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2 
SITE DESCRIPTION 

n e  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 

n e  charactenstics of the unit are summarized in Table 2-1. The unit tested has a gross 
generating capacity of approximately-500 MW. The opposed wall-fiied, su5critical 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 
bituminousxoals 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'fESPs) Kemove 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 MI, into the flue gas upstream of the ESPs to improve ESP performance. The 
conditioning system was not in use during the OFA testing. During the-OEA/L.JNBGtest; 
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 NH, injection was used 
because of plant concerns about complying with particulate matter emission limits. 
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3 
RESULTS 

This section summarizes the results of the stream characterization for both the OFA and 
mB tests. Sampling, preparation, and analytical methods are summarized in Appendix 

Detailed analytical data can be found in Appendices B and C. 

Sampling Schedule 

The OFA sampling was conducted in March 1991. The OFA/LNB test was conducted in 
May 1993. Flue gas samples were collected3om the-A and BESP inlet duds and the 
stack. -Multi-metals trains- andModIfied 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 3-1 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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Results 

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: 

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/LNB 
test) is calculated as follows: 

As in the solid phase = 110 pg/Nm3 

As in the vapor phase = 2.0 pg/Nm3 

Total As in ESP inlet gas = 112pg/Nm3 

For Case 2, the total concentration is considered to b 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 pg/Nm3) 

Mo in the vapor phase = ND(22 pg/Nm3) 

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

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/Nm3 

Co in the vapor phase = ND(1.7 pg/Nrn3) 

Total Co in the stack gas = 7.6 pg/Nm3 
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The above conventions also are in accordance with guidance provided by EPA (Technical 
Implementation Document for EPA 's Boiler and Industrial Furnace Regulations. US. 
Environmental Protection Agency, Office of Solid Waste, Washington, D.C., March 
1992). 

Testing at several sites has indicated that HC1, 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: 

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

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

Analytical 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). 

Analytical Values Calculation Mean Value 

5, ND(41, W 3 )  

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. 

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

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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Results 

Table 3-2 
coal Composition - OFA/LNB Test (mgjkg dry unless noted) 

Run 2 Run 3 Run 4 Ml3l  95% CI substan= 
5/19/93 5/20/93 5/21/93 Date 

467 472 470 470 6 Gross Load (MW) 
coal b t e  Obh ,  dry) 313,000 316,000 317,000 315,000 5,200 

9.5 10 8.9 9.5 1.3 
Molsture (%) 4.3 4.0 3.0 ,-3;8 = 1.7 
sulfur ( 5 6 .  dry) 1.8 1.7 1.6 1.7 0.27 

HHV (Stullb. dry) 13,700 13,700 13,900 13,800 7 200 

A& ( 5 6 .  dry) 

hkjor Species 

Aluminum 12,000 15,000 15,000 14,000 4,590 
lr"" 14.000 10.000 9,500 11,000 6,200 
Sodlum 310 390 320 340 1 lo 
T l m u m  740 980 800 840 3 10 

Target Species 
Arsenic 23 22 24 23 2.3 
- 

Barium 94 120 86 99 39 
Beryllium 1.9 2.4 2.4 2.2 0.72 
Cadmium ND(2.6) ND(2.6) ND(2.6) ND(2.6) - 
Chloride 430@ 280@ 3 i w  340 200 
Chromium 15 21 15 17 8.7 
cobalt 5.9 6.8 5.5 6.1 1.7 

Copper 29 33 40 34 14 
Fluoride 110 81 79 91 49 
Lead 8.0 8.0 6.0 7.3 2.9 
Manganese 14 14 14 14 0.8 

Mercuw 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 
Phomhonrs 170 140 110 140 75 

Selenium 
~ 

3.4 4.0 3.6 3.7 0.8 
~ ~~~ 

Vanadium 23 30 25 26 8.7 

ND = Not detected at the concentration in parentheses. 
CI = Confidence Interval. 
@ = R  esult is less than five times the detection limit. 
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Results 

Table 3-9 
Stack Emission Factors - OFA and OFAlLNB Tests (lb110 '' Btu unless noted) 

OFA Test OFAlLNB Test 
Combined Combined 

Substance M a n  95% CI Mean 95% CI 

Gas Flow Rate (dscfm) 1,110,000 75,700 1,080,oO0 19,m 
Gas Flow Rate (Nm 'lhr) 1,750,000 118,Ooo 1,710,000 31,000 

Coal Flow Rate (lblhr, dry) 330,000 6,100 315,000 5,200 
Heating Value (Btullb, dry) 13,700 370 13,800 200 

Particulate Matter (lb/106 Btu) 0.21 0.24 0.12 0.061 
Target Species 

Arsenic 94 430 110 56 
Barium 220 180 140 58 
Beryllium 3.7 3.8 3.1 1.5 
Cadmium 0.50 2.7 3.6 2.4 

Chloride 19,000 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 

12 1.8 Molybdenum ND(12) _ _  
Nickel 24 19 17 4.5 
Phosphorus 230 200 180 31 
Selenium 128 33 140 120 

Benzene 1.4 3.0 ND(0.51) _- 
Toluene ND(0.49) -_ 
Formaldehyde ND(4.0) _ _  

Vanadium 72 64 41 18 

0.70 0.21 
1.3 2.4 
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Table 3-9 (Continued) 

OFA Test OFAlLNB Test 

Combined 
Mean 

- Combined 
Substance 

I 

95% CI 95% CI Mean 
/ 

-- ND(O.OOO9) 
PAm _- 

NA -- 5-methyl chrysene 
NA 17H-dibenzo[c,g1carbazole __ 0.0081 0.017 

Asnaphthene 
Amnaphthylene 
AnthraXne 
knzo[a]pyrene 
Benzo@, j &k]fluoranthenes NA __ 

-- ND(0.0031) 
-- 0.0070 0.02748 

0.0030 0.0018 

ND(0.016) _- 
ND(5) 
ND(5) 

ND(5) 

0.0016 
0.0060 

0.0030 
0.0037 

_- 
-- 

"5) _- 
-- ND(O.0041) 

0.0038 0.0015 -- 
~en~~[ghi]per~lene ND(5) 

Chrysene ND(5) _- 

NA -- ND(0.0042) -- 

Dibenz[a,h]anthmene " 5 )  __ 
NA -- ND(0.0042) 

Fluoranthene ND(5) 

Fluorene ND(5) -- 

Phenanthrene " 5 )  

Pyrene ND(5) 

ND(5) Benz[a]anthracene 

Dibenzo[a,e]p ene 
Dibenzo[a,h]pVene _- 
Dibenzo[a,i]pyrene 
Dibenz[a,h]acndine 

-- 

NA -- ND(0.0030) _- 
NA -- ND(0.0032) 

NA -- ND(0.0016) _- 
-- ND(0.0037) 

-- 0.010 0.026 

0.023 

D~benz[a,i]acndine 

0.0099 _- 
"5) -- ND(0.0027) 

Indeno[ 1,2,3-cdlpyrene _- 0.044 0.098 
-- 0.011 0.035 

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

To quantify emissions of target substances from the stack; 

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

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

Table 1-1 lists the substances of interest to th is  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 CCT 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 NOx 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 1-1 
Substances of Interest 

Elements Organic Compounds 
Arsenic Benzene 
Barium Toluene 
Beryllium Formaldehyde 
Cadmium Polycyclic Organic Matter (POM)' 
Chlorine (as chloride) 
Chromium 
Cobalt 
Copper 
Fluorine (as fluoride) 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Phosphorus 
Selenium 
Vanadium 

Also referred to as semivolatile organic compounds. Includes polynuclear aromatic hydrocarbom (F'AHs). 
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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 
hcluded in the fourth and fifth C m  solicitations. In addition, DOES 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 111 substances at coal- 
fired 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 
@PA) 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: 

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

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 (QA/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 oE 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 re5ect 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. 

1-4 



Imcdunion 

For the OFA test: 

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. 

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

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. 

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: 

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. 

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

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. 

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 

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/LNB 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 vely 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 bums 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 Facifities 

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 SO3 
or NH, into the flue 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, 
NH3 was injected at a rate of approximately 25 s c h ,  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 concern about complying with p d c u l a t e  matter emission limits. 
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Table 2-1 
Unit Summary 

Maximum Gross Electrical Output (MW): 500 
0.24 

SO, or NH,b 

Particulate Emission Limit (lb/106 Btu): 
Particulate Matter Controls: Cold-Side ESPs 
Flue Gas Conditioning: 
Boiler Type: Opposed Wall-Fired 
Boiler Additives: None 
N Q  Control: OFA or OFA/LNB 
Fuel Type: Bituminous Coal 
Fuel Sulfur Content (% dry): 
Fuel Ash Content (% drvl: 

1.6' 
10' 

Fuel Heating Value (Btu/lb, dry): 
Flv Ash DisDosd: Pond 

13,700' 

Bottom Ash Disposal: Pond 
Ash Sluice Water Source: 
Cooling Water System: Once Through 

Recycle from Pond 

Cooling Water Source: 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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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. Overfire 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 2-1. 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. 
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Dry ESP fly ash samples were collected from each of the 16 ESP hoppers through 
ports located near the bottom of each hopper. 

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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Table 2-2 
Process Stream Analyses Performed 

Semivolatile Volatile 
Organic Organic 

Stream Metals Anions Compounds Compounds Aldehydes 
coal X O  XO 
Bottom Ash X O  X O  X 
Bottom Ash Water X X X 
Sluice Supply Water X X X 
ESP Ash X X X 
ESP Inlet Gas X,O X,O x,o X X 
Stack Gas x.0 x.0 x.0 x.0 x.0 

X = OFATest 
0 = OFA/LNB Test 
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3 
RESULTS 

This section summarizes the results of the stream characterization 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/LNB 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 (MMS, 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 3-1 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: 

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

The concentrations in both the solid and vapor phases are below the detection 
limits. 

m e  2 
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Results 

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: 

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/LNB 
tes!) is calculated as follows: 

As in the solid phase = 110 pg/Nm3 

As in the vapor phase = 2.0 pg/Nm3 

Total As in ESP inlet gas = 112 pg/Nm3 

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 pg/Nm3) 

Mo in the vapor phase = ND(22 pg/Nm3) 

Total Mo in the ESP inlet gas = ND(290 pg/Nm’) 

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/Nm3 

Co in the vapor phase = ND(1.7 pg/Nm3) 

Total Co in the stack gas = 7.6 pg/Nm’ 

3-4 



Ruulrs 

The above conventions also are in accordance with guidance provided by EPA (Technical 
Implementation Document for EPA’s Boiler and Industrial Furnace Regulatiom. 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: 

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

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) [lo+ 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). 

Analytical Values Calculation Mean Value 

5, W 4 ) ,  W 3 )  

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. 

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

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 

3-5 



Results 

Table 3-1 
Coal Composition - OFA Test (mg/kg dry unless noted) 

substance Run 1 Run 3 Run 4 Run 5 Mean 95% CI 
Date 3/3/91 3/5/91 3/6/91 3/6/91 

G r o S s L Q i 3 d O  472 477 477 477 476 4 

Coal Rate ( l b h ,  dry) 330.000 335,000 328,000 326,000 330,000 6,100 

(Bmh dry) 13,400 13,900 13,700 13,700 13,700 370 
~ ~~ 

Ash I%. drv) 12 9.1 10 10 10 1.6 

Moisture (96) 5.5 4.1 4.3 4.8 4.7 1.0 

sulfur (%, dry) 1.8 1.6 1.6 1.6 1.6 0.2 

W o r  Species 

A l U m i n u m  16,000 14,000 13,000 14,000 3,800 

Iron 15.000 13.000 11.000 13.000 5.000 
Sodium 288 266 260 270 37 
Titanium 915 694 714 770 300 

Target Spesies 

Arsenic 13 
~ 

19 19 
~ 

.17 
~ 

8.0 

Barium 210 160 140 170 86 
Beryllium 1.7 1.5 1 .o@ 1.4 0.93 

cadmium ND(O.10) 0.16@ ND(O.ll) ND(O.11) - 
ChlOride 310@ 500@ 400@ 410 230 
chromium 26 21 19 22 8.6 

Coball 8.9 8.3 7.8 8.3 1.4 

copper 56 29 31 38 37 
Fluoride 73 3- 100 70 79 
Lead 4.8 5.6 4.9 5.1 1.1 
MIlDPIlDW2 14 16 22 17 11 

M e w  0.19 0.13 0.15 0.15 0.08 
MolyWenum 3.8 5.2 ND(1.4) 3.2 5.7 

Nickcl 28 27 25 21 3.1 
Phosohorus 210 260 270 240 76 

MolyWenum 3.8 5.2 ND(1.4) 3.2 5.7 

Nickcl 28 27 25 21 3.1 
Phosohorus 210 260 270 240 76 

SelmiUm 3.9 3.2 4.2 3.8 1.2 
Vanadium 36 41 35 37 8.8 

ND = Not detected at the concentration in parentheses. 
CI = Gmtideme Interval. 
@ = Result is less thao five times the detection limit. 
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Results 

Table 3-2 
Coal Composition - OFA/LNB Test (mg/kg dry unless noted) 

substance Run 2 Run 3 Run 4 M a  95% CI 
Dste 5/19/93 5120193 SJ21193 
Gmss Load (MW) 467 472 470 470 6 

Rate Ob&, dry) 313.000 316,000 317,000 3i5,000 5,200 
HHV @ a b .  drv) 13.700 13.700 13.900 13.800 200 

Ash (96. dry) 9.5 10 8.9 9.5 1.3 

Moisture (%) 4.3 4.0 3.0 3.8 1.7 
SUlfurf%. drv) 1.8 1.7 1.6 1.7 0.27 

Mainr Swcies 
Aluminum 12,000 15,ooO 15,000 14,000 4,590 
IrOn 14.000 10,000 9.500 11,000 6,200 
Sodium 310 390 320 340 110 
Titanium 740 980 800 840 310 

Target Species 

. Arsenic 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) - 
Chloride 430@ 280@ 31W 340 200 
Chromium 15 21 1s 17 8.7 
Cobalt 5.9 6.8 5.5 6.1 1.7 

Copper 29 33 40 34 14 
Fluoride 110 81 79 91 49 

Lead 8.0 8.0 6.0 7.3 2.9 

Mangsnese 14 14 14 14 0.8 

Mmury 0.16 0.15 0.11 0.14 0.07 

Nickel 21 19 12 17 12 
pbmahorus 170 140 110 140 75 

M o l y b d a ~ u  3.m 5.w ND(3.6) ND(3.6) - 

~~ 

Selenium 3.4 4.0 3.6 3.7 0.8 

Vanadium 23 30 2.5 26 8.7 

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 
speafic cadmium analysis by GFAAS for the OFA test. 

Calculations were performed with mounded 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 analyzed. For the OFA/LNE3 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, signifcant 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 
LO1 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 (mg/kg dry unless noted) 

ESP Collected ESP Inlet 
Bottom Ash Bottom Asb Fly Ash Particulate 

OFA Test OFA/LNB Test OFA Test OFA/LNB Test 

Substance Mean %%CI Mean %%CI Mean %%CI Mean 95%C1 

Flow Rate 6,770 1,260 7,060 4,370 27,100 5,040 24.300 2,900 

Major Species 

O b b ,  dry) 

Aluminum 140.000 3500 m.000 29,000 ls0,ooo 7 , m  uo,oOo 8.300 

Iron 92,000 10,000 110,oOo 19,000 92,oOo l2,000 93,000 4,700 

Sodium 1.800 210 3.600 900 1,900 490 3,400 670 

Sulhv 440 900 71 200 2,000 330 4,200 8,800 

Titanium 8,600 3,700 6,800 340 8,000 560 6,900 uo 
Target Species 

A m l l i C  52 66 23 78 220 38 310 160 

Barium 860 264 920 200 780 110 1,100 24 

Beryllium 10 2.9 22 4.7 u 5.1 23 3.0 

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

Chloride ND(100) - ND(1W -- ND(100) __ 2200 1,100 

Chromium 110 34 110 1s im 34 150 33 

Cobalt so 9.0 67 34 55 14 51 28 

Copper 97 3.6 uo 30 160 16 200 4s 

Fluoride w 1 7 )  - 24 16 56 l2 220 230 

Lead m 2.9 14 1.6 75 7s 61 12 

Manganese m 51 150 19 140 190 160 44 

Mercury ND(O.020)  -- ND(O.012) -- 0.23 0.0s 0.79 0.35 

Molybdenum ND(z00) _- 24 41 ND(ux)) __ 15 22 

Phosphorus 1,120 820 s40 19 1400 1,- 810 240 

Nickel 100 7.7 82 3.7 240 620 120 82 

Selenium Im(S.0) -- ND(1.2) -_ 17 18 17 13 

VaOadiUm 210 11 230 n 240 14 260 67 

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

Table 3-4 
Water Stream Compositions - OFA Test fj.tg/L) 

Sluice Supply Water Bottom Ash Sluice Water 

Substance Mean 95% CI Mean 95% CI 

Major Species 

Aluminum 680 53 200 220 

Iron 790 46 240 220 

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

Sulfate 68,000 7,700 40,000 11,000 
Titanium ND(50) _- ND(50) -- 
Target Species 

Arsenic 16 0 7.2 1.9 

Barium 150 3.0 98 17 
Beryllium ND(2.0) -- ND(2.0) -- 
Cadmium 1.5 0.4 ND( 1.0) -_ 

__ ND(10) -- Chromium ND(W 
Cobalt ND(10) -- ND(10) _- 

Chloride 3,000 50 3,100 540 

-- Copper 35 1.4 ND(20) 

Fluoride 180 11 130 21 

Lead 3.7 5.7 ND(3.0) _- 
Manganese 90 6.3 52 10 

Mercury ND(0.20) _ _  ND(0.20) -- 
Molybdenum W 5 0 )  - ND(50) - 
Nickel ND(20) -_ ND(20) -- 
Phosphorus 53 2.9 ND(50) - 
Selenium ND(5.0) _- ND(5.0) -_ 

_- ND(20) -_ Vanadium ND(20) 

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

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 analyzed 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 5-10 
pg/Nm3 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 (PAHs, 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, mercury, and selenium. Each of these substances can potentially be present in 
the vapor phase. A problem that m a y  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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m y  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 train. 
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 analytes 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/106 Btu for the OFA test 
and 0.12 lb/106 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 (lb/lO'Z Btu unless noted) 

OFA Test OFAlLNB Test 
~ 

Combined Combined 
Substance Meall 95% CI Mean 95% CI 

Gas Flow Rate (dscfm) 1,110,Ooo 75,700 1,080,000 19,000 
Gas Flow Rate (Nm '/tu) 1,750,000 118,000 1,710,000 31,000 
Coal Flow Rate (lblhr, dry) 330,000 6,100 315,000 5,200 
Heating Value (Btullb, dry) 13,700 370 13,800 200 
Particulate Matter (lbl10 Btu) 0.21 0.24 0.12 0.061 
Target Species 
Arsenic 94 430 110 56 
Barium 220 180 140 58 
Beryllium 3.7 3.8 3.1 1.5 
Cadmium 0.50 2.7 3.6 2.4 
Chloride 19,000 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 ND(12) -- 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(0.51) -- 
Toluene ND(0.49) - 0.70 0.21 

I 

Formaldehyde ND(4.0) - 1.3 2.4 
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Results 

Table 3-9 (Continued) 

OFA Test OFNLNB Test 

Combined Combined 
Substance Mean 95% CI Mean 95% CI 

PAas 
5-methyl chrysene NA -- ND(0.0009) -- 
17Hdibenzo[c,g]carbazole NA - -- ND(0.016) 
Acenaphthene ND(5) -- 0.0081 0.017 
Acenaphthylene ND(5) -- 0.0030 0.0016 
Anthracene ND(5) - 0.0037 0.0060 
Benzo[a]pyrene ND(5) -- ND(O.0041) -- 

Benzo[ghi]perylene ND(5) -- ND(0.0031) - 
Benzo[b,j&k]fluoranthenes NA - 0.0015 0.0038 

Benz[a]anthracene me) -- 0.0070 0.02748 
Chrysene " 5 )  -- 0.0018 0.0030 
Dibenzo[a,e]pyrene NA -- ND(0.0030) -_ 
Dibenzo[a, hlpyrene NA -- ND(0.0032) I 

Dibenzora, ilpyrene NA -- ND(0.0042) -- 
Dibenz[a, hlacridine NA -- ND(0.0016) - 
Dibenz[a, hlanthracene ND(5) -- ND(0.0037) - 
Dibenz[a,i]acridine NA -- ND(0.0042) -- 
Fluoranthene ND(5) I 0.010 0.026 
Fluorene ND(5) - 0.0099 0.023 
Indeno[ 1,2,3Cd]pyrene ND(5) -- ND(0.0027) -- 
Phenanthrene ND(5) I 0.044 0.098 
Pyrene ND(5) -- 0.01 1 0.035 

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



Results 

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

OFA Test OFAlLNB Test 
Substance Removal (9%) 95% CI (%I Removal (96) a 95% CI (%) 

Particulate Matter 96 4 98 1 
Target Species 
Arsenic 95 25 94 3 
Barium 96 2 98 1 
knzene O b  190 NA -- 
Beryllium 97 4 98 1 

83 18 Cadmium NC - 
Chloride 46 11 39 7 
Chromium 96 3 98 1 
Cobalt 97 3 98 1 
Copper 97 3 98 1 
Fluoride O b  56 13 9 
Formaldehyde NC -- NA -_ 

Manganese 97 2 98 I 0.4 

Mercury 9 '  80 55 17 
Molybdenum NC - 86 16 

Nickel 96 3 98 1 

Phosphorus 96 3 96 1 

Selenium 72 14 0' 130 
Toluene NC -- NA -- 
Vanadium 96 3 97 1 
PAHS 
5-methyl chrysene NA - NC -- 
7Hdibenzo[c,g]carbale NC - NC - 

45 93 Acenaphthene NC -- 
33 48 Acenaphth ylene NC - 
26 123 Anthracene NC -- 
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Table 3-10 (Continued) 

OFA Test OFA/LNB Test 

Substance Removal (%) 95% CI (%) Removal (9%) ' 95% CI (%) 

- > 56 Bem[a]pyrene NC - 
Benzo[b,j&k]fluoranthenes NA -- NC - 
Benzo[ghi]perylene NC -- NC -- 
Benz[a]anthracene NC -- NC -_ 
Chrysene NC _ _  61 57 

Dibenm[a,e]pyrene NA -- NC -- 
Dibenm[a, hlpyrene NA -- NC -- 
Dibenzo[a,i]pyrene NA - NC -_ 
Dibenzra, hlacndine NA -- NC -- 
Dibenz[a, hlanthracene NC -- NC - 
Dibenz[a,i]acridine NA -- NC -- 
Fluoranthene NC -_ 21 170 

Fluorene NC -- O b  220 
Indenor 1,2,3d]pyrene NC -- NC - 
Phenanthrene NC _- O b  210 
Pyrene NC -- O b  370 

'Removal efficiencies were calculated based on mass rates, Le., concentration times flow rate, 
rather than concentrations alone. 

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 analyzed at the ESP inlet. 

CI = Confidence Interval. 
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OFA/L.NB 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/LNJ3 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 O F A / W  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, 3-10pm, 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 bg/Nm’ unless noted) 

Run 2 Run3 Run4 Percent of 
Component’ 5/19/93 5/20/93 5/21/93 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 0.97 0.20 0.44 1.1 7% 

Total Vapor Hg 6.7 7.7 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 
SiFractionated Stack Particulate Matter - OFA/LNJ3 Test (mg/kg) 

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

Gas Volume (Nm’) 3.74 3.75 3.96 __ -_ 

Collected Mass (mg) 35.4 29.6 27.7 - - 
< 4 pm Fraction 

Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Cobalt 
Copper 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 

83 
1,400 
2,000 

24 
6.4 
390 
56 

420 
320 
200 
2.6 
240 
170 

87 
1,900 
1,900 

33 
5.7 
490 
68 

400 
200 
230 
2.8 
280 
200 

94 
1,700 
2,100 

29 
8.7 
430 
58 

360 
220 
180 
1.2 

290 
170 

~~ 

88 
1,700 
2,000 

29 
6.9 

440 
61 

390 
250 
200 
2.2 
270 
180 

~ 

13 
580 
330 
11 

3.8 
130 
17 
82 

160 
65 
2.2 
76 
33 

Selenium 100 130 140 120 46 
Vanadium 610 770 730 700 200 

4-9 um Fraction 
Collected Mass (mg) 40.7 33.7 34.4 I -_ 
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  73 3.6 5.0 4.9 
Chromium 380 400 370 380 33 
Cobalt 98 97 94 96 5.6 

700 400 400 500 430 
270 200 170 210 130 

Copper 
Lead 
Manganese 300 250 240 260 81 
Mercury 32 2.2 ’ 12 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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R u u h  

Table 3-12 (Continued) 

Run 2 Run 3 Run 4 
Substance 5/19/93 5/20/93 5/21/93 Mean 95% CI 
> 9 um Fraction 

~ 

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 111 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 INAA 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% 4-2b, and 4-2c 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 (arsmic and cadmium) show higher mean emissions 
during OFA/LNB operation. The total particulate matter emissions were also lower 
during the OFA/LNEI test. 

n e  slight trend toward lower emissions of particulate-phase elements is more a 
reflection of the ESP performance lhan it is of the low-NO, burners. The system 
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Discussion 

appeared to be more "in tune" during the OFA/LNB test, as shown by the greater 
overall particulate matter removal efficiency (98% for OFA/L.NB 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 PAI-I 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 4 1  
Comparison of PAH Results 

OFA Test' OFA/LNB Test 
Range of Results Range of Results 

PAH Compounds dug/Nm3) dug/Nm3) 
Acenaphthene <6 0.0025 - 0.033 
Acenaphthylene < 6  0.0027 - 0.0058 
Anthracene <6 0.0014 - 0.0069 
Benzlalanthracene <6 0.00063 - 0.023 
Benzo[b]fluoranthene <6 NA 
Benzoklfluoranthene < 6  NA 
Benzo[b,j&k]fluoranthenes NA < 0.032 
Benzolghilperylene < 6  <0.041 
Benzo[a]pyrene <6 <0.0025 - 0.023 
Chrysene <6 0.00091 - 0.0063 
Dibenz[a,h]acridine NA < 0.032 
Dibenz[a,i]acridine NA < 0.022 

<6 < 0.053 Dibenz[ qhlanthracene - 
7H-Dibenzo[c,g]carbaole NA < 0.078 
Dibenzo[ a,e]pyrene NA <0.012 
Dibenzo(a,h]pyrene NA < 0.058 
Dibenzo[a,i]pyrene NA < 0.018 
7,12-Dimethylbenz[a]anthracene < 15 NA 
Fluoranthene <6  0.0044 - 0.026 
Fluorene <6 0.0047 - 0.024 
Indene[ l,2,3-cd]pyrene <6 <om1 

5-Methyl chrysene NA < 0.0048 
3-Methylcholanthrene < 6  NA 

2-Methylnaphthalene < 6  NA 
Naphthalene <6  NA 
Phenanthrene <6  0.021 - 0.10 
Pyrene <6  0.0023 - 0.031 

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

NA = Not Analyzed. 
= Indicates a detection limit value. 



Discussion 

Mercury Speciation 

Table 4-2 shows the mercury concentrations 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 Hg+ as well as monomethyl 
species such as CH,HgCl), and iodated charcoal to capture elemental mercury. The 
samples were collected nonisokinetically from a fured 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 
HNOJH,O, impingers. Elemental mercury, on the other hand, should pass through 
the HNO,/H,O, 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 f 2.6 pg/Nm3 by the Bloom 
train and 53 f 2.5 pg/Nm3 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 $he 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/LNB Test 

Stack Concentrations, pg/Nm' 
Percent of 
Vapor Hg Component Run2 Run3 Run4 

5/19/93 5/20/93 5/21/93 Mean 95% CI 

Frontier Geosciences Hg Speciation Train 

Ionic Inorganic Hg 2.4 33 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 Vapor 4.4 5.2 6.4 5.3 2.5 -_ 
Solid 0.29 0.12 0.17 0.19 0.22 I 

Total Vapor + Solid 4.7 5.3 6.6 5.5 2.4 __ 

' Mercury collected in the HNOJH,O, impingers. 

Mercury collected in the H2S04/KMn0, 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 HNOS/H,02 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. 

Chromiumpl) 

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 f 8.6 pg/Nm3). 
However, the measured concentrations of Cr(VI) were highly variable (6.2 f 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 SO, 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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Table 4 3  
Comparison of Chromium Methods - OFA/LNB Test 

Stack Gas Concentrations, pg/Nm3 

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

Multi-Metals 'hain Results 
~ ~~ 

Solid Phase Chromium 20 27 23 23 8.6 

Vapor Phase Chromium 1.0 0.77 1.1 0.96 0.42 
- 

Total Chromium 
(Solid + Vanor) 

21 28 24 24 8.6 

CrNI) Train Results 

Chromium (VI) 6.8 2.6 9.3 6.2 8.4 
(Solid + Vapor) 

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 Partlculate Matter 

Table 4-4 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 pg/Nm3. 

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 = x,x,/x, 
where: 

X, 

X, = the fraction of ash in the coal; and 

X, 

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

= 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 

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

Gc e / N d )  GcdNII?) (%) 

Particulate Matter 60 139 43 % 

Antimony 2.0 2.6 77% 

Arsenic 38 121 31% 

Barium 94 161 58% 

Bervllium 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 9.2 13 70% 

Mmemese 15.8 23 67% 

Mercurv 0.20 0.19 103% 

Molybdenum 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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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 sigdlcant 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 4-5 
Enrichment Factors - OFA Test 

ESP Inlet Stack 
Substance Bottom Ash ESP Ash Particulate 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 NC NC NC NC 

Chloride NC NC NC NC 

Chromium 0.52 0.56 0.77 0.87 

Cobalt 0.61 0.67 0.78 0.68 

Copper 0.26 0.42 0.58 0.54 

Fluoride NC 0.081 NC NC 

Lead 0.41 1.5 1.6 4.6 

Manganese 0.72 0.84 0.77 0.74 

Mercury NC 0.16 0.36 0.87 

Molybdenum 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 ESPlnlet StackPart StaeL StaeL Stack lmmpaaor 
Substana Ash partie Multi-Metals <4pm 4-9pm >9pm WghtdAvg 

Arsenic 0.10 13 3.7 6.7 3.0 15 2 4  

Barium 0.88 1.0 1.1 1.9 1.7 12 1.4 

Beryllium 0.93 0.96 1.0 12 1.7 1.1 12 

Cadmium NC NC NC NC NC NC NC 

Chloride NC 0.63 os9 NA NA NA NA 

Chromium 0.61 0.84 0.93 2.4 2.1 1.6 1.8 

Copper 037 037 0.71 1.1 1.4 25 2.2 

Cobalt 1.0 0.79 0.84 0.94 15 0.97 1.0 

Fluoride 0.024 023 0.62 NA NA NA NA 

Lead 0.18 0.79 12 32  27 1.4 1.8 

M-w 1.0 1.1 1.1 13 1.7 1.6 1.6 

Mercury NC OS3 1.0 15 15 2.2 20 

Molybdenum NC NC NC NC NC NC NC 

Nickel 0.45 0.66 0.75 1.0 12 0.92 0.98 

Phosphorus 036 055 1 .o NA NA NA NA 

Selenium NC 0.45 2.9 3 2  1.1 2 s  2 4  

Vanadium 0.83 0.95 12 26 23 1.4 1.7 

NA = Not Analyzed. 

NC = Not calculated beeause concentration of substance was below the 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 nqrmal, 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 5-1 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 CVS 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 
N Q  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 analyzed, and an extra set of samples was 
collected on March 6. Samples for organic compounds collected on March 3 were 
analyzed 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 analyzed 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 8020 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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paniculate loading (g/Nm3) by the concentration of the analytes in the particulate 
matter Gcg/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 Q 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 coal 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 we= 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 
'Qpes of Quality Control Samples 

QC Activity Characteristic Measured 

Precision 

Replicate samples collected over time 
under the same conditions 

Duplicate field samples collected 
simultaneously ple concentrations. 

Duplicate analps of a single ample 

Matrix- or media-spiked duplicates 

Total variabiity, including process or temporal, 
sampling. and analytical, but not bias. 

Sampling plus analytical variability at the actual sam- 

Analytical variabfity at the actual sample 
concentrations. 

Sampling plus analytical variability at an established 
~ 

Laboratory control sample duplicates 

Surrogate-spiked sample sets 

Accuracy (Including Bias and Precision) 

Matrix-spiked samples 

Analytical variability in the absence of sample matrix 
effects. 

Analytical variability in the sample matrix but at an 
established concentration. 

Analyte recovery in the sample matrix, indica% 
possible matrix interferences and other effects. In a 
single sample, includes both random error (impreci- 
sion) and systematic error (bias). 

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

Analyte 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 efficaq. 

Analyte recovery in the absence of actual sample 
matrix effects. Used as an indicator of analytical 
control. 

Analyte recovery in a matrix similar to the actual 
samples. 

Media-spiked samples 

Surrogate-spiked samples 

Laboratory control samples (La) 

Standard Reference. Material 

Blank Effects 

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

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

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

Blank effects from reagents used. 

Trip Blank 

Method Blank 

Reagent Blank 
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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 recoveq 
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 lest Analytical QC Data 

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

0 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. 

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. 

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. 

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

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

Coal 

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%). 

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 

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 ESP 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. 

Metals 

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. 
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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 (202%), 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 pg), 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 pg), 
manganese (1.17 pg), molybdenum (29.6 pg), lead (0.57pg), and mercury (0.0424 pg). 
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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biased high for the listed-analytes. Lead and cadmium may have significant bias because 
of the relatively high concentrations reported in these blanks. 

One field blank and one trip blank for probe and nozzle rinses were reported. A 
majority of the target analytes were detected in both blanks. Those analytes reported in 
concentrations above the detection limits in the field blank include barium (1.46 pg), 
arsenic (0.63 pg), and lead (0.50 pg). These concentrations are less than two times the 
detection limits. Mercury (at 0.0302 pg) and cadmium (at 0.17 pg) are the only analytes 
reported in concentrations above the detection limits (0.009 pg and 0.1 pg, respectively) 
in the trip blank. These data indicate that the results may be biased slightly high in the 
probe and nozzle rinse samples because of contamination. 

Anions 

Precision. The precision for anions was estimated using field duplicate samples. The 
FWDs were above the precision acceptance limit (20%) for total phosphorus (28.9%) in 
the coal, and fluoride (23.6%) in the bottom ash. The variability may be higher than 
expected for these analytes in field samples. 

Accuracy. The accuracy for anions was estimated using LCSs and spiked samples. All 
of the LCS recoveries and most of the spiked sample recoveries were within the accuracy 
acceptance limits (80-120%). Only fluoride (77%) and phosphate (76%) in solids were 
recovered low. These parameters may also be biased low in the field sample results. 

Blank Effects. Lab blanks, field blanks, and trip blanks were reported for solids, filters, 
impingers, and waters. No analytes were reported in any of the lab blanks. Chloride 
(434 pg) and sulfate (0.0421 mg) were reported in concentrations above the detection 
limit in the filter field blank. Chloride (3.75 pg) and sulfate (0.0398 and 0.052 mg) were 
also reported in concentrations above the detection limit in the filter trip blanks. These 
analytes may be biased high in the filter field sample results. Concentrations of phos- 
phate (0.228 mg/L) and sulfate (2.04 mg/L) were reported just below the detection 
limits (03 and 2.4 mg/L, respectively) in the impinger field blank. Chloride was 
detected in the impinger trip blank in a concentration above the detection limit (0.036 
mg/L). Overall, chloride and sulfate appear to have significant results reported in the 
filter field and trip blanks. 

Volatile Organic Compounds 

Precision. Precision is estimated for volatile organic compounds using LCS data. The 
percent coefficient of variation (CV) for the target compounds is 15.7% for benzene and 
2.2% for toluene, which is well within the 35% precision objective. The percent CV for 
surrogates in gas samples (using mean recoveries) ranges from 6.0% to 13.7%. These 
results indicate that the precision is acceptable for this analytical method. 
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Accuracy. Accuracy is estimated for volatile organic compounds by LCS and surrogate 
recoveries. All of the LCS recoveries reported were within the accuracy acceptance 
limits. All but one of the surrogate recoveries were within the accuracy acceptance 
limits. These results indicate that the system was in control during sample analysis. 

Blank Effects. Lab blanks and field blanks were analyzed for volatile organic com- 
pounds. No target compounds were detected in any of the lab blanks. A total of six 
field blanks were analyzed, three ESP inlet blanks and three stack blanks. No target 
analytes were detected in any of the field blanks. 

Semivolatile Organic Compounds 

Precision. Precision is estimated for semivolatile organic compounds using LCS and 
duplicate spike sample results. The percent CVs for LCSs ranged from 0 to 5.2%, and 
all were within the 35% precision objective. The duplicate spike sample precision data 
were also acceptable. 

Accuracy. Accuracy for semivolatile organic compounds is estimated by LCS, spike 
sample, and surrogate recoveries. All of the LCS recoveries were reported as accept- 
able. Both spike sample recoveries were reported low for acenaphthene (average 
recovery a%), 2,4-dinitrotoluene (average recovery 68%), and 4-Ntrophenol (average 
recovery 63%). The results for these compounds may be biased low in the field sample 
results. 

Blank Effects. Lab blanks and field blanks were analyzed for semivolatile organic 
compounds. No compounds were reported in concentrations above the detection limit in 
the lab blanks. Three compounds were reported in the field blanks above the detection 
limit (10 pg), including diethylphthalate (106 p g ) ,  dibutylphthalate (13.8 pg), and bis(2- 
ethylhexy1)phthalate (26.3 pg). Concentrations of these compounds may be biased high 
in the field sample results. 

AIdeh ydes 

precision. No precision data were available for aldehydes. 

Accuracy. No accuracy data were available for aldehydes. 

Blank Effects. One lab blank, one field blank, and one trip blank were analyzed for 
aldehydes. Formaldehyde was reported in all three blanks in concentrations approxi- 
mately two times the detection limits. The lab blank had 1.32 pg reported, the field 
blank had 5.4 pg reported, and the trip blank had 3.06 pg reported as present. These 
results indicate that the field sample data for formaldehyde may be biased high because 
of contamination. 
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OFA/LNB Test Analytical QC Data 

The following potential concerns were identified by the quality control data. 

Coal Samples 

The coal standard reference material sample analysis showed a high recovery for 
mercury (149%) analyzed by INAA, and variable recoveries for fluoride (49-91%). 
Mercury was also analyzed by CVAAS in the coal reference material, with 100% 
recovery, but the results of duplicate coal sample analyses showed high variability 
(37% RPD). Although the INAA and CVAAS QC results for mercury differ, these 
differences are based on limited data and do not definitively identify which method is 
superior. 

Duplicate sample results for arsenic in coal by INAA showed variability (58% RPD) 
outside the 20% objective, although the concentrations were very low. 

Bottom Ash Samples 

Recoveries for fluoride in bottom ash samples were variable, measured first at 29 and 
71% recovery, and then 81% and 88% in two MS/MSD pairs. Laboratory control 
sample results for fluoride (71-98% recovery) were outside the 80-120% objective. 
The results for fluoride in solid matrix laboratory method blanks were about twice 
the detection limit. For the water blanks, the fluoride results are only slightly above 
the detection limit. Overall, fluoride results are slightly outside the project accuracy 
objectives, but may be considered valid, recognizing the limitations in accuracy. 

Gas Samples 

Based on internal standard and surrogate spike recovery data, the results for semivol- 
atile organic compounds in gas samples should be considered qualitative or semi- 
quantitative estimates. Relatively heavy loading of high-carbon particulate matter 
appears to have interfered with accurate quantitation. Laboratory controls that are 
independent of the sample matrix effects indicate acceptable analytical performance 
and suggest that the recovery problems are sample matrix related. 

The results for aldehydes were near detection limits and were not distinguishable 
from blank results, yielding no positive quantitative results for aldehydes. 

High levels of hexavalent chromium were found in the KOH impinger blanks but 
were found to be repeatable in three blanks and were consequently corrected for in 
the sample results. 
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Frontier Geosciences reports that the mercury speciation results for the OFA/LNB 
test should not be compared with the OFA test results because of the experimental 
nature of the method at the time of the earlier test. Even now, the mercury specia- 
tion reports do not include QC results that permit a thorough evaluation of the 
measurements. Laboratory recovery checks are good, and the field blank results 
indicate no significant contamination problems (Mercury (11) and methyl mercury 
were both detected in the field blank at about twice the detection limit). Despite 
this, no results were given to verify the absence of species conversion during sam- 
pling, so the speciation results should be considered with caution. 

The spike recoveries for mercury were low (50-69%) in the permanganate impingers. 

The spike recoveries for selenium in gas samples were variable, ranging from 67% to 
142%. 

Recoveries were slightly above the 75-125% objective for arsenic (125-130%) and 
beryllium (130-137%) in fly ash standard reference material samples analyzed by 
GFAAS and ICP-AES. 

Recoveries were low for cadmium (51-60%) and cobalt (68-73%) in ash standard 
reference material samples analyzed by ICP-MS for the size-fractionated particulate 
matter samples. Recoveries were high (133-179%) and variable (30% RPD) for 
mercury in the same samples. The recoveries were only slightly low for nickel 
(69-74%). 

The rinsates from Kapton trip blank samples analyzed for metals by ICP-MS showed 
concentrations of most metals from 10 to 100 times the reported detection limit. 
ICP-MS is very sensitive and likely to detect metals in blanks at concentrations much 
lower than ICP-AES or GFAAS, but the extremely low detection limits reported may 
reflect how low the method can quantitate elements, but not how low a sample may 
be distinguished from a blank, or how difficult it may be to obtain sufficiently 
analyte-free sampling media. For example, relative to the reported detection limits, 
quite high levels were reported for chromium (4 pg/filter, DL=O.Ol pg), selenium (2 
pg/filter, DL=0.04 pg), and vanadium (2 pg/filter, DL=0.003 pg). 

Filter blank samples for stack gas showed appreciable amounts of barium, chromium, 
manganese, molybdenum, nickel, copper, mercury, and vanadium. These generally 
contribute only a small bias to the total sample train measurement, but they are 
repeatable and may be corrected for. 

Sample results for PAHs showed very high variability. Internal standard and surro- 
gate recoveries indicate significant matrix interferences. The PAH results should be 
considered order-of-magnitude estimates. 

Field blank results for PAHs were generally very low, except for acenapththene and 
phenanthrene, which showed 469 and 120 ng/sample, respectively. The high sensitiv- 
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ity of the HRGC/HRMS method results in the detection of numerous compounds, 
although mostly at extremely low levels. No significant contamination is suspected. 

Toluene was detected at very low, but similar concentrations in blank and regular 
VOST samples. The toluene results in the sample may be biased slightly high if not 
artifacts of blank contamination. 

Metals 

Precision. The precision of metals analyses was estimated for coal samples using 
duplicate samples, which include a component of sampling variability. The 20% RPD 
precision objective was met for all of the target metals, except arsenic (58% RPD). In 
addition to the INAA analysis, mercury was analyzed by CVAAS and had a duplicate 
sample precision of 37% RPD, greater than the 15% RPD by INAA. The mercury 
concentrations measured were low, however, (0.1-0.2 mg/kg) and agreed reasonably well 
between the methods. These results are presented in Appendix Table F.2-13. 

In bottom ash samples, precision was estimated from matrix spike duplicate analyses, all 
of which were within the precision objective for the target metals. These results are 
included in Table F.2-7. Duplicate ash sample results also provide a measure of preci- 
sion, although many of the metals were not detected. In the duplicate samples, precision 
estimates were slightly higher than the MSD pairs, with RPDs greater than 20% for 
barium (21%), lead (106%), and phosphorus (24%). Except for lead, these results are 
typical, compared to previous FCEM data. The lead results show greater variability than 
expected, but the measured values in the duplicate samples were relatively low (6 and 20 
mg/kg). 

Precision estimates for ICP-MS analysis of size-fractionated particulate matter were 
based on replicate analyses of NIST 1633a fly ash reference standard, as shown in Table 
F.2-10. Only the precision for mercury (29.7% RPD) was outside the 20% objective, but 
it was acceptable, considering the low concentration in the standard. 

Precision estimates for metals in gas samples, based on matrix spike duplicate samples 
results, were within the 20% objective for all target metals. These results are presented 
in Table F.2-7. 

Another measure of precision for metals analyzed by ICP-AES and AAS techniques is 
the relative standard deviation (also known as % coefficient of variation, %CV) for 
laboratory control sample recoveries. Although not indicative of the sample matrix, the 
percent CV provides a measure of laboratory method repeatability. As shown in 
Appendix Table F.2-5, the precision is good for all target metals. (Arsenic and selenium 
results by ICP-AES do not meet the objective, but GFAAS is the primary analytical 
technique. The ICP-AES results are available because it is a multi-element technique, 
but it is not recommended for these metals.) 
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Accuracy. The accuracy of the metals analyses was estimated for coal samples using 
NIST 1632a and SARM 20 standard reference coal sample results, which are presented 
in Table F.2-13. All of the target metals analyzed in the reference sample were within 
the 75-125% recovery objective, except beryllium by ICP-AES (72%) and mercury by 
INAA (149%). Mercury was also analyzed by CVAAS and had a recovery of 100%. 

The accuracy of metal results from ash samples was estimated from matrix spike (Table 
F.2-7) recoveries. Matrix spike recoveries were all within the 75-125% objective for 
target metals. 

Analysis of NIST fly ash standard reference material (Table F.2-9) was used to represent 
metal recoveries in particulate phase gas samples. The matrix of the standard is not 
identical to that of the samples, especially since stack gas particulate matter samples are 
digested along with the filters. Recoveries in the ash standard were slightly high for 
arsenic (125130%) and beryllium (130-137%). Quartz filters were also digested and 
subsequently spiked to determine the effects of the filter digestate on recovery. These 
results, summarized in Table F.2-11, show a tendency to low recoveries for lead (61- 
67%), selenium (24-76%), molybdenum (40-92%) and mercury (4546%). 

Matrix spikes were used to estimate the accuracy of metal analyses in vapor-phase gas 
samples. Matrix spike results are presented in Table F.2-7. Recoveries were outside the 
75-125% objective for mercury (50-132%) and selenium (67-142%). It has been seen 
from previous FCEM data that these are difficult elements and such recoveries are not 
uncommon. 

The accuracy of ICP-MS analyses of size-fractionated particulate matter samples was 
estimated from NIST 1633a fly ash recoveries. Recoveries were rather low for cadmium 
(51-60%) and high for mercury (133-179%), but the reference concentrations were very 
small, 1 mg/kg Cd and 0.2 mg/kg Hg. Recoveries were slightly low for cobalt (68-73%) 
and nickel (69-74%). 

Laboratory control sample recoveries for metals (Tables F.2-5 and F.2-6), which 
demonstrate the analytical accuracy in the absence of sample matrix effects, were all 
within expected limits. 

Blank Effects. Laboratory method blanks, presented in Table F.2-2, representing both 
solid and liquid sample types, indicated no significant laboratory contamination problems 
affecting quantitation of target metals. ICP-MS method blanks showed metals detectable 
above the reported detection limit, but well below amounts measured in samples. 
Unlike the reports submitted with ICP-AES and AAS measurements, it appears that the 
reported detection limit for ICP-MS reflects the sensitivity of the method (i.e., the ability 
to measure extremely low quantities) and not the probability of detecting (or not 
detecting) an analyte in a blank. 

Reagent blank results, presented in Table F.2-3, show relatively high amounts of barium 
(27 p g )  and molybdenum (30 pg) in the "final filter blanks" analyzed by ICP-MS. Quartz 
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filter blanks analyzed by ICP-AES and AAS also showed relatively high amounts of 
molybdenum (30 pg) and low amounts of the other target metals. This represents a 
potential low-level bias for molybdenum in this sample fraction, but barium results were 
much higher in the samples and not affected by the blank. Significant amounts of 
hexavalent chromium were detected in the potassium hydroxide impinger solutions, 
which would bias sample results. Triplicate reagent blanks were analyzed and showed 
very repeatable results, so reliable blank correction could be performed, as appropriate. 

Rinsates from two Kapton blanks were analyzed for metals by ICP-MS. The results of 
these analyses are shown in Table F.2-4. There were no significantly high levels of any 
metals. Small amounts of arsenic (15 pg), chromium (4 pg), selenium (2 pg), and 
vanadium (2 pg) were detected, but should not affect the sample results. In contrast to 
the “fiial filter blanks,” barium and molybdenum results in the Kapton blank rinsates 
were quite low. 

The field blank results for metals, based on the recovery of assembled sample trains that 
were leak-checked at the sample location, are summarized in Table F.2-1. These results 
show small detectable amounts of arsenic (4 pg), barium (15 pg), manganese (7pg) ,  
nickel (4 pg), and phosphorus (50 pg) in the ESP inlet gas thimble/precutter fraction. 
These are about the same magnitude as measured for arsenic, manganese, and nickel in 
the actual samples and represent a potential low-level bias for these metals in this 
sample fraction. No significant blank effects were detected in the field blank impinger 
samples analyzed for metals. 

Anions 

Precision. Estimates of precision for anion measurements in bottom ash samples were 
based on matrix spike duplicate recovery data, which are presented in Appendix Table 
F2-7. In these samples, the 20% RPD precision objective was met for chloride, but not 
for fluoride (46% RPD). In bottom ash duplicate samples, only fluoride was detected, 
and with good agreement between results (3% RPD). 

In gas samples, the precision for anions, based on MS/MSD recoveries in impinger 
solutions, were within the 20% RPD objective. 

The precision of anion laboratory control samples results was very good (less than 10% 
CV). 

Accuracy. Estimates of accuracy for anion measurements in bottom ash samples were 
based on matrix spike recoveries. These results are presented in Table F.2-7. Recov- 
eries of chloride met the 80-120% objective. Two sets of MS/MSD samples were 
analyzed for fluoride. Recoveries were 29 and 71% in one pair; 81 and 88% in the 
second pair. While matrix spike data include a component of error (the spiking process) 
not inherent in unspiked sample measurements, these results suggest that the accuracy of 
the fluoride measurements does not meet the 80-120% objective. 
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In gas samples, the accuracy for anions, as determined from matrix spike recovery in 
hpinger solutions, were within the 80-120% objective for chloride and fluoride and 
slightly outside the objective for sulfate (74-123%). 

The accuracy of laboratory control sample results for anions was very good, within 90- 
110% recovery, except for fluoride. Fluoride recoveries ranged from 71 to 98%, but 
averaged 9~ 7.4%, indicating a slight negative bias. 

Elan& Effects. The laboratory method blank results associated with solid-phase analyses 
for fluoride were about twice the detection limit and about the same magnitude as 
measured in bottom ash samples, contributing a significant potential bias to those 
analyses, although fluoride contamination was not significant in the field blank impinger. 
No problems were identified with anion method blanks associated with impinger sample 
analyses. 

The field blank results for anions in impinger solutions showed no problems. On the 
filter blank, chloride was found at levels similar to those in the samples, although the 
contribution to the total chloride in the train is small. 

Volatile Organic Compounds 

Precision. Precision estimates for measurements of volatile organic compounds in gas 
samples were based on the dispersion of surrogate spike recovery data, expressed as the 
percent coefficient of variation (%CV). The precision was within the 35% CV objective 
for each of the three surrogate spike compounds. These results are summarized in Table 
F.2-19. 

Precision was also measured as the relative percent difference for duplicate method 
spike recoveries. These results, presented in Appendix Table F.2-18, showed very good 
precision. The RPDs were less than 30% RPD for 37 of 39 spike compounds. For the 
target compounds, the RPDs were 3.6% for toluene and 65% for benzene. The RPDs 
were relatively high only for vinyl acetate (55% RPD) and chloromethane (53% RPD). 

Accuracy. Accuracy estimates for volatile organic analyses of VOST samples, expressed 
in terms of surrogate spike recoveries (Table F.2-19) and method spike (spiked blank 
VOST tubes) recoveries (Table F.2-18), were within the recovery objective of 50-150% 
for all analytes. Method spike recoveries for toluene, although within the objective, were 
somewhat high, 137-142%. Recoveries for benzene were 89-95%. 

Blank Effects. The analytical results for VOST method blanks showed no significant 
contamination. Methylene chloride and toluene were found just above the 10 ng 
detection limit, up to 13. ng. 

VOST field blanks showed relatively high amounts of acetone (150 ng), methylene 
chloride (2700 ng), and trkhlorofluoromethane (55 ng). The concentration of toluene 
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(11 ng) was just above the 10 ng detection limit. Similar levels of toluene were detected 
in a small number of samples and may be biased slightly high if they are not contamina- 
tion artifacts. 

Semivolatile Organic Compounds (PAHs) 

Precision. Precision estimates for PAHs in gas samples were based on the dispersion of 
surrogate spike recovery data. These results are summarized in Table F.2-17. These 
results show extremely high variability and suggest poor precision in the PAH measure- 
ments. 

As shown in Table F.2-17, surrogate spike recoveries were acceptable in clean matrix 
samples, such as the XAD trip spike, lab spike, and lab blank, but very poor in actual 
project samples. This indicates a matrix interference in the flue gas samples. 

Accuracy. Recovery data for the PAHs, like the precision estimates, indicate analytical 
problems. Surrogate spike recoveries in gas samples ranged from 0-43%, 66-101%, and 
102-918% for the three surrogate compounds. In the virgin (not used for sampling) 
XAD samples, surrogate and analyte spike recoveries were all very good, indicating 
acceptable laboratory performance. 

Internal standard recovery data, shown in Table F.2-15, are excessively low, more so in 
the ESP inlet samples than in the stack. The samples had high particulate matter levels, 
and it is presumed that unburned carbon in the particulate matter caused significant 
interference with the measurements, resulting in the extremely low internal standard 
recoveries. Because measurement results are factored by the inverse of the internal 
standard recovery, the effects of bias would tend to be lessened, but the imprecision 
associated with the standards adds further imprecision to the results. 

The PAH measurements should be considered order-of-magnitude estimates. 

Blank Effects. Blank results did not show significant problems. Field blank results 
showed somewhat high levels of acenaphthene (469 ng) and phenanthrene (120 ng). 
Because of the extreme sensitivity of the method, lesser levels of other semivolatile 
organic compounds were also detected, but at concentrations that should not be of 
concern. 

Aldehydes 

Precision. Duplicate analytical results for aldehydes produced no precision estimates 
because the analytes were not detected. 

Accuracy. Accuracy estimates for aldehydes were based on matrix spike recoveries, 
which were 90% for formaldehyde and 92% for acetaldehyde. Trip spikes and lab spikes 

5-32 



Data Evoluation 

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 cannot 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 

inlet particulate matter. 
' ash was not analyzed, so its composition was assumed to be equal to that of the ESP 

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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Table 5-8 
Material Balance Results - OFA and OFA/LNB Tests 

OFA Test OFAlLNB Test 
Substance OutlIn, % 95% CI, % OutlIn, % 95% CI, % 

m o r  Species 
a I Ash 100 _ _  100 __  

A 1 u m i n u m 100 24 89 24 
Iron 71 17 85 33 
Sodium 68 14 102 23 
Sulfur 99 11 97 13 

Target Species 
Arsenic 112 36 111 41 
Barium 47 16 105 32 
Beryllium 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 

I 

Mercury 71 27 90 31 
Molybdenum NC _- NC -_ 
Nickel 78 180 65 40 
PhosDhorus 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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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%. The 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. 



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 8020 (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 
8020 fly ash to bottom ash ratio. For example, for Run 1 on March 3, 1991, the 
following data were collected: 

Coal Flow Rate 
Coal Ash Content 

= 330,000 Ib/hr (dry) 
= 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 

= (0.20)(0.12)(330,000 lb/hr) 
= 7,920 lb/hr 

Bottom Ash Rate 
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For the OFA/LNB 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 lb/hr) - (1-0.0519)(22,920 lb/hr) 
= 7,920 lb/hr 

= 22,920 lb/hr - 427 lb/hr 
= 22,500 lb/hr 

Fly Ash Rate 

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/LNF5 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: 

-2 -3 - Run 4 
Solid Phase 20 27 23 

Vapor Phase 1.0 0.77 1.1 
Total 21 28 24 

The mean is calculated from the individual run totals: 

Mean = (21 + 28 + 24)/3 
= 2 4  
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“he sample standard deviation of the individual run totals is calculated: 

sp = \I [(21-24)* + (28-24y + (24-24YI /2 

= 3.5 

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

s P = 3 4  

= 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 w e  is 1/3. 

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

u, = I(8: + (t x q 

= / d  + (4.303 x 2.0)2 

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

Unit 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 43 x 10 Btu/hr. The mean chromium mass flow 
through the stack (the product of the mean concentration, 24 pg/Nm ', and the mean gas 
flow rate, 1,710,000 Nm 3/hr) is 4.1 x 10' 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 "V) the mean, standard deviation, number of points, and bias 
estimates were used to calculate the combined uncertainty in the mean emission factors. 

6-4 



7 
GLOSSARY 

BtU 
CAAA 
CI 
cv 
CVAAS 
DGA 
DQO 
dsdm 
ESP 
GFAAS 
HGAAS 
HHV 
IC 
ICP-AES 
ICP-MS 
INAA 
ISE 
LNB 
MS/MSD 
Mw 
NC 
ND 
NIST 

Nm’ 
OFA 
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 SpikelMatrix 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: 

Two impingers containing 5% HN03/10% H 2 0 2 ,  which are analyzed for all metals 
of interest; and 

Two impingers containing 4% KMn04/10% H2SO4, which are analyzed for mercury 
only. 

The multi-metals method specifies that HN03/H202 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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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 nozzle 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 discssed io 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,CO,, 0.013% NaHCO,, and 6% H,Oz. 

Stack 

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- 
i d l y  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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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 camidge. 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 quartz 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 (VOST) 

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 f ied 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 1-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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Aldehyde 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-dinitrophenylhydrazine 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 analyzed 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 
quartz4ined 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 110" C in 
a heated jacket outside the duct. The first two cartridges contained KC1-impregnated 
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soda lime which is designed to capture ionic inorganic mercury species (Hgz+) as well as 
monomethyl mercury species (such as CH,HgCI). 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 HNO,/HZSO4 and BrCI, reducing 
with SnCI,, 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-kilogram 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-1 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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Table A-2 
Preparation Procedures and Chemical Analysis Methods 
Applied to Coal at Site 16 

Component Method Reference Coal 

Ultimate Analysis of Coal 
Ash ASTM D3174 x.0 
Carbon ASTM D3178 x.0 
Hydrogen ASTM D3178 KO 
Nitrogen ASTM D3179 x,o 
Sulfur ASTM D4239 x.0 
Heating Value ASTM D201.5 x,o 

Moisture ASTM D3173 x,o 
Ash A S m  D3174 X O  
Volatiles ASTM D317.5 X O  
Fixed Carbon Calculated x.0 

Proximate Analysis of Coal 

Target Elements by INAA 
Preparation - None 
Analysis by INAA 

Arsenic Karr, Chapters 12 and 46 YO 
Barium Karr, Chapters 12 and 46 YO 
cadmium Karr, Chapters 12 and 46 YO 
Chlorine Karr, Chapters 12 and 46 X O  
Chromium Karr, Chapters 12 and 46 X O  
Cobalt Karr, Chapters 12 and 46 YO 
Copper Karr, Chapters 12 and 46 YO 
Manganese Karr, Chapters 12 and 46 KO 
Mercury Karr, Chapters 12 and 46 YO 
Molybdenum Karr, Chapters 12 and 46 YO 
Nickel Karr, Chapters 12 and 46 YO 
Selenium Karr, Chapters 12 and 46 X O  
Vanadium Karr, Chapters 12 and 46 KO 
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Table A-2 (Continued) 

Component Method Reference Coal 

Chlorine and Fluorine in Coal 

~ 

Oxygen Bomb Digestion ASTM D2361/ASTM D3761 X,O 

Chloride SM 4500 KO 

Fluoride ASTM D3761 x,o 

Analysis by Potentiometric Titration 

Analysis by Ion Selective Electrode 

Total Phosphorus in Coal 
Preparation 

Spectrophotometric Analysis 
Ashing and Acid Digestion ASTM D2795 X 

Total Phosphorus ASTM D2795 X 

Be, Pb, P in Coal 
Preparation 

Analysis by ICP-AES 
Ashing at 500" C/Acid Digestion EPA 340.2 YO 

Beryllium SW 6010 YO 
Lead SW 6010 0 
Phosphorus SW 6010 0 

Lead SW 7421 X 
Analysis by GFAAS 

Arsenic and Selenium in Coal 
Preparation 

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

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

Component Method Reference Coal 

Mercury in Coal 
Preparation 

Analysis by CVAAS 
Double Gold Amalgamation Karr, Chapter 14 XO 

Mercury Karr, Chapter 14 KO 

Additional Inorganic Analytes in Coal 
Preparation - None 
Analysis by INAA 

Aluminum Karr, Chapters 12 and 46 x,o 
Antimony Karr, Chapters 12 and 46 x,o 
Iron Karr, Chapters 12 and 46 x,o 
Sodium Karr, Chapters 12 and 46 KO 
Titanium Karr, Chapters 12 and 46 X,O 

Kam, 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 = P r d u r e  performed on samples from OFA test. 

0 = P r d u r e  performed on samples from OFA/LNB test. 
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Table A 4  
heparation Procedures and Chemical Analysis Methods Used to 
Measure Organic Compounds at Site 16 

Method Water 
Component Reference Flue Gas Ashes Samples 

Volatile Organic Compounds 
Sample Collection 

Analysis by GC-MS 
VOST SW 0030 x,o 

Benzene SW 8240 x,o 
Toluene SW 8240 x,o 

Formaldehyde 
Sample Collection 

Analysis by HPLC 
DNPH Impinger sw 0011 x,o 

Formaldehyde TO5 x,o 
Polycyclic Organic Matter 
Sample Collection 

Preparation 

Analysis by GC-MS 

MM5 sw 0010 x,o 

Soxhlet Extraction SW 3540 K O  X X 

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

PAHS 0 
Analysis by High Resolution GC-MS 

DNPH is 2,4-Dinitrophenylhydrazine. 

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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Key to Data Flags 

Flae Description 

@ 
B Detected in blank. 

E 
R 
< 

+ 

Concentration is less than five times the detection limit. 

Estimated analyte result exceeds calibration range. 

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: 

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. 

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. 

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. 

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 &(HI) 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. 



Appendix D: Addirional OqIire Air Test Results 

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 &(HI) and As(V). The 
purpose of analyzing these samples was to determine the recovery of As(III) and (V) 
after exposure to flue gas. One set was spiked with aqueous As(III) 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 n o d e  
rinse samples and sonicated to solubilize the arsenic in the filtered solids. The leachates 
were analyzed by HGAAS. Asm) was analyzed 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-1 shows the arsenic test results for the unspiked samples. Total arsenic 
averaged 108 pg/Nd and corresponded well with the 112 pg/Nd result obtained by 
analyzing the multi-metals train samples collected on the two preceding days. However, 
the test results for A s 0  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@) 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(III) to As(V). Total 
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arsenic recoveries averaged 88.9% and 96.0% for the 3 pg 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 &(In) may have contributed to the low As(III) 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(III) 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 Analytkal 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 q p l e  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 quantified 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- 
bazide 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 analyzed 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 (VI) 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(VI) particulate material on the first day of sampling. The 
filters used contained no spike. The mean (f 95% confidence interval) particulate 
matter Cr(VI) concentration was 5.4 & 1.9 pg/Nd.  The Series 4 runs found the mean 
flue gas particulate matter Cr(VI) concentration to be 3.0 f 4.5 pg/Nd.  
The mean particulate-phase total chromium concentration in the stack gas, as measured 
by the multi-metals train, was 44 f 37 pg/Nd.  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. The 
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 f 38 percent. 

D-6 



Appendix D: Additional Overfire Air Tat  Results 

E - -  Y 5 
* -  



Apprndir D: Additional Owjire Air T a t  Rerulrs 

Table D-4 shows the results of the sample degradation study. Cr(VI) was spiked onto 
the 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 jtg. 

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(III) 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 (Ht), inorganic ionic mercury (Hg+), 
and methyl mercury (compounds such as W H g C l )  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 Teflon@ 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 (KCI) and on through a series of iodated-charcoal sorbent tubes. The 
purpose of the KCl impinger solution is to collect water-soluble forms of mercury such as 
W H g  and H$+, 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 KCl 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 

Cr(V1) Measured on Filter (pg) 

Tamet CrNI) Level One Dav 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 
0.9 1 0.89 1.18 
0.84 0.99 1.18 

0.88 f O M b  0.89 f 0.09 1.13 f 0.13 

Medium (6.25 pg) 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 f 0.25 7.84 f 0.40 7.56 k 0.46 

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 f 0.8 28.9 f 0.7 

High (25 P P )  

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

Mean & 95% CI. 
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series to complete each sampling train. All connecting pieces of the sampling train were 
made of Teflon@. 

Impinger samples were combined in Teflon@ 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 SnCk, purging onto gold, and analysis by cold vapor atomic 
fluorescence spectroscopy (WAFS). 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 Teflon@ 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 analyzed by aqueous- 
phase ethylation, cryogenic gas chromatography, and WAFS 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 analyzed for ionic 
mercury and another aliquot (2.5 pL) for methyl mercury by the methods previously 
described. The remainder of the sample was then cold oxidized with BrCl(O5 mL/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 Teflon@ vials with 5 mL of 7:3 HNQ/€&SO,. ,.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 Results 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 

D-10 



Appendix D: Aaiiitional Ovnfre Air TUI R a u h  

- 
v1 

a 
Lr 
0 

CI 
0 

E 
# w 
a 

C 
a 

f 

a- w e  e r -  z >  

D-11 



Appendix D: MdiiionaI Ove@re Air Test Results 

collected during the preceding two days are also provided. The mean total mercury 
concentrations are 1.6 f 1.4 p g / N d  for the Brooks Rand train and 7.5 * 1.6 pg/Nd 
for the multi-metals train. 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 
KCl impingers. Also, some analytical interferences were presented by the KCl 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 KCl impingers. 

Size-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 fiied 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 75-125% for both sample sues. 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 57,1993 

Sample No. UWST4 UWST3 UWSTZ UWSTl 

Sample ID Stage 4 Stage 3 Stage 2 Stage 1 

dP50 Size Range ~ 0 . 8  pm 0.8-1.8 p m  1.8-12 pm > 12 p m  
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 Conc, mg& 

Aluminum 150,Ooo 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 5200 
Cadmium ND( 130) ND(110) ND(28) ND( 18) 
Chromium 660 1,100 280 270 
Cobalt 130 210 59 44 
Copper 2300 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 
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Table D-7 
Elemental Analysis of ESP Inlet Particulate Matter Fractions - OFA Test 
Samples Collected March 5,1991 

Sample No. 12 11 10 9 

Sample ID Stage 4 Stage 3 Stage 2 Stage 1 

dPSO Size Range <2.1 pm 2.1-7.5 pm 7.5-14 pm >14pm 

Substrate Glass Thimble None None None 

Mass Collected, g 0.1288 0.32 0.46 1 3.492 

% of Total Mass, g 3 7 11 79 

Mass Analyzed, g 0.1288 0.1226 0.1906 0.4399 

Gas Volume, Nd 0.6465 0.6465 0.6455 0.6465 

Elemental Cone., mgFg 

Aluminum NC 160,000 160,000 130,000 

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

Titanium ND( 1,400) 11,000 9,800 7200 

Iron 24,000 100,000 89,Ooo 69,000 

Arsenic 1,600 660 280 63 

BarilUIl 540,000 1,700 1,300 750 

Cadmium ND(220) ND(34) ND(24) ND( 12) 
ChrOmiUm 600 500 240 110 

Cobalt 23 110 82 38 

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

Manganese 34 240 190 130 

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

Molybdenum 110 180 56 ND(6.3) 

Nickel ND(640) 130 61 26 

Selenium 480 28 19 23 
Vanadium 570 630 430 220 
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Table D-8 
Elemental Analysis of ESP Inlet Particulate Matter Fractions - OFA Test 
Sample Collected March 6,1991 

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 p m 73-13 pm > 13 pm 

Substrate Glass Thimble None None None 

Mass Collected, g 0.1288 0.269 0263 2.155 

% of Total Mass, g 1 10 10 79 

Mass Analyzed, g 0.1288 0.1995 0.2232 0.4978 

Gas Volume, N d  0.4935 0.4935 0.4935 0.4935 

Elemental Conc, mg/kg 

Aluminum 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 woo0 
Titanium 12,000 9,700 8,400 6,500 

Arsenic 5000 480 280 60 

Barium 140,000 1,600 1300 1,000 
Cadmium ND(370) ND(25) ND(22) ND(18) 
Chromium 4,000 370 260 120 
Cobalt 2,500 89 84 49 
Copper ND(4,900) 600 760 3 10 

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 WOO0 110 72 ND(39) 
Selenium 5,500 26 29 11 

VanadiUm 760 560 380 200 
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Table D-9 
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 <2.0pm 2.0-7.0 pm 7.0-13 p m  > 13 pm 

Substrate Glass Thimble None None None 

Mass Collected, g 0.0646 0.499 0553 3.871 

% of Total Mass, g 1 10 11 78 

Mass Analyzed, g 0.0646 0.1563 0.201 0.5022 

Gas Volume, N d  0.7764 0.7764 0.7764 0.7764 

~ ~~ 

Elemental Cone., mg/kg 

Aluminum NC 150,000 150,000 150,000 

calcium 260,OOO 13,000 14,000 8,000 

Iron 87,000 130,000 120,000 93,000 

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

Arsenic 5,300 760 420 88 

Barium 1,200,000 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 5OOO 26 17 6.7 

Vanadium 1,500 640 450 260 
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Table D-10 
INAA Analysis of Standard Reference Material (SRM) Ash 

Reference 0.096g Sample 0.1013g Sample 
Element Value (mg/kg) Recovery (9%) Recovery (96) 

Aluminum 146.000 139 115 

Calcium 18,600 149 38 

Iron 55,700 149 48 

Titanium 13,700 123 99 

Arsenic 56.9 113 48 

Barium 711 201 61 

Cadmium 3.06 ND ND 

Chromium 183 158 47 
Cobalt 49.8 153 53 

Copper 157 N D  ND 

Manganese 381 95 73 
Nickel 117 ND 42 

Vanadium 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 have been 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 FTC 19.1-1985, "Measurement Uncertainty." 

Nomenclature 

r =  
$ =  
Bi = 

8 .  = 
v i =  
v, = 
$ =  
B, = 

u, = w =  

PI 

t =  

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, = /- 

E- 1 
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The components are calculated by combining the errors in the parameters used in the 
result calculation. 

i=l 

The sensitivity of the result to each parameter is found from a Taylor series estimation 
method: 

& 
' api 

e. = - 

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

r(Pi + APi)' - r(Pi) 
APi 

e. = 
I 

Equation 5 was applied to the calculations in this report. The perturbation selected for 
each parameter was the larger of the normalized standard deviation, qT, or the bias, &. 

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

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

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

The precision error terms are easily generated from the collected data. The bias error 
terms are more difficult to quantify. The following conventions were used for this 
report: 

5% bias on coal and ash flow rates. 

No bias in gas flow rates. 

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

Assignment of the flow rate bias values is based on engineering judgment. No bias is 
assigned to the analytical results (above the detection limit) or gas flow rate since a good 
estimate for magnitude of these terms is unknown. These bias terms may be very large 
(relative to the mean values of the parameters) and may represent a large amount of 
unaccounted uncertainty in each result. Analytical bias near the instrument detection 
limit may be especially large. The uncertainty values calculated for this report are, 
therefore, subject to these limitations. 

The calculations assume that the population distribution of each measurement is normal 
and that the samples collected reflect the true population. Also, the uncertainty 
calculated is only for the average value over the sampling period. The uncertainty does 
not represent long-term process variations. In other words, the calculated uncertainty 
does not include a term to reflect the fact that the sampled system may not have been 
operating (and emitting) at conditions equivalent to the average conditions for that 
system over a longer period. 

Improvements in bias estimates wil l  be made as more data are collected and the QA/QC 
database is expanded. Spike and standard recoveries can be used to estimate analytical 
bias. Also, as the analytical methods improve, accuracy will improve, resulting in the 
true bias of the analytical results being closer to the zero bias now assigned. Accounting 
for long-term system variability will require repeated sampling trips to the same location. 
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Table F . l -1  

SUMMARY OF BLANK SAMPLE RESULTS FOR S I T E  16 

Number 
o f  

B1 an ks 
Analvte Groupinq Anal vzed 

Semivol a t i l e  Organics 
Lab Blanks (MM5) 1 
F ie ld  Blanks (MS) 2 
D i  buty lphthalate 
Diethylphthal ate 
B i  s( 2-Ethyl hexyl ) 
phthalate 
Naphthalene 
T r ip  B1 an ks 2 
Dibutyl  phthal ate 
Diethylphthal ate 
Bis(2-Ethylhexyl) 
phthalate 
Naphthalene 

Semivol a t i l e  Organics (Sol ids) 
Lab Blanks 1 
D i  buty lphthal  ate 

Semivol a t i l e  Organics (Waters) 
Lab Blanks 1 
F ie ld  Blanks 1 

Method 
Detection 
Limits 

Number 
o f  

Detects 

Range of 
Compounds 
Detected 

0 

2 
1 

0.83-106 Ug 
1.81 ug 

10 ug 
10 ug 

10 ug 
10 ug 

2 
1 

1.53-2.44 Ug 
2.05 ug 

1 
1 

13.8 ug 
3.32 ug 

10 ug 
10 ug 

2 
1 

1.64-26.3 ug 
1.82 ug 

10 ug 
10 ug 

1 0.104 ug/g 

0 
0 

VOST 
Lab Blanks 4 
F i e l d  Blank - ESP I n l e t  3 
T r i ch l  o r o f l  uoromethane 
Methylene Chloride 
F ie ld  Blanks - Stack 3 
T r i ch lo ro f l  uoromethane 
Methylene Chloride 

0 

1 
1 

25 ng 
26 ng 

10 ng 
10 ng 

1 
1 

23 ng 
410 ng 

10 ng 
10 ng 
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Analvte GrouDinq 

Aldehydes 
Lab Blanks 
Formaldehyde 
F ie ld  Blanks 
Formaldehyde 
T r ip  Blanks 
Formaldehyde 

Chloride 
Lab Blanks (Sol ids) 
Lab Blanks ( F i l t e r s )  
Lab Blanks (Impingers) 
Lab Blanks (Waters) 
F ie ld  Blanks ( F i l t e r s )  
T r ip  Blanks ( F i l t e r s )  
F ie ld  Blanks (Impingers) 
T r ip  Blanks (Impingers) 
F ie ld  Blanks (Waters) 

Fluoride 
Lab Blanks (Solids) 
Lab Blanks ( F i l t e r s )  
Lab Blanks (Impingers) 
Lab Blanks (Waters) 
F ie ld  Blanks ( F i l t e r s )  
T r ip  Blanks ( F i l t e r s )  
F ie ld  Blanks (Impingers) 
T r ip  Blanks (Impingers) 
F ie ld  Blanks (Waters) 

Table F . l - 1  

(Continued) 

Number 
o f  Number 

B1 anks o f  
Analyzed Detects 

1 

1 

1 

1 

1 

1 

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

1 0 
1 0 

1 0 
1 0 
1 0 

Range o f  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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Analvte Groupinq 

Phosphate 
Lab Blanks (Solids) 
Lab Blanks ( F i l t e r s )  
Lab Blanks (Impingers) 
Lab Blanks (Waters) 
F ie ld  Blanks ( F i l t e r s )  
T r ip  Blanks ( F i l t e r s )  
F i e l d  Blanks (Impingers) 
T r i p  Blanks (Impingers) 
F i e l d  Blanks (Waters) 

Sul fa te 
Lab Blanks (Sol ids) 
Lab Blanks ( F i l t e r s )  
Lab Blanks (Impingers) 
Lab Blanks (Waters) 
F i e l d  Blanks ( F i l t e r s )  
T r i p  Blanks ( F i l t e r s )  
F i e l d  Blanks (Impingers) 
T r ip  B1 anks (Impi ngers) 
F i e l d  Blanks (Waters) 

Metals ( ICP)  - Coal 
Lab Blanks 
A1 umi num 
Barium 
Cal c i  um 
Chromi um 
Cobalt 
Copper 
I r o n  
Magnesium 
Manganese 

F-4 

Table F . l - 1  

(Continued) 

Number 
o f  Number Range o f  Method 

B1 anks o f  Compounds Detection 
Analyzed Detects Detected Limits 

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 

0 
0 
0 
0 
0 
0 
1 0.228 mg/L 0.30 mg/L 
0 
0 

0 
0 
0 
1 
1 0.0421 mg 0.0035 mg 
2 0.0398-0.052 mg 0.008 mg 
1 2.04 mg/L 2.4 mg/L 
0 
0 

3.65 mg/kg 
0.01 mg/kg 
2.32 mg/kg 

0.500 mg/kg 
0.17 mg/kg 
0.18 mg/kg 
3.91 mg/kg 
1.04 mg/kg 
0.07 mg/kg 
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Table F . l - 1  

(Continued) 

Number 

B1 anks o f  
o f  Number 

Anal vte Grouoi nq Analyzed Detects  

Metals ( ICP)  - Coal 
(Cont'd) 

Molybdenum 
Nicke l  
Pot ass i urn 
Sodium 
T i  t a n i  um 
Thal 1 i um 
Vanadi um 
Zinc 

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

Metals (GFAAS, HGAAS, CVAAS) - 
Coal 

Arsenic  1 0 
Cadmium 1 0 
Lead 1 0 
Mercury 1 0 
Sel en i  urn 1 0 

Metals ( ICP) - F i l t e r s  
F i e l d  Blanks 
A1 uminum 
B a r i  um 
Calcium 
C hromi um 
Copper 
I r o n  
Magnesium 
Manganese 
Molybdenum 
Nicke l  
Potassium 
Sodium 
T i  t a n  i urn 

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

Range o f  
Compounds 

Detected 

6.95 mg/ kg 
0.92 mg/ kg 
1.53 mg/ kg 
4.90 mg/kg 
0.47 mg/kg 
0.27 mg/kg 
0.99 mg/kg 
0.80 mg/kg 

232 ug 
6.75 ug 
101 ug 

2.13 ug 
0.986 ug 

35 ug 
16.6 ug 
1.28 ug 
29.2 ug 

17.0 ug 

2.3 ug 

2.10 ug 

110 ug 

Method 
Detec t ion  

L i m i t s  

5.0 mg/kg 
2.0 mg/kg 
300 mg/kg 
100 mg/kg 
5.0 mg/kg 

2.0 rng/kg 
2.0 rng/kg 

10 mg/kg 

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

0.30 ug 
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Table F . l - 1  

(Continued] 

Number 

B1 anks o f  
o f  Number 

Analvte GrouDinq Analyzed Detects 

Metals (ICP) - F i l t e r s  
(Cont ’ d) 

Vanadium 
Zinc 

Metals (GFAAS, HGAAS, CVAAS) . 
F i  1 te rs  

F ie ld  Blanks 
Arsenic 
Cadmi urn 
Lead 
Mercury 
Selenium 

Metals ( ICP)  - F i l t e r s  
T r ip  Blanks 
A1 umi num 
B a r i  urn 
Cal c i  urn 
Chromium 
Copper 
I ron  
Magnesi urn 
Manganese 
Molybdenum 
Nickel 
S i l i con  
Sodi urn 
S t ron t i  urn 
Vanadi urn 
Zinc 

1 
1 

1 
1 
0 
1 
1 
0 

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

Range o f  
Compounds 
Detected 

0.900 ug 
3.74 ug 

0.16 ug 

0.56 ug 
0.0082 ug 

230 ug 
6.27 ug 
114 ug 

2.06 ug 
1.3 ug 

32.4 ug 
14.9 ug 
1.17 ug 
29.6 ug 
1.95 ug 

330000 ug 
105 ug 

2.27 ug 
0.931 ug 
3.03 ug 

Method 
Detection 

L i m i t s  

2.0 ug 
2.0 ug 

0.40 ug 

0.30 ug 
0.018 ug 

20 ug 
1.0 ug 
100 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 
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Table F . l - 1  

(Continued) 

Number 

Blanks o f  
o f  Number 

Analv te Groupinq Anal vzed Detects  

Metals (GFAAS, HGAAS, CVAAS) - 
F i l t e r s  

T r i p  Blanks 1 
Arsenic 1 
Cadmi urn 0 
Lead 1 
Mercury 1 

Sel en i  urn 0 

Meta ls  ( ICP)  - Probe and 
Nozzle Rinse 

F i e l d  Blanks 1 
A1 umi num 
Barium 
Cal c i  urn 
Chromium 
Cobalt  
Copper 
I r o n  
Magnesi urn 
Manganese 
Molybdenum 
Nicke l  
S i l i c o n  
Sod i urn 
S t r o n t i  urn 
Vanadium 
Zinc 

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

F i e l d  Blanks 1 
Arsenic  
Cadmium 

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

1 
0 

Range o f  
Compounds 

Detected 

0.13 ug 

0.57 ug 
0.0424 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 

0.63 ug 
0.100 ug 

Method 
Detect  i o n  

L i m i t s  

0.4 ug 

0.030 ug 
0.018 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 

0.4 ug 
0.1 ug 
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Table F . l -1  

(Continued) 

Number 
o f  Number Range o f  Method 

B1 anks o f  Compounds Detection 
Analvte GrouDinq Analvzed Detects Detected Limits 

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

Lead 1 0.50 ug 0.3 ug 
Mercury 0 
Selenium 0 

Metals ( I C P )  - 
Nozzle Rinse 

T r i p  Blanks 
Barium 
Beryl 1 i urn 
Cal c i  urn 
Chromi urn 
Copper 
I r o n  
Magnesium 
Manganese 
S i l i c o n  
Sod i urn 
Stront  i urn 
Thal 1 i urn 
Zinc 

Probe and 

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

0.0652 ug 
0.149 ug 
25.1 ug 

0.179 ug 
0.34 ug 
2.58 ug 
7.16 ug 

0.142 ug 
19000 ug 
48.2 ug 
0.235 ug 
0.903 ug 
0.905 ug 

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

T r i p  Blanks 1 
Arsenic 1 0.14 ug 
Cadmi urn 1 0.17 ug 
Lead 0 
Mercury 1 0.0302 ug 
Sel eni um 0 

1.0 ug 
0.2 ug 
100 ug 
1.0 ug 
2.0 ug 

100 ug 
1 ug 

1000 ug 
100 ug 

10 ug 
2.0 ug 

4.0 ug 

0.3 ug 

0.4 ug 
0.1 ug 

0.009 ug 
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Table F . l - 1  

(Continued) 

Number 

B1 an ks o f  
o f  Number 

Anal v t e  GrouDinq Anal vzed Detects  

Metals ( I C P )  - Impinger So lu t ions  
F i e l d  Blanks 2 
Aluminum 
Antimony 
B a r i  um 
Calcium 
Chromi um 
Cobal t  
Copper 
I r o n  
Magnesium 
Manganese 
Molybdenum 
N icke l  
Pot a s s i  um 
S i 1  i c o n  
S i l v e r  
Sodium 
S t r o n t i  urn 
Tha l l ium 
Vanadium 
Zinc 

Meta ls  (GFAAS, HGAAS, CVAAS) - 
Impinger So lu t ions  

F i e l d  Blanks 2 
Arsenic  
Cadmium 
Lead 
Mercury 
Sel e n i  um 

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

‘ 2  
2 

Range o f  
Compounds 

Detected 

0.213-0.228 mg/L 
0.001-0.042 mg/L 
0.003-0.006 mg/L 
0.145-0.154 mg/L 
0.003-0.005 mg/L 

0.006 mg/L 
0.004-0.007 mg/L 
0.058-0.063 mg/L 
0.005-0.039 mg/L 
0.017-0.025 mg/L 

0.054 mg/L 
0.016-0.017 mg/L 
0.124-0.30 mg/L 
0.578-0.975 mg/L 

0.001 mg/L 
0.35-0.564 mg/L 

0.009-0.0012 mg/L 
0.049-0.064 mg/L 
0.006-0.008 mg/L 

46-47.6 mg/L 

Method 
Detec t ion  

L i m i t s  

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

0.01 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 

0.01 mg/L 
1.0 mg/L 

0.003 mg/L 
0.1 mg/L 

0.02 mg/L 
0.02 mg/L 

2 0.0010-0.0011 mg/L 0.004 mg/L 
2 0.0007-0.0009 mg/L 0.001 mg/L 
2 0.0068-0.0122 mg/L 0.003 mg/L 
0 
0 
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Table F.l-1 

(Continued) 

Number 
o f  

Blanks 
Anal v te  Groupinq Anal vzed 

Metals (ICP) - Impinger Solutions 
T r i p  Blanks 1 
A1 umi num 
Bari  um 
Calcium 
Chromium 
Copper 
I r o n  
Magnesium 
Manganese 
Molybdenum 
Nickel 
Potassi um 
S i 1  icon 
Sodium 
S t ron t i  um 
Thal 1 i um 
Vanadium 
Zinc 

Metals (GFAAS, HGAAS, CVAAS) - 
Impinger Solut ions 

T r i p  Blanks 1 
Arsenic 
Cadmi um 
Lead 
Mercury 
Selenium 

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

Number 
o f  

Detects 

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

1 
1 
1 
0 
0 

. 1  
1 
1 

Range o f  
Compounds 
Detected 

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 mg/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 

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

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

Method 
Detection 

L imi ts  

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 .O mg/L 

0.003 mg/L 
0.1 mg/L 

0.02 mg/L 
0.02 mg/L 

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

0.1 mg/L 
1.0 mg/L 

0.01 mg/L 
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Table F . l - 1  

. (Continued) 

Number 

61 anks o f  
o f  Number 

Anal v t e  Groupinq Anal vzed Detects  

Meta ls  ( ICP) - Impinger So lu t ions  
(Cont'd) 

Copper 1 
Magnesium 1 
S i l i c o n  1 
Zinc 1 

Meta ls  (GFAAS, HGAAS, CVAAS) - 
Impinger So lu t ions  

Lab Blanks 1 
Arsenic 1 
Cadmi um 1 
Lead 1 
Mercury 0 
Sel e n i  um 0 

Meta ls  ( ICP)  - S o l i d  
Samples 

Lab Blanks 1 
Bery l  1 i um 1 
Chromium 
Molybdenum 
S i l i c o n  
S i l v e r  

Metals ( I C P )  
Lab Blanks 
Antimony 
Cobalt  
Copper 
Magnesium 
Manganese 
Sodi um 

- Water Samples 
1 

1 
1 
1 
1 
1 
1 

Range o f  Method 
Compounds Detec t ion  

Detected L i m i t s  

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

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

0.035 mg/L 0.10 mg/L 
0.002 mg/L 0.01 mg/L 
0.001 mg/L 0.02 mg/L 
0.001 mg/L 0.01 mg/L 
0.037 mg/L 0.05 mg/L 
0.198 mg/L 1 mg/L 
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Table F.l-1 

(Continued) 

Number 
o f  Number Range o f  Method 

61 an ks o f  Compounds Detect ion 
Analvte Grouoinq Anal vzed Detects Detected L imi ts  

Meta ls  (ICP) - Water Samples (Cont'd) 
Vanadium 1 0.004 mg/L 0.02 mg/L 
Zinc 1 0.001 mg/L 0.001 mg/L 

Metals (GFAAS, HGAAS, CVAAS) - 
Water Samples 

Lab Blanks 1 
Arsenic 
Cadmium 

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

Lead 
Mercury 
Selenium 

0 
0 

0 
0 
0 
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Table F.l-2 

SUMMARY OF QUALITY CONTROL CHECK SAMPLE RESULTS FOR SITE 16 

Parameter 

Semi -Vol ati 1 e Organics: 
Acenaphthene 
4-Chloro-3-methyl phenol 
2-Chlorophenol 
1,4-Dichlorobenzene 
2,4-Dinitrotoluene 
N-Nitrosodipropylamine 
4-Ni trophenol 
Pentachlorophenol 
Phenol 
Pyrene 
1,2,4-Trichlorobenzene 

Volatile Organics (VOST): 
Chloromethane 
Vinyl Chloride 
Bromomethane 
Chloromethane 
Trichl orofl uoromethane 
1,l-Dichl oroethene 
Carbon Disulfide 
Acetone 
Methylene Chloride 
trans- 1,2-Dichloroethene 
1, I-Dichloroethane 
Vinyl Acetate 
2-Butanone 
Chloroform 
1,1,1-Trichloroethane 
Carbon Tetrachloride 
Benzene 
1,Z-Dichl oroethane 
Trichloroethene 

No. occs 

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. 

66 
70 
84 
06 
68 
80 
74 
114 
78 
82 
94 

52 
71 
76 
81 
80 
80 
93 
94 
83 
82 
90 
69 
103 
93 
70 
70 
90 
116 
105 

Std. 
Dev. 

2 .a 
0.71 
0.71 
0.71 
3.5 

0.71 
2.0 
0 

2.1 
0.71 

0 

0.7 
5.6 
3.5 
1.4 
4.9 
3.5 
4.2 

21.9 
2.0 
2.1 
6.4 
53.7 
15.6 
7.1 
0.7 
6.4 
14.1 
14.1 
19.8 

No. Below 
Limits 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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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Appendix F: QNQC Results 

Parameter 

V o l a t i l e  Organics (VOST) 
(Cont’d): 

1,2-Dichl oropropane 
Bromodi chl  oromethane 
t rans-  1,3-Di ch l  oroprypene 
4-Methyl-2-Pentanone 
To1 uene 
c i  s-l,3-Dichloropropane 
1,l. 2 - T r i  ch l  oroethane 
Tetrachloroethene 
2-Hexanone 
Dibromochloromethane 
Chlorobenzene 
Ethyl  Benzene 
m,p-Xylene 
o - Xyl ene 
Styrene 
Bromoform 
1 , 1,2,2-Tetrachl oroethane 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
1,2-Dichlorobenzene 

Anions : 
Fluor ide - Aqueous 
Fluor ide - Sol ids 
Phosphate - Aqueous 
Phosphate - Sol ids 

Table F . l - 2  

(Continued) 

No. 
No. Avg. Std. No. Below Above u m m  L i m i t s  Limits 

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

1 
3 
1 
1 

Metals (Predigestion Spike i n t o  Reagent 
Water) : 

A1 umi num 5 
Antimony 5 
Barium 5 
Beryl 1 i um 5 

F-14 

106 13.4 0 
100 2.1 0 
105 9.9 0 

74 5.6 0 
96 2.1 0 
a2 11.3 0 

121 14.1 0 
a0 13.4 0 

102 1.41 0 
102 0.7 0 
94 1.4 0 
86 2.1 0 
a7 2.8 0 

104 9.2 0 
120 4.2 0 
120 2.1 0 
94 36.1 0 
96 7.1 0 
96 9.2 0 
93 2.8 0 

- 98 0 
111 11.3 
105 - 
101 - 

92 1.6 0 
a4 15.5 1 
95 3.7 0 
a9 4.3 0 

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

0 



Appeildir F: QA/QC R e d s  

Table F . l - 2  

(Continued) 

No. Avg. 
Parameter OcCs X Rec. 

Metals (Pred iges t ion  Spike i n t o  Reagent 
Water) (Cont'd): 

Cal c i  urn 5 
Chromium 5 
Cobalt  5 
Copper 5 
I r o n  5 
Magnes i urn 5 
Manganese 5 
Molybdenum 5 
N icke l  5 
Potass i  urn 5 
S i 1  i c o n  5 
S i l v e r  5 
Sodi urn 5 
S t r o n t  i urn 5 
Tha l l  i urn 5 
T i  t a n  i urn 4 
Vanadi urn 5 
Zinc 5 

94 
94 
94 
95 
93 
90 
92 

107 
93 
92 

708 
31 
94 
95 
79 
89 
93 
89 

Metals by GFAAS and HGAAS (Pred iges t ion  
Spike i n t o  Reagent Water): 

Arsenic  4 98 
Cadmi urn 5 100 
Lead 5 111 
Selenium 2 79 

Metals-ICAPES (NBS F l y  Ash 1633A): 
A1 uminum 2 91 
B a r i  urn 2 82 
Bery l  1 i urn 2 91 
Cal c i  urn 2 90 
Chromi urn 2 93 
Cobalt  2 108 

Std. 
- 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 
0.3 

No. Below 
L i m i t s  

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

1 
1 
0 
1 

0 
. O  
0 
0 
0 
0 

No. 
Above 
L i m i t s  

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

0 
1 
1 
0 

0 
0 
0 
0 
0 
0 
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Appendu F: QA/QC Results 

Table F . l - 2  

(Continued) 

No. Avg. 
Parameter ( ) C C S % R e c .  

Metal s-ICAPES 
(Cont’d) : 

Copper 
I r o n  
Magnesium 
Manganese 
Molybdenum 
Nickel 
S i l i c o n  
Sodium 
S t ron t i  um 
T i  t a n i  urn 
Vanadi um 
Zinc 

(NBS Fly Ash 1633A) 

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

91 
91 
86 
88 

266 
94 

166 
92 
89 
95 
92 
88 

Metals -GFAAS, HGAAS, and CVAAS 
(NBS F l y  Ash 1633A) 

Arsenic 1 143 
Cadmi um 1 150 
Mercury 1 69 
Lead 1 131 
Sel eni urn 2 83 

Metals-ICAPES (NBS Coal 1632A): 
A1 umi num 2 
Barium 2 
Beryl 1 i urn 2 
Calcium 2 
Cobalt 1 
I r o n  2 
Manganese 2 
Nickel 2 
Potassium 2 
Sodi um 2 
Thal 1 i urn 1 

62 
56 
62 

107 
114 
78 
76 

260 
76 
92 

100 

Std. No. Below 
- Dev. L i m i t s  

4.4 0 
0 0 

3.5 0 
0 0 

0 
0 0 

24.8 0 
5.4 0 
6.7 0 
1 .o 0 
1.1 0 
1.1 0 

- 

- 1 
1 
1 
0 

14.4 0 

- 
- 
- 

36.5 2 
25.6 2 
40.4 1 
29.5 0 

0 
14.2 1 
7.9 1 
116 0 

11.9 1 
16.4 0 

0 

- 

- 

No. 
Above 
L imi ts  

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

0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
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Appendix F: QA/QC Resulrs 

Table F . l - 2  

(Continued) 

No. Avg. 
Parameter ()ccs % Rec. 

Metals-ICAPES (NBS Coal 1632A): 
(Cont'd) 
Ti tani um 1 88 
Stronti um 1 46 
Zinc 1 87 

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

No. 
Std. No. Below Above 
Dev. Limits Limits 

- 0 0 
1 0 
0 0 

- 
- 

144 0 2 
17.2 2 1 
9 .7  2 0 
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Appendu F: QA/QC Results 

Table F.l-3 

SUMMARY OF SPIKED SAMPLE RESULTS FOR SITE 16 

No. No. 
No.  o f  % Mean RPD Below Above 

Compound Spikes Recovery 1 Std. Dev.1 Limits Limits 

Semivolatile Organics - 
Bottom Ash: 
Acenaphthene 
4-Chloro-3-methyl phenol 
2-Chlorophenol 
1,4-Dichl orobenzene 
2,4-Dinitrotoluene 
N-Nitrosodipropyl amine 
4-Ni trophenol 
Pentachlorophenol 
Phenol 
Pyrene 
1,2,4-Trichlorobenzene 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

64 
82 
82 
88 
68 
80 
63 
96 
84 
125 
94 

Anions: 
Chloride - Solids 4 94 
Chloride - Water 1 100 
Fluoride - Gas 1 103 
Fluoride - Solids 5 71 

' Fluoride - Waters 2 100 
Phosphate - Waters 1 105 
Phosphate - Solids 1 76 

Metals by ICP in ESP Inlet Gas 
(Impinger Solutions): 
A1 umi num 2 
Antimony 2 
Bari um 2 
Beryl 1 i um 2 
Boron 2 
Calcium 2 
Chromi um 2 
Cobalt 2 
Copper 2 

92 
86 
94 
96 
90 
96 
92 
92 
91 

7.8 0 0 
3.6 0 0 
6.1 0 0 
6.8 0 0 
4.v 0 0 
6.2 0 0 
0 0 0 

5.2 0 0 
3.6 0 0 
11.2 0 0 
3.2 0 0 

4.8 0 0 
- 0 0 
- 0 0 

23.2 2 0 
11.3 0 0 

0 0 
0 0 

- 
- 

0 0 0 
1.2 0 0 
1.1 0 0 
1.0 0 0 
1.1 0 0 
0 0 . o  
0 0 0 

1.1 0 0 
0 0 0 

F-18 



Appendix F: QA/QC Resulrs 

Table F . l - 3  

(Continued) 

No. o f  
ComDound Soi kes 

Metals by I C P  i n  ESP I n l e t  Gas 
(Impinger Solut ions): (Cont’d) 

I r o n  2 
Magnesi urn 2 
Manganese 2 
Molybdenum 2 
Nickel 2 
Potassium 2 
S i l i c o n  2 
S i l ve r  2 
Sodium 2 
Stront i urn 2 
Thal 1 i um 2 
T i  tan i um 2 
Vanadium 2 
Zinc 2 

% 
Recovery 

96 
90 
91 
94 
94 
86 
98 
86 
92 
95 
93 
94 
92 
40 

Mean RPD 
jStd.  Dev.1 

0 
1.1 
1.1 
1.2 
1.1 
1.2 
1.0 
1.2 

0 
2.1 
3.2 
1.1 

0 
100 

No. 
Bel ow 
L i m i t s  

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

No. 
Above 
Limits 

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

Metals by GFAAS, HGAAS, and 
CVAAS i n  Impinger Solutions: 

Arsenic 2 74 1.3 1 0 
Cadmi urn 2 106 1.5 0 0 
Lead 2 14 1.3 2 0 
Mercury 2 98 0 0 0 
Sel eni urn 2 70 5.1 2 0 

Metals by I C P  i n  Stack Gas 
(Probe and Nozzle Rinse): 

Antimony 2 
Bari urn 2 
Beryl 1 i um 2 
Chromi urn 2 
Cobalt 2 
Copper 2 
Manganese 2 
Molybdenum 2 

84 
94 
86 
95 
96 
92 61 
91 
95 

.. 

2.4 0 0 
1.0 0 0 

0 0 0 
1 .o 0 0 
2.1 0 0 
10 0 0 

0 0 0 
0 0 0 
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Appendix F: QAfQC Results 

Table F . l - 3  

(Continued) 

No. o f  
ComDound SDikes 

Metals by I C P  i n  Stack Gas (Probe 
and Nozzle Rinse) (Cont’d) : 

Nickel 2 
S i l ve r  2 
Strontium 2 
Thal 1 i urn 2 
T i  t a n i  urn 2 
Vanadi urn 2 
Zinc 2 

% 
Recovery 

92 
0 

93 
91 
92 
94 
86 

Mean RPD 
1Std. Dev.) 

4.3 
NC 

2.2 
2.2 
1.1 
0 
0 

No. 
Bel ow 
L i m i t s  

No. 
Above 
L imi ts  

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

Selenium 2 72 62.80 2 0 

Metals by I C P  
Gas ( F i l t e r ) :  

A1 umi num 
Antimony 
Barium 
Beryl 1 i urn 
Calcium 
Chromi um 
Cobalt 
Copper 
I ron  
Magnes i urn 
Manganese 
Mol ybdenum 
Nickel 
Potassi urn 
S i l ve r  
Sodium 
S t ron  t i urn 
Thall ium 
T i t  ani urn 

i n  ESP I n l e t  

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

63 
80 
80 
74 
88 
83 
85 
84 
72 
77 
84 
79 
82 
86 
11 
90 
68 
82 
78 

15.9 2 
11.2 0 
6.2 0 
4.0 1 
4.5 0 
2.4 0 
2.4 0 
3.6 0 
4.1 2 
7.8 1 
6.0 0 

25 0 
1.2 0 
2.3 0 

18.2 2 
5.6 0 

10.4 2 
11.0 0 
2.6 0 

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

F-20 



Appendir F: QNQC Resulrs 

Table F . l - 3  

(Continued) 

No. o f  % Mean RPD 
ComDound Soikes Recovery ( Std. Dev.1 

Metals by I C P  i n  ESP I n l e t  
Gas ( F i l t e r ) :  (Cont’d) 

Vanadi um 2 a3 2.4 
Zinc 2 80 2.5 

Metals by GFAAS, HGAAS, and CVAAS 
i n  ESP I n l e t  Gas ( F i l t e r ) :  

Arsenic 2 71 2.8 
Cadmium 2 91 2.2 
Lead 2 92 1.1 
Mercury 2 310 2.9 
Selenium 2 92 13.0 

Metals by ICP 
A1 umi num 
Antimony 
B a r i  um 
Beryl 1 i um 
Calcium 
Chromium 
Cobalt 
Copper 
I r o n  
Magnesium 
Manganese 
Molybdenum 
Nickel 
Potassi um 
S i l ve r  
Sodium 
Strontium 
Thal l  i um 

i n  Coal: 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

106 
92 

102 

119 
86 
94 
98 

52.5 
83 
95 
95 

99 
12.6 

. 94 
109 
97 

a4 

8a 

50 
5.0 
7.5 
5.4 

20.2 
14.6 
3.9 

33.1 
49 

13.4 
2.6 
2.9 

19.9 
9.0 
7.4 
2.1 
9.1 
7.6 

No. 
B e l  ow 
L imi ts  

0 
0 

2 
0 
0 
0 
0 

1 
0 
0 
0 
0 
1 
0 
2 
2 
1 
0 
0 
1 
0 
4 
0 
0 
0 

No. 
Above 
L i m i t s  

0 
0 

0 
0 
0 
2 
0 

1 
0 
0 
0 
2 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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Appendix F: W Q C  Results 

Table F . l -3  

(Continued) 

No. No. 
No. o f  % Mean RPD Below Above 

Compound Spikes Recovery 1 Std. Dev.) L i m i t s  Limits 

Metals by I C P  i n  Coa l :  
(Cont 'd) 

Vanadium 4 97 4.2 0 0 
Zinc 4 88 3.3 0 0 

Metals by GFAAS, HGAAS, and 
CVAAS i n  Coal: 

Arsenic 4 108 8.3 0 0 
Cadmi urn 4 99 12.3 0 0 
Lead 4 116 32.3 0 2 
Mercury 4 57 21.5 2 0 
Selenium 4 110 15.9 0 1 

Metals by I C P  i n  F l y  Ash: 
A1 umi num 
Antimony 
Bar i  urn 
Beryl 1 i urn 
Calcium 
Chromium 
Cobalt 
Copper 
I r o n  
Magnesium 
Manganese 
Molybdenum 
Nickel 
Po tas s i urn 
S i l v e r  
Sodi urn 
S t ron t i  um 
Thal 1 i urn 
Vanadi urn 
Zinc 

F-22 

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

57 
68 
80 
80 
75 
86 
90 
90 
82 
61 
82 
84 
88 
92 
25 
80 
68 
96 
88 
85 

21.1 2 
10.4 2 
7.5 0 

0 0 
8.0 1 

0 0 
1.1 0 

0 0 
4.9 0 
9.8 2 
2.4 0 
3.6 0 
1.1 0 
1.1 0 
20 2 

2.5 0 
14.7 2 

1.0 0 
0 0 

5.9 0 

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



Appendu F: QA/QC Rcsulrs 

Table F.l-3 

(Continued) 

No. o f  % 
Compound Spikes Recovery 

Metals by GFAAS, HGAAS, and 
CVAAS i n  F l y  Ash: 

Arsenic 2 89 
Cadmium 2 150 
Lead 2 67 
Mercury 2 97 
Sel eni um 2 88 

Metals by I C P  
Sluice Water: 

Aluminum 
Antimony 
B a r i  urn 
Beryl 1 i um 
Boron 
Cal c i  urn 
Chromi urn 
Cobalt 
Copper 
I r o n  
Magnesi urn 
Manganese 
Molybdenum 
Nickel 
Pot ass i urn 
S i l i con  
S i  1 ver 
Sodium- 
St ron t i  um 
Thal 1 i um 
Vanadium 
Zinc 

i n  Bottom Ash 

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

97 
92 
97 
96 
96 
98 
94 
94 
94 
96 
94 
94 
92 
94 
94 

105 
93 
97 
96 
96 
93 
92 

Mean RPD 
JStd. Dev .1  

11.2 
5.3 

20.9 
2 . 1  
0 

0 
0 

1 .o 
0 

1 . 0  
6.1 
1 . 1  

0 
0 

1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.9 

0 
21 

1 .o 
0 
0 

1 . 1  

No. No. 
Below Above 
L imi ts  L imi ts  

0 0 
0 2 
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 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
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Table F . l - 3  

(Continued) 

Compound 

Metals by I C P  i n  Sluice 
Water Supply: 

Aluminum 
Ant i  mony 
Barium 
Beryl1 ium 
Boron 
Calcium 
Chromi um 
Cobalt 
Copper 
I ron  
Magnesium 
Manganese 
Molybdenum 
Nickel 
Potassium 
S i l i c o n  
S i l ve r  
Sodi um 
St ron t i  um 
Thal l  i um 
Vanadium 
Zinc 

No. o f  % Mean RPD 
Spikes Recovery ( Std. Dev.1 

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

99 
90 
96 
96 
96 
98 
94 
94 
94 
95 
95 
94 
92 
96 

102 
108 

92 
97 
96 
94 
93 
92 

1 .o 
1.1 
1.0 
1.1 

0 
5.1 
1.1 
1.1 
1.1 
1.1 

0 
1.1 
1.1 
1.0 
1.0 
1 .o 
1.1 

0 
0 

3.3 
2.2 
1.1 

No. 
Bel ow 
L imi ts  

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 
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Appendix F: QA/QC Resulrs 

Table F.l-4 

SUMMARY OF SURROGATE RECOVERIES FOR VOLATILE ORGANIC ANALYSES 

No. No. No. 
of Mean % Std. Below Above oc 

Site 16 Analyses Ret. - Oev. Limits Limits Limits % 

ESP Inlet Gas (VOST): 
1,4-Bromofluorobenzene 9 103 11.9 0 0 50-150 
1 ,2-Dichloroethane-d14 9 92 13.4 0 0 50-150 
To1 uene-d8 9 104 6.2 0 0 50-150 

Stack Gas (VOST): 
1,4-Bromofl uorobenzene 9 110 15.1 0 1 50-150 
1,2-Dichl oroethane-dl4 9 94 6.6 0 0 50-150 
To1 uene-d8 9 109 10.6 0 0 50-150 

VOST Field Blanks (ESP Inlet): 
1,4-Bromofl uorobenzene 3 100 16.2 0 0 50-150 
1,2-Dichloroethane-d14 3 90 6.4 0 0 50-150 
To1 uene-d8 3 105 8.2 0 0 50-150 

VOST Field Blanks (Stack): 
1,4-Bromofluorobenzene 3 118 11.2 0 0 50-150 
1.2-Dichloroethane-dl4 3 94 6.1 0 0 50-150 
To1 uene-d8 3 109 8.5 0 0 50-150 

VOST Lab Blanks: 
1,4-Bromofl uorobenzene 4 110 13.6 0 0 50-150 
1,2-Oichloroethane-d14 4 92 3.3 0 0 50-150 
To1 uene-d8 4 110 8.3 0 0 50-150 
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Appenatx F: QA/QC R a u h  

Table F . l - 5  

SUMMARY OF SURROGATE RECOVERIES FOR SEMIVOLATILE ORGANIC ANALYSES 

S i te  16 

Gas: 

2-F1 uorobiphenyl 

2-F1 uorophenol 

Nitrobenzene-d5 

Phenol -dS 

Terphenyl -d14 

2,4,6-Tribromophenol 

Solids: 

2 - F1 uorobi phenyl 

2-F1 uorophenol 

N i  trobenzene-d5 

Phenol -d5 

Terphenyl -d14 

2,4,6-Tri bromophenol 

Waters: 

2-F1 uorobiphenyl 

2-Fluorophenol 

N i  trobenzene-d5 

Phenol -dS 

Terphenyl -d14 

2.4,6-Tri bromophenol 

No. o f  
Anal Yses 

12 

12 

12 

12 

12 

12 

8 

8 

8 

8 

8 

8 

12 

12 

12 

12 

12 

12 

Mean 
% 

Ret . - 

88 

70 

80 

80 

91 

109 

102 

86 

92 

91 

94 

70 

67 

65 

86 

85 

130 

81 

Std. 
Dev. 

23.2 

23.2 

22.5 

21.7 

31.0 

32.1 

2.6 

3.4 

2.2 

4.6 

21.4 

5.2 

1.3 

4.1 

5.0 

2.1 

14.2 

13.8 

No. 
Bel ow 
L i m i t s  

1 

1 

1 

1 

1 

1 

0 

0 

0 
0 

0 

0 

0 

0 
0 

0 

0 

0 

No. 
Above 
L imi ts  

0 

0 

0 

0 

0 

4 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

2 

0 

QC 
L i m i t s  

% - 

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 

10-123 

F-26 



Appendix F: QAIQC Results 

No. o f  
S i t e  16 Anal vses 

Table F . l - 5  

(Continued) 

F i e l d  Blanks - Gas Samples: 

2-Fluorobiphenyl  2 

2-F1 uorophenol 2 

N i  trobenzene-d5 2 

Phenol -d5 2 

Terphenyl -d14 2 

2,4,6-Tri bromophenol 2 

Tr ip  Blanks - Gas Samples: 

2-F1 uorobiphenyl 

2-Fluorophenol 

N i  trobenzene-d5 

Phenol -d5 

Terphenyl -d14 

2,4,6-Tri bromophenol 

Lab Blanks - Gas Samples 

2-Fluorobiphenyl  

2-Fluorophenol 

N i  trobenzene-d5 

Phenol -d5 

Terphenyl -d14 

2,4,6-Tri bromophenol 

2 

2 

2 

2 

2 

2 

3 

3 

3 

3 

3 

3 

Mean 
% 
- Ret. 

92 

51 

98 

58 

89 

64 

99 

72 

80 

86 

96 

85 

99 

78 

a4 

a9 

98 

117 

Std. 
- Dev. 

1.4 

46.7 

3.5 

54.4 

1.4 

2.8 

8.5 

2.1 

6.4 

6.4 

3.5 

41.0 

1.2 

1.2 

1.5 

2.9 

2.1 

5.3 

No. 
Bel ow 
L i m i t s  

0 

1 

0 

1 

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 

PC 

& 
L i m i t s  

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 

10-123 

F-27 



Appcndir F: m/QC Resulrs 

No. o f  
S i t e  16 Anal Yses 

Lab Blanks - Sol id  Samples 

2-F1 uorobiphenyl 3 

2-F1 uorophenol 3 

N i  trobenzene-d5 3 

Phenol -d5 3 

Terphenyl -d14 3 

2,4,6-Tribromophenol 3 

F i e l d  Blanks - Water Samples 

2-F1 uorobiphenyl 1 

2-F1 uorophenol 1 

Nitrobenzened5 1 

Phenol -d5 1 

Terphenyl -d14 1 

2,4,6-Tri bromophenol 1 

Lab Blanks - Water Samples: 

2-F1 uorobiphenyl 1 

2-F1 uorophenol 1 

N i  trobenzene-d5 1 

Phenol -d5 1 

Terphenyl-dl4 1 

2,4,6-Tri bromophenol 1 

Table F . l - 5  

(Continued) 

F-28 

Mean 
% Std. 
- Ret. & 

101 6.1 

77 3.1 

95 0.6 

94 3 .1  

123 12.6 

83 1.6 

80 NC 

68 NC 

9a NC 

8a NC 

157 NC 

66 NC 

61 NC 

66 NC 

70 NC 

73 NC 

90 NC 

98 NC 

No. 
Be l  ow 
L i m i t s  

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 

1 

0 

0 
0 

0 

0 

0 
0 

QC 
L imi ts  

% - 

43-116 

21-100 

35-114 

10-94 

33-141 

10-123 

43-116 

21-100 

35-114 

10-94 

33-141 

10-123 

43-116 

21-100 

35-114 

10-94 

33-141 

10-123 



Appendix F: QA/QC Resulfs 

Table F . l -6  

SUMMARY OF DUPLICATE SAMPLE RESULTS 

S i te  16 

Chloride, Phosphate, and T o t a l  
Phosphorus i n  Coal (mg/kg) : 

Chloride 
Phosphate 
Total Phosphorus 

Chloride, Fluoride, and Total 
Sul fur  i n  Bottom Ash (mg/kg): 

Chloride 
Fluoride 
Total Sul fur  

Chloride, Fluoride, and Total 
Sul fur  i n  F l y  Ash (mg/kg): 

Chloride 
F1 uoride 
Total Sul fur  

ICAPES Metals i n  ESP I n l e t  
Gas Samples: 

A1 umi num 
Antimony 
Barium 
Beryl 1 ium 
Cal c i  um 
Chromium 
Cobalt 
Copper 
I ron  
Magnesi um 
Manganese 
Molybdenum 
Nickel 
Potassi um 

No. o f  
Pairs - Mean 

1 414.7 
1 c30 
1 42.7 

1 t134 

1 <O. 005 
1 14.8 

1 < loo  
1 84.4 
1 0.211 

1 69450 
1 t 5 0  
1 555 
1 10.25 
1 19550 
1 130 
1 31.7 
1 111.5 
1 39450 
1 8255 
1 65.55 
1 50.85 
1 60.65 
1 13850 

13.1 
0 

28.9 

>50 
23.6 

NC 

NC 
11.2 
12.8 

1.6 
0 

1.8 
2.9 
1.5 
0.8 
3.8 
1.8 
1.8 
1.6 
0.5 
0.2 
1.5 
2.2 

F-29 
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Table F . l -6  

(Continued) 

S i t e  16 

ICAPES Metals i n  ESP I n l e t  
Gas Samples: (Cont’d) 

S i l v e r  
Sodium 
S t ron t i  urn 
Thal l  ium 
T i t  ani um 
Vanadium 
Zinc 

Arsenic and Lead by AAS i n  ESP 
I n l e t  Gas Samples: 

Arsenic 
Cadmi um 
Lead 
Mercury 
Sel en i  um 

ICAPES Metals i n  Coal [mg/kg): 
A1 uminum 
Antimony 
Bar i  urn 
Beryl 1 i urn 
Cal c i  urn 
Chromi urn 
Cobalt 
Copper 
I r o n  
Magnesium 
Manganese 
Molybdenum 
Nickel  
Potassi um 
S i l v e r  
Sodi urn 

F-30 

No. o f  
Pairs 

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

- Mean 

t 5  
48800 

487 
9.665 
3605 

151 
95.2 

164 
0.625 

51.3 
0.55 
49.3 

9583 
(10 

99.6 
1.676 

814 
21.48 
6.438 
47.48 
8252 

355.6 
11.75 
2.305 
22.95 

1220 
t1 

251.4 

0 
1.6 
2.0 

NC 
1.9 
2.6 
0.1 

0 
8.0 
5.1 

18.2 
2.8 

2.8 
0 

3.7 
2.5 
1.3 
6.8 
6.3 

23.9 
0.2 
2.9 
0.9 

34.9 
9.6 
5.4 

0 
1.6 

- 



Appetrdir F: QA/QC Remlis 

Table F. ' l -6  

(Continued) 

Site 16 
No. o f  
Pairs 

ICAPES Metals in Coal (mg/kg): (Cont'd) 
Stronti um 1 
Ti tani um 1 
Vanadium 
Zinc 

1 
1 

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

Arsen i c 1 
Cadmi um 1 
Mercury 1 
Lead 1 
Selenium 1 

ICAPES Metals in Bottom Ash (rng/kg): 
A1 umi num 1 
Antimony 
Barium 
Beryl 1 i um 
Cal ci urn 
Chromium 
Cobalt 
Copper 
Iron 
Magnesium 
Manganese 
Molybdenum 
Nickel 
Potassi um 
Silicon 
Silver 
Sod i um 
Stron t i um 
Thal 1 i urn 
Titanium 

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

' 1  
1 

- Mean 

1.552 
600 

24.52 
614.38 

31 
<o. 1 

4.6 
1.4 

128500 
(100 

882 
11.2 
7295 

120 
51.3 
94.2 

90550 
4490 

141 
t 2 0 0  

103.5 
18315 

348500 
<40 

2475 

(100 
7215 

978 

NC 
2.8 
0 

6.3 

1.9 
0 

2.2 
6.9 

0.8 
NC 

2.5 
0.9 
1.0 
1.7 
5.4 
2.1 
0.1 , 

0.4 
1.4 
NC 

1.0 
1.0 
0.3 
NC 

8.5 
4.5 
NC 

0.1 

F-3 1 



Appendix F: @/QC Rcrulrs 

S i t e  16 

Table F.l-6 

(Continued) 

No. o f  
Pairs 

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

Vanadium 
Zinc 

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

Arsenic 
Cadmi um 
Lead 
Mercury 
Selenium 

ICAPES Metals 
A1 umi num 
Antimony 
B a r i  urn 
Beryl 1 i urn 
Cal c i urn 
Chromium 
Cobalt 
Copper 
I r o n  
Magnesium 
Manganese 
Molybdenum 
Nickel  
Pot ass i um 
S i l i c o n  
S i l v e r  
Sodium 
S t ron t i  um 
T i  tanium 
Vanadi um 
Zinc 

F-32 

1 
1 

i n  F l y  Ash (mg/kg): 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

- Mean 

212 
31.25 

84.15 
< l  

21.4 
<0.045 

<5 

104500 
<loo 
80 1 
12.6 
7585 
491 

58.95 
153.5 
78600 
3305 
180 

<zoo 
322 

15850 
310100 

(40 
2336 
886 
6595 
242 
80.3 

1 .o 
8.6 

6.8 
NC 
0.5 

NC 
NC 

6.7 
Nc 
6.5 
0 

1.7 
157 
5.6 
9.8 
2.5 

22.1 
55.5 

NC 
129 
4.4 
1.2 
NC 
1.4 
6.4 
1.4 
0.4 
5.0 



Appendix F: QA/QC Results 

S i t e  16 

Metals by AAS and CVASS i n  
F l y  Ash (mg/kg): 

Arsenic 
Cadrni um 
Mercury 
Lead 
Selenium 

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

A1 urni num 
Antimony 
B a r i  urn 
Beryl 1 i urn 
Boron 
Calcium 
Chromi urn 
Cobalt 
Copper 
I ron  
Magnesium 
Manganese 
Molybdenum 
Nickel 
Potassi urn 
S i l i con  
S i l ve r  
Sodium 
S t ron  t i urn 
T i  t an i  um 
Vanadi urn 
Zinc 

Table F.l-6 

(Continued) 

No. o f  
Pairs - Mean w 

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 

224 
tl 

0.263 
59.4 
18.9 

0.266 
to. 1 
0.094 
0.0007 
0.1125 
16.0 
0.002 
0.003 
0.006 
0.335 
2.84 
0.05 

to. 05 
0.008 
2.24 
3.61 
0.002 
5.535 
0.169 
tO.l 
0.003 
0.014 

0.4 
27.0 
6.8 
64.8 
64.6 

13.2 
NC 

1.1 
0 

6.2 
0.6 

NC 
NC 

0 
25.1 

1.7 
2.0 

NC 
NC 
2.2 
2.2 

NC 
0.54 
1.1 
NC 
0 

NC 

. .  

F-33 
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S i t e  16 

ICAPES Metals i n  Sluice Water 
Supply (mg/L) : 

A1 umi num 
. Antimony 

B a r i  urn 
Beryl 1 i urn 
Boron 
Calcium 
Chromi urn 
Cobalt 
Copper 
I r o n  
Magnesium 
Manganese 
Molybdenum 
Nickel 
Pot ass i um 
S i l i c o n  
S i l v e r  
Sodi um 
Stront i um 
T i  t a n i  urn 
Vanadium 
Zinc 

Table F . l -6  

(Continued) 

No. o f  
Pairs 

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

- Mean 

0.688 
co.1 

0.150 
0.0011 
0.160 
21.25 
0.004 
0.008 
0.034 
0.828 

3.58 
0.092 
t o .  05 
0.013 

3.46 
3.96 

0.006 
9.04 

0.267 
(0.1 

0.007 
0.02 

5.2 
NC 

0.7 
NC 
NC 

1.4 
0 

NC 
NC 

5.4 
1.4 
1.1 

0 
NC 

4.3 
4.3 

NC 
0.1 
0.8 

0 
NC 
NC 

F-34 



Appendix F: QA/QC Reculls 

Table F . l - 7  

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

ICP/AAS NAA XRF 

Parameter 

A1 umi num 
Antimony 
Bar i  urn 
Bery l  1 i um 
Calcium 
Chromium 
Cobalt  
Copper 
I r o n  
Magnesi um 
Manganese 
N icke l  
Potassi  um 
S i l i c o n  
Sodi urn 
S t r o n t i  urn 
T i  t a n i  urn 
Vanadium 
Zinc 

Arsenic 
Cadmium 
Mercury 
Lead 
Sel en i  um 

C e r t i f i e d  
Value Resul t  
!a& B.&L 

14.3% 12.0% 
6.8 (100 

0.15% 0.115% 
12 11.0.  

1.11% 0.913% 
196 450 
46 54.8 

118 115 
9.4% 8.28% 

0.455% 0.336% 
179 186 
127 256 

1.88% 1.66% 
22.85% 34.8% 

0.17% 0.156% 
830 664 

0.8% 0.772% 
297 277 
220 192 

145 214 
1.00 t l  
0.16 0.104 
72.4 88.2 
10.3 <5 

Rec. Resu l t  
- % llsLe 

84 1.33% 
- 6.199 

77 0.1839% 
92 NA 
82 1.4977 

229 182 
119 53.1 
97 <418 
88 9.58% 
76 0.6572% 

104 160 
202 162 
88 2.53% 

153 NA 
92 0.184% 
80 1021 
96 0.7259% 
93 288 
87 202 

148 157 
- <24.9 

65 ~ 3 . 6  
122 NA 

- 10.9 

Rec. Resu l t  
- % % 

90 14.3 
90 

122 0.161 

134 1.06 
90 

115 

102 9.81 
144 0.452 
89 0.079 

140 
134 1.88 

- 23.2 
108 0.11 
123 0.27 
90 0.82 
90 
92 

108 

- 

- 

- 
- 
- 

106 

Rec. 
% 

102 

107 

95 

- 

104 
100 
440 

100 
101 
65 

320 
103 

F-35 
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Table F.1-8 

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

Parameter 

A1 uminum 
Antimony 
Bari um 
Beryl 1 i um 
Cal c i  um 
Chromium 
Cobalt 
Copper 
I r o n  
Magnesi um 
Manganese 
Molybdenum 
Nickel 
Potassium 
S i l i c o n  
S i  1 ver 
Sodium 
St ron t i  um 
T i  t a n i  um 
Vanadium 
Zinc 

Arsenic 
Cadmium 

C e r t i f i e d  
Value u d G  

14.3% 
6.8 

0.15% 
12 

1.11% 
196 
46 
118 
9.4% 

0.455% 
179 
29 
127 

1.88% 
22.85 

0.17% 
830 
0.8% 
297 
220 

145 
1.00 

ICP/AAS 
B1 ank Corrected 

Result Rec. 
u9/4 

9.70% 68 

940 63 
9.61 80 
8552 77 
169 86 

38.7 84 
107.5 91 
6.2% 66 

0.310% 68 
136 76 
27 93 

103.6 82 
1.36% 72 

0.46 271 

0.548% 69 
234 79 
228 104 

683 a2 

209 144 
1.98 198 

ICP/AAS 
Not Blank Corrected 
Result 
uq/q 

9.93% 

1021 
9.6 
9723 
195 

40.0 
120.1 
6.26% 

0.3303% 
150 
324 
131 

1.37% 

0.64% 
713 

0.548% 
244 
277 

217 
2.97 

Rec. 

69 

68 
80 
88 
100 

102 
67 
73 
84 

1117 
103 
73 

a7 

376 
86 
69 

126 

150 
297 

a2 

F-36 
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Table F . l -9  

RESULTS OF S I T E  16 PERFORMANCE EVALUATION SAMPLE - 
COAL 1632A NEUTRON ACTIVATION ANALYSIS 

Parameter 

A1 umi num 
Antimony 
B a r i  urn 
Beryl 1 i urn 
Calcium 
Chromi urn 
Cobalt 
Copper 
I ron  
Magnesi um 
Manganese 
Molybdenum 
Nickel 
Potassi urn 
S i 1  icon 
S i  1 ver 
Sodi urn 
S t ron t i  urn 
Titanium 
Vanadi urn 
Zinc 

Arsenic 
Cadmi um 
Mercury 
Lead 
Sel eni urn 

PE Sample LAB QC 
Cer t i  f ied C e r t i f i e d  

Value Result 

8550 8572 
0.24 0.277 
67.5 97.8 

2040 1962 
11 12.8 

2.29 2.57 
6.28 55.1 
7590 8423 

383 381 
12.4 12.35 
0.9 4 . 1 5  
6.1 t15.8 
748 1017 

515 526 
102 95.1 
454 519 

14 15.5 
11.89 9.25 

3.72 3.9 
0.057 t3.2 

1.29 1.64 

100 
115 
145 

96 
117 
112 
878 
111 
99 

100 

136 

102 
93.2 

114 
111 
78 

105 

127 

29500 
0.600 

120 

2410 
34.3 

6.7 

11100 
1150 
28.0 
3.85 
19.4 
4110 

828 
85 

1630 
44.0 
28.0 

9.3 
0.17 
0.13 

2.6 

Result 

29121 
0.612 

117 

2355 
33.5 
6.55 

10847 
1096 
26.7 
4.02 
t 2 5  

3918 

844 
83.1 
1554 
41.9 
27.4 

9.48 
c0.25 
t0.25 

2.54 

99 
102 
98 

98 
98 
98 

98 
95 
95 

104 
NC 
95 

102 
98 
95 
95 
98 

102 
NC 

98 

E-37 
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Table F.l-10 

SITE 16 PERFORMANCE EVALUATION SAMPLE - 
EPA TRACE ELEMENTS I N  WATER 

Parameter 

A1 umi nurn 

Beryl  1 i urn 

Chromi um 

Cobalt 

Copper 

I r o n  

Manganese 

N icke l  

Vanadium 

Zinc 

Arsenic 

Cadmi um 

Mercury 

Lead 

Sel eni  urn 

C e r t i f i e d  Value mq/L Result  mu/L 

0.500 
0.100 

0.100 
0.100 

0.100 

0.100 
0.100 

0.100 

0.250 
0.100 

0.511 

0.0973 
0.098 
0.097 

0.093 
0.113 
0.094 

0.100 

0.233 
0.098 

102 
97 

98 
97 
93 

113 
94 

100 

93 
98 

0.100 

0.025 

0.005 

0.102 
0.025 

0.092 

0.028 

0.0055 

0.102 
0.022 
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~ ~ o o o o o o m o m o o m ~ o o ~ ~ o n  
d d d d t d d d d d d d d d d d b d d d d  

I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  I x r I I I I s I x x r I I s x x I x x x  
N N N N N N N N N N N N N N N N N N N N N  
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Appendix F: QA/QC Results 

Table F2-2. Summary ol Labmatory Method Blank Resuna 

SampisID M y i e  
sLK93-682 Aluminum 
ELK93662 AnlimDnY 
BLK93-682 Arunic 
ELK931 164 A r m i c  
ELK93-682 Barium 
BLK93-862 Barium 
BLK93-682 Beryllium 
ELK93638 W l i u m  
ELK93638 W l l u m  
8LK93-682 W l i u m  
ELK93682 Cadmium 
ELK93638 Cadmium 
B~K93.538 Cadmium 
ELK93682 Cadmium 
BLK93-682 W d u m  
BLK93-882 Wdum 
ELK93629 Chlalda 
ELK93525 CNalde 
BLK93-682 Chromium 
ELK93-882 Chromium 
ELK93698 coban 
ELK92638 coban 
ELK93682 CDban 
ELK93636 CWPN 
ELK93698 CWPU 
ELKS5682 CWPN 
B L K W  Ruaide 
ELK93539 Ruaido 
B L K 9 W  Ruaide 
BLK93-682 Iron 
ELK93-682 lion 
ELK95682 L a d  
BLK93-682 L a d  
ELK92638 L a d  
BLK93-682 L a d  
BLKS-682 Megn*sium 
ELK92638 W n n i u m  
BLKS-882 Magnesium 
ELK92638 Magnesium 
ELKS-682 M ~ M -  

ELK93649 MNCUW 
ELKS5682 Molybdenum 
ELK92638 MdyWenum 
ELK89682 Nick* 
ELK92638 Nick4 
ELK92638 Nick* 
ELKS9882 Nick* 
ELKS-682 Phorphaus 
ELK89682 Pdasdum 
ELK92638 Potouium 
ELK92638 Potasdurn 
ELK92638 sdanbnl 
ELKS9882 S*.nhtm 
BLK83B82 Wenium 
ELK92638 Sinson 
BLK93662 Silicon 
BLK93636 silicon 
BLK936sa silvr 
ELK93682 Silva 
ELK93698 Sodium 
BLK93636 Sodium 
ELKS-682 Sodium 
SLKS-682 Sodium 
BLK93-682 SvmUum 
BCKS-W2 strmtlum 
BLK93-882 Thallium 
BLK93-682 Thallium 
BL- Thalllum 
BLK93-882 T M u m  

ELKS-682 -MOW 

M&od 
ICP analysis by SWW10 
ICP analysis by SWWlO 
ICP analysis by SWWlO 
A r m i s  by SW7060 
ICPanalysis by SWWIO 
ICP analysis by SW6010 
ICP analysis by SWWlO 
ICP analysis by SWW10 
ICP analysis by SWW10 
ICP analysis by SWW10 
ICP analysis by SWW10 
ICP analysis by SWWIO 
ICP ~ a l y s i ~  by SWW10 
Cadmium by SW7131 
ICPanalysisby SWWlO 
ICP analysis by SWWlO 
Chlalda. potnHom.tric 
Chlmide by SM 4500 CI B 
ICP analysis by SWW10 
ICP analysis by SWW10 
ICP analysis by SWWlO 
ICP analysis by SWWlO 
ICP analysis by SWWlO 
ICP analysis by SWWlO 
ICP analysis by SWWlO 
ICPanalysisby SWWlO 
Ruoride by EPA 340.2 
Fluaid. by EPA 340.2 
Ruaide by EPA 340.2 
ICPanalysisby SWWlO 
ICP analysis by SWWlO 
LoadbySW7421 
ICP analysis by SWWlO 
ICP analysis by SWWlO 
ICP analysis by SWWlO 
ICP analyais by SWWlO 
ICPanalysis by SWWlO 
ICPrwdysis by SWWlO 
ICP analyds by SWWlO 
ICP analysis by SWW10 
ICP analysis by SWWlO 
Mnarry. cold vapa  SW7471 

ICP analyais by SWWlO 
ICP analysis by SWW10 

ICP analysis by SWWlO 
Ni&* by OF. EPA 249.2 

ICP MalHs by SW6010 

ICPMalysiaby SWWlO 

ICP Malws by SWWlO 
ICP MdHS by SWWlO 
ICP analysis by SWWlO 
ICP analyais by SWWlO 
ICP analysis by SWB010 
ICP analysis by SWWlO 
Wmium by SW7740 
ICP MWS by SWWlO 

ICP analysis by SWW10 
ICP analysis by SWWlO 
ICPanalyaia bySWWl0 
ICP analysis by SWW10 
ICP analysis by SWW10 
ICP8rnIy.h bySWW10 
ICP analyak by SWW10 
ICP analyaia by SWWlO 
ICP amWls by SWBOIO 
ICP analysis by SWW10 
ICPanalysiaby SWWl0 
ICP analysis by SWW10 
ICP analyds by SWWlO 

ICP Maly8ii. by SWW10 

D e l b m  Sample 
73 Labaa tayac  
19 Labaa tayac  

160 Labaatay ac 
0.933 LabaatayOC 

0.8 L a b a a W a c  
0.8 LabaatayQC 
0.6 L a b a n t W a c  

0.06 LabaatayOC 
0.m Labaatay ac 
0.6 Labaatay ac 
2.9 L a b a a t a y a c  

0.29 L a b a a t a y a c  
1 Labaatonlac 

250 LabaaayQC 
250 Labaa tayac  
100 Laboratory ac 
100 Labaatay ac 
5.5 ~ a b ~ a t a y a c  
5.5 ~ a b a a t ~  ac 

0.52 L a b a a t a y a c  
0.52 L a b a a t a y a c  

5.2 Labaa tayac  
0.25 Laboratmy ac 
0.25 Labaatoryac 
2.5 Labaa tayac  
i o  Labaa tayac  

0.02 Labaa tayac  
IO Labaa tayac  
330 L a b a a l a y a c  
330 Laboratayac 
1.1 LabaatayQC 
3.4 Labaatay QC 
2.5 LabaatayQC 
3.4 ~ a b a a i ~ a c  
2s Labaa tayac  
2.7 LabaatayQC 
26 LabaatayQC 
2.7 LaboratayQC 
1.4 LabaatayQC 
1.4 Laboratory ac 

0.012 Labaa tayac  
2.6 Labaatay QC 

0.26 LabaatayOC 
11 Labaa tayac  

1.1 Labaatayac  
1.1 Labaa tayac  

1.17 Labaatay(x: 
140 Labaa tayac  
350 LnbaatayQC 
35 LabarnayOC 
35 LnbLnatayQC 
4.4 ~aborat~ac 
a Labamayac 

1.16 LabaaayOC 
11 LabaaCfyQC 

110 Labffatay QC 
11 Labarnay OC 

0.18 LabaatayQC 
1.8 LnbaatayQC 
2.6 Labaa tayac  
2.6 LabaatayQC 
21 Labaa tayac  
21 LaboratWac 
0.8 Labaatay OC 
0.6 Lnbaatay (x: 
120 LabaatayQC 
120 Labuatayac 
69 LnbaatayM: 
3.5 LabaatayQC 

0.29 L a b a n t W a c  
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Appendix F: QAIQC Results 

SamplaID Analyts 
ELK93882 Tilmium 
ELK93-682 Titanium 
ELK95638 Vanadium 

ELK93638 Vanadium 
SLK93-682 Zinc 
ELK93-682 Zinc 

SLK99882 VMadium 

BLK93-376 Aluminum 
ELK83716 Aluminum 
ELK93716 Andmony 
SLK93-376 Andmary 
ELK93-376 A r m i s  
ELK93716 A r m i c  
ELKS3642 Arwnic 
W 3 - 3 7 8  A r m i s  
ELK93716 Barium 
ELK93476 Barium 
ELK93-376 Batyillum 
ELK93716 Batyilium 
SLKS3716 War 
ELK93-376 War 
BLKS3-376 Cadmium 
E L M 2  Cadmium 
ELKS3716 Csdmlum 
ELKS3379 Cadmium 
ELKS3716 Calcium 
BLKS3-376 Calcium 
ELK85624 Chlorid. 
ELKS3744 Chloride 
ELKS3746 Chluide 
BL1(99588 Chlorid. 
BLKS3-376 Chromium 
BLKS3-378 Chromium 
ELK93716 Chra lum 
ELK93642 Chromium 
ELKS3716 cobdl 
BLKS3-578 Cman 
BLW-376 Coppr 
ELK93716 CCQpr 
BLKgs725 fluoride 
BLKwes4 fluoride 
BLIC99655 fluorid. 
LabBlank fluoride 
Labslonlc fluorid. 
ELK935sg Fluoride 
ELKS3716 lrm 
ELM-431 Iron 
ELKgsuu L a d  
BLKgsuu L r d  
ELKS3-576 L a d  
BLKS3-642 L.sd 
E L M 7  L a d  
ELKS3716 M 
BLKS3-376 k g n n i u m  
BLKS3716 Magnnium 
ELK93716 kngMM 
6LK93-376 kngMM 
ELKS3722 M r a n y  
BLKSgSQB Mrany 
BLK93507 Muany 
ELK99647 M r w  
ELK95587 Mrwry 
ELK93718 Mdybdnum 
ELK95-376 M d y W n u m  
BLW-376 Nickel 
SLKa931Q Nickel 
ELK93642 Nlckel 
ELKS3716 Nlckd 
ELK=-431 Phnsphuus 

Tabla F2-2. Summary of Laboratory Mahod Blank Rewits 

ICP &nia  bv SWWlO 

Mahod 
ICP ~ a l y s i 8  by SWW10 
ICP analysis by SWWlO 
ICP analysis by SW6010 
ICP analvsiis bv SWWlO 
ICP m&a b; SWWlO 
ICP analysis by SWWlO 
ICP analysis by SWW10 

ICPanalysisby SWWlO 
ICP maiy4a by SWWlO 
ICP a d y s i a  by SWWlO 
ICP analysis by SWW10 
ICP a d y a i s  by SWWlO 
ICP analysis by SWW10 
ArUnis by SW7060 
Arunlc by SW7060 
ICPanalysiaby SWWl0 
ICP analysis by SWW10 
ICP analysis by SWWlO 
ICP analysis by SWWlO 
ICP analysia by SWW10 
ICP analysis by SWWlO 
ICPandysiaby SWWlO 
Cadmium by SW7131 
ICP analysis by SWW10 
Cadmium by SW7131 
ICP ~ s l y s i ~  by SWWlO 
ICP analysis by SWWlO 
Chloride. by IC EPASOO 
Chloride. by IC EPASOO 
Chloride. by IC EPUOO 
Chloride. by IC EPASOO 
ICP analysia by SWWlO 
Chromium by OF - SW7lSl 
ICP analysis by SWWlO 
Chromium by OF - SW7191 
ICP analysis by SWW10 
ICP analysis by SWW10 
ICP m a i y 4 s  b y  SWWlO 
ICPmaiy4abySWW10 
fluoride by EPA 340.2 
fluoride by EPA 340.2 
fluorid. by EPA 340.2 
fluorid. by EPA 340.2 
fluoride by EPA 340.2 
fluoride by EPA 340.2 
ICP analysis by SWW10 
ICP analysis by SWWlO 
M by SW7421 
L a d  bv SW7421 

L a d  by 6w7iz1 
L a d  by SW7421 
ICP a d y s i a  by SWWlO 
ICP analysis by SWWlO 
ICP analysis by SWWlO 
ICP analysis by SWW10 
ICP maiy48 by SWWlO 
Mncury. sold vapu SW7470 
Mrcury. sold vapu SW7470 
Mercury.HNOSIHZO2 lmpingn 
Mrarry. sold vapu SW7470 
Mercury. cdd vapu SW7470 
ICP maiy4a  by SWW10 
ICP analysis by SWWlO 
ICP Malysia by SWW10 
Nickel by OF. EPA 249.2 
Nickel by OF. EPA 249.2 

ICP analysia by SWWlO 
ICP M d y d S  by SWWlO 

Rswn U n b  
0.92 J mglkg 
6.07 mglkg 
0.24 J mglkg 

2.2 J mglkg 
0.12 J mghg 

9.77 J mgng 

0.00 J mgIL 
0.00 J mgIL 
0.00 J mgIL 

mglL 
mglL 

0.00 J mgIL 
mglL 
mglL 

0.00 J mglL 
mglL 

0.002 W l L  
0.00 J mglL 
0.02 mg1L 
ND mgIL 
0.00 mgIL 

mglL 
0.00 J mglL 
ND mglL 
0.05 J mglL 

mgIL 
W I L  
mglL 
mglL 

ND mglL 
W l L  

0.00 mglL 
W l L  

W l L  
WA 

mglke 

0.00 J mglL 

W l L  
0.00 mgn 
0.02 BmpR 
0.01 J mgIL 
0.01 J mgIL 
0.01 J mglL 
0.02 mglL 
0.05 mglL 
0.01 mglL 
0.01 J mglL 
0.00 mglL 
0.00 mglL 

mglL 

W l L  
N I L  
mgIL 
mgIL 
mglL 

0.00 mglL 
mgIL 
mglL 
mglL 
mgIL 
WlL  

0.00 J mglL 
mglL 
W l L  

0.00 J mgIL 
0.00 J mplL 

W l L  
mgIL 

ow J WIL 

D a m  Sample 
1 .8 Labuafay oc 
3.5 Labuatuyoc 

0.43 Labua tuyoc  
4.3 L a b u a u y o c  

0.43 Labua tuyoc  
19 Labua tuyoc  
1s Labua tuyoc  

0.028 ~ a b u a t u y a c  
0.028 L a b u a u y o c  
0.024 LabuauyOC 
0.024 LabuauyOC 
0.023 LabuauyOC 
0.023 L a b u a u y a c  

0 . ~ 0 6 5  L a b u a u y a c  
0.00065 Laborauyac  
0.ooOu L a b u a u y o c  
o.ooo53 Labua tuyoc  
o.wo55 L a b u a u y o c  
0.000s ~ a b ~ a ~ a c  

0.015 L a b u a u y o c  
0.015 L a b u a u y o c  

0.001 7 ac 
0 . ~ 4  ~ a b ~ ~ a c  
0 . ~ ~ 7  wuauy oc 

0.00032 L a b u a u y a c  
0.15 ~ a b ~ s u x y a c  
0.15 L a b u a u y o c  
0.02 ~ a b u a ~ y a c  
0.02 Labua tuyoc  
0.02 Labuaoryoc  
0.02 L a b W a c  

0.0025 L a b u a u y o c  
o . m n  ~ a b ~ a u y a c  
0 . m ~  ~ a b u a t a y a c  

0.mn L a b u a u y o c  
0.0034 Labuauyoc 
0.0034 ~ a b ~ a ~ a c  
0.005) Labuauylx 
0 . m  Labuauylx 

0.02 Labuauylx 
0.02 Labuauylx 
0.02 Labuatoryw 
0.02 L a b u a u y o c  
0.02 ~ a b ~ a ~ a c  
0.02 ~ a b ~ a - a c  

0.006 ~ a b ~ a ~ r y a c  
0.024 Labcfta-OC 

0.0011 Labuaknyoc 
0 . ~ 1 1  ~ a b ~ ~ a c  

0.0011 Labuauyw 
0.0011 Labuatuyoc 
0.027 ~ a b ~ a t o r y a c  

0.023 ~ a b ~ a t o r y a c  
o.Wo39 LabUatClyOC 
o.wo39 L a b u a a y l x  
0 . m  ~ a b 0 r t a - a ~  
0 . m  ~ a b ~ a ~ a c  
0 . m  L a b u a u y o c  
0 . m  L a b u a u y o c  
0.~1004 ~aboraroryac 
0 . m  ~ a b ~ a c  
0.- L a b u a u y o c  
o.wB9 L a b u a u y o c  
0.0018 L a b u a u y o c  

0 . ~ 1 8 2  ~ a b o r a t u y a c  
0.- ~ a b u s t o r y a c  

0.84 L a b u a u y o c  

0.027 LabuMuyW 

0.023 LabuMuylx 

F-45 



Appendix F: pA/QC Results 

Table F2-2. Summary Ot LnbrxstofY Melhod Blank Resuns 

SamplsID Anslvia 
ELK93782 ROsphaus 
ELK93716 Potassium 
BLK93-376 Potassium 
ELK93-376 Sdnium 
ELK93716 Sdonium 
ELK93642 Solonium 
ELK93482 Sdnium 
BLK93-376 Silicon 
ELK93716 SllsDn 
BLK93-376 Silver 
ELK93716 Silwr 
ELK93716 Sodium 
BLK93-376 Sodium 
ELK93716 Sbaium 
ELK93-376 S b a i u m  
BLK93624 Sum. 
BLK937U Sunme 
BLK93566 Surne 
BLK93625 Sultste 
BLK93716 Thallium 
BLK93-376 Thsllium 
ELK9371 6 Tmium 
BLWS-376 rtanium 
ELK93716 Vanadium 
BLK93-376 Vanadium 
ELK93-376 Zinc 
ELK93716 Zinc 

ELM-638  Aluminum 
BLK93-638 M m w y  
BLKs56sB A M i c  
BLK93-638 Arwnic 
E L M - 6 3 8  k i u m  
BLm-638 &$lium 
BLKSS30 Cadmium 
E L M - 6 3 8  Colaum 
ELKSS-638 Chromium 
BLK93-638 Ifm 
BLK838sB Lsed 
BLM-638 M 
BLM-638 Magnuurn 
BLK93-638 M0IWM.U 
BLw3648 Mrarry 
BLK93-638 Niekd 
BLW-638 Nlekd 
BLM-638 Rosphorus 
BLKSS30 Phosphorus 
BLKSS30 S*.nlum 
BLK93-638 Sodium 
BLW-638 Soontiurn 
BLK93-638 Thsllium 
BLK93-638 TitMium 
BLK93-638 lltanlum 
BLK93-638 Zlnc 

M h o d  Blank H . w a l . n t  chromium 
BLK93-981 Hclovd.ntchromium 

M h o d  Blank Chlaido 
LabBlank SuIWe 
ELK937m sullur 

M.md Blank M m m y  
Mmcd Blank Arsonic 
Mothod Blank Bsrium 
Mmhd Blank byi l ium 
M h c d  Blank Cadmium 
Mothod BlMk Chromium 
Mothod Blank Coban 
Mmhod BlMk Coppa 

M&Cd 
ICP analysis by SW6010 
ICP ~ a i y s i s  by SW6010 
ICP analysis by SW60lO 
ICP ~ a i y s i ~  by SW6010 
ICP analysis by SW6010 
Sdmium by SWTIU) 
Sddum by s w n a  
ICP analysis by SW6010 
ICP analysis by SW6010 
ICPanalysisbySW6010 
ICP analysis by SW6010 
ICP analysis by SW6010 
ICPadysia by SW6010 
ICP analysis by SW6010 
ICP analysis by SWW10 
Sunme. €PA 900.0 
SuMt. m films 
Sttale. €PA 900.0 
Suttata. EPA 500.0 
ICP analysis by SW6010 
ICPanalysisby SW6010 
ICP analysis by SW6010 
ICP analysis by SWWlO 
ICP analysis by SWWlO 
ICP analysis by SW6010 
ICPanalysisbySW6010 
ICP analysis by SW6010 

ICP analysis by SW6010 
ICP analysis by SW6010 
BIFAstor M.talsTrains 
ICPanalysieby SW6010 
ICP analysis by SW6010 
ICPdysisbySW6010 
BIFCdfaMMMleTrains 
ICPendyisby SW6010 
I C P w s b y  BWB010 
ICP analyais by SW6010 
BIF Pa tor M W s  Trains 
ICPamIpis by SW6010 
ICP endyie by SWWlO 
ICP adysis by SW6010 
Muany.  old v a p u  SW7471 
BIF NI tor M.tals Trains 
EIF NI tor MOWS Trains 
ICP a d p i s b y  SW6010 
BlFlCPtu MMIsTrains 
BIF 8. fa M a d s  Trains 
ICPanahlOs bySW6010 
ICP andycis by SW6010 
ICP amIpis by SW6010 
ICP a d w i s  by SW6010 
ICPanalyrkbySW6010 
ICP anahls(s by SW60lO 

CWl) by BIF METHOD 
CrM) by BIF MElHOD 

Chloride. by IC EPASOO 
sumo finus 
TDLal s v b r  

ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 

R w h  Units 
0.25 J mg1L 

mg/L 
mglL 
W I L  

0.01 J mglL 
W I L  
W I L  

0.02 J mg/L 
0.05 mglL 

mOlL 
0.00 J W I L  
0.01 J w / L  
0.01 J W I L  
0.00 mOR 
ND mg/L 

mon 
0 mg/L 

ND mgR 
mon 
mon 

0.03 mg/L 
W I L  
W R  
W L  
mon 

0.00 J mg1L 
0.00 J mg1L 

ug 
ug 

0.65 ug 
ug 

0.m ug 
0.03J q 

ug 
4.55J ug 
0.42 J q 
3.06J ug 

ug 
0.25 J ug 
1.WJ ug 
0.15 ug 

ug 
u9 

0.02J ug 
w 
ug 
ug 

13.1 ug 
0.06 ug 
2 . n  ug 
0.71 ug 
0.71 ug 
0.54 J ug 

ND uglL 
ND uglL 

Datum Sample 
0.84 Labaatory ac 
0.37 Labua tuyac  
0.37 Labuatuy QC 

0.042 LabuatoryQC 
0.042 L a b u a l a y ~ C  

0.00144 L a b u a l a y a c  
0.0014 LabualuyQC 

0.27 Lnboratayac 
0.027 Labua tayac  

0.0019 Labaa1oryac 
0.0019 Labua1uy ac 

0.04 LabuatuyaC 
0.04 LabuatayOC 

0.00017 Labualcfy OC 
0.00017 Labuatory(x: 

0.08 Labua tayac  
0.06 Labua1oryac 
0.06 Laboratayac 
0.06 Laboratory ac 

0.017 Laboratorycx 
0.017 L a b u a t q a c  
0.001 Labuatoryac 
0.001 Labua tayac  

0.0024 Labuatayac 
0.0024 Labuatoryac 
0.0015 Labumay ac 
0.0015 Labua1q  ac 

8.3 Labua tayac  
1.5 LabumoryOC 

0.m Labua tayac  
3.4 Labua tayac  

0.m Labormoryac 
0.068 L a b u a t q a c  

0.1 Labuatoryoc 
26 Labuatuyw 

34 L a b u a a y a c  
0.11 Labumuyac 
3.1 L a b u a t q a c  

0.13 LabuatmlOC 
0.Wgg Labaa tayac  

7.3 L a b u m u y a c  
7.29 Labuatayac 
0.12 Labumuyac 

4.6 LabormuyQC 
0.05 L a b u a t q a c  

z L a b u a t w a c  
0.47 Labuatoryac 
0.47 LabumuyOC 
0.67 LnbormoryOC 

0.024 Labua tuyac  
0.024 Labua tayac  

0.47 LabuatoryQC 

2.3 LabUatay QC 

0.117 LabUatUyOC 
0.117 LabUatayOC 

ND wlm:  
ND ugl.am: 

96 sunur 

0.05 ug 
1.3 ug 

0.14 ug 
0.4 ug 

0.03 @ug 
4.59 ug 
0.13 ug 

0.7 ug 

0.02 L a b u a t q a c  
0.06 Labua tayac  

0.00s Laboratuyac 

0.00% ~ o t h o d ~ l a n k  
O.ooo4 MathodBlank 

0.0021 MelhodBlank 
0.W28 MethodBlank 
0.0012 MothdBlank 
0.0014 MelhodBlank 
0.0005 MothodBlank 
0.0016 MDmodBlMk 



Appendk F: QA/QC Results 

Table F2-2. Summary d Laborslay Mahod Blank ROWnli 

SamplsID badyte 
Method Blank Lead 
Method Wmk Mangansss 
Method Blank M a a n y  
Method Blank Mdybdnum 
Method Blank Nickel 
Method Blank Selmium 
Method Blank Vanadium 
Method Wmk W m m y  
Method Blank W-ie 
Method Blank e i u m  
Method Blank @u$lium 
Method Blank LJadmium 
Method Blank Chromium 
Method Blank Cobah 
Method Blank C ~ p p n  
Method Blank b E d  
Method Blank 
Method Blank Mrcvry 
Method Blank Mdybdnum 
Method Blank Nickmi 
Method Blwli Wmium 
Method Blank Nanadium 

Lab Blank 
Lab Blank 
Lab Blank 
Lab Blank 
Lab Blank 
Lab Blank 
Lab Blank 
Lab Blank 
Lab Blank 
Lab Blank 
Lab %k 
Lab Blank 
Lab Blank 
Lab Blank 
Lab Blank 
Lab Blank 
Lab Blank 
Lab Blank 
Lab Blank 
Lab Blank 
Lab Blank 

Lab Blank 
Lab Blank 

VOSTLab Warl.l-DihlaooIhMe 
VOSTLab W. l -D ich laoeIhne 
VOST Lab W . l . 1  -TrichlaooIhMe 
VOST Lab Bld.l.2-Ttichlaoethae 
VOST Lab W.l.2,2-T.(roshlaooIhMe 
VOST Lab W.2-DichlaObmzne 
VOST Lab B l d . 2 - D i c h l a o e  
VOST Lab Bsn.2-DichlaopIcpane 
VOST Lab W . 3 - D i c h l a O b o e  
VOST Lab W . 4 - D i c h l a o b n n n e  
VOST Lab W%?-Buramno 
VOST Lab BlaR-Hcenmo 
VOSTLab Blar*-Methyl-2-Pntanmn. 
VOST Lab W M o n o  
VOST Lab ElarBanzm~ 
VOST Lab Bhr&omodichloraethan. 
VOST Lab M o m o l o r m  
VOST Lab M o m o m ! h m a  
VOST Lab BlarCwbm Di.umdo 
VOST Lab Blsrcarbm T.(r&lorlde 
VOST Lab WarChlaobrum 
VOST Lab BlarChlaoethane 

Method 
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 

HRGClHRMS 
HRGClHRMS 
HRGClHRMS 
HRGClHRMS 
HRGCIHRMS 
HRGCIHRMS 
HRGClHRMS 
HRGClHRMS 
HRGCIHRMS 
HRGC/HRMS 
HRGClHRMS 
HRGCIHRMS 
HP&C/HRMS 
HRGCIHRMS 
HRGC/HRMS 

HRGClHRMS 
HRGC/HRMS 
HRGC/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 

Rasun Units 
0.01 @ua 
0.09 ug 
O.l4@ug 
0.18 ug 
0.52 ug 

2.64 ug 
0.02 ug 
0.97 ug 
0.15 ug 
0.34 ug 
0.00 ug 

0.11 ug 
0.62 ug 
0.00 ug 
0.01 @ug 
0.02 ug 
0.05 @ug 
o.=@ug 
1.09 ug 
2.07 ug 

21.1 ng 

2.06 ng 
0.96 ng 
5.59 ng 
5.47 ng 
2.47 ng 

2.15 ng 

12.5 ng 
2.96 ng 
3.42 ng 
3.42 ng 
9.12 ng 
3.37 ng 
2.43 ng 

7.40 ng 
2.64 ng 

1.6 Ug 

3.71 ug 

1.29 ng 

1.55 ng 

1.55 ng 

1.M ng 

2.70 ng 

0.11 ug/mL 
0.13 @ w/mL 

10 ng 
10 ne 
10 ng 
10 ng 
10 ne 
10 ng 
10 ng 
10 ng 
10 ng 
10 ng 
50 no 
50 no 
50 no 
SO no 
10 ng 
10 ng 
10 ng 
10 ng 
10 ng 
10 ng 
10 ng 
10 ng 

DelLirn Sampls 
0 . W  MdEdBlank 
0 . W  MethodBlank 
0.0049 MethodBlank 
0.0024 MethodBlMk 
0.0049 MethodBlank 
0.009 Method Blank 
0.002 Method Blank 

0 . m  Method Blank Dup 
0 . m 7  Method Blank Dup 
0.0017 Method Blank Dup 
0.0024 Method Blank Dup 
O.wO5 Mmhod Blank Dup 
0.0108 Method Blank Dup 
0.Wog Method Blank Dup 
0.0016 Method Blank Dup 
O.My)9 Method Blank Dup 
0 . W  Memod Blank Dup 
0.0029 Method Blank Dup 
0.0010 Method Blank Dup 
0.0052 Method BlMk DUp 

0.02 Method Blank Dup 
0.W26 Method Blank DUP 

-- MM5 lab bink 
21.1714 MM5lab blnk 

- - MM5 lab blnk -- MM5 lab bhk -- MM5 lab blnk 
5.59659 MM5 lab blnk -- MM5 lab blnk - - MM5 lab blnk -- MM5 lab blnk ' ' -- MM5labbblnk -- MM5 lab blnk 
12.50ZZ MMS lab blnk 
2.96588 MMSlab blnk -- MM5 lab blnk -- MM5 lab blnk -- MMSlabblnk -- MM5labblnk - - MMS lab blnk - ~ MH5 lab blnk -- MM5labblnk -- MMSlabblnk 

0.1 ug/sonStack gas. impingns 
0.1 ug/sa&tack gas. impingns 

1OVOSTLab Blankl 
1OVOSTLabBlankl 
1OVOSTLab Blankl 
10 VOST Lab Blank1 
lOVOST Lab Blank1 
10VOSTLabBlMkl 
lOVOSTLabBlMk1 
10VOSTLabBlMkl 
1OVOSTLabBlankl 
tOVOSTLabBlank1 
50 VOST Lab Blank1 
50 VOST Lab Blankl 
50 VOST Lab BlMkl 
50VOSTLabBlMkl 
10 VOST Lab BlMkl 
10 VOST Lab Blankl 
10 VOST Lab Blank1 
10 VOST Lab Blank1 

10 VOST Lab Blank1 

1OVOSTLabBlMkl 

10 VOSTLab Blankl 

10 VOST Lab Blankl 
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Table F2-2. Summary Ot LabuslUY Melhod B(Mk Raults 

Sample10 Analyte MetkDd 
VOST Lab BlarChluo(orm GCMS 
VOST Lab BlarchlUOmRUlane GCMS 
VOSTLab Blarcis-1.3-Dichluoppr~pontl GCMS 
VOST Lab BldlbrwnahlUOm*hMe GCMS 
VOST Lab BlarEmyl k m e  GCMS 
VOSTLab BlarM*kyi.neChluide GCMS 
VOST Lab Ehm.p-Xylene GCMS 
VOST Lab BI8ro-Xylno GCMS 
VOST Lab ElarSlyreno GCMS 
VOST Lab wT.aach iuwthne GCMS 
VOST Lab BlarTdune GCMS 

VOST Lab E h l ~ ~ a - 1 . 3 - O i c h l ~ f o p r ~ p n o  GCMS 
VOST Lab BlarTrichluwthne GCMS 
VOST Lab BlarTrichluoRuuometkane GCMS - 
VOST Lab B l d m y l  Asasto GCMS 
VOST Lab W n y l  Chluide GCMS 
VOSTLab Blarl.l-OichlumU%me GCMS 
VOSTLab Blarl.l-Dichluomthne GCMS 
VOSTLab Blarl.l.l-Trlchl~mhane GCMS 
VOSTLab Blar11.1.2-Trlchluwthans GCMS 
VOST Lab Blarl.l.2.2-T.bachluOelhane GCMS 
VOST Lab Blarl.2-Oichlorobenrme GCMS 
VOST Lab Blarl.2-Oichluo.mMe GCMS 
VOST Lab Blarl.2-0ichluopropann. GCMS 
VOST Lab Blarl.3-Oichluob.nre GCMS 
VOST Lab Blarl.4-Oichluobnuene GCMS 
VOSTLab BlaR-sutancne GCMS 
VOST Lab Blar2-Haaanme GCMS 
VOST Lab Blar4-Methyl-2-PmtMme GCMS 
VOST Lab Blar-0~ GCMS 
VOST Lab mammueno GCMS 
VOST Lab ~ c m o d i c h l u o n u m M s  GCMS 
VOST Lab slsrBromdmm GCMS 
VOST Lab M o r n m e t h a n e  GCMS 
VOST Lab -on O I ~ ~ h l d e  GCMS 
VOST Lab BlarCarbcn TolIechluide GCMS 
VOST Lab h C h i u 0 b n r m  GCMS 
VOST Lab Blarchluoolham GCMS 
VOST Lab 0kCWudarn GCMS 
VOST Lab hChlcfcfnethane GCMS 
VOSTLab Blards-1.3-DlsNuopropene GCMS 
VOST Lab BlmUibromoehluomethane GCMS 
VOST Lab Blarwyl k r o n e  GCMS 
VOST Lab hrM*kylne Chiaids GCMS 
VOST Lab Bhnn.p-Xylne GCMS 
VOST Lab M m - X y l n e  GCMS 
VOST Lab BbrSIvrn GCYS 
VOST Lab BlarTbasNoro.th.ne GCMS 
VOST Lab BlarTd-0 GCMS 
VOSTLab Blamsna-1.2-Olchlorwthnhn. GCMS 
VOST Lab ~ana- l .3 -D ich luopropmo GCMS 
VOST Lab BlarTrichluoahn* GCMS 
VOST Lab B l a r T i c h l u d u u a U h ~ e  GCMS 
VOST Lab BlarVlnyl Ammo GCMS 
VOST Lab BlarVinyl Chluide GCMS 
VOST Lab Blarl.l-O*hlumUmn. GCYS 
VOST Lab Blarl.l-Oichluomth.no GCMS 
VOSTLab Ebrl. l . l -Tf lsNucoth~e GCMS 
VOSTLab Ebrl,l.2-TrihlumU%mo GCMS 
VOST Lab B l M . 1 . 2 . 2 - T o l I h l u o e  GCHS 
VOST Lab kr l .2 -O lch luobrune  GCMS 
VOST Lab Ebrl.P-DlchlormU%me GCMS 
VOST Lab Blarl.2-OichluopropMe GCMS 
VOST Lab E b r l . 3 - D l c h l u ~ r u n e  GCMS 
VOST Lab k r l . 4 - O l c h l u o b n m e  GCMS 
VOSTLab Blar2-BuWae GCMS 
VOST Lab Blar2-Hmone GCMS 
VOSTLab &r4-Msthyl-Z-P.mMme GCMS 
VOST Lab BlarAatom GCMS 

VOST Lab htVMS-1.2-oichlUoethm. GCMS 

Oett im Samale 
10 VOST Lab Blankl 
10 VOST Lab Blank1 
10 VOSTLab Blankl 
10 VOST Lab Blank1 
10 VOST Lab Blankl 
10 VOST Lab Blankl 
10 VOST Lab Bankl 
10VOSTLab Blankl 
10VOSTLab Blankl 
10 VOST Lab Blankl 
10VOSTLab Bankl 
10 VOST Lab Blankl 
10VOSTLabBlankl 
10 VOST Lab Blank1 
10 VOST Lab Bankl 
50 VOST Lab Bankl 
1OVOSTLabBlankl 
10 VOST Lab Blank2 
10 VOST Lab Bank2 
10 VOST Lab Blank2 
10 VOST Lab Blank2 
10 VOST Lab Blank2 
10 VOST Lab Blank2 
10 VOST Lab Bank2 
10 VOST Lab Bank2 
10 VOST Lab Blank2 
10 VOST Lab Blank2 
50 VOST Lab Blank2 
50 VOST Lab Blank2 
50 VOST Lab Blank2 
50 VOST Lab Bank2 
10 VOST Lab Blank2 
10 VOST Lab Blank2 
lOVOSTLabElnnk2 
10 VOST Lab Blank2 
10 VOST Lab Blank2 
10 VOST Lab Blank2 
10 VOST Lab BlOn(r2 
10 VOST Lab Blank2 
10 VOST Lab -2 
10 VOST Lab -2 
10 VOST Lab Bank2 
10 VOST Lab Blank2 
10 VOST Lab Bank2 
10 VOST Lab Blank2 
10 VOST Lab Blank2 
10 VOST Lab B(Mk2 
10 VOST Lab Blank2 
10 VOST Lab Blank2 
lOVOSTLabBank2 
10VOSTLab81ank2 
10 VOST Lab Bank2 
10 VOST Lab Bank2 
10 VOST Lab Bank2 
50 VOST Lab Blank2 
10 VOST Lab Bank2 
10VOSTLabBank3 
10 VOST Lab Bank3 
lOVOSTLabBank3 
10 VOST Lab Bank3 
10 VOST Lab Blank3 
10 VOST Lab Blank3 
10 VOST Lab Blanks 
10 VOST Lab Blank3 
10 VOST Lab Bank3 
10 VOST Lab Bank3 
50 VOST Lab Blank3 
50 VOST Lab Blank3 
50 VOST Lab Blank3 
50 VOST Lab Blank3 
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Appeitdir F: QA/QC Results 

Table F2-2. Summary ol Labaalay M & d  Blank Fiesuns 

SarnpleID Anal*- Mahod 
VOST Lab Bl-ne GCMS 
VOST Lab Blar%omodishlffomahsn. GCMS 
VOST Lab Bledromotam GCMS 
VOST Lab Blar%ommmk.ne GCMS 
VOST Lab Blsrcubon Disulfide GCMS 
VOST Lab Blsrcubon T.bsstllalda GCMS 
VOST Lab BlarChlaobnm. GCMS 
VOST Lab BlarChlaamam GCMS 
VOST Lab BhChlaotam GCMS 
VOST Lab BlarChlaomdhne GCMS 
VOST Lab ~ s - 1 . 3 - D l h l o r 0 p r o p n .  GCMS 
VOST Lab BlarOibrmoshlamdhnman. GCMS 
VOST Lab BhrEmyl k m .  GCMS 
VOST Lab Bldmhylne Chlulde GCMS 
VOST Lab BLmn.p-Xyln. GCMS 
VOST Lab Bko-Xy ln .  GCMS 
VOST Lab MrStyme GCMS 
VOST Lab WT.b&laoslh.ne GCMS 
VOST Lab W T d u n .  GCMS 
VOST Lab Blamans-1.2-DishlaoeUmne GCMS 
VOST Lab Blam~~-1.3-Dkhla0ppropa. GCMS 
VOST Lab WTriehlacahne GCMS 
VOST Lab W T r i d l l u O n ~ ~ ~ ~ m d h n .  GCMS 
VOST Lab BlarMnyl Aatat.  GCMS 
VOST Lab W m y l  Chlalde GCMS 

Row11 Units 
10 ng 
10 ng 
10 ng 

10 "9 
10 ng 
10 ng 
10 w 
10 w 
10 "9 

10 "0 

12 w 
10 ng 
10 "9 
10 w 
10 w 
11 w 
10 w 
10 ng 
10 ng 
10 ng 

ng 
10 ng 

10 ng 

10 ng 

10 ng 

DelUrn Sample 
10 VOST Lab Blank3 
10 VOST Lab BlMk3 
10 VOST Lab Blank3 
10 VOST Lab Blank3 
10 VOST Lab Blank3 
10 VOST Lab Blank3 
10 VOST Lab Blank3 
10 VOST Lab Blank3 
10 VOST Lab Blank3 
10 VOST Lab Blank3 
10 VOST Lab Blank3 
10 VOST Lab Blank3 
10 VOST Lab Blank3 
10 VOST Lab Blank3 
10 VOST Lab Blank3 
10 VOST Lab Blank3 
10 VOST Lab Blank3 
10 VOST Lab Blank3 
10 VOST Lab Blank3 
10 VOST Lab Blank3 
10 VOST Lab Blank3 
10 VOST Lab Blank3 
10 VOST Lab Blank3 
50 VOST Lab 81Mk3 
10 VOST Lab Blank3 
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Append& F: QAIQC Results 

Table F2-3. Summary of Reagent Blank Results 

Sample ID 
M-FF Blank 
M-FF Blank 
M-FF Blank 
M - F F  Bbnk 
M-FF Blank 
M - F F  Bbnk 
M-FF Bbnk 
M-FF Blank 
M-FF Blank 
M-FF Blank 
M-FF Blank 
M-FF Blank 
M - F F  Blank 
M-FFBlank 
M-FF Bbnk 
H - F F W L  
N-FF Blank 
N-FF Blank 
N-FF Blank 
N-FF Blank 
N-FF Blank 
N-FF Bbnk 
N-FF B h k  
N-FF Blank 
N-FFBlank 
N-FFBbnk 
N-FF Bbnk 
N-FF Blank 
N-FF Blank 
N-FF Bbnk 

H-138 
H-157 
H-1SS 

H-370 
H-359 
H-8S9 
H-570 

H-OB1 
H-OB1 
H-OB1 
H-OB1 
H-OB1 
H-OB1 
H-OB1 
H-OB1 
H-OB1 
H-OB1 
H-OB1 
H-OB1 
H-OB1 
H-OBl 
H-OB1 
H-OB1 
H-OB1 
H-QBl 
H-OB1 
H-OB1 

h a w e  
Antimony 

Barium 
Beryllium 
cadmium 
Chmmium 
coban 
copper 
Laad 
Manganese 

Molybdanum 

Sefsnium 

AntimOnY 
A M n i C  
Barium 
Beryllium 
Cadmium 
Chmmium 
coban 
-PPI  
b a d  
MMganOM 
MetcuIy 
Molybdenum 
Nkkd 
Wlenium 
Vanadurn 

A M n b  

Nkkel 

VMadUm 

Hmvrlent chmmnfm 
H m n k n t  chmmium 
Haxanknt chronuum 

Acswehyde 
kawdehyde 

Formaldehyde 

Aluminum 

Ansn* 
Amanii 
Barium 
Beryllium 
Cadmium 
Cadmium 
Wclum 
Chromium 
Chmmum 
Cobail 
copper 
lrwI 
Lead 
Laad 
Magnesium 
Manganese 
Mercury 
Molybdenum 

Fomuldahyde 

AntimOny 

Mathod 
ICP-MS 
ICP-MS 
ICP-LIS 
ICP-MS 
ICP-MS 
ICP-LIS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-US 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-US 
ICP-MS 
ICP-US 
ICP-MS 
ICP-US 
ICP-MS 
ICP-US 

C W  by BIF M N O D  
CI(VI) by BIF M N O D  
C r O  by BIF M N O D  

HPLC 
HPLC 
HPLC 
HPLC 

ICP Malyab by SWW10 
BIF ICP for M e B h  Trains 
BJF Am (or M a a h  Tnins 
ICP Malylb by SWWlO 
ICP Malylb by SWW10 
ICP anaiyab by 8WWlO 
ICP analy.k by SWW10 
BIF Cd (or Metab Trains 
ICP analysis by 8WWlO 
ICP analy.k by SWW10 
BIF Cr for Mads  Trains 
ICP ana* by 8WWlo 
ICP an- by SW8010 

BIF Pb for Mads  Trams 
ICP 0naly.k by SWW10 
ICP analy.h by 8WW10 
ICP analysis by SwM)lO 
Maffiury. cold -par SW471 
BIF ICP for Metals Trains 

ICP analysis by SWBOlO 

ND 

ND 
ND 
ND 

ND 

ResuI1 Unlts De1 IJn Sample 
0.29 ug 0.00 Ftnalfllter Blank1 
1.68 un 

27.25 ui 
0.00 Final Filter Blank 1 
0.02 Final Filter Blank 1 

0.6s up 
0.17 ug 
9.9 ug 

0.49 up 
1.7s ug 
1.24 Ug 
2.09 ug 
0.15 @ug 
98.5' ug 
2.57 ug 

12.01 ug 
4.51 ug 
0.18 ug 
0.0 ug 

25.85 ug 
0.52 ug 
0.03 @ ug 
5.59 ug 

0.89 ug 
1.94 ug 
1.6 ug 

0.12 @ ug 
29.93 ug 

0.5 ug 
0.65 @ ug 
1.06 ug 

0.4 Up 

40.2 ug/L 

91.9 U ~ / L  
42 UplL 

~ 

0.00 Final Filter Blank 1 
0.00 Final Filter Blank 1 
0.00 Fmsl Fibt Blank 1 
0.00 Final Filter Blank 1 
0.00 Fmal Filter Blank 1 
0.00 Final F l b r  Blank 1 
0.00 Flnal Filter B h k  1 
0.00 Final N t s r  Blank 1 
0.03 A M I  Filter Blank 1 
0.00 Final Filter Blank 1 
0.01 Final Filter Blank 1 
0.00 Final Filter Blank 1 
0.00 Fml Filter Blank 2 
0.00 'FinalFilterBbnk2 
0.02 Fmal Filter Blank 2 
0.00 Final FWI Blank 2 
0.00 FinalFilterBbnkZ 
0.01 mal Fibr  Bbnk 2 
0.00 Find Fibr Blank 2 
0.00 Final Filter Blank 2 
0.00 Final nbr Blank 2 
0.00 Fnal N a r  Bbnk 2 
0.00 FmI Ntsr Blank 2 
0 02 Fml Filter B(Mk 2 
0.00 Fmal N a r  Bbnk 2 
0.03 FmalMarBbnk2 
0.00 F d N t s r B l a n k 2  

2.4 Rug blnk, KOH I m p  
2.4 Rug bhk. KOH I m p  
2 4 R.ag blnk. KOH I m p  

0.1 
0 . 0 ~ ~  
O.ol&( 

0.02 

uglrnLO.1 ug, Stack gu. Impingem 
uglmLo.1 ug, SBCk gas. impingem 
uglmLO.1 ug, Stack gam. impingem 
uglmLo.1 ug, Stack gu. impmgam 

2813 Bug 
5.91 ug 
0.94 ug 

ug 
5.98 ug 

s yg 
Bug 

ug 
1w Bug 

2.45 Bug 
2.2) Bug 

B ug 
1.42 Bug 
95.9 Bug 
0.93 ug 
17.4 Ug 
19.6 ug 
1.98 Bug 
0.19 Bug 
20.7 Bug 

7.59 SBckgas,qtrRnbtnkl 
1.54 SBckgu,qtrf i i lbtnkl 
0.09 Stack gas. qtr Rn blnk 1 
1.Y) S m c k g u , ~ f i l I b l n k l  
0.05 SBSkgM.qtrN(Mnk1 
0.05 Stack gM. qQ fiil blnk 1 
0.28 Stack O M .  qQ nil blnk 1 
0.04 Seck gas. qQ Rn blnk 1 
25.8 8Bck gal. qQ fin Mnk 1 
0.27 Stack 98% qtrfiil Mnk 1 
0.05 Stack gas. qQ fiil Mnk 1 
0.52 StackgOa,qtrRnMnkl 
0.24 Stackgu,qtrRnblnkl 
31.1 88ckgas,qtrRnWkl 
0.11 Stackgas,qtrRnbtnkl 
2.47 Stackgas.qQfmblnk1 
275 8tackgan.qQHltblnkl 
0.01 Stuk gM. qQ fiil Mnk 1 
0.04 Stack gas. qtr R i l  blnk 1 
0.29 Stack gas. qQ fin Mnk 1 
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Appendix F: QAIQC RCSU~IS 

Table F2-3. Summary of Reagent Blank Results 

Sample ID 
H-OB1 
H-OB1 
H-OB1 
H-OB1 
H-OB1 
H-OB1 
H-OB1 
H-OB1 
H-OB1 
H-OB1 
H-OB1 
H-OB1 
H-OB1 

H-OB2 
H-OB2 
H-OB2 
H-OB2 
H-OB2 
H-OB2 
n-OB2 
H-OB2 
H-OB2 
H-OB2 
H-OB2 
H-OB2 
H-OB2 
H-OB2 
H-OB2 
ti-OB2 
H-OB2 
H-OB2 
H-OB2 
H-OB2 
H-OB2 
H-OB2 
H-OB2 
H-OB2 
H-OB2 
H-OB2 
H-OB2 
H-OB2 

ti-OB2 
H-OB2 

H-OB2 

H-OB3 
H-OB3 
H-OB3 
H-OB3 

H-OB3 
H-OB3 
H-OB3 

n-aw 

~ - 0 6 2  

H-am 

H-OB9 
H-OB3 
H-OB3 
H-OB3 

M.ICUry 
Mo)ybd.num 
Nkkd 
N k M  
PhOsphonrP 
PoD+.ium 
&hiurn 
&hiurn 
S l k r  
w i u m  
8trwmm 
Rulllum 
Tivdum 
VWdLlm 
L l n C  

uumhum 
A n t i m y  
Anenii 
A W k  
mrium 
Bsyllium 

c a a u m  
Chromium 
Chromium 
coball 

Cadmium 
Cadmium 

Method 
ICP 8na)y.h by SWW10 
BIF Nlfor Metals Tnins 
BIF ICP for Metals Trains 
ICP analysis by SWW10 
ICP aluly.m by SWW10 

ICP Maiyam by S W W ~ O  

ICP an- by SWW10 
ICP anniysb by 8 W M 1 0  

ICP a n a W  by SWW10 

BIF Sa for Mehb TRh8 

ICP aMly8la by SWM10 

BIF ICP for Matab Trains 

ICP M a W  by SW6010 

ICP analysis by SWM10 

BIF A8 for Metab Trains 

ICP w m  by S W M 1 0  
ICP M- by SWM10 
BIF Cd for Mehb Train8 
ICP analysb by SWW10 
BIF Crfor Mehb Trains 

ICP nMly8ia by SWM10 

ICP Malyah by SWW10 

BIF ICP for Ms91, Tmlns 
ICP M- by 8WIK)10 

ICP analpis by SWWlO 

ICP analysb by SWWlO 

ICP ana- by SWW10 

BIF Pb for Matah Tminn 
ICP malylm by SWW10 
ICP analvli. by SWW10 

Mamry. cold bapor SW7471 
BIF ICP f a  Mehb Tnba 
ICP Wiy8iu by 8 W W 1 0  
BIF NI for Mehb Tninn 
BIF ICP tor M s B h  Trains 
ICP analyli. by SWM10 

BIF Sa for Metals Tmins 

ICP an- by 8 W W 1 0  
ICP mnalpb by SWM10 

BIF ICP for'Mamb Tlatns 
ICP analyam by SWM10 

ICP nMly8ia by 8 W M 1 0  

ICP 0dy.h by 8w6010 

ICP M a w  by 8WW10 

ICP a M W  4 8 W W 1 0  

ICP a M W  by 8wWfO 

ICP by 8WW10 
BIF ICP for Msplr TRim 
ICP analysis bv SWW10 
BIF A¶ for MOWS TRim 
ICP a n a m  by SWWlO 
ICP a n a m  by SWW10 
ICP analysis by SW6010 
BIF Cd for Metab Tnins 
ICP analysis by SWM10 
BIF Crfor Mmmb Trains 
ICP a n a m  by SWM10 
ICP analyaia by SwB010 

ND 
ND 
ND 
ND 
ND 

ND 

ND 

ND 
ND 
ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 
ND 
NO 

ND 

Result Unib Det Un Samnie 
1 .A7 B Ug 
1.16 Ug 

u9 
B u9 
B u9 

uo 
B u9 

88.4 Bug 

B UP 
2.79 B U ~  
0.88 Bug 

7 Bug  

2.73 B u g  

288 Bug 
4.02 Ug 

u9 
0.17 ug 
4.39 ug 

B u9 
Bug 

u9 
140 Bug 

2.98 Bug 
3.06 Bug 

B u9 
1.86 Bug 
38.8 Bug 
0.25 ug 
15.2 ug 
21.5 ug 
1.98 B u g  

0.122 Bug 

1.98 B u g  
28.5 Bug 

1.4 Ug 
u9 

74.3 Bug 
B u9 

. B ug 
99.4 Bug 

0.17 Rug 

2.73 Bun 
B U6 

2.01 Bug 
0.w1 Bug 

288 Bug 
5.45 ug 

u9 
0.44 ug 
4.47 ug 

B u9 
B u9 

ug 
149 Bug 

3.54 Bug 
3.46 Bug  

B u9 

3.21 Bug 

1 .OB Stack gar. qQ fill blnk 1 
0.11 Stackga8,qQfillblnk1 

34.6 Stack gas. qQ fill Mnk 1 
4.42 Stack gar. qtr fill bhk 1 
0.11 SImckgas,qQfittbhk1 . 
0.16 SaSlrpan.qQflnbhk1 
2.59 89c*gas,qtrMtblnk1 
0.05 Stack gas. qQNt blnk 1 
6.94 Stackgas,qQfillblnk1 
0.47 Slack gas. qQRn blnk 1 
0.43 Stack gas. qQ fill Mnk 1 
0.29 Stack gas. qQfill bink 1 

7.53 Stack gas. qQfiR blnk 2 
1.54 86ekgM.qQfillMnk2 
1.58 Stack gas. qQ fill blnk 2 
0.09 Stackgas,qQfillbhk2 
0.05 SBek gas. qQMt bhk 2 
0.M 88skgas.qQfiItblnk2 
0.28 Slackgas.qQMtblnk2 
0.01 SImck gas. qQ fill blnk 2 
23.8 SBckgar.qtrfillblnk2 
0.05 Stackgar.qQfillblnk2 
0.27 Stack gas. qQhn bhk 2 
0.52 Stack gas. q Q f i R  bInk 2 
0.24 SBekgas,qQRnblnk2 
31.1 StackB.n.qQMtbbk2 
0.11 Stack gar. qQfill bink 2 
2.47 Stack gas. -fill blnk 2 
2.73 88sk gar. qQfill blnk 2 
0.01 Stack gu. qQ iiU blnk 2 
0.00 Stackgas.qOiiUblnk2 
0.29 Smckgas,qQMlblnk2 
1.00 8Bckgar.qtrfillbblk2 
0.11 SPekgas,qtriiUbblk2 
719 Stack gas. qtrfill blnk 2 
34.6 SaSlrgar,qQRllMnk2 
4.42 89ckgar,qQfillbhk2 
0.11 Stackgas,qQfillbhk2 
0.18 Stack gar. qQfillbhk 2 
2.59 Slackgar,qQfillblnk2 
0.05 Stackgas.qtrfillbblk2 
6.94 SBekgar.qQRnblnk2 
0.47 Stack gas. qtrMt blnk 2 
0.43 88ckgas.mRnbink2 

7.29 Stack gar. a f i n  blnk 1 

0.29 stack gar. q ~ m  blnk 2 

7.5) 88skgaa,qtrfillblnk3 
1.54 Stackgu,qQfillbhk3 
1.58 Stackgu,qQlWbhk3 
0.09 88ckgaa,qQMtbhk3 
0.05 (mckgas.qtrfdtblnk5 
0.05 Stack gas. qtr fill blnk 3 
0.28 Stack gas. qQ fill blnk 3 
0.04 86ek gas. qQ fill blnk 3 
2S.0 Stack gas. qQfill blnk 3 
0.05 Stackgar,qQfillblnk3 
0.27 SBck gas. qQ fill blnk 3 
0.52 Stack gas. qtr fill blnk 3 
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Appendix F: QA/QC Results 

Table F2-3. 

Sampla ID 
n-am 
n-aw 
n-aw 

n-aw 
n-am 

n-am 
n-aw 

n-am 
+am 
n-am 
n-aw 

ti-aw 
n-aw 

ti-am 
H-am 

H-ow 

H-aw 
H-aw 

H-am 
H-aw 

H-am 

Summary of Reagent Blank Resub 

Mahod 
ICP analysis by S W W I O  

Anam 
copper 
Imn ICP analpis by SWWlo 
Isad BIF Pb tor Melab Tmins 
Lead ICP M.lylis by S W W l O  
Magnslium ICP M.lylis by SwB010 

w r y  MOICUY. Cold Vapor SWI471 
Molybdanum 
Nickel 
Nickel ICP analpis by S W W l O  ND 
PhQphoNs BIF ICP tor MePak Tnins ND 
Poiaasium ICP Malyri. by SWWlO ND 
(Lalenium ICP a n a m  by SWWlO ND 
Selenium BIF Sa tor MaBLD Trains ND 

MUlQUlae ICP anatylir by SWW10 

BIF ICP tor Momla Trains 
BIF NI tor Mamb Trains 

s i r  
Sodium 
snontium 
TRUium 
T i i m  

ICP Uurvps by SWWlO ND 
ICP Uurvps by SWWlO 
ICP Malpm by SWWlO 
ICP Malpm by S W l O  ND 
BIF ICP tor MaBLB T m %  

Vanadurn ICP mlvsrs by SWWlo 
Zlnc ICP MalpS by SWgOlO 

Resun Units DetUn Sam& 
1.51 Bug 
37.6 Bug 
0.28 ug 
16.4 ug 
22.4 ug 
1.42 Bug 

0.122 Bug 
a . 3  Bug 
1.- ug 

B ug 
ug 

B ug 
B ug 

U9 
Bug 

115 Bug 

B ug 
9.95 Bug 

0.ew Bug 
3.53 Bug 

276 Bug 

0.24 Stack gu. q& fin blnk 3 
31.1 SBck O M .  qQfik Mnk 3 
0.11 Stack gu. qQfiltblnk3 
2.47 SWck w. @fill blnk 9 
2.73 S8Ck gu. qQ WI bhlk 3 
0.01 Sbck gu. qQ fin M k  3 
0.00 Sbck gu. qQ fin M k  S 
0.28 Stack W. qQ fill M k  9 
0.11 Sack gas. qQfillMnk3 
1.09 S8ckgu,qQfiItblnkS 
7.29 S8skgu,qQfillbhlk3 
34.6 Slnck gu. qQ fill Mnk 3 
4.42 Smck gu. qQ WI blnk 3 
0.11 Slack gu. qQWIbhlk3 
0.18 Sack gu. blnks 
Z5S SDlCkgU,qQWIblnkS 
0.05 S1.ckgu.qQfIlIMk3 
6.04 8mskgu.qQhRbhlkS 
0.47 88ckWS,qQfIltblnkS 
0.43 SBckgas.qQWIMkS 
0.29 Stssk gu. qQ WI Mnk 9 
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Appendix F: QA/QC Results 

Sample ID 
H330-1-11 
H394-L-11 
H330-1-11 
H394-L-11 
H330-I- 11 
H394-L-11 
H330-I - 1 1 
H394-L-11 
H330-1-11 
H394-L-11 
H330-1-11 
H394-L- 1 1 
H330-I- 11 
H394-L- 1 1 
H394-L-11 
H330-1-11 
H330-I- 11 
H394-L-11 
H330-1-11 
H394-L-11 
H330-1-11 
H394-L-11 
H394-L-11 
H330-1-11 
H330-I - 1 1 
H394-L-11 
H330-1-11 
H394-L-11 
H330-1-11 
H394-L-11 

Analyle 
Antimony 
Antimony 
Arsenic 
Arsenic 
Barium 
Barium 
Beryllium 
Beryllium 
Cadmlum 
Cadmium 
Chromium 
Chromium 
Cobalt 
Cobalt 
Copper 
Copper 
Lead 
Lead 
Manganese 
Manganese 
Mercury 
Mercury 
Molybdenum 
Molybdenum 
Nickel 
Nickel 
Selenium 
Selenium 
Vanadium 
Vanadium 

Method 
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 
ICP-MS 
ICP-MS 
ICP-MS 
ICP-MS 

Table F2-4. Summary of Trip Blank Results 

I 
! 
I 

HPLC H-368 
H-368 

Acetaldehyde 

Result Units Det Lim Sample 
0.04 @ ug 

1.53 ug 
1.32 ug 

0.01 @ ug 

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 @ ug 
1.04 ug 
0.94 ug 
0.04 ug 

0.04 ug 
0.03 @ ug 
0.17 @ ug 

0.08 @ ug 

0.2 @ ug 

0.1 @ u g  
0.12 @ ug 

0.14 @ ug 

0.54 ug 

2.44 ug 
1.6 @ ug 

2.1 ug 
2.35 ug 

0.001 3 Kaplon Trip Blank 2 
0.0013 Kapton Trip Blank 1 
0.0058 Kapton Trip Blank 2 
0.0058 Kapton Trip Blank 1 
0.0212 Kapton Trip Blank 2 
0.0212 Kapton Trip Blank 1 
0.0042 Kapton Trip Blank 2 
0.0042 Kapton Trip Blank 1 
0.029 Kapton Trip Blank 2 

0,0029 Kapton Trip Blank 1 
0,0118 Kapton Trip Blank 2 
0.0118 Kapton Trip Blank 1 
0.0073 Kapton Trip Blank 2 
0.0073 Kapton Trip Blank 1 
0,0018 Kaplon Trip Blank 1 
0,0018 Kapton Trip Blank 2 

0.03 Kapton Trip Blank 2 
0.003 Kapton Trip Blank 1 
0.012 Kapton Trip Blank 2 

0,0012 Kapton Trip Blank 1 
0.0051 Kapton Trip Blank 2 
0.0051 Kapton Trip Blank 1 
0.0372 Kapton Trip Blank 1 
0.0372 Kapton Trip Blank 2 
0.0065 Kapton Trip Blank 2 
0.0065 Kapton Trip Blank 1 
0.0387 Kapton Trip Blank 2 
0.0387 Kapton Trip Blank 1 
0.0026 Kapton Trip Blank 2 
0.0026 Kapton Trip Blank 1 

_. 
Formaldehyde HPLC 0.015 @ ughn0.l uglsa Stack gas, impingars 

c 0.01 uglm0.l uglsa Stack gas. impingars 
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Appendix F: QA/QC Results 

Table F.2-5. Laboratory Control Sample Recovery Date for Metals and Anions 

Anawe 
Aluminum 
Aluminum 
Aluminum 
Aluminum 
Aluminum 
Aluminum 
Aluminum 
Aluminum 

Antimony 
Antimony 
Antimony 
Antimony 
Antimony 
Antimony 
Antimony 
Antimony 
Antimony 
Anonic 
Anonic 
Anenic 
Anonic 

Anonic 
Anonic 
Anonic 
Barium 
Barium 
Barium 
Barium 
Buium 
Barium 
Buium 
Barium 
Baryllium 
BmrylUum 
BarylOum 
BmryUlum 
Beryllium 
BayWum 
Baryllium 
Baryllium 
Baryllium 
Beryllium 
Boron 
Boron 
Boron 
Boron 
Cadmium 
Cadmium 
Cadmium 

Antimony 

AMnic 

Method c 
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 
I C E S  
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
lCPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 

:ode 
Recovery 

(%) 
94 
97 
87 
83 
98 
95 
98 
97 
96 
98 
94 
92 
91 
91 
86 
94 
91 
95 
21 
96 
94 
96 
32 
97 
43 
33 
95 
98 
93 
97 
96 
97 
99 
97 
99 
87 
89 
96 
95 
89 
60 
88 
81 
99 
97 
99 
96 
97 
76 
95 
85 
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Appendix F: QA/QC Rerulrs 

Table F.2-5. Laboratory Control Sample Recovery Data for Melals and Anions 

Analyte 
Cadmium 
Cadmium 
Cadmium 
Cadmium 
Cadmium 
Calcium 
Calcium 
Calcium 
Calcium 
Calcium 
Calcium 
Calcium 
Cnkium 
Chromium 
Chromium 
Chromium 
Chromium 
Chromium 
Chromium 
Chromium 
Chromium 
Coball 
C0b.n 
Cobalt 
Cob.& 
Coball 
Cobalt 
Cobalt 
Cobalt 
Cwpor 
Copper 
Copper 
Copper 
Copper 
Copper 

Copper 
Iron 
Iron 
Iron 
Iron 
Iron 
Iron 
Imn 
Iron 
Lead 
Lead 
Lead 
Lead 
Lead 
Lead 

Copper 

Method c 
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 

:ode 
Recovery 

(%) 
79 
68 
94 
95 
92 

103 
94 

100 
93 
85 

102 
99 
89 
95 
96 
91 
91 
93 
94 
96 
91 
94 
95 
81 
88 
80 
93 
88 
95 
93 
91 
95 
96 
91 
94 
92 
98 
98 
94 
97 
95 
92 
96 

100 
9s 
80 
89 
95 
98 
97 
98 
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Table F.2-5. Laboratory Control Sample Recovery Data for Metals end Anions 

Analyte 
b a d  
Lead 
Lead 
Lead 
Magnesium 
Magnesium 
Magnesium 
Magnesium 
Magnesium 
Magnesium 
Magnesium 
Magnesium 
Magnesium 
Magnesium 
Mmgmese 
Manganese 
Manganese 
Manganese 
Minganew 
Manganese 
Manganese 
Manganese 
Molybdenum 
Molybdenum 
Molybdenum 
Molybdenum 
Molybdenum 
Mdybdenum 
Molybdenum 
Molybdenum 
Nkkol 
Nkkel 
Nkkol 
Nkkel 
Nlckel 
Nkkml 
Nkkol 
Nickel 
Phosphorus 
PhmphONS 
Phosphorus 
PhosphONS 
Phosphorus 
Phosphorus 
Phosphorus 
Phosphorus 
Phosphorus 
Phosphorus 
Potassium 
Potassium 
Potaasium 

Method c 
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 

:ode 
Recovery 

(%I 
89 
75 
87 
86 
95 
98 
94 
95 
87 
82 
86 
98 
95 
89 
94 
95 
96 
94 
92 
93 
94 
96 
96 
91 
91 
96 
82 
92 
92 
81 
91 
83 
96 
90 
80 
96 
95 
94 
91 

112 
85 

110 
96 
83 

109 
9s  
87 
88 
91 
94 
95 
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Appendiz F: QA/QC Results 

Table F.2-5. Laboratory Control Sample Recovery Data for Metals and Anions 

Anatyte 
Potassium 
Potassium 
Potassium 
Potassium 
Potassium 
Selenium 
'Selenium 
Selenium 
Selenium 
Selenium 
Selenium 
Selenium 
Selenium 
Siticon 
Silicon 
Silkon 
Silkon 
Silkon 
Silicon 
Silicon 
Silkon 
Silver 
Silver 
Silver 
Silver 
Sliver 
Silver 
Silver 
Silver 
Sodium 
Sodium 
Sodium 
Sodium 
Sodium 
Sodium 
Sodium 
Sodium 
Sodium 
Sodium 
Strontium 
Strontium 
Strontium 
Strontium 
Strontium 
Strontium 
Strontium 
Strontium 
Thallium 
Thaltium 
Thallium 
Thallium 

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 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
I C E S  
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
iCPES 
ICPES 
ICPES 

:ode 
Recovery 

(%) 
94 
92 
91 
93 
94 

5 
174 
94 
99 
94 
95 
43 

209 
98 
99 
90 

102 
95 
84 
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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Table F.2-5. Laboratory Control Sample Recovefy Data for Metals and Anions 

Anaiyte 
Thallium. 
Thallium 
Thallium 
Thallium 
Thallium 
Thallium 
Tltanium 
Titanium 
Titanium 
Titanium 
Vanadium 
Vanadium 
Vanadium 
Vanadium 
Vanadium 
Vanadium 
Vanadium 
Vanadium 
Zinc 
Zinc 
Zinc 
Zinc 
Zinc 
Zinc 
Zinc 
Zinc 

Anenic 
Anenic 
Araanic 
Anenic 
A m n k  
Aneni t  
A m n k  
Anenk 
Cadmium 
Cadmium 
Cadmium 
Cadmium 
Cadmlum 
Cadmium 
Cadmium 
Cadmium 
Chromium 
Chmmium 
Chromium 
Chmmium 
Chromium 
Chromium 
Load 
Lead 

F-58 

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 

GFAAS 
GFAAS 
GFAAS 
GFAAS 
GFAAS 
GFAAS 
GFAAS 
GFAAS 
GFAAS 
GFAAS 
GFAAS 
GFAAS 
GFAAS 
GFAAS 
GFAAS 
GFAAS 
GFAAS 
GFAAS 
GFAAS 
GFAAS 
GFAAS 
GFAAS 
GFAAS 
GFAAS 

Recovery 

91 
101 
88 
92 
96 
85 

96.4 
92 
90 
96 
92 
94 
96 
86 
92 
88 
93 
96 
92 
95 
89 
96 
93 
89 
91 
94 

97 
106 
99 

109 
102 
95 
99 
98 

112 
121 
99 

102 
122 
103 
114 
100 
98 

102 
98 
98 
96 
98 
93 

105 
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Apperrdir F: QA/QC R~SUIIS 

Table F.2-5. Laboratory Control Sample Recovery Data tor Metals and Anions 

Analyte 
Lead 
Lead 
Lead 
Lead 
Lead 
Lead 
Lead 
Lead 
Nkkel 
Nickel 
Nickel 
Nickel 
Nickel 
Nickel 
Nkkel 
Nickel 
Nickel 
Selenium 
Selenium 
Selenium 
Selenium 
Selenium 
Selenium 
Sohnium 
Selenium 
Selenium 
Selenium 
Mercury 

Mercury 
Mercury 
Mercury 
Mercury 
Mercury 
Mercury 
Menury 
Mercury 
Mercury 
Mercury 

Fluoride 
Fluoride 
Fluoride 
Fluoride 
Fluoride 
Fluoride 
Fluoride 
Fluoride 
Fluoride 
Fluoride 
Fluoride 

Mercury 

Method code 
GFAAS 
GFAAS 
GFAAS 
GFAAS 
GFAAS 
GFAAS 
GFAAS 
GFAAS 
GFAAS 
GFAAS 
GFAAS 
GFAAS 
GFAAS 
GFAAS 
GFAAS 
GFAAS 
GFAAS 
GFAAS 
GFAAS 
GFAAS 
GFAAS 
GFAAS 
GFAAS 
GFAAS 
GFAAS 
GFAAS 
GFAAS 
CVAAS 
CVAAS 
CVAAS 
CVAAS 
CVAAS 
CVAAS 
CVAAS 
CVAAS 
CVAAS 
CVAAS 
CVAAS 
CVAAS 

€PA 340.2 
€PA 340.2 
€PA 340.2 
€PA 940.2 
EPA 340.2 
€PA 340.2 
€PA 340.2 
EPA 340.2 
€PA 340.2 
€PA 340.2 
EPA 340.2 

Recovery 

91 
129 
104 
98 
92 
93 

1 07 
104 
99 

101 
98 

101 
101 
108 
91 
92 

103 
95 
89 
89 
89 
89 
98 
90 
90 
94 
94 
93 
94 

111 
112 
111 
98 

132 
104 
100 
125 
107 
104 

91 
97 
88 
95 
90 
91 
90 
93 
86 
91 
98 

(%) 
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Table F.2-5. Laboratory Control Sample Recovery Data lor Metals and Anions 

Analyte 
fluoride 
fluoride 
Fluoride 
Fluoride 
Fluoride 
F!uoride 
fluoride 
Heravdsnt chromium 
Hexavalent chromium 
Chlorida 
Chloride 
Chloride 
Chloride 
Chloride 
Chloride 
Chloride 
Chloride 
Chloride 
Chloride 
Chloride 
Chloride 
Sulfur 
Sulfur 
sulfato 
sunato 
suthte 
sun.te 
suthte 
sunate 
suthta 
sulfau 

Method code 
EPA 340.2 
EPA 340.2 
EPA 340.2 
EPA 340.2 
EPA 940.2 
EPA 340.2 
EPA 940.2 
CrWl) by BIF METHOD 
CrWl) by BIF METHOD 
Potentiometric 
Potentiometric 
Ion Chromatography 
Ion Chmmatognphy 
Ion chromatography 
Ion Chromatography 
Ion Chromatography 
Ion Chromatography 
Ion Chromatography 
Ion chromatography 
SM 4500 CI B 
SM 4500 CI 
TOW aulfur 
Totml sunur 
Sulfate. €PA 300.0 
Sulfate. EPA 300.0 
Sulfate. €PA 300.0 
Sulfate, EPA 300.0 
Sutfato. EPA 300.0 
Sulfate. EPA 300.0 
Sukta. EPA 300.0 
Sulfate. €PA 300.0 

Recovery 
(41) 
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 
98 
98 
96 
96 
95 
96 



Appendix F: QA/QC R ~ S U ~ I S  

Table F.2-5. Laboratory Control Sample Recovery Data for Metals and Anions 
Summay 

Aluminum 
Antimony 
Anrenic 
Barium 
Beryllium 
Boron 
Cadmium 
Calcium 
Chromium 
Cobalt 
Coppar 
Iron 

Magnadum 
Mang8nau 
Molybdenum 
Nickel 

Potasaium 
Selenium 
SlUcon 
S W r  
Sodium 
Strontium 
Thallium 
Titanium 
Van8diUm 
Zinc 

Anonic 
Cadmium 
Chromium 
Load 
Marcuy 

Sebnium 

Chloride 
fluoride 
Heuvahnl chromium 
Sultata 
S u b r  

Le8d 

PhOSphONS 

Nick81 

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 

AAS 
AAS 
AAS 
AAS 
AAS 
AAS 
AAS 

ICIPOL 
340.2 
Cr (Iv) 
IC 
Elem. Analyzer 

No. of 
Results 

8 
10 
8 
8 

10 
4 
8 
8 
8 
8 
8 
8 

10 
10 
8 
8 
8 

10 
8 
8 
8 
8 

10 
8 

10 
4 
8 
8 

8 
8 
8 

10 
12 
9 

10 

12 
18 
2 
8 
2 

Mean 
(% Rec) 

94 
93 
64 
97 
90 
97 
86 
96 
93 
89 
94 
96 
89 
92 
94 
90 
91 
95 
93 

102 
96 
71 
96 
95 
93 
94 
92 
92 

101 
109 
98 

102 
1 08 
99 
92 

99 
90 
95 
98 
94 

Min 
(% Rec) 

83 
88 
21 
93 
80 
96 
68 
85 
91 
80 
91 
92 
75 
82 
92 
81 
80 
83 
91 

5 
84 
26 
94 
92 
85 
90 
86 
89 

95 
99 
96 
91 
93 
91 
89 

90 
71 
92 
95 
92 

MsX 
(% Rec) 

98 
98 
97 
99 
99 
99 
95 

103 
96 
95 
96 

100 
98 
98 
96 
96 
98 

112 
95 

209 
102 
94 
99 
98 

101 
96 
96 
96 

109 
122 
102 
129 
132 
108 
98 

103 
98 
98 
97 
95 

. .  
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Table F2-6. ICPMS Laboratory Control Sample Recovery Data for Metals 

Analyte 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Cobalt 
Copper 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
Vanadium 

LCS 
(% Rec) 

110 
95 
101 
96 
90 
97 

1 03 
91 
103 
100 
NA 
104 
90 
94 
108 

LCSD 
(77 Rec) 

1 1 1  
93 
103 
93 
97 
101 
99 
92 
97 
102 
NA 
95 
95 
94 
106 

Mean 
(96 Rec) 

110 
94 
102 
95 
97 
99 
101 
92 
100 
101 
NA 
99 
92 
94 
107 

RPD 
(% Rec) 

0.5 
1.5 
1.8 
4.0 
1.4 
3.8 
3.9 
0.8 
5.5 
22 
NA 
8.2 
4.8 
0.7 
1.2 
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Appetufu F: QA/QC Results 

Table F2-8. Coal Standard Reference Material Analysis Results for Metals 

Sample ID 
NBS 1632A 
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 16324 
NBS 16324 
NBS 163% 
NBS 1632A 
NBS 1632A 
NBS 1632A 
NBS 163% 
NBS1632A 
NBS 1632A 
NBS 1632A 
NBS 1632A 
NBS 1632A 
NBS 1632A 
NBS 1632A 
NBS 16324 
NBS 1632A 
NBS 1632A 
NBS 1632A 
NBS 1632A 
NBS1632A 
NBS1632A 
NBS 1632A 
NBS 1632A 
NBS 1632A 
NBS 16324 
NBS 1632A 
SARM 20 
SARM 20 
SARM 20 
SARM 20 
SARM M 
SARM 20 
SARM 20 
SARM 20 

Analyte 
Aluminum 
Antimony 
Arsenic 
Barium 
Bromine 
Calcium 
Cerium 
Cesium 
Chlorine 
Chromium 
Cobalt 
Copper 
Europium 
Hafnium 
Iodine 
Iron 
Lanthanum 
Lutetium 
Magnesium 
Manganese 
Molybdenum 
Neodymium 
Ndtel 
Potassium 
Rubidium 
Samarium 
Scandium 
Selenium 
Sodium 
Strontium 
Tantalum 
Terbium 
ThOriUm 
Titanium 
Uranium 
Vanadium 
Ytterbium 
Zinc 
Zirconium 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Bromine 
Calcium 
Cerium 

Meas'd Ref Value Recov Dup Recov RPD 
Method (mgikg) (mg/kg) (%Re@ (%Rec) (%Rec) 
NAA 28159 29500 95 
NAA 0.6 0.6 101 
NAA 9.3 9.3 100 
NAA 117 120 97 
NAA 42 41 103 
NAA 2353 2410 98 
NAA 30 29 102 
NAA 2.3 2.3 99 
NAA 722 756 95 
NAA 33.8 34.3 99 
NAA 7.1 6.7 106 
NAA 18.6 16.5 113 
NAA 0.6 0.52 110 
NAA 2 1.62 104 
NAA 1.7 1.8 95 
NAA 11390 11100 103 
NAA 16 15 104 
NAA 0.18 0.17 104 
NAA 1098 1150 95 
NAA 27 28 95 
NAA 4.02 3.85 104 
NAA 14 12 115 
NAA 21 .o 19.4 108 
NAA 4175 4110 102 
NAA 31 30 104 
NAA 2.4 2.4 101 
NAA 6.5 6.3 103 
NAA 2 6  2.6 101 
NAA 790 828 95 
NAA 79 85 93 
NAA 0.41 0.42 97 
NAA 0.308 0.311 99 
NAA 4.7 4.5 105 
NAA 1556 1630 95 
NAA 1.29 1.28 101 
NAA 42 44 95 
NAA 1.15 1.08 1 07 
NAA 28 28 98 
NAA 53 53 99 
NAA 58567 59600 98 96 2 3  
NAA 0.6 0.4 162 148 9.3 
NAA 5.8 4.7 123 116 5.7 
NAA 318 372 86 
ICP-AE 1.8 2.5 72 
NAA 5 2 230 207 10.7 
NAA 21132 13400 158 
NAA 89 87 102 
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Table F2-8. Coal Standard Reference Material Analysis Results for Metals 

Sample ID 
SARM 20 
SARM 20 
SARM 20 
SARM 20 
SARM 20 
SARM 20 
SARM 20 
SARM 20 
SARM 20 
SARM 20 
SARM 20 
SARM 20 
SARM 20 
SARM 20 
SARM 20 
SARM 20 
SARM 20 
SARM 20 
SARM 20 
SARM 20 
SARM 20 
SARM 20 
SARM 20 
SARM 20 
SARM 20 
SARM 20 
SARM 20 
SARM 20 
SARM 20 
SARM 20 
SARM 20 
SARM 20 

Cesium 
Chromium 
Cobalt 
Copper 
Europium 
Hafnium 
Iron 
Lanthanum 
Lead 
Magnesium 
Manganese 
Mercury 
Mercury 
Nickel 
Phosphorus 
Potassium 
Rubidium 
Samarium 
Scandium 
Selenium 
Sodium 
Strontium 
Tantalum 
Terbium 
ThOriUm 
Tin 
Titanium 
Uranium 
Vanadium 
Ytterbium 
Zinc 
Zirconium 

Meas’d Ref Value Recov Dup Recov RPD 
Method (mgkg) (mgkg) (%Re%) (%Rec) (“7Rec) 
NAA 2 2 96 ~ 

NAA 71 
NAA 8.4 
NAA 44 
NAA 1 
NAA 5.5 
NAA 8253 
NAA 46 
ICP-AE 27 
NAA 3265 
NAA 64 
NAA 0.44 
DWCV 0.25 
NAA 25 
ICP-AE 630 
NAA 21 28 
NAA 13 
NAA 5.5 
NAA 12 
NAA 2.0 
NAA 2005 
NAA 282 
NAA 1.2 
NAA 1 .o 
NAA 19 
NAA 20 
NAA 3389 
NAA 5 
NAA 50 
NAA 0.3 
NAA 52 
NAA 266 

~ 

67 
8.3 
18 

1 
4.8 

81 80 
43 
26 

2600 
80 

0.25 
0.25 

25 
61 1 

1160 
10 

6.3 
10 

0.8 
2000 
330 
1.2 
0.9 
18 
4 

3780 
4 

47 
2 

17 
180 

106 
102 
244 
122 
114 
101 
107 
104 
1 26 
80 

176 
100 
99 

103 
183 
1 27 
87 

1 24 
244 
100 
85 
99 

116 
103 
500 
90 

121 
106 
15 

306 
140 

256 

110 

119 
83 

149 

88 

108 

87 
127 
103 

4.9 

2.9 

5.4 
3.7 

16.7 

0.8 

7.5 

3.0 
4.7 
3.2 
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Appendix F: QA/QC Resulrs 

Table F2-9. Ash Recovery Data for Metals by ICPES and AAS 

Result Ref Value Recovery 
Analyte 
Aluminum 
Aluminum 
Aluminum 
Aluminum 
Aluminum 
Aluminum 
Aluminum 
Aluminum 
Aluminum 
Aluminum 
Aluminum 
Aluminum 
AneniC 
Arsenic 
Anenic 
Arsenic 
Arsenic 
Arsenic 
Anenic 
Areonic 
Arsenic 
Arsenic 
Anenic 
Anonic 
Berium 
Barium 
Barium 
Barium 
Barium 
Barium 
Barium 
Barium 
Barium 
Buium 
Buium 
Barium 
Beryllium 
Beryllium 
Beryllium 
Beryllium 
Beryllium 
Beryllium 
Beryllium 
Beryllium 
Beryllium 
Beryllium 
Beryllium 
Beryllium 
Calcium 
Calcium 
Calcium 

Method code 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
GFAAS 
GFAAS 
GFAAS 
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 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 

(mg/kgI 
142000 
141000 
140000 
139000 
143000 
139000 
131 000 
141 000 
139000 
141000 
139000 
140000 

181 
168 
183 
184 

99.6 
121 
121 
110 

94.3 
99.6 
94.3 
110 

1270 
1310 
1310 
1320 
1320 
1270 
1280 
1280 
1330 
1340 
1340 
1320 
16.4 
16.3 
15.9 
16.2 
16.3 
16.4 
16.4 
16.4 
15.6 
15.8 
16.4 
15.9 

10900 
10700 
10700 

(mglkg) 
143000 
143000 
143000 
143000 
143000 
143000 
143000 
143000 
143OOO 
143000 
143000 
143000 

145 
145 
145 
145 
145 
145 
145 
145 
145 
145 
145 
145 

1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 
1500 

12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 

11100 
11100 
11100 

(%) 
99 
99 
98 
97 

100 
97 
92 
99 
97 
99 
97 
96 

125 
130 
126 
127 
69 
63 
83 
76 
65 
69 
65 
76 
85 

87 
88 
68 
85 
85 
85 
89 
89 
89 
68 

137 
136 
133 
135 
136 
137 
137 
137 
130 
132 
137 
133 
98 
96 
96 

a7 

F-73 



Appendix F: @/QC R a u h  

Table F2-9. Ash Recovery Data for Metals by ICPES and AAS 

Result Ref Value Recovew 
Analyto 
Calcium 
Calcium 
Calcium 
Calcium 
Calcium 
Calcium 
Calcium 
Calcium 
Calcium 
Calcium 
Calcium 
Chromium 
Chromium 
Chromium 
Chromium 
Chromium 
Chromium 
Chromium 
Chromium 
Chromium 
Chmmium 
Chromium 
Chromium 
Iron 
Iron 
Iron 
Iron 
Iron 
Iron 
Imn 
Iron 
Iron 
Iron 
Iron 
Iron 
Iron 
Iron 
Load 
Load 

Load 
Lead 
Load 
Load 
Load 
Load 

Lead 

Load 
Load 

Lo8d 

Lo8d 

Le8d 

Method cc 
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 
GFAAS 
GFAAS 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
GFAAS 
GFAAS 
GFAAS 
GFAAS 

ide (mg/ks) 
10600 
9850 

10600 
11300 
10900 
10800 
11400 
10600 
10600 
10800 
10600 

179 
183 
185 
185 
179 
181 
177 
181 
183 
180 
181 
178 

98400 
91100 
89500 
92700 
94600 
96200 
93100 
89500 
92000 
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 

(mglkg) 
11100 
11 100 
11100 
11100 
11100 
11100 
11100 
11100 
11100 
11100 
11100 

196 
196 
196 
196 
196 
196 
1 96 
196 
196 
196 
196 
196 

94000 
94000 
94000 
LUOOO 
94000 
94000 
94000 
9*ooo 
94W)o 
94000 
94000 
94000 
94000 
94OOO 

72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 

(4 
95 
89 
95 

102 
98 
97 

103 
95 
95 
97 
95 
91 
93 
94 
94 
91 
92 
90 
92 
93 
92 
92 
91 

105 
97 
95 
99 

101 
102 
99 

.95 
98 

101 
102 
100 
98 

106 
83 
82 
89 
62 
62 
89 
74 
60 
74 
60 
72 
72 
69 
74 
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Appendix F: QAfQC Results 

Table F2-9. Ash Recovew Data for Metals by ICPES and AAS 

Result Ref Value Recovery 
Analyte 
Magnesium 
Magnesium 
Magnesium 
Magneuum 
Magnesium 
Magnesium 
Magnesium 
Magnesium 
Magnesium 
Magnesium 
Manganese 
Manganese 
Manganese 
Manganese 
Manganese 
Manganese 
Manganese 
Manganese 
Manganese 
Manganese 
Manganese 
Manganese 
Nkkal 
Nickel 
Nickel 
Nickel 
Nickel 
Nickel 
Sodium 
Sodium 
Sodium 
Sodium 
Sodium 
Sodium 
Sodium 
Sodium 
Sodium 
Sodium 
Strontium 
Strontium 
Strontium 
Stmntium 
Sbuntium 
Stmntium 
Strontium 
Strontium 
Strontium 
Strontium 
Strontium 
Strontium 
Titanium 

Method code 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
GFAAS 
GFAAS 
GFAAS 
GFAAS 
GFAAS 
GFAAS 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 

~ ~ - .  

(mglkg) 
4160 
4140 
4250 
4500 
4240 
4280 
4280 
4250 
4240 
4140 

174 
180 
174 
172 
175 
176 
174 
180 
175 
173 
172 
167 
129 
131 
123 
124 
124 
132 

2380 
2410 
2450 
2380 
2440 
2440 
2390 
2450 
2410 
2380 
793 
804 
793 
799 
799 
799 
804 
809 
801 
808 
808 
760 

7950 

(mg/kg) 
4550 
4550 
4550 
4550 
4550 
4550 
4550 
4550 
4550 
4550 

179 
179 
179 
179 
179 
179 
179 
179 
179 
179 
179 
179 
127 
127 
127 
127 
1 27 
1 27 

1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
1700 
830 
830 
830 
830 
830 
890 
830 
830 
830 
830 
830 
830 

8000 

(%) 
91 
91 
93 
99 
93 
94 
94 
93 
93 
91 
97 

101 
97 
96 
98 
98 
97 

101 
98 
97 
96 
93 

102 
103 
97 
98 
98 

104 
140 
142 
144 
139 
144 
144 
141 
144 
142 
140 
98 
97 
96 
96 
96 
96 
97 
97 
97 
97 
97 
92 
99 
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Appendix F: QAlQC R~SUIIS 

'Table F2-9. Ash Recovery Data for Metals by ICPES and AAS 

Result Ref Value Recovew 
Analyte 
Titanium 
Titanium 
Titanium 
Titanium 
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 

Aluminum 
Amanic 
Barium 
Beryllium 
Calcium 
Chromium 
IlWl 
Lead 
Magnesium 
ManganoM 
Sodium 
Strontium 
Titanium 
Zinc 
Anenic 
Land 
Nickel 

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 

Method 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
GFAAS 
GFAAS 
GFAAS 

(mg/kg) 
8080 
7810 
8076 
7860 
8080 
7950 
7810 
7860 
7865 
7952 
7880 
7880 
7878 
7809 
7880 
7951 
7857 

197 
189 
193 
193 
197 
189 
196 
193 
193 
188 
198 
187 

No. of 
Results 

12 
8 

12 
12 
14 
12 
14 
8 

10 
12 
10 
12 
18 
12 
4 
6 
6 

lmg/ks) 
8000 
8000 
8000 
8000 
8000 
8000 
8000 
8000 
8000 
8000 
8000 
8000 
8000 
8000 
8000 
8000 
8000 

220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 

Mean 
1% Rec) 

98 
73 
87 

135 
97 
92 

100 
71 
93 
97 

142 
98 
99 
87 

127 
75 

100 

1%) 
101 
98 

101 
98 

101 
99 
98 
98 
98 
99 
99 
99 
98 
98 
98 
99 
98 
90 
86 
88 
88 
90 
88 
89 
88 
88 
85 
89 
85 

Min 
(% Rec) 

92 
65 
85 

130 
89 
90 
95 
60 
91 
93 

139 
92 
98 
85 

125 
69 
97 

Max 
(% Rec) 

100 
83 
89 

137 
103 
94 

108 
89 
99 

101 
144 
97 

101 
90 

130 
83 

104 

Sld Dev 
(X Rec) 

2.1 
7.5 
1.7 
2.4 
3.3 
1.3 
3.3 

12.4 
2.3 
2.0 
1.9 
1.6 
1.1 
1.7 
2.0 
5.7 
3.1 



Appendix F: QA/QC Results 

Table F2-10. PSD Ash Recovery Dah  for Melals 

Meas'd 
Sample ID Analyte Method (mglkg) 

NlST 1633a 
NlST 163% 
NlST 1633a 
NET 1633a 
NlST 163% 
NlST 163% 
NlST 1 63% 
NlST 16- 
NlST 163% 
NlST 163% 
NlST 163% 
NlST 1633a 
NlST 163% 
NlST 1 63% 

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 

5.2 
126.6 
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 
(mg/kg) 

6.8 
145 
12 
1 

196 
46 
116 
72.4 
179 
0.16 
29 
127 
10.3 
297 

Rec DupRec RPD 
(%) (%) (%I 
76 76 1 .o 
89 66 0.7 
84 86 2.7 
51 60 16.7 
99 89 9.8 
73 68 7.3 
102 94 8.3 
89 68 0.7 
109 104 4.5 
179 133 29.7 
66 97 12.0 
74 69 6.6 
96 106 9.6 
85 82 3.7 
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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 88 
Method Spike Mercury (11) Bloom 97 

Method Spike Mercury (11) Bloom 94 
Method Spike Methyl Mercury Bloom 106 
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Appendix F: @UQC Rctults 

Table F2-13. Coal Duplicate Sample Results for Metals 

AnWe 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Bromine 
Cadmium 
Calcium 
Cerium 
Cesium 
Chlorine 
Chromium 
Cob& 
copper 
Europium 
Hafnium 
Iodine 
Iron 
Lanthanum 
Lead 
Luteturn 
Magnesium 
Manganese 
Mercury 

Molybdenum 
Neodymium 
Nickel 
Phosphows 
Potassium 
Rubidium 
Samarium 
Scandium 
Selenium 
Silver 
Sodium 
Sbntium 
Tantalum 
Terbium 
ThOriUm 
Tin 
T i i u m  
Tungsten 
UmiUn 
Vanadium 
YWtbium 

M-ry 

Method 
NAA 
NAA 
NAA 
NAA 
ICP-AES 
NAA 
NAA 
NAA 
NAA 
NAA 
NAA 
NAA 
NAA 
NAA 
NAA 
NAA 
NAA 
NAA 
NAA 
ICP-AES 
NAA 
NAA 
NAA 
DGAICVAAS 
NAA 
NAA 
NAA 
NAA 
ICP-AES 
NAA 
NAA 
NAA 
NAA 
NAA 
NAA 
NAA 
NAA 
NAA 
N A A .  
NAA 
NAA 
NAA 
NAA 
NAA 
NAA 
NAA 

RPD 
(W 
6.3 
5.1 

58.5 
5.8 

10.0 
2 4  
0.4 

18.2 
122 
20.9 
5.5 

10.2 
5.2 

17.0 
' 4.0 

2 6  
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 
21  
0.4 

17.1 
1.8 
7.4 

F-82 



~~ ~~ 

Appendir F: QA/QC Results 

-. 

Table F2- 13. Coal Duplicate Sample Results for Metals 

Analyte 
Zinc 
Zirconium 
Moisture 
Carbon 
Hydrogen 
Nitrogen 
Sulfur 
Ash 
oxygen 
Volatiles 
Fixed Carbon 
HHV 

Method 
NAA 
NAA 
Ultimate 
Ultimate 
Ultimate 
Ultimate 
Ultimate 
Ultimate 
Ultimate 
Proximate 
Proximate 
Proximate 

Sample ID: 
Units 

mg/kg, dry 
mg/kg, dry 
% 
%. dry 
%, dry 
%. dry 
%, dry 
%, dry 
%, dry 
%, dry 
%. dry 
Btu/lb, dry 

Duplicate Sample Results 
H201/202 H225/226 

Meas'd Meas'd 
17.5 16.5 
40.3 89.0 
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 
58.2 58.1 

13728.0 13779.0 

RPD 

6.0 
75.3 
8.2 
0.1 
0.8 
0.7 

12.9 
2.9 
7.7 
1.3 
0.3 
0.4 
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Table F2-14. Botton Ash Duplicate Sample Results for Metals 

Anal* 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Phosphorus 
Potassium 
Selenium 
Silicon 
Silver 
Sodium 
Strontium 
Thallium 
Titanium 
Vanadium 
Zinc 

Method 

ICPES 
ICPES 
GFAAS 
ICPES 
ICPES 
GFAAS 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
CVAAS 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 
ICPES 

Run 2 
Result 

(mg/kg) 

108000 
ND 

5 
829 
19.7 

ND 
4000 
102 
61.5 
120 

102000 
6.1 

3780 
160 

2.74 J 
88.7 
526 

21 200 

21 lo00 
ND 
3390 
679 
4.34 J 
6657 
200 
51 

ND 

32 J 

Run 2D 
Result 

(mg/kg) 

131 000 
ND 
4.13 
1020 
20.7 
0.478 J 
5540 
108 
57.1 
1 27 

113000 
19.9 
5690 
170 

10.9 J 
88 
670 

25200 
26 J 

21 6000 B 
ND 
3460 
875 

ND 
6932 
228 
51.3 

ND 

RPD 
(%) 

19.2 
NC 
19.1 
20.7 
5.0 
NC 
32.3 
5.7 
7.4 
5.7 
10.2 
106.2 
40.3 
6.1 
NC 
NC 
0.8 
24.1 
17.2 
NC 
2.3 
NC 
2.0 
25.2 
NC 
4.0 
13.1 
0.6 
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Appendir F: QA/QC Results 

Table F2-15. SVOC lntemal Standard Recovery Data 

Compound 

Acenaphthene-dlO 
Acenaphthene-dlO 
Acenaphthene-dlO 
Acenephthene-dl0 
Acenaphthylene-d8 
Acenaphthylone-d6 
Acenaphthylono-d8 
Acenaphthylene-d8 
AnthNCene-dlO 
Anthracene-dlO 

Anthracene-dlO 
Benzo[a]pyrene-d12 
Benzo[n]pyrene -d 12 
Benzo[nlpyrene-dlP 
Benzo[nlpymne -d 12 
Benzo[b6k]fiuonnthenea-d12 
Benro[bak]nuonnmen~-dl2 
Benro[b6k)~uonnmenu-d12 
B.nzo[bak]nuonnthenes-d12 

B*nzo[ghilperylene-d12 
Benzolghi]peylene-d12 
Benzo[ghflpotylene- d l  2 
Benz[n]anthncone-d12 
Benr[a]anlhncon*-dlP 
Bonz[aJant~nceno -dl 2 
B*nz[a]anthmwno-d12 
Chy~no-d l2  

Chrywno-dl2 

Ob~nz[a,h]anthmcene-d14 
Obenz[a.h]anthncene-d14 
Dib.nt[a,h]~thncene-d14 
OIbenz[a,h]anthncene-d14 

flUONnthen@-dlO 
fluonnthene-dl0 
fluomnthene-dlO 

AnthNceIm-dlO 

Banro[ghqpe1ybne-d12 

Chmrn-d l2  

Chryum-dl2 

flUOIMth~M-dlO 

flUOmM-dl0 
flUOmne-dl0 

FWo~m-dlO 
Indeno[1.2.3-cd]pynne-d10 
lndeno[1.2.3-cd]py~-dlO 

fluonno-dl0 

lndeno[l.2.9-cd]pymne-d10 
Indeno[l,2,3-cd]pyrone-d10 
Phennnthm-dlO 
Phenanthrene - d 10 
Phenanthrene-dlO 
Phenanthrene-dlO 

% Rec. 

14 
2 

17 
15 
11 
4 
8 

18 
6 
8 

22 
26 
4 

14 
3 

11 
23 
22 
1 

13 
12 
6 

12 
0 
36 
29 
17 
4 
17 
35 
37 
5 

15 
5 
0 

15 
17 
34 
49 
12 
3 

l o  
22 
19 
5 
1 

18 
14 
41 
28 
7 

40 



Appendu F: pA/QC Results 

Table F2-15. SVOC Internal Standard Recovety Data 

Compound 

Pyrone-dlO 
Pyrone-dlO 
Pyrone-dlO 
Pyrone-dlO 

Acenaphthene-dlO 
Acanaphthone-dlO 
Acenaphthene-dlO 
Aconaphthybne-d8 
Acanaphthybne-d8 

Anthracene-dlO 

Anthracene-dlO 
Benzojalpyrene-dl2 
Benzo[alpyrene-d12 
Benzo[aJpyrene-d12 
Benzo[b&kjfiuonnthen~-dl2 
Bonzo[b&k]fiuonnthen~-dl2 
Banzo[b&kJfiuonnthonu -dl2 
Banzo[ghflpaylane- d 12 
Benzo(ghflperylene-dl2 
Benzo(ghflpeylene-dl2 
Banz[nJ.nthncene-d12 
Bonz[al.n~ncene-d12 
Benz[alanthracena-d12 . 
Chyme-dl2 
Chyrne-dl2 

Dibenz[&hlanthncene-d14 
Dib.nz[&hJanthncene-d14 
Fluonnthena-dl0 
Fluonnthane-dl0 
Fluonnthano-dl0 
Fluonne-dl0 
Fluonne-dl0 

Indano[lt.3-cd]pyrene-dlO 
Indeno[lSS-cdlpy~e-dlO 

Phananthma-dlO 
Phon.nthrena -d 10 
Pyrone-dlO 
Pyrone-dlO 
Pyrone-dlO 

Acenaptdhene-dlO 
Aconephmylone-d8 

Benzo[ajpyrene-d12 

AcaMphthykM-d8 

Anthncme-dlO 

C h w m - d l 2  
Dlb.nz[&h]anthracene-d14 

F l ~ O ~ ~ - d l O  

Ind.m[l.23-cd]pyrono-d10 
Phenanthrene-dlO 

Anthncme-dlO 

% Rec. 

19 
37 
13 
53 

6a 
60 
62 
2 

4a 
37 
39 
4 6  

1 
22 
47 

0 
66 
51 
32 
18 
23 
31 
74 
3 

81 
79 
74 
79 
19 
37 
29 
43 
63 
53 
81 
97 
82 
13 
26 
95 
44 
48 
55 
31 
59 
60 

55 
57 
60 
87 
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Appendix F: QMQC R~SUIIS 

Table F2-15. SVOC Internal Standard Recovery Data 

Sample ID 
ESP Inlet Gas 

MM5 Lab Spike 

MM5 Lab Blank 

Compound 

Benzo[bBkJfluoranthenes-&l2 
Benzo[ghi]perylene-dlP 
Benz[a]anlhrecene-dlZ 
Chrysene-dlP 
Dibenz[a.h]anthrecene-d14 
Fluorenthene-dlO 
fluorene-dl0 
lndeno[1.2.3-cd]pyrene-d10 
Phenanthrene-dlO 
Pyrene- d l  0 

Acenaphthene-dlO 
Acenaphthylene-d8 
Anthracene - d 10 
Benzols] py rene - d 12 
Benro(bBk]fluoranthenee-d12 
Benzo[ghQperylene-d12 
Benz[a]anlhracene-d12 
Chryeene-dlP 
Dibenr[a.h)anulrecene-d14 
Fluoranthem-dlO 
fluorene-dlO 
Indeno[l,2.9-cd]pyrene-d10 
Phenanthrene-dlO 
Pyrene - d l  0 

Acenaphthene-dl 0 
Acenaphthylene-d8 
Anthracene-dlO 
Benzo[a]pyrene -d 12 
Benzo[b&kJlluoranthenes -d 12 
Eenzo[gh[lperylene-d12 
Benz[a]anthrecene-d12 
Chtysene-dl2 
Dibenz[a,h]anthrecene-d14 
fluorenthene-dlO 
fluorene - dl  0 
lndeno[1.2d-cdlpyrene-d10 
Phenanthrene-dlo 
Pyrene-dlO 

% Rec. 

77 
82 
87 

89 
72 
79 
85 
60 
78 

61 
58 
54 
71 
78 
77 
68 
69 
80 
84 
67 
77 
54 
88 

101 
111 
106 
88 
99 
58 
95 
87 
58 
83 
79 
63 
99 
87 

n 
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Appendu F: QMQC R a u h  

-. 

Summary for ESP and Stack Gas 

Acenaphthene-dlO 
Acenaphthylene-d8 
Anthracene-dlO 
Benzo[a] pyrene - d12 
BenzoIbakjfluoranthenes- d12 
Benzo(ghilperylene-dl2 
Benz(a]anthracene -dl 2 
Chrysene-dl2 
Dibent[a.h]anthracene-d14 
fluorantheno- d 10 
Ruorene-dl0 
Indene[ 1.2.3 - cd] pyrene - d l  0 
Phenanthrene-dlO 
Pyreno-dlO 

No. of 
Results 

7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 

Mean 
(% Rec) 

34 
18 
21 
15 
30 
14 
35 
46 
17 
39 
46 
16 
38 
39 

Min 
(% Rec) 

2 
2 
1 
0 
1 
0 
3 
5 
0 

12 
3 
1 
7 

13 

MiU 
(% Res) 

66 
40 
46 
47 
66 
31 
81 
79 
37 
63 
97 
35 
55 
60 

Std Dev 
(% Rec) 

27.8 
17.8 
17.1 
16.1 
22.5 
10.3 
31.4 
29.6 
12.7 
18.7 
38.6 
11.6 
15.5 
19.1 
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Table F2- 16. SVOC Trip Spike and Lab Spike Recovery Data 

Sample ID Compound 
MM5 Trip Spike 

5-methyl chrysene 
7H-dibenzo[c,g]carbaole 
Acenaphthene 
Acenaphthylene 
Anthracene 
Benzo [a] pyrene 
Benzo[b,j&k]fluoranthenes 
Benzo[ghi]perylene 
Benr[a]anthracene 
Chrysene 
Dibenzo[ae]pyrene 
Dibenzo[a. hlpyrene 
Dibenzo[a, ilpyrene 

. Dibenz[a,h]acridine 
Dibenz[a,h]anthracene 
Dibenz[a.i]acridine 
Fluoranthene 
Fluorene 
Indeno[l,2,3-cd]pyrene 
Phenanthrene 
Pyrene 

5-methyl chrysene 
7H-dibenzo[c,g]carbaole 
Acenaphthene 
Acenaphth ylene 
Anthracene 
Benzo[a]pyrene 
Benzo[b,j&k]fluoranthenes 
Benzo[ghi]perylene 
Benz[a]anthracene 
Chrysene 
Dibenzo[a,e]pyrene 
Dibenzo[a, hlpyrene 
Dibenzo[aJpyrene 
Dibenz[ah]acridine 
Dibenr[qh]anthracene 
Dbenz[a, i] acridine 
Fluoranthene 
Fluorene 
Indeno[l,2,3-cd]pyrene 
Phenanthrene 
Pyrene 

MM5 Lab Spike 

% R e c .  

93 
70 
87 
90 
95 
87 
95 
91 
89 

103 
62 
23 
49 
91 
91 

107 
92 
98 
85 

117 
91 

83 
102 
100 
94 
98 
89 
84 
72 
81 
76 
87 
64 
79 
88 
82 
97 
80 
96 
85 
89 
84 

F-89 



~~ ~~ 

Appendix F: QA/QC Ruulrs 

Table F2-17. SVOC Sumgate Spike Recovery Data 

Sample ID Compound 
ESP Inlet Gas 

H -237/233/1811163/235/236 Biphenyl-dlO 
H-1 1 llH-109lH - 125 Biphenyl-dlO 
H -317/201/238/212/2771278 Biphenyl-dlO 
H-417/418l4191306/291/352/353 Biphenyl-dl 0 
H - 237123311 8 1 I1 63/235/236 
H - 31 71281 1238121 2/2771278 
ii- i i IIH - 109lH - 125 
H -41 7/41 8/41 9/306/291/352/353 
H-1 1 llH-109lH- 125 Perylene-dl2 
H -237/233/181/163/235/236 Perylene -dl 2 
H -317/281/2381212/277/278 Perylene-dl2 
H -417/418/4191306/291/352/353 Perylene-dl2 

Hexachlorobenzene- 13C6 
Hexachlorobenzene- 13C6 
Hexachlorobenzene- 13C6 
Hexac hlorobenzene- 13C6 

Slack Gas 
n - 22711 9411 I 912231~24 
H.-388/314/292/354/355 
H-316/2281211/279/280 
H -388/314/2921354/355 
H -316/22812111279/280 
H -22711 94/119/223/224 

H - 388/314/292/954/355 
H - 22711 9411 191223/224 

~-3iw22a12i i1279/2110 

MM5 Trip Spike 

MM5 Lab Spike 

MM5 Lab Blank 

Summary for ESP end Stack Gas 

Biphenyl-dlO 
Hexachlorobenzene- 13C6 
Perylene-dl2 

Biphenyl-dl 0 
Biphenyl-dl 0 
Biphenyl - d l  0 
Hexachlorobenzene- 13C6 
Hexachlorobenzene- 13C6 
Hexachlorobenzene- 13C6 
Perylene -d l  2 
Perylene-dl2 
Perylene-dl2 

Biphenyl - d 10 
Hexachlombenzene- 13C6 
Perylene -d l  2 

Biphenyl-dl0 
Hexachlorobenzene- 13C6 
Perylene-dl2 

Biphenyl-dl0 
Hexachlombenzene- 13C6 
Perylene-dl2 

% Rec. 

102 
530 
153 
128 
66 

108 
160 
115 
92 
42 
19 
0 

918 
146 
138 
106 
67 
73 
63 

0 
0 

125 
95 

126 

137 
118 
136 

116 
102 
114 

N 0 . d  Mean Mln Max Std Dev 
Results (% Rec) (% Rec) (% Rec) (% Rec) 

8 280 102 918 293.4 
8 101 68 160 29.5 
8 43 0 126 47.4 
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AppeiuiU F: QAIQC Rerulrs 

Table F2- 18. VOST Method Spike Recovery Data 

Compound 
Methylene Chloride 

1 ,2-Dichloroethane 
1,3-Dichlorobenzene 
1,1,2+Tetrachloroethae 
trans- 1,2- Dichloroethene 
1,2-Dichlorobenzene 
Tetrachloroethene 
Trichlorofluoromethane 
Chloroform 
Chlorobenzene 
1,l -Dichloroethane 
1,4 - Dichlorobenzene 
Ethyl Benzene 
o-Xylene 
Acetone 
1,l -Dichloroethene 
Styrene 
4-Methyl-2-Pentanone 
2-Butanone 
Carbon Tetrachloride 
Brornodichlorornethane 
Bromoform 
1.1,2-Trichloroethane 
1,l.l -Trichloroethane 
Dibromochloromethane 
Chloroethane 
Trichloroethene 
trans-1,3-Dichloropropene 
cis- 1.3-Dichloropropene 
2-Hewnone 
Benzene 
1,2-Dichloropropane 
Bromomethane 
m,p-Xylene 
Vinyl Chloride 
Vinyl Acetate 
Chloromethane 
Carbon Dsutfide 
Toluene 

MS 

130 

130 
1 28 
1 28 
128 
127 
126 
126 
126 
125 
123 
123 
122 
122 
120 
119 
119 
114 
108 
103 
103 
1 02 
100 
99 
99 
93 
93 
92 
92 
91 
89. 
89 
89 
86 
70 
50 
49 
49 

142 

(% Ret) 
MSD 

(% Rec) 
130 

130 
130 
128 
128 
127 
125 
125 
123 
123 
123 
122 
122 
121 
121 
120 
120 
120 
119 
116 
116 
114 
111 
1 07 
105 
105 
104 
103 
99 
97 
95 
95 
94 
92 
91 
88 
84 
44 

1 37 

Mean 
(% R e )  

130 

130 
129 
1 28 
1 28 
1 27 
126 
126 
125 
1 24 
123 
123 
122 
122 
121 
120 
1 20 
117 
114 
110 
110 
108 
106 
103 
102 
99 
99 
98 
96 
94 
92 
92 
92 
89 
81 
69 
67 
47 

140 

RPD 

0.0 

0.0 
1.6 
0.0 
0.0 
0.0 
0.8 
0.8 
2.4 
1.6 
0.0 
0.8 
0.0 
0.8 
0.8 
0.8 
0.8 
5.1 
9.7 

11.9 
11.9 
11.1 
10.4 
7.8 
5.9 

12.1 
11.2 
11.3 
7.3 
6.4 
6.5 
6.5 
5.5 
6.7 

26.1 
55.1 
52.6 
10.8 
3.6 

(%) 



Appendix F: W/QC Results 

Table F.2-19. VOST Surrogate Spike Recovery Data 

Sample 
Stack Gas. 20L VOST Sur 
Stack Gas. 20L VOST Sur 
Stack Gas, 20L VOST Sur 
Stack Gas. 20L VOST Sur 
Stack Gas, 20LVOST Sur 
Stack Gas. 20LVOST Sur 
Slack Gas. 20LVOST Sur 
Stack Gas. 20LVOST Sur 
Stack Gas. 20LVOST Sur 
Stack Gas. 20L VOST Sur 
Stack Gas. 2OLVOST Sur 
Stack Gas, 20LVOST Sur 
Stack Gas. 20LVOST Sur 
Stack Gas. 20L VOST Sur 
Stack Gas. 2OLVOST Sur 
Stack Gas.20LVOST Sur 

Stack Gas, 20L VOST Sur 
Stack Gas, 20LVOST Sur 
Stack Gas, 20L VOST Sur 
Stack Gas, 20L VOST Sur 
Stack Gas. 20LVOST Sur 
Stack Gas. 20LVOST Sur 
Stack Gas. 20L VOST Sur 
Stack Gas. 20LVOST Sur 
Stack Gas. 20LVOST Sur 
Stack Gas. 20L VOST Sur 
Stack Gas, 20LVOST Sur 
Stack Gas. 20LVOST Sur 
Stack Gas. 20L VOST Sur 
VOST Lab Blankl Sur 
VOST Lab Blankl Sur 
VOST Lab Blankl Sur 
VOST Lab Blank2 Sur 
VOST Lab Blank2 Sur 
VOST Lab Blank2 Sur 
VOST Lab Blank3 Sur 
VOST Lab Blank3 Sur 
VOST Lab Blank3 Sur 
VOST Meth Spkl Sur 
VOST Meth Spkl Sur 
VOST Moth Spkl Sur 
VOST Moth Spk2 Sur 
VOST Moth Spk2 Sur 
VOST Meth Spk2 Sur 

Stack Gas. 20LVOST Sur 

Summary 

Compound 
1,2-Dichloroethane-d4 
1.2-Dichloroethane-d4 
1.2-DichloroaLhane-d4 

1,2-Dichloroethane-d4 
I .2-Dichlomethane-d4 

1.2-Dichloroelhane-d4 
1.2-Dlchloroe~ane-d4 
1.2-Oichloroethane-d4 
4-Bromduorobenzene 
4-BromoRuorobenzene 
4-Bromofluombenzene 
4-BromoRuorobenzene 
4-BromoRuombenzene 
4-Bmmduorobenzene 
4-BromoRuorobenzene 
4-BromoRuombenzene 
4-Bromofluorobenzene 
4-Bmmofluorobenzene 
Toluene-d8 
Toluene-d8 
Toluene-d8 
Toluene-d8 
Toluene-d8 
Toluene-d8 
Toluene-d8 
Toluene-d8 
Toluene-d8 
Toluene-d8 
1 .2-Dlchloroethane-d4 
4-BromoRuombenzene 
Toluene-d8 
1 .2-Dlchloroemane-d4 
4-BromoRuombenzene 
Toluene-d8 
1 .2-Dichloroethane-d4 
4-BromoRuombenzene 
Toluene-d8 
1 .P-Dlchloroethane-d4 
4-BromoRuorobanzene 
Toluene-d8 
1,2-Dichlww~me-d4 
4-BromoRuombenzene 
Toluene-d8 

1,2-Diehioroethane-d4 

1.2-DIchioroelhane-d4 

1,2-Dichloroethane-d4 
4-Bromofluombenrene 
Toluene-d8. 

% Recovery 
92 

105 
106 
115 
128 
105 
120 
1 23 
126 
128 
100 
89 
82 
96 
96 
85 

113 
85 

117 
109 
81 
87 
84 
92 
92 
86 
93 
82 
97 
80 
93 
78 
96 
95 
78 
96 

128 
99 
91 

118 
84 

115 
96 
84 

116 

Number Mean Min 
ofResuiB (%Rec) (%%e) 

15 112 92 
15 93 78 
15 93 80 



Appendix F: QA/QC Results 

Table F.2-20. Spike Recovery Data for Aldehydes 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-369) Formaldehyde HPLC 83 
Stack gas, impinges Trip Spike (H-369) Acetaldehyde HPLC 81 
Stack gas, impingers Mab-i 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 Gar Sampling Data 

Table G-1 
Process Stream Flows at Site 16 - OFA Test 

Stream Mean Flow Rate Std. Dev. Source 

Coal (lb/hr, wet) 346,000 3,800 Measured" 

Coal (lblhr. drvl 330.000 3.900 Calculated 

Bottom Ash (lb/hr, dry) 6,770 790 Calculated' 

ESP Hopper Ash (lb/hr, dry) 27,100 3,200 Calculated' 

ESP Inlet Gas (dsdm) 1,290,000 28,000 Measuredd 

Stack Gas (dscfm) 1,110,000 61,000 Measuredd 

* Available from plant meters. 

Calculated from wet coal flow rate and moisture content. 

' Calculated assuming a 8020 fly ash to bottom ash split of coal ash flow. 

Average of gas flows measured during multi-metals and semivolatiles sampling, when 
duct was traversed. 
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Appendu G: Prows Srream Flow Rater and Flue Gas Sampling Data 

Table 6-2 
Process Stream Flows at Site 16 - OFA/LNB Test 

Stream Mean Flow Rate Std. Dev. Source 

Coal (lb/hr, wet) 328,000 1,200 Measured' 

Coal (lb/hr, dry) 315,000 2,100 Calculatedb 

Bottom Ash (lb/hr, dry) 7,060 1,800 Calculated' 

ESP Hopper Ash (Ib/hr, dry) 23,700 1,100 Calculatedd 

ESP Inlet Gas (dscfm) 1,250,000 18,000 Measured' 

Stack Gas (dsdm) 1,080,000 7,600 Measured" 

' Available from plant meters. 

Calculated from wet coal flow rate and moisture content. b 

' Calculated as the difference between coal ash rate and ESP inlet ash rate. 

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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Appendir G: Proecss S m m  Flow R a e  and Flue Gar Sampling Dora 

OFA Test Flue Gas Sampling Data 
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Appendix G: Process Stream Flow Rates and Flue Gar Sampling Data 

PARAMRER 

MULTI-METALS 

INLET - STACK - 
Oate 3/5/91 36/91 
Dry Standard Meter Volume 55.312 DSCF 65.224 DSCF 
Percent Flue Gas Molsture 6.34 96 6.33 % 
flue Gas Molecular Weight (wet) 29.19 g/g-mole 29.28 Ug-mde 
Average Gas Velocity 78.47 fVSeC 84.17 tvsg 
Average flue Gas f low Rate 1.276.745 DSCFM 1.082.068 DSCFM 
Adlusted Inlet Flue Gas Flow Rate 1.240.000 DSCFM 
tsokinettc Samplmg Rate 101.7 96 99.6 96 
h e n  Concentration 7.5 96 9 %  
Total Mass 01 Paniculate Sollds 5.6627 grams 0.220 grunr 
Paniculate Concentration 1.58 gr/DSCF 0.0525 gr/DSCF 
Paniculate Emisstons 16.795 lWhr 487 lbmr 
lmpinger Volume (imp 1W 634.2 grams 630.3 grams 
Impinper Volume (imp a 4 )  541 7 grams 553.4 grunr 

Date 36191 -1 
Dry stanearn Meter volume 55.602 DSCF e3.622 DSQ 

flue Gas Molecular Weight (wet) 29.00 glg-male 29.34 Ug-mole 
Average Gas Velocity 8262 Wsec 83.95 rvros 
Average flue Gas F l w  Rate 1.299.211 OSCFM 1.m.146 DScFM 
Adjusted Inlet flue Gas flow Rate 1.270.000 DSCFM 
lsokineta: Sampling Rate 100.4 96 99.5 9b 
-sr ,-,..#,..a"ll~.*~" 7 0 1  I I G  o* .,,,,I("' -..-v.,..s.,".. , ," - R  

Total Mass 01 Paniculate Solids 4.4173 grams 0.5869 grams 

Particulate Emissions 13.348 IWhr 1288 Ib/lrr 
trnpinger Volume (imp 162) 684.3 grams 644.4 grams 
lmpinger Volume (imp 364) 525.4 grams 568.7 gRms 

Pansulate Concentration 1.23 gr/DSCF 0.14 grmSCF 

Date 36191 3/6/91 
Dry Standard Meter Volume 51.725 DSCF 65.539 Dso 
Percent flue Gas Manure 6.45 96 6.27 % 
Rue  as Molecular Weight (wet) 29.06 g/g-mole 29.42 wg-mde 
Avenge Gas Vdoclty 83.14 Wsec 84.1 lvsr 
Average flue Gas Flow Rate 1.307.402 DSCFM 1.058.476 DSCFM 
Mjusted Inlet flue Gas Flow Rate 
lsokinetic Sampling Rate 92.8 96 1023 % 
,~ 

Total Mass 01 Partiiulate Solids 4.3543 grams 0.4488 grams 
Panlculate Concentration 1.30 gr/DSCF 0.11 gr/D.scF 
Panlculate Emissions 1 4 . 1 ~  ibmr 961 lbmr 
lmpinger Volume (imp 162) 614.2 grams 589.3 grams 
IrnpingerVolurne (imp S 4 )  607 grams 558 grams 

1,270.000 DSCFM 
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Appendix G: Process Stream Flow Rates and Flue Gas Sampling Data 

ANIONS 

Drv Standard 
Meter Volume 

Dry Standard 
Meter Volume 

3/3/91 58.787 OSCF 56.882 OSCF 
315B1 59.168 OSCF 59.217 OSCF 

um1-1 6O.W DSCF . 55.876 OSCF 
36191-2 58317 OSCF 55.514 DSCF 

Fil!W Weight 
Gain 

Filler W*ht 
Gain 

3/3/91 19.1ooo gms 0.9849 gms 
3 N 9 1  14.644 gms 0.3099 gms 

316191-1 18.41 gms 0.5078 gms 
wm1-2 14.5758 gms 0.4202 PmS 

lmpinger 
VdUme 

lmpinger 
volume 

33/91 605.5 0 5021 g 

31m1-1 730.8 g 5459  
3W91-2 595.7 Q 583.9 9 

3 N 9 1  7329 9 501.6 Q 

ALDEHYDES 

Dry Standard 
Meter Volume 

33/91 11.559 DSCF 57.216 DSCF 
3991 14.055 DSCF 21.563 DSCF 
36191 13.202 DSCF 19.- DSCF 
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Appendix G: Process Srream Flow Rares and Flue Gar Sampling Doto 

MODIFIED M€iHOD 5 

INLET STACK PARAMETER - 
Date 3/3/91 3/3/91 
Dry Standard Meter Volume 65.275 DSCF 71.552 DSCF 
Percent Flue Gas MolSIure 6.34 !A 6.17 48 
Flue Gas MolecuW Weight (wet) 29.07 olo-md. 29.17 o/o-mda 
Average Gas Vaocw 80.68 w r s  90.98 w r c  
Average Flue Gas Flow Rate 1.279.777 DSCFU 1.174.695 OSCW 
Mlused Inlet Flue Gas flow Rate 1.m.ooo DSCFM 
lsokinetc %mpting Rate 86.0 u 100.6 u 

.. . . . . . . . .  ..: . .  . . . .  ..... . . . . . . . . . . .  . . . . . . . . . . . . . .  :.. ............ :: . . .  
PARAM- INLET - 
Dale 3/4/91 34/91 

Percent Flue Gas Moisture 6.17 U 6.86 Y 
Flue Gas MoleCular Weight (wet) 29.09 plgmd. 29.18 gfg-mda 

Average flue Gas flow Rate 1.300.588 DSCFM 

lsakinetic Sampling Rate 99.8 u 99.3 Y 

Dry Standard Meter Vdume 77.691 DSCF 68.259 DSCF 

Average Gas VeiocW 8218 Nan 87.21 W r c  

Adjusted Inlet flue Gas Flow Rate 1.270.~ DSCFM 1.135.673 DSCFM 

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

PARAM- 

Dale -1 Yygl 

Flue Gas Molecular Weight (wet) 29.07 o/g-m4rn 29.38 

70.908 DSCF Dry Standard Meter Volume 75.358 DSCF 
Percent Flue Gas Moislure 6.34 U 6.27 Y 

~ 

Average Gas Velocw 7a63 w l ~  83.98 w r o  

Adlusted Inlet Flue Gas flow Rate 1.24o.ooo DSCFM 
Awage flue Gas Flow Rate 1.276.582 DSCm 1,075.909 OSCFM 

Isokinetic Sampling W e  98.6 48 107.3 Y 
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Appendix G: Procers Stream Flow Rates and Flue Gas Sampling Daza 

VOST DATA 

Pair stan Stap Volume Meter Probe Bar. asvolume 
RunNo. No. Date lime xme atMeter DGMCF Temp T m P  Pressure Collected 

0 (degF) (degF) 0n.Hg) (%I) 

ESPlNLET A 3/3/91 1936 1938 1.15 1.037 44 278 28.9 1.21 
RUNNO.l B 3 3 3 1  1951 2001 5.06 1.037 44 281 28.9 5.31 

c 3/3/91 2012 2052 19.45 1.037 43 271 28.9 20.45 

ESPlNLET A 3/4/91 1705 1745 18.96 1.037 53 277 29.22 19.76 
RUNN0.2 B 3/4/91 1815 1825 4.86 1.037 52 292 29.22 5.08 

c 3/4/91 1830 1832 0.74 1.037 51 276 29.22 O.n 

ESPINLET A 3/5/91 1718 1758 18.91 1.037 71 284 29.44 19.19 
RUNN0.3 B 3/5/91 1806 1816 4.67 1.037 71 282 29.44 4.74 

c 3/5/91 1820 1822 1.00 1.037 70 286 29.44 1.02 

A 3/3/91 1906 1946 20.02 0.962 66 304 28.65 18.51 
RUNNO.l B 3 /39  2005 2015 5.03 0.962 66 397 28.65 4.65 

c 3/3/91 2043 2005 1.01 0.962 68 290 28.65 0.93 

stack A 3/4/91 1653 1733 20.02 0.962 62 283 28.97 16.86 
RUNN0.2 B 3/4/91 1822 1832 5.01 0.962 81 290 28.97 4.73 

c 3/4/91 1045 1847 1.00 0.962 61 no 28.97 0.94 

slack A 3/5/91 1720 1800 19.98 1.038 78 267 29.1 19.80 
RUNN0.3 B 35/91 1614 1824 5.03 1.038 84 268 29.1 4.93 

c 3/5/91 1834 1836 1.00 1.038 84 no 29.1 0.90 



Appendk G: Process Stream Flow Rates and Flue Gar Sampling Data 

CHROME 6 

Run 1-1 - Run 1-3 Runl-2 - 

Date 3/07/91 3/07/91 3/07/91 
Sampling Port South North Wen 
Dry Standard Meter Volume 57.569 DSCF 59.104 DSCF 59.351 DSCF 
lsokineti Sampling Rate 98.1 ab 102.3 % 100.4 96 

&wJ-J 

Date 3/08/91 3/08/91 SOW91 
Sampling Port South NoRh Wen 
Dry Standard Meter Volume 58.921 DSCF 60.273 DSCF 59.182 DSCF 
Isokinetic Sampling Rate 94.7 Q4 98.7 % 97.1 * 

Run 4-1 &&pJ 

Date 3/08/91 Y0819t 3108191 
Sampling Port west Soutn Nofth 
Dry Standard Meter Volume 59.019 DSCF 60.782 DSCF 59.412 DSCF 
Isokinetic Sampling Rate 95.0 Q4 96.7 % 95.8 % 

Run 5-3 - 
Date 3/08/91 3/08/91 3/My91 
Sampling Port North South W W  

lsokinetic Sampling Rate 98.5 Q4 107.6 46 91.9 * Dry Standard Meter Volume 49.219 OSCF 57.884 DSCF 49.402 DSCF 
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Appendix G: Proms Stream Flow R a m  and Flue Gas Sampling Darn 

ARSENIC 

Run 1-3 - 
Sampling Port North WasC South 
Dry Standard Meter Vdume 
lsdrrnelr Sampling Rate 

60.784 DSCF 60.145 DSCF 57.676 DSCF 
98.5 % 98.5 % 98.3 % 

3/07/91 Run 2-1 - 
WSn North South Sampling Port 

Dry Standard Meter Volume 
Isokinetk Sampling Rate 

56.952 DSCF 5aw DSCF 24.966 DSCF 
96.3 % 98.2 % 89.6 % 

Run 4-1 - 
61.011 ___. 

99.8 96 99.5 96 
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Appendix G: Process Srream Flow Rares and Flue Gas Sampling Data 

Mercury Data 

Stan Stop Volume Meter Probe Bar. apvorume 
RunNo. Date l ime l ime a t ~ e t e r  DGMCF ~ e m p  ~ e m p  Pressure colle~led 

(1) (dw FJ (dW F) (in. Hg) (std 0 

Stack 3/07/91 1302 1622 1OO.W 1.038 87 289 29.09 97.42 
Run I 

Stack 3/07/91 1716 2036 100.00 1.038 90 293 29.09 96.94 
Run 2 

Stack 308191 737 1103 100.00 1.038 77 293 29.17 99.54 
Run 3 

Stack uw91 1146 1506 100.00 1.038 79 297 29.17 99.19 
Run 4 
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AppendLr G: Proms Stream Flow Rates and Flue Gas Sampling Data 

OFAILNB Test Flue Gas Sampling Data 



Appendix G: Process Stream Flow Rates and Flue Gas Sampling Data 

Location ESP Inlet - ParticulateMetals 

N o d e  Diameter (inches) 

Average square root of delta p 
Average delta H (" H20) 

Average Stack Temperature (F) 

Condensed Water (g) 
Filter Weight Gain (g) 
PNR Weight Gain (g) 
Impinger Residue (g) 

Rue Gas Moistu 
Molecular Weight (Wet) (g/g-mole 

Absolute Stack Pressure (" Hg) 
Absolute Stack Temperature (R) 

. ' Average Gas Velocity (f7sec 
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Appendix G: Process S m m  Flow Rarec and Flue Gas Sampling Data 

Location ESP Inlet - Anions 

Run No. 
Date 

Time Start 
Time Finish 

Operator 
Initial Leak Rate 
Final Leak Rate 

Duct Dimensions (ft2) 
Pitot Tube Correction Factor (Cp) 

Dry Gas Meter Calibration (Yd) 
N o d e  Diameter (inches) 

Barometric Pressure (“Hg) 
Static Pressure (‘“20) 

Meter Volume (acf) 
Average square root of delta p 

Average delta H (“ H20) 
Average Stack Temperature (F) 

Average DGM Temp 
Test Duration (minutes) 

Condensed Water (g) 
Yo c02 

% 02 
Yo N2 

Meter Volume ( d e  
Flue Gas Moisture (”/o: 

110.0 120.0 110.0 115.0 113.8 
120.4 120.6 112.0 117.3 117.6 
10.0 12.8 12.2 12.2 11.8 
7.8 6.0 6.0 6.0 6.5 
82.2 81.2 81.8 81.8 81.8 

62.174 66.085 62.357 67.400 64.504 
8.4 7.9 7.8 7.6 7.9 

ias Molecular Weight (Wet) (g/g-mole 28.91 29.3 1 29.24 29.27 29.18 
Absolute Stack Pressure (“ Hg) 27.79 28.17 28.01 28.00 27.99 

Absolute Stack Temperature (R) - 1  768 757 760 756 
Average Gas Velocity (ff sec) 
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Appendir G: Process Srrem Flow Razes and Flue Gas Sampling Dara 

Location ESP Inlet - MM5 

2 3 4 

)750 CDT 0804 CDT 0755 CDT 
~ 1 3 3  CDT 1146CDT 1159CDT 

DHD DHD DHD 
0.009 0.010 0.003 

05-19-93 05-20-93 05-21-93 

Dry Gas Meter Calibration 
Nozzle Diameter (i 

Condensed Water (g) 

Rue Gas Moistu 
ias Molecular Weight (Wet) (g/g-mole 

Absolute Stack Pressure (" Hg) 
Absolute Stack Temperature (R) 

Average Gas Velocity (t7sec) 

Average 
- 
- 
- 
- 
- 

0.84 
0.988 

0.1970 
29.6 

0.0141 0.0081 0.07 1 - 
425.71 425.71 425.71 - I 

0.84 0.84 0.84 
0.988 0.988 0.988 

29.3 29.4 29.4 
0.1970 0.1970 - 

1.1913 

308 
1.47 

-19.51 -17.5 I -19.51 -19.25 
141.926 I 142.550 I 141.0321 142.489 

1.1773 1.1726 1.1855 

305 298 305 
1.45 1.46 1.47 I 

208.7 
12.8 
6.0 

78.01 94.2 I 83.5 I 88.9 
216.01 216.01 216.01 216.0 

181.4 174.8 192.9 

6.0 6.0 6.5 
12.2 12.2 

81.21 81.81 81.81 
136.6401 131.8901 133.4971 133.57 

29.46 

2,102,535 
1,268,256 ! 100.33 

82.32 
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Appendix G: Process Srremn Flow h e r  and Flue Gar Sampling Dora 

Location Stack Outlet - MetalslPartiwlate 

Stack Diameter (fi) 
Pitot Tube Comedon Factor (Cp) 

Dry Gas Meter Calibration (Yd) 
Nozzle Diameter (inches) 

Average square root of 

Average Stack Temperature 

Filter Weight Gain (9) 
PNR Weight Gain (g) 
Impinger Residue (g) 

rils Molecular Weight (Wet) (g/g- 

Absolute Stack Temperature @) 

Particulate Emission 
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Appendix G: Process Stream Flow Rates and Flue Gar Sampling Data 

Location Stack Outlet - Anions 

Final Leak Rate 

Pitot Tube Correction Factor (Cp) 

Node Diameter ( 

Meter Volume (acf) 
Average square root of delta p 

Average delta H (" H20) 

Condensed Water (g) 

Flue Gas Moisture 

Absolute Stack Pressure (" Hg) 
Absolute Stack Temperature (R) 

Average Gas Velocity (Ysec) 84.55 79.15 78.83 83.10 81.41 
Avg Flow Rate (acfin) 1,757,064 1,644,963 1,638,137 1,726,897 1,691,765 

Avg Flow Rate (dscfin) 1,072,683 1,029,808 1,023,959 1,092,591 1,054,760 
Isokinetic Sampling Rate (YO) 105.11 98.28 98.25 91.96 98.40 
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Appendix G: Process Stream Flow Rates and Flue Gas Sampling Data 

Location Stack Outlet - MM5 

Pitot Tube Correction Factor 
Dry Gas Meter Calibration 

Nozzle Diameter (inc 

Average square root of delta p 
Average delta H (" H20) 

Flue Gas Moisture ( 

Absolute Stack Pressure (" H 

Average Gas Velocity ( 
Absolute Stack Temperature 

G-18 

* 109.284 113.762 
1.1966 1.2204 

1.18 
291 306 

192.0 189.8 
137.8 

29.40 29.30 
29.00 28.98 

80.91 83.25 



Appendix G: Process Stream Flow Razes and Flue Gas Sampling Data 

Location Stack Outlet - Aldehyde 

Stack Diameter (A) 

Dry Gas Meter Calibration (Yd) 

Molecular Weight (Wet) Cg/g-mole 
Absolute Stack Pressure (" Hg) 

Absolute Stack Temperature (R) 
Average Gas Velocity (Usec) 
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Appendix G: Process Stream Flow Rates and Flue Gar Sampling Data 

Location Stack Outlet - Chrome VI 

Pitot Tube Correction Factor ( 
Dry Gas Meter Calibration (Yd 

Nozzle Diameter (inches 
Barometric Pressure ("Hg 

Average square root of 
Average delta H (" 

ondensed Water (g) 

Flue Gas Moisture (YO) 
Molecular Weight (Wet) (g/g-mole 

Absolute Stack Pressure (" Hg) 
Absolute Stack Temperature (R) 

Average Gas Velocity (ffsec) 
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Appendu G: Process Stream Flow RNW and Flue Gar Sampling Data 
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Appendix G: Prows Stream Flow Raes and Flue Gas Sampling Data 

- 

Time Start 
Time Finish 

1 2 3 4 
05-18-93 05-19-93 05-20-93 05-21-93 

1212 081 5 1027 091 5 
1538 1334 1407 1259 
RVW RVW RVW RVW 

0.500 0.451 0.500 0.500 
0.499 0.462 0.501 0.486 

0.0941 0.0964 0.0972 0.0983 
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Appendir G: Process Stream Flow Rues and Flue Gar Sampling Data 
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APPENDIX H: PROCESS DATA TREND PLOTS 



Appendix H: Process Daa  Trend Plots 

Process Stability, 3 March 1991 

14M) 18W 

Time, Central Standard 

March 3 r d  Process Data 
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Appendu H: Process Doto Trend Plots 

Process Stability, 4 March 1991 

1 om 14m 18m 

Time, Central Standard 
22m 

March 4 t h  Process Data 
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Appendix H: Process Data Trend Plots 

Process Stability, 5 March 1991 

A 

14M) 1 EM) 
lime, Central Standard 

March 5th Process Data 
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Appendix H: Process Data Trend Plots 

Process Stability, 6 March 1991 

A 

1400 18M) 

Time, Central Standard 

March 6th Process Data 
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Appendu H: Prows Data Trend Plots 

Process Stability, 7 March 1991 

10.90 1490 16XO 2290 

Time, Central Standard 

March 7 t h  Process Data 
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Appendix H: Process Data Trend Plots 

Process Stabilii, 8 March 1991 

I 

I 

Time, Central Standard 
March 8 t h  Process Data  



Appendix H: Proms Data Trend Plots 
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Appendix H: Process Dora lknd Plots 
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Appendix H: Process Data Trend PIors 
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Appendix H: Process Dan Trend Plots 
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Appendix H: Process Data Trend Plots 
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Appendix H: Process Data Trend Plots 
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Appendix H: Process Data Trend Plots 
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Appendix H: Proecss Data Trend Plots 
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Appendix H: Process Data Trend PIors 
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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 
1-1 through 1-5 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(V1) results were blank corrected. The 
details of these corrections are included in Table 1-6. 



Appendia I: Bku~k Correction Data 

Table 1-1: Ym.h Solid Phase Ehnk Conemions - OFA Tam. 

Submsncs 1 Smsrm I Run I Yethod I Vnmn. ug I Ehnk. ug 1 DL. ug I x Blank I 



Appendir I: Blank Correction Data 

Table 1-2: Metals Vapor Phase Blank Coorections - OFA Test. 

Results of all irnpingen combined. 
B indicates that blank correction exceeds 50% of uncorrected result. 

I -  1-3 

t 
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Table 1-3: Anions Solid Phase Blank Corrections - OFA Tesi 
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Table 1-4: Anions Vapor Phase Blank Corrections - OFA Test 

I Substance I Stream I Run I Method I Uncorr. ug I Blank. ug I DL. ug I Blank % 1 

1-5 



Appendix I: Blank Correction Data 

Table 1-5: Aldehydes Blank Corrections - OFA Test 

Substance I Stream 1 Run I Method I Uncorr.uq 1 Blankug 1 DL,ug [ Blank% 
I I I I 
' Formaldehyde nlgh oust gas 1 HPLC I 9 5  5 4 1  2 4  57 B 

Forrnaldetwde I High dust gas 3 HPLC I 6 3  5.4 I 2 4  86 B 
Formaldehyde I Stack gas I 1 HPLC 951 5 4 1  2 4  57 B 

B indicates that blank correction exceeds 50% d uncorrected result 



Appendix I: Blank Correnion Dora 

Table 1-6: Chromium(V1) Blank Corrections - OFALNB Test 

Substance Stream Run Method Uncorr. ug Blank ug 1 DL. ug 
I 

ChromiumpA) Stack gas 2 BIF Cr6 22 121 0.95 
Chromium(VI) Stack gas 3 BIF Cr6 22 181 0.84 
Chromiumw) Stack gas 4 BIF Cr6 25 121 0.70 

Blank % 

55 B 
83 B 
48 

B indicates that blank correction exceeds 50% d uncorrected result. 




