.104 
Lead 72.4 88.2 
Selenium 10.3 <5 

ICP/AAS NAA XRF 

a4 

77 
92 
a2 

229 
119 
97 
aa 
76 

104 
202 

88 
153 

92 
80 
96 
93 
a7 

148 

65 
122 

1.33% 
6.199 

0.1839% 
NA 

1.49% 
la2 

53.1 
(418 

9.58% 
0.6572% 

160 
162 

2.53% 
NA 

0.184% 
1021 

0.7259% 
288 
202 

157 
(24.9 

t3.6 
NA 

10.9 

90 
90 

122 

134 
90 

115 

102 
144 
89 

140 
134 

108 
123 

90 
90 
92 

108 

106 

14.3 

Rec. 
"/. 

102 

0.161 107 

1.06 95 

9.81 104 
0.452 100 
0.079 440 

1.88 100 
23.2 101 
0.11 65 
0.27 320 
0.82 103 
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Appendix F: Q.i/QCResults 

Table F.l-8 

SITE 16 PERFORMANCE EVALUATION SAMPLE - 
FLY ASH 1633a SAMPLE ASPIRATED INTO IMPINGER TRAIN 

Parameter 
Certified Result Rec. Result Rec. 

Value w/G xl&- % uq/q -L 

Aluminum 
Antimony 
Barium 
Beryllium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Magnesium 
Manganese 
Molybdenum 
Nickel 
Potassium 
Silicon 
Silver 
Sodium 
Strontium 
Titanium 
Vanadium 
Zinc 

14.3% 
6.8 

0.15% 
12 

1.11% 
196 
46 

118 
9.4% 

0.455% 
179 
29 

127 
1.88% 
22.85 

9.70% 68 9.93% 69 

940 63 1021 68 
9.61 80 9.6 80 
a552 77 9723 aa 

169 86 195 100 
38.7 84 40.0 87 

107.5 91 120.1 102 
6.2% 66 6.26% 67 

0.310% 68 0.3303% 73 
136 76 150 84 

27 93 324 1117 
103.6 82 131 103 
1.36% 72 1.37% 73 

0.17% 0.46 271 0.64% 376 
830 683 a2 713 86 

0.8% 0.548% 69 0.548% 69 
297 234 79 244 a2 
220 228 104 277 126 

Arsenic 145 209 144 217 150 
Cadmium 1.00 1.98 198 2.97 297 

ICP/AAS 
Blank Corrected 

I CP/AAS 
Not Blank Corrected 
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Appendix F: QAIQC Results 

Parameter 

Aluminum 
Antimony 
Barium 
Beryllium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Magnesium 
Manganese 
Molybdenum 
Nickel 
Potassium 
Silicon 
Silver 
Sodium 
Strontium 
Titanium 
Vanadium 
Zinc 

Arsenic 
Cadmium 
Mercury 
Lead 
Selenium 

Table F.l-9 

RESULTS OF SITE 16 PERFORMANCE EVALUATION SAMPLE - 
COAL 1632A NEUTRON ACTIVATION ANALYSIS 

PE Sample LAB QC 
Certified 

Value Rec. % 
Certified 

Value Result Rec. % 

a550 8572 100 29500 29121 99 
0.24 0.277 115 0.600 0.612 102 
67.5 97.8 145 120 117 98 

2040 1962 
11 12.8 

2.29 2.57 
6.28 55.1 
7590 8423 
383 381 

12.4 12.35 
0.9 Cl.15 
6.1 d5.a 
748 1017 

96 
117 
112 
878 
111 
99 

100 

2410 2355 98 
34.3 33.5 98 

6.7 6.55 98 

136 

11100 10847 98 
1150 1096 95 
28.0 26.7 95 
3.85 4.02 104 
19.4 (25 NC 
4110 3918 95 

515 526 102 828 844 102 
102 95.1 93.2 a5 83.1 98 
454 519 114 1630 1554 95 

14 15.5 111 44.0 41.9 95 
11.89 9.25 78 28.0 27.4 98 

3.72 3.9 
0.057 ~3.2 

105 9.3 9.48 
0.17 co.25 
0.13 co.25 

102 
NC 

1.29 1.64 127 2.6 2.54 98 
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Appendir F: QAIQC Results 

Table F.l-10 

SITE 16 PERFORMANCE EVALUATION SAMPLE - 
EPA TRACE ELEMENTS IN WATER 

Parameter 

Aluminum 0.500 0.511 102 

Beryllium 0.100 0.0973 97 

Chromium 0.100 0.098 98 

Cobalt 0.100 0.097 97 

Copper 0.100 0.093 93 

Iron 0.100 0.113 113 

Manganese 0.100 0.094 94 

Nickel 0.100 0.100 100 

Vanadium 0.250 0.233 93 

Zinc 0.100 0.098 98 

Arsenic 0.100 0.092 92 

Cadmium 0.025 0.028 112 

Mercury 0.005 0.0055 110 

Lead 0.102 0.102 102 

Selenium 0.025 0.022 88 

Certified Value ma/L Result ma/L Rec. % 
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Appcndir F: @d/QC Results 

Table F2-2. Summery ol Labcmtwy Mticd Blank R.WL. 

F-44 

M&cd 
ICP malysk by swm, 0 
ICP analysis by sw6010 
ICP analysi* by swso1o 
AIwis by sw7oso 
ICP nndysi* by sws910 
ICP mdyais by sws010 
ICP analysis by swso10 
ICP amlyais by SWM)lcl 
ICP andyda by SWBDlO 
ICP a”dysis by swso10 
ICP amlysi* by swso10 
ICP analysi* by swso10 
ICP andysir by SW6010 
Csdmi”m by SW,,31 
ICP analyris by SWWlO 
ICP smllysia by swso10 
Chlcbd.. potmliom*is 
Chbid. by SM 4sm Cl s 
ICP amly** by SW6019 
ICP analysis by SW6010 
ICP malysk by sweo,ll 
ICP ampi* by SW6010 
ICP analysis by swsct10 
ICP analyri* by SWM), 0 
ICP analpi* by sue41 0 
ICP andysi* by swso, 0 
“YOTid. by EPA s.40.2 
RUd. by EPA sm.2 
nuorici* by EPA 340.2 
ICP annalysir by sws010 
ICP mlaly~s by SW6010 
Lmd by SW7421 
ICP .ndysi* by SW601 0 
ICP analysis by swm10 
ICP Mdysi* by SWBOIO 
ICP analysis by swso10 
ICP analysis by swso10 
ICP malysi. by SWSOIO 
ICP ar!dysia by swso, 0 
ICP mdysis by swso10 
ICP Malysia by sw6010 
MaKary. sold vap.3 SW7471 
ICP malysis by swso,o 
ICP malysir by sw6010 
ICP andysi. by SW6010 
ICP andysi* by swso,o 
ICP MalyIs by swso10 
Nick* by OF. EPA 249.2 
ICP mlalyus by sww10 
tccp analysis by s*go,o 
ICP mmlysi. by sw6010 
ICP adyed. by sws9,o 
ICP ardyus by swso,o 
ICP mdy** by sviM),o 
Sdenium by SW740 
ICP analyaia by SW6010 
ICP ana.lysi*k#y sw60,o 
ICP Mdyi* by swwto 
ICP andysir by swm,o 
ICP mmly** by swso,o 
ICP MdpiS by swso,ll 
ICP analysis by sw.so,o 
ICP nndyei* by sw6910 
ICP andysit by swso10 
ICP andpi* by swl?Q,o 
ICP mdytis by swso10 
ICP malyua by swso10 
ICP mnalysis by swemo 
ICP mdysi. by sw.5010 
ICP m.¶lysi* by swso,o 

9Wll “nils 
*9/h 
w/k9 
*9lk9 
*ml3 

0.s9.l mgmg 
wm9 

0.12.I mgkg 
O.WJ mg,kp 
0.0, J mglkg 

mOme 
3.39 m-g,lrp 
O.WJ mqlkg 
0.02 J mgmg 

mm9 
mgrng 

18.9 J *g/kg 
wlb 

ND *9/b 
m9mo 

3.12 J qrng 
039 J mpmg 
0.86 *g/kg 
6.33 mslko 
as8 mgmg 
0.76 mg,kg 
3.53 mg,kg 
18.3 *g/kg 
0.02 mg,kg 
19.4 m9m9 

93 J mglkg 
WA9 

cl.1 J mgmg 
molh 
mprng 

10.2 wrna 
wmg 

2.47J mgmp 
2.4J mgmg 

0.59 J mg,kg 
0.14 J mg,kg 
13s mgmg 

ww 
wrng 
*g/kg 

IOJ mgmg 
0.84 J &kg 

*&a 
*g/b 
morn9 

3085 @kg 
S.SSJ mg,kg 

*g/kg 
*g/kg 

%(I, J mg,kg 
*g/kg 

,310 Qng,kg 
2690 cwwmg 
3130 Ot”g,kg 

wlh 
*@+a 

7.89 mg,kg 
8.86 mg,kg 
4.14 J mglkg 

wrng 
mms 

0.23 J ma/kg 
41.9 J ma/kg 
6.62 J mg,kg 
33.8 J mg,kg 

mk7rna 

cl* Lim Sample 
73 Labamxy lx 
19 Labolatuylx 

160 L.¶bcwat~QC 
0.933 Labcfmxy QC 

0,s Labornuyoc 
0.8 Irboralciycx 
0.6 Laboratcfylx 

0.06 Laboca,oTy lx 
Cl.06 Labcmcq cx 

0.6 Labaatory OC 
2.9 LaboIatay(1c 

0.29 Labcfaluyac 
0.23 Labom*uy oc 

1 LabcmlcqQC 
250 LabDntoryoc 
2.50 Labcwamyoc 
100 L&ontory QC 
100 UbaratcqQC 
5.5 bbcwtuym 
5.5 Labmmryoc 

0.52 L.¶bcmay QC 
0.52 L.¶boraayac 

5.2 Laborauycc 
0.25 Laboratory oc 
0.25 Labcmcq oc 

2.5 Leboratuy ac 
10 Laboratory~c 

0.02 Laboracfy QC 
10 Laba.efyoc 

390 l.aboratory~c 
330 Labaatoryac 
1.1 Labuslcfy QC 
3.4 Labcmory oc 
2.5 Labaatciycc 
3.4 Labomory QC 
2s Laboratayoc 
2.7 Laboma-ycx 
26 Labormorym 

2.7 Laboratcqoc 
1.4 Laboralfny ac 
1.4 Labunay ac 

0.012 Labaatay QC 
2.5 L.¶bmtoryQC 

0.26 l.daan~ lx 
11 IAhmoryQC 
1.1 LabomlQY ac 
1.1 Lsboatory oc 

1.17 Labaamry~c 
140 IAbaatorym 
3M Labcmorycic 

35 l.abofnay~c 
35 l.abornq~c 

4.4 LaboTNcq cx 
44 Labom,ory0c 

1.16 l.abormcfyoc 
11 LaboraicqQc 

110 Laboralof” QC 
1, L&lor*tqoc 

0.111 Lclboraory~c 
1 .s Laboratory oc 
2.6 L.lbwatory QC 
2.6 Labca.¶tory QC 
21 Laboratoryoc 
2, Labor.tory~c 

0.6 LabGfa,ory (1c 
0.6 Labcmory c?c 
120 Labor~uy oc 
120 Labcmwy QC 

69 LabomvJry~C 
3.5 Labomlory QC 



Appendix F: QA/QC Resulrs 

Table Pi?-2. S”m”wy d Labof.&z,y M*hd Bla”k RMllts 

Sample ID ArIalyle 
SLK93682 litmium 
SLK93-W82 Toohm 
SLK93638 Vanadium 
SLKW VaMdium 
SLlese-3 Vanadium 
SLKSS-SW Zinc 
SLK93-682 zinc 

SLK93-376 Aluminum 
SLK9S716 Alumhum 
SLK9371S Antimony 
SLWS-376 Antimcmy 
SLiQS-376 Irwnis 
SLK93716 hmlie 
SLKsss42 ArUniC 
SLKW-379 hmis 
BLK93716 Bvium 
SLK93-376 Barium 
SLWS-376 Sayilium 
SLK93716 swyui”m 
SLK93716 s.xm 
SLWS-37s sum 
SLKeS-375 Wmium 
sLK%?m2 Cadmium 
SLK93716 Cadmium 
SLKSSS79 cadmium 
SLK9971S C&urn 
SLWS-976 Wdum 
sLK93sm Chkfid. 
SLKgS744 ChlWd. 
SLK93716 ChMd. 
SLKWSS6 Chloride 
SLw)S-376 Chromium 
SLK93-S79 Chromium 
sLK33716 Chromium 
SLWSSC? Chromium 
sLKs3716 ccbmn 
sLK93-376 ccbdl 
SLKM-37s coppar 
SLK99716 CopP- 
SLK9S725 ““bd. 
SL- ““bd. 
SLK9sss5 ““cfid. 
Lab Blmk R”Cd. 
Lab Blank ““Olid. 
SLKggsQ9 ““arid. 
SLK93716 lrm 
sLK93-431 lkal 
sLK9s4s2 Lad 
SLK93482 Land 
SLK93-37s Lad 
SLK93-sa Lmd 
SLK93so7 Ld 
sum3716 Load 
SLKSS-376 Magnesium 
SLK93716 bgnnium 
SLK93716 Mllga”- 
SLWS-376 Manganeas 
SLK93722 Mrcwy 
SIX93596 Mrutry 
SLK935.37 hbralry 
SLK92647 hkcury 
SLlwxa7 M9fcury 
SIX93716 Mdybdmum 
SLWS-3% Molybdenum 
SLK93-37s Nick* 
SLK93979 Nick* 
BLK93842 Ni** 
SLK93715 Ms** 
SLlaS-4% Phosphuu* 

Mmthcd 
ICPandysir by SWBOIO 
ICP analytis by swso10 
ICP almlyti* by swso,o 
ICP a”alyd* by sw6010 
ICP .ul.dpis by sww10 
ICP melpi‘ by swso10 
ICP amlyu* by sw6010 

Ihull Units 
0.92 J *g/kg 
6.07 *g/kg 
0.24 J mgRp 

2.2 J mgRp 
0.12 J mgmg 

w/kg 
O.TIJ mgAg 

ICP analysis by sw8010 
ICP .¶ndyu* by SW6010 
ICP awlysi* by sw6010 
ICP analy*s by swso,o 
ICP analyti. by swso10 
ICP analysi* by SWWIO 
*rnnic by sw7cm 
*rsmic by sw7l%c 
ICP mdpi* by SWSOID 
ICPandyu*by SWWlO 
ICP andyis by SW6010 
ICP mdyir by swemcl 
ICP tandyais by SW6010 
ICP analysis by SW6oIO 
ICP analpi. by SWeo~O 
Cadmium by SW7131 
ICP andpi* by SW6010 
Cadmium by SW71Sl 
ICP analysi* by swso10 
ICP analpi* by SWBO~O 
Chlor~.. by IC EPA300 
ChkxW.. by IC EPASOO 
ChlLwJ.. by IC EPA300 
Chlorki.. by IC EPASOO 
ICP analysis by SW6010 
Chromium by OF - SW7191 
ICP adyti* by swso10 
Chromium by CF - SW7191 
ICP mmlysis by swso10 
ICP mldysi* by swso,o 
ICP andyd by SW6010 
ICP andyi* by swso10 
maid. by EPA 340.2 
““aid. by EPA 34c.2 
““orid. by EPA MO.2 
Fworid. by EPA 340.2 
““aid. by EPA 340.2 
““aid. by EPA 340.2 
ICP andysi*by sw*10 
ICP andyais by SW601 0 
Lmd by SW121 
Lad by SW7421 
ICP andyis by SW6010 
Lud by SW7421 
Lmd by SW7421 
ICP adyti* by SW601 0 
ICP andyis by swso10 
ICP analysis by SWMlO 
ICP andyu* by SW601 0 
ICP CmIlysi. by SW6010 
Mrctlry. cold “a&WI SW7470 

0.W J mplL 
0.00 J mglL 
O.WJ mg/L 

*9/L 
*g/L 

0.00 J mp/L 
V/L 
*g/L 

0.W J mg/L 
W/L 

0.99 J w/L 
0.00 J *g/L 
0.02 *g/L 
ND *g/L 
0.90 *g/L 

mg/L 
0.w J *g/L 
ND *g/L 
0.05 J *g/L 

*9/L 
*g/L 
W/L 
*g/L 

ND *g/L 
*9/L 

0.00 *g/L 
mcdL 

0.00 J mglL 
*g/L 
W/L 
*9/L 

9.w W/L 
0.02 Smg,L 
0.01 J mg,L 
0.01 J mg/L 
0.01 J mgiL 
0.02 *g/L 
0.03 *g/L 
0.01 *g/L 
0.01 J mglL 
0.w *9/L 
0.00 mgP- 

mg/L 
000 J mglL 

W/L 
*g/L 
*g/L 
ma/L 
*g/L 

0.w *g/L 
*g/L 

MISUfY. cold “npcs SW7470 *g/L 
Mncury,HN03/H202 Impingn W/L 
Mralry. Cold wpcf SW7470 *g/L 
MnclJry. Cold “spar sw7’7470 *g/L 
ICP mdyis by swm,o 0.M) J mg,L 
ICP Mdysi* by sw6010 *g/L 
ICP andph by sww, 0 *g/L 
Nick* by GF. EPA 249.2 0.W J mg,L 
Nick* by OF, EPA 249.2 O.OOJ *g/L 
ICP analpi* by SW.501 0 mg\L 
ICP analyti* by swt3010 *g/L 

Det Urn Sample 
1 .s Labcmcfy QC 
3.5 Labora,cq QC 

0.13 Lak.oml~ QC 
4.3 Labomtory c?c 

0.43 Lak.oratory (1c 
19 Labaa,ocy oc 
19 LabortioTy(1c 
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Appendix F: QA/QC Rewlts 

Table FL?-2. Summ.¶Iy of Labwalory l.i*cd Blank Results 

smpl. 1D WV- 
SLK93782 
BLK93716 Fz”y 

SLK93-376 Poladum 
SLK93-376 Sdrriwn 
SLwm 6 s*mium 
SLWw42 sdnium 
SLK934s2 s*mium 
BLKW-376 Silinn 
SLK93716 Silica7 
SLK93-376 siivr 
SLK9S710 silvr 
SLKO3716 Sdiull 
SLKW-376 Sodium 
SLK9371b strcmtium 
sLK93-375 Strontium 
sLK93624 sulsh 
SLK93744 S”hl. 
SLKs3ooo SUM. 
sL1(93625 SUM. 
SLK93715 nldiml 
SLYaS-978 Thm 
SLKwr16 Tlani”nl 
sLK93-376 rnvium 
SLK93716 “W#di”ltl 
SLKSS-376 “madiurn 
SLKB-370 me 
SLWS716 zinc 

SLKW-63(1 muminum 
BLKSS-631) &eimlJny 
BLlwss8 &smnis 
SLrn-630 *runie 
sLKO3-638 suium 
SLKS3-0% Sayilium 
SLK93638 Cadmium 
BLKSS-638 Cddwll 
SLK!as-638 0hrani”m 
sum-638 IrOn 
BLKs3sao Lend 
SLlas-638 Led 
SLKW-838 Magn.u”m 
BLKs3-630 t4angm.M 
SLKo364S Mroury 
SLKsa-638 Nidd 
SLKSS-638 Nick* 
SLK93-6311 Phosphml* 
SLK936s(I PilosphcfuI 
SL- smhium 
SLW-038 sodium 
SLKsa-s30 SlrDndum 
SLKW-698 llwiwll 
SLKSS638 lilanium 
SLU93-030 Xtanium 
SLKB-638 zinc 

MMxd bsun ““it% 

Moumd shlk Huu”dml *rwni”m 
SLKW-381 Hexa”dml dromi”m 

Mdlcd shnk Ohlcdd. 
Lab Blank S”lbl. 
SLK93794 suiiur 

Meld Blvlk Antimay 
M&ad Sknk Arunic 
M*hod sbnk swium 
Melhod sbnk smymm 
Mdld slmk cdrni”rn 
Mathod Blmlr Oh,mni”rn 
Mdtxd aanll cobdl 
MelJlcd Blank 0Dpptn 

Ot(“l) by SIP METHOD 
Or(W) by BIF MNOD 

OhIorid.. by 10 EPA300 
S”ncd~ on mr* 
Told suhl 

IOP-MS 
ICP-MS 
IOP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
IOP-MS 

0.25J mg,L 
me/L 
W/L 
ma/L 

0.0, J mg,L 
mg/L 
mglL 

0.02 J nq,L 
0.05 mg,L 

W/L 
O.oOJ mg,l 
0.01 J mg,L 
0.0, J mg,L 
0.00 ma/L 
ND W/L 

W/L 
0 mg/L 

ND mg/L 
ML 
WlL 

0.03 mg,L 
W/L 
ma/L 
q/L 
mg/L 

O.WJ mg,L 
0.00 J mg,L 

w 
0.06 “g 
0.03 J “g 

“9 
4.59J ug 
0.42 J “g 
3.00 J Y,, 

0.25 J : 
1.67 J “g 
o.,s ug 

“g 
“g 

0.02 J “g 
“g 
“0 
“3 

13.1 ug 
0.00 ug 
2.77 Yg 
0.71 ug 
0.7, ug 
O.YJ ug 

ND “g/L 
ND “g/L 

ND “gl%¶lV 
ND W-v 

96 sunur 

0.05 ug 
1.3 “g 

0.14 “g 
0.4 ug 

0.03 @ ug 
4.59 ug 
0.13 ug 

0.7 ug 

Detlim SW@. 
0.04 Le.bcmory 00 
0.37 Irtroralcfy 00 
0.37 l.aboratory 00 

0.042 L.¶bornory 00 
0.042 Laboratory 00 

0.00144 Llbordory 00 
O.Wl4 Labmllq 00 

0.27 bbcmcfy 00 
0.027 L¶bcfatayoo 

o.oMkl Labaatory 00 
0.0049 Labcmtxy QC 

0.04 ~cwalay00 
0.04 L.¶boratayoo 

o.om17 Labaatcfy 00 
o.ooo17 Laboncfq 00 

0.0s Labaaluyoo 
0.05 Labornory 00 
0.06 labormuyoo 
0.06 bboratqoo 

0.017 l.aJwrncsy 00 
0.017 Labcmc.q 00 
O.Wl lhcmory 00 
0.001 Labcmory 00 

0.0024 Latadory 00 
o.w24 ticmay 00 
o.co15 Laboratcq oc 
0.00,5 lAbcf.tQy 00 

0.02 Laboratory 00 
0.06 Lsbamory 00 

0.005 L.¶bcfa,ory 00 

0.oL-a M*odsL¶nk 
o.oos4 M*odsl&tlk 
o.m21 bbthod Wank 
0.0028 Melhod slmnlr 
O.Wl2 Mel!lod Blank 
0.0014 M.omd BInIlk 
o.ooos Melkd shk 
o.oo,.s Mmhod Blank 
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Appendir F: QA/QC Results 

T*l. e-2. summary ol Labxatq Mahod sh”k Pasuit* 

Sam~la ID A”+. Msolod 
Mticd BlS”k Lead ICP-MS 
M*d BIa*ii l4Mgm.ss ICP-MS 
Momod slS”k Msrcury ICP-MS 
Melhod B(ank Mdybdsnum ICP-MS 
MeLhod Blank Nickd ICP-MS 
Mdhd BIank s*nium ICP-MS 
Mrnd sklk “mladium KY-MS 
wlhcd Blmlk mmaly ICP-MS 
Momod s4ank wJsmic ICP-MS 
Method Ebnk Bnrium ICP-MS 
Molhcd slvlk Beryllium ICP-MS 
MsUmd Blank Cedmium ICP-MS 
Mdhd Bank Chromium ICP-MS 
Msuwd amnk cobs.0 ICP-MS 
Melhod 81ank EcQpr ICP-MS 
Melhod Blank Losd ICP-MS 
Method e4mk Mangmsse ICP-MS 
Mathod Blank Mrcury ICP-MS 
Mslhod BIank Molybdsn”” ICP-MS 
M*hcd Blank Nick* ICP-MS 
Mslhcd s4ank s*snium ICP-MS 
Melhmod Blanc NamdiUrn ICP-MS 

Lab stank 
Lab 81mk 
Lab Blank 
Lab shnk 
Lab Blank 
Lab Blmr 
LabBk.nk 
Lab Blank 
Lb shlk 
Lab Blank 
!ab shnk 
Lab BImlk 
L.&J Blank 
Lab Blank 
Lsb 81ulk 
IAb Blank 
Lab shnk 
Lab sbnk 
Lab Blank 
Lab am&t 
Lab B(mlk 

bb Blank 
Lab sbnk 

5-mwlhyl chryssn. 
7H-dibnzo~e.g~carbma% 
Acmn~hlhne 
ACWl~hth~lNl* 
Anlhr.csne 
sul2o(a~pyrm* 
smzo,Ll.jak,n”ora”thsn.* 
Sanro(ghi]prylsne 
Bnr,a,ul*racml. 
Ch,ySUl. 
Dibmro[a.~Jpycm~ 
Dibsnzo[~.h~pym~ 
Dibnm[a.i]pym~ 
Dibnr~a.h)acridin~ 
Dibnz[*.h)smhracen* 
Dlbnr[a.i]mridin 
R”CfMlhS”* 
nucwn. 
l”dS”D,1.2.3-Cd,p~,~“. 
Pll-lh,m. 
Mm* 

“OST Lab glvl.1 -Dishlati.n. 
“OST Lab Blarl.1 -Di*lor.mth~. 
VOST Lab Blu(.l.l-Tri*laodmne 
VOST Lab B1M.1.2-TrichlmceLhme 
“OST Lab Blarl.,.2.2-Tewachl~&ane 
“OST Lab Blul.2-Dichlrrobmme 
“OST lab 81ar,.2-Dichlorhane 
“OST Lab BIa,,.*-Di*lO(cQ,~~“* 
“OST Lab @e”1.3-Disklorob.“ms 
VOST Lab BIar11.4-Di*lorc4enzm* 
“OST Lab e4ar2-s”imlme 
“OST Lab WC?-Homnon. 
“OSTLnb B1ar4-Msmyl-*-Psnls”on* 
“OST Lab Blu*enon. 
“OST Lab e4.srssnm. 
“OST Lab Bl*cHnodi*lorc.m*~. 
“OST Lab ehefml*m 
“OST Lab Bl*amml*n* 
“OST Lab BlvCubon Diwfid. 
“OST Lab shrc.¶rbon Tara*,orid. 
“OST Lab BlarChlmobnzn. 
“OST Lab Blcvchloro*hnn* 

HRGC,HUMS 
HRGC,HRMS 
HRGC,HRMS 
HuGC,HRMS 
HRCC,HRMS 
HUGWHRMS 
HUGC,HRMS 
HuGC,HRMS 
HUGC,HtWS 
HUGWIRMS 
HRGC,HUMS 
HROC,HRMS 
nRGC,HRMS 

tmGC,HRMS 
HRGCIHRMS 
ni+x,HRMS 
HUGCWRMS 
HuGC,HRMS 
HRGC,HRMS 

HPLC 
HPLC 

GCMS 
GCMS 
GCMS 
GCMS 
GCMS 
GCMS 
GCMS 
GCMS 
GCMS 
GCMS 
GCMS 
GCMS 
GCMS 
GCMS 
GCMS 
GCMS 
GCMS 
GCMS 
GCMS 
GCMS 
GCMS 
GCMS 

ussun Llnilr 
0.01 @ ug 
0.09 ug 
0.11 @“g 
0.18 up 
0.52 ug 

1.0 ug 
2.84 “g 
0.02 ug 
0.97 ug 
0.15 ug 
0.34 ug 
0.00 ug 
3.7, ug 
0.11 
0.62 :: 
0.00 ug 
0.01 @ ug 
0.02 ug 
0.05 @kQ 
0.22 @ug 
1.09 “g 
2.07 “g 

1.29 ng 
21.1 ng 
1.55 ng 
2.06 ng 
0.90 “g 
5.59 “g 
3.47 “g 
2.47 ng 
1.55 ng 
2.15 “g 
1.04 ng 
12.5 “g 
2.96 ng 
3.42 ng 
3.42 ng 
9.12 ng 
3.97 “g 
2.43 “g 
2.70 ng 
7.40 ng 
2.64 ng 

0.11 UglmL 
0.19 @ ug,rnL 

10 “g 
10 “g 
10 “g 
10 ng 
10 “g 
10 “g 
10 “g 
10 ng 
10 “g 
10 ng 
50 ng 
50 w 
50 “g 
50 w 
10 “g 
10 “g 
10 “g 
10 ng 
10 “g 
10 ng 
10 ng 
10 ng 

Del Lim sample 
0.m Mdtlcd slank 
0.00x hwhcdsknk 
0.0049 Mmlhcd Blmll 
0.0024 Melhod Blank 
0.0040 Mdud 81ank 
0.m M&cd SIrnk 
o.w2 Mdlod slrnk 

O.Mx)3 M.lhcd Blank Dup 
0.0067 Mdmd Sbnk Dup 
0.0017 M.lhd Blank Dup 
o.m, Mehod shnk Dup 
O.ooOS M.thd Blank Dup 
0.0100 Msthd shk Dup 
0.0336 M.lhod Blank Dup 
O.M)lO Mdmd Blank Dup 
o.ooos Melhod Blank Dup 
O.w(u M.lhd Slmk Dup 
O.C.229 M.,hd Blank Dup 
0.0018 M.01c.d 81ank Dup 
0.005* Mdlod h”k Dup. 

0.02 M.,hod Blank Du,, 
O.W26 Ms,bd Blank Dup 

0.1 uglsm-Sta* gas. impingers 
0.1 ug,vnsta* gas. impmgns 

10 “OST Lab shkl 
10”OSTLabE4mkl 
,O”OSTLabwmkl 
1o”osTLnbBlankl 
lovosTLe.bBlankl 
10 “OST Lab Blank1 
lO”OSTLabBlankl 
10 “OSTLab slankl 
(0 “OST Lab Blank, 
10 “OST Lab Blrnkl 
50 “OST Lab Bhlkl 
50 “OST L&J Blank1 
50 “OST Lab Blank1 
50 “OS Lab Blank1 
10 “OST Lab Ehnkl 
lo”osTbbBlwlkl 
10 “OST Lab slankl 
10 “OST Lab 8)ankl 
10 “OST Lab Blank, 
10 “OST Lab sknkl 
10 “OST Lab sank, 
10 “OSTLab Blank, 
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Appendix F: @/QC Retilts 

TSbb F2-2. S”mmary of LbbDInary M&hod Blank UssubS 

VOST Lab ShrTrichlormUnne 
VOST Lab S4arTri*lormlucfom*me 
“OST Lab Marviny, Acdal. 
“OST Lab slarwnyl chlaa. 
VOST Leb Sbl.1 -Di&lorcdbme 
VOW Lab slwl.1 -Di*larodhwn. 
“OS Lab shrl.1.1 -Tri*l.xodhM. 
VOSTW B1ul,1.*-*ri*lcmothan* 
“OST Lab B1arl.1.2.2-T#J~chl~adhm. 
“OST Lab Blarl.Z-Dihlor*nm. 
YOST Lab Bt.d.2-Dichla-e 
VOW Lsb B(ul.2-Dihloropr-~ 
VOST Lab Bkrt,3-Dichlaobenzne 
“OST Lab ilkr1.4-Di*l~*ellsn. 
“OST Lab Sk?-SulMcm. 
“OST La!2 Mr2-Hounm. 
“0sTbb sbr4-M*~-2-Pmlmncme 
“OST Lsb shr*aan* 
“OST Lab -0 
VOST L& SluSromcdichlwxmlhmm 
“Osr Lb musrom*m 
“OST Lab shrsmmomdhM. 
“OST Lab -on Disutfd. 
“OST Lab -a Tmr~dkdd. 
“OST Lab Barchlcfob.nrn. 
“OST Lab shrchlormthan. 
“OS-r Lab s!uchladam 
VOST Lab BluChloromdhane 
VOST Lab Sbxis-1.3-Dichlcropropm~ 
“OST Lab 6!wDib,MOeh,orM.lJlM. 
“OST Lab BluEmyl smr.ne 
“OST Lab Blm-Mdhylm. Chloride 
“OST Lab BIaml.p-Xylsn. 
“Osr Lab km-Xyh. 
“OST Lab aarslylsn. 
“OST Lab slwTeJsh,cfodhn* 

smpl. ID -yt* Mewd 
“OST Lab s4ruchlardam GCMS 
“OS Lab slarchlaom*ha~ GCUS 
“OST Lab BIarsis-1.3-Dichlrxoprqom. GCMS 
VOST L& SluDibromod7loromUhm* GCMS 
“OST Lab slmyl ssnzsn. GCMS 
“OST Lab BluMdhycal. Chlorid. GCMS 
V0STl.b Shrmp-Xylm* GCMS 
YOST Lab Blvo-*yINI. GCMS 
“OST lab sluslym. GCMS 
“OST Lab shrT***lorc-alhn~ GCMS 
“OST Lab Sl.rldu.ns GCMS 
VOST Lab BlarWms-1.2-Dichkewthma GCMS 
“OST Lab s4w!mns-1.3-Dichla~r~.n. GCMS 

GCMS 
GCMS 
GCMS 
GCMS 
GCMS 
GCMS 
GCMS 
GCMS 
GCMS 
GCMS 
GCMS 
GCMS 
GCMS 
GCMS 
GCMS 
GCMS 
GCMS 
GCMS 
GCUS 
GCMS 
GCMS 
GCMS 
GCMS 
GCMS 
GCMS 
GCMS 
GCMS 
GCMS 
GCMS 
GCMS 
GCMS 
GCMS 
GtMS 
GCMS 
GCMS 
GCMS 

“OST Lan sUITd”sn. GCMS 
VOSTLab Bluavls-1.2-Dichlormthene GCMS 
“OSTLsb Slmtms-1.3-Dichlwopropme GCMS 
“OST Lab Bl.srni*,oro*hn* GCMS 
VOST Lab BI4rTri*larduoroms¶h~n~ GCMS 
“06-r Lab swvinyl Acola,. GCMS 
“OST Lab shrvlnyl Cklorid. GCMS 
“OST Lab slw .1 -Di*lorcmhme GCMS 
“OST hb BIYl.1 -Didll~mlhons GCMS 
“OSTLabw.1.1-Tridllcwehane GCMS 
“OSTLab 8larl.l.*-Tri*lrramh~“e GCMS 
“OST Lab 81arl.,.&?-Tslra*10wlh.s”. GCMS 
“OST Lab s4arl.Z-Di*lcf*nms GCMS 
“OST Lab slu(.2-Diddor-. GCMS 
VOST Lob BW.2-Did1l01opropan~ GCMS 
VOST Lab W.B-Dichlorobmmm~ GCMS 
“OST Lab a.¶rl..-Di*lor*MLmm GCMS 
“OS Lab BIIR-eulanm. GCMS 
“OS Lab Bar2-Hosarlm* GCMS 
“OSTLsb sk4-Mmhyl-Z-Psnlanm* GCMS 
VOST Lab BLvAulm. GCMS 

u.wn Units 
10 “6 
10 ng 
10 ng 
10 ng 
10 ng 
11 ng 
10 “g 
10 ng 
10 ng 
10 ng 
IO ng 
10 ng 
10 ng 
10 ng 
10 ng 
so w 
10 ng 
10 ng 
10 ng 
10 “0 
10 ng 
10 “g 
10 ng 
10 ng 
10 ng 
10 ng 
10 ng 
50 w 
so w 
50 “8 
50 w 
10 ng 
10 ng 
10 “g 
10 ng 
10 ng 
10 ng 
10 ng 
10 ng 
10 w 
IO ng 
10 ng 
10 ng 
10 ng 
13 ng 
10 ng 
10 “8 
IO ng 
10 ng 
13 ng 
10 “0 
10 w 
10 “9 
10 ng 
53 “B 
10 ng 
10 ng 
10 ng 
10 ng 
10 “0 
10 “8 
10 “g 
10 ng 
10 “0 
10 w 
10 “g 
M “0 
50 “a 
YJ w 
50 “8 

llrrn S*“lpl* 
10 “OST Lab Blank, 
10 “OST Lab Bank, 
10 “OST Lab Blank, 
10 “OST Lab BlatI*, 
10 “OST Lab shk, 
10 “OST bb Blank, 
10 “OST Lab slankl 
10 “OST lab Bank, 
10 “OST Lab slmlkl 
10 “OST Lab shk, 
10”0sTLsb81mk, 
IO “OST Lab shnkl 
1o”osTLabsimk, 
10”0STLabe4.%“k, 
l0”OSTL.¶bmankl 
so “OST Lab Bbnkl 
10 “OST lab shkl 
10 “OST Lab mnk2 
10 “OST Lab sbnk2 
10 “OST Lmb shlk2 
10 “Osr Lab wmk2 
10 “OST Lab shk2 
10 “OS-r Lab 0hnk2 
10 “OST Lab simk2 
10 “OST Lab 81mlo? 
IO “OST Lab 81ank2 
10 “OST Lab BlenkZ 
M “OST Lab 81mlk2 
so vow Lab asulk 
so “OST Lab slank2 
50 “OST La!2 BIankP 
10 “OS7 Lab wmlk.* 
10 “OST Lab Blank2 
10 “OST Lab Blank2 
10 “OST Lab Slmk2 
10 “OST L& BIulk2 
10 “OST Lab Shnk2 
10 “OST Lab &atW? 
10 “067 Lab shk2 
10 “OS7 Lab sblk2 
10 “OST Lab Blank? 
10 “OST L.b S4ank2 
10 “OST Lab BIank2 
10 “OST Lab Wmk? 
10 “OST lab SlmW 
10 “OST Lab Sknk2 
10 “OST bb SW%? 
10 “OS-r Lab mnk2 
10 “OST Lab slmw 
10 “OST Lab Blank2 
10 “OS3 Lab shk2 
10 “OST Lab Bank2 
10 “0.3 Lab sbnk2 
10 “OST Lab Blsnk* 
so “OST Lab mnk2 
IO YOST Lab sl.mk2 
10 “OST Lab BImk3 
10 “OST Lab Sbnk3 
10 “OST Lab SlankS 
10 “OST Lab Shnk3 
10 “OST Lab s4snk3 
10 “OST Lab Slank3 
10 “OST Lab SLmk3 
10 vow Lab SIMM 
10 “OST IAb sLsnk3 
10 “OST Lab Blanks 
SO “OST Lab Slmk3 
M “OST Lab Wank3 
50 “OST Lab mank3 
50 VOST Lab saank3 
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Appendix F: QA/QC Resulrs 

Table F2-2. Summary d Laborstay Me”,od 81ank R.suIts 

sample IO A”+. Mdhcd 
“OST Lab hrssnzne GCMS 
VOST Lab SlarSromdichlaomelhans GCMS 
“OST Lab sksromolam GCMS 
YOST Lab S,arSrmomdhm. GCMS 
“OST Lab &Carbon Disuh%de GCMS 
VOST Lab Blvcubm TdmcWxid~ GCMS 
“OST !A, SluChlorobnm. GCMS 
“OST Lab UarCklolo.“tm. GCMS 
“OST Lab ShrChlaobrm GCMS 
“OST Lab Ebrchloromdhan. GCMS 
VOST Lab Blueis-l.S-Dichlmopropene GCMS 
VOW Lab BlarOibrmnahlorom*a* GCMS 
“OST Lab -9 SW”..“. GCMS 
“OST Lab BarMethylm. Chlorid. GCMS 
“OST Lab s4arm.p-Xylwl. GCMS 
“Osr Lab Blm-xyin. GCMS 
“Osr Lab BlmalyTml. GCMS 
“OST Lab 81~T.lr.chlew.lh.n. GCMS 
“OS Lab BlvTdUsn. GOMS 
VOSTLab S4Wrms-1.2-Dishloroethene GCMS 
“OST L.b Slubans- 1 .J-Dichlaopropns GCMS 
“OST Lab BllrTrichlac.th.n. GCMS 
VOST Lab S4uTri*lorduaom*ms GCMS 
“OST Lmb BIarWnyl A- GCMS 
“OST L.b BluVlnyl Chloride GCMS 

uesuil 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
IO 
12 
10 
10 
10 
10 
11 
lb 
10 
10 
10 
M 
10 

“MS 
ng 
“0 
w 
“B 
“g 
“g 
“B 
“B 
“0 
“g 
“9 
“g 
w 
“g 
“D 
w 
“9 
w 
“g 
“.a 
“9 
w 
“g 
“g 
“0 

De( Urn SXllpl. 
IO “OST L.b Bank3 
10 “OST Lab 81ankS 
10 “OST Lab Stank3 
10 “OST Lab Blanks 
10 “OST Lab Shk3 
10 “OST Lab ShnkS 
10 “OST Lab ShkS 
10 “OST Lib Blanks 
10 “OST Lab SbnkS 
10 “OST IA, S,m,kS 
10 “OST Lab slmdc3 
10 “OST Lab Blank3 
IO “OS-r Lab SlurkS 
10 “OST Lab Shnk3 
10 “OST Lab 81ankS 
10 “OST Lab Blank3 
10 “OST Lab stank3 
10 “0.3 Lab stank3 
10 “OST Lab E,ankS 
IO “OST Lab 81ankS 
10 “OST Lab &ank, 
IO “OST Lab sank3 
10 “OST !ab 81mk3 
SO “OST Lab BIankS 
10 “OST Lab 81ankS 
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Ap~endir F: QA/QC Results 

Table F2-6. Summuy of Reagent Blank Results 

Sample ID 
M-FF BIenk 
M-FFB!wk 
M-FF Blank 
M-FF Bknk 
M-FF Bl.“k 
M-FF Bknk 
M-FF Blank 
M-FF Bk”k 
M-FF Blank 
M-FF Bknk 
M-FF B!.“k 
M-FFBhnk 
M-FF Blurk 
M-FFBlm,k 
M-FF Bknk 
N-FF B,nnk 
N-FFBknk 
N-FF Bknk 
N-FFBl.“k 
N-FF Blank 
N-FF Wr,k 
N-FF Bhk 
N-FF Bl,“k 
N-FF Bknk 
N-FF Blenk 
N-FPBk”k 
N-FF Bknk 
N-FF BUk 
N-FF Blmvk 
N-FF B,.nk 

H-136 
H-,6, 
n-rso 

H-370 
H-339 
H-369 
H-370 

H-a61 
H-a61 
H-aS, 
H-OBI 
H-ml 
H-cm1 
H-C2Bl 
H-a61 
H-001 
n-am 
H-Q61 
H-am 
n-am 
H-a81 
n-am 
n-am 
H-a81 
H-08, 
Ii-OBl 
H-081 

Anenk 
Brdum 
24ryllium 

Chromium 
CObdl 
COPPW 

Mmganwe 
Mercury 
MolybdrnUrn 
Nkkd 
Selenium 
Vmadkm 
M6mrmY 

Beyllium 
cadmium 

kwlmlmM 
mmry 
Mdybdmum 
Nkkel 
Sohnium 

Hwmdml chromium Cr(vl by BIF MElHOD 
H-knt 0hromium CqVP by BIF MmOD 
Hew&en, Ohmmium Cr(Vq by BIF MRnOD 

F0mWd.hti.Z 

Numinum 

AfSWlk 
Smium 
Bwkium 

C.dmi”nl 
Cklum 
ChlCilli”Il? 
Chromium 

Iron 
&md 
Lead 

Merculy 
Molybdenum 

MaUtod 
ICP-MS 
EP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
lcP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
CP-MS 
ICP-MS 

FkSUll Unia De,Lin 
0.29 “(I 
1.6s Yg 

27.26 ug 
0.63 “9 
0.17 up 

9.9 “a 
0.49 “i 
1.79 ug 
1.2. ug 
2.69 ug 
0.16 Qug 
66.9 up 
2.57 ug 

12.01 “IJ 
4.61 ug 
0.,6 “g 

0.0 up 
26.66 ug 

0.32 ug 
0.03 8 ug 
9.69 up 

0.1 ug 
0.66 ug 
1.91 ug 

1.6 us 
O.,PBUS 

20.93 up 
0.6 “Q 

0.66 6’ “g 
1.66 ug 

40.2 ug/L 
42 u$rl 

37.6 u!gL 

0.00 
0.00 
0.02 
0.00 
0.00 
0.00 
0.w 
0.00 
0.w 
0.w 
0.00 
a.05 
0.00 
0.01 
0.00 
0.00 
0.00 
0.02 
0.00 
0.00 
0.01 
0.00 
0.w 
0.00 
0.w 
0.w 
0.02 
0.w 
0.03 
0.w 

2.4 
2.4 
2.4 

S*mpls 
Rnal Filtsr Blw,k I 
Fin., R,,.r Eknk 1 
Fm.1 Fiker BIm,k 1 
Find Flter Blank 1 
Find Rl,er &nk 1 
Final Fiker Bknk 1 
find Filler Bl.nk 1 
Fi”.I FIR., Bknk 1 
Fmal RlWr Bknk 1 
flnml Fiker Bl”,k 1 
Fkul Filar Blu,k 1 
Ffml FilWr Blwk I 
Fkml F”,.r Bl.“k I 
Rnal F,l,er Blank 1 
Fuul Fkwr Bl.nk 1 
Find !3ler Blank 2 
Find Flllu &nk 2 
Fond Fl”.r Bknk 2 
Fm.l FUmr Bl.nk 2 
Fmal Filar mk 2 
Fkul Rker B&k 2 
Find Flllm Blank 2 
find Rl,#r Bknk 2 
Find FiWr Bhk 2 
FbmlFkwBhnk2 
Fmd Fllmr &nk 2 
!%a1 Fikr Eknk 2 
Fm& Fiker Bknk 2 
Find Filmr Bknk 2 
Fin.1 Flmr Sl.nk 2 

Rug Mnk. KaH imp 
Rmg bkk. KOH (mp 
Rug blnk, KOH imp 

HPLC 
HPLC 
HPLC 
HPLC 

0.1 ugImL0.l ug! tick gu. impingen 
0.0464 ug/mLO.r ugr Slack gu. i8’npkvg.n 
0.0164 uglmL0.t ug! Smck gas, impinpn 

0.02 uumL0.r ug, -Ok g”, impingers 

ICP w3alysii by sw60,o 
BIF ICP (or Me,& Tmkw 
BIF As tar Metab Tmins 
ICP uNlyaia by SWSOIO ND 
ICP *n.lysis by SW6010 
ICP analysi, by SW6010 ND 
lCP antiysis by SW6010 ND 
BIF Cd for Me&Is Tmk,s ND 
ICP umlysis by SW6QlO 
ICP an.lysi* by SW6010 
BIF Cr for Me41ls Tmins 
ICP m,*lqsi* by SW60IO ND 
ICP andyds by SW6010 
ICP ~“mysii by SW6010 
BIF Pb for Meals Tmins 
ICP analysis by SW6010 
ICP .lulysis by sw60,o 
ICP mmiysis by SW6010 
MerwW. cold “qor SW7471 
BIF ICP for Me,& Tmi”s 

266 Bug 7.33 Smck ~1s. q0 62 bink 1 
6.91 ug 1.64 Shckgu,qQfillbhkl 
0.64 ug 0.09 Shck gu, qeQ.N blnk 1 

UQ 1.66 Stack gas. qP till blnk 1 
5.66 Yg 0.05 Slack gas. qlz fill blnk I 

Bug 0.05 SPck ~.qOfilDlnk I 
Bug 0.2s Stack gu. qfz Rl, bktk 1 

ug 0.04 Smck gas. qQ6R blnk 1 
166 Bug 26.6 Stack gas. qlz Sit bInk 1 

2.46 Bug 0.27 Stsck gas. qrl fill Mnk 1 
2.77 Bug 0.06 Stick gas. q= fill Mnk 1 

BWJ 0.62 Sack gas. so fin Dlnk 1 
1.42 Bug 0.24 Stack gas. qtz till blnk , 
35.9 Bug 31.1 SOckgu.qDfikbkIkl 
0.33 “4 0.4 1 Stack gas, qtz fill blnk 1 
17.4 ug 2.47 SPck 98s. q~6llPlnk 1 
19.6 ug 2.73 Slack gas. cl= tin blnk 1 
1.66 Bug 0.01 Suck gas. qa Rl, blnk , 
0.1s Bug 0.04 Smck gas. qU fik bkIk 1 
26.7 Bug 0.29 Stick gas. q,x fil, Mnk 1 
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Appendix F: QA/QC Results 

‘ram ~2-3. Summary d Reagent Blank Resuht 

samp4a ID 
H-aB1 
H-061 
H-QBl 
H-061 
H-a81 
Ii-OBl 
H-O61 
H-am 
H-am 
H-a81 
H-aB, 
H-Q61 
H-QB, 

H-062 
H-a62 
H-a82 
H-062 
H-as2 
H-aen 
H-O62 
H-082 
H-as2 
n-082 
H-082 
n-082 
H-a62 
n-082 
n-082 
H-(162 
H-a82 
H-062 
H-082 
H-aB2 
ii-a82 
H-aB2 
H-aB2 
n-a82 
n-a62 
H-082 
H-aB2 
n-OB2 
H-a82 
H-as2 
H-082 
H-aB2 
H-OS2 

H-085 
H-a&? 
H-OBS 
H-a83 
n-a63 
H-083 
H-a83 
H -a83 
H-a83 
H-083 
H-am 
H-Q83 

hw- 
Nldwl 
Niikd 
PhmphoNS 
POUUi”rn 

Silnr 
Bodiim 
Btmnium 
m,uiim 

hudtim 
zinc 

Bmyllium 
Cadmium 
‘AdmUm 

ChtDM”m 
ChrOm*l”l 
cow 
CoPpr 
hnn 
Lud 
Lead 
M*gnaium 

Molybdm”m 
Niikml 
Niik., 

S,lUliU~ 
SdWi”Wl 
Snvw 
Sodium 
swncium 
mwium 
limnium 
V.“.dkm 
zinc 

Al”min”m 
Anwwny 
Amanic 
A-C 
Banwn 
Berylli”rn 
Cadmium 
Cadmium 
C.ki”nl 
Chm7W.t 

MWmd 
ICP .n.tynis by 8WSwO 
SIF NI for MMts Tnins 

ICP an.,ysis by SWSglO 
ICP l n.lysis by SW(K),0 
SIF S. for Mtih Tmins 
ICP .n.lpis by 8WSglO 
ICP malyaii by 8wbolO 
ICP mwyais by SWSwO 
ICP .n.lyais by 8WSci,O 
SIF ICP for MM& Tmins 
ICP *Ilaw by sww,o 
ICP an- by SWWlO 

ICP .n.iy.i. by S-,0 
SIF ICP ‘or M.,.b him 
ICP .n&ysh by 8-10 
SIF As for MeWs Tmins 
ICP wmiysh by SWSwO 

ICP .n&is b; 8WSwO 
BIF Cd (or MM.,. Tmins 
ICP .wyaii by swSO,o 
BIF Cr‘or M.t.h Tminr 
ICP .n.ly.is by SW0010 
ICP .Mysh by SWSwO 
ICP &?.ly8is by SWW,O 
ICP umiyvii by SWSg,O 
SIF Pb for M.Pls Twins 
ICP .Mlysis by SWSO,O 
ICP umiyais by sWw,o 
ICP wwysis by sww,o 

BIF lC6 for 
ICP .n.lysis by SWWlO 
SIF NI for MeUs Tmkw 
SIF 1cP for Mews Tminr 
ICP anal7s* w sww,o 
ICP ~“.iysis by sww,o 
BIF Se for Metik Twins 
ICP .n.lyl* by sww,o 
,CP en.ly.i. by SWW,O 
ICP analyuis by SWWlO 
ICP anhysh by sww,o 
BIF ICP for Mamb Tmins 
ICP an*ly.is by BWW10 
ICP a”&ysis by sww,o 

ICP an*lvra by SWWlO 
SIF ICP for MePh Tnins 
ICP analysis t.7 sww,o 
SIF As for MehIs Tminr 
ICP andysis by SWWlO 
ICP anal,sis by SWWOIO 
ICP *nalqsis by sww,o 
SIF Cd to, ht.,. Tr.int 
ICP .“.lyus by SwW,O 
BIF Cr for k4et.k Tmim 
ICP an*lysi* by SWWlO 
ICP anaiysit by sww,o 

ND 
ND 
ND 
ND 
ND 

ND 

ND 

ND 
ND 
ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 
ND 
ND 

ND 

Re¶a “nits Det Un SWlpk 
1.47 Bug 1 .W SPok pu. qtl A” blnk 1 
,.lS ug 

4 
Bug 
Bug 

B:: 
WA q “g 
2.79 Bug 

Bug 
2.79 Bug 
0.80 Bug 

7 Bug 

2843 Buq 
4.92 up 

w 
0.17 ug 
4.39 ug 

Bug 
Bug 

u9 
1.3 Bug 

2.w Bug 
3.08 Bug 

Bug 
1.W Bug 
33.3 Bug 
0.25 ug 
15.2 ug 
21.5 ug 
1.33 Bug 

0.122 Bug 
22.5 Bug 
1.30 Bug 

1.4 ug 
w 

74.3 Bug 
Bug 

0.,7 Rug 
Bug 

99.4 Bus 
2.72 Bue 

BQl 
2.01 Bug 

0.931 Bug 
2.2, Bug 

286 Bug 
5.45 ug 

ug 
0.4. ug 
4.47 ug 

Bug 
Bug 

4 
149 Bug 

3.34 Bug 
3.46 Bug 

Bug 

0.11 SOck pu. qtlfll, blnk , 
7.29 Stack g.8. q+zfilt Mnk 1 
34.6 Stack g”. qtz fill Mnk 1 
4.42 Sack g”. qtz ‘in bk,k , 
0.11 SPckg”,qQfikblnkl 
0.93 SPck g”.qfzWb,nk, 
2.59 ShCk gU. qti fik b(nk 1 
0.05 S~k~,q~fikblnk, 
6.94 Stwk g”. q,2Rl, blnk , 
0.47 Stack g”. qtl i3il bhk I 
0.43 SpCk gu. qtz iik blnk 1 
0.29 S,.qkg”,q‘zRkMnk, 

7.33 Stack g”. qQ‘“t bhk 2 
1.54 S&kg”,qQfikMnk2 
123 S9skg”.qtzRkMk2 
0.00 Sack g... q,z RI blnk 2 
0.05 Shck gas. qD flll blnk 2 
0.05 wk w. q‘zRll blnk 2 
0.2S Shck gu. qQ tilt Mnk 2 
0.04 8-k WV. qtz Sk Mnk 2 
22.S Shsk gas. qQ flit blnk 2 
0.03 Sack gu. qQfdl thk 2 
0.27 Stack pu. q,zRll Mnk 2 
0.52 Slwk gu. q‘z RR blnk 2 
0.24 Sack g.s. qlz f,” Mnk 2 
31.1 St.ckgu,qOfiltblnk2 
0.1, Shskgu,qtzf2tbl”k2 
2.47 S+.sk gu. qtz Rk blnk 2 
2.79 Stick gas. qQ flit Mk 2 
0.0, Smck w. qQ Ill! Mnk 2 
0.00 Stuk gu. qQ Sit blnk 2 
0.29 SPck g”. q,zflk blnk 2 
,.09S~kgu,qQfikb,“k2 
0.1, S,.ck gu,q,z‘,lt blnk2 
7.29 Smck gu. qtz Sk blnk 2 
344 St.ek gw qtz hk Mnk 2 
4.42 -k gu. qPRkM”k2 
0.1, Shek g”. *fit, bkk2 
0.13 SPckg.%~tRMnk2 
2.59 sack gu. qe fin Mnk 2 
0.05 SpCk gu. qlz felt blnk 2 
(1.94 Slack gas. qQRltblnk2 
0.47 SPck ga.. qtz fik blnk 2 
0.43 Stwk gu. qU hk b(nk 2 
0.29 Shell gas.. qtr ‘ik blnk 2 

7.33 S6ek gu. qtz lilt blnk 3 
1.54 Suck gu. qfz fiHMnk2 
1 .W Sack gu. qtl tih Mnk 3 
0.09 Sack gas. qlz ‘,I, blnk 9 
0.05 Smck gu. qtz fik b(nk 2 
0.03 Stack gas. qD ,ik bhk 3 
0.2S Sack gas. qPhR Mnk 3 
0.0. Sack gas. qD tilt Mnk 3 
231 Shck ws, q,xfik blnk 3 
0.05 Sack gas. qe cik Mnk 3 
0.27 S,.ck gas. qtz fit, blnk 3 
0.52 Stack gas. q‘z‘ik blnk 3 
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Appendix F: m/QC Rmdts 

T&b F2-3. Summary ol Reagent BUnk Rnultr 

Sample ID 
H-083 
H-aB3 
H-083 
n-am 
H-089 
H-089 
H-089 
H-OR3 
H-063 
H-aB3 
H-a83 
H-aB3 
H-a89 
H-a83 
H-Q83 
H-OB3 
H-QBS 
H-aB3 
H-O&3 
H-aB3 
H-083 

Andy% 
CoPPer 
bon 
Wd 
L.8d 
LUQlldUfll 
MmlWllti 
Ywcwy 
MoWdmwm 
Niikd 
Nickel 
Phosphorus 
Poanium 
-m 
Salmium 
SihI 
Sodium 
Stmndum 
mdlium 
mnium 
Vamdum 
Zinc 

Melhod 
ICP .n.lyxia by SWWlO 
ICP analpi by SWW10 
BIF Pb ior M#Aa Tnins 
ICP mmpb by swwlo 
CFJ mayab by sww10 
ICP l alpir by SWWlO 
Mmwy. cold vlpor SW471 
BIF ICP bx Mea!a Tminr 
BIF NI for Metab Trains 
ICP .n.lyus by sww30 
BIF ICP for Metab Trains 
ICP .“aiysb by SWWlO 
ICP malysis by SWWIO 
SIF S* for Metals Trains 
ItP l wysia by Swwlo 
ICP l mymis by SWWlO 
ICP analyaia by SWWlO 
ICP analysi9 by swwto 
BIF ICP lor Mebk Trains 
ICP anal@ by SWWlo 
ICP wmtysis by SWWIO 

ND 
ND 
ND 
ND 
ND 
ND 

ND 

Resull Units Det Lin Sam* 
1.51 Bug 0.24 SEck 0.1. a‘z ‘ii3 Mnk 3 
37.6 Bun 
0.20 Yi 
16.4 ug 
22.. up 
1.42 Bug 

0.122 Bug 
28.3 Bug 
1.40 ug 

Bug 

*u”: 
Bug 

B:; 
115 Bug 

2.76 Bug 
Bug 

3.35 Bug 
o.ws Bug 

3.33 Bug 

31.1 SPck~.&zfikMnk3 
0.11 Sack pU. qtl RI, Mnk 2 
2.47 Stack g”. qtZ tilt Mnk 2 
2.73 Sack g”. qtz Rk bhk 3 
0.01 Sack gas. ~Rkbhk3 
0.00 8-k gas. qtz Sh blnk 3 
0% Stack W‘. qt2flRbkk3 
O.(T SPckgas,q?zhkblnk2 
1 .W Stack gu. qe fiit blnk 2 
7.29 SPsk g.s q-J W k&k 3 
34.6 86ck S... 40: 62 Mnk 2 
4.42 Shck gU. q0 ‘I” Mnk 2 
0.11 StackSas. qORhM”kS 
0.10 8tKk,,“,qt2f2tbhkS 
2.59 Sbckg..,qttWbhk3 
0.05 Stick gU. qQ fill t&k3 
3.01 SPek gU. aa f”, Mnk 3 
0.4?8h&S.s.~SRblnkS 
0.43 Stack g.s. qtzRhb4”k3 
0.29 Stack pu. qtz rib blnk 2 
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Appendir F: QAlQC Resulrs 

Table F2-4. Summary of Trip Blank Results 

Sample ID 
H330-I-II 
H394-L-II 
H330-I-II 
H394-L-II 
H330-I-II 
H394-L- 11 
H330-I-11 
H394-L- 11 
H330-I-II 
H394-L-II 
H330-I-II 
H394-L-11 
H330-I-II 
H394-L-II 
H394-L-11 
H330-I-11 
H330-I-II 
H394-L-II 
H330-I-11 
H394-L-II 
H330-I-11 
H394-L-II 
H394-L-II 
H330-I-II 
H330-I-II 
H394-L-II 
H330-I-11 
H394-L-II 
H330-I-11 
H394-L-II 

H-368 
H-368 

Analyte 
Antimony 
Antimony 
Anenic 
Arsenic 
Barium 
Barium 
Beryllium 
Beryllium 
Cadmium 
Cadmium 
Chromium 
Chromium 
Cobalt 
Cobalt 
Copper 
copper 
Lead 
Lead 
Manganese 
Manganese 
Mercury 
htercuty 
Molybdenum 
Molybdenum 
Nickel 
Nickel 
Selenium 
Selenium 
Vanadium 
Vanadium 

Acetaldehyde 

Method 
ICP-MS 
ICP-MS 
ICP-MS 
NY-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 

Result Unit. Det Lim Sampl. 
0.04 @ ug 0.0013 Kapton Trio Blank 2 
0.01 @ “9 
1.53 ug 
1.32 “g 
0.21 @ ug 
0.18 @ ug 
0.39 ug 

0.6 ug 
0.06 ug 
0.04 @ ug 
4.05 ug 
4.28 ug 
0.17 @ ug 
0.25 @ “g 
1.04 “9 
0.94 ug 
0.04 ug 
0.08 @ ug 
0.04 ug 
0.03 @ ug 
0.17 @ og 

0.2 @ “9 
0.14 @ ug 

0.1 @ ug 
0.12 @ ug 
0.54 ug 

1.6 @lug 
2.44 ug 

2.1 ug 
2.35 ug 

0.0013 
0.0058 
0.0058 
0.0212 
0.0212 
0.0042 
0.0042 

0.029 
0.0029 
0.0118 
0.0118 
0.0073 
0.0073 
0.0018 
0.0018 

0.03 
0.003 
0.012 

0.0012 
0.005 1 
0.0051 
0.0372 
0.0372 
0.0065 
0.0065 
0.0387 
0.0387 
0.0026 
0.0026 

K&ton T&J Blank 1 
Kapton Trip Blank 2 
Kapton Trip Blank 1 
Kspton Trip Blank 2 
Kapton Trip Blank 1 
Kapton Trip Blank 2 
Kapton Trip Blank 1 
Kepton Trip Blank 2 
Kapton Trip Blank 1 
Kapton Trip Blank 2 
Kapton Trip Blank 1 
Kspton Trip Blank 2 
Kapton Trip Blank 1 
Kapton Trip Blank 1 
Kapton Trip Blank 2 
Kapton Trip Blank 2 
Kapton Trip Blank 1 
Kapton Trip Blank 2 
Kspton Trip Blank 1 
Kspton Trip Blank 2 
Kapton Trip Blank 1 
Kapton Trip Blank 1 
Kapton Trip Blank 2 
Kapton Trip Blank 2 
Kapton Trip Blank 1 
Kapton Trip Blank 2 
Kapton Trip Blank 1 
Kapron Trip Blank 2 
Kapton Trip Blank 1 

HPLC < 0.01 uglm0.1 ug/.a Stack gas, impinger. 
Formaldehyde HPLC 0.015 @ ug/mO.l ug/ra Stack gas. impinger. 
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Appendix F: PA/QC Redts 

Table F.2-5. Laboratory Control Sample Recovery Date for Motels end Anions 

Andyto 
Alumhum 
Aluminum 
Aluminum 
Aluminum 
Aluminum 
Aluminum 
Aluminum 
Aluminum 
Antimony 
Antimony 
Antimony 
Anlimony 
Antimony 
Antimony 
Antimony 
Antimony 
Antimony 
Antimony 
Amenic 
AM”iC 
Anenic 
Areenic 
AfWlliC 
Anmic 
Anwdc 
Anenic 
Emium 
Bmium 
Barium 
Brrium 
Bmium 
Barium 
Ba’ium 
Baliurn 
Beyllium 
Beyllium 
Beryllium 
BayIlium 
Beryllium 
Beyllium 
BoyIlium 
Beryllium 
Beyllium 
Bery!dium 
BOml 
Boron 
BOrOll 
Boron 
Cadmium 
Cedmium 
Cadmium 

Method code 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICFES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
!CPEB 
ICPES 
ICPES 
ICPES 
ICPES 
ICPEB 
ICPES 
ICPES 
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Table F.Z-5. Laboratory Control Sample Recovery Data for Metals and Anions 

Cadmium 
Cadmium 
Cadmium 
Cadmium 
Calcium 
Calcium 
Calcium 
Calcium 
Calcium 
Cakium 
Calcium 
Calcium 
Chmmium 
Chmmium 
Chromium 
Chromium 
Chromium 
Chmmium 
Chmmium 
Chmmium 
Cobalt 
Cobalt 
Cobalt 
c0bdt 
Coban 
can 
Coban 
CobUl 
Coppar 
copp*r 
COpper 
Copper 
Copper 
-PI-r 
coppw 
Copper 
IrOn 
IrOn 
IrOn 
Irnll 
IWl 
IWl 
IWl 
IrOn 
Lead 
Lead 
Lead 
Lead 
Lead 
Lead 

Method code 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 

Recovery 
6) 
79 
66 
94 
95 
92 

103 
94 

100 
93 
65 

102 
99 
69 
95 
96 
91 
91 
93 
94 
96 
91 
94 
95 
61 
66 
60 
93 
66 
95 
93 
91 
95 
96 
91 
94 
92 
96 
96 
94 
97 
95 
92 
96 

100 
99 
60 
69 
95 
96 
97 
98 
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Table F.2-5. Laboratory Control Sample Recovery Data for Metals and Anions 

AMI@ 
Losd 
Lead 
Lesd 
Lead 
Msgnorium 
Magnesium 
Msgnmlum 
Magnesium 
Magnetium 
Magnesium 
Msgnaium 
Magnesium 
Magnesium 
Magnesium 
thngmesa 
Mmgwmse 
Mmgsnase 
Mangum, 
Msngsnesa 
Mmganar 
M~llgSll*~ 
Msngmase 
Molybdenum 
Molybdwwm 
Molybdenum 
Molybdenum 
Molybdmum 
Molybdwwm 
Molybdwwm 
Molybdenum 
Nickel 
Nickel 
Nickel 
Nkkal 
Nickel 
Nkkal 
Nkkal 
Nkkal 
Phosphorus 
Phosphorus 
Phosphorus 
Phosphorus 
Phosphorus 
Phosphorus 
Phosphorus 
Phosphorus 
Phosphorus 
Phosphorus 
Potsssium 
Potsuium 
Potassium 

Method cods 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 

Recowy 
1%) 
69 
75 
67 
66 
95 
98 
94 
95 
87 
62 
06 
98 
95 
69 
94 
95 
96 
94 
92 
93 
94 
96 
96 
91 
91 
96 
62 
92 
92 
61 
91 
63 
96 
so 
80 
96 
95 
94 
91 

112 
65 

110 
96 
63 

109 
93 
07 
66 
91 
94 
95 
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Table F.2-5. Lsborstcly Control Ssmple Recovery Dots for Metsls and Anions 

Analyte 
Pots&urn 
Potssrium 
Pctsrsium 
Potsssium 
Pctsssium 
Seknium 
‘Seknium 
Seknium 
Seknium 
Seknium 

Selenium 
Selenium 
Silicon 
Silicon 
Sllkon 
SiliiCll 
SlSlCtl 
SiliiCll 
SiSlCll 
SiliCCll 
Silver 
Silver 
Sllwr 
Silvw 
silver 
Silver 
Silver 
Silvw 
Sodium 
Sodium 
Sodium 
Sodium 
Sodium 
Sodium 
Sodium 
Sodium 
Sodium 
Sodium 
Strontium 
Strontium 
Strontium 
Strontium 
Strontium 
Strontium 
Strontium 
Strontium 
Thallium 
Thallium 
Thsllium 
Thallium 

Method code 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 

lOWry 
w 
94 
92 
91 
93 
94 

5 
174 

94 
99 
94 
95 
43 

209 
98 
99 
so 

102 
95 
64 
98 
98 
64 
43 
93 
94 
62 
94 
26 
94 
94 
95 
97 
95 
99 
97 
97 
99 
97 
94 
97 
98 
97 
92 
94 
97 
95 
93 
96 
94 
91 
97 
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Tsble F.2-5. Lsbontory Control Ssmple Recovery Data for Metsls and Anions 

Anslyte 
Thsllium. 
Thsllium 
Thallium 
Thsllium 
Thallium 
Thsllium 
Tiinium 
Tiinium 
Ttinium 
Tiinium 
Vsnsdium 

Vsnadium 
Vsnadium 
Vanadium 
Vsnadium 
Vanadium 
Vsnadium 
Zinc 
ale 
zinc 
zinc 
zinc 
zinc 
Zinc 
zinc 

Arsenic 

AlSWbk 
Amenic 
AlBWlk 
Al-SWlk 
AMtlk 
Arsenic 
Csdmium 
Csdmium 
Csdmium 
Cadmium 
Csdmium 
Csdmium 
Csdmium 
Csdmium 
Chmmium 
Chromium 
Chromium 

Chromium 
Chromium 
Lead 
Lesd 

Method code 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 

Recovery 
w 
91 

101 
86 
92 
96 
65 

96.4 
92 
so 
96 
92 
94 
96 
66 
92 
68 
93 
96 
92 
95 
69 
96 
93 
89 
91 
94 

GFMS 97 
GFAAS 106 
GFMS 99 
GFAAS 109 
GFAAS 102 
GFMS 95 
GFAAS 99 
GFMS 98 
GFAAS 112 
GFAAS 121 
GFAAS 99 
GFAAS 102 
GFAAS 122 
GFAAS 103 
GFAAS 114 
GFAAS 100 
GFAAS 98 
GFAAS 102 
GFAAS 98 
GFAAS 98 
GFAAS 96 
GFAAS 98 
GFAAS 93 
GFAAS 105 
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Table F.2-5. Laboratory Control Sample Recovery Dots for Mets18 snd Anions 

Anslyia 
Lesd 
Lesd 
Lssd 
Lead 
Lesd 
Lad 
Lead 
Lesd 
Nickel 
Nickel 
Nickel 
Nickel 
Nickel 
Niikal 
Nickel 
Nickel 
Nickel 
S*knium 
Selenium 
S*knium 
Seknium 
Selenium 
Selenium 
Sdmium 
Selenium 
Selenium 
Selenium 
MWCU~ 
MCifCU~ 
MWCUfy 
Mwcwy 
MWCU~ 
MWCtJy 
MOrCUY 
MWCUIY 
MWCtJ~ 
MwcMy 
M.tTdl~ 
MWlXlTy 

Method code 
GFAAS 
GFAAS 
GFMS 
GFAAS 
GFAAS 
GFMS 
GFMS 
GFMS 
GFMS 
GFAAS 
GFAAS 
GFMS 
GFAAS 
GFAAS 
GFAAS 
GFAAS 
GFAAS 
GFAAS 
GFMS 
GFAAS 
GFMS 
GFMS 
GFAAS 
GFAAS 
GFMS 
GFAAS 
GFMS 
CVMS 
CVMS 
CVMS 
CVMS 
CVMS 
CVMS 
CVMS 
CVAAS 
CVAAS 
CVMS 
CVMS 
CVMS 

ReCCVefy 

w 
91 

129 
104 

98 
92 
93 

107 
104 

99 
101 

96 
101 
101 
108 

91 
92 

103 
95 
89 
89 
89 
69 
96 
90 
90 
94 
94 
93 
94 

111 
112 
111 

98 
132 
104 
100 
125 
107 
104 

Fluoride EPA 340.2 91 
Fluoride EPA 340.2 97 
Fluoride EPA 340.2 88 
Flucrida EPA 340.2 95 
Fluoride EPA 340.2 so 
Fluonde EPA 340.2 91 
Fluwide EPA 340.2 90 
Fluoride EPA 340.2 93 
Fkmtida EPA 346.2 66 
Fluotida EPA 340.2 91 
Fluoftdo EPA 340.2 96 
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Table F.2-5. Lsbomcry Control Sample Recovery Data for Met&S snd Anlcnf 

Analyte Method code 
Flumide EPA 340.2 
Flucnd~ EPA 340.2 
Fluaide EPA 340.2 
fluoride EPA 340.2 
flucttd~ EPA 340.2 
Fluoride EPA 340.2 
Fluovid EPA 340.2 
Hew&ant chmmium CqVl) by BIF METHOD 
H~xavalom chromium G(W) by BIF METHOD 
Chloride Pctwdiomwic 
ChIcrid Pct9ntiomabic 
Chloride Ion Chromatcgmphy 
Chloride Ion Chmmmcgmphy 
Chloride Ion Chrcmstognphy 
Chlodda Ion Chmmstcgnphy 
Chloddm Ion Chrcmstcgnphy 
Chloride Ion Chmmstcgmphy 
Chlortd. Ion Chrcmstcgnphy 
ChIcrid* Ion Chmmstcgnphy 
Chloride SM 4500 Cl B 
Chloride SM 4500 Cl B 
SUlhtl Tctal sunur 
SUlhU Total sulfur 
SUtkh Sulfate. EPA 300.0 
SUlf~ti SuiMe. EPA 300.0 
sunsu Sultste. EPA 300.0 
SUUd Sultste. EPA 300.0 
sunate Sulfsto. EPA 300.0 
sunste Sulfsta. EPA 300.0 
SUlh~ SuItate. EPA 300.0 
sullsu Sutfste. EPA 300.0 

Reccva~ 
W 
95 
97 
71 
92 
94 
93 
73 
98 
92 

100 
100 
103 
100 

98 
102 
102 

90 
99 

101 
93 
99 
95 
92 
97 
97 
96 
96 
96 
96 
95 
96 

F-60 



Appendir F: QA/QC Results 

Table F.Z-5. Laboratory Control Sample Recovers Data for Metals and Anions 
Summary 

Aluminum 
Antimony 
Arsenic 
B*dum 
Beryllium 
Somn 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Maglwium 
Mmgmawa 
Motybdwtum 
Nkkel 
Phosphorus 
Potassium 
Selenium 
Silicon 
Sihw 
Sodium 
Strontium 
Thulium 
Titanium 
Vanadium 
zinc 

Method 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 

No. of 
Results 

a 
10 

a 
8 

10 
4 
6 
a 
a 
8 
a 
6 

10 
10 

a 
6 
a 

10 
6 
a 
a 
8 

10 
6 

10 
4 
a 
6 

Mmm Min 
(% Ret) (% Ret) 

94 83 
93 08 
64 21 
97 93 
so 80 
97 96 
66 66 
96 86 
93 91 
89 80 
94 91 
96 92 
as 75 
92 62 
94 92 
90 61 
91 60 
95 63 
93 91 

102 5 
96 64 
71 26 
96 94 
95 92 
93 a5 
94 so 
92 66 
92 69 

AlWltk 
Cadmium 
Chromium 
Lead 
M*muy 
NIckal 
S*!anium 

Chlotid. 
Fluotids 
Hwwatent chmmium 
sun*te 
SUlhM 

AAS 
AAS 
AAS 
AAS 
MS 
MS 
MS 

ICIPOl. 
woo.2 
Cr (IV) 

IC 
Elem. Analyrer 

a 101 
a 109 
6 98 

10 102 
12 106 

9 99 
10 92 

12 99 
16 so 

2 96 
8 96 
2 94 

95 
99 
96 
91 
93 
91 
es 

so 
71 
92 
95 
92 

96 
96 
97 
99 
99 
99 
95 

103 
96 
95 
96 

100 
96 
98 
96 
96 
96 

112 
95 

209 
102 

94 
99 
98 

101 
96 
96 
96 

109 
122 
102 
129 
132 
108 

98 

103 
98 
sa 
97 
95 
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Table F2-6. ICPMS Laboratory Control Sample Recovery Data for Metals 

rutalyte 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
COban 
Copper 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
Vanadium 

LCS 
(% Ret) 

110 
95 

101 
96 
96 
97 

103 
91 

103 
loo 
NA 

104 
90 
94 

LCSD 
(% Ret) 

Ill 
93 

103 
93 
97 

101 
99 
92 
97 

102 
NA 
95 
95 
94 

106 

(% Ret) (% Ret) 
110 0.5 

94 1.5 
102 1.6 

95 4.0 
97 1.4 
99 3.6 

101 3.9 
92 cl.6 

100 5.5 
101 2.2 
NA NA 
99 6.2 
92 4.6 
94 0.7 

107 1.2 

F-62 



Appendix F: QA/QC Resulrs 

F-63 



Appendix F: a/QC Redts 

e 
OOOQOOOOOO 

.g 

2 
z 
II 
s 

s 

h 
d 
IbY 
2 
t EEEEZ.Z.LLSA 

~~~~cc~~cr EEEEEE 
Fi ~cccc000000 -.-.-.- s--‘--EEEEEEC=” 

.S.$.~.~EEEEE 

I? 
00”0EEEEEE~~~2.~~ECCTEEEE,ZI=,21 

E E E E .=.==.=.= E D o) a, .2.~.2.~.2~~~~~~~0 a a 0 ~xz-3~09uYu~ 
m z211 cccec~EC~~~~5~~arnrn~~~~~~~o~m~~~~~~~ 
1 aa4aaaaaaaaaaaa~~~~~mmmmmmmmmmmUOOOOOOOO 

,” 

F-64 



A?ymdix F: QA/QC Results 

^ -^ >> 
EE‘;E 5 

o E;+j~$%.?==.? I---L- LLL..LL”“*gg .- 
~3 .==.==.= E E E E------ a, 0 m 0 D C,EE .____ z 

Im~~~a~o.oPo~LLLL.- ~P899P0~~2~,,,,,,,,,~~~00000 ‘FIwommDm El 
c~rcrrrrrrroooooooooooo~~~~~ sssszII~zis~~ 
4”““0”“000”““““““““““““~~~~~~~~~~~~~~~~~ 

F-65 



&wd.z F: @i/QC Redts 

F-66 



Ap~endk F: QA/QC Results 

F-67 



Appcndir F: Q4/QC Rewlts 

F-68 



Appendk F: QA/QC Rewlts 

F-69 



Appendix F: QNQC Rewlts 

F-70 



Appendti F: QMQC Re.wlrs 

Table F2-8. Coal Standard Reference Materiel Analysis Reeulte for Metale 

Meae’d Ref Value Recov Dup Recnv RPD 
%“TDle ID Analyte Method (mQlk0) (mQ/kQl (% RaCj (% Rec1 (% Ret\ 
NBS.1 632A 
NBS 1632A 
NBS 163% 
NBS 1632A 
NBS 1632A 
NBS 1632A 
NBS 1632A 
NBS 16321\ 
NBS 163% 
NBS 1632A 
NBS 163% 
NBS 1632A 
NBS 1632A 
NBS 1632A 
NBS 1632A 
NBS 1632A 
NBS 1632A 
NBS 163ZA 
NBS 1632A 
NBS 1632A 
NBS 163% 
NBS 1632A 
NBS 1632A 
NBS 1632A 
NBS 1632A 
NBS 1632A 
NBS 1632A 
NBS 1632A 
NBS 1632A 
NBS 1632A 
NBS 1632A 
NBS 1632A 
NBS 1632A 
NBS 1632A 
NBS 1632A 
NBS 1632A 
NBS 1632A 
NBS 1632A 
NBS 1632A 
SARM 20 
SARM 20 
SARM 20 
SARM 20 
SARM 20 
SARM 20 
SARM 20 
SARM 20 

Alu&um 
Antimony 
Areenic 
Barium 
Bromine 
Calcium 
Cerium 

Chlorine 
Chromium 
Cobalt 
Copper 
Europium 
Hefnium 
iodine 
Iron 
Lanthanum 
Lutetium 
Magneeium 
Manganese 
Molybdenum 
Neodymium 
Nickel 
Potassium 
Rubidium 
Samarium 
Scandium 

Sodium 
Strontium 
Tantalum 
Terbium 
Thorium 
Titanium 
Uranium 
Vanadium 
Ytterbium 
Zinc 
Zuconium 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Bromine 
Calcium 
Cerium 

NAA 
NAA 
NAA 
NM 
NM 
NAA 
NAA 
NAA 
NAA 
NAA 
NAA 
NAA 
NAA 
NAA 
NM 
NAA 
NAA 
NM 
NAA 
NAA 
NAA 
NAA 
NAA 
NAA 
NAA 
NAA 
NM 
N&i 
NAA 
NAA 
NAA 
NAA 
fMA 
NAA 
NAA 
NAA 
N&4 

Ii: 
NM 
NAA 
NAA 
N&l 
ICP- 
NAA 
NAA 
NAA 

26159 
0.6 
9.3 
117 
42 

2353 
30 

2.3 
722 
33.6 

7.1 
16.6 

0.6 
2 

1.7 
11390 

16 
0.16 
1096 

27 
4.02 

14 
21 .o 

4175 
31 
2.4 
6.5 
2.6 

790 
79 

0.41 
0.306 

4.7 
1556 
1.29 

42 
1.15 

26 
53 

56567 
0.6 
5.6 

316 
.AE 1.6 

6 
21132 

69 

29500 
0.6 
9.3 
120 

41 
2410 

29 
2.3 

756 
34.3 

6.7 
16.5 
0.52 
1.62 

1.6 
,lllOO 

15 
0.17 
1150 

26 
3.65 

12 
19.4 

4110 
30 
2.4 
6.3 
2.6 

626 
65 

0.42 
0.311 

4.5 
1630 
1.26 

44 
1.06 

26 
53 

59600 
0.4 
4.7 

372 
2.5 

2 
134W 

67 

95 
101 
100 

97 
103 

96 
102 

99 
95 
99 

106 
113 
110 
104 

95 
103 
104 
104 

95 
95 

104 
116 
106 
102 
104 
101 
103 
101 

95 
93 
97 
99 

106 
95 

101 
95 

107 
96 
99 
96 96 2.3 

162 146 9.3 
123 116 5.7 

66 
72 

230 207 10.7 
156 
102 
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Table F2-6. Coal Standard Reference Material Analysis Results for Metals 

Meas’d Ref Value Recov DIJD Recov RPD 
Sample ID Analyte 
SARM 20 Cesium 
SARM 20 Chromium 
SARM 20 Cobalt 
SARM 20 Copper 
SARM 20 Europium 
SARM 20 Hafnium 
SARM 20 iron 
SARM 20 Lanthanum 
SARM 20 Lead 
SARM 20 Magnesium 
SARM 20 Manganese 
SARM 20 Mercury 
SARM 20 Mercury 
SARM 20 Nickel 
SARM 20 Phosphorus 
SARM 20 Potassium 
SARM 20 Rubidium 
SARM 20 Samarium 
SARM 20 Scandium 
SARM 20 Selenium 
SARM 20 Sodium 
SARM 20 Strontium 
SARM 20 Tantalum 
SARM 20 Terbium 
SARM 20 Thorium 
SARM 20 Tin 
SARM 20 Titanium 
SARM 20 Uranium 
SARM 20 Vanadium 
SARM 20 Ytterbium 
SARM 20 Zinc 
SARM 20 Zirconium 

Method (mg/kg) (mg/kg) (%Recl 
NM 2 2 
NAA 71 67 
NAA 6.4 6.3 
NAA 44 16 
NM 1 1 
NAA 5.5 4.6 
NAA 6253 6160 
NM 46 43 
ICP-AE 27 26 
NM 3265 2600 
NAA 64 60 
NAA 0.44 0.25 
DGA/CV 0.25 0.25 
NM 25 25 
ICP-A5 630 611 
NAA 2126 1160 
NAA 13 10 
NAA 5.5 6.3 
NAA 12 10 
NAA 2.0 0.6 
NAA 2005 2000 
N/U 262 330 
NAA 1.2 1.2 
NAA 1.0 0.9 
NAA 19 16 
NAA 20 4 
NAA 3369 3760 
NAA 5 4 
NAA 50 47 
NAA 0.3 2 
N/U 52 17 
NAA 266 160 

9s 
106 
102 
244 
122 
114 
101 
107 
104 
126 

60 
176 
loo 

99 
103 
163 
127 

67 
124 
244 
100 

65 
99 

116 
103 
500 

so 
121 
106 

15 
306 
146 

‘(% Ret) (‘A Ret) 

256 4.9 

110 2.9 

119 5.4 
63 3.7 

149 16.7 

66 0.6 

106 7.5 

67 3.0 
127 4.7 
103 3.2 
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Table FZ-9. Ash Recovery Data for Metals by ICPES and AAS 

RRSUk Rd Value Recovery 
lw/ks) 
142000 

Ow/W 1%) 
143000 99 
143000 99 
143000 SE 
143000 97 
143000 100 
143000 97 
143000 92 
143000 99 
143000 97 
143000 99 
143000 97 
143000 SE 

145 125 
145 130 
145 126 
145 127 
14.5 69 
145 a3 
145 a3 
145 76 
145 65 
145 69 
145 65 
145 76 

1500 65 
1500 07 
1500 87 
1500 88 
1500 08 
1500 65 
1500 65 
1500 65 
1500 SS 
1500 89 
1500 69 
1500 88 

12 137 
12 136 
12 133 
12 135 
12 136 
12 137 
12 137 
12 137 
12 130 
12 132 
12 137 
12 133 

11100 96 
11100 96 
11100 96 

AllZdytl3 
Aluminum 
Aluminum 

Aluminum 
Aluminum 

Aluminum 

Aluminum 

Aluminum 
AISWlk 
Arsenic 
Anenic 
Arsenic 
AnWlk 
Arsenic 
Arsenic 
Arsenic 
Arsenic 
Anonic 
Arsenic 
Anenic 
Buium 
Barium 
Batkml 
Barium 
Barium 
Barium 

6mium 
Barium 
Barium 
Buium 

Beryllium 
Beryllium 
Boyllium 
Beryllium 
Beryllium 
Eeryllium 
Beryllium 
Ewyllium 
Beryllium 
Beryllium 
Beryllium 
Bwyllium 
Calcium 
Calcium 

Method c 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
GFMS 
GFAAS 
GFMS 
GFAAS 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPEB 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPEB 

141000 
140000 
139000 
143000 
139000 
131000 
141000 
139000 
141000 
139000 
140000 

181 
186 
163 
164 

99.6 
121 
121 
110 

94.3 
99.6 
94.3 
110 

1270 
1310 
1310 
1320 
1320 
1270 
1260 
1260 
1330 
1340 
1340 
1320 
16.4 
16.3 
15.9 
16.2 
16.3 
16.4 
16.4 
16.4 
15.6 
16.6 
16.4 
15.9 

10900 
10700 
10700 
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Appcndir F: @A/QC Results 

Table F2-9. Ash Recovery Data for Metals by ICPES and AAS 

(w/kg) 
10600 

9650 
10600 
11300 
10900 
106W 
11400 
10600 
10600 
10600 
10600 

179 
163 
165 
165 
179 
181 
I?7 
161 
163 
180 
181 
I76 

98400 
91100 
69500 
92700 
94600 
96200 
93100 
69500 
920w 
94600 
96200 
94000 
92000 
99900 

59.6 
58.7 
64.3 
44.7 
44.7 
64.3 
53.3 
43.3 
53.3 
43.3 
51.6 
51.6 
49.5 
53.3 

Result Ret Value Recovery 
(%, 
95 
ES 
95 

102 
98 
97 

103 
95 
95 
97 
95 
91 
93 
94 
94 
91 
92 
so 
92 
93 
92 
92 
91 

105 
97 
95 
99 

101 
102 

99 
95 
SE 

101 
102 
1w 

96 
106 

63 
62 
89 
62 
62 
69 
74 
60 
74 
60 
72 
72 
69 
74 

PWW 
11100 
11100 
11100 
11100 
1llW 
11100 
11100 
11100 
11100 
11100 
IllW 

1% 
196 
196 
196 
1% 
1% 
196 
196 
196 
196 
1% 
196 

94000 
94000 
94000 
94000 
94000 
94000 
94ow 
94000 
94000 
wow 
94000 
94000 
94000 
94000 

72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 

Analyte 
Calcium 
Calcium 
Calcium 
Calcium 
Calcium 
Cakium 
Cakium 
C&ClUlll 
Calcium 
Cakium 
Calcium 
Chmmium 
Chromium 
Chromium 
Chromium 
Chromium 
Chmmium 

Chromium 
Chmmium 
Chromium 
Chromium 
Chmmium 
IWll 
Iron 
IWl 
IfOIl 
IlOll 
IWll 
IWfl 
IrOn 
IWl 
Iron 
IrnIl 
IrOll 
IMl 
Imn 
Isad 
Lad 
Lead 
Lead 
Lead 
Lead 
Lead 
Lead 
Lwad 
Lead 
Lead 
Lead 
Lead 
Lead 

Method cc 
ICPES 
ICPES 
ICPES 
ICPES 
ICPEB 
ICPES 
ICPEB 
ICPES 
ICPES 
ICPES 
ICPES 
ICPEB 
ICPES 
ICPEB 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPEB 
ICPEB 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
GFAAS 
GFAAS 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
GFAAS 
GFAAS 
GFAAS 
GFAAS 

,de 
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Ap/xndir F: QMQC Results 

Table FZ-9. Ash Recovely Data for Metals by ICPES and AAS 

And@0 
Magnesium 
Magnesium 
Magnesium 
Magnesium 
Magnesium 
Magnesium 
Magnwium 

Ma&ium 
Magnesium 

thgmere 

M.&ne*e 
Mmlgan.ro 

Mangm9s.a 
Mmgm*se 
Mangan*sl3 
thlgml*se 
Mangmese 
Nkkol 
Nickel 
Nick.1 
Nkkd 
Nickel 
Nickel 
Sodium 
Sodium 
Sodium 
Sodium 
Sodium 
Sodium 

Sodium 
Sodium 
Stmnbum 
Slmntium 
Strontium 
Stmntium 
Strontium 
Strontium 
Strontium 
Strontium 
Strontium 
Strontium 
Strontium 
Stmntium 

Method code 
ICPES 

Result Ref Value Recovery 
(fw/W (fw/W w 

4160 4550 91 
ICPES 4140 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
GFMS 
GFMS 
GFAAS 
GFAAS 
GFMS 
GFAAS 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 

4250 
4500 
4246 
4260 
4260 
4250 
4240 
4140 

174 
160 
174 
172 
175 
176 
174 
160 
175 
173 
172 
167 
129 
131 
123 
124 
124 
132 

2360 
2410 
2450 
2360 
2440 
2440 
2390 
2450 
2410 
2360 

793 
604 
793 
799 
799 
799 
604 

601 
606 
606 
760 

7950 

4550 91 
4550 93 
4550 99 
4550 93 
4550 94 
4550 94 
4550 93 
4550 93 
4550 91 

179 97 
179 101 
179 97 
179 96 
179 96 
179 96 
179 97 
179 101 
179 96 
179 97 
179 96 
179 93 
127 102 
127 103 
127 97 
127 9s 
127 96 
127 104 

1700 140 
1700 142 
1700 144 
1700 139 
1700 144 
1700 144 
1700 141 
1700 144 
1700 1,42 
1700 140 

630 96 
630 97 
630 96 
630 96 
630 96 
630 96 
630 97 
630 97 
630 97 
630 97 
630 97 
630 92 

6000 99 
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Appmdiz F: @i/QC Rtwlts 

Table F2-9. Ash Recovery Data for MetaIs by ICPES and AAS 

Result Ret Value Reccvely 
Analyte 
Titanium 
Titanium 
Titanium 
Tiinium 
Titanium 
Titanium 
Titanium 
Titanium 
Titanium 
Titanium 
Titanium 
Titanium 
Titanium 
Titanium 
Titanium 
Titanium 
Titanium 
Zinc 
Zinc 
Zinc 
Zinc 
Zinc 
Zinc 
Zinc 
zinc 
zinc 
zinc 
Zinc 
Zinc 

Summary 

Arsenic 
Barium 
Beryllium 
Calcium 

Iron 
Lead 

Method 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
GFAAS 
GFAAS 
GFAAS 

Mmganere 
Sodium 
Strontium 
Titanium 
Zinc 
AW”k 
Lead 
Nickel 

Method code (WW 
ICPES 6060 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 

7610 
6076 
7660 
6060 
7950 
7610 
76.60 
7665 
7952 

7660 
7676 

7660 
7951 
7657 

197 
169 
193 
193 
197 
169 
196 
193 
193 
166 
196 
167 

No. of 
RMUltS 

12 
6 

12 
12 
14 
12 
14 

6 
10 
12 
10 
12 
16 
12 

4 
6 
6 

(w/W (%I 
6000 101 
6000 96 
6000 101 
WOO 98 
6000 101 
6000 99 
6000 98 
moo 98 
6000 96 
6000 99 
8000 99 
WOO 99 
6000 98 
6000 98 
6000 98 
8000 99 
6000 98 

220 90 
220 66 
220 88 
220 80 
220 so 
220 66 
220 69 
220 88 
220 88 
220 65 
220 69 
220 66 

Mean Min MGi Std Dev 
(% Ret) (% Ret) (% Flee) (% Ret) 

96 92 100 2.1 
73 65 63 7.6 
a7 65 89 1.7 

135 130 137 2.4 
97 89 103 3.3 
92 so 94 1.3 

100 95 106 3.3 
71 60 69 12.4 
93 91 99 2.3 
97 93 101 2.0 

142 139 144 1.9 
96 92 97 1.6 
99 96 101 1.1 
87 85 90 1.7 

127 125 130 2.0 
75 69 63 5.7 

100 97 104 3.1 
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Ap~endk F: QA/QC Resulrs 

Table F2-10. PSD Ash Recovery Data for Metals 

Sample ID Ana1yte Method 

NIST 1633a 
NIST 1633a 
NIST 1633a 
NIST 1633a 
NIST 1633a 
NIST 1633a 
NIST 1633a 
NIST 1633a 
NIST 1633a 
NIST ,633~~ 
NIST 1633a 
NIST 1633a 
NIST 1633a 
NIST 163% 

Antimony 
Arsenic 
Beryllium 
Cadmium 
Chromium 
Cobalt 
Copper 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
Vanadium 

ICPMS 
ICPMS 
ICPMS 
ICPMS 
ICPMS 
ICPMS 
ICPMS 
ICPMS 
ICPMS 
ICPMS 
ICPMS 
ICPMS 
ICPMS 
ICPMS 

Me&d 
img/W 

5.2 
128.6 

10.1 
0.5 

193.4 
33.5 

120.6 
64.5 

195.1 
0.3 

24.9 
94.3 
10.0 

253.5 

Ref Value 
Pwh) 

6.6 
145 

12 
1 

196 
46 

118 
72.4 
179 

0.16 
29 

127 
10.3 
297 

RK Dup Ret 
F4 W) 

76 76 
a9 88 
84 66 
51 60 
99 89 
73 66 

102 94 
89 66 

109 104 
179 133 

66 97 
74 69 
98 108 
65 62 

RPD 
w 

1.0 
0.7 
2.7 

16.7 
9.6 
7.3 
6.3 
0.7 
4.5 

29.7 
12.0 

6.8 
9.8 
3.7 
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Appendix F: @/QC Results 
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A~pendLr F: QA/QC Re.wh 
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Appcndk F: QAIQC Results 
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Appendix F: QA/QC Results 

Table F2- 12. Mercury Speciation Spike Recovery Data 

Sample ID Compound Method % Recovery 

Method Spike Mercury (0) Bloom 06 
Method Spike Mercury (II) Bloom 97 
Method Spike Methyl Mercury Bloom 106 
Method Spike Mercury (II) Bloom 94 
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&mdix F: Q./i/QC Resulrs 

Table F2-13. Coal Duplicate Sample Results for Metals 

Analyte 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Bromine 
Cadmium 
Calcium 
Cerium 
Cesium 
Chlorine 
Chromium 
Cobalt 
Copper 
Europium 
Hatnium 
Iodine 
IKKI 
larlrtranum 
Lead 
Lutetium 
Magnesium 
Mangenese 
-r--Y 
M-w 
Molybdenum 
Neodymium 
NIlSI 
Phosphorus 
Potassium 
Rubidium 
Samarium 
Scandium 
Selenium 
Silver 
Sodium 
Strontium 
Tantalum 
Terbttm 
Thorium 
Tin 
Titanium 
Tungsten 
Uranium 
Vanadium 
Ytterbium 

F-82 

Method 
NAA 
NAA 
NM 
NAA 
ICP-AES 
NAA 
NA4 

GE 
NAA 

K 
NM 
NAA 

;z 
NAA 

E 
ICP-AES 
NM 
NAA 
NAA 
DGAIcvAAs 
NM 
N&l 
NAA 
NAA 
ICP-AES 
NM 
NAA 

E 
NAA 
NAA 

LE 
NAA 
NAA - 

2 
NAA 
NAA 
NAA 
N&l 
NAA 

Duplicate Sample Results 
Sample ID: H201 /M2 H225/2?6 

Units Meas’d Meas’d 
mg/kg, dry 11964.9 11226.6 
mglkg, dry 1.3 1.4 
m&I. dv 23.4 42.7 
mglkg, dry 94.5 100.1 
mglkg, dry 1.9 2.1 
mglkg, dry 5.7 5.6 
mglkg, dry < 2.6 < 2.6 
mglkg, dry 1611.9 1509.0 
mgncg, dry 17.1 15.1 
mglkg, drY 1.4 1.1 
mglkg, dry 473.2 448.0 
mglkg, dry 14.7 16.2 
mg/kg. dry 5.9 6.3 
W%It dv 26.6 34.1 
mglkg, dry 0.3 0.3 
mg/kg. dry 0.7 0.7 
mtncg, dry 0.2 0.2 
w&h dry 14103.1 10368.6 
mma dry 9.7 9.7 
ww8 dry 6.0 7.0 
w/kg, dry 0.1 0.1 
w/kg~ dry 536.3 483.7 
mg/kQs dry 14.4 13.4 
mglkg. dry 0.2 0.1 
mglkg, dry 0.1 0.1 
mV% dw 3.2 3.3 
WM dry 11.1 11.6 
W&h dv 26.6 10.8 
mglkg, dry 170.0 140.0 
mg/kg. dry 622.7 860.0 
w/kg, dry 21.6 16.8 
w/kg, dry 1.7 1.8 
mglkg, drill 3.6 3.6 
mg/kg, dry 3.4 3.5 
W/kg, dv 0.2 0.2 
mglkg, dry 310.0 303.6 
n’WKI, dv 169.2 106.9 
Mm dw 0.2 0.2 
mglkg, dry 0.2 0.2 
WI/kg, dv 2.3 2.4 
mglkg, dry < 10.5 < 10.5 
mglkg, dry 739.1 7235 
mglkg, dry < 5.2 < 5.2 
mg/kQ, dry 1.9 1.6 
W/kg, dry 23.0 22.6 
mglkg, dry 0.3 0.3 

RPD 
6) 
6.3 
5.1 

58.5 
5.6 

10.0 
2.4 
0.4 

18.2 
12.2 
20.9 
5.5 

10.2 
5.2 

17.0 
4.0 
26 
8.8 

30.5 
0.3 

13.3 
1.1 

10.7 
7.1 

37.0 
15.0 

4.6 
4.3 
9.2 

19.4 
4.4 

26.1 
2.0 
3.7 
4.9 

11.0 
2.1 

55.6 
2.4 
0.7 
5.3 
0.4 
2.1 
0.4 

17.1 
1.6 
7.4 



Appendk F: Q,d/QC Results 

Table F2-13. Coal Duplicate Sample Results for Metals 

halyte 
Zinc 
Zirconium 
Moisture 
Carbon 
Hydrogen 
Nitrogen 
Sulfur 
Ash 
Omen 
Volatlles 
Fixed Carbon 
HHV 

Memod 
NAA 
NAA 
Ultimate 
Ultimate 
Ultimate 
Ultimate 
Ultimate 
Ultimate 
Ultimate 
Proximate 
Proximate 
Proximate 

Sample ID: 
Units 

mglkg, dry 
mslks, dry 
% 
%, dry 
%, dry 
%, dry 
%, dry 
%, dry 
%, dry 
%, dry 
%, dry 
Btu/lb, dry 

Duplicate Sample Results 
H2011202 H225/226 

Mear’d Meas’d 
17.5 16.5 
40.3 69.0 

4.3 4.7 
77.3 77.3 

4.9 5.0 
1.5 1.5 
1.8 1.6 
9.5 9.2 
5.0 5.4 

32.3 32.7 
56.2 56.1 

13726.0 13779.0 

RPD 
(“W 
6.0 

75.3 
6.2 
0.1 
0.8 
0.7 

12.9 
2.9 
7.7 
1.3 
0.3 
0.4 
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Apprndir F: QA/QC Rewlrs 

Table F2-14. Cotton Ash Duplicate Sample Results for Metals 

Analyte Method 

Run 2 
Result 

b-W%) 

Aluminum ICPES 108WO 
Antimony ICPES ND 
Arsenic GFAAS 5 
Barium ICPES 629 
Beryllium ICPES 19.7 
Cadmium GFAAS ND 
Calcium ICPES 4000 
Chromium ICPES 102 
Cobalt ICPES 61.5 
Copper ICPES 120 
Iron ICPES 102wo 
Lead ICPES 6.1 
Magnesium ICPES 3780 
Manganese ICPES 160 
Mercury CVAAS ND 
Molybdenum ICPES 2.74 J 
Nickel ICPES 88.7 
Phosphorus ICPES 526 
Potassium ICPES 21200 
Selenium ICPES 32J 
Silicon ICPES 211wo 
Silver ICPES ND 
Sodium ICPES 3390 
Strontium ICPES 679 
Thallium ICPES 4.34 J 
Titanium ICPES 6667 
Vanadium ICPES 200 
Zinc ICPES 51 

Run 2D 
Result 

(w/kg) 
RPD 
(%I 

131000 19.2 
ND NC 

4.13 19.1 
1020 20.7 
20.7 5.0 

0.478 J NC 
5640 32.3 

108 5.7 
57.1 7.4 
127 5.7 

113cQo 10.2 
19.9 106.2 

5690 40.3 
170 6.1 

ND NC 
10.9 J NC 

88 0.8 
670 24.1 

25200 17.2 
26 J NC 

216000 B 2.3 
ND NC 
3460 2.0 

875 25.2 
ND NC 
6932 4.0 

228 13.1 
51.3 0.6 
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Appendix F: QAIQC Results 

Table FZ-15. SVOC Intwnal Standard Recovwy Oat. 

Sample IO 
ESP Inlet Ga# 
H-3111281/P81212/277/278 
H-Ill/H-lOS/H-125 
Ii - 237123S/l811163/235/236 
H-417111~1419/908/291/35U953 
H-317/261/22W212t2?‘7/278 
H -237/299/181/1 W235/236 
H-Ill/H-IDS/H-l25 
H-417l418/4191306/2911952/359 
H-297/293/lBlH69/235/298 
H-Ill/H-IOWH-125 
H-4171418/4191906l2911352/959 
H-317/281/2901212l278 
n-417/4181419/906129le(52M53 
Ii-Ill/H-100/H-125 
H-237/299/181l16SR35/236 
H-317/261129(11212i277~278 
H-3171281123%?12/277l275 
H-Ill/H-IOSM-125 
H-417l418l4191906129(/952/353 
!4 -2S7l235/16)1l1(u11295/296 
H-9~712av2sal2w27711278 
H-237/295/181/169l235/296 
H-llWl-lDWH-j25 
n-417/416l4191906/29(1952/953 
H-317I281nscy212i277l278 
H -297l299/1~1l189/295/196 
H-111/H-109/H-125 
n-*17/41al4191506/1911952/359 
H-111/H-IWM-125 
n-3~7mw2w2~2i275 
H-25?/293/11)1/1(19R95/296 
H-417l4~61419~06/291C152/353 
H-317l281/256/212l278 
H-29712S5/1~11163/2S51298 
H-417141~/4191906Rg(C15u953 
H-Ill/H-lDSlti-125 
n-4171418/419190812911952/959 
n-s~7mmw2w2nl275 
H-237~SSll6lll~S~S5/29s 
H-111/H-lOSM-125 
H-Ill/H-IDS/H-l25 
H-4171418l4191306/291/352/353 
H-297/293/1811169/29512~ 
H-3171281/2901212/277l279 
~-237l299/~81l163/2351238 
H-417/418/4191906/2911352/353 
H-111/H-IOSIH-125 
H-317/281&?38l2121277l278 
H-237/259/16V163,%255/298 
H-417/418l419lSW29ll352/353 
H-Ill/H-109/H-125 
H-317/261l2381212l277l27E 

COmpoUnd 

Aoenephlhene-dl0 14 
Aewmphthone-dl0 2 
AcenqMhw,.-dl0 17 
Acarmphthww-dl0 15 
Ac*naphthykne-d8 11 
Acanaphthyl.n.-d8 4 
Acwuphthykned8 6 
Aoanaphthytene-d8 18 
Anthmcwte-dl0 6 
Adhmowm-dlo 8 
Anthmoma-dlo 22 
Anthmceno-dlo 26 
BenzolaJpynne-dl2 4 
B~nzo[a]pymn.-dl2 14 
Bwtro(a]pynn~-dl2 3 
B.nzo(a]pymne-dl2 11 
B4nzo[b&k]tlUomnthanr-d12 29 
BOnZO[b6k]ttUomnthwtn-d12 22 
BWIZO[b6k]flUomnthwtr-d12 1 
BOnZO[bak]~Uom~th~nn-d12 13 
B.nZo(gh~pwyt.ne-d12 12 
B~nZo[ghi]pwykn4-dl2 6 
Bwtzo(ghi]pwyten~-dl2 12 
B*nzo[ghijpwyhne-dl2 0 
Bwtz[a]anthmo~n+dl2 9s 
Bww(a]antimowm-dl2 29 
Bwm[a]anthmowm-dl2 17 
B~nr[a]wahmwno-dl2 *5 
Chfyune-dl2 17 
Chyuna-dl2 35 
Chtyune-dl2 37 
Chyune-dl2 5 
D~nz[~.h]4n~mo~n~-dl4 15 
Dlbwtr[a.h]anthmoww-dir 5 
Dlb4nz[4.h]4n~mc~n~-drr 0 
Dlb*nz[~.h]4nthmo*n4-d14 15 
Ftuomnthww-dlo 17 
FkIOmnthwm-dl0 34 
flUomnth,n,-dl0 49 
fluomnthano-dlo 12 
flUOmn4-dl0 3 
FkIOmn4-dl0 19 
Fluomne-dl0 22 
Ftuomtm-dl0 19 
Ind~noll.2.3-cdlpynne-dl0 5 
Ind4no[l.2.3-cd]pymn~-dlO 1 
Indeno[l.2.3-cd]pymne-dl0 16 
lndenoIl,2.3-cdlpynne-dl0 14 
Phm’mnthmw-dl0 41 
Phenanthmno-dl0 28 
Phwmnthnne-dl0 7 
Ph4rmnthnna-dl0 40 

% Rec. 
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Appcndir F: @UQC Results 

Table F2-15. BVOC lntemal Standard Recovey Data 

Sampk ID 
ESP Inlot &r 
H-417l4151419/906l29291/9521959 
H-317/25112S5l212/277K!75 
H-IIIIH-IWfH-125 
H -237/293/1511153/295/2S5 
Stack Gu 
Ii-227/194l119/229,224 
H-S55iS141292i354lS55 
H-318/225/211/279/250 
H-227l194ll19/22a/224 
H-318/229/2111279/250 
H-S55lS14/292lS54@55 
H-S5WSlU292tS54~55 
H-3w225l211/279l250 
n-227ll94lll9l22al224 
H-388/9141292/99.4K355 
H-315l225l211/279,250 
H-227/194l119/2291224 
H-915/2251211/279/250 
H-a5wa1uwwa~55 
H-2271194l1~9/22S,224 
H-227ll94/1~9/22Sl224 
H-955lS14/292lS54@55 
H-315/225/211/279,?250 
H-S55lS14/292/954lS55 
H-227ll94i1w22al224 
H-91Lv225l2l1/279/250 
H-S59lS14/292/554/955 
H-2271194/119l22Sl224 
H-315/225l2l1/279/290 
H-227ll94lllW22S&?24 
Ii-315/225/2l1/279/250 
H-S59lS14/292/954/355 
H-2271194l119&!25,224 
H-S5WS1U292lS54/555 
H-315/225/2111279/250 
H-a59lS14/292/S54/S55 
H-2271194/119/229/224 
H-a15/225/211/279/250 
H-227l194lll9l22al224 
H-355/514/292&354/S55 
H-315l229/2111279l250 
H-227/194l119l229/224 
H-915/2251211/279/50 
H-355la14/292la54la55 
H-227llWlWl22ai224 
H-SlW2251211/2791250 
H-388/914/292/354/S55 
MM5 Tlip Spika 

Compound % Rec. 

Pynne-dl0 
Pymno-dl0 
Pymne-dl0 
Pymne-dl0 

Ao5n~hthwtedlO 
AC.~httwm-dl0 
Ao5fmphthwm-dl0 
Ao5~hthytwm-dB 
Aowmphthykned5 
A#tmpbthykn5-d5 
AM--d10 
Anth-e-d10 
Anth-o-d10 
B5nzO[5]pymne-dl2 
Benzo[5]pymn,-dl2 
Benro(4]pynne-dl2 
B5NOlbak]5uomnth.nn-d12 
B~nzo(bak]5uomnlh~nr-d12 
B~nzo(bak]5uomnth4nr-d12 
Bwtzo[9bQpwyten5-d12 
B5nzo[ghilpwyhn.-dl2 
85nro[9Mjpwytene-d12 
Bwu[5]5ntbmc5no-d12 
B5ntl5]5nthmc.n.-dlP 
Bonz[5]5nthmowm-dl2 
ChyrM-dl2 
Chyune-dl2 
Chryun+dlP 
Dlbwu[&h]5nthmcen5-d14 
Dib5nr[5,h]5nthmc~n+dl4 
Dib5nr[5.h]5nchmo~n~-dl4 
Ftuomnthwm-dl0 
Ftuomnttwm-dl0 
FlUwudtwm-dl0 
fluomw-dl0 
fluonnn-dl0 
Ftuomne-dl0 
Ind.no[lS.S-cdlpymm-dl0 
Ind.no(l.2.3-cd]pynn+dlO 
lnd~noll.2.S-cd]pynn~-dl0 
Pharmnthmne-dl0 
Phwmnthmne-dl0 
Phwmnthmw-dl0 
Pyreno-dl0 
Pynne-dl0 
Pynne-dl0 

AwUpMhww-dl0 
Aowmpbthytwm-d5 
Anthmowm-dl0 
89ntol~]pymne-dl2 

19 
37 
1s 
53 

55 
50 
52 

2 
45 
57 
a9 
45 

1 
22 
47 

0 
65 
51 
a2 
15 
2s 
31 
74 

a 
51 
79 
74 
7s 
19 
a7 
25 
4s 
5s 
5s 
51 
97 
52 
IS 
25 
as 
44 
48 
55 
31 
59 
50 

55 
57 
60 
97 
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Appendir F: QA/QC Raults 

Table F2-15. SVOC lntemel Standard Recovery Date 

Sample ID 
ESP Inlet Gee 

MM5 lab Spike 

Compound 

Benzo[b6k]ttuomnthenee-dl2 
Benzo(ghi]perylene-d12 
Benz(e]enfhmcene-d12 
Chtyeene-d12 
Dibenz[e.h]enthmcene-d14 
fluomnthene-dl0 
Fluomne-dl0 
Indeno[l.2.3-cdjpyrene-dl0 
Phenenthmne-dl0 
Pymno-dl0 

MM5 Lab Bienk 

Acenephthone-dl0 51 
AcenqMhylene-d5 55 
Anthmcene-dl0 54 
Benro[e]pymne-dl2 71 
Benro[b6k]6uomnthener-d12 75 
Benro[ghi]perylene-d12 77 
Benz[e]enthmcene-d12 65 
Chryeene-dl2 69 
Dlbenr[e,h]enthmcene-d14 50 
Fluomnthene-dl0 54 
Ruonne-dl0 67 
Indeno[l.2.3-cdlpymno-dl0 n 
Phenenthmne-dl0 54 
Fynno-dl0 56 

Acenephthene-dl0 
Acen4phthylene-d5 
Anthmcene-dl0 
Benro[a]pyrene-d12 
Benro[b6k]6uomnthenes-d12 
Benzo[ghi]perylene-d12 
Bonr[e]anthmcene-dl2 
Chryeene-d12 
Dibenr[e.h]enthmcene-d14 
Fluomnthene-dl0 
Fluorine-dl0 
Indeno[l,2.3-cdlpyrene-dl0 
Phenenthnne-dl0 
Pyrene-dl0 

101 
111 
10% 

55 
99 
55 
95 
67 
55 
63 
79 
63 
99 
57 

% Rec. 

77 
52 
57 
n 
69 
72 
79 
55 
60 
75 
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&w&F: @UQCResuh 

Summary for ESP and Stack Gas 

Acenephthene-dl0 
AcenepMhybne-d5 
Anthmoene-dl0 
Benzo(e]pymne-dl2 
Benzo[bak]tluomnthenee-d12 
q enzo[ghi]perylene-d12 
Benr[e]enthmcene-dl2 
Chryeene-dl2 
Dibenz[&h]enthmcene-d14 
Fluomnthene-dl0 
Fluorine-dl0 
lndeno[l.2.3-cd]pymne-dlo 
Phenenthmne-dl0 
Pynne-dl0 

NO. Of Mean 
Results (% Ret) 

7 a4 
7 15 
7 21 
7 15 
7 so 
7 14 
7 a5 
7 4% 
7 17 
7 as 
7 4% 
7 16 
7 a5 
7 as 

Min 
(% Ret) 

2 
2 
1 
0 
1 
0 
a 
5 
0 

12 
a 
1 
7 

is 

65 
45 
45 
47 
66 
al 
61 
79 
a7 
63 
97 
a5 
55 
60 

Std Dev 
(% Ret) 

27.5 
17.5 
17.1 
16.1 
22.5 
10.3 
al.4 
29.5 
12.7 
15.7 
35.6 
11.6 
15.5 
19.1 
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Appendix F: QA/QC Resuh 

Table F2- 16. SVOC Trip Spike and Lab Spike Recovery Data 

Sample ID Compound 
MM5 Trip Spike 

5-methyl chrysene 
7H-dibenzo[c,g]carbazole 
Acenaphthene 
Acenaphthylene 
Anthracene 
Benzo[a]pyrene 
Benzo[b,j&k]fluoranthenes 
Benzo[ghi]perylene 
Benz[a]anthracene 
Chrysene 
Dibenzo[a,e]pyrene 
Dibenzo[a,h]pyrene 
Dibenzo[a.i]pyrene 
Dibenz[a,h]acridine 
Dibenz[a,h]anthracene 
Dibenr[a,i]acridine 
Fluoranthene 
Fluorene 
Indeno[l,2,3-cdlpyrene 
Phenanthrene 
Pyrene 

MM5 Lab Spike 
5-methyl chrysene 
7H-dibenzo[c,g]wbazole 
Acenaphthene 
Acenaphthylene 
Anthracene 
Benzo[a]pyrene 
Benzo[b,j&k]fluoanthenes 
Benzo[ghi]perylene 
Benz[a]antJ?racene 
Chrysene 
Dibenzo[a.e]pyrene 
Dibenzo[a,h]pyrene 
Dibenzo[a,i]pyrene 
Dibenz[a,h]acridine 
Dibenz[a,h]enthracene 
Diienz[a.i]acridine 
Fluoranthene 
Fluorene 
Indeno[l,2,3-cdlpyrene 
Phenanthrene 
Pyrene 

% Rec. 

93 
70 
87 
90 
95 
87 
95 
91 
89 

103 
62 
23 
49 
91 
91 

107 
92 
98 
85 

117 
91 

83 
102 
loo 
94 
98 
89 
84 
72 
81 
76 
87 
64 
79 
88 
82 
97 
80 
96 
85 
89 
84 
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Appendix F: Q,UQC Resulrs 

Table F2-17. SVOC Surrogate Spike Recovery Data 

Sample ID 
ESP Inlet Gas 

Compound % Rec. 

Ii-237/233/1811163/2351236 Biphenyl-dl0 
Ii-Ill/H-lOD/H-125 Biphenyl-dl0 
H-317/2611236/212/277/276 Biphenyl-dl0 
H-417/418/419/306/291/352/353 Biphenyl-dl0 
Ii-237/233/1811163/235/236 Hexachlorobenzene-13C6 
H-317/2811236/21 2/277/278 Hexachlorobenzene-13C6 
H-111/H-109/H-125 Hexachlorobenzene-13C6 
ti-417/416/419/306/291/3521353 Hexachlombenzene-13C6 
H-111/H-lOD/H-125 Petylene-d12 
H - 237/233/181/163/235/36 Perylene-d12 
H-317/281/238/212/277/278 Perylene-d12 
H -417/418/41 S/306/291 I3521353 Perylene-dl2 
Stack Gas 
H-227/194/119/223/224 Biphenyl-dl0 
l-l- 368/314/292/354l355 Biphenyl-dl0 
H-316/226/211/279/260 Biphenyl-dl0 
H-366/314/2D2/354/355 Hexachlorobenzene-13C6 
H-316/226/211/279/260 Hexschlorobenzene-13C6 
H -227/194/l 19/223/224 Hexachlombemene-13C6 
H-316/226/21 l/279/260 Petylene-dl2 
l-l -365/314/292/354/355 Petylene-dl2 
H-227l194/119/223/224 Perylene-dl2 
MM5 Tdp Spike 

Biphenyl-dl0 
Hexachiorobenzene-13Cb 
Pelylene-dl2 

MM5 Lsb Spike 
Biphenyl-dl0 
Hexschlorobenrene-13C6 
Perylene-dl2 

MM5 Lab Blank 
Biphenyl-dl0 
Hexachlorobenzene-13C6 
Perylene-d12 

102 
530 
153 
126 

66 
106 
160 
115 
92 
42 
19 

0 

SIB 
146 
138 
106 

87 
73 
63 

0 
0 

125 
95 

126 

137 
116 
136 

116 
102 
114 

Summary for EBP and Stack Gas 

Biphenyl-dl0 
Hexachlorobenzene-13C6 
Perylene-dl2 

N&of Mean Min Max Std Oev 
Results (% Ret) (% Ret) (% Ret) (% Ret) 

6 260 102 916 293.4 
8 101 66 160 29.5 
8 43 0 126 47.4 
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Appendir F: QAIQC Results 

Table F2- 18. VOST Method Spike Recovery Data 

Compound 
Methylene Chloride 

MSD 
(77 kc) 

130 

Mean 
(% Ret) 

130 

RPD 
(9 
0.0 

1,2-Dichloroethane 130 130 130 0.0 
1,3-Dichlorobenzene 128 130 129 1.6 
1 ,1,2,2-Tetrachloroethane 128 128 128 0.0 
trans-1,2-Dichloroethene 128 128 128 0.0 
1.2-Dichlorobenzene 127 127 127 0.0 
Tetrachloroethene 128 125 126 0.8 
Trichlorofluoromethane 126 125 128 0.8 
Chloroform 128 123 125 2.4 
Chlorobenzene 125 123 124 1.6 
1 ,l -Dichloroethane 123 123 123 0.0 
1.4-Dichlorobenzene 123 122 123 0.8 
Ethyl Benzene 122 122 122 0.0 
o-Xylene 122 121 122 0.8 
Acetone 120 121 121 0.8 
1,l -Dichloroethene 119 120 129 0.8 
Styrene 119 120 120 0.8 
4-Methyl-2-Pentanone 114 120 117 5.1 
2- Butanone 108 119 114 9.7 
Carbon Tetrachloride 103 118 110 11.9 
Bromodichloromethane 103, 116 110 11.9 
Bromoform 102 114 108 11.1 
1 ,1,2-Trichloroethane 100 111 108 10.4 
1 .l ,l -Trichloroethane 99 107 103 7.8 
Dibromochloromethane 99 105 102 5.9 
Chloroefhane 93 105 99 12.1 
Trichloroethene 93 104 99 11.2 
lrans-1,3-Dichloropropene 92 103 98 11.3 
cis- 1.3-Dichloropropene 92 99 96 7.3 
2-Hexanone 91 97 94 8.4 
Benzene 89 95 92 6.5 
1.2-Dichloropropane 89 95 92 6.5 
Bromomethane 89 94 92 5.5 
m,p-Xylene 86 92 89 6.7 
Vinyl Chloride 70 91 81 26.1 
Vinyl Acetate 50 88 69 55.1 
Chloromethane 49 84 67 52.6 
Carbon Disuffide 49 44 47 10.8 
Toluene 142 137 140 3.6 
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Appcndir F: Q.A/QC Retults 

Table F.2-19. VOST Surrogate Spike Recovery Dote 

Semple 
Stack Ges. 20L VOST Sur 
Stack Gas, 20L VOBT Bur 
Stick Gas, 20L VOST Sur 
Slack Gas, 20L VOST SW 
Steck Gas, POLVOST SW 
Stack Gas. 20L VOST Bur 
S&k Gee, 20L VOST Sur 
Steck Gas, 20LVOST Sur 
Stack Gee. MLVOST SW 
Stack Gas. 20LVOST Sur 
Stack Gas, POLVOST Sur 
Steck Gee. 20LVOST Sur 
Steck Gee. 20LVOBT SW 
Steck Ges, 20LVOST SW 
Steck Gee. 20LVOST SW 
Stock 0~. 2OLVOST Bur 
Steck Ges. 20L VOST SW 
Steck Gas, POLVOST SU 
Shok Ges, 2OLVOST SW 
Shck Ges. 20L VOST Sur 
Shck Ges. 2OLVOST Sur 
Steck Gas. 20LVOST SW 
Slack Gee. 20L VOST Sur 
S&k Ger. 20LVOST Sur 
Steck Ges. 20LVOST Sur 
Stack GM, 20LVOST SW 
Stack Gee. 20LVOST SW 
Stack Gee. 20LVOST Sur 
Stack Gee. 20LVOST Sur 
Stack Ges. POLVOST Sur 
VOST Leb 8lenkl SW 
VOST lab Elenkl Sur 
VOST Lab Blank1 SW 
VOST Lab Blank2 Bur 
VOST lab Blank2 SW 
VOST Lab Blank2 Sur 
VOST Lab Blank3 Sur 
VOST Leb Blank3 SW 
VOST Leb Blenk3 SW 
VOST Moth Bpkl Sur 
VOST Meti Spkl SW 
VOST Me61 Spkl Sur 
VOST Moth Spk2 SW 
VOST Moth SpkP Sur 
VOST Moth Spk2 Sur 

Compound % Recovery 
1,2-Dichloroethene-d4 92 
l.P-Dichloroethene-d4 105 
1.2-Dichloroethene-d4 106 
1.2~Dichloroethme-& 115 
1.2-Dichloroethene-d4 126 
1,2-Dichloroethae-d4 105 
1.2-Dichloroethene-d4 120 
l.P-Oichloroethme-d4 123 
1,2-Dichloroetienevl4 126 
1.2~Dichloroethene-d4 126 
4-Bromofluorobenzene 100 
4-Bromofnuorobenme 83 
4-Bromofluorobenznre 62 
4-Bromofluorobenzne 96 
4-Bromofluombenzene 96 
4-Bromofworobenrae 65 
4-Bromofluorobenzene 113 
4-Bromofluorobenzene 65 
4-Bromofluorebenzene 117 
4-Bromofluombenzene 109 
Toluene-d6 81 
Toluene-d6 87 
T&one-d6 84 
Toluene-d6 92 
Toluene-d6 92 
Toluene-d6 86 
Toluene-d6 93 
Toluone-d6 a2 
Toluene-d6 97 
Toluene-d6 60 
l.P-Dichloroeti~ene-d4 93 
4-Bromofluorobenzene 76 
Toluene-d6 96 
1.2-Oichloroeihane-d4 95 
4-Bromofluorobenzene 78 
Toluene-d6 96 
1.2-Dichloroethene-d4 126 
4-Bromofluorobenzene 99 
T&one-d6 91 
1.2-Dichloroethene-d4 118 
4-Bromofluorobenzene 84 
Toluene-d6 115 
1.2-Dichlomethene-d4 96 
4-Bromofluorobenzene 84 
Toluene-d6 116 

1.2-Dichlotoethene-d4 
4-Sromofluorobenzene 
Toluene-d6 

Number Mean Min 
of Results W RlyJ (% Roe) 

15 92 126 
15 93 76 117 
15 93 80 116 
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Ap/xwdir F: QAfQC Results 

Table F.2-20. Spike Recovery Data for Aldehydee in Gas Samples 

Sample ID Compound Method % Recovery 
Stack gas, impingers LCS Acetaldehyde HPLC 100 
Stack gas, impingers LCS Formaldehyde HPLC 89 
Stack gas, impingers Trip Spike (H-389) Formaldehyde HPLC 83 
Stack gas, impingers Trip Spike (H-369) Acetaldehyde HPLC 81 
Stack gas, impingers Matrii Spike (H-307) Acetaldehyde HPLC 92 
Stack gas, impingers Matrix Spike (H-307) Formaldehyde HPLC 90 
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APPENDIX G: PROCESS STREAM FLOW RATES 
AND FLUE GAS SAMPLING DATA 
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Appmdiz G: Process Stmam Flow Rates and Flue Gar Sampling Dam 

Table G-l 
Process Stream Flows at Site 16 - OFA Test 

Stream Mean Flow Rate 

Coal (Ib/hr, wet) 346,000 

Std. Dev. 

3,800 

source 

Measured* 

Coal (Ib/hr, dry) 330,000 

Bottom Ash (lb/hr, dry) 6,770 

ESP Hopper Ash (lb/hr, dry) 27,100 

ESP Inlet Gas (dscfm) 1.290.000 

3,900 Calculatedb 

790 Calculated’ 

3,200 Calculated’ 

28,000 Measuredd 

Stack Gas (d&m) 1,110,000 61,008 Measuredd 

’ Available from plant meters. 

b Calculated from wet coal flow rate and moisture content. 

’ Calculated assuming a 80:20 fly ash to bottom ash split of coal ash flow. 

d Average of gas flows measured during multi-metals and semivolatiles sampling, when 
duct was traversed. 
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Appendix G: Process Srream Flow Rates and Flue Ga Sampling Data 

Table G-2 
Process Stream Flows at Site 16 - OFA/LNB Test 

Stream Mean Flow Rate Std. Dev. Source 

Coal (lb/hr, wet) 328,000 

Coal (lb/hr, dry) 315,000 

Bottom Ash (lb/hr, dry) 7,060 

ESP Hopper Ash (lb/hr, dry) 23,700 

ESP Inlet Gas (dscfm) 1,250,OOO 

Stack Gas (dscfm) l.OSO,OOO 

1,200 Measured’ 

2,100 Calculatedb 

1,800 Calculated’ 

1,100 Calculatedd 

18,000 Measured’ 

7,600 Measured’ 

’ Available from plant meters. 

b Calculated from wet coal flow rate and moisture content. 

’ Calculated as the difference between coal ash rate and ESP inlet ash rate. 

d Calculated as the difference between the ESP inlet ash rate and the stack ash rate. 

’ Average of gas flows measured during multi-metals and semivolatiles sampling, when 
duct was traversed. 
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Appendix G: Proms Stream Flow Rates and Flue Gm Sampling Data 

OFA Test Flue Gas Sampling Data 
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Appendix G: Process Srream Flow Rntu and Flue Gar Sampling Dam 

3/5/91 3/5/W 
Volume 55.312 DSCF 65.224 DSCF 
kture 6.34 % 6.33 Y 

,-._. . . -... . . \.. VI, -mole 29.26 gQ -mote 
76.47 It/ 64.17 nlsec 

Rate 1.276, FM 1.062.066 maw 
Iw PSCFM 

‘SW 101.7 96 99.6 Y 
7.5 % 9% 

,- ------ r. 63.w’) nrnm -.---. ~ ._.. rt fJ.2220 gmme 
centration 1.58 gr/DSCF 0.0625 grxlscF 

16.795 Whr 4S7 Imr 
1 lsn 624.2 grams 630.3 grams 
I 364) 541.7 grams 553.4 gmlne 

MULTI-METALS 

flue Gas Moleaul~ Welgm wet) 
Average Gas Velocity 
Average Flue Gas Flow Rate 
Adlusted Inlst flue Gas Flow Rate 
lsokmettc Samplmg --.- 

Dxygen comemratia 

Date 3/6/W 316191 
Dry Stanaara Meter Volume 55.602 DSCF sm22 DSCF 
Percent Flue Gas Moisture 6.17 % 6.66 w 

.., ~.. -- -- -.-“nl- 29.34 gtg-mote 
a3.96 weec 

FM 1.056.146 DSCFM 
10 PSCFM 

naw lW.4 % 69.5 % 
I” 7% 6.5 4c 

ms 0.5683 gnttts 
XCF 0.14 grlDSCF 

missions 13.348 lb/h, lam lbm 
fme (imp 162) 664.3 grams 644.4 gmme 
lme (imp 364) 525.4 grams 566.7 gmme 

n.wJ gq 
6262 lusel 

1.239.211 DSC, 
1.270.00- --- 

Total Mass 01 Particulate Solicls 
Particulate Concentration 
P.wiie”,attr El -...--.-.- - 
Impinger Volu 
Impinger Volu 

4.4173 gra 
1.23 gr/i 

Date 
Dry Slandara Meter Volume 
Percent Flue Gas Motsture 
Flue Gas Molecutar Weight (wet) 
Average Gas Velocity 
Average Flue Gas Flow Rate 
Adjusted Inlet flue Gas Flow Rate 
Isokinetic Sampling Rate 
Oxygen concentration 

Total Mass of Parwulate Sollds~ 
Particulate Concentration 
Paniculate Emissions 
lmoinger volume Orno 162l 
Impinger+/oIume (imp 364) 

3/6/91 
51.725 DSCF 

6.45 % 
29.06 g/g-mole 
83.14 tuse~ 

1.307.402 DSCFM 
1.27O.ooO DSCFM 

92.6 % 
7.5 % 

4.3543 grams 
1.30 gr/DSCF 

,4.144 IWhr 
614.2 grams 

607 grams 

3WSl 
65.539 DSCF 

6.27 W 
29.42 @Q-made 

64.1 fvsso 
1.056.476 DscFM 

1023 % 
6.5 4c 

0.4496 gmms 
0.11 gr/DSCF 
961 1bhr 

589.3 gmne 
556 grwtte 

G-5 



Appmdti G: Process Stream Flow Rates and Flue Cm Sampling Data 

ANIONS 

Dfy Standard Dr-y Stlndatd 
M*er Volume Meter Volume 

YY91 56.767 DSCF 66.662 DSCF 
3lWl 59.1% OSCF 59.217 DSCF 

316/91-l 60.646 OSCF 55.676 DSCF 
‘uILIo,-9 s&1117 r?.scF sF.Fil‘ D.scF 

YWl 
3W91 

Y6l91-1 
316/m-2 

Filtw Weight 
G&l 

19.1wO gms 
14.6u gas 

16.41 gm6 
14.5756 gmS 

Impinger 
VQtUlltS 

Falter Weight 
Grin 

0.9649 gms 
0.3oss sms 
0.5076 gms 
0.4202 gM 

Impingu 
volume 

WI91 WI91 605.5 605.5 * * 5021 g 5021 g 
Y5M Y5M 7329 7329 Q Q 501.6 g 501.6 g 

3/6/91-1 3/6/91-1 730.6 730.6 g g 5*50 5*50 
316191-z 316191-z 545.7 545.7 g g 563.9 0 563.9 0 

ALDEHYDES 

Dry Staneatd 
Meat Votume 

Dry Standard 
Metu Volume 

3lY91 11.559 DSCF 57.216 DSCF 
YWl 14.055 DSCF 21.563 DSCF 
YWl 13.202 DSCF 19.469 DSCF 

G-6 



Appendix G: Process Srream Flow Rates and Flue Gac Sampling Data 

MODIFIED MElHOD 5 

PARAMETER w u 

Date YYSl ?J3/91 
Dry Standard Meter Volume 65.275 DsCF 71.552 DSCF 
Percem Flue Gas Motsture 6.34 4L 6.17 w 
Flue Gas MOlecular Weight (wet) 29.07 g/p- 29.17 gbpmd9 
Average Gas Veloatty 60.68 Nrc 90.96 Nrs 
Average Flue Gas flow Rate 1.279.?77 DSCN 1.1746% DSCFM 
Adjusted Inlet Flua Gas Ftow Rata 1.220.~ DsCFU 
lsokinetic Sampling Rate 66.0 !A 100.6 9( 

PARAMETER 

Date 
Dry Standard Met1 
Percent flue Gas Mo 
Flue Gas MOICUIU Weight (wet) 
Average Gas 
Average Flue Gas Flow Rate 
Miustsd Inlet flue 0 as Flow Rate 
lsokinetic Sampling Rate 

1.300.566 DP -. .I 
1.270.000 DsCFM 1.135.673 OscFkt 

69.6 u 99.3 Y 

PARAMEIER 

Date 
Dry Standard Meter Volume 
Percent Flue Gas Moisture 
F,ue Gas Mo,~,,I” Wainkt ,“,a” 

Average Gas Velacnl 
Average Flue Gas FL 
Adjusted Inlet flue Gas 
lsokinetic Sampling Rat 

,.-. . _ -. . . . . \ . . -., I- 29.36 .a+mda 
‘~I , me 83.98 Nr 

w Rate 1.276.562 DSXM 1.075.606 OsccRI 
Flow Rate 1.240.000 DSOFM 
8 98.6 !A 107.3 u 

---. --_ 
75.356 OSCF 70.908 DOCF 

6.34 u 6.27 w 
26.07 0,s 
-6.63 W 
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Appendix G: Process Stream Flow Rates and Flue Gar Sampling Data 

VOST DATA 

Pair 
Run NO. NO. Date 

Stan 
lime 

stop Volume Meter probe Bar. as Volume 
lime atMeter OGMCF Temp Temp hsswe Cowtsd 

(0 (de90 WJF) 0”. Hg) (6td r) 

ESPINLET A YY91 19% 1936 1.15 1.037 u 276 26.9 1.21 
RUNN0.1 6 YYSl 1951 2001 5.06 1.037 u 261 26.9 5.31 

C YYSl 2012 2052 19.45 1.037 43 271 26.9 20.45 

ESPINLET A WI91 17G5 1745 16.96 1.037 53 2n 29.22 19.76 
RUN NO.2 B 3W91 1615 1625 4.66 1.037 52 292 29.22 5.66 

C 3J4/91 la30 1632 0.74 1.037 51 276 29.22 0.77 

ESPINLR A 3J5i91 1716 1756 16.91 1.037 71 264 2S.U 19.19 
RUN NO.3 B 3/5/91 1806 1616 4.67 1.037 71 262 2S.U 4.74 

C 315191 1620 1822 1.00 1.037 70 2% 29.u 1.02 

Stack A Y3lSl 1906 1946 20.02 0.962 66 304 26.65 ta.51 
RUN NO.1 B 3W91 

C W/91 

Stack A 
RUN NO.2 6 

C 

Stack A 
RUN NO.3 6 

C 

3WSl 
WI91 
Y4/91 

3LWl 
31991 
3&W 

2uo5 
2043 

1653 
1622 
1645 

1720 1600 19.96 1.036 76 
1614 16.24 5.03 1.0% a4 
la34 16% 1.00 1.0% 64 

2015 5.03 
2045 1.01 

1733 20.02 0.962 62 2% 26.97 la86 
1632 5.01 0.%2 61 2% 26.97 4.73 
l&7 1.00 0.962 61 270 26.97 0.94 

0.962 66 
0.962 68 

307 26.65 4.65 
230 26.65 0.93 

267 29.1 19.60 
268 29.1 4.93 
270 29.1 0.98 
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Appendix G: Process Stream Flow Rates and Flue Gar Sampling Data 

CHROME 6 

Run l-l Run Run 

Data 1,“7,01 R/“,,O, 3JD7101 -_._ __.._ 
Sampling Port South 
Dry Standard Meter Volume 59.491 DSCF 
lsokinetic Sampling Rate 95.5 % 

--..-. 
WBsl 
60.010 DSCF 

95.9 % 

-_.._. 
North 

56.629 DSCF 
94.7 % 

Run Run Run 

Date 3/07/91 3/07/91 3/07/gl 
Sampling Pan South Nonh N-St 
Dry Standard Meter Volume 57.569 DSCF 59.104 DSCF 59.351 DSCF 
lsokinetic Sampling Rate 96.1 % 102.3 46 100.4 % 

Run Run Run 

Date 3/WSl 3/06/91 YOU91 
Sampling Pan South North Wert 
Dry Standard Meter Volume 56.921 DSCF 60.273 DSCF 59.162 DSCF 
lsokinetic Sampling Rats 94.7 % 96.7 % 97.1 w 

Date 
Sampling Pan 
Dry Standard Meter Volume 
Isokinetic Sampling Rate 

Run 4-l 

3/06/91 
WSSI 
59.019 DSCF 

95.0 % 

Runr-2 

3/08/91 
South 

60.762 DSCF 
96.7 % 

Run 

YOWl 
Norlh 

59.412 DSCF 
95.6 % 

Date 
Sampling Pon 
IT,” Q,..,A.d Lln.a, “nl,,ma 
“I, YL~III~,” ,..w.w1 .“.“111V 

lsokinetic Sampling Rata 

Yoa!91 
North 

49.219 DSCF 
--: ob 

3/06/91 
South 

57.664 DSCF 
,MC SA 

30031 
West 
49.402 DSCF 

0-a aA 
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Appendix G: Procccs Stream Fknv Rates and Flue Gas Sampling Data 

yo7/91 Run Run Run 

Sampling Port NCfIh Wes( snnn 

Dry Standard Meter Volume 60.764 DSCF 60.145 DSCF 57.676 DSCF 
hkinetic Sampling Rate 98.5 % 98.5 % 98.3 % 

Sampling Port 
Ory Standard Meter Volume 
Isotdnetk SImpling Ftate 

West North sattn 

56.952 OSCF ~8.802 DSCF 24.966 DSCF 
96.3 % 98.2 96 89.6 % 

Sampling P0R 
Dry Standatd Meter Volume 
lsakinetic Sampling Rate 

North 
56.3% DSCF 

101.3 % 

SOuth 
56.892 DSCF 

99.6 % 

WWI 
61.011 DSCF 

99.5 % 
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Appendir G: Process Stream Flow Rates and Flue Gas Sampling Data 

~erchy Data 

Run NO. Date 
stall 
lime 

stop Volume MeteI Prcde sat. a.s Volume 
lime at Meter CGMCF Tamp Temp Pressure collgt~ 

(0 (de0 F) W.7 F) (in. 4) (Std 0 

Stack 3/07/91 1302 1622 100.00 1.036 67 269 29.09 97.42 

Stack 3/07/91 1716 2036 100.00 1.036 90 293 29.09 96.94 
Run 2 

Slack 3/W91 737 1103 100.00 1.036 77 233 29.17 99.54 
Run 3 

Stack 3/08191 1146 15ob 1oo.w 1.036 79 297 29.17 99.19 
Run 4 
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Appendix G: Process Stream Flow Rates and Flue Gac Sampling Data 

OFA/LNB Test Flue Gas Sampling Data 
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Appmdti G: Process Stream Flow Rates and Flue Cm Sampling Data 

Location ESP Inlet - Particulate/Metals 

Duct Dimensions (ft2) 
Pitot Tube Correction Factor (Cp) 

Dry Gas Meter Calibration (Y 
Nozzle Diameter (inch 

Barometric Pressure (“H 

Average square root of delta p 
Average delta H (” I-DO) 

Average Stack Temperature (F) 

Condensed Water (g) 
Filter Weight Gain (g) 
PNR Weight Gain (g) 
Impinger Residue (g) 

Flue Gas Moisture (% 
Gas Molecular Weight (Wet) (g/g-m01 

Absolute Stack Pressure (” Hg 
Absolute Stack Temperature (R 

Average Gas Velocity (Usec 

Avg Flow Rate (dscfin 

Particulate Concentration (Ibs/dsc 
Particulate Emission 
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Appetdiz G: ROCUS Stream Flow Rata and Flue Gar Sampling Data 

Location ESP Inlet - Anions 

Duct Dimensions (ft2 
Pitot Tube Correction Factor (Cp 

Dry Gas Meter Calibration (Yd 
Nozzle Diameter (inch 

Barometric Pressure ( 

Average square root o 

Average Stack Tempe 

Condensed Water(g) 

Flue Gas Moisture (%) 
Gas Molecular Weight (Wet) (g/g-mole 

Absolute Stack Pressure (” Hg) 
Absolute Stack Temperature (R) 

Average Gas Velocity (t&c) 
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Appendix G: Process Stream Flow Rates and Flue Gas Sampling Data 

Location ESP Inlet - MM5 

Dry Gas Meter Calibration (Yd 
Nozzle Diameter (inches 

Average square root of delta p 
Average delta H (” H20) 

Condensed Water (9) 

Flue Gas Moisture (%) 
ias Molecular Weight (Wet) (g/g-mole 

Absolute Stack Pressure (” Hg) 
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Appendix G: Process Stream Flow Rates and Flue Gac Sampling Data 

Location Stack Outlet - Metals/Particulate 

Pitot Tube Correction Factor 
Dry Gas Meter Calibration (Yd 

Nozzle Diameter (inches 

Average square root of delta p 
Average delta H (” H20) 

Condensed Water 
Filter Weight Gain 

ias Molecular Weight (Wet) (g/g- 
Absolute Stack Pressure (” Hg) 

Absolute Stack Temperature (R) 

Particulate Concentration (lbs/ds 
Particulate Emission (grams/se 
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Appendix G: Process Stream Flow Rates and Flue Gar Sampling Data 

Location Stack Outlet - Anions 

Stack Diameter (fi 
Pitot Tube Correction Factor (Cp 

Dry Gas Meter Calibration (Yd 
Nozzle Diameter (inches 

Barometric Pressure (“H 

Average square root of delta p 
Average delta H (” H20) 

Average Stack Temperature 

Condensed Water (g) 

Flue Gas Moisture (%) 
Gas Molecular Weight (wet) (g/g-mole 

Absolute Stack Pressure (” Hg) 
Absolute Stack Temperature (R) 

Average Gas Velocity (usec) 
Avg Flow Rate (acfm 

Avg Flow Rate (dscfin 
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Appendix G: Roce.w Stream Flow Rates and Flue Gat Sapling Dntn 

Location Stack Outlet - MM5 

Stack Diameter (ft) 
Pitot Tube Correction Factor (Cp) 

Dry Gas Meter Calibration (Yd) 
Nozzle Diameter (i 

Barometric Pressure 

Meter Volume (ad) 
Average square root of delta p 

Average delta H (” 
Average Stack Temperatur 

Test Duration (mm 
Condensed Water (g 

Flue Gas Moistu 
as Molecular Weight (Wet) (g/g-mole 

Absolute Stack Pressure (” Hg) 
Absolute Stack Temperature (R) 

Average Gas Velocity (Ysec) 
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Appendix G: Process Stream Flow Rates and Flue Gas Sampling Data 

Location Stack Outlet - Aldehyde 

Pitot Tube Correction Factor 
Dry Gas Meter Calibration 

Nozzle Diameter (inch 
Barometric Pressure (” 

Average square root of 

Average Stack Temperature 

Condensed Water (g) 

Flue Gas Moisture (%) 
ias Molecular Weight (Wet) (g/g-mole 

Absolute Stack Pressure (” Hg) 
Absolute Stack Temperature (R) 

Average Gas Velocity (Dsec) 
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Appendix G: Process Stream Flow Rates and Flue Gas Sampling Dam 

Location Stack Outlet - Chrome VI 

Stack Diameter (ft) 
Pitot Tube Correction Factor (Cp) 

Nozzle Diameter (i 
Barometric Pressure 

Average square root of d 
Average delta H (” H20) 

Average Stack Temperature (F) 

Test Duration (minutes) 
Condensed Water (g) 

Flue Gas Moistu 
Molecular Weight (Wet) (g/ 

Absolute Stack Pressure 
Absolute Stack Temperature (R 

Average Gas Velocity (Ysec 
Avg Flow Rate (acfm 
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Appends G: Process Srream Flow Rates and Flue Gm Sampling Dora 
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Appendix G: Process Stream Flow Rates and Flue Gac Sampling Data 

Plant Name: Site 16 - OFA/LNB Test 
Location: Stack Outlet - Mercury Speciation 

2 3 4 
05-19-93 05-20-93 05-21-93 

0815 1027 0915 
1334 1407 1259 
RW Rvw Rvw 

0.451 0.500 0.500 
0.462 0.501 0.486 

0.0964 0.0972 0.0983 
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Appendir G: Process Srream Flow Ram and Flue Gas Sampling Data 





APPENDIX H: PROCESS DATA TREND PLOTS 
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Appcndir H: Process Data Trend Plots 

Process Stability, 3 March 1991 

hit Load. (a) 

Time, Central Standard 

March 3rd Process Data 
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Appendir H: Process Dam Trend Plots 

Process Stability, 4 March 1991 

UritLoad.(a) 

t ('4 

14M 1800 

Time, Central Standard 

March 4th Process Data 
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Apjmdir If: ROCLSS Dam Trend Pkm 

Process Stability, 5 March 1991 

1om 1490 mw 

Time, Central Standard 

March 5th Process Data 
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Appendix H: Process Dora Trend Plots 

FWces Stability, 6 March 1991 

1090 14M l&O0 

Time, Central Standard 

March 6th Process Data 

JritLoxl.(a) 
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Appmdiz H: Proce.u Data Trend Plots 

Process Stability, 7 March 1991 

14zoo 18:oo 

Time, Central Standard 

March 7th Process Data 

JnitLoad,(a) 

W(b) 

i) 
.(Q 
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Appendix H: Process Dam Trend Plots 

Process Stability, 8 March 1991 

08M 12m ---- 

Time, Central Standard 
16100 

March 8th Process Data 
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Appmdti If: Procm Data Trend Plots 
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Appendix H: Process Data Trend Plots 
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Appmdlx H: Process Data Trend Plots 
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Appendix H: Process Data Tmtd Plots 
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Appendix H: Process Data Trend Pkws 
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Appendix H: Process Dam Trend Plots 
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Appendix H: Process Data Trend Plors 
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Appendix H: Process Darn Trend Plots 
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Appendir H: Process Data Trend Plots 

-F 
\ 

- : E : 
z z 
! 5 

z 
4 
m 
0 
z 
a 
T;; K 

5 
ii 
it 
5 

H-16 



Appendix H: Process Dam Trend Ph 
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Appendix H: Process Data Trend Plots 
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Appendix H: Process Data Trend P&m 
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Appendix H: Process Data Trend Plots 
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Appendir H: Process Data Trend Plors 
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Appatdix H: Procm Data Trend Plots 
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Appendir H: Process Data Trend Plots 
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APPENDIX I: BLANK CORRECTION DATA 

For many of the substances of interest to this program, small traces are present in the 
reagents and filter’media used for sampling and analysis. Therefore, some of the gas 
stream results in this report have been blank corrected. For the OFA test, blank 
corrections were routinely applied to the aldehydes, metals, and anions results. Tables 
I-l through I-5 show the details of the blank corrections, including the ratio of the blank 
to the uncorrected result. If the uncorrected value was already below the detection limit, 
the result is not included in these tables. In many instances, the blank correction was a 
very small percentage of the result. Instances where the blank values exceed 50% of the 
measured values are denoted with a “B”. 

For the OFA/LNB test, only the chromium(W) results were blank corrected. The 
details of these corrections are included in Table I-6. 
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Appendix I: Blank Correction Data 

T.bls l-1: uals Solid Phau sbdc Comcso”* - OFA Tmt. 

* l”cl”*r fike,r*nd pmb~,nonls line.y* 
B intics*** mat blank Gomc?b” ex- 50% Of ““mrr*c(sd rerub. 
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Appendix I: Blank Conenion Dare 

Table f-2: Metals Vapor Phase Blank Coorections - OFA Test* 

Substance / Stream j Run / Method I Uncorr. ugj Blank ug 1 DL, ug 1 Blank % 

* Results of all impingers combined. 
6 indicates that blank correction exceeds 50% of uncorrected result. 
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Appendix I: Blank Correction Data 

Table i-3: Anions Solid Phase Blank Corrections - OFA Test 

j Substance Stream Run Blank m DL, m Blank % 
/ 

I 6.3, -.-25 I 49 
2.6 1 o... ,943 I 0.024 37 

1 --- 2.4 1 1.1 I 0 ,024 47 
I 1.00, l-8 “.0031 I 0.010 0.32 

I 0.76 ! 0.0032 / 0.010 0.42 
i ; 51 ISE I 0.72 j 0.0031 \ n nj 1 ” 43 
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Appendix I: Blank Correction Dam 

Table i-4: Anions Vapor Phase Blank Corrections - OFA Test 

Substsncs 1 Stream / Run / Method 1 Uncorr. ug 1 Blank. ug / DL. ug 1 Blank Y 
1 I I I I I 

Fluoride 
Fluoride 
Fluoride 
Fluoride 
Fluoride 
Fluoride 

/ 
High dust gas 1 3 ISE ! 2624 / 6.1 / 73 0.31 
High dust gas 1 4 ISE ! 3604 I 6.1 I 73 0.22 
High dust gas / 5 ISE / 2551 / 6.1 / 60 0.32 
Stack gas / 3 ISE 111641 6.1 1 50 0.072 

I 4[ I ~~~~ Stack gas ISE 9919 [ 6.1 j 55T 0.061 
Stack gas 51 ISE I 99 57 I 6.1 / 561 0.091 
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Appendix I: Bhk Correcrion Data 

Table l-5: Aldehydes Blank Corrections - OFA Test 

Substance Stream Run Method Uncorr. ug Blank ug 1 DL, ug Blank % 

Formaldehyde High dust gas 1 HPLC 9.5 5.4/ 2.4 57 B 
Formaldehyde High dust gas 3 HPLC 6.3 5.4 I 2.4 66 6 
Formaldehyde Stackgas ! 1 HPLC 9.5 5.41 2.4 57 B 

B indicates that blank correction exceeds 50% ol uncorrected result. 
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Appendti I: Blank Correction Data 

Table I-6: Chromium(W) Blank Corrections - OFAlLNB Test 

Substance StrSWll Run I Method I Uncorr. ug Blank ug i DL. ug Blank % 

Chromium(Vl) Stack gas 2 BIF Cr6 22 121 0.95 55 a 
Chromium(VI) Stack gas 3 SIF Cr6 22 161 0.64 63 B 
Chromium(M) Stack gas I 4 SIF Cr6 25 121 0.70, 48 
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