
Background Report Reference 

AP-42 Section Number: 1.4 

Background Chapter: 2 

Reference Number: 8 

Title: Field Chemical Emissions Monitoring 
Project: Emissions Report For Sites 
103-109. Preliminary Draft Report 

Radian Corp 

Radian Corp 

March 1993 

EPA
Text Box
Note: This is a reference cited in AP 42, Compilation of Air Pollutant Emission Factors, Volume I Stationary Point and Area Sources.  AP42 is located on the EPA web site at www.epa.gov/ttn/chief/ap42/The file name refers to the reference number, the AP42 chapter and section.  The file name "ref02_c01s02.pdf" would mean the reference is from AP42 chapter 1 section 2.  The reference may be from a previous version of the section and no longer cited.  The primary source should always be checked.



RADIAN 
C O R P O R A T E O N  
r--_ . . ~~ .. 

~ . ~. ~ . ~ . .  . ~ . . .~  ~. . ..~.. ~. - ,  

(Mailing Address) 
P.O. Box 201088 

Austin, TX 78720-1088 
(Shipping Address} 

8501 North Mopac Blvd. 
Austin, TX 78759 

(5 12) 454-4797 

FIELD CHEMICAL EMISSIONS. 
'-. MONITOR!NG..PR~J'ECT:. EMISSIONS REPORT 
, ,.) -. : .' FOR.siTks 1'03 - io9 . .  

. .  
PRELIMINARY DRAFT . REPORT ... 

.,:. , ,. . , . .  

Prepared for: 

Electric Power Research Institute 
341 2 Hillview Avenue 

Palo Alto, California 94303 

Prepared by: " ' 

Radian Corporation 

Austin, Texas' 78759 
8501 North Mopac Boulevard ' 

' 

Testing and Analyses Conducted by: 

Host Utility 
Carnot 

KVB - Analect 

3 March 1993 



RADrAN 
C O R P O R A T I O N  

Austin, TX 78720-1088 
(Shipping Address] 

8501 North Mopac Blvd. 
Austin, TX 78759 

(5 12) 454-4797 

FIELD CHEMICAL EMISSIONS 
MONITORING PROJECT: EMISSIONS REPORT 

FOR SITES 103 - 109 

PRELIMINARY DRAFT REPORT 

Prepared for: 

Electric Power Research Institute 
341 2 Hillview Avenue 

Palo Alto, California 94303 

Prepared by: 

Radian Corporation 
8501 North Mopac Boulevard 

Austin, Texas 78759 

Testing and Analyses Conducted by: 

Host Utility 
Carnot 

KVB - Analect 

3 March 1993 , ,,I 
, /  



E l e c k  Power 
Research lnstltute 

March 10,1993 

Leadership in Science and Technology 

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

Dear Mr. Maxwell: 

In 1988, the Electric Power Research Institute (EPRI) initiated the PISCES 
(Power Plar.: Integrated Systems: Chemical Emissions Studies) program to 
better characterize the source, distribution, and fate of trace chemicals from 
utility fossil-fuel-fired power plants. With passage of the Clean Air Act 
Amendments of 1990, the Field Chemical Emissions Monitoring (FCEM) 
portion of the PISCES program was accelerated to sample at a number of 
utility sites, encompassing a range of fuels, boiler configurations, and 
particulate, SQ and NOx control technologies. To date, 24 sites have been 
sampled or are planned in the near future. 

The enclosed site report represents a preliminary summary of data gathered 
during sampling programs conducted at seven electric utility plants in 
California - Sites 103 through 109. The sites tested consist of utility boilers 
sampled during both oil and natural gas-fired operation. None of the units 
tested were equipped with particulate control devices. Unlike the majority of 
the FCEM sampling programs (including the first five reports from Group 1 
delivered to EPA in October and December 1992), the sampling and analysis at 
each of these sites were managed by the sponsoring utility. At Site 103, EPRI 
provided some assistance and input to the utility. The host utilities for Sites 
104 through 109 voluntarily contributed data from these tests to EPRI for use 
in the PISCES program. 

The primary objective of these sampling programs was to satisfy the 
requirements of the State of California’s Air Toxics ”Hot Spots” Information 
and Assessment Act of 1987 (AB2588). AB2588 required utilities to define and 
measure potentially toxic substances that may be present in the stack 
emissions. As discussed in the introduction to the report, the sampling and 
analytical protocol followed the state of California’s requirements and did not 
necessarily meet the PISCES FCEM program objective. 
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I ei The primary objective of submitting this report is to transmit the preliminary 
results from Sites 103 - 109 to the EPA for use in evaluating select trace 
chemical emissions from fossil-fuel-fired steam generating plants. It should 
be noted that the results presented in this report are considered 
PRELIMINARY. The results are believed to be essentially correct except as 
noted. As additional data from other sites are collected and evaluated, 
however, EPRI may conduct verification tests at this site. If this is done, the 
new data will be made available to the Environmental Protection Agency 
(EPA). 

In addition to the raw data in the Appendix, the report discusses the data 
quality, provides an assessment of the trace metals material balances, 
identifies suspect data, and offers possible explanations for the questionable 
data. Because the discussion only focuses upon the suspect data, please keep 
in mind that most of the data meet the standards of quality established for the 
AB2588 study. This report does not compare the results from Sites 103 - 109 
with the results from previous utility sites. Nor does this site report attempt 
to address the environmental and health risk impacts associated with the 
trace chemical emissions. 

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

Sincerely, 

Paul Chu 
Manager, Toxic Substances Control 
Environment Division 
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INTRODUCTION 

This report summarizes emissions data gathered during tests at seven electric utility 
plants in California. The seven test sites have been designated Sites 103 through 109. 
The data were gathered by Carnot Inc. (formerly Energy Systems Associates) and KVB - 
Analect (formerly R-C Environmental) for the host utilities pursuant to California's Air 
Toxics "Hot spots" Information and Assessment Act of 1987 (AB 2588). The Electric 
Power Research Institute (EPRI) supplied limited funding to support the testing at Site 
103 but did not fund the testing at Sites 104 through 109. The host utilities have 
voluntarily contributed data from these tests to EPRI for use in its Power Plant Integrat- 
ed Systems: Chemical Emissions Studies (PISCES) Field Chemical Emissions Monitor- 
ing (FCEM) Program. 

Because these data were collected as part of a state regulatory program and not 
specifically for use in EPRI's FCEM Program, the data were not collected using the 
EPRI sampling and analytical protocols. The objectives of the FCEM Program are to 
(1) measure the levels of selected organic and inorganic substances in power plant 
process and discharge streams, and (2) examine the distribution and fates of the selected 
substances around the entire plant and individual process units. In the testing described 
in this report, the primary objective of the utilities was to satisfy the requirements of 
AI3 2588. The "Hot Spots" program requires California utilities to define and measure 
potentially toxic substances that may be present in emissions from stationary sources. 
The utilities use the results of these measurements to prepare air toxics emission 
inventories and, eventually, risk assessments. Therefore, the focus of the testing at Sites 
103 through 109 was to collect stack emissions data. Less emphasis was placed on the 
collection and analysis of other process streams, including fuels. 

Under contract to EPRI, Radian Corporation has evaluated the test data from Sites 103 
through 109 and has reported the data in a format suitable for the Environmental 
Protection Agency to use in their study of emissions from fossil-fueled power plants, as 
mandated by the Clean Air Act Amendments (CAAA) of 1990. The objective of this 
report is to document the results and the quality of the results. 

Radian used several methods, listed below, to evaluate the test data from Sites 103 
through 109: 

Sampling and analysis protocols were reviewed to determine how the data compared 
with other FCEM data generated using standard protocols; 

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

V 



Introduction 

The QA/QC data results were compared with data quality indicators to qualitatively 
define the validity of the data in terms of variability and accuracy. 

The detailed results of the data evaluations for each test site are discussed in Parts 
1 through 7 of this report. Each part is a stand-alone document. Table 1 summarizes 
the test site information. The host utility and Camot (formerly Energy Systems Associ- 
ates) shared sampling and analysis responsibilities at Site 103. Camot performed all the 
sampling and analyses at Sites 104 through 108, and KVB - Analect (formerly R-C 
Environmental) conducted the tests at Site 109. Tests were run on utility boilers during 
both residual oil and gas-fired operation. None of the tested units were equipped with 
particulate control devices. 

Table 2 lists the test matrix for the sites. Since the primary objective of the testing was 
to collect data to satisfy California’s Air Toxics Act, most of the substances in Table 2 
are identified in AB 2588 as potentially toxic substances. These substances are also 
measured during FCEM testing. A few substances listed in the test matrix were not 
measured at all sites. At Site 103, for example, antimony and cobalt were measured 
because they are listed as air toxics in the Clean Air Act Amendments of 1990. At the 
same site, barium, molybdenum, and vanadium were measured because these substances 
are included in the FCEM test protocol. 

All the testing was conducted during full-load operation. At Site 109, two reduced-load 
tests were also conducted. Boiler operation during all test conditions at all sites was 
normal. 0 
Comparison of Sampling and Analysis Protocols 

Tables 3 and 4 list the sampling and analysis protocols for Sites 103 through 109 and 
those for the FCEM program. A comparison of the sampling protocols reveals the 
following general differences: 

There were slight differences in the multi-metals methods used in the California tests 
and in the FCEM program. 

Tedlar bags were used in the California tests to collect samples for benzene and 
toluene analyses; the volatile organic sampling train (VOST) method was used in the 
FCEM program. 

Single grab samples of the fuel (oil) were collected for analyses in the California 
tests: composite grab samples of the fuel were gathered in the FCEM program. 

These differences in sampling protocols should not adversely affect the comparability of 
the emission test results with other FCEM data. Note, however, that the collection of 
single grab samples of fuel oil, which at times did not coincide with stack gas sampling, 
can prevent the use of material balances to verify the test results. 

vi 
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Table 1 

Test Site Information for Sites 103 through 109 
e 

e 

Site Number 
103 

104 

105 
106 
107 
108 

109 

Test Dates 

April/May 1990 

March 1990 

February 1990 

March 1990 

February/April 1990 

March 1990 

November 1990 - 
January 1991 

Rated Capacity 
(M\n 

150 

350 
750 
480 

175 
50 

230 

Test 
Contractor 

Host Utility 
& Carnot 

Carnot 

Carnot 

Carnot 

Carnot 

Carnot 

KVB - Analect 

vii 
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Table 2 

Summary of Test Matrix for Sites 103 through 109 

Substanw 
Adtimony' 

A f S e t l i C b  

Barium ' 
Beryllium 

Cadmium 

a o r i n e  
Chromium 

Chromium, hexavalent 
Cobalt 

copper 
L e a d b  

Manganese 

Mercury 
Molybdenum 

Nickel 

Selenium 
Vanadium 

-- __ ____. 

Benzene ~~ 

Toluene E 

Formaldehyde 

Polycyclic Aromatic Hydrocarbons 

Additional 

Heating Value 

UltimateProximate 

C ,-C Hydrocarbons 

Sulfur Content 

Proeess Streams Sampled 

Natural Gas Stack Gas - Oil 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

. ~- 
X 

X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
x 
X 
X 

__ 

x -  

X 

X 
X 

'Only measured at Site 103. Included in 1990 C A M  list of hazardous air pollutants. 

bMMeasured at all sites specified by California's AB 2588 regulations. 

'Only measured at Site 103. Included in FCEM project protocol. 

... 
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Introduction 

Table 4 summarizes the analytical methods used in the California and FCEM test 
programs. In general, the procedures used to analyze stack gas samples were similar in 
both programs; therefore, the emissions test data from the two programs should be 
comparable. 

Less sensitive analytical techniques than called for in the FCEM protocol were used at 
the California sites for some substances (e.g., beryllium, mercury, and selenium) in the 
fuel oil. For this reason, it was more difficult to develop material balances to verify 
some of the test results (for instance, emission values cannot be compared to fuel 
concentrations for many substances). 

Quality Assurance/Quality Control: Data Completeness and Validity 

Radian reviewed the quality assurance/quality control (QA/QC) data for each test to 
judge whether these data could be validated with the available information. Table 5 lists 
the QC indicators used to evaluate the reported data for Sites 103 through 109. In 
general, there is sufficient information to indicate the majority of the data are of good 
quality. The objective of this testing, as stated earlier, was to satisfy California AB 2588. 
Other EPRI FCEM testing has had other objectives, which can require the generation of 
more QA/QC information than performed in this study. 

The absence of some or all of the "standard QA/QC checks from the site reports does 
not necessarily reflect negatively on the quality of the data. It does, however, limit the 
ability to measure the various components of measurement error. In general, the results 
of the QC checks available for Sites 103 through 109 suggest that the reported sampling 
and analysis results are well characterized, with the following general caveats: 

4 0 

Background levels in the sampling media (i.e., blanks) were significant for many of 
the substances measured in the stack gas using the multi-metals train. These data 
have been identified and should be considered questionable and used with caution. 

Background levels for the multi-metals train results at Site 109 could not be evaluat- 
ed because the blank samples were not analyzed; therefore, the validity of these 
results is uncertain and the data should be used with caution. 

At several test sites, high levels were noted in field blank gas samples analyzed for 
polyaromatic hydrocarbons (PAH) and formaldehyde. Ambient levels of these 
substances could cause field blank contamination. In these cases, the test results 
should be considered questionable, and they should be used with caution. 

Report Organization 

Detailed information, results, data evaluation, example calculations, and data appendices 
for each of the test sites are provided in Parts 1 through 7 of this document. Each part 
contains all of the information for a particular site. A glossary containing definitions of 
terms common to all the test sites appears after this introduction. 0 

xiii 
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GLOSSARY 

BtU 
CARB 
CI 
CVAAS 
DL 
dsdm 
FCEM 
GC/MS 
GFAAS 
HPLC 
HHV 
IC 
ICP-AES 

MSD 
@ N D  

Nm 
PAH 
POM 
QA/Qc 
RPD 
voc 
VOST 

British Thermal Unit 
California Air Regulatory Board 
Confidence Interval 
Cold Vapor Atomic Absorption Spectroscopy 
Detection Limit 
Dry Standard Cubic Feet per Minute (1 atm, 60°F) 
Field Chemical Emissions Monitoring 
Gas Chromatography/Mass Spectroscopy 
Graphite Furnace Atomic Absorption Spectrophotometry 
High Performance Liquid Chromatography 
Higher Heating Value 
Ion Chromatography 
Inductively Coupled Argon Plasma Emissions 
Spectrophotometry 
Matrix Spike Duplicate 
Not Detected 
Normal Cubic Meter (1 atm, 0" C) 
Polynuclear Aromatic Hydrocarbons 
Polycyclic Organic Matter 
Quality Assurance/Quality Control 
Relative Percent Difference 
Volatile Organic Compound 
Volatile Organic Sampling Train 

1-1 
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Section 1 

INTRODUCTION 

This part of the document summarizes data gathered by the host utility and Carnot, Inc. 
(formerly Energy Systems Associates) at a California power plant, designated Site 103, 
during a sampling program sponsored by the electric utility. The power plant, a Babcock 
and Wilcox front wall-fired boiler, was tested during both residual fuel oil- and natural 
gas-firing in April and May of 1990. 

The test matrix shown in Table 1-1 lists the substances of interest at this site. The 
primary emphasis of the sampling effort was collecting valid stack emissions data; less 
emphasis was placed on collecting oil and natural gas samples. 

Section 2 of this report briefly describes the plant and sample locations. Section 3 
discusses the results of the chemical analyses of the fuel oil, natural gas, and fuel gas 
streams sampled at the plant. Section 4 contains an evaluation of the sampling and 
analytical data using traditional QA/QC techniques and engineering calculations. 
Section 5 contains example calculations. The appendices contain raw data, stream 
concentrations, information on sampling and analytical methods, measured and calculat- 
ed stream flow rates, error propagation equations and examples, and quality assur- 
ance/quality control (QA/QC) results. 
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Introduction 

Table 1-1 

Summary of Test Matrix for Site 103 

Substance 
Inoreanic 

Antimony 

Arsenic 
Barium 

Beryllium 

Cadmium 

Chlorine 

Chromium 

Chromium, hexavalent 

Cobalt 

Copper 
Lead 
Manganese 
Mercury 

Molybdenum 

- Oil Natural Gas Stack Gas 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

0 

Benzene 

Formaldehyde 
X 
X 

Polycyclic Aromatic Hydrocarbons X 

Additional 

Heating Value 

Sulfur Content 

X 
X 

X 
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Section 2 

SITE DESCRIPTION 

This section gives a description of the test site, Site 103, and the locations of the 
sampling points. 

Facility Information 

Testing was conducted at an oil-fired steam electric generating unit with a nominal 
capacity of 150 megawatts (Mw). During the testing at Site 103, the unit operated at a 
consistent 150 Mw during both oil and natural gas firing. Testing was conducted during 
both 100% fuel oil and 100% natural gas operation. 

Figure 2-1 is a simplified block flow diagram. Steam is generated in a Babcock and 
Wilcox front wall-fired boiler that can be fueled by either natural gas or fuel oil. Bottom 
ash is intermittently collected (only during shutdown) in 55-gallon drums and sent to a 
landfill. No emission control devices are located downstream of the boiler. Magnesium 
oxide is injected into the boiler at a rate of 1 part MgO per 10,000 parts of oil. 

The residual oil feed at this site has a sulfur content of 0.19% and a higher heating value 
(HHV) of approximately 19,100 Btu/lb. The natural gas had a higher heating value of 
1,030 Btu/scf (22,600 Btu/lb). 

Sampling Locations 

The fuel oil feed to the boiler and the emitted gases through the stack were the two 
streams sampled in this study. Brief descriptions of the sampling locations are given 
below: 

Oil samples were collected from one of two fuel tanks that feed the boiler. 

Emitted gas samples were collected at four sample ports on the stack 130 feet above 
ground level. 

2- 1 Part I: Sie 103 
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Figure 2-1. Process Flow Diagram for FCEM Site 103 
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Section 3 

RESULTS 

This section summarizes the fuel oil and emitted gas stream data collected at Site 103. 
These results were calculated from laboratory and field data reported by Carnot and the 
host utility. Only formaldehyde and benzene emissions were measured during natural 
gas firing; metals, PAHs, benzene and formaldehyde emissions were measured during 
fuel oil firing. 

Appendix A presents the raw analytical data generated by Carnot, the host utility, and 
their contracting laboratories during the project. Data processed by Radian Corporation 
for this report can be found in Appendix B. 

Sampling Schedule 

Site 103 was sampled in late April and early May of 1990. Figure 3-1 shows the 
sequence of tests performed on the stack gas of Site 103. Samples are numbered in 
chronological order. Each fuel type has its own unique set of run numbers. The run 
numbers are shown in Figure 3-1 and the summary tables. 

Four collection trains were used to sample the stack gas during fuel oil firing. These 
trains included a Method 5 particulate train with impingers (Draft EPA Method) for 
multi-metals, a California Air Resources Board (CARB) Method 424 train for cadmium, 
a CARB Method 425 train for total chromium and hexavalent chromium, and a semi- 
VOST (MM5) train for polycyclic aromatic hydrocarbons (PAHs). CARB Method 410A 
was used to collect benzene, and CARB Method 430 was used to sample formaldehyde 
to compare emissions during both natural gas and oil firing. All of the trains except for 
CARB Method 430 (formaldehyde) and CARB Method 410A (benzene) require full 
traversing of the ducts. Appendix C presents the details of the analytical and sampling 
methods used at this site. 

Data Treatment 

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

Blank Corrections 

The convention for using blank results to correct the data in this group of reports was to 
use the reagent blank results when they were available. If a reagent blank analysis was 
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not performed, field blank results were used to correct the sample results. If neither a 
reagent nor field blank was analyzed, no such correcting was done. 

At Site 103, the individual run measurements were corrected for the field blank analysis. 
Since the solid and vapor phases were combined before analysis, the field blanks were 
subtracted from the total micrograms detected. When the blank result was equal to or 
greater than 50% of the uncorrected measurement, the concentration was flagged with a 
"B. When the blank correction resulted in a value less than the detection limit, the 
concentration is presented as ND(DL), which means that the concentration is below the 
detection limit (DL), which appears in parentheses. The test contractor has defined the 
term "detection limit" as three to ten times the instrument detection limit. 

Average Concentrations 

The following criteria were used to average data from the individual rum. 

When all values are above the detection limit, the arithmetic mean concentration is 
calculated using the reported quantities. 

For results that include values both above and below the detection limit, one-half of 
the DL is used for values below the detection limit 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 cannot be smaller than the largest detection limit 
value. In the following example, the calculated mean is 2.8. This is less than the 
largest detection limit, so the reported mean becomes ND(4). 

Analvtical Values Mean Value 
5, W 4 ) ,  ND(3) ND(4) 

When all analytical results are less than the detection limit, the mean is reported as 
ND (the largest detection limit value). 

Fuel Oil and Natural Gas 

Table 3-1 presents the results of the three residual oil analyses. Most of the substances 
in the table were determined using Flame Atomic Absorption Spectrophotometry. Other 
values were obtained with Inductively Coupled Plasma Emission Spectrophotometry. For 
each reported substance, a mean concentration has been calculated, along with the 95% 
confidence interval about the mean. The confidence interval is the range about the 
mean in which the true mean lies with a given probability [e.g., it is 95% certain that the 
true mean nickel oil concentration is 9.7k 1.1 mg/L (between 8.6 and 10.8 mg/L), 

-.I 
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Results 

Table 3-1 

Oil Composition Data for Site 103 

rn Mean 95% CI a 

Mass Flow Rate 
Wb) 
Sulfur (%) 

Higher Heating 
Value (Btu/lb) 

Elements (mdL) 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chlorine 

Chromium 

Chromium, 

Cobalt 

-hexavalent- 

Copper 
Lead 

73,000 73,500 73,500 73,333 3,736 

0.2 0.2 0.2 0.2 0 

19,129 19,109 19,174 19,137 33 

ND(1.1)b 

0.4 

ND(.23) 

0.49 

230 

ND(0.23) 

ND(0.23) 

0.6 

ND(O.5) 
ND(l.l) 

__- _ _  

ND(l.l) 
0.5 

ND(0.23) 

ND(0.23) 

51 

ND(0.23) 

ND(0.23) 

ND(l.l) 

1.0 

ND(0.23) 

ND(0.23) 

110 

ND(0.23) 

ND(0.23) 

ND(1.1) -- 
0.6 0.9 

ND(0.23) -_ 
0.24 0.55 

230 __ 0 130 

ND(0.23) 
ND(0.23) __ 

0.6 

~ 0.6 

ND(l.l) 

0.6 

ND(0.5) 

ND(l.l) 

Manganese ND(0.23) ND(0.23) ND(0.23) ND(0.23) __  
Mercury ND(O.09) ND(O.09) ND(O.09) ND(O.09) -- 
Molybdenum . ND(0.3) 0.5 ND(0.3) ND(0.3) -- 
Nickel 9.2 10 10 9.7 1.1 

Selenium ND(l.l) ND(l.l) ND(l.l) ND(I.1) _ _  
Vanadium 1.3 1.2 1.2 1.2 0.1 

*CI = Confidence interval. 

bND indicates that the concentration was below the detection limit. 
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according to the three results presented in Table 3-11. Calculation of the confidence 
interval is discussed in Section 5. 

The natural gas feed was not sampled at Site 103. 

Stack Gas 

Table 3-2 presents concentration data for the emitted gas at Site 103. The analyzing 
laboratory combined the filter, probe and nozzle rinse, and the impinger catch for the 
multi-metals train before analysis. Therefore, the data presented in Table 3-2 represent 
the total @articulate plus vapor) concentration in the stack gas. The field blank 
corrections were fairly significant in some cases, Le., values denoted with a " B  had a 
blank value of 50% or more of the initial sample value. Appendix A presents the results 
of the blank analyses, as well as the test results for each run. The total concentrations 
from each run were averaged (according to the conventions outlined previously) to 
obtain an overall mean concentration and 95% confidence interval for each measured 
substance. 

Except for naphthalene, the other PAH concentrations were all below detection limits 
before blank corrections were made. The levels of naphthalene in the samples were well 
below the detection limits when the field blank result was subtracted from the initial 
sample value. 

Table 3-3 compares the volatile organic emissions from the same boiler fired with two 
different fuels-residual oil and natural gas. Grab samples were taken in Tedlar bags 
and analyzed for formaldehyde, benzene, and toluene. Toluene results were discarded 
because the Tedlar bags were contaminated with levels of toluene up to 50 ppbv that 
could not be purged with nitrogen. All analyses of benzene and formaldehyde were 
below detection limits, except for one formaldehyde analysis. The high field blank 
correction corresponding to this run results in a formaldehyde concentration at the 
detection limit. 

Appendix D presents additional sampling information, including stream flow rates, unit 
load, stack gas characterization data, stack temperatures, and the degree of isokinesis for 
each sampling event. 

Table 3-4 presents the average unit-energy-based emission factors in pounds of substance 
emitted per 10 Btu input to the boiler. The emission factors were calculated from the 
mean stack gas concentrations shown in Table 3-2 and 3-3. Section 5 contains an 
example calculation. 
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Table 3-2 

Stack Gas Composition Data at Site 103 
Residual Oil Firing 

substance 
Stream Flow 
Rate. Mn3k) 
Particulate 
M i n e  (ue/Nm') 
Elements (uelNm3) 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Chromium, hexavalent 
Cobalt 

Copper 
Lead 
Manganese 
Mercury 
Molybdenum 

472,000 

17,199 

0.5 B b  
ND(170)' B 

0.3 
4.4 
6.8 B 

1.2d 
15.74 

1.9 B 
4.3 

13.3 
ND(4.8) 

ND(9)d 
-465-- 

Selenium 
Vanadium 

Polynuclear Aromatic 
Hvdrocarbons (ue/Nm3] 
Acenaphthene 
Acenaphthylene 
Anthracene 
Benz(a)anthracene 

W a ) p y = n e  
Bern@+ k)fluoranthene 
Benzo(g, h, i)perylene 
Chrysene 
Dihenz(a,h)anthracene 
Fluoranthene 

0.32 
62.0d 

ND(0.007) 
ND(0.007) 
ND(0.007) 
ND(0.007) 
ND(0.007) 
ND(0.007) 
ND(0.007) 
ND(0.007) 
ND(0.007) 
ND(0.007) 

&& 

464,500 

19,656 

8.4 
ND(170) B 

0.4' 
7.0 
2.2 B 

ND(l.0)d 
14.2d 

5.3 B 
5.2 

25.7 
ND(4.Qd 

ND(9) 

Run'l 

480,700 

14,742 

5.8 
ND(170) B 

ND(0.3)d 
1.5 
5.0 B 

1.9d 
11.14 

0.1 B 
5.5 

22.6 
ND(4.8)d 

11.56 

Mean 95% CI. 

472,400 

17,199 

4.9 
ND(170) 
ND(0.3) 

4.3 
4.7 
1.2 

13.6 
2.4 
5.0 

20.6 
ND(4.8) 

ND(9) 

20,100 

6,142 

9.9 
- 
- 

6.8 
5.8 
1.7 
5.8 
6.5 

1::; 

- 470 -471 469 9 
0.43 0.32 0.36 0.15 

45.6 

- -  Mean 95% CI 

- - - 
8 6 . 5 4  66.5 

- - 
50.84 

ND(0.007) 
ND(0.007) 
ND(0.007) 
ND(0.007) 
ND(0.007) 
ND(0.007) 
ND(0.007) 
ND(0.007) 
ND(0.007) 
ND(0.007) 

ND(O.01) 
ND(O.0 1) 
ND(O.0 1) 
ND(O.01) 
ND(O.01) 
ND(O.01) 
ND(O.01) 
ND(O.01) 
ND(O.01) 
ND(O.01) 

ND(O.01) 
ND(O.01) 
ND(O.01) 

ND(O.01) 
ND(O.01) 

ND(O.01) 

ND(O.01) 
ND(O.01) 
ND(O.01) 
ND(O.01) 

ND(O.01) 
ND(O.01) 
ND(O.01) 
ND(O.01) 
ND(O.01) 
ND(O.01) 
ND(O.01) 
ND(O.01) 
ND(O.01) 
ND(O.01) 
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Results 

Table 3-2 (Continued) 

subsfance && && & -  
Fluorene ND(0.007) ND(0.007) ND(O.01) ND(O.01) - 
Indeno(l,2,3-c,d)pyrene ND(0.007) ND(0.007) ND(O.01) ND(O.01) - 
Naphthalene ND(0.007) B ND(0.007) B ND(O.01) B ND(O.01) - 
Phenanthrene ND(0.007) ND(0.007) ND(O.01) ND(O.01) - 
Pyrene ND(0.007) ND(0.007) ND(O.01) ND(O.01) - 

T I  = Confidence internal. 

bB indicates that the blank measurement is equal to or more than 50% of the uncorrected sample measurement. 
Refer to Table A-1 in Appendix A for a comparison of sample and blank results. 

T L l  indicates that the concentration is below the detection limit, which is shown in parentheses. 

dA blank correction is not applied since the substance was not detected in the blank sample. 
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Table 3-3 

Volatile Organic Stack Emissions at Site 103 
Residual Oil and Natural Gas Firing 

Volatile 
Oreanic Communh Samnle 1 Samnle 2 Samde 3 - Mean 95% CI' 

Residual Oil Fired 

Stack Flow Rate: 475,400 N m ' k  

Formaldehyde (IrglNm') ND(27)'+' ND(27) ND(27) ND(27) - 
Benzene (IrglNm 3, ND(8.8)' ND(8.8) ND(8.8)' ND(8.8) -- 

Natural Gas Fired 

Stack Flow Rate: 425,900 N m 3 k  

Formaldehyde (Irg/Nm3) ND(27) B d  ND(27) B ND(27) B ND(27) - 
Benzene (pgMm3) ND(8.8)' ND(8.8)' ND(8.8) ND(8.8) -- 

'CI = Confidence interval. 

bND indicates tbat-thego-tration is below the detection limit, which is shown in parentheses. ~. ______ 

'A blank correction is not applied since the substance was not detected in the blank sample. 

dB indicates that the blank measurement is equal to or more-than SO% of the uncorrected-sample measurement. - 
Refer to Table A-1 in Appendix A for a comparison of sample and blank results. 
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Table 3-4 

Stack Gas Emission Factors at Site 103 
(Ib/lO ’’ Btu) 

Substance Residual Oil Fmd 

Elements 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Chromium, hexavalent 
Cobalt 

Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
Vanadium 

Copper 

Polvnuclear Aromatic Hydrocarbons 
Acenaphthene 
Acenaphth ylene 
Anthracene 
Benz(a)anthracene 
Benzo(a)pyrene 
Bern@ + k)fluoranthene 
Benzo(g, h,i)perylene 
Chrysene 
Dibenz(a, h)anthracene 
Fluoranthene 
Fluorene 
Indeno(l,2,3-c,d)pyrene 
Naphthalene 

3.6 

ND(0.24) 
3.2 
3.5 
0.9 

10.1 
1.8 
3.7 

15.3 
ND(3.6) 
ND(6.7) 

348 
0.27 
49.3 

ND(127) 

ND(0.006) 
ND(0.006) 
ND(0.006) 
ND(0.006) 
ND(0.006) 
ND(0.006) 
ND(0.006) 
ND(0.006) 
ND(0.006) 
ND(0.006) 
ND(0.006) 
ND(0.006) 
ND(0.006) 

95% CI 

7.4 
-- 

5.1 
4.4 
1.3 
4.4 
4.8 
1.2 
12 

-- 
21 

0.11 
34 
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Table 3 4  (Continued) 

Substance 

Polvnuclear Aromatic Hydrocarbons 
Phenanthrene 
Pyrene 

Volatile Oreanic Compounds 
Formaldehyde 
Benzene 

Volatile Orpanic Comwunds 
Formaldehyde 
Benzene 

Residual Oil Fired 

Mean 95% CIS 

ND(0.006) 
ND(0.006) 

ND( 19.9) 
ND(6.5) 

Natural Gas Fired 

ND(17.7) 
ND(4.4) 

T I  - Confidence interval. 

bND indicates that the concentration is below the detection limit (expressed as IbllO'* Bhl), which is shown in 
parentheses. 

0 
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Section 4 

DATA EVALUATION 

Several procedures can be used to evaluate the information developed during a field 
sampling program. In the case of Site 103, two methods were used to evaluate the 
quality of the data. First, and most important, was evaluation of the traditional QA/QC 
protocol for the sampling and analytical procedures used at Site 103, i.e., equipment 
calibration and leak checks, duplicates, blanks, spikes, etc. Site 103 QA/QC data are 
compared with FCEM project objectives for similar QA/QC procedures. The second 
data evaluation tool involves calculating material balances around for various substances 
the entire plant. Material balances involve the summation and comparison of mass flow 
rates in several streams that are often sampled and analyzed by different methods. 
Good agreement, i.e., mass closure within an acceptable range, can be used as an 
indicator of accurate results for streams that contribute a significant amount to the 
overall inlet or outlet mass rate (e.g., coal, bottom ash, collected fly ash, etc). 

Evaluation of Measurement Data Quality 

Evaluation of the quality of the measurement data is based on quality control data 
obtained experimentally during the sampling and analysis process. Generally, the type of 
quality information obtained pertains to measurement precision, accuracy, 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 sources of variability. Table 4-1 
summarizes the QA/QC measures commonly used as part of the FCEM data evaluation 
protocol and the characteristic information obtained. The absence of any of these types 
of quality control checks does not necessarily reflect poorly on the quality of the data, 
but does limit the ability to measure the various components of measurement error. 

As indicated in the table, different QC checks provide different types of information, 
particularly pertaining to the source of inaccuracy, imprecision, and blank effects. As 
part of FCEM, measurement precision and accuracy are typically estimated from QC 
indicators that cover as much of the total sampling and analytical process as feasible. 
The precision and accuracy estimates are based on the actual sample matrix. The actual 
precision and accuracy estimates obtained experimentally during the test programs are 
compared with the Data Quality Objectives (DQOs) established for the FCEM project. 
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Table 4-1 

Types of Quality Control Samples 

QC Activity 

Precision 

Replicate samples collected over time under 
the same conditions 

Duplicate field samples collected 
simultaneously 

Duplicate analyses of a single sample 

Matrix- or media-spiked duplicates 

Laboratory control sample duplicates 

Surrogatespiked sample sets 

Accuracy 

Mati,x-+ked samples 

Media-spiked samples 
___- 

Surrogate-spiked samples 

Laboratory control samples (LCS) 

Blank Effects 

Field Blank 

Trip Blank 

Method Blank 

Reagent Blank 

Part I: Sie 103 

Characteristic Measured 

Total variability, including process or temporal, 
sampling, and analytical. 

Sampling and analytical variability at the actual sample 
concentrations. 

Analytical variability at the actual sample 
concentrations. 

Sampling and analytical variability at an established 
concentration. 

Analytical variability in the absence of sample matrix 
effects. 

Analytical variability in the sample matrix but an 
established concentration. 

Analyte recovery in the sample matrix, indicating 
possible matrix interferences and other effects. In a 
single sample, includes both random error (imprecision) 
and systematic error @as). 

Same as matrix-spiked samples. Used where a matrix- 

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 an indica- 
tor of analytical efficacy. 

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

- spiked sample.is.not.feasible.such.as .certain.stack- 

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

Blank effects 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. 
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Data Evaluation 

These objectives are not intended to be used as validation criteria but as empirical 
estimates of the precision and accuracy expected from existing reference measurement 
methods that would be considered acceptable. The precision and accuracy are not 
necessarily derived from analyses of the same types of samples being investigated. 
Although analytical precision and accuracy are relatively easy to control and quantify, 
sampling precision and accuracy are unique to each site and each sample matrix. Data 
that do not meet these objectives are by no means unacceptable. Rather, the intent is to 
document the precision and accuracy actually obtained, and the objectives serve as a 
benchmark for comparison. The effects of not meeting the objectives should be 
considered in light of the intended use of the data. 

Analytical Quality Control Results 

Table 4-2 presents the types of quality control data reported for this site. The results of 
these analyses appear in Appendix F. Table 4-3 summarizes the precision and accuracy 
estimates. 

Evaluation of the quality control data suggests that there is reason to conclude that the 
data reported are acceptable, although there is not enough information to unequivocally 
validate the data. The QC indicators reported are generally good, accepted methods 
were used for sampling and analysis, and stack gas sample collection records are strongly 
supportive. The confidence in some measurements is low because of the relatively high 
blank results. No quality measurements were performed for benzene, formaldehyde, or 
for proximate and ultimate analyses. 

A discussion of precision and accuracy is presented below for each measurement type, 
followed by a review of the stack gas sampling quality control data. This review includes 
a discussion of representativeness, comparability, and completeness. 

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

Accuracy is a measure of the deviation from a measurement result and the "true" or 
expected value. In a single measurement, accuracy includes components of both random 
error, or imprecision, and systematic error, or bias. The average of several accuracy 
values tends toward a limiting mean, which is a measure of the bias, or persistent 
positive or negative deviation from the "true" value. 

The efficiency of the analytical procedure for the sample matrix is quantified by the 
analysis of spiked samples containing target or indicator analytes or other quality 
assurance measures, as necessary. Spiked samples usually provide a measure of 
accuracy or bias at medium concentration levels, expressed as percent recovery; blank 
samples also provide a measure of bias, although at low or near-detection levels. 
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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 were properly selected and that a sufficient number of samples 
were collected. 

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 and sample conditions. This goal is achieved by 
using standard techniques to collect and analyze representative samples and by reporting 
the analytical results in appropriate units. Data sets can be compared with confidence 
when the precision and accuracy are known. 

Completeness is an expression of the number of valid measurements obtained, compared 
with the number planned for a given study. The goal is to generate a sufficient amount 
of valid data. 

Metals 

Precision. Table 4-3 shows the precision estimates for the analysis of metals in fuel 
samples. No precision data were collected for the analysis of metals in stack gas 
samples. As shown in Table 4-3, the precision estimates for metals in fuel oil samples 
are within the 20% objective. The precision values measured, however, are based on 
duplicate analyses, whereas the objectives are intended for matrix-spike duplicates or 
duplicate field samples. Sample variability would not be expected to contribute si&- 
cantly to the total imprecision, so the precision estimates given are considered good 
indicators of acceptable performance. 

Accuracy. Recoveries of metals in the fuel oil matrix spike and laboratory controls for 
stack gas are all within the 75125% objective. 

Blanks. The stack gas concentrations were corrected for the field blank results except 
when a substance in the field blank was not detected. For some elements, the blank 
levels were similar to the levels in the sample. 

The stack gas results for barium, chromium, and copper are flagged with a "B," which 
indicates that the field blank result is equal to or greater than 50% of the measured 
result. For barium, the field blank level was higher than all three of the measured 
results, indicating a potential contamination problem, either with the sampling apparatus 
or with the analytical procedure. The other two elements had field blanks between 50% 
and 98% of the measured values. 

PAHs 

Precision. Precision estimates for PAH analyses in stack gas samples, shown in Table 
4-3, are based on the surrogate recoveries in the replicate sample analyses, expressed as 
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0 the percent coefficient of variation (%CV). These data show the precision to be within 
expected limits, with CVs for three out of the four surrogate compounds within the 35% 
objective, and the fourth, for dl2-benzo(a)pyrene, only slightly higher at 36% CV. The 
results for PAHs across the three replicate runs are equally consistent, although most of 
the target analytes were not detected. 

Accuracy. Accuracy estimates for PAHs in the stack gas, according to surrogate spike 
recoveries in three samples, were within the 50-150% recovery objective, with two 
excep:ims, Keio-~eri,;~ h i  d13-axapkhc;;C iii t i v ~  of the tliiee sziip!cs ne:e r&de 
these objectives (190% and 180%). Because all other accuracy indicators were within 
expected limits, these two exceptions do not affect data quality. 

Blanks. With respect to the list of FCEM substances listed under polynuclear aromatic 
compounds in Table 1-1, only naphthalene was found in the replicate samples and in the 
blanks. Naphthalene concentrations in the field blanks were twice those found in the 
sample runs. When the field blank results are subtracted, field sample naphthalene 
values are below the detection limit. Method blank data also indicate the presence of 
naphthalene, but at much lower concentrations. Naphthalene is cited by Carnot as a 
contaminant in the XAD-2 sorbent used to collect PAH samples. 

Formaldehyde 

No information on precision or accuracy was reported. 

Blank;. Formaldehyde was not detected in any of the samples or field blanks taken 

gas test indicated the presence of formaldehyde; however, the field blank result was 
~ - - - - _during.the.residual.oLtest. The results-for only. one.sample_collected.during.the natural 

much higher than that of the sample, which could indicate possible problems in the 1 
- sampling or analytical procedures. - - ._ 

Stack Gas Sampling Quality Control 

Sampling quality control was addressed in a summary of the quality assurance program 
used by Carnot and a letter of certification from the California Air Resources Board. 
Also included were calibration records for the dry gas meters and a table outlining the 
schedule and procedures used to calibrate these and other equipment. No calibration 
records were presented for the sampling performed by the utility (however, they have 
these records on file). Correction factors and constants were properly employed. 

S a q h g  precisicn c a  be estimzted by comparing the resnlts for various parameters of 
the replicate samples, notably velocity, moisture content, and gas composition. These 
were fairly constant for each sample location. 

Sampling accuracy is usually assumed from the calibration and proper operation of the 
equipment and from historical validation of the methods. Field blanks are used to 
correct for any biases that may be caused by contamination of the equipment or location, 
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or operator errors. Blanks were included for all tests except the CARB 410 (benzene), 
which are grab bag samples. 

Sampling representativeness depends on precision and accuracy and also on the charac- 
teristics of the sampling locations. The sampling location at the stack was nearly ideal in 
terms of undisturbed flow distances upstream and downstream of the ports. The 
particulate and metals tests were performed using a 24-point traverse, when only 16 were 
required, and the PAH tests used the requisite 16 points. The isokinetic variation is a 
measure of the operational performance of sampling for particulate matter, and can be 
used as an indicator of precision with consequences for representativeness. All of the 
sampling runs met the acceptance criteria for isokinetic variation. 

Sampling comparability depends on the representativeness of the samples and on the use 
of standard methods consistently applied. The CARB 430 method for aldehydes is a 
single-point, nonisokinetic, midget impinger procedure analogous to the EPA Boilers and 
Industrial Furnaces (BIF) Method 001 1, using the same acidified 2,4-dinitrophenyl- 
hydrazine reagent for collection and HPLC for analysis. The CARB 429-EPA 
MMS/M23 method for semivolatile organic compounds, dioxins, and furans is well 
established both for sampling and analysis. The EPA multimetals procedure is still in 
the evaluation process, but it is becoming widely accepted and is documented enough to 
be considered a standard method. CARB 425 for total and hexavalent chromium is 
somewhat similar to the current EPA/BIF hexavalent chromium method in terms of 
collection medium and analytical procedures, although, in this particular case, water 
instead of caustic solution was used in the impingers. CARB 410 for benzene is the 
same as the EPA Method 18 procedure for sampling with a rigid container that is 
evacuated to fill a bag. 

Sampling completeness is mainly a function of providing the requisite number of samples 
and proper documentation. In particular, the data necessary for calculating the results, 
including the calibration of the equipment and all pertinent entries on the run data 
sheets, should be present. The necessary number of samples were successfully taken and 
sample custody was transferred properly to the analytical laboratories. 

Material Balance Results 

A material balance at Site 103 involves only two streams, the inlet fuel oil and the flue 
gas. Although magnesium oxide is injected into the boiler, its flow rate is small (1 part 
MgO per 10,000 parts of oil) and any contributions to the inlet mass rate are considered 
to be negligible. It could be a component of the emitted particulate matter. This cannot 
be verified because the filter was not analyzed for magnesium. 

Stream flow rates and concentrations and the bias and precision errors associated with 
these measurements were entered into a statistical error propagation model to estimate 
the overall material balance closure. Appendix E contains a detailed discussion of the 
statistical error propagation analysis. 
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e Closure is defined as the ratio of outlet to inlet mass. A 100% closure indicates perfect 
agreement. When trace substances are analyzed, closures of between 70% and 130% 
have been set as a goal for the FCEM project. This range reflects the typical level of 
analytical uncertainty and, therefore, permits one to interpret the inlet and outlet stream 
mass rates as being statistically equivalent. Poor closure values or a large scatter (high 
uncertainty) may indicate measurement problems in one or more of the sample matrices. 

The measured oil flow rate was compared with the generating capacity by calculating the 

generating capacity were in good agreement. The stack gas flow rate has a small 
confidence interval and was measured at an optimal point on the stack free of disturban- 
ces (7.3 diameters length after the air heaters, 3 diameters length from the stack outlet). 
This indicates that the measured values for the fuel oil and flue gas flow rates are 
accurate. 

The substance material balances, along with the results of the error propagation analysis, 
are shown in Table 4-4. Material balances for most of the elements could not be 
developed because the substances were neither detected in the fuel oil nor the stack gas, 
Those elements for which a material balance could be calculated are discussed below. 

I.--+ :--...* ..-Lr rhn A 1  an.., 
I I b . L L L  L l l p U L .  un-5 &UU "U I.".. .'..-, EX", n,d 2n effidenq of 3%. " e  fi!?s.v rate 2?ld 

Cadmium and Cobalz 

Material balance closures for cadmium and cobalt are roughly equivalent at 23 and 28%, 
respectively, thus they are discussed together. The QA/QC checks for these elements in 
both the fuel and stack gas show accurate spike recoveries; therefore, the analytical 
methods were appropriate. The concentrations -___ of the elements detected in the fuel are 
only slightly above detection iimits. Cadmium was only detectedin one of thethree fuel 
oil samples. Cobalt levels in the emitted gas were within five times the detection limit. 
Thus there is a considerable degree of uncertainty about the levels of these elements in 
both the fuel oil and the emitted gas. 

Nickel and Vanadium 

The closures for nickel and vanadium are similar at 63 and 71%, respectively. The 
concentrations of these elements in the fuel are well above the detection limits of the 
analytical method. The QA/QC checks for these elements show accurate spike 
recoveries. The gas concentrations are also above the detection limits. These data 
result in closures for both substances at or just slightly below the desired 70 to 130% 
range. 

-~ 

_ .  
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Table 4-4 

Material Balance Closure Results for Site 103 

Substance 

Cadmium 

Cobalt 

Nickel 

Vanadium 

Mean Closure (%) 

23 

28 

63 

71 

95% CI a 

32 

12 

4 

50 

T I  = Confidence interval. 
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Section 5 

EXAMPLE CALCULATIONS 

This section describes the methodology and sample calculations used to develop the 
results presented in Sections 3 and 4. Specifically, the calculations of reported concen- 
trations, unit-energy based results, and confidence intervals are described. 

Concentration Calculations 

The concentrations presented in this report were calculated from raw data presented in 
the Carnot report. The gas concentration was calculated as follows: 

528 
sv 492 

C =  (M - B) * 35.3 * - 

where: 

C = Concentration, pg /Nd 

M = 

B = 

SV = 

35.3 = 

- 528 = 
492 (68°F to 32°F) 

Mass measured in the sample, pg 

Mass measured in the field blank, pg 

Sample volume (at 68"F), dscf 

Conversion off? to d (standard) 

Temperature correction for normal S.I. conditions, i.e., 32°F 

Unit Energy Calculations 

The unit-energy based emission factors (Table 3-4) were determined from the mass flow 
rate of a substance being emitted divided by the fuel heat input to the boiler during 
testing. 

The unit-energy based emission factor during oil firing is calculated from the following 
equation: 
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g * * 2202.6 E =  
HHV * oil (5-2) 0 

where: 

E = Mean stack emission factor, Ib/lCfz Btu 

g = Mean flue gas flow rate, N d / h r  

C = Mean total flue gas concentration, pg /Nd  

HHV = Mean oil higher heating value, Btu/lb 

Oil  = Mean oil feed rate, lb/hr 

2202.6 = Unit conversion coefficient, lb/1Cf2 pg 

Nickel will be used for this example. The following mean values were taken from Tables 
3-1 and 3-2: 

g = 472,400 Nm?/hr 

C = 469 pg /Nd  

- -"V- =-19;137 Btu-//lb---- -~ 

Oil = 73,333 lb/hr 
- . ._ - 

The emission factor for nickel is calculated from Equation 5-2: 

472,400 * 469 * 2202.6 = 348 Ib/ldz B~ E =  
19,137 * 73,333 

During natural gas firing, the emission factor equation is: 

E =  * * 2202.6 
ng * H H V  

(5-3) 

Part I: Site 103 5-2 



Example Calculations 0 

where: a - 
ng = 

HHV = 

Natural gas feed rate, scf/hr 

Natural gas higher heating value, Btu/scf 

Confidence Interval Calculations 

Confidence intervals (CIS) were calculated for the total mean concentrations in the gas 
and oil streams. In addition, confidence intervals were determined for the stack gas 
emission factors presented in Table 3-4, as well as for the material balance closures. 
Additional details of the CI calculation can be found in Appendix E. 

CIS for Stream Concentrations 

The 95% CI about the total mean for simple linear addition can be found by: 

(5-4) 

0 where: 

UmJT = 95% CI for the total mean 

6 ,  = Bias component 

t =  Student's "t" factor for 97.5 percentile (one-tail) and N-1 degrees of 
freedom 

S , =  

N =  Number of measurements 

Standard deviation of the individual run measurements 

The bias component for the mean is found by root-sum-squaring the bias error from 
each run and the sensitivity of that run to the mean: 

p, = J * 9~m)' 

5-3 

(5-5) 
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where: 

Individual bias for each run m 

Sensitivity to the run m = 1/N 

- 13, - 
e, - - 

The individual bias is equal to one-half the detection limit for concentrations that are 
below the detection limit. Zero bias is assumed for reported quantities. 

The following concentrations @g/Nm ’), taken from Table 3-2 will be used to demon- 
strate the method for calculating the 95% CI: 

Standard 
Substance -1 -2 -3 Mean Deviation 
Nickel 465 470 47 1 469 3.61 
Chromium, hexavalent 1.2 ND(l.O) 1.9 1.2 0.7 

The 95% confidence interval for nickel is calculated using the following values inserted 
into Equation 5-4: 

P ,  = 0 (no values below the detection limit) 

t =  4.3 

s ,  = 3.61 
- -  -~ 

N =  3 

The 95% CI (U rToT) for the total nickel concentration is 9 Fg/Nm ’. 
The 95% confidence interval for hexavalent chromium is calculated the same way. Since 
the concentration for Run 2 is below the detection limit, the bias component is not zero. 
The individual bias, ,3 p, for each run is: 

-9 Run 10 Run 11 

8 ,  0 0.5 0 

The bias component is then calculated from Equation 5-5, using these values. In this 
example, the sensitivity is 0.33 or 1/3. 
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= 0.17 

The standard deviation (S r )  calculated from the three individual hexavalent chromium 
concentrations is 0.7. Substituting these values into Equation 5 4 ,  

= 1.7pg/Nm3 

0 CIS for Emission Factors and Material Balance Closures 

The 95% CIS for the emission factors and material balance closures were calculated 
using the equations presented in Appendix E. Appendix E also contains a sample 
calculation for the 95% CI around an emission factor. 

5-5 Part I: Ste 103 



0 
Appendix A 

Analytical Data from the Carnot and the Host Utility Reports 
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Appendix A 

Table A-1 presents the test results for each run, as well as the results of the blank 

analyses. Field blanks were analyzed for multi-metals, PAHs, and volatile organic data. 

0 
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Table A-1 

Mass Results for the Sample and Field Blank 
Analyses for FCEM Site 103 

Oil Firing 

Gas Sample Volume, Nm3 

f..L^.^-^^ 
YUYI-CI  

Elements (PPJ 

Arsenic 
Barium 
Beryllium 
Cadmium 
chromium 
Chromium, hexavalent 
Cobalt 
Copper 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
Vanadium 

1.43 

4.25 
835 
0.5 
6.7 

19.1 
1.67 
22.5 
10.7 
10.6 
23.5 

ND(7) 
ND(12.5) 

885 
0.95 
88.5 

&Jr& 

1.44 

16.1 
625 
0.6 

10.5 
13.2 

ND(1.5) 
20.5 
,156 
12.0 
41.5 

ND(12.5) 
897 
1.12 
73.2 

ND(7) 

Run7 

1.52 

12.8 
2,165 

ND(O.5) 
2.7 

17.6 
2.90 
16.9 
8.2 

12.9 
38.8 

ND(7) 
17.4 
936 

0.99 
131.5 

Field 
Blank 

4.0 
2,955 

0.4 
10 

ND(6.5) 
8 

4.5 
4.5 

ND(7) 
ND(12.5) 

220 
0.5 

ND(25) 

ND(O.5) 

ND(1.5) 

Substance 
Gas Sample Volume, Nm3 
P A H S  CUE.) 

Naphthalene 
Acenaphthy lene 
Acenaphthene 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Chrysenc 
Benz(a)anthracene 
Benm(b + k)fluoranthene 
Benzo(a)pyrene 
Ideno(l,2,3-c,d)pyrene 
Dibenz(a,h)anthracene 
Benzo(g,h,i)perylene 
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&&3 
3.25 

180 

ND(0.025) 
ND(0.025)' 
ND(0.025) 
ND(O.025) 
ND(O.025) 
ND(O.025) 
ND(O.025) 
ND(O.025) 
ND(O.025) 

ND(O.025) 

ND(O.025) 

ND(0.025) 

ND(0.025) 
ND(O.025) 

3.24- 

230 
ND(O.025) 
ND(O.025) 
ND(0.025) 
ND(0.025) 
ND(0.025) 
ND(0.025) 
ND(O.025) 
ND(0.025) 
ND(0.025) 
ND(O.025) 
ND(O.025) 
ND(0.025) 
ND(0.025) 
ND(0.025) 

A 4  

2.x8 

200 
ND(O.025) 
ND(0.025) 
ND(0.025) 
ND(0.025) 
ND(0.025) 
ND(O.025) 
ND(0.025) 
ND(O.025) 
ND(0.025) 
ND(0.025) 
ND(O.025) 
ND(O.025) 
ND(0.025) 
ND(0.025) 

Field 

500 
ND(O.025) 
ND(0.025) 
ND(0.025) 
ND(0.025) 
ND(0.025) 
ND(O.025) 
ND(0.025) 
ND(0.025) 
ND(0.025) 
ND(0.025) 
ND(O.025) 
ND(O.025) 
ND(0.025) 
ND(0.025) 
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Table A-1 (Continued) 

Volatile Oreanics m Blank 
Field 

Formaldehyde, pgMm’ ND(26.8) ND(26.8) ND(26.8) ND(26.8) 

Run6 
Benzene, pglNm) ND(8.75) ND(8.75) ND(8.75) ND(8.75) 

Natural Gas Firing RunZ 
Volatile Organics 
Formaldehyde, pglNm) ND(26.8) ND(26.8) 165.3 704.1 
Benzene, p a d  h’D(8.75) ND(8.75) ND(8.75) ND(8.75) 
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FCEM Site 103 Individual Stream Concentrations 
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This appendix presents the results from the Site 103 sampling event during April and 

May 1990. Tables B-1 and B-2 present the concentrations of the substances measured at 

Site 103 during residual oil firing and natural gas firing, respectively. The analytical 

methods used to determine these results are also given. 

The concentrations were calculated from the raw analytical data presented by the host 

utility and Carnot, which are shown in Appendix A These concentrations were correct- 

ed for the field blank analysis. The " B  flag indicates that the blank measurement is 

equal to or greater than 50% of the uncorrected sample measurement. The "<" flag 
indicates that the concentration is below the detection limit. In this case, the concentra- 

tion is presented as the detection limit. 
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Detailed Sample Collection/Preparation/Analysis Tables 
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Appendix C 

Table C-1 

Reference Table for Sampling Methods - By Sample Stream 

Stream Collection Method 

EPA Draft Procedure dated 
812892 

CARB Method 424 

CARB Method 425 

Stack Gas 

Oil 

CARB Method 410 

ASh4E Modified Method 5 
CARB Method 430 

Grab 

Fraction Descriotion 

Multi-metals 

Cadmium 

Total and Hexavalent 
chromium 

Benzene 

Semi-VOST (PAH) 

Formaldehyde 
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Table C-2 

Preparation Methods and Chemical 
Analysis Methods Applied to Oil for FCEM Site 103 

Substance 
Nitrogen 
Heating Value 
Sulfur 

Arsenic 
Barium 
Beryllium 
Cadmium 
Chlorine 
Chromium 
Cobalt 
Copper 
Hexavalent Chromium 

~ ~ _ _ _  
---Ed- 

Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
Vanadium 

Method Reference 
Chemiluminescence Nitrogen Analyzer 
ASTM D240 
ASTM D4294 

EPA Method 6010/7oo(y 

EPA Method 6010/7000 

EPA Method 6010/7000 

EPA Method 6010/7000 

ASTM D808 
EPA Method 6010/7000 

EPA Method 6010/7000 

EPA Method 6010/7000 

EPA Method 6010/7000 

-EE’A-Mah5d-6010/7000 
EPA Method 6010/7000 

EPA Method 6010/7000 

EPA Method 6010/7000 

EPA Method 6010/7000 

EPA Method 6010/7000 

EPA Method 6010/7000 

-_ 

- 

0 

‘Description of analytical method provided in Appendix B. 
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Table C-3 

Summary of Preparation Procedures and Analytical 
Methods Used to Measure Organic Compounds Measured in Flue Gas 

ComDonent 
Volatile Oreanic Comuounds 
Sample Collection 

Tedlar Bags 
Analysis by GC/MS 

Benzene 
Formaldehvde 
Sample Collection 

DNPH Impinger 
Analysis by HF’LC 

Formaldehyde 
Polvnuclear Aromatic Hvdrocarbom 
Sample Collection 

MM5 
Preparation 

Soxhlet Extraction 
Analysis by High Performance Liquid Chromatography 
(HPLC) 

Naphthalene 
Acenaphthylene 
Acenaphthene 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Chrysene 
Benzo(a)anthracene 
Benzo(b + k)fluoranthene 
Benzo(a)pyrene 
Indeno( 1,2,3-cd)pyrene 
Dibenzo(a,h)anthracene 
Benzo(g,h,i)perylene 

Method Reference 

CARB Method 410 

CARB Method 410 

CARB Method 430 

CARB Method 430 

CARB Method 429 

CARB Method 429 

CARB Method 429 
CARB Method 429 
CARB Method 429 
CARB Method 429 
CARB Method 429 
CARB Method 429 
CARB Method 429 
CARB Method 429 
CARB Method 429 
CARB Method 429 
CARB Method 429 
CARB Method 429 
CARB Method 429 
CARB Method 429 
CARB Method 429 
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Table C-4 

Summary of Preparation Procedures and Analytical Methods 
Used to Measure Inorganic Compounds in the Flue Gas 

Comvonent 
FCEM Taraet Elements bv GFAAS 
Preparation 

Parr Bomb Digestion for Filters 
Analysis by GFAAS 

Beryllium 
cadmium 
chromium 
Copper 
Lead 
Manganese 
Vanadium 

FCEM Target Elements bv Flame AAS 
Preparation 

Analysis by Flame AAS 
Parr Bomb Digestion for Filters 

Barium 
Nidtel 

FCEM Taraet Elements bv HGAAS 
Preparation 

Analysis by HGAAS 
Parr Bomb Digestion for Filters 

Arsenic 
Selenium 

FCEM Tareet Elements bv CVAAS 
Preparation 

Analysis by CVAAS 

FCEM Tareet Elements bv ICP 
Preparation 

Parr Bomb Digestion for Filters 
Analysis by ICP 

Cobalt 
Molybdenum 

Parr Bomb Digestion for Filters 

Mercluy 

Part I: Site 103 

Method Reference 

EPA Draft Procedure Dated 8/28/89 

EPA Method 7091 
EPA Method 7l31 
EPA Method 7191 
EPA Method 7211 
EPA Method 7421 
EPA Method 7461 
EPA Method 7911 

EPA Draft Procedure Dated 8/28/89 

EPA Method 7080 
EPA Method 7520 

EPA Draft Procedure Dated 8/28/89 

EPA Method 7061 
EPA Method 7741 

EPA Draft Procedure Dated 8/28/89 

EPA Method 7470 

EPA Draft Procedure Dated 8/28/89 

EPA Method 6010 
EPA Method 6010 

C-6 

Stack Gas 

X 

X 
X 
X 
X 
X 
X 
X 

X 

X 
X 

X 

X 
X 

X 

X 

X 

X 
X 
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ComDonent 
FCEM Target Elements by 
Ion Chromatomauhy 
Preparation 

Analysis by IC 
Extraction by Alkaline Solution 

Hexavalent Chromium 

Table C-4 (Continued) 

Method Reference Stack Gas 

CARB Method 475 X 
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0 
0 
2 

0 
0 
2 
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Process Stream Information 
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Table D-1 

Process Stream Flow Rates, Stack Gas Characterization Data, 
and Degree of lsokinetic Sampling 

stream 
- Oil 
Stack Gas 
Multi-Metals 
Unit Load 
Flow Rate 

Isokin&c 
Moisture 
Oxygen 
Carbon Dioxide 
Stack Temperature 
Cadmium 
Unit Load 
Flow Rate 
Isokinetic 
Moisture 
oxygen Carbon Dioxide 
Stack Temperature 
Chromium 
Unit Load 
Flow Rate 

Moisture. 

Carbon Dioxide 
oxygen 

Stack Temperature 
pAHs 
Unit Load 
Flow Rate 
Isokinetic 
Moisture 

Carbon Dioxide 
oxygen 

Natural Gas 
Stack Gas 
Formaldehyde and 
Benzene Natural Gas Firing)' 
Unit Load 
Flow Rate 
Isokinetic 
Moisture 
oxygen 
Csrbon Dioxide 

Units of 
MeasUre w w 

l b h  73,000 73,500 73.500 73.333 

Mw 
d s c f m a  

NM3M 
% 
% 
% 
% 
"F 

w 
150 

298,000 
471,800 

97.4 
10.9 
6.4 

10.6 
271 

w 

m 
150 

293,300 
464,300 

98.2 
11.0 
6.0 

11.0 
278 

&& 

Run'l 
150 

303,500 
480,500 

99.1 
10.9 
5.9 

11.0 
279 

Run'l 

150 
298,300 
472,200 

98.2 
10.9 
6.1 

10.9 
276 

MW 150 150 150 150 
dsch. 295,700 293,500 303,000 297,400 

N m 3 M  468,300 464,900 479.900 471,000 w 103.6 99.1 102.6 101.8 
% 12.0 12.0 11.5 10.8 .~ 
% 
"F 

Mw 
dscfm' 

Nm3& 
96 
% w 
"F 

MW 
d s c f m n  

N m 3 M  
46 
96 
96 

~~ ~ ~~ ~ 

6.4 6.0 5.9 6.1 
259 255 288 267 

150 
299,400 
474,200 

100.4 
10.9 
6.4 
273 

150 
294,700 
466,800 

100. 1 
11.2 
6.0 
275 

150 
299.100 
473,700 

99.2 
11.5 
5.9 
279 

150 
315,200 
499,200 

98.54 
9.5 
5.5 

Runs 1-3 
scfi 1,380,000 

MW 150 
d s c f m a  269,022 

N m 3 M  426,100 
46 96.7 
% 17.6 w 4.0 

150 
301,600 
477,700 

102.70 
13.0 
4.9 

150 
299,700 
474,700 

100.55 
10.3 
4.8 

150 
297.700 
47 1.600 

99.9 
11.2 
6.1 
276 

150 
305,500 
483,900 

100.6 
10.9 
5.0 

Standard conditions: 1 atm, 68'F. 
bNormal conditions: 1 atm, 32OF. 
?Io stack gas characterization data or degree of isokinesis was reported for formaldehyde and benzene sampling 
during fuel oil firing. 
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Error Propagation for Emission Factors and Material Balance Closures 
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An error propagation analysis was performed on calculated results to determine the 

contribution of process, sampling, and analytical variability, and measurement bias, to the 

overall uncertainty in the emission factor and material balance results. This uncertainty 

was determined by propagating the bias and precision error of individual parameters into 

the calculation of the results. This uncertainty does not represent the total uncertainty in 

the result since many important bias errors are unknown and have been assigned a value 

of zero for this analysis. Also, this uncertainty is only the uncertainty in the result for 

the period of time that the measurements were taken. 

The method described below is based on ANSI/ASME PTC 19.1-1985, "Measurement 

Uncertainty." 
0 

Nomenclature 

r =  

u ,  = 

8 ,  = 

s, = 

t =  

8 .  = 

p . =  

s- = 

s . =  

Pl 

P' 

Pl 

N .  = 

P i  = 

APi = 

" .  = 

Calculated result; 

Uncertainty in r; 

Bias component of result uncertainty; 

Precision component of result uncertainty; 

Student "t" factor (two-tailed distribution at 95%); 

Sensitivity of the result to parameter i; 

Bias error estimate for parameter i; 

Normalized standard deviation of parameter i; 

Sample standard deviation of parameter i; 

Number of measurements of parameter i; 

Parameter i; 

Perturbation for parameter i; 

Degrees of freedom in parameter i; and 
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v ,  = Degrees of freedom in result. 

For a result, r, (such as an emission factor) the uncertainty in r is calculated as: 

u, = /t)2 

The components in Equation 1 are calculated by combining the errors in the parameters 

used in the result calculation. 

where: 

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

method: 

ar e. = - 
a? 

A perturbation method can also be used (useful in computer applications): 

Part I: Site103 E 4  



Appendk E 

r(Pi + APi) - r(P,) 

A Pi 
ei = 

where: 

r (Pi + A&) = Result calculated using a value of (Pi + APi) for Pi 

r (E) = Result calculated using the original value, P,. 

The degrees of freedom for each parameter is found from 

vi = Ni-1 

and the degrees of freedom for the result is found by weighing the sensitivity and 

precision error in each parameter. 

sr4 vr = 

i= 1 

The student "t" factor in Equation 1 is related to the degrees of freedom in the result 

and the desired confidence interval percentage. 

The precision error terms are easily generated using collected data. When calculating 

the S F, care is taken in assigning degrees of freedom to each parameter. For example, 

if 15-minute average fuel oil flow rate data are used to generate a mean oil feed rate for 

each of three days, the degrees of freedom in the average fuel oil feed rate for the trip 

should reflect all of the 15 minute averages and not just the three daily averages. 

E-5 Part I: Site 103 



Appendbc E 

0 However, as another example, duplicate analyses do not increase the degrees of freedom 

in an analytical result. 

The bias error terms are more difficult to quantify. The following conventions were used 

for this report: 

5% b i z  error in the fuel oil flow rate. 

No bias in the gas flow rate. 

No bias in analytical results unless the result is less than the reporting limit. 
Then one-half the reporting limit is used for both the parameter value and 
its bias in calculations. 

The oil flow rate bias values are assigned using engineering judgment. No bias is 

assigned to the analytical results (above the reporting limit) or gas flow rate since a good 

estimate for the magnitude of these terms is unknown. These bias terms may be very 

large (relative to the mean values) and may represent a large amount of uncertainty in 

each result. Analytical bias near the instrument detection limit may be especially large. 

Therefore, the uncertainty values calculated for this report should be used with care. 

0 

In addition to the assumptions above, the calculations assume that the population 

distribution of each measurement is normally distributed and that the samples collected 

reflect the true population. 

The uncertainty is only calculated for the reported sampling period. The uncertainty 

does not represent long-term process variations. In other words, the calculated uncer- 

tainty does not include a bias 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. Accounting for long-term system variability would 

require repeated sampling trips to the same location. 
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The following example shows a sample calculation for the 95% confidence interval 

around the mean emission factor. This procedure utilizes the same procedure outlined 

earlier in this section and used in the computer program. 

~ 

The mean stack emission factor for any substance is calculated from the following 

~ equation: 

E =  g *  c 
HHV * oil 

* 2202.6 

where: 

E =  

g =  

c =  

H H v =  

oil = 

Mean stack emission factor for arsenic, lb/10 I' Btu 

Mean flue gas flow rate, Nm 3/hr 

Mean total flue gas concentration for arsenic, pg/Nm 

Mean oil higher heating value, Btu/lb 

Mean oil feed rate, lb/hr 

2202.6 = Unit conversion coefficient, lb Btu/pg 10 Btu 

(9) 

The data used in the example below are generic and do not represent data collected at 

Site 103. The data are provided for illustrative purposes only. The data used to 

calculate the arsenic (As) emission factor include: 

Parameter Run 1 Units Svmbol Run2 Run3 Mean 

As Concentration pg/Nm C 0.5 7.8 5.4 4.6 
Stack Gas Flow Rate Nm3/hr g 506,292 498,308 515,677 507,000 
Oil Feed Rate lb/hr oil 73,000 73,500 73,500 73,300 
HHV Btu/lb "V 19,129 19,109 19,174 19,100 

The calculations for the concentration parameters used in this method are included for 

0 reference. 
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Total mean concentration: 4.6 pg/Nm3. 

The standard deviation, S ps, calculated from the individual runs is 3.7 pg/Nm '. 

From Equation 4, where N E  = 3: 

3.7 s = - = 2.1 
pi 

As explained in Section 3, the bias, j3, for analytical results above the reporting limit are 

assigned as zero, i.e., j3 ps = 0. 

The sensitivity is calculated from Equation 6 using the perturbation method, with a 

2.1 pg/Nm ' perturbation. The perturbation for each parameter is the larger value of 

the normalized standard deviation, S F, or the bias error, j3 pi. 

%I * APi- %I - - Ec=6.7 - Ec-4.6 8, = 
A Pi 2.1 

g * c * 2202.6 - 507,000 * 6.7 * 2202.6 = 5.34 - - - 
HHV * oil 19,100 * 73,300 = 6.1 

507,000 * 4.6 * 2202.6 = 3.67 - - 
19,100 * 73,300 = 4.6 

5.34 - 3.67 
2.1 

= 
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= 0.8 

Similar calculations can be done for each parameter giving the following results: 
Parameter 

g C HHV Oil 
Nm /hr p d N m  Btu/lb Ib/hr 

Mean 507,000 4.6 19,100 73,300 
S pi 8,700 3.7 30 300 
S F  5,000 2.1 20 170 

Ni 3 3 3 3 
P pi 0 0 0 3,700 

V i  2 2 2 2 
A€' 5,000 2.1 20 3,700 

e i  8x10 -6 0.8 -2x10 -5~10 -' 

The precision component is then found by root-sum-squaring the product of the parame- 

ter S and the sensitivity (see Equation 3). 

,$ = 1.68 

The bias component is found using Equation 2 

P ,  = 0.19 

The degrees of freedom is found from Equation 8: 
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sr4 v, = 

(s, ei)' 

V. i = l  PI 

The student "t" factor is determined from the degrees of freedom and the desired 

confidence interval. For a 95% CI and v = 2, the student "t" factor is 4.3. The 

uncertainty is then calculated from Equation 1: 

Ur = d(0.19Y + (1.68 * 4.3)2 

= 7.2 

The emission factor is calculated from Equation 9. 

g * c * 2202.6 
HHV * oil 

507,000 * 4.6 * 2202.6 
19,100 ' 73,300 

3.6 lb/10 Btu 

The emission factor for arsenic is reported as 3.6 f 7.2 lb/10 Btu. 
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The tables which follow are the computer-generated results from the emission factor and 

material balance calculations and error propagation analysis. Each table provides the 

results for an individual element (e.g., pp. E-15 provides emission factor error propaga- 

tion results for arsenic and beryllium). 
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Emission Factor Results 
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A l W l l i C  

OUTPUT ABSOLUTE ABSOLUTE ABSOLUTE DEGREES 
VARIABLE AVERAGE BIAS PRECISION TOTAL STUDENT OF 
NAUE DESCRIPTION UNITS VALUE COWPOWENT CCUPONENT* UNC I FREEDCU ........................................................................................................................... 
f a c t o r  E m i s s i o n  F a c t o r  lb/mlBTU 3.633038 1.73E-01 7 .35E40 7.4€+00 4.3OE+OO 2.OE+OO 

!NPUT ABSOLUTE ABSOLUTE ABSOLUTE NUMBER 
VARIABLE AVERAGE ERROR CONTRIBUTION SENSITIVITY ERROR OF OF 

N M E  DESCRIPTION UNITS VALUE TYPE .. ( S I W p )  INWT*** SAUPLES ........................................................................................................................... 
1) baconc e m i t t e d  arsenic W N n 3  4.9 . PREC 5.40Et01 7.41E-01 1.72E+Ol 3 
2) o i l  O i l  F L W  RATE Ib lhr  73333 BIAS 2 . W - 0 2  -4 .RE-05 3.67€+03 - 
3) gas s t a c k  gas N d / h r  472400 PREC 2.39E-02 7.69E-06 3.49€+04 3 
4 )  o i l  O i l  F L W  RATE Ib/hr 73333 PREC 1.15E-03 -&.RE-05 1.24E103 3 
5 )  hhv H i g h e r  h e a t i n g  value B t u / l b  19137.3 PREC 2.46E-04 -1.90E-04 1.43Et02 3 ........................................................................................................................... 

PRECISION CCUPONENT = t * S r b a r  
*. ( B p * S I W p ) ^ 2  FOR B IAS ERRMIS; ( t ' s p b a r * s l W p ) ^ 2  FMI PRECISION ERRDRS 

-WHERE Spbar=PREC!SIOU INDEX OF THE MEAN, Sp/(NUWBER OF SAUPLES)L.5 
-THE SPUME ROOT OF THE SUM OF THE ABSOLUTE CONTRIwlIONS IS EPUAL TO THE TOTAL UNCERTAINTY 

*** Bp FOR B I A S  ERRORS; Sp FOR PREClSlW ERRORS 

Cadmium 

OUlPUT 
VARIABLE 
N M  DESCRIPTION 

a ABSOLUTE ABSOLUTE ABSOLUTE DEGREES 

UNITS VALUE CCUWUENT COWWUENT. UNC I FREEDOW 
AVERAGE BIAS PRECISION TOTAL STUDENT OF 

f a c t o r  E m i s s i o n  F a c t o r  I b m B l u  3.188177 1.52E-01 5.05E100 5 . 1 E 4 0  4.30E1W 2.OE+OO 

I N W T  
VARIABLE 
NAUE DESCRIPTION 

ABSOLUTE 
AVERAGE ERROR CONTRIBUTION 

UNITS VALUE TYPE .. 
1) bacm 
2) o i l  
3) gas 
4 )  o i l  
5) hhv 

e m i t t e d  C e b i u n  u g / d  4.3 PREC 2.55E+Ol 
O i l  F L W  RATE lb/hr 73333 BIAS 2.31E-02 
stack gas n3lhr 472400 PREC 1.84E-02 
O i l  F L W  RATE Ib/hr 73333 PREC 8.84E-04 
H i g h e r  h e a t i n g  value B T U l l b  19137.3 PREC 1.9OE-04 

ABSOLUTE ABSOLUTE YWBER 
SENSITIVITY ERROR OF OF 

(SlaUp) INPUT**' SWPLES 
.....-.-_.____.._______________ 

7.41E-01 l . lBE+Ol 3 
-4.14E-05 3.67E+03 . 
-4.14E-05 1.24€+03 3 
-1.bbE-04 1.43E+O2 '3 

6.m-06 3 . 4 9 ~ 1 0 4  3 

* PRECISION CCUPONENT = t * S r b a r  
** (Bp.SIWp) '2  FOR BIAS ERRORS; <t*spbar*slaUpl^2 FOR PRECISION ERRMIS 

-WHERE Spbar=PRECISION INDEX OF THE MEAN, Sp/(NWBER OF SAUPLES)^.5 
-THE SPUARE ROOT OF THE SUM OF THE ABSOLUTE CONTRIBUTIONS IS EWAL TO THE TOTAL UNCERTAINTY 

*** Bp FOR BIAS ERRORS; Sp FOR PRECISION ERRORS 
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ChromiUm 

WTPUT ABSOLUTE ABSOLUTE ABSOLUTE DEGREES 
VARIABLE AVERAGE BIAS PRECISION TOTAL STWENT OF 
NWE DESCRIPTION UNITS VALUE CCUFUIENT CMPONENP UNC t FREEOM 

factor EmiSsiOn Factor l b l lD l8TU 3.484?Sl 1.W-01 4.57E+OO 4.4E.00 4.30€+00 2.OE*OO 

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

INPUT ABSOLUTE ABSOLUTE ABSMUTE NLMBER 
VARIABLE AVERAGE ERROR CONTRIBUTION SENSITlVlTY ERROR OF OF 
N M E  DESCRIPTIMI UNITS VALUE TYPE ( S I G M p )  INPUT*** SWPLES .. 
........................................................................................................................... 

1) baconc emitted Chraniun WlnJ 4.7 P I C  1.91E+Ol 7.41E-01 l.OZE+Ol 3 
2 )  o i l  O i l  F L W  RATE lblhr 73333 BIAS Z.75E-02 -4.53E-05 3.67EM3 - 
3) gas stack gas nJlhr 472400 PREC 2.ZOE-02 7.38E-06 3.49E+04 3 

Iblhr 73333 PREC 1.06E-03 -4.53E-05 1.24E+03 3 4) o i l  O i l  F L W  RATE 
5 )  hhv H i g h e r  h e a t i n g  value 8 T U l l b  19137.3 PREC 2.26E-04 -1.82E-04 1.43E102 3 

........................................................................................................................... 
PRECISIW CWWUENT = t*Srbar 

** (Bp*SIWUp)*Z FOR BIAS ERRORS; ( t*Spbar*SIGMp)*Z FOR PRECISICU ERRORS 
-WHERE Spbar=PRECISIMI INDEX OF THE WEAN, Spl(NWBER OF W L E S ) ^ . 5  
-THE SQUARE RWT OF THE SB OF THE ABSOLUTE CONTRIBUTIONS IS EWAL TO THE TOTAL UNCERTAINTY 

*** B p  FOR BIAS ERRORS; Sp FOR PRECISION ERRORS 
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0 Cobalt 
WTWT ABSOLUTE ABSOLUTE ABSOLUTE DEGREES 
VIR I ABLE AVERAGE BIAS PRECISION TOTAL STWENT OF 
NAME DESCRIPTION UNITS VALUE CCUWNENT CCUPONENT' UNC t FREEDCU 

factor E m i r r i m  F a c t o r  I b r m S T U  10.08554 4.80E-01 4.33E+00 4.4E100 4.30E100 2.OE+OO 

........................................................................................................................... 
=Il.=ljiliiii_iiilli=================================~===========================================~====================== 

I N W T  ABSOLUTE ABSOLUTE ABSOLUTE UWBER 
VARIABLE AVERAGE ERROR CONTRIBUTION SEUSITIVITY ERROR OF OF 
NAME OESCRIPTION UUITS VALUE TYPE .. ( S I o U p )  INPUT*** W P L E S  

i ........................................................................................................................... 
13.6 PREC 1.86E+Ol 7.41E-01 l.OlE+Ol 3 1) b a c m  e m i t t e d  C D b a l t  u 9 m  

2) o i l  O i l  F L W  RATE Ibrhr 73333 BIAS 2.31E-01 -1.31E-04 3.67E+03 - 
3) gar s t a c k  gas d r h r  472400 PREC 1.84E-01 2.13E-05 3.49E104 3 
4) o i l  O i l  F L W  RATE Iblhr 73333 PREC 8.84E-03 -1.31E-04 1.24E+03 3 
5) hhv H i g h e r  h e a t i n s  v a l u e  B T U l l b  19137.3 PREC 1.90E-03 -5.26E-04 1.43E+02 3 
........................................................................................................................... 
PRECISION CDWFQNENT = t * S r b a r  

** (Bp*SIwUp)*Z FOR BIAS ERRORS; ( r * S p b a r * S I M p ) ^ 2  FOR PRECISION ERRORS 
-WERE Spbar=PRECISION INDEX OF THE MEAN, Sp/(NUIBER OF SAMPLES)*.5 
-THE SWARE RmT OF THE sun OF THE ABSOLUTE COUTRIBUTIONS IS ENIAL TO THE TOTAL UNCERTAINTY 

*** B p  FOR BIAS ERRORS; Sp FWI PRECISION ERRORS 

I N W T  
VARIABLE 
UAUE 

1) bacmc 
2 )  o i l  
3) gar 
L) o i l  
5 )  hhv  

AVERAGE 
DESCRIPTIDW UUITS VALUE 

e m i t t e d  c-r ugrn3 2.4 
O i l  F L W  RATE Ibrhr 73333 
s t a c k  gas W h r  472400 
O i l  F L W  RATE t b l h r  73333 
H i g h e r  h e a t i n g  va lue B T U l l b  19137.3 

ABSOLUTE 
ERROR MNTRIBUTlON 
TYPE .. 
PREC 2.33E+01 
BIAS 7.18E-03 
PREC 5.75E-03 

PREC 5.91E-05 
PREC 2 . 7 5 ~  -04 

ABSOLUTE ABSOLUTE U M E R  
SENSIl IVITY ERROR OF OF 

( S I w U p )  INPUT'*' SAMPLES 

7.41E-01 l. lSE+Ol 3 
-2.3lE-05 3.67E+03 - 
3.77E-06 3.49E+04 3 

-2.3lE-05 1.24E103 3 
-9.29E-05 1.43E+02 3 

-...-_.-______.__...___________ 

PRECISION C(*IPONENT = I'Srbar 
** <Bp*SIWA+9'2 FOR B I A S  ERRCUS; (t'spbar*sIwUp)^2 FOR PRECISION ERRORS 

-WERE Spbar=PRECISION INDEX OF THE WEAN, S p / ( w B E R  OF SAMPLES)^.S 
-THE SQUARE RmT OF THE Sun OF THE ABSOLUTE CONTR18UTIDNS IS EQUAL TO THE TOTAL UNCERTAINTY 

' *** Bp FOR BIAS ERRORS; Sp FOR PRECIsioN ERRORS 
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Lead 

WTPUT 
VARIAELE 
NAUE DESCRIPTION 

ABSOLUTE ABSOLUTE ABSOLUTE DEGREES 

UNITS VALUE CCUPCWENT CWPCWENT~ UNC t FREEOCU 
AVERAGE BIAS PREClS lW TOTAL STUDENT OF 

INPUT 
VARIABLE 
NAUE 

1) baconc 
2) o i l  
3) gas 
4) o i l  
5) hhv 

- -. . . - . . . 
AVERAGE 

DESCRIPTION UNITS VALUE 

e m i t t e d  L e a d  Wlm3 5 
o i l  F L W  RATE Ib/hr 73333 
s t a c k  gas W h r  472400 
O i l  F L W  RATE Ib/hr 73333 
H i g h e r  h e a t i n g  value B T U l t b  19137.3 

ERROR 
TYPE 

PREC 
B IAS 
PREC 
PREC 
PREC 

._._..___.. 

ABSOLUTE 
COWTRlWJTlON 

.* 

1.35E+OO 
3.12E-02 
2.49E-02 
1.19E-03 
2.56E-04 

ABSOLUTE ABSOLUTE NUllBER 
SENSITIVITY ERROR OF OF 

( S l W p )  INPUTn* SMPLES 

7.41E-01 2.71EtOO 3 
-4.81E-05 3.67E+03 - 
7.8%-06 3.49€+04 3 
-4.81E-05 1.24€+03 3 
-1.94E-04 1.43€+02 3 

.......___._______.____________ 

P R E C l S l W  CWPWENT = t * S r b a r  
** (Bp*SIOup)^i! FOR 01AS ERRORS; (t*Spbar*SIGMAp)*2 FOR PRECISION ERRORS 

.WERE Spbar=PRECISION INDEX OF THE MEAN, Sp/CNWBER OF SIIIPLES)*.5 
-THE SPUARE ROOT OF THE SLIM OF THE ABSOLUTE CONTRIBUTIONS IS E W A L  TO THE TOTAL UNCERTAINTY 

*** Bp FOR BIAS ERRORS; Sp FOR PRECISION ERRORS 

INPUT 
VARIAELE 
NUlE  OESCRIPTIW 

ABSOLUTE ABSOLUTE AESOLUTE YUlBER 
AVERAGE ERROR CDNTRlBUTlON SENSITIVITY ERROR OF OF 

UNITS VALUE TYPE " (SIOup) INWT- SAMPLES 

20.6 PREC 1.42€+02 7.41E-01 2.79E+Ol 3 
Ib/hr 73333 BIAS 5.29E-01 -1.98E-04 3.67E*03 - 2) o i l  O i l  F L W  RATE 

3) gas s t a c k  gas d /h r  472400 PREC 4.23E-01 3.23E-05 3.4%*04 3 
Iblhr . 73333 PREC 2.03E-02 -1.9s-04 1.24E+03 3 4) o i l  O i l  F L W  RATE 

19137.3 PREC 4.3%-03 -7.97E-04 1.43€+02 3 5) hhv H i g h e r  heating value B T U l l b  

1) baconc emitted M a w a n e s t  W m 3  

........................................................................................................................... 
* PRECISION CWPONENT = t * S r b a r  .. (Bp*SIwUp)*2 FOR BIAS ERRORS; (t*Spbar*SIWp)*Z FOR P R E C l S l W  ERRORS 

-WERE Spbar=PRECISION INDEX OF THE WEAN, Sp/(NUIBER OF SAMPLES)*.5 
-THE SPUARE ROOT OF THE SlM OF THE ABSOLUTE CONTRIBUTIWS IS EWAL TO THE TOTAL UNCERTAINTY 

*** B p  FOR B IAS ERRORS; Sp FOR PRECISION ERRORS 
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IWWT 
VARIABLE 
NAME DESCRlPTlMl 

ABSOLUTE ABSOLUTE ABSOLUTE NlMBER 
AVERAGE ERROR CONTRlBUTlON SENSITIVITY ERROR OF OF 

UNITS VALUE TYPE " ( S I w U p )  INPUT*" SAMPLES 

1) o i l  O i l  F L W  RATE Lblhr 73333 BIAS 2.74E+02 -4.52E-03 3.67E+03 . 
2) 985 s t a c k  gas W h r  472400 PREC 1.2OE42 7.3bE-04 2.58€+04 3 
3 )  bacom e m i t t e d  N i c k e l  Wn3 469 PREC 2.44El01 7.41E-01 l . l M + O l  3 
4 )  o i l  O i l  FLOW RATE lb/hr 73333 PREC 5 .75E40 -4.52E-03 9.2OE+02 3 
5 )  hhv Higher heating value BTUllb 19137.3 PREC 1.23EIOO -1.82E-02 1.06E+02 3 ........................................................................................................................... 

PRECISION CWPONENT = t*Srbar 
** (Bp*SIGIUp)^2 FOR BIAS ERRORS; ( t *spbar*s lG lUp)A2 FOR PRECISION ERRORS 

-WHERE Spbar=PRECISION INDEX OF THE MEAN, SpI(NlMBER OF SAMPLES)*.5 
-THE SWARE RmT OF THE Nw OF THE ABSOLUTE CONTRIBUTIONS IS EWAL TO THE TOTAL UNCERTAINTY 

*** Bp FOR B I A S  ERRORS; Sp FOR PRECISION ERRORS 

selenium 

WTPUT ABSOLUTE , ABSOLUTE ABSOLUTE DEGREES 
VARIABLE AVERAGE BIAS PRECISION TOTAL STWENT OF 
N M E  OESCRlPTlMl UNITS VALUE CCUPONENT CWWYENT. UNC t FREEOW 

fac tor  E m i s s i o n  Factor Lb/wwBTU .2M9171 1.27E-02 1.11E-01 1.1E-01 4 . 3 0 E 4 0  Z.OE+OO 

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

INPUT ABSOLUTE ABSOLUTE ABSOLUTE NUIIBER 
VARIABLE AVERAGE ERROR CONTRlUJTlOW SENSITIVITY ERROR OF OF 
NAME OESCRIPTIOW W I T S  VALUE TYPE .. (SICHAP) INPUT." W P L E S  ........................................................................................................................... 

Wlm3 .36 PREC 1.22E-02 7.41E-01 2 . 5 s - 0 1  3 1) baconc emitted selmiun 
lb/hr 73333 BIAS 1.62E-04 -3.47E-06 3.67E103 . 2) o i l  O iL  F L W  RATE 

3) gas stack gas W h r  472400 PREC 1.29E-04 5.65E-07 3.4EtW 3 
O i l  F L W  RATE lb/hr 73333 PREC 6.19E-06 -3.47E-06 1.24E+03 3 4 )  o i l  

19137.3 PREC 1.33E-06 -1.39E-05 1.43E102 3 5) hhv Higher h e a t i n g  v e l w  BTUllb ........................................................................................................................... 
PREClSlOU CWPONENT = t'Srbar 

** (Bp*Slljn*p)'2 FOR B IAS ERRORS; (t*Spbar'SIGWp)*2 FOR PRECISION ERRORS 
-WHERE Spbar=PRECISION INDEX OF THE MEAN, Sp/ (NWER OF SAMPLES)^.5 
-THE SQUARE RmT OF THE Nw OF THE ABSOLUTE CONTRIBUTIONS IS EWAL TO THE TOTAL UUCERTAINTY 

*** Bp FOR BIAS ERRORS; Sp FOR PREClSlMl ERRORS 
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Material Balance Closure Results 
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I N W T  
VARIABLE 
NAME DESCRIPTION 

ABSOLUTE ABSOLUTE ABSOLUTE NUlBER 
AVERAGE ERROR CMITRIBUTION SENSIT IV ITY  ERROR OF OF 

UNITS VALUE TYPE .. (SIwvLp) INWT***  SAMPLES 

1) B S K  e m i t t e d  C o b a l t  Wln3 13.73 PREC 1.40E102 2.03E100 l .OlE+Ol  3 
2) o i l  O i l  F L W  RATE Lblhr 73333 B I A S  1.76E100 -3.6lE-04 3.67E+03 - 
3) gas stack gar d l h r  4R400 PREC 1.41E+00 5.8%-05 3.49E+04 3 
4) o i l  O i l  F L W  RATE lblhr 73333 PREC 6.73E-02 -3.61E-04 1.24E+03 3 
........................................................................................................................... 

* PRECISION CWPONENT = t * S r b r  
** ( B p * S I ~ ) L 2  FOR B IAS ERRORS; (t*Spbar*SIM4p)^2 FOR PRECISIOW ERRORS 

-WERE Spbar-PRECISIMI  INDEX OF THE MEAN. Sp/(NUWBER OF SAHPLES)^.5 
-THE SWARE ROOT OF THE SUI OF W E  ABSOLUTE CGNTRIBUTIMIS IS E W A L  TO THE TOTAL UNCERTAINTY 

*** B p  FOR B I A S  ERRMS; Sp FOR PRECISION ERRORS 
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Quality Assurance/Quality Control Data 
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This section presents QA/QC results for the gas and fuel samples. The blank analyses 

are presented as well as the sample spike results and detection limits. 

Table F-1 presents the results of the blank analyses for the stack gas samples. Field 

blank analyses were performed for the metals. A field blank consisting of a complete 

MM5 sampling train was analyzed for PAHs. A field blank was analyzed for formalde- 

hyde and benzene. 

Table F-2 presents the recovery results from an ash standard and an oil standard for the 

analytical methods used with these multi-metals. A relative percent difference (FG'D) 

between duplicate analyses of the oil standard is also presented. 

Table F-3 presents surrogate spike recovery results for PAH species for Site 103. 
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Table F-1 

Summary of Blank Sample Results 

=e 

Multi-Metah 
Field Blank 

Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Chromium, hexavalent 

Cobalt 
Copper 
Lead 
Managanese 
Mercury 
Molybdenum 
Nickel 
Selenium 
Vanadium 

PAHS 

Method Blank 
Naphthalene 
Acenaphthylene 
Acenaphthene 
Fluorene 
Phenanthrene 
Anthracene 
Fluor an th e n e 

b e n e  

Chrysene 
Benz(a)anthracene 
Benzo(b + k)fluoranthene 
Benzo(a)pyrene 
Indeno(l,2,3-~,d)pyrene 

Number of Blank Number of Quantity Detection 
Samdes Analned - Detects Detected 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 
1 

1 

0 
0 
1 

1 

1 

0 
0 

1 

1 

0 

1 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

7.0 pgltrain 
12.5 p g  

0.23 0.025 Pg 
0.025 pg  

0 . m p g  
0.025 pg  

0.025 p g  
0.025 p g  
0.025 pg 

0.025 p g  

0.025 pg  

0.025pg 
0 . m p g  
0.025lLE . -  

0 0.025pg 
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=e 

Dibenz(a,h)anthracene 
Benzo(g,h,i)pelylene 

Field Blank 
Naphthalene 
Acenaphthylene 
Acenaphthene 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Fyrene 
Chrysene 
Benz(a)anthracene 

Benzo@+k)fluoranthene 
Benzo(a)pyrene 
Indeno(l,2,3-c,d)pyrene 
Dibenz(a,h)anthracene 
Benzo(g,h,i)perylene 

a 
Volatile Organics 
Field Blank. Fuel Oil 

Formaldehyde 
Benzene 

Field Blank. Natural Gas 
Formaldehyde 
Benzene 

Table F-1 (Continued) 

Number of Blank Number of 
Samples Analned Detects 

1 0 

1 0 

1 1 

1 0 
1 0 

1 0 
1 0 
1 0 

1 0 

1 0 

1 0 

1 0 

1 0 
1 0 
1 0 
1 0 
1 0 

1 

1 

1 
1 

0 
0 

1 
0 

Quantity Detection 
Limit Detected - 

0.025 p g  

lJ.025 Pg 

704 pg/Nm ' 25 p g/ml 
2.5 ppbv 
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Table F-2 

Summary of Quality Control Sample Results 

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

Substance 
Arsenic 
Beryllium 
Cadmium 
Chromium 
Copper 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 

Entrained Particulate Analysis 
Detection Limit Ash Standard, 

fabd Recoverv % OC Samule 
0.1 98 WS 378 Conc 5 

159.5 120 Title 22 #3 
0.3 100 WP 287 
0.2 121 WP 287 
3.2 100 WP 287 
4.1 111 Host In-house 
0.2 98 WP 287 
1 103 WP 287 

1.6 91 WP 287 
4.5 80 WP 287 

63.8 105 WP 287 
0.3 84 WP 287 
16 97 WP 287 

8 98 Host In-house 

Fuel Analvsis 
Detection Limit 
0 

1.2 
0.25 
0.25 
0.25 
0.5 
1.2 

0.25 
0.1 

0.25 
1.2 

Ash Standard, 
Recoverv % 

111 
108 
85 
101 
107 
99 
103 
100 
101 
89 

Rm) 
12 
< 1  
15 
15 
3 

<1 
3 
16 
<1 
4 

Part I: Site 103 F-6 



Appendix F 

Table F-3 

Summary of Surrogate Recoveries for Semivolatile Organic Analysis 

Number of Mean % Std. Dev. 
Substance Analvses Recovery (% Rec.) 

d10 Acenaphthene 5 146 48 

d10 Anthracene 5 84 6 

d12 Chrysene 5 89 34 

d12 Benzo(a)pyrene 5 94 37 
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Section 1 

INTRODUCTION 

This part of the document summarizes data gathered by Carnot, Inc. (formerly Energy 
Systems Associates) at a California power plant, designated Site 104, during a sampling 
program sponsored by the electric utility. The power plant, a Babcock and Wilcox 
radiant heat boiler, was tested during both residual fuel oil- and natural gas-firing in 
March of 1990. 

The test matrix shown in Table 1-1 lists the substances of interest at this site. The 
primary emphasis of the sampling effort was to collect valid stack emissions data; less 
emphasis was placed on collecting oil and natural gas samples. 

Section 2 of this report briefly describes the plant and sample locations. Section 3 
discusses the analytical results for the fuel oil, natural gas, and flue gas streams sampled 
at the plant. Section 4 contains an evaluation of the sampling and analytical data based 
on traditional QA/QC techniques and engineering calculations. Section 5 presents 
example calculations. The appendices contain raw data, stream concentrations, informa- 
tion on sampling and analytical methods, measured and calculated stream flow rates, 
error propagation equations and examples, and quality assurance/quality control 
(QA/QC) results. 
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Table 1-1 

Summary of Test Matrix for Site 104 

substance 

Inorwnic 

Arsenic 

Barium 

Cadmium 

Chlorine 

Chromium 

Chromium, hexavalent 

Copper 

Lead 

Manganese 

Mercury 

Nickel 

Phosphorus 

Selenium 

kuzene 

Formaldehyde 

Polycyclic Aromatic Hydrocarbons (15) 

Additional 

Heating Value 

UltimatelProximate 

C,.C,Hydrocarbons 

Sulfur Content 
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- Oil Natural Gas Stack Gas 

X 
X 
X 

X 

X 

X 

X 
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X 
X 
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X 

X 

X 
X 

X 

1-2 

X 

X 

X 

X 

X 
X 

X 

X 
X 
X 



Section 2 

SITE DESCRIPTION 

This section presents a description of the test site, Site 104, and gives the locations of the 
sampling points. 

Facility Information 

Site 104 is a steam electric generating unit with a capacity of approximately 350 
megawatts (MW). The boiler operated at a minimum of 96% of the full rated load 
during the test period, and testing was conducted during both 100% oil firing and 100% 
natural gas F i g .  During the testing at Site 104, the unit was operating at a relatively 
consistent load level--between 335 and 342 MW. 

Figure 2-1 shows a process flow diagram of the unit at Site 104. Steam is generated in a 
Babcock and Wilcox radiant reheat boiler that can be fueled by either natural gas or 
residual fuel oil. No emission control devices are located downstream of the boiler. 

The residual oil fuel at this site has a sulfur content of 0.35%, a higher heating value 
(HHV) of approximately 18,800 Btu/lb, and an ash content of 0.03 percent. The natural 
gas fired at Site 104 has a HHV of 22,700 Btu/lb. 

Sampling Locations 

The fuel to the boiler (oil or natural gas) and the flue gas emitted through the stack 
were the two streams sampled in this study. Figure 2-1 shows the locations of the 
sampling points. Brief descriptions of the sampling locations are given below: 

The oil grab samples were collected from the feedlines into the boiler. 

The natural gas analysis was done by a gas chromatograph at a pipeline metering 
station located at the plant boundary. 

Stack gas samples were collected at existing sample ports located in the duct between 
the boiler air preheater and the stack. The duct measured 21.6 feet by 15 feet at the 
sampling location; there were 7 ports per duct. For each isokinetic test, a four-point 
traverse was made at each sample port, providing a 28-point measurement grid. 
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Figure 2-1. Process Flow Diagram for Site 104 
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Section 3 

RESULTS 

This section summarizes the fuel and emitted gas stream data collected at Site 104 
during oil firing. These results were calculated from laboratory and field data reported 
by Carnot. Only formaldehyde and benzene emissions were measured during the firing 
of natural gas; metals, PAHs, benzene, and formaldehyde emissions were measured 
during fuel oil firing. 

Appendix A presents the raw analytical data generated by Carnot and their contracting 
labs during the project. Data processed by Radian Corporation for this report can be 
found in Appendix B. 

Sampling Schedule 

Site 104 was sampled in March 1990. Figure 3-1 shows the sequence of tests performed 
at this site. Samples have been numbered in chronological order. Each fuel type has its 
own unique set of run numbers. The run numbers are shown in Figure 3-1 and the sum- 
mary tables. 

Four collection trains were used to sample the stack gas during oil firing. These trains 
include a Draft EPA Metals Method train for multi-metals, a CARB Method 424 train 
for cadmium, a CARB Method 425 train for total and hexavalent chromium, and a semi- 
VOST (Modified Method 5 )  train for polynuclear aromatic hydrocarbons (PAHs). 
Benzene was collected by CARB Method 4104 and formaldehyde was sampled using 
CARB Method 430 during both natural gas firing and oil firing. Two grab samples of 
the fuel oil were collected during the five-day test period. An on-line gas chromatograph 
analysis was performed on the natural gas feed. 

Appendix C presents the details of the analytical and sampling methods used at this site. 

Data Treatment 

As discussed below, several conventions were developed for treating the test data and 
developing average concentrations of substances in the oil and stack gas streams. 

The convention for correcting the data against the blank results in this group of reports 
was to use the reagent blank analysis results when they were available. If a reagent 
blank analysis was not performed, the field blank results were used to correct the sample 
results. If neither a reagent nor field blank was analyzed, no correcting for blank values 
was done. 
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Results 

Blank Corrections 

At Site 104, metals, cadmium by CARB 424, PAHs, formaldehyde, and chromium by 
CARB 425 were corrected for the reagent blank result, and hexavalent chromium was 
corrected for the field blank result. 

The individual metals run measurements for both the solid and liquid phases were cor- 
rected for the reagent blank analyses. When the blank result was equal to or greater 
than 50% of the uncorrected measurement, the concentration was flagged with a "B." 
When the blank correction resulted in a value less than the detection limit, the concen- 
tration was presented as ND(DL), meaning that the concentration was below the detec- 
tion limit (DL), which is presented in parentheses. The test contractor has defined the 
term "detection limit" as three to five times the instrument detection limit. 

Total Concentrations 

The solid- and vapor-phase concentrations are both considered when determining the 
total gas stream concentration. The absence of detectable concentrations in either 
phase requires that conventions be established for calculating total values. For each 
substance, there are three possible combinations of solid- and vapor-phase concentrations 
in the emitted gas stream: 

a e 1 :  The concentrations in both phases are above the detection limits. 

Case 2 

Case 3: 

The concentrations in both phases are below the detection limits. 

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

For the inorganic substances (other than mercury) measured in this program, stack gas 
stream data from other testing show that most of the material is present in the solid 
phase of the gas stream and that only a small fraction is generally found in the vapor 
phase. Thus, the following conventions were selected for defining total gas stream 
concentrations: 

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

For example, the arsenic (As) concentration in the stack gas is calculated 
as follows for Run 3: 

e 
As in the solid phase = 8.8 pg/Nm 
As in the vapor phase = 2.9 pg/Nm 
Total As in the stack gas = 11.7 pg/Nm 
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Case 2: The total concentration is considered to be the solid-phase detection limit. 

For example, the selenium (Se) concentration in the stack gas is calculated 
as follows for Run 4: 

Se in the solid phase = ND(3.5) pg/Nm 
Se in the vapor phase = ND(2.2) pg/Nm 
Total Se in the stack gas = ND(3.5) pg/Nm 

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

For example, the beryllium (Be) concentration in the stack gas is calculated 
as follows for Run 5: 

Total Be in the solid phase = 0.32 pg/Nm3 
Total Be in the vapor phase = ND(0.05) pg/Nm 
Total Be in the stack gas = 0.32 pg/Nm 

Case 3: 

In historical data and previous FCEM data, mercury has existed primarily in the vapor 
phase. For Case 2, then, the total concentration in the gas stream is considered to be 
the vapor-phase detection limit. For Cases 1 and 3, the conventions are the same as 
those described above. 

The above conventions generally agree with guidance provided by EPA (Technical 
Implementation Document for EPA's Boiler and Furnace Regulations, U.S. Environmen- 
tal Protection Agency, Office of Solid Waste, Washington, D.C., March 1992). 

Average Concentrations 

The following criteria were used to average data from the individual mns. 

When all values are above the detection limit, the arithmetic mean concentration is 
calculated using the reported quantities. 

For results that include values both above and below the detection limit, one-half of 
the DL is used for values below the detection limit to calculate the arithmetic mean. 
For example: 

Analvtical Values Calculation Mean Value 

10, 12, ND(8) (lo+ 12+[8/2])/3 8.7 
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By this convention, the calculated mean cannot be smaller than the largest detection 
limit value. In the following example, the calculated mean is 2.8, which is less than 
the largest detection limit; therefore, the reported mean becomes ND(4). 

When all analytical results are less than the detection limit, the mean is reported as 
ND (the largest detection limit value). 

Fuel Oil and Natural Gas 

Table 3-1 presents the results of the two residual oil fuel analyses. Only chloride, 
chromium, manganese, nickel, and phosphorus were detected in the samples. A mean 
concentration was calculated for each reported substance, along with the 95% confidence 
interval about the mean. The confidence interval is the range about the mean in which 
the true mean lies with a given probability [e.g., it is 95% certain that the true mean 
nickel concentration in the oil is 23 f 13 mg/L (between 10 and 36 mg/L), according to 
the two results shown in Table 3-11. Calculation of the confidence interval is discussed 0 inSection5. 

Natural gas fuel was analyzed for C, through C, hydrocarbons, nitrogen, carbon dioxide, 
and benzene. Benzene was detected at 210 ppmv. The results for the natural gas fuel 
analysis are provided in Appendix D, Table D-1. 

Stack Gas 

Tables 3-2a, 3-2b, and 3-2c present concentration data for the emitted gas at Site 104. 
The probe and nozzle rinse and filter portions (solid phase) from the multi-metals train 
were analyzed separately from the impinger solutions (vapor phase). The solid and 
vapor phase analytical results, corrected for reagent blank values, are presented in 
Tables 3-2a and 3-2b, respectively. The hexavalent chromium concentration was cor- 
rected for the field blank analysis, since a reagent blank was not analyzed. The three 
measured concentrations for each phase are presented, as well as the mean and the 95% 
confidence interval (CI) associated with the mean. 

The reagent blank corrections were fairly significant in some cases. Appendix A presents 
the results of the blank analyses, as well as the test results for each run. 

The total concentrations from each run were averaged (according to the conventions out- 
lined previously) to obtain an overall mean concentration for each measured substance. 
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Table 3-1 

Oil Composition Data for Site 104 

Sample Date 
Mass Flow Rate (lb/hr) 

Volumetric Flow Rate (L/hr) 

Ash (%) 
Sulfur (%) 

Higher Heating Value (Btu/lb) 

Specific Gravity 

Elements (me/L) 

Arsenic 

Beryllium 

Cadmium 
Chloride 

chromium 
Chromium, hexavalent 

Copper 

Lead 

Manganese 

Mercury 

Nickel 

Phosphorus (mg/kg) 
Selenium 

- - 

-1 

3/1/90 
-- 

0.04 

0.31 

18,790 

0.93 1 

ND(l.l) e 

ND(0.2) 

ND(0.2) 

130 

0.28 

ND(0.5) 

ND(0.4) 

ND(l.l) 

0.21 

ND(O.1) 

22 

7.9 

ND(l.l) 

-5 

3/3/90 
-- 

0.02 

0.39 

18,740 

0.932 

ND(l.l) 

ND(0.2) 

ND(0.2) 

130 

0.36 

ND(0.5) 

ND(0.4) 

ND(l.l) 

1.1 

ND(O.l) 

24 

8.8 

ND(l.l) 

a n  

172,700 

84,100 

0.03 

0.35 

18,770 

0.9315 

ND(l.l) 

ND(0.2) 

ND(0.2) 

130 

0.32 

ND(0.5) 

ND(0.4) 

ND(l.l) 

0.66 

ND(O.1) 

23 

8.4 

ND(l.l) 

95% CI' 

8,800 

4,300 

0.13 

0.57 

320 

0.0064 

T I  = Confidence interval. 

Flow rate is an average of five measurements taken over a five-day period at or near full load. b 

'ND indicates that the concentration is below the detection limit; the detection h i t  is shown in parentheses. 
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0 Table 3-2c presents the total concentrations measured for each run, as well as the mean 
and 95% CI associated with the total value. The sampling methods cited for total 
chromium and PAHs indicate that the solid and vapor fractions were collected; however, 
the fractions were not analyzed separately. For these substances, the results are pre- 
sented only as a total value. Several of the PAHs were not detected in the stack gas at a 
detection limit of 0.01 pg/Nm3. 

Table 3-3 compares volatile organic emissions from the same boiler fired by two differ- 
ent fuels--residual oil and natural gas. Benzene was not detected while firing either fuel. 
When the boiler was fired by natural gas, a relatively high formaldehyde level in the 
reagent blank resulted in only one blank-corrected formaldehyde concentration being 
above the detection limit. Formaldehyde was detected in two of the samples during the 
oil-firing test. 

Appendix D, Table D-2, presents additional sampling information, including stream flow 
rates, unit load, stack gas characterization data, stack temperatures, and the degree of 
isokinetic sampling. 

Table 3-4 presents the average unit-energy-based emission factors expressed as pounds of 
substance emitted per 10 Btu put into the boiler. The emission factors were calculated 
from the total mean stack gas concentrations shown in Tables 3-2c and 3-3. Section 5 
contains an example calculation of this factor. e 
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Table 3-3 

Volatile Organic Stack Emissions at Site 104 
Residual Oil and Natural Gas Firing 

Volatile 
O m n i c  Comuonnds -8 - Run 9 -0 - Mean 95% CI 

Residual Oil F- 
Stack Flow Rate: lJ60,oOO Nm '/hr 
Benzene @g/Nm ') ND(3ab ND(3.9 ND(3.5) ND(3.9 __ 

-1 -2 -4 

Stack Flow Rate: (Nm '/hr) 957,000 957,000 1,@Nm 998,000 176,000 

Formaldehyde' @g/Nm3) 447 295 ND(8) Bd 249 559 

Run 3 -1 -2 - 
a Natural Gas Firing 

Stack Flow Rate: 1,130,oOO Nm '/hr 
Benzene @g/Nm ') w 3 5 )  w 3 5 )  ND(35) w 3 . 9  __ 
Formaldehyde' @g/Nm') ND(9) B ND(9) B S O B  u) 109 

'CI = Confidence interval. 

bND indicates that the concentration is below the detection limit, which is shown in parentheses. 

'A reagent blank analysis was performed and used to correct the sample results. 

dB indicates that the blank measurement is equal to or greater than 50% of the uncorrected sample 
measurement. Refer to Table A-1 in Appendiv A for a comparison of sample and blank results. 

Part II: Site 104 3-12 



Results 

Table 3 4  

Stack Gas Emission Factors at Site 104 
(lb/10 '' Btu) 

substance 
Elements 
Arsenic 
Beryllium 
cadmium , 

chromium 
Chromium, hexavalent 

Copper 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 
Polvnuclear Aromatic Hvdrocarbons 
Acenaphthene 
Acenaphthylene 
Anthracene 
Beuz(a)anthracene 
Benzo(a)pyrene 
Ben@ + k)fluoranthene 
Benzo(g,h,i)perylene 
Chrysene 
Dibenz(a,h)anthracene 
Fluoranthene 
Fluorene 
Indene( 1,2,3-~,d)perylene 
Naphthalene 
Phenanthrene 
Pyrene 
Volatile Oreanic Comwunds 
W e  
Formaldehyde 

Volatile Oreanic Comwunds 
Benzene 
Formaldehyde 

Residual Oil Firing 
Mean 95% CI' 

6.5 
0.17 
0.62 

3 
ND(0.06) 

6.8 
ND(1.6) 

22 
ND(12) 

364 
ND(3.5) 

0.1 
ND(O.01) 
ND(O.01) 
ND(O.01) 
ND(O.01) 
ND(O.01) 
ND(O.01) 
ND(O.01) 
ND(O.01) 
ND(O.01) 

0.014 
ND(O.01) 

4.3 
0.01 1 

ND(O.01) 

ND(2.5) 
169 

6.4 
0.33 
0.39 

2.6 
- 
11 
__ 

173 
- 

763 

-- 
381 

Natural Gas Firing 
Mean 95% CI' 

ND(2.3) 
2s 

'CI = Coddence interval. 
bND indicates that the concentration is below the detection limit (expressed as lb/10 '* Btu), which is shown 
in parentheses. 
'Insufficient fuel gas flow rate data to calculate CI. 
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Section 4 

DATA EVALUATION 

Several procedures can be used to evaluate the information developed during a field 
sampling program. In the case of Site 104, two methods were used to evaluate data 
quality. First, and most important, was evaluation of the traditional QA/QC protocol for 
the sampling and analytical procedures used at Site 104, Le., equipment calibration and 
leak checks, duplicates, blanks, spikes, etc. Site 104 QA/QC data are compared to 
FCEM project objectives for similar QA/QC procedures. The second data assessment 
tool involves calculating material balances around the entire plant for various substances. 
Material balances involve the summation and comparison of mass flow rates in several 
streams that are often sampled and analyzed by different methods. Good agreement, 
Le., closure within an acceptable range, can be used as an indicator of accurate results 
for streams that contribute a significant amount to the overall inlet or outlet mass rate. 

Evaluation of Measurement Data Quality 

An evaluation of the quality of the measurement data is based on quality control data 
obtained experimentally during the sampling and analysis process. Generally, the type of 
quality information obtained pertains to measurement precision, accuracy, and blank 
effects, evaluated 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 gene- 
rated at different stages to isolate and measure sources of variability. The QA/QC 
measures commonly used as part of the FCEM data assessment protocol, and the charac- 
teristic information obtained are summarized in Table 4-1. The absence of any of these 
types of quality control checks does not necessarily reflect poorly on the quality of the 
data, but limits the ability to measure the various components of measurement error. 

0 

As indicated in the table, different QC checks provide different types of information, 
particularly pertaining to the source of inaccuracy, imprecision, and blank effects. As 
part of the FCEM project, measurement precision and accuracy are typically estimated 
from QC indicators that cover as much of the total sampling and analytical process as 
feasible. Estimates of precision and accuracy are primarily based on the actual sample 
matrix. For purposes of comparability, the actual precision and accuracy estimates 
obtained experimentally during the test programs are compared with Data Quality 
Objectives (DQOs) established for the FCEM project. 

a 
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Table el 
Types of Quality Control Samples 

OC ACtivitv 

Precision 

Replicate samples collected over time under 
the same conditions 

Duplicate field samples collected 
simultaneously 

Duplicate analyses of a single sample 

Matrix- or media-spiked duplicates 

Laboratory control sample duplicates 

Surrogate-spiked sample sets 

Matrix-spiked samples 

Media-spiked samples 

Surrogate-spiked samples 

Laboratory control samples (La) 

Blank Effects 

Field Blank 

Trip Blank 

Method Blank 

Reagent Blank 

Characteristic M e a s d  

Total variability, including process or temporal, 
sampling, and analytical. 

Sampling plus analytical variability at the actual sample 
concentrations. 

Analytical variability at the actual sample 
concentrations. 

Sampling plus analytical variability at an established 
concentration. 

Analytical variability in the absence of sample matrix 
effects. 

Analytical variability in the sample matrix but an 
established concentration. 

Analyte recovery in the sample matrix, indicating 
possible matrix interferences and other effects. In a 
single sample, includes both random error (imprecision) 
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 efficacy. 

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

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

Blank effects 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. 
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Data Evaluation 

0 These objectives are not intended to be used as validation criteria but as empirical 
estimates of the precision and accuracy that would be expected from existing reference 
measurement methods and that would be considered acceptable. The precision and 
accuracy measurements are not necessarily derived from analyses of the same types of 
samples being investigated. Although analytical precision and accuracy are relatively 
easy to control and quantify, sampling precision and accuracy are unique to each site and 
each sample matrix. Data that do not meet these objectives are by no means unaccept- 
able. Rather, the intent is to document the precision and accuracy actually obtained, and 
the objectives serve as a benchmark for comparison. The effect of not meeting the 
objectives should be considered in light of the intended use of the data. 

Analytical Quality Control Results 

Table 4-2 presents types of quality control data reported for this site. The results of 
these analyses appear in Appendix F. Table 4-3 summarizes the precision and accuracy 
estimates. 

Based on the quality control data evaluated, there is reason to conclude that the data 
reported are acceptable, except for the following: 

The metals sample for Run 5 was contaminated with Kh4n04, according to the 
Carnot report. This indicates that the manganese results for Run 5 are not valid. 

High blank values for several PAHs, metals, and volatiles analytes may indicate 
suspect results. 

0 

A discussion of the precision, and accuracy is presented below for each measurement 
type, followed by a review stack gas sampling quality control data review, which includes 
discussions of representativeness, comparability, and completeness. 

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

Accuracy is a measure of the deviation from a measurement result and the "true" or 
expected value. In a single measurement, accuracy includes components of both random 
error, or imprecision, and systematic error, or bias. The average of several accuracy 
values tends toward a limiting mean, which is a measure of the bias, or persistent posi- 
tive or negative deviation from the "true" value. 

The efficiency of the analytical procedure in the sample matrix is quantified by the analy- 
sis of spiked samples containing target or indicator analytes and/or other quality 
assurance measures, as necessary. While spiked samples usually provide a measure of 
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0 accuracy or bias at medium concentration levels, expressed as precent recovery, blank 
samples also provide a measure of bias, although at low or near-detection levels. 

Representativeness expresses the degree to which the 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 were properly selected and that a sufficient 
number of samples were collected. 

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 by using standard techniques to collect and analyze representative samples and 
by reporting analytical results in appropriate units. Data sets can be compared with 
confidence when the precision and accuracy are known. 

Completeness is an expression of the number of valid measurements obtained, compared 
with the number planned for a given study. The goal is to generate a sufficient amount 
of valid data. 

Metals 

Precision. Table 4-3 gives the precision estimates for metals analyses. For Site 104, 
precision was estimated using duplicate laboratory analyses. Laboratory duplicate results 
give an estimate of precision based on laboratory variability alone, and Table 4-3 pre- 
sents precision objectives for sampling plus analytical variability. Although there was no 
way to evaluate sampling variability at this site, analytical variability generally seemed to 
be within the stated objectives for fuel oil and stack gas. The only exception to this was 
mercury measured in the fuel oil. The relative percent difference (RPD) for the sample 
and duplicate was 24%, slightly outside the acceptance criteria of 20 percent. The RPD 
for mercury measurements in the stack gases were well within the acceptance criteria. 
Therefore, this exception should not be of significant concern. 

Measurement data for replicate runs for oil analyses (shown in Table 3-1) show good 
overall repeatability. In general, the replicate runs show good overall repeatability for 
trace metal analyses in the stack gas, with the following exceptions: 

0 

Lead had one value (Run 3) a factor of three lower than the other measured 
parameters. Before being corrected for the blank value, these values measured were 
well above the detection limit for lead. These values occurred in the front filter and 
probe/nozzle wash only; the reagent and filter blank values were high for lead. 

Values measured for manganese were not consistent from run to run and differed by 
orders of magnitude, although all values measured were well above the detection 
limit. This occurred in both the vapor and particulate sample fractions. However, 
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analytical notes indicate that the sample from Run 5 was contaminated with Kh4n04; 
therefore, the results for manganese for Run 5 should not be considered valid. 

Nickel values were not consistent from run to run, and the trends observed in the 
impinger catch measurements were not duplicated in the front filter and probe/noz- 
zle sample fractions. The values were all measured at levels above the detection 
limit for nickel. Field blank results for this data set were high for both the vapor and 
particulate fractions. 

Selenium values measured in the particulate fraction were higher during Run 3 than 
during the other runs; however, the field blank measured for that set was also high. 

Precision estimates are best made for samples measured at concentrations similar to 
average sample concentrations. This is important because the precision of a measure- 
ment will change as the concentration in the sample approaches the detection limit for 
that method. Because of the variability in replicate run data, the analytical duplicates 
may not always accurately reflect variability for all of the lead, manganese, nickel, and 
selenium results. 

It is not clear whether differences in replicate run concentrations were due to changes in 
process conditions between test runs or sampling variability. These variations, which 
indicate the range of concentrations possible in the stream, should be considered when 
using these data No data exist to support the conclusion that the measured values 
reflect anything other than normal process stream variations. 

At low levels, measured near the detection limit (e.g., cadmium and beryllium), the abso- 
lute difference between replicate values was small, whereas the relative differences were 
large. This would be expected for measured values that approach zero. The data should 
not be affected by this. 

Accuracy. Accuracy estimates for metals analyses, shown in Table 4-3, are based on 
matrix spike recovery data. Generally, metal recoveries were within the accuracy objec- 
tive shown. The only exception was the recovery of arsenic in the particulate stream of 
the stack gas, where the recovery was 74 percent. This recovery is very close to the mini- 
mum acceptance criteria (75%); however, this exception should not be of significant 
concern. 

Blanks. In general, reagent blanks and field blanks were taken for stack gas metals; 
however, no blanks were taken for fuel oil analyses. Levels measured in the blanks 
varied from "not detected to up to hundreds of times the detection limit (for nickel). 
For the several compounds listed below, field and reagent blank contamination occurred 
at or near the concentration measured for the following compounds: 
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0 Cadmium; 

Chromium (VI); 

Copper; 

Lead; 

Manganese; and 

' Nickel. 

High blank values generally indicate bias in the data. At Site 104, one reagent blank 
and one field blank were taken for the metals. Reagent blanks indicate the blank effects 
of the reagents used, but they may also indicate blank effects that arise during analysis. 
Field blanks reflect total sampling and analytical effects. The level of blank contamina- 
tion for the metals listed above would indicate some bias (high) in the data; however, the 
number of blanks values measured does not allow this bias to be quantitated. 

PAHs 

Precision. The only data available to estimate precision for PAH measurements at Site 
104 are replicate run analyses, Although replicate runs reflect both sampling and analy- 
tical variability (as specified by the precision objectives noted in Table 4-3), they also 
reflect changes in the process conditions. The data for replicate runs show good overall 
repeatability. At very low concentrations (near the detection limit) the absolute differ- 
ence between measured values was small, although the relative difference was large. . 
This is expected as the measured values approach zero. In general, we can conclude that 
precision objectives for PAHs have been met. 

Accuracy. Table 4-3 lists the accuracy estimates for PAHs. Recoveries for PAHs at 
Site 104 ranged from 54-130%, which is well within specifications, indicating that the 
data met specifications and can be considered valid. 

Blanks. Field blanks showed less than detection limit concentrations for all but phenan- 
threne and anthracene. For those compounds, the concentrations in the blanks were at 
least half the concentrations in the sample. This may indicate sampling, analytical, or 
media contamination, and it could indicate some positive bias in the data for those 
compounds. However, the quantity of data does not allow a qualitative determination of 
the contribution of bias in these samples. 

0 
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Volatile Compounds 

Precision. Both benzene and formaldehyde were measured at Site 104. The only data 
available for evaluating the precision of benzene measurements are replicate run 
analyses. The results of the replicate run analyses were below the detection limits for all 
samples measured for Site 104. This indicates consistent results across replicate runs. 

The precision of formaldehyde results was estimated by calculating the RPD for a matrix 
spike/ matrix spike duplicate pair. In this case, the RPD was 26%, which compares 
favorably with the precision objective of 40% RPD. 

Accuracy. No data were generated to evaluate the accuracy of the benzene data; there- 
fore, there is no basis for concluding that the benzene values at Site 104 are invalid. 

Matrix spike, matrix spike duplicate results were used to determine the accuracy of the 
formaldehyde results. This type of spike provides information relating to matrix and 
other effects. The objectives for formaldehyde recoveq are 50-150%, and matrix 
spike/matrix spike duplicates for Site 104 were 86 and 112%, well within the data quality 
objectives. 

e 

Blanks. No blanks were submitted with the samples analyzed for benzene. The reagent 
blanks analyzed for formaldehyde showed concentrations close to those found in the 
samples, which may indicate a positive bias in the formaldehyde data, although this bias 
cannot be quantitated with available data. 

Stack Gas Sampling Quality Control 

Sampling quality control was addressed in a summary of the quality assurance program 
used by Carnot and in a letter of certification from the California Air Resources Board. 
Also included were calibration records for the dry gas meters, a table outlining the 
schedule, and procedures used to calibrate these and other equipment, and CEM stan- 
dard certification sheets. 

Sampling precision can be estimated by comparing the results for various parameters of 
the replicate samples, notably velocity, moisture content, and gas composition. These 
were fairly constant for each sample location. 

Sampling accuracy is usually assumed from the calibration and proper operation of the 
equipment and from historical validation of the methods. Field blanks are used to cor- 
rect for any biases that may be caused by Contamination of the equipment or location or 
operator errors. Blanks were included for all tests except the CARB 410 (benzenes), 
which are grab bag samples. 
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0 The representativeness of sampling depends on precision and accuracy and also on the 
characteristics of the sampling locations. The sampling location, on the inlet duct to the 
stack, was not ideal in terms of undisturbed flow distances upstream and downstream of 
the ports, but a large enough number (28) of traverse points were used to ensure repre- 
sentativeness. The isokinetic variation is a measure of the operational performance of 
sampling for particulate matter and can be used to indicate precision, with consequences 
for representativeness. All of the sampling runs met the acceptance criteria for iso- 
kinetic variation. Corrections for blank artifacts are discussed in Section 3. Lead, 
manganese, nickel, and selenium concentrations varied by run; however, other samples 
gave no indication of process upsets. These concentration variations may reveal the 
natural range of possible concentrations for these analytes. The QC data presented here 
give reason for concluding that most of the data are representative. Specific exceptions 
to this are noted in the preceeding discussions. 

Sampling comparability depends on the representativeness of the samples and on the use 
of standard methods consistently applied. The CARB 430 method for aldehydes is a 
single-point, nonisokinetic, midget impinger procedure analogous to the EPA Boilers and 
Industrial Furnaces (BIF) Method 0011, using the same acidified 2,4-dstro- 
phenylhydrazine reagent for collection and HPLC for analysis. The CARB 429-EPA 
MMS/M23 method for semivolatile organic compounds, dioxins, and furans is well 
established for both sampling and analysis. The EPA multi-metals procedure is still in 
the evaluation process but is becoming widely accepted and is documented enough to be 
considered a standard method. This particular test used an in-stack filter system instead 
of the heated external type described in the method, but the filter holder was Teflon 
lined and the filter itself was Teflon coated to minimize interferences and contamination. 
CARB 425 for total and hexavalent chromium is somewhat similar to the current 
EPA/BIF hexavalent chromium method in terms of collection medium and analytical 
procedures, although in this test a sodium bicarbonate solution was used instead of the 
caustic. CARB 410 for benzene is the same as the EPA Method 18 procedure for 
sampling with a rigid container that is evacuated to fill a bag. 

Sampling completeness is mainly a function of generating the requisite number of 
samples and proper documentation. In particular, the data necessary for calculating the 
results, including the calibration of the equipment and all pertinent entries on the run 
data sheets, should be present. Calibration data provided in this report were adequate, 
and sampling sheets were acceptably filled out. The necessary number of samples were 
successfully taken and sample custody was transferred properly to the analytical laborato- 
ries. One manganese concentration (Run 5) should be considered invalid because of 
contamination of the sample; however, no other significant data losses were reported. 
Triplicate mns were performed for stack gas measurements, consistent with the standard 
FCEM approach. Only two samples of fuel oil and one of natural gas were collected. 

0 
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Material Balance Results 

The streams considered in the material balance for Site 104 were the fuel oil as input 
and the flue gas as output. Stream flow rates and concentrations, as well as the bias and 
precision errors associated with these measurements, were entered into a statistical error 
propagation model to estimate the overall material balance closure. A detailed discus- 
sion of the statistical error propagation analysis appears in Appendix E. 

Material balance closure is defined as the ratio of outlet to inlet mass. A 100% closure 
indicates perfect agreement between inlet and outlet mass flow rates. When trace sub- 
stances are analyzed, closures of between 70% and 130% have been set as a goal for the 
FCEM project--a range that reflects a typical level of analytical uncertainty. Closures 
within this range indicate that inlet and outlet stream mass rates are statistically equiva- 
lent. Poor closure may indicate measurement problems in one or more of the sample 
matrices. 

The measured oil flow rate was compared with the generating capacity heat input using 
the oil flow rate, "V, and an efficiency of 30 percent. The flow rate and generating 
capacity were in good agreement. Both the oil and stack gas flow rates have small 
confidence intervals, indicating good precision in their measurements. 

0 Table 4-4 presents the chromium, manganese, and nickel material balance closures and 
the error propagation analysis results. None of the mean closure values were in the 
desired range, although the uncertainty term for two of the substances encompass the 
range. Material balances were not calculated for other elements because the concentra- 
tions in the fuel oil were below detection limits. An ash balance could not be performed 
because particulate loadings were not measured in the stack gas. 

Chromium 

The material balance closure for chromium, 22 f 13%, is outside of the desired range. 
The QA/QC checks for these elements in both the fuel and stack gas show accurate 
spike recoveries. The results for chromium in the fuel oil (0.28 to 0.36 mg/L) were near 
the detection limit of 0.2 mg/L. 

Manganese 

The material balance closure, 57 
The impinger for Run 5 was contaminated with KMnO,; therefore, the mean manganese 
concentration was calculated from the results of the other two test runs. The measured 
flue gas concentrations of manganese are highly variable, leading to a large 95% CI. 
The matrix spike recoveries are acceptable for both the solid- and vapor-phase analyses. 
The spike recovery of manganese in the fuel oil was good (102%). 

190%, is nominally outside of the desired range. 
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Table 4-4 

Material Balance Closure Results for Site 104 

Substance Mean Closure (%) 95% CI a 

Chromium 
Manganese 

Nickel 

22 

57 

28 

13 

190 

58 

‘CI = Confidence interval. 
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the desired range. Both 
the solid phase and gas concentrations for Run’4 were an order of magnitude lower than 
the values for Runs 3 and 5. The spike recoveries were within acceptable limits for the 
fuel oil and stack gas samples. 

The ni~..,. mater dance closure. 28 + 58%. is outside o 
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Section 5 

EXAMPLE CALCULATIONS 

This section describes the methodology and sample calculations used to develop the 
results discussed in Sections 3 and 4. Specifically, the calculations of detected concentra- 
tions, unit-energy-based results, and confidence intervals are described. 

Concentration Calculations 

The concentrations presented in this report were calculated from raw data in the Carnot 
report. The gas concentration is calculated as follows: 

(M - B) * 35.3 * - 520 
SV * F 492 

C =  

a where: 

C = Concentration, p g/Nm 

M = 

B = 

SV = 

F = 

35.3 = 

- 520 = 
492 

Mass measured in the sample, p g  

Mass measured in the blank (reagent or field), p g  

Sample volume (at 68"F), dsd 

Sample correction factor (see below) 

Conversion of ft3 to m3 (standard) 

Temperature correction for normal conditions, i.e., 32°F 
(60" F to 32" F) 

The sample correction factor depends on the specific analytical procedure where: 

F = 0.95 for the multi-metals train since 5% of the sample was removed for mercury 
analysis. 

F = 1.0 for mercury, cadmium (by CARB 424), benzene, formaldehyde, and PAHs. 
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0 F = 0.5 for total and hexavalent chromium since one-half of the sample was used for 
each analysis. 

Note that the mercury results were corrected for the sample aliquot in the analytical 
reports prepared by the lab. All concentrations are presented under normal conditions 
(32”F, 1 atm). 

Unit Energy Calculations 

The unit-energy-based emission factors (Table 3-4) were determined from the mass flow 
rate of a substance being emitted, divided by the fuel heat input to the boiler during 
testing. 

The unit-energy-based emission factor during oil firing is calculated from the following 
equation: 

E =  * * 2202.6 
HHV * oil 

where: 
E = Mean stack emission factor, lb/10 I’ Btu 

g = Mean flue gas flow rate, Nm3/hr 

C = Mean total flue gas concentration, pg/Nm3 

HHV = Mean oil higher heating value, Btu/lb 

Oil = Mean oil feed rate, lb/hr 

~ 

2202.6 = Mass conversion coefficient, lb/lO’’pg 

Nickel will be used for this example. The following mean values were taken from Tables 
3-1 and 3-2~: 

g = 1,060,000 Nm3/hr 

C - - 505 pg/Nm3 

HHV = 18,770 Btu/lb 

Oil = 172,700 lb/hr 
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The emission factor for nickel is calculated from Equation 5-2 

1,060,000 * 505 * 2202.6 = 364 lb/l,p Btu E =  
18,770 * 173,000 

During natural gas firing, the emission factor equation is: 

E =  * * 2202.6 
h 

(5-3) 

where: 

h = Heat input (estimated by Carnot), Btu/hr 

Confidence Interval Calculations 

Confidence intervals (CIS) were calculated for the total mean concentrations in the stack 
gas and oil streams. In addition, confidence intervals were determined for the stack gas 
emission factors presented in Table 3-4, as well as for the material balance closures. 
Additional information about the CI calculations can be found in Appendix E. 

CIS for Stream Concentrations 

The 95% CI about the total mean for simple linear addition can be found by: 

where: 

urTOT = 95% CI for the total mean 

8 ,  = Bias component 

0 
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t =  Student's "t" factor for 97.5 percentile (one-tail) and N-1 degrees of 
freedom 

S,= 

N =  Number of measurements 

Standard deviation of the individual run measurements 

The bias component for the mean is found by root-sum-squaring the bias error from 
-each run and the sensitivity of that run to the mean: 

where: 

Individual bias for each run m 

Sensitivity to the run m = 1/N 

- 8 ,  - 
6, - - 

The individual bias is equal to one-half the detection limit for concentrations below the 
detection limit. Zero bias is assumed for detected quantities. 

The following concentrations (pg/Nm '), taken from Tables 3-2a, 3-2b, and 3-2c, will be 
used to demonstrate the method for calculating the 95% CI: 

Substance Fraction -3 -4 -5 
Arsenic Solid Phase 8.8 3.8 7.7 
Arsenic Vapor Phase 2.9 1.3 2.8 

Acenaphthene Total 
-6 -7 -8 

0.16 0.24 ND(0.012) 

The calculation of the total arsenic concentration for each run is based on the method 
described in Section 3 (addition of solid and vapor phases). The results are presented 
below: 
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Standard 
Substance -3 -4 -5 Mean Deviation 

Arsenic 12 5.1 10 9.0 2.6 

The 95% confidence interval is calculated by inserting the following values into Equation 
5-4: 

8 ,  = 0 (no values below the detection limit) 

t =  4.3 

s,  = 2.6 

N =  3 

The 95% CI (U for the total arsenic concentration is 9 pg/Nm ’. 
The 95% confidence interval for acenaphthene is calculated the same way. Since the 
concentration for Run 15 is below the detection limit, the bias component is not zero. 
The individual bias, j3 p ,  for each run is: 

-6 -7 -8 

8 ,  0 0 0.006 

The bias component is then calculated from Equation 5-5, using these values. In this 
example, the sensitivity is 0.33 or 1/3. 

= 0.002 

The standard deviation ( S  r )  calculated from the three individual acenaphthene con- 
centrations is 0.119. Substituting these values into Equation 5-4, 
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= 0.30pg/Nm3 

CIS for Emission Factors and Material Balance Closures 

The 95% CIS for the emission factors and material balance closures were calculated 
using the equations presented in Appendix E. Appendix E also contains a sample 
calculation for the 95% CI around an emission factor. 

Part II: Site 104 5-6 



Appendix A 

Analytical Data from the Carnot Report 
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Table A-1 presents the test results for each run, as well as the results of the blank 
analyses. Blanks were analyzed for metals in both the solid and vapor phase fractions. 
A field blank and method analysis was performed for PAHs. 
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Table A-1 

Results of the Sample, Field Blank, and 
Reagent Blank Analyses for FCEM Site 104 

Mass Measured Field 
in the Samde (rra Blank ha 

Qil Firing 
Individual Samuline Train 
Gas Sample Volume, Nm 
Cadmium 

Gas Sample Volume, Nm 
Chromium+6 (particulate) 
Chromium+6 (vapor) 
Chromium 

Elements. Multi-metals 
Gas Sample Volume, Nm 

Vapor Phase 
Arsenic 
Beryllium 
cadmium 
Copper 
Lead 
Manganese 
Mercury" 

Nickel 
Selenium 

Solid Phase 

Arsenic 
Beryllium 
cadmium 
Copper 
Lead 
M w g m e c e  
Mercury 
Nickel 
Selenium 

-5 

1.303 
2.00 

1.321 
1.72 

ND(0.69) 
9.5 

-3 

1.254 

3.8 

036 
9.1 
1.7 
21 

ND(0.06) 

ND(37) 
ND(1.7) 

3.9 
ND(2.8) 

12.5 
038 
0.68 

19 
8.3 
36 

900 
8.2 

ND(14) 

-6 

1.299 
1.00 

1303 
ND(l.l) * 

-- 
12.5 

-4 

1302 

2 

0.94 
6.6 
2.0 
8.4 

ND(O.06) 

ND(42) 
ND(1.2) 

2 3  
ND(2.8) 

6.7 

059 
19 
25 

9.8 

ND(O.06) 

ND(3.1) 

1.295 
0.40 

ND(0.73) 
9.0 

-6 

1.232 

3.6 

3.52 
3.56 

_- 

~~ W 0 . w  
ND(O.06) ND(O.06) 

0.98 1.1 
4.9 4.6 
1.6 3.1 

290b 3.0 
ND(46) ND(37) 
ND(1.4) ND(13) 

87 31 
ND(2.8) ND(2.8) 

11 
0.42 

ND(0.41) 
9.8 
40 
13 

780 
ND(4.1) 

NDW) 

5 
0.46 
13 
18 
36 
86 

900 
6 

ND(W 

Reagent 
Blank (Ira 

__ 
-_ 

3.0 

038 
ND(0.06) 

0.14 
2.5 
6.4 

ND(0.62) 
NRW) 
NR(2.0) 

1.4 
NR(3.1) 

2 

ND(0.41) 
8.9 
35 
4.2 

ND(O.07) 

14 
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Table A-1 (Continued) 

Mass Detectsd (u& 

- PAHS 
Gas Sample Volume, Nm ' 
Naphthalene 
Acenaphthylene 
Acenaphthene 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Chrysene 
Benz(a)anthracene 
Benzo@ t k)fluoranthene 
Benzo(a)pyrene 
Ideno(l,2,3-~,d)pyrene 
Dibenz(a,h)anthracene 
Benzo(g,h,i)perylene 

Volatile Organics -1 Run2 &4 

Gas Sample Volume, Nm ' 0.011 0.018 0.019 
Formaldehyde 7.78 0.88 0.87 

Field 
Blank (ug) 

3.415 

Natural Gas Firing 

Gas Sample Volume, Nm ' 0.0265 0.0276 0.0247 
Volatile Organics -1 m 2  -3 

Formaldehyde 0.95 2.9 4.84 3.415 
Benzene ND(1.0) ND(1.0) ND(1.0) 

Reagent 
Blank GP) 

21 

1.4 
0.49 
0.1 

0.073 
0.026 

ND(O.025) 

ND(O.025) 

'Particulate and vapor fractions were combined before analysis. Reported result is total Cr +6. 

bImpinger was contaminated by KMnO,, according to the Carnot report. 

'Two impingers analyzed for mercury--the standard multi-metals train impinger and the potassium 
permanganate impinger. 

2.86 

2.86 
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individual Stream Concentrations 
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This appendix presents the results from the Site 104 sampling event in March 1990. 
Tables B-1 and B-2 present the concentrations of the substances measured at Site 104 

during residual oil firing and natural gas firing, respectively. The analytical methods 

used to determine these results are also gken. 

The concentrations were corrected from the raw analytical data presented in the Carnot 

report, which are shown in Appendix A. These concentrations are corrected for the 
reagent or field blank analysis, when appropriate. Section 3 presents details of which 

samples were corrected for the reagent blank analysis and the field blank analysis. 

The " B  flag indicates that the blank measurement is equal to or greater than 50% of the 

uncorrected sample measurement. The "<" flag indicates that the concentration is below 

the detection limit. In this case, the concentration is presented as the detection limit. 

The stack (emitted) gas at Site 104 was sampled for cadmium by two different methods-- 
Draft EPA Metals Method and CARB Method 424. The results for the CARB Method 

424 test are presented as "Emitted gas, alternate." 
@ 
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Detailed Sample Collection, Preparation, and Analysis Information 
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Stream Sampling Methods 

SamDlig Stream Collection Method 

Stack Gas Draft EPA Metals Method 

CARB Method 424 

CARB Method 425 

Oil 

CARB Method 410A 

CARB Method 429 

CARB Method 430 

Grab 

Substance Measured 

Metals 

Cadmium 

Total and Hexavalent 
chromium 

Benzene 

PAH 

Formaldehyde 

Metals 
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Table C-2 

Summary of Preparation Procedures and Analytical 
Methods Used to Measure Inorganic Components Measured in the Flue Gas 

Comuonent Method Reference 
FCEM Target Elements by Graphite 
Furnace Atomic Absorution Suectrouhotometrv (GFAAS) 
Preparation 

Analysis by GFAAS 

FCEM Target Elements bv name Atomic Absorution 
Suectrovhotometrv M A S )  
Preparation 

Analysis by Flame AAS 

Acid Digestion for Filters 

Arsenic 

Add Digestion for Filters 

chromium 
Cadmium' 

FCEM Tarcet Elements bv Cold Vauor Atomic Absorution 
Suectrouhotometrv (CVAAS) 
Preparation 

Acid Digestion for Filters 
Analysis by C V M S  

Mercury 
FCEM Target Elements by Inductively Coupled Argon 
Plasma Emission Suectrometrv (ICP-AES) 
Preparation 

Analysis by ICP-AES 
Add Digestion for Filters 

Beryllium 
Cadmium 
Copper 
Lead 
Manganese 
Nickel 
Selenium 

FCEM Taieet Elemciits bv IOU Chromatorraohv (IC) 
Preparation 

Analysis by IC 
Extraction by Alkaline Solution 

Hexavalent Chromium 

'Imphger analyses for multi-metals train, total analyses for CARB 422 train. 
bFilter analyses for CARB 422 train. 

Part II: Site 104 c-4 

EPA Draft Metals Method 

EPA Method 7060 

EPA Draft Metals Method 

EPA Method 7190 

~ 

EPA Draft Metals Method 

EPA Method 7470 

EPA Draft Metals Method 
EPA Method 6010 

CARB Method 425 



Appendbc C 

Table C-3 

Summary of Preparation Procedures and Analytical 
Methods Used to Measure Organic Compounds in the Flue Gas 

Comoonent Method Reference 

Benzene 
Sample Collection 

Analysis by Gas Chromatography/PhotoIonization 
Detector (GC/PID) 

Formaldehvde 
Sample Collection 

Analysis by High Performance Liquid Chromatogrphy 

Tedlar Bags CARB Method 410 
CARB Method 410 

DNPH Impinger CARB Method 430 
CARB Method 430 

WE) 
Polvnuclear Aromatic Hvdrocarbons (PAHs) 
Sample Collection 

Modified Method 5 CARB Method 429 
Preparation 

Soxhlet Extraction CARB Method 429 
Analysis by GC/MS CARB Method 429 

Naphthalene 
Acenaphthylene 
Acenaphthene 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Chrysene 
Benz(a)anthracene 
Benzo(b + k)fluoranthene 
Benzo(a)pyrene 
Indeno( 1,2,3-c,d)pyrene 
Dibenz(a,h)&thracene 
Benzo(g,h,i)perylene 
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Table C-4 

Preparation Methods and Chemical Analysis 
Methods Applied to Oil for Site 104 

Substance 
FCEM Target Elements 

Arsenic 
Beryllium 
Cadmium 
Chloride 
Chromium 
Chromium, hexavalent 
Copper 
Lead 

Manganese 
Mercury 
Nickel ~ 

Selenium 

Method Reference 

EPA Method 6010, ICP-AES 
EPA Method 6010, ICP-AES 
EPA Method 6010, ICP-AES 

EPA Method 6010, ICP-AES 
EPA Method 6010, ICP-AES 
EPA Method 6010, ICP-AES 
EPA Method 6010, ICP-AES 
EPA Method 6010, ICP-AES 
EPA Method 6010, ICP-AES 
EPA Method 6010, ICP-AES 
EPA Method 6010, ICP-AES 

ASTM D808-87 
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Process Stream Flow Rates 
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Table D-1 

Natural Gas Analysis March 6, 1990 

a HHV = 1036.0 B W r f  

Fuel factor (60°F) = 8,456 dscf/106Btu C.3 0% 4. 

Molecular weight = 17.34 lbllbrnole. 

Volume 5% 

92.702 

4.172 

0.634 

0.043 

0.053 
0.017 

0.013 

0.021 

1.399 

0.954 
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Table D-2 

Process Stream Flow Rates, Stack Gas Characterization Data, 
Unit Operating Load, and Degree of lsokinetic Sampling 

Stream 

Residual Oil Firing 
Stack Gas 
Benzene 
Flow Rate 

Formaldehvde 
Flow Rate 

Natural Gas Firing 
Stack Gas 
Benzene 
Flow Rate 

Formaldehvde 
Flow Rate 

- Oil 

Stack Gas 

Multi-Metals 
Flow Rate 

Is o kin e t i c 

Moisture 

Oxygen 
Carbon Dioxide 
Stack Temperature 

Units of 
Measure 

dscfm 
Nm3/hrc 

dscfm 
Nm3/hr' 

dscfm 
Nm 3/hr0 

dscfm 
Nm3/hrC 

lb/hr 
L/hr 

dscfm 
Nm3/hrC 

% 
% 
% 
% 
"F 

Average 

Run 8 Run9 Run 10 
719,645 719,645 719,645 719,645 

1,160,000 1,160,000 1,160,000 1,160,000 

Run 1 Run 2 -4 
5-8 5-8 671,447 998.000 
957;OOO 957;OOO 1,080;OOO 

Run 1 Run 2 -3 
701,757 701,757 701,757 701,757 

1,130,000 1,180,000 1,130,000 1,130,000 

-1 Run 2 -3 
701,757 701,737 701.757 701.757 

1,130;OOO 1,13d,OOO 1,13d,OOO 1,13d,OOO 

173,000 a 

84,100 

Run 3 Run 4 Run 5 
634.443 677.726 665.816 659.329 

1,020;OOO 1,107;OOO 1,07d,OOO l,O6d,OOO 
99.75 98.95 95.98 98.23 

9.4 10.2 10.4 10.0 

10.73 11.46 11.05 11.08 
5.62 5.52 5.79 5.64 1 

268.7 267.9 266.0 267.5 
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Table D-2 (Continued) 

Units of 
Stream Measure 

ChrOmiWIl -5 -6 

Flow Rate dscfm 647,615 654,493 
Nm /hr 1,040,000 1,050,000 

Isokinetic % 102.95 100.47 
Moisture % 10.6 10.4 
Oxygen % 5.02 4.7 
Carbon Dioxide % 11.91 12.05 
Stack Temperature "F 261.7 272.2 

Cadmium 
Flow Rate dscfm 

Isokinetic % 
Moisture % 

Nm3/hrC 

oxygen % 

Stack Temperature "F 
Carbon Dioxide % 

-3 
683,709 

1,100,000 
99.15 
10.3 
5.95 
10.5 

270.6 

p A H S  -6 
Flow Rate dscfm 647,370 

Isokinetic % 97.20 
Moisture % 9.8 

oxygen % 5.28 
Carbon Dioxide % 11.62 
Stack Temperature "F 267.3 

Nm3/hrc 1,040,000 

'Average of five measurements. 

bStanclard conditions: 1 atm, 66 F. 

cNormal conditions: 1 atm, 32 F. a 

-4 

665,168 
1,070,000 

101.62 
9.9 

6.52 
13.68 
258.3 

-7 
721,805 

1,160,000 
98.39 

9.8 
5.62 

11.37 
269.8 

-7 
648,840 650,316 

1,040,000 1,045,000 
100.72 101.38 

10.4 10.5 
6.78 5.5 

10.55 11.5 
274.1 269.3 

-5 

671,959 673,612 

97.48 99.42 
10.7 10.3 
5.09 5.85 

11.56 11.91 
266.0 265.0 

1,080,oO0 1,080,Ooo 

-8 
719,645 696,273 

1,160,000 1,120,000 
95.32 97.0 

9.4 9.7 
5.92 5.61 

10.96 11.3 
276.5 27 1.2 
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Error Propagation for Emission Factors and Material Balance Closures 
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Appendix E 

The text for Appendix E can be found in the Site 103 section. The computer-generated 
results from the emission factor and material balance calculations and error propagation 
analyses for Site 104 are included here. 
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Emission Factor Results 
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Appendix E 

BNCERTAINTY CONTRIBUTOR REPORT 
SUBSTANCE: ARSENIC 

ABSOLUTE ABSOLUTE ABSOLUTE DEGREES 

VARIABLE U N I T S  AVG VALUE COMPONENT COMPONENT‘ UNCERTAINTY FACTOR FREEDOM 
OUTPUT BIAS PRECISION TOTAL STUOENT t OF 

.________.__________------------.----------..-----------.-------.-.--------.------------..- 

E-Fac to r  lb/MMBtu 6.51193598 3.10E-01 6.37E+00 6.37E+00 4 .3  2 .0  
Dill==liiii===_==iii1s==i.==.iii...=liii======================-============================ 

ABSOLUTE ABSOLUTE ABSOLUTE NUMBER 
INPUT ERROR CONTRiBUTN SENSITIVITY ERROR OF OF 

VARIABLE UNITS AVG VALUE TYPE fl (SIGMAp) INPUT”’ SAMPLES 
.________.______________________________.--..-------.-.--------..-.-----...-------------..- 

T o t  Conc ug/Nm-3 9.03333333 PREC ~ . O Z E + O I  ~ . Z I E - O ~  1 . 5 z ~ t o i  3 
Gas F low 1 Nm^3/hr 1060327.66 PREC 2.99E-ai 6.14~-06 1.54~+05 3 
O i l  F l o w r a t e  l b l h r  172649.4 BIAS 9.63E-02 -3.59E-05 8.64E+03 
O i l  F l o w r a t e  l b / h r  172649.4 PREC 1.46E-02 -3.59E-05 7.52E+03 5 
O i l  hhv BTUl l  b 18765 PREC 1.38E-03 -3.46E-04 1.52Ec02 2 

* t x S r  
( B i a s  x S e n s i t i v i t y ) ^ Z  o r  ( t  x StOev/N’.5 x S e n s i t i v i t y ) ^ Z  
B i a s  or (StOev x t )  

.E* 

I.* 
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T o t  Conc ug/Nrn^3 0.23 PREC 1.07E-01 7.21E-01 7.86E-01 3 
Gas F low 1 Nm^3/hr 1060327.66 PREC 2.01E-04 1.56E-07 1.57E+05 3 

O i l  F l o w r a t e  l b / h r  172649.4 PREC 9.80E-06 -9 . lSE-07  7.65E+03 5 
O i l  hhv BTU/ lb  18765 PREC 9.2BE-07 -8.82E-06 1.54E+02 2 

* t x S r  
f *  ( B i a s  x S e n s i t i v i t y ) - Z  or ( t  x StDev/N^.5 x S e n s i t i v i t y l ^ 2  

O i l  F l o w r a t e  l b / h r  172649.4 BIAS 6.24E-05 -9.15E-07 8.64Ec03 

____________._______-~~~---~~~~~...~~~~--.-~~-~~.~.~...~-~~~..~~~~~-~~-~-~-~~-..----------- 

B i a s  o r  IStOev x t l  **.I 
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UNCERTAINTY CONTRIBUTOR REPORT 
SUBSTANCE: CADMIUM 

ABSOLUTE ABSOLUTE ABSOLUTE OEGREES 

V A R l  ABLE UNITS AVG VALUE COMPONENT COMPONENT* UNCERTAINTY FACTOR FREEDOM 
OUTPUT BIAS PRECISION TOTAL STUDENT t OF 

________________.__..~~~~~~~~~~~~~..-----.----~~~-~-~~~~~~~~..~..~------------------------- 

E-Fac to r  lb/MMBtu 0.62476138 2.98E-02 3.85E-01 3.86E-01 4 . 2  2 . 1  
illliissli_?l=l=DIIIi.li====liiisiiiiili==-.-....-.-================================ 

ABSOLUTE ABSOLUTE ABSOLUTE NUMBER 
INPUT ERROR CONTRIBUTN S E N S I T I V I T Y  ERROR OF OF 

VARIABLE UNITS AVG VALUE TYPE f f  (SIGMAp) INPUT*" SAMPLES 

Tot  Conc ug/Nrn'3 0.86666666 PREC 1.45E-01 7.21E-01 9 .16E-01  

Gas F low 1 Nm*3/hr 1060327.66 PREC 2.58E-03 5.89E-07 1.49E+05 

O i l  F l o w r a t e  l b / h r  172649.4 BIAS 8.87E-04 -3.45E-06 8.64E+03 

O i l  F l o w r a t e  l b l h r  172649.4 PREC 1.26E-04 -3.4%-06 7.28E+03 

O i l  hhv BTUI l  b 18765 PREC 1.19E-05 -3.32E-05 1.47E+02 

* t x S r  
If ( B i a s  x S e n s i t i v i t y ) ^ Z  o r  ( t  x StDev/N- .S x S e n s i t i v i t y ) ^ Z  
.*I B i a s  or (StOev x t )  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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UNCERTAINTY CONTRIBUTOR REPORT 
SUBSTANCE: COPPER 

ABSOLUTE ABSOLUTE ABSOLUTE D E G R E E S  

VARIABLE U N I T S  AVG VALUE COMPONENT COMPONENT' UNCERTAINTY FACTOR FREEDOM 
OUTPUT BIAS PRECISION TOTAL S T U D E N T  : OF 

T o t  Conc ug/Nrn-3 9.46666666 PREC 1.11E+OZ 7.21E-01 2.54Ec01 ~ 

O i l  F l o w r a t e  l b / h r  172649.4 BIAS 1.06E-01 -3.76E-05 3.64E103 
Gas F low 1 Nrn^3/hr 1060327.66 PREC 3.38E-01 6.44E-06 1.57E+05 s 

O i l  F l o w r a t e  l b l h r  172649.4 PREC 1.65E-02 -3.76E-05 7 . 6 3 E 4 3  5 
O i l  hhv BTU/1 b 18765 PREC 1.56E-03 -3.63E-04 1 . 5 4 E 4 2  2 

* t x S r  
( B i a s  x S e n s i t i v i t y l ^ Z  or ( t  x StOev/N^.S x S e n s i t i v i t y ) - Z  
B i a s  or  (StOev x t )  

11 

*.. 

Part II: Ste 104 E-10 



Appendix E 

UNCERTAINTY CONTRIBUTOR REPORT 
SUBSTANCE: LEA0 

ABSOLUTE ABSOLUTE ABSOLUTE I 5REf 
OUTPUT BIAS PRECISION TOTAL STUDENT t OF 

VARIABLE UNITS AVG VALUE COMPONENT COMPONENT' UNCERTAINTY FACTOR FREEOOM 

T o t  Conc ug/Nm-3 2.24 PREC 1.02E+01 7.21E-01 7.69E+00 3 
Gas F low 1 Nm'3/hr 1060327.66 PREC 1.91E-02 1.52E-06 1.57Ec05 3 
O i l  F l o w r a t e  l b / h r  172649.4 BIAS 5.92E-03 -8.91E-06 8.64E+03 
O i l  F l o w r a t e  l b l h r  172649.4 PREC 9.30E-04 -8.91E-06 7.65€+03 5 
O i l  hhv BTU11 b 18765 PREC 8.80E-05 -8 .59E-05 1.54E+02 2 

* t x S r  
** ( B i a s  x S e n s i t i v i t y ) - Z  o r  (t x StOev/N^.5 x S e n s i t i v i t y ) - 2  

__________________...---..-----....----.----.-----....------------------------------------- 

B i a s  o r  (StDev x t )  *** 
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UNCERTAINTY CONTRIBUTOR REPORT 
SUBSTANCE: MANGANESE 

ABSOLUTE ABSOLUTE ABSOLUTE OEGREES 

V A R I A B L E  U N I T S  AVG VALUE COMPONENT COMPONENT* UNCERTAINTY FACTOR FREEDOM 
OUTPUT B I A S  PRECIS ION TOTAL STUDENT t OF 

T o t  C o n c  ug/Nrn-3 30 PREC 3.01EiO4 7.21E-01 3.40E+02 2 
Gas F l o w  1 Nrn'3/hr 1060327.66 PREC 2.87E+01 2.04E-05 4 . 5 5 E i 0 5  3 
O i l  F l o w r a t e  lb /hr  172649.4 PREC 1 . 4 0 f i 0 0  -1.19E-04 2.22E104 5 
O i l  F l o w r a t e  lb /hr  172649.4 B I A S  1.06E+00 -1.19E-04 8.64E.03 
Oil hhv BTU/1  b 18765 PREC 1.33E-01 -1.15E-03 4.48E+02 2 

* t x S r  
( B i a s  x S e n s i t i v i t y ) ^ Z  o r  It Y S t D e v / N ^ . 5  x S e n z i t i v i t y l ' Z  
B i a s  o r  ( S t O e v  x t )  

** 
11, 
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UNCERTAINTY CONTRIBUTOR REPORT 
SUBSTANCE: MERCURY 

ABSOLUTE ABSOLUTE ABSOLUTE DEGREES 

VARIABLE UNITS A V G  VALUE COMPONENT COMPONENT' UNCERTAINTY FACTOR FREEDOM 
OUTPUT BIAS P R E C I S I O N  TOTAL STUDENT T OF 

__---------------...____________________~~~.....~~~~~~~~~......~~~~~~~~~~~~~~~~~..~.~~~~~~~ 

E-Fac to r  Ib lMMBtu 11.6566056 3.94E100 2.37E+00 4.59Et00 3 . 3  2.5 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ABSOLUTE ABSOLUTE ABSOLUTE NUMBER 
INPUT ERROR CONTRIBUTN SENSITIVITY ERROR OF OF 

(SIGMAp) INPUT**' SAMPLES VARIABLE UNITS AVG VALUE TYPE 1. 

Tot  Conc ug/Nm-3 16.17 PREC 4.99E+00 7.21E-01 5.37E+00 3 
Gas Flow 1 Nrn^3/hr 1060327.66 PRfC 5.79E-01 l . lOE-05  1.20E+05 3 
O i l  F l o w r a t e  I b / h r  172649.4 B I A S  3.09E-01 -6.43E-05 8.64E+03 
O i l  F l o w r a t e  l b l h r  172649.4 PREC 2.82E-02 -6.43E-05 5.84E+03 5 
O i l  hhv BTUl l  b 18765 PREC 2.67E-03 -6.20E-04 1.18E+02 2 

f t x s r  
( B i a s  x S e n s i t i v i t y ) - Z  or ( t  x StOev/N^.5 x S e n s i t i v i t y ) ^ 2  
B i a s  or (StOev x t )  

*1 

*If 
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UNCERTAINTY CONTRIBUTOR REPORT 
SUBSTANCE: N ICKEL 

ABSOLUTE ABSOLUTE ABSOLUTE DEGREES 

VARIABLE UNITS AVG VALUE COMPONENT COMPONENT- UNCERTAINTY FACTOR FREEDOM 
OUTPUT B I A S  PRECIS ION TOTAL STUDENT : OF 

____.....________...____________________~~~~-~--~~~~~~..~~~~~~~~~-~~~~~--~~.~~..--.~--~---- 

€ - F a c t o r  lb/MMBtu 363.803360 1.73E+01 7.63E+02 7.63€+02 4.4 2.0 
iEll==l==S=IIl=i=DII=====================~====================-----=~====================== 

ABSOLUTE ABSOLUTE ABSOLUTE NUMBER 
INPUT ERROR CONTRIBUTN S E N S I T I V I T Y  ERROR OF OF 

VARIABLE UNITS AVG VALUE TYPE *. ( 5  IGMAp)  INPUT*" SAMPLES 
______....______________________________-~~~~~-~~~~~~~~~~~~.~~~~~-~~~~.~..----------------- 

T o t  C o n c  ug/Nm-3 504.656666 PREC . 5 . 8 1 E + 0 5  7.21E-01 l.M3E+D3 3 
G a s  F l o w  1 N m ' 3 l h r  1060327.66 PREC 9.7DE+02 3.43E-04 1.57E+05 3 
O i l  F l o w r a t e  lb/hr 172649.4 B I A S  3.01E+02 -2.0lE-03 8.64E+03 
O i l  F l o w r a t e  l b / h r  172649.4 PREC 4.72€+01 -2.01E-03 7.66E+03 5 
O i l  h h v  BTU/1 b 18765 PREC 4.47E+00 -1.94E-02 1.55E+D2 2 

* t x S r  
rlj ( B i a s  x S e n s i t i v i t y ) - Z  or  ( t  x S t D e v / N ' . S  x S e n s i t i v i t y ) ^ Z  

B i a s  o r  ( S t D e v  x t) * X I  
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UNCERTAINTY CONTRIBUTOR REPORT 
SUBSTANCE: SELENIUM 

ABSOLUTE ABSOLUTE ABSOLUTE DEGREES 

VARIABLE U N I T S  AVG VALUE COMPONENT COMPONENT' UNCERTAINTY FACTOR FREEDOM 
OUTPUT BIAS PRECISION TOTAL STUDENT t OF 

________________________________________-----------------------------..-------------------- 

E-Fac to r  1bIMMBtu 1.42733947 4.88E-01 6.81E-01 8.38E-01 4 .0  2 . 1  
SE=E=====E=Eil=lill===iillillililiSII=ii================================================~== 

ABSOLUTE ABSOLUTE ABSOLUTE NUMBER 
INPUT ERROR CONTRIBUTN SENSITIVITY ERROR OF OF 

VARIABLE UNITS AVG VALUE TYPE I. (SIGHApl INPUT*^" SAMPLES 

T o t  Conc ugINm.3 1.98 PREC 4.50E-01 7.21E-01 
Gas Flow 1 Nrn-31hr 1060327.66 PREC 1.27E-02 1.35E-06 
O i l  F l o w r a t e  l b l h r  172649.4 BIAS 4.63E-03 -7.87E-06 
O i l  F l o w r a t e  l b l h r  172649.4 PREC 6.1BE-04 -7.87E-06 
O i l  hhv BTU11 b 18765 PREC 5.86E-05 -7.59E-05 

* t x S r  ' 

( B i a s  x S e n s i t i v i t y ) ^ Z  or ( t  x StDev/N-.S x S e n s i t i v i t y ) ^ Z  
B i a s  or  (StDev x t )  

r* 

*** 

.. 

3 
3 
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T o t  Conc ugfNm'3 5.614 PREC 6.87€+00 7.11E-01 
O i l  F l o w r a t e  l b f h r  172649.4 BIAS 3.62E-02 -2.20E-05 

5.70E-03 -2.20E-05 O i l  F l o w r a t e  l b f h r  172649.4 PREC 
Gas F low 1 Nm^3/hr 1045833.66 PREC 3.24E-03 3 .82E-06  
O i l  hhv BTUf 1 b 18765 PREC 5.40E-04 -2.12E-04 

f t x s r  
(Bias x S e n s i t i v i t y ) ?  or ( t  x StDev/N^.5 x Sensitivity)'2 
B i a s  or IStDev x t )  

I. 

111 

6.38EcO0 
8.64E+03 
7.67E103 
2,58E+04 
I .  5 x 1 0 2  
..__________. 

3 

5 
3 
2 

..___- 
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UNCERTAINTY CONTRIBUTOR REPORT 
SUBSTANCE: CHROMIUM, HEXAVALENT 

ABSOLUTE ABSOLUTE ABSOLUTE DEGREES 

VARIABLE UNITS AVG VALUE COMPONENT COMPONENT" UNCERTAINTY FACTOR FREEDOM 
OUTPUT BIAS PREClSlON TOTAL STUDENT t OF 

E-Fac to r  1bfMMBtu 0.57308580 6.36E-02 l.BOE+OO 1.81E+00 4 . 4  2.0 
isiiiiiilis=lll=isiililli===iiiliililil================~=================================== 

ABSOLUTE ABSOLUTE ABSOLUTE NUMBER 
INPUT ERROR CONTRlBUTN S E N S l T l V l T Y  ERROR OF OF 

V A R l  ABLE UNITS AVG VALUE T Y P E  IS IGMAp) INPUT"' SAMPLES 11 

T o t  Conc ug/Nm-3 0.806 PREC 3.26Et00 7.11E-01 4.40Er00 3 

O i l  F l o w r a t e  l b f h r  172649.4 PREC 1.18E-04 -3.16E-06 7.70Es03 5 
Gas Flow 1 Nm'3fhr 1045833.66 PREC 6.73E-05 5.48E-07 2.59E+04 3 
Oil hhv BTU/1 b 18765 PREC 1.1ZE-05 -3.05E-05 1 .55Et02  2 

* t x S r  

O i l  F l o w r a t e  l b f h r  172649.4 BIAS 7.46E-04 -3.16E-06 8.64E+03 

- - - - - - - - - - - - - - - - - - - - - - - - . - - . . . ~ . ~ - - ~ ~ - . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ ~ ~ ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . . ~ ~ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

( B i a s  x S e n s i t i v i t y ) - Z  o r  ( t  x StOev/N'.S x S e n s i t i v i t y ) . Z  
B i a s  or (StOev x t )  

*I 

I** 
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UNCERTAINTY CONTRIBUTOR REPORT 
SUBSTANCE: ACENAPHTHENE 

ABSOLUTE ABSOLUTE ABSOLUTE DEGREES 

VARIABLE UNITS AVG VALUE COMPONENT COMPONENT* UNCERTAINTY FACTOR FREEDOM 
OUTPUT B I A S  PRECISION TOTAL STUDENT t OF 

_______-._________--------~~-------.~~---.~~-----------~~-~~-.. . .~~~~~~~~~~~~~~~~~~~~~-..~. 

E-Factor IbIHHEtu 0.10429428 5.0%-03 2.29E-01 2.29E-01 4 . 3  2.0 
.______-----.____ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ABSOLUTE ABSOLUTE ABSOLUTE NUMBER 
INPUT ERROR CONTRIBUTN S E N S I T I V I T Y  ERROR OF OF 

VARIABLE U N I T S  AVG VALUE TYPE (SIGMAp) INPUT**' SAMPLES ** 

Tot Conc ug1Nm-3 0 .137  PREC 5.22E-02 7.61E-01 5.20E-01 3 
Gas Flow 1 Nm-31hr 1119742 PREC 2.52E-04 9.31E-08 2.95E+05 3 
Oil Flowrate l b l h r  172649.4 B I A S  2.47E-05 -5.75E-07 8.64E+03 
O i l  Flowrate l b / h r  172649.4 PREC 3.81E-06 -5.75E-07 7.59E+03 5 
O i l  hhv BTUI1 b 18765 PREC 3.61E-07 -5.SSE-06 1.53Ec02 2 

t x S r  
( E i a s  x S e n s i t i v i t y ) ^ 2  or  ( t  x StOev/N^.5 Y S e n s i t i v i t y ) - Z  
Eias  or (StDev x t )  

** 
I** 
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UNCERTAINTY CONTRIBUTOR REPORT 
SUBSTANCE: ANTHRACENE 

ABSOLUTE ABSOLUTE ABSOLUTE DEGREES 

VARIABLE UNITS AVG VALUE COMPONENT COMPONENT' UNCERTAINTY FACTOR FREEOOM 
OUTPUT BIAS PRECISION TOTAL STUDENT t OF 

ABSOLUTE ABSOLUTE ABSOLUTE NUMBER 
INPUT ERROR CONTRIBUTN S E N S I T I V I T Y  ERROR OF OF 

VARIABLE UNITS AVG VALUE TYPE ( 5  IGMAp ) INPUT'*' SAMPLES f f  

Gas F l o w  1 N m ^ 3 / h r  1 1 1 9 7 4 2  PREC 2 . 3 1 E - 0 6  9.25E-09 2.85€+05 3 
O i l  F l o w r a t e  l b l h r  1 7 2 6 4 9 . 4  BIAS 2 . 4 3 E - 0 7  - 5 . 7 1 E - 0 8  8 . 6 4 E t 0 3  
O i l  F l o w r a t e  l b l h r  1 7 2 6 4 9 . 4  PREC 3 . 5 0 E - 0 8  - 5 . 7 1 E - 0 8  7 . 3 3 € + 0 3  S 
O i l  hhv B T U / l  b 18765 PREC 3 . 3 l E - 0 9  - 5 . 5 1 E - 0 7  1 .48E+02 2 

3 T a t  Conc ug /Nm-3 0 . 0 1 3 6  PREC 0 .00E+00 7 . 6 l E - 0 1  0.00E+00 

* t x S r  
.* ( B i a s  x Sensitivity)^2 o r  ( t  x S t O e v / N - . S  x S e n s i t i v i r y ) ^ Z  

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

B i a s  or ( 5 t h  x t )  *** 
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UNCERTAINTY CONTRIBUTOR REPORT 
SUBSTANCE: FLUORANTHENE 

ABSOLUTE ABSOLUTE ABSOLUTE DEGREES 

VARIABLE UNITS AVG VALUE COMPONENT COMPONENT' UNCERTAINTY FACTOR FREEDOM 
OUTPUT BIAS PRECISION TOTAL STUDENT t OF 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -~ - -~ . .~~~~~~~~~~ . .~~~~~~~~~~~~~~~~~~~~ .~~~~~~~~~ .  

€ - F a c t o r  1blMMBtu 0.01035330 1.83E-03 1.53E-03 2.38E-03 4.2 2 . 1  
..______ ._____._ES====il=13Sil=.i.ii=il=l.ili=il=====================================~============= 

ABSOLUTE ABSOLUTE ABSOLUTE NUMBER 

INPUT ERROR CONTRIBUTN SENSITIVITY ERROR OF OF 
( 5 IGMAp) INPUT"' SAMPLES VARIABLE UNITS AVG VALUE TYPE "* 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - ~ - - - - - - - - - . ~ ~ ~ . ~ ~ ~ ~ ~ ~ . ~ ~ ~ ~ . ~ ~ ~ ~ ~ . . . ~ ~ ~ ~ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ ~ ~ ~ ~ ~  

Gas F low I Nm^3/hr 1119742 PREC 2 . 3 1  E-06 9.2SE-09 Z.85E*05 3 

O i l  F l o w r a t e  l b / h r  172649.4 PREC 3.50E-08 -5.71E-08 7.33€+03 5 
O i l  hhv B T U / l b  18765 PREC 3 . 3 l E - 0 9  - 5 . 5 l E - 0 7  1.48€+02 2 
Tot Conc ug/Nrn-3 0.0136 PREC O.OOE+OO 7.61E-01 O.OOE+OO 3 

O i l  F l o w r a t e  l b / h r  172649.4 BIAS 2.43E-07 -5.71E-OB 8.64E+03 

-------------------------------------------------------------..-----.--------------..----~- 

* t x S r  
( B i a s  x S e n s i t i v i t y ) ^ Z  or ( t  x StDev/N- .S x S e n s i t i v i t y ) - 2  
B i a s  or (S tDev  x t )  

** 
I** 
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UNCERTAINTY CONTRIBUTOR REPORT 
SUBSTANCE: FLUORENE 

ABSOLUTE ABSOLUTE ABSOLUTE DEGREES 

VARIABLE UNITS A V G  VALUE COMPONENT COMPONENT' UNCERTAINTY FACTOR FREEDOM 
OUTPUT BIAS PRECISION TOTAL STUDENT 1 O f  

_____._____._.__________________________~~~~~~~~~--~...~~~~~~-~~~~~~...--~----------------- 

€ - F a c t o r  lb lMMBtu 0.01370289 l . lOE-03  2.07E-02 2.07E-02 4 . 3  2 . 0  
li~=iiil===liii_liliI=lli..lili==iii=.=i-=======~========================================== 

ABSOLUTE ABSOLUTE ABSOLUTE NUMBER 
INPUT ERROR CONTRIBUTN SENSITIVITY ERROR OF OF 

VARIABLE UNITS AVG VALUE TYPE f f  (SIGHAp) INPUT'*' SAMPLES 
________._______________________________---------------.---------------.----------------~-- 

T o t  Conc uglNm'3 0.018 PREC 4.25E-04 7.61E-01 4.69E-02 3 

Gas F low 1 Nm-31hr 1119742 PREC 4.21E-06 1.22E-08 2.90€+05 3 

O i l  F l o w r a t e  l b / h r  172649.4 PREC 6.37E-08 -7.56E-08 7.47€+03 5 

O i l  hhv BTUl l  b 18765 PREC 6.03E-09 -7.29E-07 1.51E+02 2 

O i l  F l o w r a t e  l b l h r  172649.4 BIAS 4.26E-07 -7.S6E-08 8 . 6 4 E 4 3  

_.____.______.____._--------..---.-----------..------.-----------.----.--...--.------------ 

* t x S r  
r* ( B i a s  x 8 e n s i t i v i t y ) ' Z  or ( t  x StOevIN^.S x S e n s i t i v i t y ] - Z  

B i a s  or (StDev x t )  . *** 
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UNCERTAINTY CONTRIBUTOR REPORT 
SUBSTANCE: NAPHTHALENE 

ABSOLUTE ABSOLUTE ABSOLUTE DEGREES 

VARIABLE UNITS AVG VALUE COMPONENT COMPONENT* UNCERTAINTY FACTOR FREEDOM 
OUTPUT BIAS PRECISION TOTAL STUDENT t OF 

______________._____--------------.------.-------..----...-------.------.---..-..---------- 

E-Fac to r  lb/HMBtu 4.33925144 2.07E-01 5.20E+00 5.21E+OO 4 . 2  2.1 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  __._____________________________________---.------.-------- 

ABSOLUTE ABSOLUTE ABSOLUTE NUMBER 
INPUT ERROR CONTRIBUTN S E N S I T I V I T Y  ERROR OF OF 

VARIABLE UNITS AVG VALUE TYPE .* (SIGMAp) INPUT'** SAMPLES 

Tot conc uglNrn-3 5.7 PREC 2.66E+01 7.61E-01 1.17€+01 
Gas F low 1 Nm-3/hr 1119742 PREC 4.09E-01 3.88E-06 2.86E.05 
O i l  F l o w r a t e  l b l h r  172649.4 BIAS 4.ZBE-02 -2.39E-05 8.64E+03 
O i l  F l o w r a t e  l b l h r  172649.4 PREC 6.19E-03 -2.39E-05 7.35E+03 
O i l  hhv BTU/1 b 18765 PREC 5.86E-04 -2.31E-04 1.48E+02 

3 
3 

5 
2 

_ _ _ -  
* r x s r  
*f ( B i a s  x S e n s i t i v i t y ) - Z  o r  ( t  x St l Iev/N*.S x S e n s i t i v i t y ) ^ Z  

B i a s  o r  (StOev x t )  *** 
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UNCERTAINTY CONTRIBUTOR REPORT 
SUBSTANCE: PHENANTHRENE 

ABSOLUTE ABSOLUTE ABSOLUTE DEGREE S 

VARIABLE UNITS AVG VALUE COMPONENT COMPONENT  ̂ UNCERTAINTY FACTOR FREEDOM 
OUTPUT BIAS PRECISION TOTAL STUDENT t OF 

---------_.________.____________________...~~~---~~~~~~~~~~~.~~~~~~~~...~..~~~~~~~~~~~...~. 

E-Fac to r  1bIMMBtu 0.01065781 1.02E-03 1.30E-02 1.31E-02 4 . 2  2.1 
I=EliiSIIIII====llil=====================================================================~= 

ABSOLUTE ABSOLUTE ABSOLUTE NUMBER 
INPUT ERROR CONTRIBUTN SENSITIVITY ERROR OF OF 

VARIABLE UNITS AVG VALUE TYPE (SIGMAp) INPUT"' SAMPLES I* 

-------------...____~-----------------.~.~~~--------------.~~~~~~~~....~..~~~~~~~~~~.....~. 

Tot Conc ug/Nrn-3 0.014 PREC 1.67E-04 7.61E-01 2.94E-02 3 
Gas Flow 1 Nrn'31hr 1119742 PREC 2.47E-06 9.52E-09 2.86E+05 3 

O i l  F l o w r a t e  l b / h r  172649.4 PREC 3.74E-08 -5.88E-08 7.36E+03 5 
O i l  hhv BTU/1 b 18765 . PREC 3.54E-09 -5.67E-07 1.49E+02 2 

O i l  F l o w r a t e  l b f h r  172649.4 BIAS 2.58E-07 -5.88E-08 8 .64Et03  

* t x S r  
( B i a s  x S e n s i t i v i t y ) - 2  or (t x StOev/N^.S x S e n s i t i v l t y l ' Z  
B i a s  o r  (StDev x t )  

I* 

f** 
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UNCERTAINTY CONTRIBUTOR REPORT 
SUBSTANCE: PYRENE 

ABSOLUTE ABSOLUTE ABSOLUTE DEGREES 
OUTPUT BIAS PRECISION TOTAL STUDENT t O f  

VARIABLE UNITS AVG VALUE COMPONENT COMPONENT' UNCERTAINTY FACTOR FREEDOM 

E - F a c t o r  I b I M M B t u  0 . 0 0 9 3 6 3 6 4  1 .39E-03 9 . 1 3 E - 0 3  P . 2 4 i - 0 3  4 . 1  2 . 1  

ABSOLUTE ABSOLUTE ABSOLUTE NUMBER 
INPUT ERROR CONTRIBUTN S E N S I T I V I T Y  ERROR OF OF 

VARIABLE UNITS AVG VALUE TYPE ( 5 IGMAp) INPUT"" SAMPLES f f  

T o t  Conc ug1Nm-3 0.0123 PREC B . 1 6 E - 0 5  7 . 6 1 E - 0 1  2.05E-02 3 
G a s  F l o w  1 Nm-31hr  1 1 1 9 7 4 2  PREC 1 . 8 3 E - 0 6  B . 3 6 E - 0 9  Z.BOE+OS 3 

Oil F l o w r a t e  I b l h r  1 7 2 6 4 9 . 4  PREC 2 . 7 7 E - 0 8  -5 .17E-OM 7 . 2 0 E + 0 3  5 
Oil hhv B T U l l  b 1 8 7 6 5  PREC 2 . 6 2 E - 0 9  - 4 . 9 B E - 0 7  1.4SE+02 2 

Oil F l o w r a t e  I b l h r  1 7 2 6 4 9 . 4  B I A S  1 . 9 9 E - 0 7  - 5 . 1 7 f - 0 8  8 . E 4 E 4 3  

t x S r  
( B i a s  x S e n s i t i v i t y 1 . 2  or ( t  x S t O e v / N p . 5  x S e n s i t i v i t y ) ^ Z  
B i a s  or ( S t D e v  x t )  

rl 

*** 
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a 

ABSOLUTE ABSOLUTE ABSOLUTE NUMBER 
INPUT ERROR CONTRIBUTN S E N S I T I V I T Y  ERROR OF OF 

VARIABLE U N I T S  AVG VALUE TYPE [ S IGMAp 1 INPUT"^ SAMPLES .. 
T o t  Conc uqINm-3 249 PREC 1.44€+05 6.78E-01 9.70€+02 3 
Gas Flow 1 Nm-3Ihr 997971.666 PREC 8.92€+02 1.69E-04 3.06E+05 3 
O i l  F l o w r a t e  l b l h r  172649.4 BIAS 6.48E+01 -9.32E-04 8.64€+03 
O i l  F l o w r a t e  l b l h r  172649.4 PREC 9.91€+00 -9.32E-04 7.55E+03 5 
O i l  hhv BTUI lb  18765 PREC 9.39E-01 -8.99E-03 1.52E+02 2 

* t x S r  
( B i a s  x S e n s i t i v i t y ) - 2  or ( t  x StDevlN- .S x S e n s i t i v l t y I ~ Z  
B i a s  or  (StOev x t )  

"* 
.f.i 

a 

a 
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3UTPUT ABSOLUTE kBSOLUTE ABSOLUTE OEGREES 
'VARIABLE AVERAGE B I A S  P P E C i S i O N  
VAME DESCRIPTION UNITS VALUE COMPONENT COMPONENT' iiNC t F R E E O M  

TOTAL STUOENT OF 

!hPUT 
VARIABLE 
NAME 

I )  cO"c0"r 
2) C0"El" 
3 )  0 1 1 f l O *  

SI g a l f l o w  
4 )  o , ! f l a w  

AVERAGE 
OESCRIPTION UNITS VALUE 

C n r m l Y m  CO"C O Y I  u g I N r r J  5 6 
chrmiurn C O ~ C  1" mgll . 3 2  
O I 1  f l o w r a r e  I "  L l h r  84100 
m i  f l o w r a t e  I "  L lh r  84100 
stack gar f l o w a t e  N m i l h r  1050000 

ERROR 
TYPE 

?RE[ 
PREC 
B I A S  
PREC 
PREC 

L. 

ABSOLUTE 
CONTR1BUTlON 

1- 

1.16E.02 
5.05E.01 
! . 0 8 E * 0 0  
9 . O Z E - 0 2  
S . 0 9 E - 0 2  

ABSOLUTE ABSOLUTE NUMBER 
S E N S I T ! V I T Y  ERROR OF OF 

ISIGMAP) INPUT*** SAMPLES 
............................... 

3 . 9 0 E * 0 0  4 .77E-00 3 
- 6 . 0 6 E 1 0 1  l . B ! E - O I  2 
- 2 . 4 7 E - 0 4  4 .21E+03 - 
- 2 . 4 7 E - 0 4  2 . 7 1 E 4 3  5 

2.OBE-OS I .88E104 3 

* P R E C l S l O N  COMPONENT * t'Srbar 
*- iBp.SIGnAp1-2  FOR B I A S  ERRORS: ( t 'Spbar 'S IGl iAp l '2  FOR P R E C I S I O N  ERRORS 

-WHERE Spbar.PREC1SION INDEX OF THE MEAN. Spl(NUM0ER OF S A W L E S ) ' . S  
-THE SPUARE ROOT OF THE SUM OF THE ABSOLUTE CONTRlBUTlONS IS EQUAL TO THE TOTAL UNCERTAINTY 

B p  FOR B I A S  ERRORS; Sp FOR PRECISION ERRORS ... 
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OUTPUT 
VARIABLE 
NAME OESCRIPTION 

ABSOLUTE ABSOLUTE ABSOLUTE OEGREES 

UNITS VALUE COUPONENT COUPONENT' UNC iREEOOU 
AVERAGE B I A S  P R E C I S I O N  TOTAL STUOENT OF 

I )  concou: n i cke l  conc out u g h 3  505.0001 PREC 3.25E+O3 5.48E-02 1,8OE+O3 3 
2 )  conc in  n icke l  C O ~ C  i n  mg/1 23 PREC 2 . 4 K E l O l  - I . l S E * O O  K.OBE+OO 2 
3 )  g a s f l o w  *rack gas f l o w r a r e  N W h r  IOKOOOO PREC 8 . 4 5 E 1 0 0  2 . 6 1 E - 0 5  1.5SE+OS 3 
u ]  o l l f l o w  o i l  f l o w a l e  ~n L/hr 8 4 1 0 0  B I A S  1 . 7 4 E * 0 0  -3.13E-04 4.21E+O3 - 
5 )  o l l f i o w  m i  f l o w r b r e  i n  L i h r  E 4 1 0 0  PREC 2 . 6 5 E - O l  - 3 . 1 3 E - 0 4  3 . 6 7 E 1 0 3  5 

~ ~~~~ 

* PRECISION COMPONENT = t'Srbar 
** (Bp*S lGlU\p I 'Z  FOR B I A S  ERRORS: l r * S p b a r * S I G M A o l ' Z  FOR P R E C I S I O N  ERRORS 

-WHERE S p b a r = P R E C I S I O N  INOEX OF THE MEAN. Sp/(NUMBER OF S A M P t E S ) - . 5  
-THE SOUARE ROOT OF THE SUM OF THE ABSOLUTE CONTRIBUTIONS IS EOUAL TO 1HE TOTAL UNCERTAINTY 

80 FOR BIAS ERRORS: SP FOR PRECISION ERRORS ... 

Part II: Site 104 E-28 



Appendix F 

Quality Assurance/Quality Control Data 

F- 1 Part II: Site 104 



Appendbc F 

This section presents QA/QC results for the stack gas and fuel samples. The blank and 
duplicate analyses are presented as well as the sample spike results and detection limits. 

Table F-1 presents the results of the blank analyses for the stack gas samples. Reagent 
blank and field blank analyses were performed for the metals (solid phase and vapor 
phase). A field blank was analyzed for PAHs. A trip blank, field blank, and method 

blank were analyzed for formaldehyde. 

Table F-2 presents matrix spike recovery data for one of the multi-metals stack gas 
samples. A duplicate analysis for metals was run on one of the flue gas samples. Table 
F-2 presents the relative percent difference (RPD) between the duplicate analyses for 

this sample. 

Table F-3 presents the matrix spike recovery results for the oil samples. The relative 
percent difference between the matrix spike and the matrix spike duplicate is also 
presented. Table F-4 presents the results for the lab spike recoveries for the PAH 
analyses. 

0 
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Table F-1 0 ,  
Summary of Blank Sample Results 

m e  
PAH 
Method Blank 

Naphthalene 
Acenaphthylene 
Acenaphthene 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Chrysene 
Benz(a)anthracene 
Be@ + k)tluoranthene 
Benzo(a)pyrene 
Indeno(l,ZJ-c,d)pyrene 
Dibenz(a,h)anthracene 
Benzo(g,h,i)peryIene 

Naphthalene 
Acenaphthylene 
Acenaphthene 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Chrysene 
Benz(a)anthracene 
Bern@+ k)fluoranthene 
Benzo(a)pyrene 
Indeno(1,2,3-+d)pyrene 
Dibenz(a,h)anthracene 
Benzo(g,h,i)perylene 

Field Blank 

Volatile Organics 
Method Blank 

Formaldehyde 
Benzene 

Formaldehyde 
Benzene 

Field Blank 

Number of 
Blank Samples Number of 

Analned Detects 

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

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

2 2 
0 0 

2 ' 2  
0 0 

Mass Detedion 
&@&j&& Limit hcr) 

21 0.025 
0.025 

1.4 0.025 
0.049 0.025 
0.1 0.025 
0.073 0.025 
0.026 0.025 

0.025 
0.025 
0.025 
0.025 
0.025 
0.025 
0.025 

0 0.025 
0.025 

l3 

0.052 
0.048 

- 
0.025 
0.025 
0.025 
0.025 
0.025 
0.025 
0.025 
0.025 
0.025 
0.025 
0.025 
0.025 
0.025 
0.025 

0.04 0.025 

2.86, 2.86 0.24 

0 
3.28, 3.55 0.24 
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w d  
Metals - Solid Phase 

Field Blank 
Arsenic 
Beryllium 
cadmium 
Copper 
Lead 
Manganese 
Mercury . 
Nickel 
Selenium 

Reaeent Blank 
Arsenic 
Beryllium 
Cadmium 
Copper 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 

Metals - Vapor Phase 
Field Blank 

Arsenic 
Beryllium 
Cadmium 
Copper 
Lead 
Manganese 
Mercury a 

Nickel 
Selenium 

Reaeent Blank 
Arsenic 
Beryllium 
Cadmium 
Copper 
Lead 
Manganese 
Mercury' 
Nickel 
Selenium 

Table F-1 (Continued) 

Number of 
Blank Samnles Number of 

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

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

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

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

Mass 
ReDorted h,) 

5.0 
0.46 
13  
18 
36 
86 

900 
6.0 

2.0 

8.9 
35 
4.2 

2 5  
14 

1.1 
4.6 
3.1 
3.0 

31 

038 

0.14 
2 5  
6.4 

' 1.4 

Detection 
Limit (ug) 

__ 
0.07 
0.41 
0.8 
3.0 

28 
0.6 
4.1 

__ 

__ 
0.07 
0.41 
0.8 
3.0 

22 
0.6 
4.1 

__ 

0.28 
0.06 __ 
-_ __ 
0.62 

13,37 
0.6 
2.8 

0.28 
0.06 __ 
-- 
__ 
0.62 
2.0, 20 
0.6 
3.1 
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m d  
Chrbmium 

Field Blank 
chromium 
Chromium, hexavalent (solid) 

Chromium, hexavalent (vapor) 

Lead 
Field Blank 

Cadmium 
Reagent Blank 

Cadmium 

Table F-1 (Continued) 

Number of 

Analwed Reuorted (rrd Limit (rrd 
Blank Samples Number of Mass Deteetion 

1 1 1.5 1.25 
1 1 1.76 0.0014 
1 1 1.78 0.0014 

1 0 

1 0 

0 5  

0.5 

'Two impinger analyses, including a potassium permanganate impinger. 
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Appendix F 

Substance 

Arsenic 
Beryllium 
Cadmium 
Copper 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 

Table F-2 

Summary of Quality Control Results for Stack Gas 

Matrix Spike Duplicate 
Recoverv % Analvsis FWD a 

Stack Gas - Solid Phase 
74 
86 
77 
95 
84 
88 
91 
99 
82 

Stack Gas - Vanor Phase 

27 
< 1  
< 1  
<2 
2 
1 

<1 
<1 
<1 

Beryllium 82 < 1  
Copper 
Manganese 
Mercury' 
Nickel 
Selenium 
'Results from both impingers. 

Chromium 
Chromium, hexavalent 
Cadmium 

78 4 
91 4 

97, 104 <1, < 1  
83 3 
88 <1 

Stack Gas - Total 

97 
96 
96 

where A, B are individual values and RF'D is the relative percent difference between the 
values. 
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Substance 

.. Arsenic 
Beryllium 
Cadmium 
chromium 
Copper 
Lead 
Manganese 
Mercury 
Nickel 
Phosphorus 
Selenium 

Table F-3 

Summary of Quality Control Results for Fuel Oil 

Detection 
Limit (me/L) 

1.2 
0.2 
0.2 
0.2 

1.2 

0.1 

_- 

_- 

2.5 mg/kg 
1.2 

Matrix Spike 
Recoverv 9% 

83 
102 
76 
96 
98 
77 
89 

102 
88 
84 

114 

Matrix Spike 
Duolieate RPD a 

14 
< 1  
5 
14 
17 
2 
4 
24 
1 
2 
15 

where A, B are individual values and RPD is the relative percent difference between the 
values. 
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Table F-4 

Summary of Surrogate Recoveries for Semivolatile Organic Analysis 

Substance 

d10 Acenaphthene 

d10 Anthracene 

d12 Chrysene 

d12 Benzo(a)pyrene 

Number 
of 

Analvses 

8 

8 

8 

8 

Mean 
Spike Std. Dev. 

Recoverv (%) (% Rec.) 

98 35 

70 26 

122 18 

74 28 

e 
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Section 1 

INTRODUCTION 

This section of the document summarizes data gathered by Carnot, Inc. (formerly Energy 
Systems Associates) at a California power plant, designated Site 105, during a sampling 
program sponsored by the electric utility company. The power plant, a Babcock and 
Wilcox supercritical boiler, was tested during both residual fuel oil- and natural gas-firing 
in February of 1990. 

The test matrix shown in Table 1-1 lists the substances of interest at this site. The 
primary emphasis of the sampling effort was collecting valid stack emissions data; less 
emphasis was placed on collecting oil and natural gas samples. 

Section 2 of this report briefly describes the plant and sample locations. Section 3 
discusses the results of the chemical analyses of the fuel oil, natural gas, and flue gas 
streams sampled at the plant. Section 4 contains an evaluation of the sampling and 
analytical data using traditional QA/QC techniques and engineering calculations. 
Section 5 explains example calculations. The appendices contain raw data, stream 
concentrations, sampling and analytical methods, measured and calculated stream flow 
rates, error propagation equations and examples, and quality assurance/quality control 
(QA/QC) results. 
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Introduction 

Table 1-1 

Summary of Test Matrix for Site 105 

substance 

Inorganic 

Arsenic 

Beryllium 

Cadmium 

Chlorine 

Chromium 

Chromium, hexavalent 

Copper 
Lead 

Manganese 

Mercury 

Nickel 

Selenium 

orplanic 

Benzene 

Formaldehyde 

Polycyclic Aromatic Hydrocarbons 

Additional 

Heating Value 

UltimatelProximate 

C ,-C Hydrocarbons 

Sulfur Content 

procgs streams Sampled 

- Oil Natural Gas Stack Gas 

X 

X 

X 
X 
X 

X 
X 
X 
X 
X 
X 

X 

X 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
X 

X 

X 
X 

X 

X 

X 

Palt 111: Site 105 1-2 



Section 2 

SITE DESCRIPTION 

This section describes Site 105 and its sampling locations. 

Facility Information 

Site 105 is equipped with a Babcock and Wilcox supercritical boiler with a rated capacity 
of 5.10~10~ lb/hr steam flow rate. The unit's electrical output is rated at 750 MW. 
Design steam conditions are 3830 psig with 1005" F of superheat and a 1005" F reheat 
temperature. The unit burns either fuel oil or natural gas. Testing was conducted 
during 100% oil firing and 100% natural gas operation. The operating load was at least 
96% during all sampling. 

Flue Gas Treatment Facilities 

Flue gases are discharged to the atmosphere by means of a stack. Two parallel (north 
and south) ducts convey flue gas from the boiler to the stack. No pollution control 
devices are used. 

Sampling Locations 

Figure 2-1 shows where the fuel oil feed, natural gas feed, and flue gas streams at Site 
105 were sampled. The procedures for collecting samples, pretreating samples, and 
conducting chemical analyses are discussed in Appendix C. Brief descriptions of the 
sampling methods appear below: 

Two fuel oil grab samples were taken from the boiler feed lines. Natural gas samples 
were analyzed by an online gas chromatograph; 17 samples were analyzed for natural 
gas composition on the day of testing. 

Stack gas samples were collected at sampling ports located on each of the two ducts 
between the boiler air preheater and the stack. Each duct had four sample ports. A 
five-point traverse was made at each sample port, providing a 20-point measurement 
grid on each duct. Testing was performed isokinetically for metals and PAH 
compounds. 
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Figure 2-1. Process Flow Diagram, Site 105 
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Section 3 

RESULTS 

This section discusses the results of the sampling of Site 105. Appendix A presents 
analytical data generated by Carnot and their contracted labs. Stream concentrations 
calculated by Radian Corporation from the data in the Carnot report can be found in 
Appendix B. Appendix C presents the details of the analytical and sampling methods 
used at this site. Example calculations of the results discussed in this section appear in 
Section 5.  

Sampling Schedule 

Carnot personnel conducted sampling at Site 105 from February 12 to February 18, 1990. 
Figure 3-1 presents a timeline of the different sampling runs, which have been grouped 
by time period into "runs." The run numbers shown in Figure 3-1 correspond to those on 
the summary tables, Samples have been numbered in chronological order and each fuel 
type has its own unique set of run numbers. 

Data Treatment 

As discussed below, several conventions were developed for treating the test data and 
developing average concentrations of substances in the oil and stack gas streams. 

Blank Corrections 

At Site 105, the metals, total chromium by CARB 425, and formaldehyde were corrected 
for the reagent blank result; PAHs were corrected for the field blank results. No blank 
analysis was performed for the hexavalent chromium by CARB 425. The individual 
metals run measurements for both phases were corrected for the reagent blank analytical 
result. The convention for using blank results to correct the data in these reports was to 
use the reagent blank results when they were available. If a reagent blank analysis was 
not performed, the field blank results were used to correct the sample results. If neither 
a reagent nor field blank was analyzed, no blank correcting was done. When the blank 
result was equal to or greater than 50% of the uncorrected measurement, the concentra- 
tion was flagged with a " B  on the summary tables. 

When the blank correction resulted in a value less than the detection limit, the concen- 
tration is presented as ND(DL), meaning that the concentration is below the detection 
limit (DL), which is presented in parentheses. The test contractor has defined the term 
"detection limit" as three to ten times the instrument detection limit, depending on the 
analytical laboratory that performed the analysis. 0 
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Total Concentrations 

The solid and vapor phase concentrations were both considered when determining the 
total gas stream concentration. The absence of detectable concentrations greater than 
the DL in either (or both) phase requires that conventions be established for calculating 
total values. For each substance, there are three possible combinations of solid- and 
vapor-phase concentrations in the emitted gas stream: 

Case 1: 

Case 2: 

Case 3: 

The concentrations in both phases are above the detection limits. 

The concentrations in both phases are below the detection limits. 

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

For inorganic substances (other than mercury) measured in this program, stack gas 
stream data from other testing indicate that most of the material is present in the solid 
phase of the gas stream and that only a small fraction is generally found in the vapor 
phase. Thus, the following conventions were selected for defining total gas stream 
concentrations: 

Case 1: The total concentration is the sum of the concentrations in the solid and 
vapor phases. a 
For example, the total cadmium (Cd) concentration in the stack gas is 
calculated as follows for Run 5. 

Cd in the solid phase = 0.93 pg/Nm’ 

Cd in the vapor phase = 0.24 pg/Nm’ 

Total Cd in the stack gas = 1.2 pg/Nm’ 

The total concentration is considered to be the solid phase detection limit. 

For example, the total beryllium (Be) concentration in the stack gas is 
calculated as follows for Run 5. 

Be in the solid phase = ND(0.05) pg/Nm3 

Be in the vapor phase = ND(0.03) pg/Nm’ 

Total Be in the stack gas = ND(0.05) pg/Nm’ 

Case 2 
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Results 

Case 3: The total concentration is considered to be the value measured above the 
detection limit, regardless of which phase this represents. 

For example, the total selenium (Se) concentration in the stack gas is 
calculated as follows for Run 5. 

Se in the solid phase = 8.2 pg/Nm3 

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

Total Se in the stack gas = 8.2 pg/Nm3 

In historical data and previous FCEM data, mercury has been shown to exist primarily in 
the vapor phase. For Case 2, then, the total concentration in the gas stream is con- 
sidered to be the vapor phase detection limit. For Cases 1 and 3, the conventions are 
the same as those described above. 

The above conventions generally agree with guidance provided by EPA (Technical 
Implementation Document for EPA's Boiler and Furnace Regulations, U. S. Environ- 
mental Protection Agency, Office of Solid Waste, Washington, D. C., March 1992). 

Average Concentrations 

When all values were above the detection limit, the arithmetic mean concentration 
was calculated. 

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

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

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

Analvtical Values Calculation Mean Value 
- 1  5 ND(4), ND(3) (5+(4/2)+(3/2))/3 = 2.8 <4 ND(4) 

When all analytical results are less than the detection limit, the mean is reported as 
ND (the largest detection limit value). 
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Results 

0, Fuel Oil and Natural Gas 

Table 3-1 presents the results of the fuel oil sample analyses. The two sample runs 
correspond to the sample dates shown in Figure 3-1. Fuel oil was analyzed for the same 
set of metals as the exhaust gas. In addition, sulfur and phosphorus also were analyzed 
in the oil. Measured fuel oil flow rates are presented in Appendix D, Table D-1. 
Natural gas fuel was analyzed for C, through C, hydrocarbons, nitrogen, and carbon 
dioxide. Benzene (C, &) was detected at 160 ppmv. Additional analytical results for 
the natural gas fuel are provided in Appendix D, Table D-2. 

For each substance, a mean has been calculated, along with the 95% confidence interval 
about the mean. The number reported as a confidence interval is the range about the 
mean, i.e., the confidence interval for sulfur  in the oil is reported to be 0.19 percent. 
This means that it is 95% certain that the true mean sulfur value is 0.37 k0.19 percent. 
The calculation of confidence intervals is discussed in Section 5. 

Stack Gas 

Tables 3 - a  3-2b, 3-2c, and 3-2d present the stack gas concentrations of elements, 
benzene, formaldehydes, and polynuclear aromatic hydrocarbon PAHs compounds. The 
trace element data are presented for both the solid and vapor fractions. To obtain 
element solid phase concentrations, the particulate filter and probe, and nozzle rinse 
fractions were combined and analyzed. Gas phase concentrations were obtained by 
analyzing impinger catches. Table 3-3 presents the data on a unit-energy basis (emission 
factor). 

The concentrations in each duct were not expected to be significantly different since they 
are generated from the same boiler. As shown in Tables 3-2a, b, c, and d, concentration 
is independent of sampling location. Therefore, the results from all runs have been 
averaged to obtain one mean for each substance. 

Appendix D, Table D-3, presents additional sampling information, including stream flow 
rates, unit load, stack gas characterization data, stack temperatures, and the degree of 
isokinesis during sampling. 
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Samule Date 

Mass Flow Rate (lb/hr) 
Volumetric Flow Rate (L/hr) 

Elements (mp/L) 

Arsenic 
Beryllium 
Cadmium 
Chloride 
Chromium 

Copper 
Lead 
Mercury 
Manganese 
Nickel 
Phosphorus 
Selenium 
zinc 

Ash (w%) 
sulfur (w %) 

chromium (VI) 

Table 3-1 

Site 105 Fuel Oil Analysis 

2/14/90 2/17/90 

ND(l.l) 
ND(0.22) 
ND(0.22) 

799 
0.26 

ND(0.50) 
ND(0.43) 
ND(l.l) 

ND(O.10) 
ND(0.43) 

24 
7.7 

0.68 
ND(1.0) 

ND(l.1) 
ND(0.22) 
ND(0.22) 

630 
0.28 

ND(0.50) 
ND(0.43) 
ND( 1.1) 

ND(O.10) 
ND(0.43) 

22 
8.4 

0.82 
ND(1.0) 

0.491 0.016 
0.38 0.35 

Higher'Heathg Value (Btu/lb) 18691 18593 

CI = Confidence interval. 

Mean 

338,700 
164,530 

ND(l.l) 
ND(0.22) 
ND(0.22) 

715 
0.21 

ND(0.50) 
ND(0.43) 
ND(l.l) 

ND(O.10) 
ND(0.43) 

23 
8.1 

0.75 

0.25 
0.37 

18960 

ND(1.0) 

95% CI 

1,800 
870 

1100 
0.13 

13 
4.1 

0.9 

3.0 
0.19 
620 

"Flow rate is an average of six values taken over a four-day period. 
ND indicates the substance was not detected in the sample; the detection limit is shown 

in parentheses. 
b 
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Elements 

Arsenic 
Beryllium 
Cadmium 
chromium 
Chromium (VI) 
Copper 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 
zinc 

- PAH 

Acenaphthene 
Acenaphthylene 
Anthracene 
Benz(a)antbracene 
Benzo(a)pyrene 
Bern@ + k)fluoranthene 
Benzo(g,h,i)perylene 
Chrysene 
Dibenz(a,h)anthracene 
Fluor an th e n e 
Fluorene 
Indeno(l,2,3-c,d)pyrene 
Napthalene 
Phenanthrene 
m e n e  

VOC Oil-Fired 

Benzene 
Formaldehyde 

VOC Gas-Fired 

Benzene 
Formaldehyde 

Table 3-3 

Stack Gas Emission Factors 

Emission Factor 
flb/lO 12 BTU) 

4.1 

0.69 
21 

ND(0.42) 
10 
9 

4.0 

510 
2 8  
100 

N D ( O 3 )  ' 

ND(4.7) 

ND(0.007) 
ND(0.007) 
ND(0.007) 

ND(O.007) 

ND(0.006) 
ND(0.006) 

0.03 

0.016 
0.010 

0.04 
0.020 
0.010 
U 

0.09 
0.023 

ND(1.0) 
600 

3.2 

058 
1.1 

9.4 
19 
1.1 

58 
1.2 
100 

-_ 

_ _  

_ _  

_ _  
_ _  
-- 

0.11 

0.054 
0.030 _ _  _ _  
0.U 
0.074 
0.025 

29 
0.18 
0.089 

-- 
850 

"D indicates the concentration is below the detection limit (expressed in lb/10 l2 Btu), which is shown in 
parentheses. 
bInsuffident fuel flow rate data to calculate as 95% codidence interval. 
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Section 4 

DATA EVALUATION 

Several procedures can be used to evaluate the information developed during a field 
sampling program. In the case of Site 105, two methods were used to evaluate data 
quality. First, and most important, was evaluation of the traditional QA/QC protocol for 
sampling and analytical procedures used at Site 105, i.e., equipment calibration and leak 
checks, duplicates, blanks, spikes, etc. Site 105 QA/QC data are compared with FCEM 
project objectives. The second data evaluation tool involves calculating material 
balances for various substances around the entire plant. Material balances involve the 
summation and comparison of mass flow rates in several streams that are often sampled 
and analyzed by different methods. Good agreement, Le., 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 rate (e.g., coal, bottom ash, collected fly 
ash, etc.). 

Evaluation of Measurement Data Quality 

An evaluation of the quality of the measurement data is based on quality control data 
obtained experimentally during sampling and analysis. Generally, the type of quality 
information obtained pertains to measurement precision, accuracy, 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 sources of variability. The QA/QC measures 
commonly used as part of the FCEM data assessment protocol, and the characteristic 
information obtained are summarized in Table 4-1. The absence of any of these types of 
quality control checks does not necessarily reflect poorly on the quality of the data, but 
does limit the ability to measure the various components of measurement error. 

As shown in the table, different QC checks provide different types of information, 
particularly pertaining to the sources of inaccuracy, imprecision, and blank effects. As 
part of FCEM, measurement precision and accuracy are typically estimated from QC 
indicators that cover as much of the total sampling and analytical process as feasible. 
Estimates of precision and accuracy are based primarily on the actual sample matrix. 
For purposes of comparability, the actual precision and accuracy estimates obtained 
experimentally during the test programs are compared with Data Quality Objectives 
(DQOs) established for the FCEM project. .. 
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Data Evaluation 

Table 4-1 

Types of Quality Control Samples 

QC Activity 

Precision 

Replicate samples collected over time under 
the same conditions 

Duplicate field sample collected 
simultaneously 

Duplicate analyses of a single sample 

Matrix- or media-spiked duplicates 

Laboratory control sample duplicates 

Surrogate-spiked sample sets 

Accuracy 

Matrix-spiked samples 

Media-spiked samples 

Surrogate-spiked samples 

Laboratory control samples (LCS) 

Blank Effects 

Field Blank 

Trip Blank 

Method Blank 

Reagent Blank 

Part 111: Site 105 

Characteristic Measured 

Total variability, including process or temporal, 
sampling, and anslytical. 

Sampling plus analytical variability at the actual sample 
concentrations. 

Analytical variability at the actual sample 
concentrations. 

Sampling plus analytical variability at an established 
concentration. 

Analytical variability in the absence of sample matrix 
effects. 

Analytical variability in the sample matrix but an 
established concentration. 

Analyte recovery in the sample matrix, indicating 
possible matrix interferences and other effects. In a 
single sample, includes both random error (imprecision) 
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 an indica- 
tor of analytical efficacy. 

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

Total sampling plus analytical blank effects, including 
sampling equipment and reagents, sample transport and 
storage, and analytical reagents and equipment. 

Blank effects 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. 
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Data Evaluation 

0 These objectives are not intended to be used as validation criteria but as empirical 
estimates of the precision and accuracy that would be expected from existing reference 
measurement methods and that would be considered acceptable. The precision and 
accuracy estimates are not necessarily derived from analyses of the same types of 
samples being investigated. Although analytical precision and accuracy are relatively 
easy to control and quantify, sampling precision and accuracy are unique to each site and 
each sample matrix. Data that do not meet these objectives are by no means 
unacceptable. Rather, the intent is to document the precision and accuracy actually 
obtained and use objectives as a benchmark for comparison. The effects of not meeting 
the objectives should be considered in light of the intended use of the data. 

Analytical Quality Control Results 

Table 4-2 presents the types of quality control data reported for this site. The results of 
these analyses appear in Appendix F. Table 4-3 presents a summary of precision and 
accuracy estimates. 

Based on the quality control data evaluated, and recognizing the limitations in data 
quality reflected by relatively large confidence intervals for the average emission 
estimates and the error associated with high blanks for some species, there is reason to 
conclude that the data reported are valid. Not enough information is available to 
differentiate each component of variability, but excessive analytical variability or bias 
generally is not indicated. The uncertainty is in large part a natural consequence of the 
low levels measured, confounded by uncertainty about the estimates of the blanks and 
process variation. 

A discussion of precision and accuracy is presented below for each measurement type, 
followed by a stack gas sampling quality control data review, which includes a discussion 
of representativeness, comparability, and completeness. 

Precision is a measure of the reproducibility of the 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 and coefficient of variation (standard deviation divided by 
mean). For duplicates, precision is expressed as the relative percent difference (RPD). 

Accuracy is a measure of the deviation from a measurement result and the "true" or 
expected value. In a single measurement, accuracy includes components of both random 
error, or imprecision, and systematic error, or bias. The average of several accuracy 
values tends toward a limiting mean, which is a measure of the bias or persistent positive 
or negative deviation from the "true" value. 

The efficiency of the analytical procedure in the sample matrix is quantified by the 
analysis of spiked samples containing target or indicator analytes or other quality 
assurance measures, as necessary. While spiked samples usually provide a measure of 
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accuracy or bias at medium concentration levels, expressed as percent recovery, blank 
samples also provide a measure of bias, although at low or near-detection levels. 

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. 

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 and collected under similar conditions. This goal 
is achieved by using standard techniques to collect and analyze representative samples 
and by reporting analytical results in appropriate units. Data sets can be compared with 
confidence when the precision and accuracy are known. 

Completeness is an expression of the number of valid measurements obtained, compared 
with the number planned for a given study. The goal is to generate a sufficient quantity 
of valid data. 

Metals 

Precision. The precision estimates for metals analyses at Site 105 are shown in Table 
4-3. For this site, precision was estimated using analytical duplicates. Laboratory 
duplicate results give an estimate of precision based on laboratory variability alone; 
Table 4-3 presents precision objectives for sampling and analytical variability. There was 
no way to evaluate sampling variability at this site independent of variability in the 
process streams. However, analytical variability generally seemed to be within the stated 
objectives (20% RPD) for both fuel oil and stack gas. The only exceptions to this were: 

Arsenic in the particulate fraction of the stack gas (28% RPD); and 

Total chromium in the stack gas, combined particulate and vapor fraction (23% 
RPD). 

In both cases, the RPD values were only slightly higher than the stated objectives. These 
exceptions should not have any major effect on the usability of the data. 

Measurement data for replicate runs (Shown in Table A-1) showed good overall 
repeatability, except for nickel and lead in the vapor phase of the stack gas. The nickel 
value for Run 5 was an order of magnitude lower than in the other two runs. The 
quantity of nickel in the vapor phase is small when compared with the total 
concentration of nickel in the stack gas. Therefore, the deviation in the nickel 
concentrations for Run 5 may not affect overall data quality. For lead, the concentration 
in the vapor phase of the stack gas was approximately 10 times higher than the 
concentration in Runs 4 or 6. The source of the variation cannot be determined. 

4-7 Part 111: Site 105 



Data Evaluation 

Accuracy. Accuracy estimates for metals analyses are shown in Table 4-3. These 
estimates are based on matrix spike recovery data, which show that recoveries for fuel 
oil, stack gas-vapor phase, and stack gas-particulate phase were generally within 
acceptance criteria. The only exceptions are nickel recovery in the stack gas vapor 
fraction (69% RF'D), and cadmium recovery (69%) and zinc recovery (69%) in the stack 
gas particulate fraction. These exceptions should not be of significant concern. 

Blanks. Blank results can be found in Table A-1. At Site 105, both reagent blanks and 
field blanks were analyzed for stack gas metals; no blanks were analyzed for fuel oil at 
this site. In the vapor phase of the stack gas, the field blanks were near the 
concentration of the samples measured during mns 4, 5, and 6 for the metals listed 
below: 

Cadmium; 

Copper; 

Lead: and 

Manganese 

In most of these cases, a lower level of contamination was noted in the reagent blank, 
which indicates that there may have been multiple sources of contamination. In 
addition, blank values measured at these high levels make the Run 4, 5, and 6 
concentrations for these metals highly suspect. 

.' 
In the particulate phase of the stack gas, high blank values were found for beryllium 
(both field and reagent blank values), although the concentrations for the samples from 
Runs 4, 5, and 6 were measured below the detection limit. The blanks for the following 
metals had contamination at or near the levels measured in the actual samples: 

The high concentration of contamination in the blanks associated with these samples 
indicates that the rneasL-ed values for these metals for Runs 4, 5,  and 6 are suspect. In 
addition, the following metals showed blank contamination levels that were about half 
the concentration in the samples: 

Lead (field blank and reagent blank); 

Manganese (field blank - reagent blank showed about half the concentration); and 

Selenium (reagent blank - field blank was not detected). 
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Arsenic; 

Cadmium;and 

Copper. 

The levels of contaminant in these blanks indicate that the results may be biased high; 
however, the information provided does not allow a calculation of bias. 

PAHs 

Precision. The precision estimates for Site 105 PAH analyses are summarized in Table 
4-3. No duplicate sample or analysis data were available, so precision estimates are 
based on the deviation of surrogate recovery values in the three replicate test ruus. 
These data show good precision for analysis of the four surrogate compounds, ranging 
from 6 to 28 %CV, all within the 35% objective. 

The total variability for PAH analyses observed in the replicate test runs was relatively 
large compared with the concentrations measured, which were mostly below or near the 
detection limits, although there was an order of magnitude difference between the 
concentrations of some compounds measured in one test run versus another. The effect 
of these differences is reflected in confidence intervals greater than or equal to the mean 
values (shown in Table 3-2c). 

Accuracy. The accuracy estimates for PAH analyses (shown in Table 4-3) are expressed 
as the range of surrogate recovery values for the three replicate test runs. Recoveries 
for two of the four surrogate compounds are low (32-36% and 36-54%), compared with 
the 50-150% objective. Recoveries for the other two surrogates (50-62% and 98-110%) 
are within the objective. These indicators suggest reliable analyses, with quantitation of 
some compounds possibly influenced by sample matrix effects. 

Blanks. Eleven of the 15 polycyclic aromatic compounds analyzed were detected in the 
stack gas stream during oil firing: benz(a)anthracene, benzo(b+ k)fluoranthene, 
benzo(g,h,i)perylene, chrysene, dibenz(a,h)anthracene, fluoranthene, fluorene, 
indeno( 1,2,3-cd)pyrene, naphthalene, phenanthrene, and pyrene. Of these, only 
fluoranthene and phenanthrene were detected in all three PAH runs. Naphthalene was 
detected in two runs and the remaining seven compounds were detected only once. A 
reagent blank analysis was not performed for these compounds; therefore, the field 
blanks results were used to correct the measured concentrations. For about half of these 
PAH compounds, the field blank levels were high, compared to the stack gas 
measurements (sometimes in excess of 100% of the measured concentration); these 
concentrations are marked with a " B  flag in Table 3-2c. Appendix A contains the blank 
results and raw reported values. The high levels of PAHs in the field blank make some 
of the PAH measurements suspect, but the lack of a reagent blank result makes it 
difficult to determine the cause of the high blank results. 
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Formaldehyde 

precision. The precision estimates for formaldehyde analyses (shown in Table 4-3) are 
based on matrix spike duplicate results. The relative percent difference for the duplicate 
spike recovery results is 12%, well within the 40% objective. No precision data were 
available for benzene. 

Accuracy, The accuracy estimate for formaldehyde, expressed in terms of matrix spike 
recoveries, ranged from 98-112%, well within the 50-150% recovery objective. No 
recovery data were available for benzene. . 

Blanks. The concentrations presented for formaldehyde in the flue gas (for both oil and 
natural gas firing) are not corrected for the blank result. No formaldehyde was detected 
in the reagent blank. The benzene results are also uncorrected because no blank data 
were available. 

Stack Gas Sampling Quality Control 

Sampling quality control was addressed in a summary of the quality assurance program 
used by Carnot and in a letter of certification from the California Air Resources Board. 
Also documented were calibration records for the dry gas meters and a table outlining 
the schedule and procedures used for calibrating these and other equipment, and CEM 
standard certification sheets. 

The precision of the sampling can be estimated by comparing results for various 
parameters of the replicate samples, notably velocity, moisture content, and gas 
composition. These were fairly constant for each sample location. 

The accuracy of the sampling is usually assumed from the calibration and proper 
operation of the equipment and from historical validation of the methods. Field blanks 
are used to correct for any biases that may be caused by contamination of the equipment 
or location, or operator errors. Blanks were included for all tests except the CARB 410 
(benzene), which were grab bag samples. 

The representativeness of the sampling depends on the precision and accuracy and also 
on the characteristics of the sampling locations. The sampling location, on the inlet 
ducts to the stack, was not ideal in terms of undisturbed flow distances upstream and 
downstream of the ports, at least from the diagrams provided (the dimensions, other 
thxi the cross-section of thc duct, wcrc not specified). In addition, although a large 
number of traverse points were used on both ducts together (40), administrative approval 
was given to sample only one for each test run, thus reducing the number by half. 
Because of this, the number of points should probably have been increased to the 
maximum required (24) for each duct. However, any bias caused by this was most likely 
minimal. The isokinetic variation is a measure of the operational performance of the 
sampling for particulate matter. It can be used to indicate precision and has 
consequences for representativeness. All of the sampling runs met the acceptance 
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criteria for isokinetic variation. Based on adherence to the approved stack gas sampling 
methods, discussed below, the samples collected should be considered representative. 
There are, however, significant variabilities in results for certain analytes from run to 
run. This has resulted in low confidence in the estimate of the average emissions for 
these compounds. Although corrected for, blank artifacts also contribute to the overall 
variability and uncertainty in the results, particularly in cases where the blank result is as 
large as the sample result. Although there might be some concern about collecting only 
three samples to characterize the two flue gas ducts, any disagreement between north 
and south duct sample results does not appear to be profound. 

The comparability of sampling depends upon the representativeness of the samples and 
on the use of consistently applied standard methods. The CARB 430 method for 
aldehydes is a single-point, nonisokinetic, midget impinger procedure analogous to the 
EPA Boilers and Industrial Furnaces (BIF) Method 0011, using the same acidified 2,4- 
dinitrophenylhydrazine reagent for collection and HPLC for analysis. The CARB 429- 
EPA MMS/M23 method for semivolatile organic compounds, dioxins, and furans is well 
established both for sampling and analysis. The EPA multimetals procedure is still in 
the evaluation process, but is becoming widely accepted and is documented enough to be 
considered a standard method. CARB 425 for total and hexavalent chromium is 
somewhat similar to the current EPA/BIF hexavalent chromium method in terms of 
collection medium and analytical procedures. CARB 410 for benzene is the same as the 
EPA Method 18 procedure for sampling with a rigid container which is evacuated to W. 
a bag. Overall, there is no reason to conclude that the data reported would not be 
comparable with data from similar studies, although adherence to more formal and 
rigorous quality assurance protocols would enhance any such comparisons. 

The completeness of the sampling is mainly a function of generating the requisite 
number of samples and proper documentation. In particular, the data necessary for 
calculating the results, including the calibration of the equipment and all pertinent 
entries on the run data sheets, should be present. Calibration data provided in this 
report were adequate, and sampling sheets were acceptably filled out, although impinger 
exit temperatures were not always present, and in the case of the PAH runs, condenser 
exit temperatures were substituted for them. The necessary number of samples were 
successfully taken and sample custody was transferred properly to the analytical 
laboratories. No data losses were noted. 

Material Balance Results 

At Site 105, the overall plant mass balance was simplified to one inlet (fuel oil) and one 
outlet (stack gas) stream. The composition measured in one flue gas duct was assumed 
to be the same in the other duct. Stream flow and concentration distributions (average 
and standard deviation) were entered into a statistical error propagation model to 
estimate the confidence intervals for the material balance closures. A detailed discussion 
of the statistical error propagation analysis appears in Appendix E. Appendix F contains 
detailed QA/QC data. 
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Closure is defined as the ratio of outlet to inlet mass flow rates. A 100% closure 
indicates perfect agreement between the outlet and inlet mass flow rates. When trace 
substances are analyzed, a closure of between 70% and 130% has been set as a goal for 
the FCEM project. This range reflects the typical level of analytical uncertainty and, 
therefore, allows the investigator to interpret the inlet and outlet stream component mass 
flow rates as being statistically equivalent. Poor closure values indicate an analytical or 
sampling problem with one or more types of sample matrices, excessive process 
variability, problems collecting representative samples, or a combination of these 
situations. 

The measured oil flow rate was compared with the unit generating capacity by 
calculating a heat input using the oil flow rate, HHV,  and an efficiency of 30 percent. 
The flow rate and generating capacity were in good agreement. Both oil and flue gas 
flow rates have small confidence intervals, indicating good precision in their 
measurements. 

Table 4-4 presents the results of the material balance closure and error propagation 
analysis. Mass balances were performed only for those elements detected in the fuel oil 
and stack gas; in this case, chromium, and nickel. 

A number of trace elements were detected in the stack gas but not the fuel oil. Only 
chromium and nickel were detected in both the fuel oil and stack gas streams. As shown 
in Table 4-4, the closure for each of these compounds was outside the target range. 

Chromium 

The material balance closure, 14 k 11%, is outside the desirable range. The reagent 
blank level for the flue gas stream analysis was about one-fifth of the mean measured 
concentration. No blank data were available for the fuel oil stream. The spike 
recoveries for both streams were reasonable: 104% for the stack gas stream and 84% 
for the fuel oil. 

Nickel 

The material balance closure, 39 k 9%, is also below the desirable range. The broad 
confidence interval suggests that variability in the data could account for the poor result. 
Reagent blank concentrations for the flue gas stream analyses were small compared with 
the mean concentration. Spike recoveries in the gas stream were 69% for vapor-phase 
Ni and 97% for solid-phase Ni. In the fuel oil, the spike recovery wzs 94 percent. 
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Table 4-4 

Material Balance Closure Results for Site 105 

Substance 

chromium 
Nickel 

‘CI = Confidence interval. 

Mean Closure (%I 
14 

39 

95% CI a 

11 

9 
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Section 5 

EXAMPLE CALCULATIONS 

This section describes the methodology and sample calculations used to develop the 
results discussed in Sections 3 and 4. Specifically, the calculations of reported concentra- 
tions, unit-energy-based results, and confidence intervals are described. 

Concentration Calculations 

The concentrations presented in this report were calculated from raw data presented in 
the Carnot report. The gas concentration is calculated as follows: 

520 
SV * F 492 

C =  (M - B, * 35.3 * - 

where: 

C = Concentration, pg/Nrd 

M = 

B = 

SV = 

F = 

35.3 = 

- 520 = 
492 

Mass measured in the sample, pg 

Mass measured in the blank (reagent or field), pg 

Sample volume (at 60"F), dscf 

Sample correction factor (see below) 

Conversion off? to rd 

Temperature correction for normal conditions, Le., 32" F 
(60" F to 32" F) 

The sample correction factor depends on the specific analytical procedure where: 

F = 0.95 for the multi-metals train since 5% of the sample was removed for mercury 
analysis.; 

F = 1.0 for mercury, benzene, formaldehyde, and PAHs; and 
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F = 0.5 for total and hexavalent chromium since one-half of the sample was used for 
each analysis. 

Note that the mercury results were corrected for the sample aliquot in the analytical 
reports prepared by the lab. All concentrations are presented at normal conditions 
(32"F, 1 atm). 

Unit Energy Calculations 

The unit-energy-based emission factors (Table 3-3) were determined by dividing the mass 
flow rate of a substance being emitted by the fuel heat input to the boiler during testing. 

The unit-energy-based emission factor during oil firing is calculated from the following 
equation: 

* 2202.6 ( & N + & ) *  c E =  
HHV * oil 

(5-2) 

where: 
E = Mean stack emission factor, lb/lO'' Btu 

FN Mean flue gas flow rate, Nm '/hr (North Duct) 

& = Mean flue gas flow rate, Nm3/hr (South Duct) 

C = Mean total flue gas concentration, pg/Nm3 

HHV = Mean oil higher heating value, Btu/lb 

oil = Mean oil feed rate, lb/hr 

= 

2202.6 = Unit conversion coefficient, lb/10 '' pg 

Nickel will be used for this example. The following mean values were taken from Tables 
3-1 and 3-2~: 

€ti = 1,001,200 Nm3/hr 

& = 1,083,500 Nm3/hr 

C - - 710 pg/Nm3 

HHV = 18,960 Btu/lb 
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oil = 338,700 lb/hr 

The emission factor for nickel is calculated from Equation 5-2 

(1,001,200 + 1,083,500) * 710 * 2202.6 = 510 lb,l,,2 Btu E =  
18,960 * 338,700 

During natural gas firing, the emission factor equation is: 

* 2202.6 ( & + & E ) *  c E =  (5-3) 
h 

where: 

h = Heat input (estimated by Carnot as 6,588 MMBtu/hr) 

0 Confidence Interval Calculations 

Confidence intervals (CIS) were calculated for the total mean concentrations in the gas 
and oil streams. In addition, confidence intervals were determined for the stack gas 
emission factors presented in Table 3-4, as well as for the material balance closures. 
Additional details of the CI calculation can be found in Appendix E. 

CIS for Stream Concentrations 

The 95% CI about the total mean for simple linear addition can be found by: 

(5-4) 

where: 

VTOT = 95% CI for the total mean 

8, = Bias component 
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t =  Student's "t" factor for 97.5 percentile (one-tail) and N-1 degrees of 
freedom 

$= 

N =  Number of measurements 

Standard deviation of the individual run measurements 

The bias component for the mean is found by root-sum-squaring the bias error from 
each run and the sensitivity of that run to the mean: 

8, = ;m-T 
i =  1 

where: 

8 .  = Bias for each run i P' 

8 .  = Sensitivity to run i = 1/N a Pl 

The individual bias is equal to one-half the detection limit for concentrations below the 
detection limit. Zero bias is assumed for reported quantities. 

The following concentrations (pgg/Nd), taken from Tables 3-2a, 3-2b, and 3-2c, will be 
used to demonstrate the method for calculating the 95% CI: 

Substance Fraction -4 -5 -6 
Nickel Solid Phase 720 670 730 
Nickel Vapor Phase 13 1.1 18 

-6 -7 -8 

F'yrene Total ND(0.009) ND(0.009) 0.089 

?'he calculztion of the total nickel concentration for each run is based on the method 
described in Section 3 (addition of solid and vapor phases). The results are presented 
below: 

Standard 
Substance -1 -2 - Run 3 Mean Deviation 
Nickel 730 670 740 710 38 
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The 95% confidence interval is calculated using the following values inserted into 
Equation 5-4: 

Br = 
t =  4.3 

$ =  38 
N =  3 

0 (no values below the detection limit) 

The 95% CI (U rTOT) for the total nickel concentration is 95 p g / N d .  

The 95% confidence interval for pyrene is calculated the same way. Since the concentra- 
tions for Runs 6 and 7 are below the detection limit, the bias component is not zero. 
The individual bias, j3 p,  for each run is: 

-6 -7 Run8 
0.0045 0.0045 0 B P  

The bias component is then calculated from Equation 5-5, using these values. In this 
example, the Sensitivity is 0.33 or 1/3. 

0 

= 0.0021 

The standard deviation ($) calculated from the three individual pyrene concentrations is 
0.049. Substituting these values into Equation 5-4, 

= 0.12pg/Nm3 
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CIS for Emission Factors and Material Balance Closures 

The 95% CIS for the emission factors and material balance closures were calculated 
using the equations presented in Appendix E. Appendix E also contains a sample 
calculation for the 95% CI around an emission factor. 
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Appendw B 

This appendix presents the results from the Site 105 sampling event in February 1990. 

Tables B-1 and B-2 present the concentrations of the substances measured at Site 105 

during residual oil firing and natural gas firing, respectively. The analytical methods 

used to determine these results are also given. 

The concentrations were calculated from the raw analytical data presented in the Carnot 

report, which are shown in Appendix A. These concentrations were corrected for the 

reagent or field blank analysis, when appropriate. Section 3 presents details of which 

samples were corrected for the reagent blank analysis and the field blank analysis. The 

" B  flag indicates that the blank measurement is equal to or greater than 50% of the 

uncorrected sample measurement. The "<" flag indicates that the concentration is below 

the detection limit. In this case, the concentration is presented as the detection limit. 

The stack (emitted) gas at Site 105 was sampled for nickel by two different methods-- 

Draft EPA Metals Method and CARB Method 433. The results for the CARB Method 

433 test are presented as "Emitted gas, alternate.'' The CARB 433 results were not used 

in any calculations presented in the body of the report. 
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Appendix C 

Appendix C summarizes the sampling and analytical methods used at Site 105. The 

following text describes these procedures. The text is paraphrased from Carnot report 

CR-71109-2046. Table C-1 summarizes the methods by sample stream. Table C-2 

presents the sampling periods for gas streams. Table C-3 summarizes sampling and 

analytical methods by analyte group. 

Sampling and Analytical Procedures 

All tests were performed with the boiler operating at 96% or more of full load. The 

boiler was operated under normal control settings throughout the test program. 

Continuous soot blowing was in effect while firing oil. Details of process conditions 

during testing can be found in Appendix D. 

Sampling Locations 

Measurements were performed at the existing sample ports located in each of the two 

ducts between the boiler air preheater and the stack. Each duct measured 16-1/2 feet by 

20-1/2 feet at the sampling location, and there were 4 sample ports per duct. For each 

isokinetic test, a five-point traverse was made at each sample port, providing a 20-point 

measurement grid on each duct. The concentrations measured in one duct were 

assumed to be the same for the other duct. 

GO, and 0, Measurements 

C q  and 9 were measured using Carnot’s Continuous Emissions Monitor (CEM) 

system. The system meets EPA requirements. A portable 9 sensor was used to perform 

a 28 point Q traverse in conjunction with each isokinetic test. C q  was measured at a 

fixed point in the north duct at a location 1/2 duct diameter upstream of the sampling 

plane. 
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&&&&e 

Exhaust Gas 

PAH 

Formaldehyde 

Benzene 

Cr (Total) 

C r ( W  
Metals 

Nickel 

9 
CQ 
Mdy/Moisture 

Metals 

Sulfur 

Chlorides 

Table C-1 

Summary of Sampling and Analytical Methods 

CARB 429 

CARB 430 

CARB 410A 

CARB 425 

CARB 425 

Drafi EPA 

CARB 433 

EPA 3A 

EPA 3A 

EPA 1 2 4  

EPA 6010 

ASTM D129-64 

ASTM D808-87 

Analytical 
Method 

GC/MS 

HPLC 

GC/PID 

A A S  

Ion Chromatography 

(see Table C-2) 

Flame AAS 

Electrochem Cell 

Nondispersive IR 
Pitot Trav, Grav. 

Analytical 
DL 

11 ng/m’ 

l3 PPb 

1-4 PPb 
0.3 pg/m’ 

0.6pg/m3 

(see Table A-2) 

05irg/m’ 

0.5% 

05% 

‘9, C Q ,  YO, and velocity tests were performed in conjunction with all isokinetic tests. 

bVelodty and moisture tests also performed on natural gas fuel. 

# Duplicates 
Notg 

3 

3 Each Fuel 

3 Each Fuel 

3 

3 

3 

3 

In Conjunction’ 
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Table C-2 

Summary of Metals Analytical Methods 
a 

a 

Metal 
Be 

cr 
As 
Cd 

cu 
Pb 
Mn 

Hg 
Ni 

Se 
Zn 

'Assumes a 1.9 Nm' sample. 

a 

Analvtical Method 

ICP 

Graphite Furnace AA 

Graphite Furnace AA 

ICP 

ICP 

Graphite Furnace AA 

ICP 

Cold Vapor AA 

ICP 
Graphite Furnace AA 

ICP 

DL (ug/mV 

0.06 
0.30 

0.30 

0.10 
0.70 
3.20 

0.60 
13 

0.60 

3.40 

0.60 

. 
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Table C-3 0 
Summary of Gas Stream Sampling Runs 

(Flue Gas) 

Veld 
Date && Formald pAH - Moist 

2/13/90 0839-1132 1232-1252 

UO2-1415 l2%-UU 

U14-1334 

2/14/90 0944-1uM 0944-1uM 

1424-1634 1424-1634 

2/15/90 0830-1040 0830-1040 

2/16/9d 

2/17/90 0941-1154 

2/18/90 

1259-1609 

0909-1231 

1429-1459 0848-1239 

1510-1540 

1557-1627 

0903-0913 1040-1110 

0919-0929 1UO-1l.50 

1004-1009 1205-1235 

0957-1027 
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Velocity and Moisture 

Velocity and moisture were determined in conjunction with all isokinetic tests according 

to EPA Methods 1, 2, and 4. Non-isokinetic point tests were performed during separate 

velocity traverses. The average duct velocity is applied to the single point test. 

Metals Analysis 

Reagent and field blanks were analyzed for all trace metals. A mandatory check for 

matrix effects was performed for each metal, except hexavalent chromium, by spiking one 

sample. 

If the recovery was less than f 25% of nominal, all samples were analyzed using the 

method of standard additions. A duplicate analysis was performed for each metal. 

Acceptable criteria for agreement between duplicates was & 10 percent. Because of 

matrix effects for some metals, 0% recovery was reported for graphite furnace 

measurements. The following criteria were then established for this test series: 

For GFAAS results with recoveries of less than & 25% of nominal were samples 
analyzed using the method of standard additions; 

Where GFAAS showed no response to standard additions, ICP was used; and 

Where GFAAS detection limits were higher than ICP, ICP was used. 

Triplicate samples were collected for metals analysis; two samples at the north duct and 

one sample at the south duct. 

Metals Sampling 

Samples for metals analysis were collected by three separate sample trains are discussed 

in the following paragraphs. 
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Multi-Metals Train 0 
Samples to be analyzed for arsenic, beryllium, cadmium, copper, lead, manganese, 

mercury, nickel, selenium and zinc were collected using an EPA draft metals method 

titled "Methodology for the Determination of Metals Emissions in Exhaust Gases from 

Stationary Source Combustion Processes." The sample train is of the same configuration 

as a CARB Method 5 train, with the following exceptions: 

The probe is Teflon@ to eliminate metal contamination of the sample; 

The filter is Teflon@ coated fiberglass to minimize interferences; 

The first two impingers contain dilute nitric acid and hydrogen peroxide to collect any 

volatile metals which pass through the-filter; and 

. The third impinger contains an acidified potassium permanganate solution to collect 

any mercury that is not collected in the nitric acid impingers. 

Analyses for these metals was performed by ICP, graphite furnace and cold vapor atomic 

adsorption, depending upon the metal. Decomposition of each sample fraction is 

described in the EPA draft method. Whenever possible, decomposed sample portions 

were concentrated and combined, with regard to preventing loss of volatile metals, to 

achieve the lowest detection limits possible for these samples. Five percent of the 

decomposed probe wash/filter extract and 5% of the nitric acid/peroxide impinger catch 

was removed for mercury analysis. The remaining 95% of these sample portions was 
concentrated to a total volume of 50 mL and analyzed for metals. The probe wash/filter 

portions and the impinger catch portions were analyzed separately. The KMn04 
impinger portion was analyzed for mercury only. 
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Chromium and Nickel Trains 

CARB Method 425 was used for total and hexavalent chromium. In order to achieve a 

low detection limit, a separate sample train was used. Ion chromatography was chosen 

as the analytical method, which provides lower detection limits than the colorimetric 

method. A separate train was run for nickel using CARB 433. The was performed at 

the request of CARB for inclusion in the CARB Metals Validation Study. 

PAH 

PAH samples were collected according to the sampling procedures of CARB Method 

429, also known as the semi-VOST or "Modified Method 5." Table 3-5 summarizes the 

pertinent information for these tests. In this procedure, a sample is collected 

isokinetically and passed through a heated Method 5 filter followed by and XAD-2 

sorbent module in a water cooled jacket. The sorbent module is followed by an 

impinger train to collect moisture an any semivolatile species that might pass through the 

resin. GC/MS with selected ion monitoring was used to analyze PAH. The procedure 

provides the lowest detection limits possible for these samples. A full field blank as 
collected and analyzed for PAH. For a field blank, a separate sample train was 

assembled, transported, leak checked, rinsed, and recovered in the same was as the 

sample train. This provided a blank value not only for the analytical procedures but also 

for the reagents, filter, and any possible contamination introduced by sample handling. 

voc 

Samples for benzene were collected in Tedlar bags and analyzed by GC/MS. 

Formaldehyde samples were collected nonisokinetically according to CARB Method 430 
using midget impingers in acidic 2,4-dinitrophenylhydrazine solution. The analysis for 
formaldehyde was performed using reverse-phase HPLC. A field blank and field spike 

were also submitted for analysis. a 
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Fuel Analysis 

Duplicate samples of fuel oil were analyzed for metals using EPA Method 6010, sulfur 

using ASTM Method D129-64, and chlorides using ASTM Method D808-87. Gas fuel 
analysis was obtained from the plant. 
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Process Data 
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Table D-1 

Fuel Oil Flow Rates 

Average Flow Rate 
- Date m e  pal/hr 63 60°F 

2/13 0830/1618 43,672 

2/14 14301 1610 43,658 

2/15 0842/ 1101 43,790 

2/15 1318/1553 44,162 

2/16 0929/132a 43,590 

2/11 085611225 43,672 

Average 
MMBtu/hr 

6,428 

6,413 

6,425 

6,445 

6,500 

6,416 
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Table D-2 

Natural Gas Analysis February 18, 1990 
Average of 17 Samples (0756 - 1655) 

Molecular weight = 17.67. 

HHV = 1042.5 Bhdscf. 

Fuel Factor (60'F) = 8,599 dScfll0 Btu @ 0% 0,. 

'Analyses performed by on-line GC. 

Part 111: SLe 105 D-4 

Vol %" 

92.467 

4.531 

0.729 

0.05 

0.58 

0.018 

0.014 

0.016 

1.227 

0.892 

e 
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Error Propagation for Emission Factors and Material Balance Closures 
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The text for Appendix E can be found in the Site 103 section. The computer-generated 

results from the emission factor and material balance calculations and error propagation 

analyses for Site 105 are included here. 

a 

0’ 
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a 

a 

Emission Factor and Mass Balance Results 
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c 
0 

N N  
0 1  
R R  
M I  
A B  
L U  
I T  
2 1  
E O  
D Y  

S . . 

INPUT 
VARIABLE 
NAME DESCRIPTION 

ABSOLUTE ABSOLUTE ABSOLUTE M B E R  
AVERAGE ERROR U Y T R I B U T I ~  SENSITIVITY ERRCU OF OF 

WITS VALUE TYPE .. ( S I m p I  INPUT** Y W L E S  

1) co cutlet C O N  

2) CI i n l e t  CM 

3)  62 duct 2 f l W  
4) W L  fucl vol f l a r  
5) G1 -1 1 f l W  
6) W L  fuel vol flwr 

u g f Y r n 3  9 4  PREC I.&E+W 1.68E+OO 2.50E*02 3 
W f L  .E PREC 3.36€+03 -1.92EIO2 4.26E-01 2 
lua31hr 1083511 PREC T .ME+Ol  7.5%-05 2.8OE+M 6 
gsl lhr  43740 BIAS 5 .65E lO l  -3.4SE-05 2.19E*OS . 
N m Y l h r  1001200 PREC 3.66E101 7.56E-05 1.WE45 6 
sal lhr  43740 PREC 1.76E100 - S A S E - 0 3  9.47E42 6 

* PRECISION CO*POIEYT e t*srbar .. ( B p * S l W p ) ^ 2  FOR B IAS ERRORS; ( t * S p b a r * s l a r p ) - 2  FOR PRECISION ERRCUS 

WERE S~~~FPRECISION INDEX OF THE MEAN. SP/I(YWBER OF SUIPLES)*.S 
-THE SPUARE R W l  OF THE SIB OF THE ABSOLUTE CONTRIBUTIONS IS EPUAL TO THE TOTAL ULICERTAINTI 

*** BP FOR 6 l A S  ERRORS; Sp FOR PRECISIDN ERRORS 
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c 
0 

Y Y  

0 1  
R R  
1 1 1  
A B  
L U  
I T  
2 1  
E O  
D Y  

5 . . 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X X 
X X 
X X 

X X 

X X 
X X 
X X 
X X 
X X 
X X 
X X X X 

1 2 3 4 5 6 
WCERTAIYTY m) l lR IBUTW 

W T W l  ABSOLUTE ABSOLUTE ABSOLUTE DEGREES 
VARIABLE AVERAGE BIAS PRECISION TOTAL STU)EYT OF 
!ME DESmIPI !L* !  W ! l S  V A L E  -EYT CCWWEqT. uyc t F R E E W I  

CLOSURE Nickel M l i n  110 x 38.842 1.8SE100 P.WE*OO P.ZE*OO 4.30EICO 2.5E.00 
~ 

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

IYWT 
VARIABLE 
NAME DESCRIPTION 

ABSOLUTE ABSOLUTE ABSOLUTE YWBER 
AVERAGE ERRW COYTRIBUTION S E Y S I T I V I I Y  ERRW OF OF 

U Y l l S  VALUE TYPE .* ( S I W l p )  IYWT-. SAMPLES 

1) C I  in le t  c m  
2) w 0"clet c m  
3)  G2 duct 2 flar 
4 )  M L  fuel vol flwr 
5 )  tl duct 1 f l a  
6 )  YDL fuel vol flwr 

~~ ~~ 

r m l L  23 PREC 4.82E101 -1.62E100 6.07E100 2 
uglMn'3 710 PREC 2 . 6 7 E i O l  5.47E-02 1.64EIO2 3 
Y m l l h r  1083511  PREC 4.5LEKJO I.&?-05 2 . 8 0 E 4 5  6 
gallhr 43740 B I A S  3.43E100 -8.46E.04 2.19E103 . 
Y m W h r  1001200 PREC 2.22E+OO 1.86E-05 1.96€+05 6 
gallhr 43740 PREC 1.07E-01 - 8 . M E - 0 4  9.47E102 6 

* PRECISION COYFCUEYT = t*SIQar 
** ( B P ' S I W ~ P ) ~ ~  Fo11 B IAS ERRORS: ( t * S p b a r * S I D U p ) " 2  F W  PRECISION ERRWS 

.WERE Spbar=PRECISION INDEX OF THE MEAN. S p l ( W B E R  OF SUIPLES)*.S 
-THE S P U M E  R W l  OF THE SUI OF THE ABSOLUTE COYTRIWTIONS IS E D W L  TO THE TOTAL UWCERTAlYlY 

BP tMI B I A S  ERRCUS; Sp FOR PRECISION ERRORS ... 
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c 
0 

Y Y  
0 1  
R R  
M I  
A B  
t u  
I 1  
Z I  
E O  
o n  

S 

. 

IYPUT 
VARIABLE 
NAME DESCRIPTION 

ABSOLUTE ABSOLUTE ABSOLUTE NUBER 
AVERAGE ERRW COlTRlsUTlOI S E Y S I T I V I T I  ERROR OF OF 

UNITS VALUE TTPE .. ISIWAp) INPUT*** S M P L E S  

1) co wrler corr 
2 )  c1 inlet E -  

3) GZ dxt 2 f10.I 
4) M L  fuel "Dl f l o w  
5 )  G1 d r t  1 fl0.I 
6) M L  fuel rol f l a r  

uglYm'3 2.9 PREC l.lM.02 &.ME+OO &.00E+00 3 
W L  .27 PREC 4.23E.00 -4.83E+01 6.OZE-02 2 
Ym-3Ihr 1083511 PREC 5.50E-01 6.&8E-06 Z.IIOE.05 6 
gal lhr  43740 BIAS 4.15E-01 -2.94E-DL 2.19E103 
Nr^3/hr 1001200 PREC 2.68E-01 6.48€-06 1.9bE105 6 
gal lhr  &37&0 PREC 1.29E-02 -2.94E-DL 9.47E102 6 

* PRECIS IOI  CWPONEWT = t*srbar .. lBp*Sla*p)-Z FOR BIAS ERRORS: ( t * S p b a r * S I W ) ^ Z  FOR PRECISION ERRORS 
-WERE Spbar=PREClS lO l  INDEX OF THE C A Y ,  SplCYWBER OF U P L E S ) ^ . 5  
-THE W A R E  11037 OF THE SA OF THE ABUILUTE CDITRIBUTIOIS  IS EDUIL TO THE TOTAL UYCERTAIYTY 

*** BP FOR BIAS ERRORS; Sp FOR PRECISION ERRORS 
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UNCERTAINTY CONTRIBUTOR REPORT 
SUBSTANCE: ARSENIC 

. OUTPUT BIAS PRSCISION TOTAL STUDENT t OF 
ABSOLUTE ABSOLUTE ABSOLUTE DEGREES 

VARIABLE UNITS AVG VALUE COMPONENT COMPONENT* UNCERTAINTY FACTOR FREEDOM 
........................................................................................... 
[-Factor lb/MMEtu 4.07644520 1.94E-01 3.23E+00 3.23E+00 4.3 2.0 
= 3 , = = = = = = 5 5 5 E = E = S = = 3 = = = = = = = = I I I = E = = = = = = = = = = = = = = = = = = = = =  

ABSOLUTE ABSOLUTE ABSOLUTE NUMBER 
INPUT ERROR CONTRIEUTN SENSITIVITY ERROR OF OF 

VARIABLE UNITS AVG VALUE TYPE [SlGMAp) INPUT'.' SAMPLES t. 

........................................................................................... 
T o t  Conc mg/Nm-3 5.7 PREC 1.03E*01 7.15E-01 7.79E+00 3 
Gas F low 2 dscm/hr 1083500 PREC 4.99E-02 0.00000195 2.BOE+05 6 
Fue l  F l o w r a t e  l b / h r  338697 BIAS 3.75E-02 -1.15E-05 1.69E+04 - 
Gas Flow 1 drcm/hr  1001200 PREC 2.44E-02 1.96E-06 1.96E+05 6 
Fuel F l o w r a t e  l b / h r  338697 PREC 1.21E-03 -1.15E-05 7.44E+03 6 
F u e l  O i l  BTU/l b 18957 PREC 1.37E-05 -2.15E-04 2.43E+01 2 

t x S r  -~ ( B i a s  x S e n s i t i v , i t y ) - P   or It x StOev/N^.S x S e n s i t i v i t y ) - 2  
*** B i a s  o r  (StOev x t) 

........................................................................................... 
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UNCERTAINTY CONTRIBUTOR REPORT 
SUBSTANCE: CADMIUll 

ABSOLUTE ABSOLUTE ABSOLUTE DEGREES 

VARIABLE UNITS AVG VALUE COMPONENT COMPONENT' UNCERTAINTY FACTOR FREEDOM 
OUTPUT BIAS PRECISION TOTAL STUDENT t OF 

E-Factor l b / M B t u  0.68655919 3.26E-02 5.75E-01 5.76E-01 4.3 2.0 

ABSOLUTE ABSOLUTE ABSOLUTE NUMBER 
INPUT ERROR CONTRIBUTN SENSITIVITY ERROR OF OF 

( 5  I G M p  ) INPUT"' SAMPLES VARIABLE UNITS AVG VALUE TYPE ** 
........................................................................................... 
T o t  Conc m m U - 3  0.96 PREC 3.28E-01 7.15E-01 1.39E+OO 3 
Gas F l a  2 dscm/hr 1083500 PREC 1.42E-03 0.00000032 2.BOE+O5 6 
Fuel F l a r a t e  l b l h r  338697 BIAS 1.06E-03 -1.93E-06 1.69E+04 - 
Gas Flow 1 dscm/hr 1001200 PREC 6.95E-04 3.29E-07 1.96E+05 6 
Fuel Flowrate lb/hr 336697 PREC 3.45E-05 -1.93E-06 7.45E+03 6 
Fuel O i l  BTU/lb 18957 PREC 3.90E-07 -3.62E-05 2.44E+01 2 
------------------______________________--------------------------------.~-~------~-----~-~ 

t x S r  
** ( B i a s  x Sensit iv i ty) -2 or (t x StDev/N*.S x Sensit iv i ty)*Z 
*** Bias or  (StDev x t) 
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INPUT 
VARIABLE UNITS 

Gas F lon  1 d s n l h r  

Fuel O i l  BTWl b 
Gas F l o n  2 dscm/hr 
Fuel F lowrate lb/hr 
Fuel F lowrate lb/hr 

Tot Conc mg/wm-3 

AV6 VALUE 

1001200 
0.6 

18957 
1083500 
338697 
338697 

.------------_ 

ERROR 
TYPE 

PREC 
PREC 
PREC 
PREC 
PREC 
BIAS 

ABSOLUTE ABSOLUTE ABSOLUTE 
CONTRIBUTN SENSITIVITY ERROR OF 

I S  I GMAp ) INPUT"' .. 
ERR 2.06E-07 ERR 
ERR ERR ERR 
ERR -2.26E-05 ERR 
ERR 0.00000020 ERR 
ERR -1.21E-06 ERR 

4.16E-04 -1.21E-06 1.69E+04 

NUMBER 
OF 

SAMPLES 

t x S r  

'** B ias  or (StOev x t) 
(Bias x S e n s i t i v i t y ) - Z   or (t x StOev/N-.S x S e n s i t i v i t y ) - 2  .* e 
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UNCERTAINTY CONTRIBUTOR REPORT 
SUBSTANCE: . COPPER 

ABSOLUTE ABSOLUTE ABSOLUTE DEGREES 

VARIABLE UNITS AVG VALUE COMPONENT COMPONENT' UNCERTAINTY FACTOR FREEDOM 
OUTPUT BIAS PRECISION TOTAL STUDENT t OF 

-_--____________________________________-----------.-------------------.-----~------------- 

E-Factor  lb/WnBtu 10.0123215 4.76E-01 9.37E+00 9.38E+00 4.3 2.0 

ABSOLUTE ABSOLUTE ABSOLUTE NUMBER 
INPUT ERROR CONTRIBUTN SENSITIVITY ERROR OF OF 

(SIGMAp) INPUT'*' SAMPLES VARIABLE UNITS AVG VALUE TYPE ** 

T o t  Conc mgIHm-3 14  PREC 8.73E+01 7.15E-01 2.26E*01 3 
6as F low 2 d s d h r  1083500 PREC 3.05E-01 0.00000480 2.82E+05 6 
Fuel F l o w r a t e  l b / h r  338697 BIAS 2.26E-01 -2.82E-05 1.69E+04 - 
Gas F low 1 d s c d h r  1001200 PREC 1.49E-01 4.80E-06 1.97E+05 6 
Fue l  F l o w r a t e  l b / h r  338697 PREC 7.40E-03 -2.8ZE-05 7.48E+03 6 
Fue l  O i l  BTU/l b 18957 PREC B.35E-OS -5.2BE-04 2.4SE+01 2 

t x S r  
f* ( B i a s  x S e n s i t i v i t y ) - 2  o r  ( t  x StDev/N*.5 x S e n s i t i v i t y ) - Z  

B i a s  or (StDev x t) tt. 
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UNCERTAINTY CONTRIBUTOR REPORT 
SUBSTANCE: LEA0 

ABSOLUTE ABSOLUTE ABSOLUTE DEGREES 

VARIABLE UNITS AVG VALUE COMPONENT COWPONENT' UNCERTAINTY FACTOR FREEDOM 
OUTPUT B lAS PREClSlON TOTAL STUDENT t OF 

INPUT 
VARIABLE UNITS _____-----_______________ 

T o t  Conc wINm3 
Gas F l o w  2 d s n l h r  
Fue l  F l n r a t e  lb lhr  
Gas F l o w  1 dsn lh r  
Fuel  F l o w r a t e  l b lh r  
Fuel  O i l  BTU/l b 

ERROR 
AVG VALUE TYPE 

ABSOLUTE ABSOLUTE ABSOLUTE 
CONTRIBUTN SENSITIVITY ERROR OF 

(S1GW.p) INPUT"' ** 

NUMBER 
OF 

SAMPLES 

12 PREC 
1083500 PREC 

338697 BIAS 
I001200 PREC 
338697 PREC 

18957 PREC 

3.59E+02 7.15E-01 4.59E+01 
2.30E-01 0.00000411 2.85E+05 
1.66E-01 -2.41E-05 I .69E+04 
1.12E-01 4.12E-06 1.99E+05 
5.58E-03 -2.41E-05 7.58E+03 
6.30E-05 -4.53E-04 2.48E+01 

* t x S r  
*. ( B i a s  x S e n s i t i v i t y ) - 2  o r  (t x StDev/N*.5 x S e n s i t i v i t y ) - 2  
**' B i a s  o r  (StDev x t) 
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UNCERTAINTY CONTRIBUTOR REPORT 
SUBSTANCE: MANGANESE 

ABSOLUTE ABSOLUTE ABSOLUTE DEGREES 

VARIABLE UNITS AVG VALUE COMPONENT COMPONENT' UNCERTAINTY FACTOR FREEDOM 
OUTPUT BIAS PRECISION TOTAL STUDENT t OF 

E-Fac to r  lb/MMBtu 4.00492862 1.90E-01 l . l lE+OO 1.12E+00 3.8 2.2 

ABSOLUTE ABSOLUTE ABSOLUTE NUMBER 
INPUT ERROR CONTRIBUTN SENSITIVITY ERROR OF OF 

VARIABLE UNITS AVG VALUE TYPE (SIGMAp) INPUT'"" SAMPLES ** 

Tot Conc mgltim-3 5.6 PREC 1.17E+00 7.15E-01 2.62E+00 3 
Gas F low 2 dsm/hr 1083500 PREC 3.81E-02 0.00000192 2.49E+05 6 
Fuel F l o u r a t e  lb/hr 338697 BIAS 3.62E-02 -1.13E-05 1.69E+04 - 
Gas F low 1 d s n / h r  1001200 PREC 1.86E-02 1.92E-06 1.74E+05 6 
Fue l  F l o w r a t e  l b / h r  338697 PREC 9.25E-04 -1.13E-05 6.62E+03 6 
Fue l  O i l  BTU l l  b 18957 PREC 1.04E-05 -2.11E-04 2.16E+01 2 

t x S r  
** ( B i a s  x S e n s i t i v i t y ) ' Z  o r  (t x StOev/N^.S x S e n s i t i v i t y ) ^ Z  
*** B i a s  or (StOev x t) 
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UNCERTAINTY CONTRIBUTOR REPORT 
SUBSTANCE:. MERCURV 

ABSOLUTE ABSOLUTE ABSOLUTE DEGREES 

VARIABLE UNITS AVG VALUE COMPONENT COMPONENT' UNCERTAINTY FACTOR FREEDOM 
OUTPUT BIAS PRECISION TOTAL STUDENT t OF 

........................................................................................... 
E-Fac to r  lb/MMBtu 4.72009445 ERR ERR ERR ERR ERR 
5 E 3 = = = = = = = = 5 = = = = = = = E = = = 1 = = = 1 1 1 = = = = = 1 = = = = = = = = = = =  

ABSOLUTE ABSOLUTE ABSOLUTE NUMBER 
INPUT ERROR CONTRIBUTN SENSITIVITY ERROR OF OF 

VARIABLE UNITS AVG VALUE TYPE ** (SIGMAp) INPUT'*' SAMPLES 
........................................................................................... 
6as Flow 1 dscm/hr 1001200 PREC ERR 2.26E-06 ERR 6 
T o t  Conc w/wm-3 6.6 PREC ERR ERR ERR 3 
Fue l  O i l  B T U l l  b 18957 PREC ERR -2.49E-04 ERR 2 
Gas F low 2 dscm/hr  1083500 PREC ERR 0.00000226 ERR 6 
Fue l  F l o w r a t e  l b / h r  338697 PREC ERR -1.33E-05 ERR 6 
F u e l  F l o w r a t e  l b / h r  338697 BIAS 5.03E-02 -1.33E-05 1.69E+04 - m ........................................................................................... 

t x S r  W ." ( B i a s  x S e n s i t i v i t y ) * Z  o r  ( t  x StDev/N-.S x S e n s i t i v i t y ) - Z  
*** B i a s  or (StDev x t )  
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UNCERTAINTY CONTRIBUTOR REPORT 
SUBSTANCE: , NICKEL 

ABSOLUTE ABSOLUTE ABSOLUTE OEGREES 

VARIABLE UNITS AVG VALUE COMPONENT COMPONENT' UNCERTAINTY FACTOR FREEDOM 
OUTPUT BIAS PRECISION TOTAL STUDENT t OF 

........................................................................................... 
E-Factor  Ib/MMBtu 507.767736 2.41E+01 5.26E+01 5.79E+01 3.0 3 .1  

ABSOLUTE ABSOLUTE ABSOLUTE NUMBER 
INPUT ERROR CONTRIBUTN SENSITIVITY ERROR OF OF 

VARIABLE UNITS AVG VALUE' TYPE ** (SIGMAp) INPUT*" SAMPLES 

T o t  Conc mg/Nn-3 7 1 0  PREC 2.21E+03 7.15E-01 1.14E+02 3 
Fuel F l n r a t e  lb/hr 338697 BIAS 5.82E+02 -1.43E-03 1.69E+04 - 
Gas Flow 2 dsm/hr 1083500 PREC 3.71E+02 0.00024356 1.94E+05 6 
Gas F low 1 dscm/hr 1001200 PREC 1.81E+Ot 2.44E-04 1.35E+05 6 
F u e l  F l o w r a t e  l b / h r  338697 PREC 9.01E+00 -1.43E-03 5.15E+03 6 
F u e l  O i l  B W l  b 18957 PREC 1.02E-01 -2.6BE-02 1.68E+01 2 

* t x S r  
** (Bias x S e n s i t i v i t y ) ?  o r  ( t  x StOev/N^.S x S e n s i t i v i t y ) - 2  
*** B i a s  or (StDev x t )  

E-19 

~~ 
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UNCERTAINTY CONTRIBUTOR REPORT 
SUBSTANCE: SELENIUM 

ABSOLUTE ABSOLUTE ABSOLUTE OEGREES 

VARIABLE UNITS AVG VALUE COMPONENT COMPONENT' UNCERTAINTY FACTOR FREEOOM 
OUTPUT B I A S  PRECISION TOTAL STUDENT t OF 
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INPUT 
VARIABLE UNITS _______--_--_-_-__--~--- 

Tot Conc mg/hn-3 
Gas F l a  2 dscm/hr 
Fuel F l a r a t e  l b / h r  
Gas F l a  1 dscmlhr 
Fuel Flowrate l b l h r  
Fuel Oil BTU/lb 

AVG VALUE 

140 
1083500 
338697 

1001200 
338697 

18957 

ERROR 
TYPE 

PREC 
PREC 
BIAS 
PREC 
PREC 
PREC 

_______. 

ABSOLUTE ABSOLUTE ABSOLUTE 
CONTRIBUTN 5ENSITIVITY ERROR OF 

.* (SIGMAp) INPUT**' 

1.OSE+04 7.15E-01 2.48E+02 
3.06E+01 0.00004802 2.82E+05 
2.26E+01 -2.82E-04 1.69E+04 
1.50E+01 4.80E-05 1.97E+05 
7.44E-01 -2.82E-04 7.50E+03 
8.40E-03 -5.28E-03 2.45E+01 

NUMBER 
OF 

SAMPLES 
. - - - --- - _ _ _  

3 
6 

6 
6 
2 

- 

t x S r  
** (Bias x S e n r i t i v i t y ) ^ Z  o r  ( t  x StOev/N*.S x Sens i t i v i t y ) -2  
*** Bias or [StOev x t )  
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UNCERTAINTY 
SUBSTANCE: 

OUTPUT 

ABSOLUTE ABSOLUTE ABSOLUTE NUMBER 
INPUT ERROR CONTRIBUTN SENSITIVITY ERROR OF OF 

VARIABLE UNITS AVG VALUE TYPE (SIGIIAp) INPUT"' SAMPLES .. 
Gas F l n  1 dscm/hr 1001200 PREC ERR 1.20E-06 ERR 6 
T o t  Conc mg/Nm-3 3.5 PREC ERR ERR ERR 3 
F u e l  O i l  B T U l l  b 18957 PREC ERR -1.32E-04 ERR 2 
Gas F low 2 dscm/hr 1063500 PREC ERR 0.00000120 ERR 6 
F u e l  F l o w r a t e  l b / h r  338697 PREC ERR -7.04E-06 ERR 6 

1 " X - C Z  -7 nrc-nc . cnr.n. Fee! F!e!rl?e !b/hr - 1 1 1 - 1  I .  ..L. ,.".IL-Y" A . Y 3 L T Y .  - 2incai  

* t x S r  
f. (Bias x S e n s 1 t i v i t y 1 ' 2  o r  It x StOev/N-.5 x S e n s i t i v i t y ) - 2  
*** B i a s  or (StOev x t )  

........................................................................................... 
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UNCERTAINTY CONTRIBUTOR REPORT 
SUBSTANCE: FORWALDEHYOE (OIL FIRING) 

ABSOLUTE ABSOLUTE ABSOLUTE DEGREES 

VARIABLE UNITS AVG VALUE COUPONENT COUPONENT' UNCERTAINTY FACTOR FREEOOU 
OUTPUT B IAS PRECISION TOTAL STUDENT t OF 

E-Factor  lb /UUBtu 615.042610 2.92E+Ol 8.46E+02 8.48E+02 4 . 4  2.0 

ABSOLUTE ABSOLUTE ABSOLUTE NUUBER 
INPUT ERROR CONTRIBUTN SENSITIVITY ERROR OF OF 

VARIABLE UNITS AVG VALUE TYPE (SIGMAp) INPUT*** SAUPLES tt 

T o t  Cone mgltbn-3 860 PREC 7.17E+05 7.15E-01 2.05E+03 3 
Gas F low 2 dsmlhr 1083500 PREC l . l 7E+03  0.00029502 Z.84E+05 6 
Fuel F l o w r a t e  l b l h r  336697 BIAS 8.54E+02 -1.73E-03 1.69E+04 - 
Gas F low 1 d s c d h r  1001200 PREC 5.72E+02 2.95E-04 1.98E+05 6 
Fue l  F l o w r a t e  lb lhr  338697 PREC 2.84E+01 -1.73E-03 7.55E+03 6 
Fuel o i l  BTU/ lb  18957 PREC 3.2lE-01 -3.24E-02 2.47E+D1 2 

* t x S r  
** ( B i a s  x S e n s i t i v i t y ) * 2  o r  (t x StDev/N-.5 x S e n s i t i v i t y ) ?  

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

B i a s  o r  (StOev x t )  *** 
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UNCERTAINTY CONTRIBUTOR REPORT 
SUBSTANCE: , ACENAPHTHENE 

ABSOLUTE ABSOLUTE ABSOLUTE DEGREES 

VARIABLE UNITS AVG VALUE COMPONENT COMPONENT* UNCERTAINTY FACTOR FREEDOM 
OUTPUT BIAS PRECISION TOTAL STUDENT t OF 

........................................................................................... 
E-Fac to r  1 blMMBtu 0.00715165 ERR ERR ERR ERR ERR 
........................................................................................... 

ABSOLUTE ABSOLUTE ABSOLUTE NUWBER 
INPUT ERROR CONTRIBUTN SENSITIVITY ERROR OF OF 

VARIABLE UNITS AVG VALUE TYPE ( S I G M p )  INPUT**' SAMPLES ** 
........................................................................................... 
Gas Flow 1 d s n l h r  1001200 PREC ERR 3.43E-09 ERR 6 
T o t  Conc W l h - 3  0.01 PREC ERR ERR ERR 3 
F u e l  O i l  BTU11 b 18957 PREC ERR -3.77E-07 ERR 2 
Gas F low 2 d s d h r  1083500 PREC ERR 0.00000000 ERR 6 
Fuel F l o w r a t e  lb lh r  338697 PREC ERR -2.01E-08 ERR 6 
FIIP! F!o*.ra?e 1 t . h  77RC07 !.?E.E-n?= -?.rJ!E-?a 1.E.SESrJA - 

t x S r  .. ( B i a s  x S e n s i t i v i t y ) * Z  or ( t  x StOev/N+.S x S e n s i t i v i t y ) - Z  

_----_-_-______--_----------------------------------------------------------------.-------- 

B i a s  or (StDev x t )  *** 
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a 

UNCERTAINTY CONTRIBUTOR REPORT 
SUBSTANCE: ACENAPHTHYLENE 

ABSOLUTE ABSOLUTE ABSOLUTE OEGREES 

VARIABLE UNlTS AVG VALUE COMPONENT COMPONENT' UNCERTAINTY FACTOR FREEDOM 
OUTPUT BIAS PRECISION TOTAL STUOENT t OF 

........................................................................................... 
E-Factor  l b / M B t u  0.00715165 ERR ERR ERR ERR ERR 
.............................................................................................. 

ABSOLUTE ABSOLUTE ABSOLUTE NUMBER 
INPUT ERROR CONTRIBUTN SENSITIVITY ERROR OF OF 

VARl ABLE UNITS AVG VALUE TYPE (SI(dVp1 INPUT*** SAMPLES ** 
________________________________________-------------------------------------------.------- 

Gas F l w  2 d s d h r  1083500 PREC ERR 0.00000000 ERR 6 
Gas F low 1 dscm/hr 1001200 PREC ERR 3.43E-09 ERR 6 
Fue l  O i l  B T U l l  b 18957 PREC ERR -3.77E-07 ERR 2 
T o t  Conc m g / h - 3  0.01 PREC ERR ERR ERR 3 
Fue l  F l o r r a t e  l b / h r  338697 PREC ERR -2.01E-OB ERR 6 
Fue l  F l o w r a t e  l b l h r  338697 BIAS 1.16E-07 -2.01E-08 1.69E+04 - 
........................................................................................... 
* t x S r  
** ( B i a s  x S e n s i t i v i t y ) - 2  o r  (t x StDev/N-.5 x S e n s i t i v i t y ) - 2  
*** B i a s  or (StOev x t )  
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UNCERTAIWY CONTRIBUTOR REPORT 
SUBSTANCE: ANTHRACENE 

ABSOLUTE ABSOLUTE ABSOLUTE DEGREES 

VARIABLE UNITS AVG VALUE COMPONENT COMPONENT' UNCERTAINTY FACTOR FREEDOM 
OUTPUT BIAS PRECISION TOTAL STUDENT t OF 

........................................................................................... 
E-Factor  1 b/MMBtu 0.00715165 ERR ERR ERR ERR ERR 
1 = 5 = = = X ~ = = = = S = = 1 1 5 5 = = = = = = = = = 1 1 = 5 = . = = = = = = = = =  

ABSOLUTE ABSOLUTE ABSOLUTE NUMBER 
INPUT ERROR CONTRIBUTN SENSITIVITY ERROR OF OF 

VARIABLE UNITS AVG VALUE TYPE ( S 1 GMp)  INPUT'.' SAMPLES .f 

........................................................................................... 
T o t  Conc *I/Nm-3 0.01 PREC ERR ERR ERR 3 
Gas F low 2 dnnlhr 1083500 PREC ERR 0.00000000 ERR 6 
Fuel O i l  BTU/l b 18957 PREC ERR -3.77E-07 ERR 2 
Gas F low 1 dscmlh r  1001200 PREC ERR 3.43E-09 ERR 6 
Fuel F l o w r a t e  l b l h r  338697 PREC ERR -2.01E-08 ERR 6 
Fuel F l o w r a t e  l b l h r  338697 BIAS 

t x S r  
** (Bias x S e n s i t i v i t y ) - 2  o r  (t x StOevlN^.S x S e n s i t i v i t y ) - Z  
*** B i a s  or (StDev x t) 

e 
~~ 1.16E-07 -2.OlE-08 1.69E+04 ~ ~~ 

---___-----__---________________________------------------------~----------------.----~-~-~ 
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UNCERTAINTY CONTRlBUTOR REPORT 
SUBSTANCE: BENZ(A)ANTHRACENE 

ABSOLUTE ABSOLUTE ABSOLUTE OEGREES 

VARIABLE UNlTS AVG VALUE COMPONENT COMPONENT* UNCERTAINTY FACTOR FREEDOM 
OUTPUT BlAS PREClSlON TOTAL STUDENT t OF 

E-Factor  l b / M B t u  0.02860663 1.61E-03 1 . l l E - 0 1  1 . l l E - 0 1  4.4 2.0 

ABSOLUTE ABSOLUTE ABSOLUTE NUMEER 
INPUT ERROR CONTRIBUTN SENSITIVITY ERROR OF OF 

VARIABLE UNITS AVG VALUE TYPE f. (SIGMp) INPUT"' SAMPLES 

T o t  Conc mdmn-3  0.04 PREC 1.22E-02 7.15E-01 2.68E-01 3 
Gas F low 2 dsn lh r  1083500 PREC 2.57E-06 0.00000001 2.86E+05 6 
Fue l  F l o w r a t e  lb/hr 338697 BIAS 1.85E-06 -8.04E-08 1.69E+04 - 
Gas F l a r  1 dscm/hr 1001200 PREC 1.2%-06 1.37E-08 2.00E+05 6 
Fuel  F l a r r a t e  lb/hr 338697 PREC 6.23E-08 -8.04E-08 7.60E+03 6 
F u e l  O i l  B T W l  b 18957 PREC 7.03E-10 -1.51E-06 2.49€+01 2 

* t x S r  ." ( B i a s  x S e n s i t i v i t y ) - Z  o r  ( t  x StOev/N*.5 x S e n s i t i v i t y ) - 2  

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

B i a s  o r  (StDev x t) *** 
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UNCERTAINTY CONTRIBUTOR REPORT 
SUBSTANCE: . EENZO(A1PYRENE 

ABSOLUTE ABSOLUTE ABSOLUTE DEGREES 

VARIABLE UNITS AVG VALUE COMPONENT COMPONENT* UNCERTAINTY FACTOR FREEDOM 
OUTPUT BIAS PRECISION TOTAL STUDENT t OF 

........................................................................................... 
E-Factor  1 b/)UIBtu 0.00715165 ERR ERR ERR ERR ERR 
==5_5=3E5EE=_________ ---------5=________________ ________________I= ___ -------------E==________________________-------- ____________________------------== 

ABSOLUTE ABSOLUTE ABSOLUTE NUMBER 
INPUT ERROR CONTRIBUTN SENSITIVITY ERROR OF OF 

VARIABLE UNITS AVG VALUE TYPE ** ( S I G U p )  INPUT"' SAMPLES 

Gas F low 1 dscm/hr 1001200 PREC ERR 3.43E-09 ERR 6 
T o t  Conc nglNm-3 0.01 PREC ERR ERR ERR 3 
Fue l  O i l  BTU/1 b 16957 PREC ERR -3.77E-07 ERR 2 
Gas F low 2 dsan /h r  1063500 PREC ERR 0.00000000 ERR 6 
F u e l  F l o w r a t e  l b / h r  338697 PREC ERR -2.OlE-OB ERR 6 
Fue l  F l o w r a t e  l b / h r  336697 BIAS 1.16E-07 -2.01E-OB 1.69E+04 

~~~ . . . ........................................................................................ 
t x S r  

** ( B i a s  x S e n s i t i v i t y ) ?  or ( t  x StDev/N-.S x S e n s i t i v i t y ) ^ Z  
B i a s  o r  (StDev x t )  flf  
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UNCERTAINTY CONTRIBUTOR REPORT 
SUBSTANCE: BENZO(B+K)FLUORANTHENE 

ABSOLUTE ABSOLUTE ABSOLUTE DEGREES 

VARIABLE UNITS AVG VALUE COMPONENT COMPONENT' UNCERTAINTY FACTOR FREEDOM 
OUTPUT BIAS PRECISION TOTAL STUOENT t OF. 

INPUT 
VARIABLE UNITS 

ERROR 
AVG VALUE TYPE 

ABSOLUTE ABSOLUTE ABSOLUTE 
CONTRIBUTN SENSITIVITY ERROR OF 

** (5  I GMp) INPUT"* 

Tot Conc 1q /h -3  
Gas F low 2 dscmlh r  
F u e l  F l o n a t e  l b l h r  
Gas F low 1 d s c m l h r  
F u e l  F l o w r a t e  lb lhr  
F u e l  O i l  B T U l l  b 

0.022 PREC 
1083500 PREC 

338697 BIAS 
1001200 PREC 
338697 PREC 

18957 PREC 

2.96E-03 7.15E-01 1.32E-01 
7.76E-07 0.00000000 2.86E+05 
5.59E-07 -4.42E-08 1.69E+04 
3.79E-07 7.55E-09 2.00E+05 
1.B8E-08 -4.42E-08 7.60E+03 
2.13E-10 -8.30E-07 2.49E+Ol 

NUMBER 
OF 

SAMPLES _ _ _ _ _ _ _ _ _ _  
3 
6 

6 
6 
2 

- 

t x S r  
.* ( B i a s  x S e n s i t i v i t y 1 2  or (t x StDev/N-.5 x S e n s i t i v i t y ) - Z  
*** B i a s  o r  (StOev x t) 
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INPUT 
VARIABLE UNITS 

-_____-------____-_----. 
Gas Flow 1 d s c d h r  
Tot Conc mg/kn3 
Fuel O i l  BTU/l b 
Gas F l m  2 dsn/hr 
Fuel F lowrate lb lhr  
Fuel F lowrate lb/hr 

AVG VALUE 

1001200 
0.009 
18957 

1083500 
338697 
338697 

ABSOLUTE ABSOLUTE ABSOLUTE 
ERROR CONTRIBUTN SENSITIVITY ERROR OF 
TYPE .* (SIGMAp) INPUT*** 

PREC ERR 3.09E-09 ERR 
PREC ERR ERR ERR 
PREC ERR -3.39E-07 ERR 
PREC ERR 0.00000000 ERR 
PREC ERR -1.BlE-08 ERR 
BIAS 9.36E-08 -1.81E-08 1.69EcO4 

.___________________--------~------------~~~ 

NUMBER 
OF 

SAMPLES _ _ _ _ _ _ _ _ _ _  
6 
3 
2 
6 
6 

t x S r  
.* (Bias x S e n s i t i v i t y ) - 2  o r  (t x StDev/N^.S x S e n s i t i v i t y ) - 2  
*** Bias o r  (StDev x t)  
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UNCERTAINTY CONTRIBUTOR REPORT 
SUBSTANCE: OIBENZ(A.H)ANTHMCENE 

ABSOLUTE ABSOLUTE ABSOLUTE DEGREES 

VARIABLE UNITS AVG VALUE COMPONENT COMPONENT* UNCERTAINTY FACTOR FREEDOM 
OUTPUT BIAS PRECISION TOTAL STUOENT t OF 

E-Factor lb/MMBtu 0.00643649 ERR ERR ERR ERR ERR 

ABSOLUTE ABSOLUTE ABSOLUTE NUMBER 
INPUT ERROR CONTRIBUTN SENSITIVITY ERROR OF OF 

VARIABLE UNITS AVG VALUE TYPE (SIGMAp) INPUT"' SAMPLES ** 

. 1083500 PREC ERR 0.00000000 ERR 6 Gas F l o w  2 d s d h r  
Gas F l o w  i d s d h r  1001200 PREC ERR 3.09E-09 ERR 6 
Fue l  O i l  BTU/l b 18957 PREC ERR -3.39E-07 ERR 2 
T o t  Cone *I/Nm-3 0.009 PREC ERR ERR ERR 3 

. ~. ~~ ~ 
~ 

~~ 

3386g7 ~ ~ PREC ~ ~~~~ 

~" - I ,LIIL-u8  = 
Ei iR-~ - - - -~6  ~ ~~ - Fuel  F l o w r a t e  l b i h r  ~ ~~ 

~~ ~~  fuel   flow rate lb/hr ~~ ~ 338697. ~~ BIAS = ~ ~9 .36E-08 -1.BlE-08 ~ 1.69E+04 ~~ - ~ 

* t x S r  
** ( B i a s  x S e n s i t i v i t y ) - Z  o r  (t x StOev/N^.S x S e n s i t i v i t y ) - Z  

B i a s  o r  (StOev x t )  fff 
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INPUT 
VARIABLE UNITS AVG VALUE 

Tot Cnnc w/lbn-3 0.061 
Gas F l a  2 dscm/hr 1083500 
Fuel F l a r a t e  l b / h r  338697 
Gas Flow 1 dscm/hr 1001200 
Fuel F l a r a t e  l b / h r  338697 a Fuel O i l  BTUI1 b 18957 

...................................... 
ERROR 
TYPE 

PREC 
PREC 
BIAS 
PREC 
PREC 
PREC 

-_---__ - 

ABSOLUTE ABSOLUTE ABSOLUTE NUMBER 
CONTRIBUTN SENSITIVITY ERROR OF OF 

rr (SIGMAp) INPUT*'" SAMPLES 

1.72E-02 7.15E-01 3.lBE-01 3 
5.96E-06 0.00000002 2.B6E+05 6 
4.30E-06 -1.23E-07 1.69E+04 - 
2.91E-06 2.09E-08 2.00E*05 6 
1.45E-07 -1.23E-07 7.59E+03 6 
1.63E-09 -2.30E-06 2.48E+01 2 

t x S r  
*. (Bias x Sens i t i v i t y ) -Z  o r  (t x StDev/N^.5 x S e n s i t i v i t y ) * Z  
** Bias o r  (StOev x t )  
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UNCERTAINTY 
SUBSTANCE : 

OUTPUT 
VARIABLE 

ABSOLUTE ABSOLUTE ABSOLUTE NUMBER 
INPUT ERROR CONTRIBUTN SENSITIVITY ERROR OF OF 

VARIABLE UNITS AVG VALUE TYPE (SIGwAp) INPUT"' SAMPLES ** 
........................................................................................... 
Tot Conc q l h - 3  0.028 PREC 5.53E-03 7.1%-01 1.BOE-01 3 
Gas Flow 2 dsanlhr 1083500 PREC 1.26E-06 0.00000000 2.86E+05 6 
Fuel F lcnrate I b l h r  336697 BIAS 9.06E-07 -5.63E-08 1.69E+04 - 
Gas Flow 1 dscmlhr 1001200 PREC 6.14E-07 9.61E-09 2.00E+05 6 
Fuel Flowrate l b / h r  336697 PREC 3.05E-06 -5.63E-08 7.60E+03 6 
Fuel O i l  BTUIl b 16957 PREC 3.44E-10 -1.06E-06 2.49E+01 2 

t x S r  
** (Bias x Sens i t i v i t y ) -Z  o r  (t x StDev/N^.5 x Sens i t i v i t y ) -Z  

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

Bias o r  [StDev x t) t.. 
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UNCERTAINTV CONTRIBUTOR REPORT 
SUBSTANCE: , INOENO( 1.2.3-C. 0) PYRENE 

ABSOLUTE ABSOLUTE ABSOLUTE OEGREES 

VARIABLE UNITS AVG VALUE COMPONENT COMPONENT' UNCERTAINTY FACTOR FREEDOM 
OUTPUT B I A S  PRECISION TOTAL STUDENT t OF 

........................................................................................... 
E-Factor 1bIlWBtu 0.01001232 9.89E-04 2.54E-02 2.54E-02 4.4 2.0 
_________==_________---------------------------==-===----- _____=l=l-===__=l===_jlllllls===========-=== .................................... 

ABSOLUTE ABSOLUTE ABSOLUTE NUMBER 
INPUT ERROR CONTRIBUTN SENSITIVITY ERROR OF OF 

VARIABLE UNITS AVG VALUE TYPE *. (SIGHAp) INPUT"" SAMPLES 

Tot Conc nnlIh1-3 0.014 PREC 6.43E-04 7.15E-01 6.14E-02 3 
Gas Flow 2 d s m l h r  1083500 PREC 3.13E-07 0.00000000 2.86Ei05 6 
Fuel F lowrate l b l h r  338697 BIAS 2.26E-07 -2.B2E-08 1.69E+04 - 
Gas Flow 1 d s m l h r  1001200 PREC 1.53E-07 4.8OE-09 2.00E+05 6 
Fuel F lowrate l b / h r  338697 PREC 7.61E-09 -2.82E-08 7.59E+03 6 
Fuel O i l  BTU/1 b 18957 PREC 8.59E-11 -5.28E-07 2.48E+01 2 

* t x S r  
** (Bias x S e n s i t i v i t y ) ^ Z  o r  ( t  x StOev/N-.S x Sens i t i v i t y ) -Z  
-* B ias  o r  (StOev x t) 
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UNCERTAINTY CONTRIBUTOR REPORT 
SUBSTANCE: .PHENANTHRENE 

ABSOLUTE ABSOLUTE ABSOLUTE DEGREES 

VARIABLE UNITS AVG VALUE COMPONENT COMPONENT* UNCERTAINTY FACTOR FREEDOM 
OUTPUT BIAS PRECIS ION TOTAL STUDENT t OF 

Tot Conc *l/Nln-3 0.12 PREC 3.14E-02 7.15E-01 4.29E-01 3 
Gas Flow 2 d s m l h r  1083500 PREC 2.30E-05 0.00000004 2.85E+05 6 
Fuel F lcurate l b / h r  338697 BIAS 1.66E-05 -2.41E-07 1.69E+04 - 
Gas F lon 1 d s m l h r  1001200 PREC 1.12E-05 4.12E-OB 1.99E+05 6 
Fuel Flowrate l b l h r  338691 PREC 5.5BE-07 -2.41E-07 7.58E+03 6 
Fuel O i l  BTU/1 b 18957 PREC 6.30E-09 -4.53E-06 2.4BE+01 2 

* t x S r  
** (Bias x Sens i t i v i t y ) -2  or (t x StOev/N*.5 x Sens i t i v i t y ) *Z  
*** Bias or (StOev x t )  

. .......................................................................................... 
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Quality Assurance/Quality Control 
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0 This section presents QAlQC results for the stack gas and fuel samples. The blank and 

duplicate analyses are presented, as well as the sample spike results and detection limits. 
( 

Table F-1 presents the results of the blank analyses for the stack gas samples. Reagent blank 

and field blank analyses were performed for the metals (solid and vapor phase). A field 

blank consisting of a complete semi-VOST sampling train was analyzed for PAHs. A trip 

blank, field blank, and method blank were analyzed for formaldehyde. 

Table F-2 presents matrix spike recovery data performed for one of the multi-metals stack 

gas samples. A duplicate analysis was run on one of the flue gas samples for metals. Table 

F-2 presents the relative percent difference (RPD) between the duplicate analyses for this 

sample. 

Table F-3 presents the matrix spike recovery results for the oil samples. The relative percent 

difference between the matrix spike and the matrix spike duplicate is also presented. Table 

F-4 presents the results for the lab spike recoveries for the PAH analyses. 0 

0 
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SamJe 
PAHS 
Field Blank 

Naphthalene 
Acenaphthylene 
Acenaphthene 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Chrysene 
Benz(a)anthracene 
Beam@+ k)fluoranthene 
Benzo(a)pyrene 
Indeno(l,2,3-c,d)pyrene 
Dibenz(a,h)anthracene 
Beam(g,h,i)perylene 

Volatile Organics 
Method Blank 

Formaldehyde 
Benzene 

Field Blank 
Formaldehyde 
Benzene 

Metals - Solid Phase 
Field Blank 

Arsenic 
Beryllium 
cadmium 
Copper 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 

Reagent Blank 
Arsenic 
Beryllium 
cadmium 
Copper 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 

Table F-1 

Summary of QA/QC Results 

Number of 
Blank Samples 

Analned 

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

1 
0 

1 
0 

Number of 
Detects 

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

0 
0 

1 
0 

1 
1 
1 
1 
1 
1 
0 
1 
0 

1 
1 
0 
1 
1 
1 
0 
1 
1 

Mass 
Detected. ug 

22 

0.48 
0.12 
0.071 
0.061 
0.054 
0.082 

16.2 

5.0 
0.09 
0.64 
11 
45 
14 

41 

2.0 
0.18 

83 
42 
6.1 

4.9 
7.7 

0’ 

Detection 

0.89 rnL m, w 
0.48 pg/mL 
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Appendix F 

Table F-1 (Continued) 

-e 
Metals - Vapor Phase 
Field Blank 

Arsenic 
Beryllium 
Cadmium 
Copper 
Lead 
Manganese 
Mercury' 
Nickel 
Selenium 

Reaeent Blank 
Arsenic 
Beryllium 
Cadmium 

Lead 
Manganese 
Mercury * 
Nickel 

Copper 

Selenium 
chromium 
Field Blank 

Number of 

Analwed Detefts 
Blank Samples Number of 

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

~ 

1 1 
1 1 

chromium 0 
Chromium, hexavalent 0 

Chromium 1 
Chromium, hexavalent 1 

Reagent Blank 

Nickel - CARB 433 
Field Blank 

Reagent Blank 
Nickel 1 

Nickel 1 

'Indudes blanks for permanganate impinger. 

~ 

2 0 
1 0 
1 0 

0 
0 

1 
0 

1 

1 

Mass Detection 
Deteaed ug &l& 

0.2% P g  
0.06pg 

037 0.11 pg 
ls 0.55 pg 
3.4 -_ 
1.3 0.65 ug 

0.11 
3.0 
1.0 

-_ 
0.0014 pg/mL 

0.4 0.03 pg 
0.0014 pg/mL 
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Appendk F 

Table F-2 

Summary of Quality Control Results for Stack Gas 

Substance 

Arsenic 
Beryllium 
cadmium 
Copper 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 

Arsenic 
Beryllium 
Cadmium 
Copper 
Lead 
Manganese 
Mercury 

Selenium 

chromium 
Chromium, hexavalent 
Formaldehyde 

Matrix Spike Duplicate 
Recoverv % Aoalvsis RPD' 

Stack Gas - Solid Phase 

74 27 n <1 
69 5 
89 4 
87 5 
18 4 
99 < 1  
97 3 
70 4 

Stack Gas - Vauor Phase 

n < 1  
108 6 
80 5 

76 < 1  
101,98 <1,<1 
69 c i  
91 <1 

Stack Gas - Total 

__ __ 

__ __ 

104 23 

1-5 _- 
_ _  __ 

where A, B an individual values and RPD is the relative percent difference between the values. 

Results from both sets of impingers. b 

Part 111: Site 105 F-6 

~~ 



Appendix F 

Table F-3 

Summary of Quality Control Results for Fuel Oil 

Substance 

Arsenic 
Beryllium 
c a d m i u m ~  
chromium 
Chromium, hexavalent 
Copper 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 

. 

Detection 
Limit (me/L) 

1.1 
0.22 
0.22 -- 
0.50 
0.43 
1.1 

0.43 
0.10 

1.0 
_ _  

Matrix Spike 
Recoverv % 

83 
88 
88 
84 

88 
76 
85 
102 
94 
98 

-_ 

Duplicate 
Analvsis RPD a 

10 
< 1  
< 1  
2 

<1 
9 
9 
6 
10 
3 

-- 

where A, B are individual values and RPD is the relative percent difference between the 
values. 
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Appendix F 

0 Table F-4 

Summary of Surrogate Recoveries for Semivolatile Organic Analysis 

Number of Mean Spike 
Substance Analvses Recoverv (9%) 

d10 Acenaphthylene 4 33 

d10 Anthracene 4 60 
d12 Chrysene 4 -  107 
d12 Benzo(a)pyrene 4 50 
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Section 1 

INTRODUCTION 

This part of the document summarizes data gathered by Carnot, 
Systems Associates) at a California power plant, designated Site 106, during a sampling 
program sponsored by the electric utility. The power plant was tested during both 
residual fuel oil and natural gas firing in March of 1990. 

The test matrix shown in Table 1-1 lists the substances of interest at this site. The 
primary emphasis of the sampling effort was collecting valid stack emissions data; less 
emphasis was placed on collecting oil and natural gas samples. 

Section 2 of this report briefly describes the power plant and sample locations. Section 3 
discusses the results of the chemical analyses of the fuel oil, natural gas, and flue gas 
streams sampled at the plant. Section 4 contains an evaluation of the sampling and 
analytical data using traditional QA/QC techniques and engineering calculations. 
Section 5 contains example calculations. The appendices contain raw data, stream 
concentrations, information on sampling and analytical methods, measured and calcu- 
lated stream flow rates, error propagation equations and examples, and quality 
assurance/quality control (QA/QC) results. 

IC. (formerly Energy 
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Introduction 

Table 1-1 

Summary of Test Matrix for Site 106 

Process Streams Sampled 

Substance 
Inoreanic 
Arsenic 
Beryllium 
Cadmium 

Chlorine 
Chromium 
Chromium, hexavalent 

Copper 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 

Oreanic 
Benzene 
Formaldehyde 
Polynuclear Aromatic 
Hydrocarbons (15) 

Additional 

Heating Value 
UltimatdProximate 

c ,-c Hydrocarbons 

Sulfur Content 

- Oil 

X 

X 
X 

X 
X 
X 
X 
X 
X 

X 
X 
X 

Natural Gas Stack Gas 

X 
X 
X 

X X 
X 

X 
X 

X 
X 
X 
X 
X 
X 
X 
X 

X 

X 
X 

e 



Section 2 

SITE DESCRIPTION 

This section provides a description of the test site, Site 106, and gives the locations of the 
sampling points. 

Facility Information 

At this site, a steam electric generating unit with a capacity of approximately 480 
megawatts (MW) was tested. The boiler was operated at a minimum of 97% of the full 
rated load during the test period. Testing was conducted during both 100% oil firing 
and 100% natural gas firing. During the testing at Site 106, the unit was operating at a 
very consistent load level -- between 465 MW and 476 MW. 

Figure 2-1 is a process flow diagram of the unit at Site 106. Steam is generated in a 
boiler fueled by either natural gas or residual fuel oil. No emission control devices are 
located downstream of the boil&. 

The residual oil fuel at this site has a sulfur content of 0.15%. a higher heating value 
( H H V )  of approximately 19,000 Btu/lb, and an ash content of 0.0fpercent. The natural 
gas fired at Site 106 has a "V of 20,400 Btu/lb. 

Sampling Locations 

The fuel to the boiler (oil or natural gas) and the flue gas emitted through the stack 
were the two streams sampled in this study. Figure 2-1 shows the locations of the 
sampling points. Brief descriptions of the sampling locations are given below: 

The oil grab samples were collected from the feedlines into the boiler. 

The natural gas analysis was done at a header feeding the boiler. 

Stack gas samples were collected from ports located in each of the two air preheater 
exit ducts. Three metals samples were collected from both ducts, for a total of six 
runs. For the remaining substances (chromium and PAHs), two tests were performed 
in one duct and one test was performed in the other duct, to obtain three sample sets 
for each substance. 
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Site Description 

Stack Gas 

North 

Fuel -e+ 

South 
Duct 

0. Stack 

Sampling Locations 

Figure 2-1. Process Flow Diagram for Site 106 

2-2 Part I V  Site 106 



Section 3 

RESULTS 

This section summarizes the fuel and emitted gas stream data collected at Site 106 
during oil firing. These results were calculated from laboratory and field data reported 
by Carnot. Only formaldehyde and benzene emissions were measured during the firing 
of natural gas; metals, PAHs, benzene, and formaldehyde emissions were measured 
during fuel oil firing. 

Appendix A summarizes the raw analytical data generated by Carnot and their contract- 
ing labs during the project. Data processed by Radian Corporation for this report can be 
found in Appendix B. 

Sampling Schedule 

Site 106 was sampled in March 1990. Figure 3-1 shows the sequence of tests performed 
at this site. Samples are numbered in chronologic order. Each fuel type has its own 
unique set of run numbers. The run numbers appear in Figure 3-1 and the summary 
tables. 

Three collection trains were used to sample the stack gas during oil firing. These trains 
include a Draft EPA Metals Method train for multi-metals, a CARB Method 425 train 
for total and hexavalent chromium, and a semi-VOST (Modified Method 5 )  train for 
polynuclear aromatic hydrocarbons (PAHs). Benzene was collected by CARB Method 
4104 and formaldehyde was sampled using CARB Method 430 for the comparison of 
emissions produced during natural gas firing and oil firing. Only a single grab sample of 
the fuel oil was collected during the four-day test period. One hydrocarbon analysis was 
performed on the natural gas feed. 

Appendix C describes the analytical and sampling methods used at this site. 

Data Treatment 

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

Blank Corrections 

The convention for using blanks to correct the data in this group of reports was to use 
the reagent blank results when they were available. If a reagent blank analysis was not 
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performed, the field blank results were used to correct the sample results. If neither a 
reagent nor field blank was analyzed, no corrections were made. 

At Site 106, the reagent blank results were used to correct individual metal run measure- 
ments for both the solid and vapor phases. A reagent blank analysis was also done for 
formaldehyde; only a field blank analysis was performed for PAHs. If the reagent blank 
was not analyzed, the measurement was corrected for the field blank analysis. When the 
blank result was equal to or greater than 50% of the uncorrected measurement, the 
concentration is flagged with a "B. When the blank correction resulted in a value less 
than the detection limit given by the analyzing laboratory for each substance, the concen- 
tration is presented as ND(DL), which means that the concentration is below the 
detection limit (DL), which is given in parentheses. The test contractor has defined the 
term "detection limit" as three to ten times the instrument detection limit, depending on 
the laboratory that performed the analysis. 

Total Concentrations 

The solid and vapor phase concentrations are both considered when determining the 
total gas stream concentration. The absence of detectable concentrations in either 
phase requires that conventions be established for calculating total values. For each 
substance, there are three possible combinations of solid and vapor phase concentrations - - -  
in the emitted gas stream: 

The concentrations in both phases are above the detection limits. 

Case 2 

Case 3: 

The concentrations in both phases are below the detection limits. 

The concentration in one phase is above the detection limit, and the con- 
centration in the other phase is below the detection limit. 

For the inorganic substances (other than mercury) measured in this program, stack gas 
stream data from other testing indicate that most of the material is present in the solid 
phase of the gas stream and that only a small fraction is generally found in the vapor 
phase. Thus, the following conventions were selected for defining total gas stream 
concentrations: 

a 

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

For example, the total arsenic (As) concentration in the stack gas is 
calculated as follows for Run 7: 

As in the solid phase = 91.3 rg/Nm 

As in the vapor phase = 0.85 pg/Nm 
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Total As in the stack gas = 92.2 pg/Nm 

The total concentration is considered to be the solid phase detection limit. 

For example, the total beryllium (Be) concentration in the stack gas is cal- 
culated as follows for Run 4: 

Be in the solid phase = ND(0.07) pg/Nm 

Be in the vapor phase = ND(0.04) pg/Nm 

Total Be in the stack gas = ND(0.07) pg/Nm 

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

For example, the total cadmium (Cd) concentration in the stack gas is 
calculated as follows for Run 2: 

Cd in the solid phase = ND(0.9) pg/Nm 

Cd in the vapor phase = 1.42 pg/Nm 

Total Cd in the stack gas = 1.42 pg/Nm 

Case 2 

Case 3: 

In historical and previous FCEM data, mercury has been shown to exist primarily in the 
vapor phase. For Case 2, then, the total concentration in the gas stream is considered to 
be the vapor-phase detection limit. For Cases 1 and 3 the conventions are the same as 
those described above. 

The above conventions generally agree with guidance provided by EPA (Technical 
Implementation Document for EPA's Boiler and Furnace Regulations, U.S. Environmen- 
tal Protection Agency, Office of Solid Waste, Washington, D.C., March 1992). 

Average Concentrations 

The following criteria were used to average data from the individual runs. 

dl values are &cve the detecthn !hit, the arithmetic mean concentration is 
calculated using the reported quantities. 

For results that include values both above and below the detection limit, one-half of 
the DL is used for values below the detection limit to calculate the mean. For 
example: 
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Results 

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

By our convention, the calculated mean cannot be smaller than the largest detection 
limit value. In the following example, the calculated mean is 2.8. This is less than 
the largest detection limit, so the reported mean becomes ND(4). 

Analvtical Values Mean Value 
5,  ND(4), ND(3) "4) 

When all analytical results are less than the detection limit, the mean is reported as 
ND (the largest detection limit value). 

Fuel Oil and Natural Gas 

Table 3-1 presents the results of the residual oil fuel analysis. Only a few of the target 
substances were identified in the oil sample, typically at very low levels. 

Natural gas was analyzed for C, through C, hydrocarbons, nitrogen, oxygen, and carbon 
dioxide. Appendix D, Table D-1 contains the results of these analyses . 
Stack Gas 

Tables 3-2a, 3-2b, and 3-3c present concentration data for the emitted gas at Site 106. 
The probe and nozzle rinse and filter portions (solid phase) from the multi-metals train 
were analyzed separately from the impinger solutions (vapor phase). The solid and 
vapor phase analytical results, corrected for reagent blank values, are presented in 
Tables 3-2a and 3-2b, respectively. The six measured concentrations for each phase are 
presented, as well as the mean and the 95% confidence interval (CI) associated with the 
mean. The confidence interval is the range about the mean in which the true mean lies 
with a given probability [e.g., it is 95% certain that the true mean solid phase nickel con- 
centration in the stack gas is 354 f 84 pg/Nm3 (between 270 and 438 pg/Nm '), based 
on the s i x  results shown in Table 3-2aI. Calculation of the confidence interval is 
discussed in Section 5. 

The reagent blank corrections were fairly significant in some cases. Appendix A presents 
the results of the blank analyses, as well as the test results for each run. 

The concentrations in each duct are not expected to be significantly different since they 
are generated from the same boiler. As can be seen in Tables 3-2a, 3-2b, 3-2c, and 3-3, 
concentration is independent of sampling location; therefore, the total concentrations 
from each run were averaged (according to the conventions outlined previously) to 
obtain an overall mean concentration of each measured substance. 

Table 3-2c presents the total concentrations measured for each run, as well as the mean 
and 95% CI associated with the total value. The sampling methods cited for total 

a 
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Results 

Table 3-1 

Oil Composition Data for Site 106 

Sample Date 
Mass Flow Rate (lb/hr) 

Volumetric Flow Rate (L/hr) 
Elements (mdL) 

Arsenic 
Beryllium 

Cadmium 
Chloride 
Chromium 

Chromium, hexavalent 

Copper 
Lead 

Manganese 
Mercury 
Nickel 

Selenium 

Ash (%) 

Sulfur (%) 

Higher Heating Value (Btu/lb) 

-2 

3/13/90 

235,890 

112,000 * 

ND(l.l) 

ND(0.22) 

ND(0.22) 

150 

0.41 

ND(0.5) 

2.9 
ND(l.1) 

ND(O.1) 

W 1 )  

0.23 

6.7 

'Flow rate is a0 average of i6  measurernenk taken uver a Gve-day period at or near full load. 

bND indicates that the concentration is below the detedion limit, which is shown in parentheses. 

0.02 

0.15 

19,035 
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Results 

Table 3-3 

Volatile Organic Stack Emissions at Site 106 
Residual Oil and Natural Gas Firing 

Volatile 
Omanic Comaounds Run6 Run7 Mean 95%CIa 

Residual Oil Firing 

Duct North North south 

Stack Flow b: 2,035,000 Nm 'Ihr 
Benzene (pg/Nm ') E ND(3.5) ND(3.5) ND(3.5) ND(3.5) -- 

Run 10 Run 11 

Duct North South south 

Stack Flow b: 2,017,000 Nm 'Ihr 
Formaldehyde (pgINm ') ND(20) ND(15) ND(16) ND(20) -- 

w &J& 

Natural Gas Firing 

Duct South south North 

Stack Flow b: 1,746,OOO Nm 'Ihr 
Benzene &gINm ') E ND(3.5) ND(3.5) ND(3.5) ND(3.5) -_ 
Stack Flow: 1,747,000 Nm 
'Ihr 

Formaldehyde (pgINm ') ' 118 60 63 80 80 

'CI = ConFidence interval. 

bThis is the total unit stack flow rate (i.e., two times the individual duct measurement). 

'A blank analysis was not performed. 

dm indicates that the concentration is below the detection Limit, which is shown in parentheses. 

"A reagent blank correction is not applied since the substance was not detected in the reagent blank sample. 
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Results 

chromium, hexavalent chromium, and PAHs indicate that the solid and vapor fractions 
were collected; however, the fractions were not analyzed separately. For these substan- 
ces, the results are presented only as total concentrations. In addition, a reagent blank 
analysis was not performed for PAHs; therefore, the measured concentrations were 
corrected using the field blank results. The measured concentrations of several PAHs 
were below the detection limit of 0.01 pg/Nm ’. 
Table 3-3 compares volatile organic emissions from the same boiler fired by two differ- 
ent fuels-residual oil and natural gas. Benzene was not detected while firing either fuel. 
Formaldehyde was detected only during natural gas firing. 

Appendix D, Table D-2, presents additional sampling information, including stream flow 
rates, unit load, stack gas characterization data, stack temperatures, and the degree of 
isokinetic sampling. 

Table 3-4 presents the average unit-energy-based emission factors in pounds of substance 
emitted per 10 Btu input to the boiler. The emission factors were calculated from the 
total mean stack gas concentrations shown in Table 3-2c. The total unit stack flow rate, 
which was estimated to be two times the single air preheater exit duct measurement, was 
also used to calculate the emission factors. The total unit stack flow rate must be used 
to be consistent with the inlet fuel flow rate when calculating the overall emission factor. 
Section 5 contains an example calculation. 
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Table 3-4 

Stack Gas Emission Factors at Sie 106 
(Ib/lO '' Btu) 

substance 
Elements 
Arsenic 
Beryllium 
cadmium 
chromium 
chromium, hexavalent 
Copper 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 
Polvnuclear Aromatic Hvdrocarbons 
Acenaphthene 
Acenaphthylene 
Anthracene 
Benz(a)anthracene 
Benm(a)pyrene 
Benzo(b+k)fluoranthene 
Bern& ,h,i)pe.rylene 

Dibenz(a,h)anthracenc 
Fluoranthene 
Fluorene 
Indeno(l,2,3-c,d)pe1ylene 
Naphthalene 
Phenanthrene 
Pyrtne 
Volatile Organic Compounds 
Benzene 
Formaldehyde 

*-e 

Residual Oil Firing 
Mean 95% CI 

26 
0.15 

1.2 ' 

10 
3.8 
14 
28 
43 

ND(5) 
380 
4.1 

0.66 
ND(O.01) 
ND(O.01) 
ND(O.01) 
ND(O.01) 
ND(O.01) 
ND(O.01) 
ND(O.01) 
ND(O.01) 

0.009 
0.037 

ND(O.01) 
3.7 

0.036 
ND(O.01) 

34 
0.2 

1 
47 
12 
10 
9 
84 
- 
74 
4 

Natural Gas Fuing 
Volatile Or~anic Comwunds 

NW4) _- Benzene 
Formaldehyde 82 88 

'CI = Confidence interval. 
bND indicates that the concentration is below the detection limit (expressed as lb/ld2 BTU), which is shown 
in parentheses. 

- 
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Section 4 

DATA EVALUATION 

Several procedures can be used to evaluate the information developed during a field 
sampling program. In the case of Site 106, two methods were used to evaluate data 
quality. First, and most important, was evaluation of the traditional QA/QC protocol for 
sampling and analytical procedures used at Site 106, Le., equipment calibration and leak 
checks, duplicates, blanks, spikes, etc. Site 106 QA/QC data are compared with FCEM 
project objectives for similar QA/QC procedures. The second data evaluation tool 
involves calculating material balances around the entire plant for various substances. 
Material balances involve the summation and comparison of mass flow rates in several 
streams that are often sampled and analyzed by different methods. Good agreement, 
i.e., closure within an acceptable range, can be used as an indicator of accurate results 
for streams that contribute a significant amount to the overall inlet or outlet mass rate. 

Evaluation of Measurement Data Quality 

An evaluation of the quality of the measurement data is based on quality control data 
obtained experimentally during the sampling and analysis process. Generally, the type of 
quality information obtained pertains to measurement precision, accuracy, and blank 
effects, which are 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 sources of variability. Table 4-1 
lists the QA/QC measures commonly used as part of the FCEM data assessment 
protocol, and the characteristic information obtained. The absence of any of these types 
of quality control checks does not necessarily reflect poorly on the quality of the data but 
does limit the ability to measure the various components of measurement error. 

As shown in the table, different QC checks provide different types of information, 
particularly pertaining to the source of inaccuracy, imprecision, and blank effects. As 
part of FCEM, measurement precision and accuracy are typically estimated from QC 
indicators that include as much of the total sampling and analytical process as feasible. 
Precision and accuracy estimates are based primarily on the actual sample matrix. For 
purposes of comparability, the actual precision and accuracy estimates obtained experi- 
mentally during the test programs are compared with Data Quality Objectives (DQOs) 
established for the FCEM project.' 
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Table 4-1 

Types of Quality Control Samples 

QC Activity 

Precision 

Replicate Samples collected over time 
under the same conditions 

Duplicate Field Samples collected 
simultaneously 

Duplicate Analyses of a single sample 

Matrix- or media-spiked duplicates 

Laboratory control sample duplicates 

Surrogate-spiked sample sets 

Matrix-Spiked Samples 

Media-Spiked Samples 

Surrogate-Spiked Samples 

Laboratory control samples (LCS) 

Blank Effects 

Field Blank 

Trip B i d  

Method Blank 

Reagent Blank 

Characteristic Measured 

Total variability, including process or temporal, 
sampling, and analytical 

Sampling plus analytical variability at the actual 
sample concentrations 

Analytical variability at the actual sample 
concentrations 

Sampling plus analytical variability at an 
established concentration 

Analytical variability in the absence of sample 
matrix effects 

Analytical variability in the sample matrix but at 
established concentrations 

Analyte recovery in the sample matrix, indicating 
possible matrix interferences and other effects. In 
a single sample, includes both random error 
(imprecision) 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 efficacy. 

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

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

B i d  &x is  arising from sampie transport and 
storage. Typically used only for volatile organic 
compounds analyses. 

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

Blank effects from reagents used. 

e 
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These objectives are not intended to be used as validation criteria but as empirical 
estimates of the precision and accuracy that would be expected from existing reference 
measurement methods and would be considered acceptable. Precision and accuracy 
estimates are not necessarily derived from analyses of the same types of samples being 
investigated. Although analytical precision and accuracy are relatively easy to control 
and quantify, sampling precision and accuracy are unique to each site and each sample 
matrix. Data that do not meet these objectives are by no means unacceptable. Rather, 
the intent is to document the precision and accuracy actually obtained, and the objectives 
serve as a benchmark for comparison. The effect of not meeting the objectives should 
be considered in light of the intended use of the data. 

Analytical Quality Control Results 

Table 4-2 presents the types of quality control data reported for this site. The results of 
these analyses appear in Appendix F. Table 4-3 summarizes the precision and accuracy 
estimates. 

Based on the quality control data evaluated, use of the data from Site 106 is limited, 
primarily because of artifacts evident in the blank samples and uncertainty about the 
averages of replicate test results. There is no reason to conclude, however, that the data 
reported are not valid in terms of following proper procedures; however, not enough 
information is available to unequivocally validate the data. 

The measurement precision and accuracy indicators reported are generally good. 
Accepted methods were used for sampling and analysis, and stack gas sample collection 
records are strongly supportive. The surrogate recovery data show that somewhat 
greater inaccuracy is seen in the PAH results than expected. The relatively high blank 
results decrease confidence in many measurements. 

A discussion of precision and accuracy appears below for each measurement type, 
followed by a review of the stack gas sampling quality control data, which includes a 
discussion of representativeness, comparability, and completeness. 

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

Accuracy is a measure of the deviation from a measurement result and the "true" or 
expected value. In a single measurement, accuracy includes components of both random 
error, or imprecision, and systematic error, or bias. The average of several accuracy 
values tends toward a limiting mean, which is a measure of the bias, or a persistent 
positive or negative deviation from the "true" value. 
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The efficiency of the analytical procedure for the sample matrix is quantified by analyz- 
ing spiked samples containing target or indicator analytes, or by other quality assurance 
measures, as necessary. Spiked samples usually provide a measure of accuracy or bias at 
medium concentration levels, expressed as percent recovery; blank samples also provide 
a measure of bias, although at low or near-detection levels. 

Representativeness expresses the degree to which the sampling 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 were properly selected and that a sufficient 
number of samples were collected. 

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 by using standard techniques to collect and analyze representative samples and 
by reporting analytical results in appropriate units. Data sets can be compared with 
confidence when the precision and accuracy are known. 

Completeness is an expression of the number of valid measurements obtained, compared 
with the number planned for a given study. The goal is to generate a sufficient amount 
of valid data. 

Metals 

Precision. Table 4-3 presents precision estimates for the analysis of metals. The 
precision estimates are based on duplicate laboratory analyses, which represent analytical 
variability alone. The precision objectives cited in Table 4-3 are intended for sampling 
and analytical variability. Despite the lack of QC information to compare specifically 
with these objectives, the data demonstrate good analytical precision for metals analyses 
in all matrices, including stack gas (vapor phase and particulate matter) and fuel oil. 

The measurement data for the replicate runs, presented in Section 3 of this report, show 
considerable variability, although the levels measured are mostly low concentrations for 
which increased variability is normal. The measured value for arsenic in the Run 7 stack 
gas is significantly higher than in the other five runs. The results for beryllium, manga- 
nese, and selenium are also highly variable across the different test runs. As shown by 
the large confidence intervals cited in the tables in Section 3, confidence in the accuracy 
of the average emissions is not great. 

Accuracy. The accuracy estimates for metals analyses shown in Table 4-3, are based on 
matrix spike recovery data. These data show all recoveries for stack gas particulate 
matter and for vapor-phase and fuel oil samples to be within the stated objectives. 

Blanks. In most instances, the reagent blank results were used to correct stack gas 
concentrations. For some substances, the blank levels were similar to the levels in the 0 
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sample. In almost all cases, the reagent blank values were on the same order of 
magnitude as those of the field blank. Blank sample results appear in Appendices A 
and F. 

At least one stack gas solid or vapor-phase test result for arsenic, beryllium, copper, lead, 
and selenium is flagged with a "B,  indicating that the reagent blank result is equal to or 
greater than 50% of the measured result. For arsenic, two vapor-phase runs are flagged 
with a "B. The arsenic vapor-phase result, however, is less than 50% of the combined 
result; therefore, the total concentration is not flagged. Five of the vapor-phase copper 
results are flagged. The solid and vapor-phase blank results are both large enough to 
label the combined concentration with a "B. In several cases, the blank value is larger 
than the sample result, indicating problems with the sampling or analytical procedure. 

Four of the solid-phase beryllium concentrations were flagged, along with the combined 
result. Two solid-phase lead results are flagged, but only one of the combined results is 
flagged. Five solid-phase selenium concentrations are flagged, as are the combined 
results, since the vapor-phase portion is small, compared to that of the solid phase. 
Since so many of the measurement results are flagged, the actual concentrations of these 
substances is highly uncertain. 

PAHs 

Precision. Precision estimates for the analysis of PAHs in stack gas samples, as shown 
in Table 4-3, are based on the scatter of surrogate spike recoveries in the three replicate 
sample analyses, expressed as the percent coefficient of variation (% CV). These data 
show greater than expected imprecision, ranging from 21 to 69% CV for the four 
surrogate compounds. At the low levels of PAHs measured in the stack gas, the 
combined process, sampling, and analytical variability, expressed in terms of the confi- 
dence interval about the mean, measured value, is often as large as the average mea- 
sured values. The confidence in the measurements is consequently not high. 

Accuracy. Accuracy estimates for PAHs in the stack gas are based on surrogate spike 
recoveries in the three replicate test samples. The surrogate recoveries indicate that the 
analyses were effective but more inaccurate than expected. The recoveries for two out 
of the four surrogates were below the 50-150% recovery objective, and recoveries for the 
other two surrogate compounds were near the limits of the recovery objective. 

Blanks. Seven of the PAHs analyzed were detected in the stack gas stream during oil 
firing: aceq~li lhene,  anthracene. fluoranthene. fluorene, naphthalene, phenanthrene, 
and pyrene. However, anthracene, fluoranthene, and pyrene-were detected in only one 
of the three runs at levels very near the detection limit. For several of the PAHs, the 
field blank levels were high compared to the stack gas measurements; these concentra- 
tions are marked with a " B  flag in Table 3-2c. A reagent blank analysis was not 
performed for PAHs. Appendix A contains the blank results, as well as the reported 
values. 
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The high levels of PAHs in several of the field blanks make the PAH measurements for 
these substances suspect. Naphthalene, in particular, had a very high field blank level of 
13 pg, compared with measured values of 20 pg, 19 pg, and 24 pg. The absence of a 
reagent blank analysis makes it difficult to determine the cause of the high blank results. 

Formaldehyde 

Precision. The precision of formaldehyde analyses, expressed in terms of the relative 
percent difference (RF'D) for matrix spike duplicate analyses, is 3 RPD, within the 
objective of 40 RPD. 

Accuracy. Accuracy estimates for formaldehyde concentrations in the stack gas, based 
on matrix-spiked sample analyses (104-107% recovery), are well within the 50-150% 
objective. 

Blanks. The concentrations presented for formaldehyde in the stack gas are not 
corrected for the blank result because the reagent blank value was below the detection 
limit. The field blank value was only slightly above the detection limit and was less than 
20% of the sample results obtained during natural gas firing. 

Stack Gas Sampling Quality Control 

Sampling quality control was addressed in a summary of the quality assurance program 
used by Carnot and in a letter of certification from the California Air Resources Board. 
Also included were calibration records for the dry gas meters and a table outlining the 
schedule and procedures used to calibrate these and other equipment. 

Sampling precision can be estimated by comparing the results for various parameters of 
the replicate samples, notably velocity, moisture content, and gas composition. These 
were fairly constant at each sample location. 

Sampling accuracy is usually assumed from the calibration and proper operation of the 
equipment and from historical validation of the methods. Field blanks are used to 
correct for any biases that may be caused by contamination of the equipment, by location 
or operator errors. Blanks were included for all tests except for the CARB 410 
(benzenes), which are grab bag samples. 

Sampling representativeness depends on precision and accuracy, and also on the 
characteristics of the sampling locations. The sampling locations, on the inlet ducts to 
the stack were not ideal in terms of the undisturbed flow distances upstream and 
downstream of the ports, but a large enough number (42) of traverse points were used to 
ensure representativeness. The isokinetic variation is a measure of the operational 
performance of sampling for particulate matter and can be used to indicate precision, 
with consequences for representativeness. All of the sampling runs met the acceptance 
criteria for isokinetic variation. 
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Because of the adherence to accepted reference methods for sampling and analysis, 
sound documentation of the sampling events, and especially the use of six test runs for 
metals (three per duct), the samples collected should be considered representative. 
However, the high blank results and variability across the runs decreases the confidence 
in the representativeness of some of the results, which might have been influenced by 
artifacts or spurious events. Corrections for blank artifacts are discussed in Section 3. 
The smaller sampling scope for organic compounds (two samples from one duct and one 
from the other) provides less assurance that representative samples were collected. 

Sampling comparability depends on the representativeness of the samples and on the use 
of standard methods consistently applied. The CARB 430 method for aldehydes is a 
single-point, nonisokinetic, midget impinger procedure analogous to the EPA Boilers and 
Industrial Furnaces (BIF) Method 001 1, using the same acidified 2,4-dinitrophenyl- 
hydrazine reagent for collection and HPLC for analysis. The CARB 429-EPA 
MM5/M23 method for semivolatile organic compounds, dioxins, and furans is well 
established, both for sampling and analysis. The EPA multi-metals procedure is still 
being evaluated, but it is becoming widely accepted and is documented enough to be 
considered a standard method. CARB 425 for total and hexavalent chromium is 
somewhat similar to the current EPA/BIF hexavalent chromium method in terms of 
collection medium and analytical procedures. CARB 410 for benzene is the same as the 
EPA Method 18 procedure for sampling with a rigid container that is evacuated to fill a 
bag. Recognizing limitations from the blank results and other undetermined sources of 
variability, the data reported should be comparable to data from similar studies. 

Sampling completeness is mainly a function of providing the requisite number of samples 
and of proper documentation. In particular, the data necessary for calculating the 
results, including equipment calibration and all pertinent entries on the run data sheets, 
should be present. Calibration data provided in this report were adequate, and sampling 
sheets were acceptably filled out, although the temperatures of the sampling probe and 
filter oven for the PAH and metals tests were not recorded. The necessary number of 
samples was successfully taken and sample custody was transferred properly to the 
analytical laboratories. 

Material Balance Results 

The streams considered in the material balance for Site 106 were the fuel oil as input 
and the flue gas as output. Stream flow rates and concentrations and the bias and preci- 
sion errors associated with these measurements were entered into a statistical error pro- 
pagation model to estimate the overall material balance closure. A detailed discussion 

Material balance closure is defined as the ratio of outlet to inlet mass. A 100% closure 
indicates perfect agreement. When trace substances are analyzed, closures of between 
70% and 130% have been set as a goal for the FCEM project. This range reflects a 
typical level of analytical uncertainty. Closures within this range indicate that inlet and 
outlet stream mass rates are statistically equivalent. Poor closures may indicate measure. 
ment problems in one or more of the sample matrices. 

-6 +I.- -+-*;r*:--i prcpagation xc?7ljvcic anpears in Appendix E. 
J - -  -r "I u.v a . u I . . I L . ~ u I  "l.". 
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The measured oil flow rate was compared with the unit gnerating capacity by calculating 
a heat input using the oil flow rate, HHV, and an efficiency of 30 percent. The flow rate 
and generating capacity were in good agreement. Both oil and stack gas flow rates have 
narrow confidence intervals, indicating good precision in their measurements. 

The chromium, copper, manganese, and nickel material balance closures and the error 
propagation analysis results are presented in Table 4-4. Only nickel was within the 
desired closure limits and the only element significantly above detection limits in the fuel 
oil. This evaluation procedure is not a good check on analytical accuracy, since only one 
oil sample was analyzed, compared with six gas stream measurements. Therefore, the 
95% confidence intervals for the closures were not calculated. Material balances were 
not calculated for other elements because the concentrations in the fuel oil were below 
detection limits. An ash balance was not performed because particulate loadings were 
not measured in the stack gas. 

Chromium 

The material balance closure, 23%, is outside the desired range. The measured flue gas 
concentrations of chromium were highly variable. The blank analysis results were low, 
compared with the measured flue gas values. The matrix spike recoveries, presented in 
Appendix F, were acceptable for the flue gas and fuel oil analyses. The measured oil 
concentration of 0.4 mg/L was near the detection limit. 

Copper 

The material balance closure, 8.6%, is outside the desired range. The measured flue gas 
concentrations of copper are highly variable. Both the reagent and field blank results 
were high. In three of the six runs, the reagent blank and field blank results were more 
than 50% of the uncorrected flue gas sample. The matrix spike recoveries for copper 
were acceptable for the flue gas and fuel oil analyses. 

Manganese 

The material balance closure, 340%, is outside the desired range. The impingers for 
Runs 3 and 5 were contaminated with KMnO, present in the solution used in the 
mercury impingers; therefore, the mean manganese concentration was calculated from 
only four values. The measured flue gas concentrations of manganese are highly 
variable. The reagent blank results were low, but manganese levels in one of the two 
field blanks for each phase were quite high; in some runs, the blank result was greater 
than the value for the flue gas, indicating a potential problem with the sampling or 
analytical procedures. The matrix spike recoveries were acceptable for the solid- and 
vapor-phase analyses and for the fuel oil analysis. The oil value of 0.22 mg/L is near the 
detection limit. 

Nickel 

The nickel material balance closure of 104% indicates that stream flow rates and con- 
centrations for the inlet and outlet samples are reasonably accurate. The measured flue 
gas concentrations of nickel were fairly consistent, and oil concentrations were well 
above the detection limit. The blank results were low, compared with the measured flue 
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Table 4-4 

Material Balance Closure Results for Site 106 

Substance Mean Closure (%c) 95% CI a 

chromium 23 -_ 
Copper 8.6 _ _  
Manganese 340 -- 
Nickel 104 -- 

T I  = Confidence interval. CI not calculated because only one oil sample was collected and analyzed. 
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gas values. The matrix spike recoveries were acceptable for the solid- 
analyses and for the fuel oil analysis. 

and vapor-phase 
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Section 5 

EXAMPLE CALCULATIONS 

This section describes the methodology and sample calculations used to develop the 
results presented in Sections 3 and 4. Specifically, the calculations of reported concen- 
trations, unit-energy-based results, and confidence intervals are described. 

Concentration Calculations 

The concentrations presented in this report were calculated from raw data presented in 
the Carnot report. The gas concentration is calculated as follows: 

(M - B) * 35.3 * - 520 
SV * F 492 

C =  

where: 

C = Concentration, pg/Nm 

M = Mass measured in the sample, pg 

B = Mass measured in the blank (reagent or field), pg 

SV = Sample volume (at 60"F), dscf 

F = Sample correction factor (see below) 

35.3 = Conversion of ft to m (standard) 

- 520 = Temperature correction for normal conditions, i.e., 32°F 
492 (60°F to 32°F) 

The sample correction factor depends on the specific analytical procedure where: 

F = 0.95 for the multi-metals train since 5% of the sample was removed for mercury 
analvsis. 

0 F = 1.0 for mercury, benzene, formaldehyde, and PAHs. 
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F = 0.5 for total and hexavalent chromium since one-half of the sample was used for 
each analysis. 

Note that the mercury results were corrected for the sample aliquot in the analytical 
reports prepared by the lab. All concentrations are presented at normal conditions 
(32"F, 1 atm). 

Unit Energy Calculations 

The unit-energy-based emission factors (Table 3-4) were determined from the mass flow 
rate of a substance being emitted divided by the fuel heat input to the boiler during 
testing. 

The unit-energy-based emission factor during oil firing is calculated from the following 
equation: 

g * * 2202.6 E =  
HHV * oil 

(5-2) 

where: 

E = Mean stack emission factor, lb/10 Btu 

g = Mean flue gas flow rate, Nm3/hr 

c = Mean total flue gas concentration, pg/Nm 

HHV = Mean oil higher heating value, Btu/lb 

oil = Mean oil feed rate, Ib/hr 

2202.6 = Unit conversion coefficient, lb Btu/pg lo1* Btu 

For this unit, the mean flue gas flow rate was calculated as the average from the individ- 
ual runs, which were estimated as two times the individual exit duct flow rate measured 
for each run. The total unit stack flow rate must be used to be consistent with the inlet 
fuci now m e .  

Nickel will be used for this example. The following mean values were taken from Tables 
3-1 and 3-2~: 

g = 1,959,000 Nm3/hr 
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c = 398pg/Nm3 

HHV = 19,000 Btu/lb 

oil = 236,000 lb/hr 

The emission factor for nickel is calculated from Equation 5-2: 

1,959,000 * 398 * 2202.6 = 380 lb/ld2 B~ E =  
19,000 * 236,000 

During natural gas firing, the emission factor equation is: 

E =  g *  c * 2202.6 
" V g  * Gas 

6-31 

where: 

" V g  = Mean natural gas higher heating value, Btu/scf 

Gas = Mean natural gas feed rate, scf/hr 

Confidence Interval Calculations 

Confidence intervals (CIS) were calculated for the total mean concentrations in the gas 
and oil streams. In addition, confidence intervals were determined for the stack gas 
emission factors presented in Table 3-4, as well as for the material balance closures. 
Additional details of the CI calculation can be found in Appendix E. 

CIS for Stream Concentrations 

The 95% CI about the total mean for simple linear addition can be found by: 
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where: 

U,,, = 95% CI for the total mean 

fl, = Bias component 

t = Student's "t" factor for 97.5 percentile (one-tail) and N-1 degrees of freedom 

S I = Standard deviation of the individual run measurements 

N = Number of measurements 

The bias component for the mean is found by root-sum-squaring the bias error from 
each run and the sensitivity of that run to the mean: 

I n  

where: 

fl pm = Individual bias for run m 

0 pm = Sensitivity to run m = 1/N 

The individual bias is equal to one-half the detection limit for concentrations below the 
detection limit. Zero bias is assumed for detected quantities. 

The following concentrations (pg/Nm '), taken from Tables 3-2a, 3-2b, and 3-2c, will be 
used to demonstrate the method for calculating the 95% C I  

Substance Fraction -2 -3 ---- Run4 Run5 Run6 Run7 
Nickel Solid Phase 370 33 1 415 376 424 206 
Nickel Vapor Phase 122 9.0 14.2 1.66 4.73 106 

-6 -9 -0 

Anthracene Total 0.014 ND(O.01) ND(O.01) 

Part IV: Site 106 5-4 



Example Calculations 

Calculation of the total nickel concentration for each run is based on the method 
described in Section 3 (addition of solid and vapor phases). The results are presented 
below: 

0 
Standard 

Substance Run2 Run3 Run4 Run5 Run6 -7 Mea!! Deviation 
Nickel 492 340 429 384 429 312 398 66 

The 95% confidence interval is calculated using the following values inserted into 
Equation 5-4: 

,¶ = 0 (no values below the detection limit) 

t = 2.57 

S ,  = 66 

N =  6 

The 95% CI (U r70T) for the total nickel concentration is 69.3 pg/Nm ’. 
The 95% confidence interval for anthracene is calculated the sahe way. Since the con- 
centrations for Runs 9 and 10 are below the detection limit, the bias components are not 
zero. The individual bias, 6 p,  for each run is: 

0 

-6 -9 Run 10 
0 0.005 0.005 6, 

The bias component is then calculated from Equation 5-5, using these values. In this 
example, the sensitivity is 0.33 or 1/3. 

= 0.0024 

The standard deviation (S  r )  calculated from the three individual pyrene concentrations is 
0.005. Substituting these values into Equation 5-4, 0 
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= 0.006 pg/Nm 

CIS for Emission Factors and Material Balance Closures 

The 95% CIS for the emission factors and material balance closures were calculated 
using the equations presented in Appendix E. Appendix E also contains a sample calcu- 
lation for the 95% CI around an emission factor. 
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Analytical Data from the Carnot Report 
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0 Table A-1 presents the test results for each run, as well as the results of the blank 

analyses. Blanks were analyzed for metals in both the solid and vapor phase fractions. 

A field blank analysis was performed for PAHs. 

0 
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Individual Stream Concentrations 
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This appendix presents the results from the Site 106 sampling event in February 1990. 

Tables B-1 and B-2 present the concentrations of the substances measured at Site 106 

during residual oil firing and natural gas firing, respectively. The analytical methods 

used to determine these results are also given. 

The concentrations were calculated from the raw analytical data presented in the Carnot 

report, which are shown in Appendix A. These concentrations were corrected for the 

reagent or field blank analysis, when appropriate. Section 3 presents details of which 

samples were corrected for the reagent blank analysis and the field blank analysis. The 

" B  flag indicates that the blank measurement is equal to or greater than 50% of the 

uncorrected sample measurement. The "<" flag indicates that the concentration is below 

the detection limit. In this case, the concentration presented is the detection limit. 

a 
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Detailed Sample Collection, Preparation, and Analysis Information 
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a Table C-i 

Stream Sampling Methods 

Sampling Stream Collection Method Substance Measured 

Stack Gas Draft EPA Metals Method Metals 

CARB Method 425 

CARB Method 410A Benzene 

CARB Method 429 P A H  
CARB Method 430 Formaldehyde 
Grab Metals 

Total and Hexavalent 
Chromium 

Oil 
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Table C-2 

Summary of Preparation Procedures and Analytical 
Methods Used to Measure Inorganic Components in the Flue Gas 

ComDonent Method Reference 
FCEM Target Elements by Graphite 
Furnace Atomic Absorution Soectroohotometr, (GFAAS) 
Preparation 

Analysis by GFAAS 
Parr-Bomb Digestion for Filters EPA Draft Metals Method 

Arsenic 

Chromium 
FCEM Tar& Elements bv Cold Vaoor Atomic Absorution 
Suectrouhotometrv (CVAAS) 
Preparation 

Analysis by CVAAS 

FCEM Target Elements by Inductively Coupled Argon 
Plasma Emissions Suectrouhotometrv (ICP-AES) 
Preparation 

Analysis by ICP-AES 

Parr-Bomb Digestion for Filters 

Mercury 

Parr-Bomb Digestion for Filters 

BerylIium 
CaQliUm 
Copper 
Lead 
Manganese 
Nickel 
Selenium 

FCEM Tarpet Elements bv Ion Chromatomaohv (IC) 
Preparation 

Analysis by IC 
Extraction by Alkaline Solution 

Hexavalent Chromium 

EPA Method 7060 
EPA Method 7191 

EPA Draft Metals Method 

EPA Method 7470 

0 EPA Draft Metals Method 
EPA Method 6010 

CARB Method 425 
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Table C-3 

Summary of Preparation Procedures and Analytical 
Methods Used to Measure Organic Compounds in the Flue Gas 

Component Method Reference 

Benzene 
Sample Collection , 

Analysis by Gas Chromatography/Photo Ionization 
Detector (GC/PID) 

Tedlar Bags CARB Method 410A 
CARB Method 410A 

Formaldehvde 
Sample Collection 

DNPH Impinger CARB Method 430 
Analysis by High Performance Liquid Chromatography CARB Method 430 
(WW 

Polvnuclear Aromatic Hydrocarbons (PAHs) 
Sample Collection 

Modified Method 5 CARB Method 429 
Preparation 

Soxhlet Extraction CARB Method 429 
Analysis by GC/MS CARB Method 429 

Naphthalene 
Acenaphthylene 
Acenaphthene 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Chrysene 
Benz(a)anthracene 
Benzo(b + k)fluoranthene 
Benzo(a)pyrene 
Indeno( 1,2,3-c,d)pyrene 
Dibenz(a,h)anthracene 
Benzo(g,h,i)perylene 
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Appendix c 

Table C-4 

Preparation and Chemical Analysis 
Methods Applied to Oil for Site 106 

Substance 
Arsenic 
Beryllium 
Cadmium 
Chloride 
Chromium 
Chromium, hexavalent 
Copper 
Lead 
. Manganese 
Mercury 
Nickel 
Selenium 
Sulfur 

Method Reference 
EPA Method 6010, ICP-AES 
EPA Method 6010, ICP-AES 
EPA Method 6010, ICP-AES 
ASTM D808-87 
EPA Method 6010, ICP-AES 
EPA Method 6010, ICP-AES 
EPA Method 6010, ICP-AES 
EPA Method 6010, ICP-AES 
EPA Method 6010, ICP-AES 
EPA Method 6010, ICP-AES 
EPA Method 6010, ICP-AES 
EPA Method 6010, ICP-AES 
ASTM D4294 
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Process Stream Information 
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Appendk D 

Table D-1 

Natural Gas Analysis - March 19, 1990 

Substance Volume % 

CH4 84.7 
C2H6 3.5 
C3H8 0.7 
C4H10 0.3 
co* 1.2 
N* 5.2 
0 2  1.8 

HHV = 947 Btulscf. 

Fuel factor (60'F) = 8,449 dscf/lO' MMBtu @ 0% 4. 
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Appendix E 

Error Propagation for Emission Factors and Material Balance Closures 
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Appendbc E 

The text for Appendix E can be found in the Site 103 section. The computer-generated 

results from the emission factor and material balance calculations and error propagation 

analyses for Site 108 are included here. 
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Appendix E 

Uncertainty Contributor Output 
Arsenic 

:“‘p!IT ABSOLUTE ABSOLUTE ABSDLUTE DEGREES 
VARIABLE AVERRGE BIAS PRECISION TOTAL STUDENT OF 
nAnE DESCRIPTION UNITS VALUE COHPONWT COIIPOliINTt UNC t FREEDOH 

m i 5  Emi55ion f a c t o r  lb/llHBTU 25.94b57 1.24Et00 3.44EtOl 3.4EtOI 2.57E+OO 5.lE*00 

lNPUl ABSOLUTE ~ ~ S O L U T E  nmm YMBER 
VARIABLE AVERAGE ERRffl CONTRIBUTION SENSITIVITY ERROR OF OF 
NAR DESCRIPTIOW uwirs VALUE TYPE H ISlMlADl IWTHt SMPLES 
____________________________I___________------------- 

11 baconc Arsen ic  conc u o / J  27 PREC l.lBEt03 9.blE-01 8.74Et01 b 
2)  oa5 Stack 015 f l o w  r a t e  N d / h r  1959000 PREC 5.92Et00 1.32E-05 4.50Et05 b 
3) o i l  O i l  f l o w  r a t e  I b / h r  2 3 ~ 9 0  Bins 1.53EtOO -1.05E-04 1.lBEtM - 
41 o i l  O i l  flow r a t e  l b / h r  235890 PREC 8.01E-03 -1.05E-04 3.63Et03 18 

f PRECISION MWONENT = W r b a r  
t i  iBoisismRo)*z FOR BIAS ERRORS: itfSobariS1GIIAo)-Z FOR PRECISION ERRORS 

-WHERE Sobar.PREClSI0N INDEX OF THE RUN. So/lNUIIBER OF SRMPLES)̂ .5 
-THE SRUARE ROOT OF THE sun OF THE n s a L u r E  CONTRIBUTIONS IS ERUAL TO THE TOT& UNCERTAINTY 

i*i Bo FOR BIAS ERRORS: S o i t  FOR PRECISION ERRORS 

Uncertainty Contributor Output 
Beryllium 

3UTpUT 
VARIABLE 
NAflE DESCRIPTION 

ABSOLUTE ABSOLUTE AHMUTE DEGREES 

UNITS VALUE COIIPONEIIT COHPONENTt UllC t FREEDOM 
AVERAE BIAS PRECISION TOTAL SNOENT OF 

1) baconr B e r v l l i u l  conc u o / N J  . I s 3  PREC 4.07E-02 9.bIE-01 5.lIE-01 b 
21 baconc B e r v l l i u n  conc uo/NJ .153 B I A S  1.13E-03 9.blE-01 3.5OE-02 - 

Stack oa5 f l o w  r a t e  Nm3/hr 1959000 PREC 1.90E-04 7,51E-08 4.50Et05 b 5 )  oa5 
4)  o i l  Oil f l o w  r a t e  I b / h r  235890 Bins 4.90E-05 -5.94E-07 1.18EtO4 - 
5) o i l  Oil f l o w  r a t e  l b l h r  235890 PREC 2.57E-07 -5.94507 3.63Ei03 IS 

t PRECISION COllPONEWT = t i p b a r  
i i  iEotSIGI(Ao)^Z FOR BIAS ERRORS: it*SobartSISMAo)^Z FOR PREClS lM ERRIIRS 

-THERE Sobar=PRECISION INDEX OF THE HEAN. So/iNUHBER OF SANPLESY.5 
-THE SRUARE ROOT OF THE SUII OF THE ABSOLUTE CONTAlBUTlONS IS EQUAL TO THE TOTAL UNCERTAINTY 

tit Bo FOR BIAS ERRORS: S u i t  FOR PRECISION ERRORS 
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Uncertainty Contributor Output 
Cadmium 

w m r  ABSOLUTE ABSOLUTE ABSOLUTE DEGREES 
VAZiABLE AVERAGE BIAS PRECISION TOTAL STUMNT OF 
wME DESCRIPTION UNITS VALUE WWONMT conmmt  uyc t FREEDOR 

eiis Ei i551on f a c t o r  IbllVlBTU 1.153181 2.93E-01 9.14E-Ol 9.6E-01 2.57Et00 5.1EtO0 
Siii-==3i===E===Eiiii-----~~-===-:====~=~~==~=~=~======-----== 

i t i p u i  RBljOLUTE WSllLUTE MSOLUTE WUI(8ER 
VARIULE AVERRM ERROR CONTRIBUTION SMSITIVITY ERROR OF OF 
N R E  OESCRIPIION UNITS vn tuE TYPE i f  ISIS1(RO) IWPUTttt SAMPLES 
_______________-----_____I_ __ 

1) baronc C a d i i u i  runt U O l Y J  1.2 PREC B.24E-01 9.61E-01 2.31Et00 6 
2) baronc Cadmium conc u o / w  1.2 BIAS 8.31E-02 9.blE-Ol 3.00E-01 - 
3) o a i  Stack oas f l a  r a t e  N i3 /h r  1959000 PREC 1.17E-02 5.89E-07 4.5OEtOS 6 
4)  oil  O i l  f l o w  rate I b / h r  235890 BIAS 3.02E-03 -4.66E-Ob 1.1BEt04 - 
5) o i l  O i l  f l ow  r i t e  i b l h r  235890 PREC 1.SEE-05 -4.bbE-Ob 3.63EtO3 18 

~ --_---- -__ --_I___________________ 

€ PRECISION COHPONENT 2 t f S r b u  
H IBotSI611h)^2 FOR BIAS ERRORS: (t*SobartSI6HAo)*Z FOR PRECISION ERRORS 

-YERE Sobar=PRECISIOW INDEX OF THE HEAN. SollNUHsER OF SRtIPLESY.5 
-IHE sQunRE ROOT OF TM sun OF THE WSOLUTE CONTRIBUTIONS IS EQUAL TO n t ~  TOT& uncutTninTY 

tH Bo FOR BIAS ERRORS: S o i t  FOR PRECISIN ERRORS 

Unwtainty Contributor Output 
Chromium 
3UTPuT ABSOLUTE ABSOLUTE ABSOLUTE DE6REES 
VARIWLE AVERAGE BIAS PRECISION TOTAL STUDENT OF 
NAME OESCRIPTION UYITS VALUE COMPONENT COMPOENTt UNC t FREEOOH 

e n i s  E i i s i i o n  f a c t o r  lblMBTU 5.231216 2.49E-01 9.50Et00 9.5Et00 4.30Et00 2.0EtM) 

INPUT ABSOLUTE RESOLUTE ABSOLUTE NUMBER 
VARl ABLE AVERAGE ERROR CONlRlBUTlON SENSITIVITY ERROR Of OF 
NAME BESCRIPTION UNITS VALUE TYPE tt IS16MAol INPUIHf  SAMPLES 
-_I__-------____________________________---------------------~------------------------------------~ 

I1  baconc C h r o i i u n  con[ u o l N i 3  5.M PREC P.OOEt01 9.55E-01 1.7ZEtOl 3 
21 oa5 Stack o a i  f l o w  r a t e  Nn3/hr 1946000 PREC 3.38E-01 2.69E-Ob 3.74Et05 3 
3) o i l  Oil f l o w  r a t e  I b l h r  235890 B IAS 6.21E-02 -2.11E-05 I. lBEtO4 - 
41 011 O i l  f low r a t e  l b l h r  235890 PREC 9.1ZE-04 -2.11E-05 b.07EtO3 18 

* PRECISION COMPONENT : t t S r b a r  
:+ (D~+SIfiflAii~*Z FOR BIAS ERROXS: ( t tSJbar fS IGHb)^Z FOR PREClSlO!i ERRORS 

-#HERE Sobar=PRECISlON INDEX OF THE MEAY. So/(HUH@€R OF SRIIPLESI*.S 
-THE SRUARE ROOT OF THE SUM OF THE ABSOLUTE CONTRIBUTIONS I S  EQUAL TO THE TOTAL UNCERTAINTY 

++* Bo FOR BIAS ERRORS: Sof t  FOR PRECISION ERRORS 
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Appendix E 

Uncertainty Contributor Output 
Chmmium+6 

U d n t y  Contributor Output 
copper 
W P U T  ABSOLUTE ABSOLUTE ABsotuTE DEGREES 
VARIABLE AVERAGE BIAS PRECISION TOTAL STUDENT OF 

t FREEDM NAME OESCRIPTIDN UNITS VALUE COMPONENT COMWNENT* UNC 

eiis Eiiisim f a c t o r  Ib/R?lBTU 13.74207 b.54E-01 1.02EtOI I.OE+Ol 2.57Et00 S.ZEtO0 

INPUT 

NAME DESCRIPTIOM 
v a m L E  

ABSOLUTE ABSOLUTE ABSOLUTE NUMBER 
AVERAGE ERROR CONTRIBUTION SENSITIVITY ERROR Of OF 

UNITS VALUE TYPE t* ISIGMAO~ INPuT*tt SMPLES 
~ ~ ~ ~ ~ ~ . .  

1 )  batonc Coooer conc u o l N l 3  14.3 PREC 1.OZEt02 9.blE-01 2.57EtOl 6 
21 oa5 Stack 0a5 f l o w  r a t e  N d l h r  1959000 PREC 1.66E+M) 7.01E-06 4.50Et05 b 
3) o i l  Oil f low r a t e  l b l h r  235890 BIAS 4.ZBE-01 -5.55E-05 I.IBE+O4 - 
4)  oi l  Oil flow r a t e  I b l h r  235890 PREC Z.ZSE-03 -5.55E-05 3.63Et03 IB 

* PRECISION COMPONENT : t*Srbar  
i t  LBotSI611Ao1^2 FOR BIAS ERRORS: I t*Sobar*SIMAo)*2 FOR PRECISION ERRORS 

-WHERE Snbar=PRECISION INDEX OF THE R U N .  So/INUIIBER OF SAMPLES1^.S 
-THE SRUARE ROOT OF THE SUM OF THE ABMLUTE CONTRIBUTIONS IS EQUAL TO THE TOTAL UNCERTAINTY 

*I4 Bo FOR BIAS ERRORS: S o t t  FOR PRECISION ERRORS 
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Uncertainty Contributor Output 
Lead 
OUTPUT ABSOLUTE ABSOLUTE ABSOLUTE DEGREES 
VARIABLE AVERAGE Bins PRECISION TOTAL STUDENT of 
NAIIE OESCRIPTION UNITS VALUE COllPONENT CMPONEllTf UYC t FREEDM 

emi5 Ei i s s ion  factor lblMBTU 27.86851 1.33Ei00 B.99Ei00 P.IE+M) 2.45Ei00 5.8EtOO 
E = = i i E = = i = i = E = = i i = = = = = = = = = = = = i  

INPUT ABsmuTE RBSILUTE ABSOLUTE NWIBER 
VARIABLE AVERRGE ERROR CONTRIBUTION SENSITIVITY ERROR OF OF 
#RE OESCRIPTION UNITS VALUE TYPE +I lSIGl!~lo) IWTm SMPLES 

1) baconc Lead CMC UOlyl3  29 PREC 7.47EtOI 9.61E-01 2.20EtOI 6 
21 oas Stack oas flow rate NJ lhr  1959000 PREC 6.19Et00 1.42E-05 4.28Ei05 6 
31 o i l  Oil flow rate lblhr 235890 BIAS l.76EtM) -1.13E-M 1.IEEtM - 
4) o i l  Oil flow rate lblhr 235890 PREC 8.37E-U3 -1.13E-04 3.45Ei03 18 

t PRECISION COWONEN1 = t+Srbar 
t i  IBotSIGllAn)A2 FOR BIAS ERRORS: It40barrS16HRo)A2 FOR PRECISION ERRORS 

-WHERE Sobar=PRECISION INDEX OF ME HEAN. SoIINLMBER OF SMPLES)^.S 
-THE SUUARE ROOT OF THE SUN OF THE nasatun CONTRIBUIIONS IS EQUAL TO THE TOTAL UNCERTAIIITV 

f+f Bo FOR BIAS ERRORS: Soft FOR PRECISION ERRORS 

Uncertainty Contributor Output 

IUTPUT 
VARIABLE 
NAME OESCRIPTION 

Mang-= 
ABSOLUTE nBsotuTE mom DEGREES 

UNITS VALUE COHPONENT COHPOMNlt UNC t FREEOM 
AMRASE B I A S  PRECISION TOTAL S N D E N T  OF 

m i 5  Eiiss ion factor ibinnsTu 43.24428 2.06EtOO B.42Et01 8.4EtOl 3.18Et00 3.0EMO 

INPUT 
'VARIABLE 
NnnE OESCRIPTION 

ABSOLUTE ABSOLUTE ABSOLUTE NUllBER 
AVERAGE ERROR CONTRiBUTION SENSITIVITY ERROR OF OF 

UNITS YALUE TYPE t i  ISIGIIADI IWUTHf SnnPtEs 

11 baconc llanoanese conc U O l N i J  45 PREC 7.07Et03 9.61E-01 1.75EtOZ 4 
2) oas Stack oas flow rate ND3lhr 1959000 PREC 2.52EtOl 2.21E-OS 5.57Et05 h 
3) o i l  Oil flow rate lblhr 235890 BIAS !.24Ei00 -1.75E-04 1,lBEtOI - 
41 oi l  Oil f lon rate lhlhr 255890 PREC 3.41E-02 -1.75E-04 4.49Ei03 I8 

4 PRECISION COCONENT = tfsrbar 
it IBo*S16HAo)*2 FOR B I A S  ERRORS: (t+SnbarrSIGHAo)Y FOR PRECISION ERRORS 

-nnERi Sobar=iREiiSi0l INDEX OF THE llffifl. So/!EUIIBER OF SMPLESl̂ .S 
-THE SUUARE ROOT OF THE SUM OF THE ABSOLUTE CONTRIBUTIOWS IS ERUAL TO THE TOTAL UNCERTAINTY 

t+* Bo FOR BIAS ERRORS: So+t FOR PRECISION ERRORS 
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Uncertainty Contributor Output 
Nickel 
OUTPUT ABSOLUTE ABSOLUTE ABSMUTE OESREES 
VARIABLE AVERAGE BIAS PRECISIUN TOTAL STUOENT OF 
N A E  DESCRIPTION UNITS VALUE COIWONENT CMWNENT~ UMC t FREEOM 

emii Emission f a c t n r  IblMBTU 382.4716 1.B2Ei01 7.20Ei01 7.4Ei01 2.37Ei00 7.5E400 

INPUT ABSOLUTE ABSOLUTE ABSOLUTE NWER 
VARIABLE AVERAGE ERROR CONTRIBUTION SENSITIVITY ERROR OF OF 
NAHf DESCRIPTION UNITS VALUE TWE ti ISIGHAol IWUTrn sAI(pLEs 

I1 baconc Nickel conc uOlk3 398 PREC 4.10Ei03 9.blE-01 I.blEiO2 6 
21 oa5 Stack oas f l o w  r a t e  b 3 l h r  1959000 PREC 1.09Ei03 1.W-M 4,14E*05 6 
31 oil Oil f low r a t e  l h l h r  235890 BlRS 3.32Et02 -1.54E-03 I.IBEiM - 
41 oil Oil flow r a t e  l b l h r  235890 PREC I.47Et00 -1.W-03 3.33Ei03 18 

t PRECISION COIIPONENT = t f S r b a r  
f: iBufSI6HAolA2 FOR BIAS ERRORS: l t t S o b r r ~ S I G H R o l A 2  FOR PRECISION ERRORS 

+HERE Sobar=PRECISION INDEX M THE IIEAN. So/INUIIBER OF SRIIPLESP.5 
-THE SQUARE ROOT OF THE SUH OF THE ABSOLUTE CONTRIBUTIONS IS ERUAL TO THE TOTAL UNCERTAINN 

ttt BO FOR B i n s  ERRORS: s o t t  Fun PRECISION ERRORS 

Uncertainty Contributor Output 
selenium 

OUTPUT 
VARIABLE 
NAHE DESCRIPTION 

ABSOLUTE ABSOLUTE ABSOLUTE 0 E 6 RE E S 

UNITS VALUE COHPONENT CDHPONENTf UNC t FREEDDH 
AVERAE BIAS PRECISION TOTAL STUDENT OF 

emis Eiission f a c t o r  1blMHBTU 4.093792 1.W-01 4.OSEiOO 4.1Ei00 2.57Ei00 5.1Ei00 

INPUT 
VARIABLE 

ABSOLUTE ABSOLUTE ABSOLUTE NUMBER 
AVERAL ERROR CONTRIBUTION SENSITIVITY ERROR of OF 

11 baconc Seleniw conc uolNm3 4.2h PREC 1.63EiOI 9.61E-01 1.03Ei01 6 
21 oas Stack pas f l o w  r a t e  L 3 1 h r  1959000 PREC 1.47E-01 2.09E-06 4.50Et05 6 
3 o i l  Oil f l o w  r a t e  I b l h r  235890 BIAS 3.80E-02 -1.6SE-05 l . lEEtO4 - 
4 1  oil Oil f l on  r a t e  l b l h r  235890 PREC 1.99E-04 -1.6SE-05 3.63Ei03 IB 

t PRECISION COHPONENT = t t S r b a r  
ft i B ~ t S l f i I I A n ) ~ 2  FOR BIAS ERRORS: l t tSobar fS ISI IAo lA2 FOR PRECISION ERRORS 

-WHERE Sobar=PRECISlON INDEX OF THE IIEAN. SolINUMBER OF SAHPLESY.5 
-THE SBUARE ROOT OF THE SUH OF THE ABSOLUTE CDNTRIBUTIONS IS ERUAL TO THE TOTAL UNCERTAINTY 

ttt BO FOR Bins ERRORS: s o t t  FOR PRECISION ERRORS 
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U n d n t y  Contributor Output 
Aeenaphthene 

;ulPuT M I L U T E  ABSOLUTE ABSOLUTE DEGREES 
VARIABLE AVERAGE BIAS PRECISIMl TOTAL STUDENl OF 
NANE DESCRIPTION UNITS VALUE conponm cotipomm UNC t FREEWR 

e i i s  G i s s i o n  f a c t o r  lb i l l i l8TU .bbIbO73 3.1%-02 2.46Et00 2.5EtOO 4.30Et00 2.OEtOO 

INPUT ARSOLUTE MSOLUTE Rmcum 'NMKR 

NARE OESCRIPTION UNITS VALUE TYPE f i  mnw Iwuiwt SMPLES 
vnRinBLE AVERAGE ERROR CONTRIBUTION SENSITIVITY ERROR OF OF 

-- 
I )  baconc Acenanhthene conc !JO/Nd . b7 P E C  6.OZEtOO 9.87E-01 4.30Et00 3 
2) oas Stack oa5 f l o n  r a t e  N d l h r  2013000 PREC '1.50E-02 3.29E-07 6.45Et05 3 
31 oil  Oil flon r a t e  l b l h r  235890 BIAS 9.93E-04 -2.b7E-06 1.1BEtO4 - 
4) o i l  O i l  f low r a t e  l b l h r  235890 PREC 1.46E-05 -2.67E-06 6.07Et03 lB 

5 PRECISION CORPONENT = t f s r b a r  
tt IBo*SI~RRO)~~ FOR BIAS ERRORS: l t *SobartSIGl lAo)A2 FOR PRECISION ERRORS 

-WHERE Sobar=PRECISION INDEX OF THE HEAN. S o l I N I B E R  OF SRIIPIES)*.5 
-THE soum ROOT OF THE 5un OF THE ABSOLUTE CONTRIBUTIONS IS EUUAL TO THE TOT& UWCERTAINTV 

ttt Bo FOR B IAS ERROR% S o t t  FOR PRECISION ERRORS 

Uncertainty Contributor Output 
Fluoranthene 

3UTPUT DEGREES a ABSOLUTE ABSMUTE AffiMUTE ~= 

inw 
VARIABLE 
NnnE DESCRIPTION 

ABSOLUTE ABSOLUTE ABSOLUTE NUllBER 
bVERA6E ERROR CONTRIBUTION SWSITIVITY ERROR OF OF 

UNITS VALUE W E  H 1SIGRAol INPUTtit  SAllPtES 

I )  baconc F luoranthene conc U O l h 3  9.999999E-03 
PREC 2.41E-03 9.B7E-01 8.61E-02 3 

2) oa5 Stack oas f l o n  r a t e  NJ lh r  2013000 PREC 3.34E-Ob 4.9IE-09 6.45EtOS 3 
31 o i l  O i l  f lon  r a t e  l b l h r  235890 BIAS 2.21E-07 -3.97E-OB 1.1BEt04 - 
4)  o i l  O i l  f l o n  r a t e  l b l h r  235890 PREC 3.25E-09 -3.99E-08 6.07Et03 IS 

i PRECISION CMlWNENT. = t t S r b a r  
t* IBofSIGRAo)*2 FOR BIAS ERRORS: (t iSobarfSIGIIRp)*2 FOR PRECISIOH ERRORS 

-%ERE Szh=??EC!?!C!+ ! ! E X  !!c !!!E !!E!!!. E!/ I U W E R  OF Sb!!P?ES!̂ .? 
-THE SRUARE ROOT OF THE sun OF THE ABSOLUTE CONTRIBUTIONS IS EUUAL TO THE TOTAL UNCERTAINTY 

80 FOR BIAS ERRORS: S o t t  FOR PRECISION ERRORS 
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Uncertainty Contributor Output 
Fluorene 
OUTPUT ABSOLUTE ABSOLUTE ABSOLUTE DEGREES 
VARIABLE AVERAGE BIAS PRECISION TOTAL SlUDEWT OF 
NAME DESCRIPTION UNITS VALUE COMPONENT CMWNENlt  UNC t FREEDOM 

emi s Emission f a c t o r  IblMBTU 3.653653E-02 
1.74E-03 LEE-02 5.OE-02 4.30Et00 2.lEtOO 

--===--------- __ 
INPUT ABsnLuTE ABSOLUTE ABsotuTE NUNBER 
VARIABLE AVERABE ERROR CONTRIBUTION SENSITIVITY ERROR Of OF 
WANE DESCRIPTION UNITS VALUE TYPE ff IS16111101 IWUTHt SMPLES 

11 bacrmc Fluorene tunc U O l l b 3  .on PREC 2.416-03 9.B7E-01 8.61E-02 3 
2) oas Stack oas flow r a t e  M l h r  2013000 PREC 4,576-05 1.8ZE-08 6.45Et05 3 
3 oi l  Oil f l o w  r a t e  l b l h r  2 3 ~ ~ 9 0  Bins 3.03E-06 -1 .W-07  1.1BEtO4 - 
41 o i l  O i l  f l o w  r a t e  I b / h r  235890 PREC 4.45E-08 -1.48E-07 6.01Et03 18 

* PRECISION COHPONENT = t fSrbar  
tf IBo~SIGMAol'2 FOR BIAS ERRORS: ItfSobartSIGI1AD)"Z FOR PRECISION ERRORS 

-WHERE Sobar=PRECISIOW INDEX OF THE MEAN. So/INUIIEER OF SAMPLESI^.S 
-THE SQUARE ROOT OF THE SUn OF THE ABSOLUTE CDIITRIBUTIONS IS EQUAL TO TIE TOTRL UNCERTAINTY 

tit BO FOR BIAS ERmffi: s o i t  FOR p m s i o n  ERRORS 

Uncertainty Contributor Output 
Naphthalene 

i w u i  
VARIABLE 
NAME DESCRIPTION 

I: baconc N a ~ h t h a l e n e  tunc 
2! oas 
3) o i l  Oil f lon r a t e  
4)  o i l  Oil flow r a t e  

Stack oas f l o n  r a t e  

llBSOLUTE ABSOLUTE tlBSOLUTE N U M R  
IIVERAGE ERROR CONTRIBUTION SENSITIVITY ERROR OF O f  

USITS VALUE TYPE H ISIBMAoI INPUTHt SAMPLES 

uolNm3 3.7 PREC 5.4ZEt01 9.B7E-01 1.29Et01 3 
k31hr 2013000 PREC 4.57E-01 1.82E-06 6.45E105 3 
i b l h r  2 3 5 ~ 9 0  Bins 3.03E-02 -1.4BE-05 1.1BEt04 - 
l b l h r  235890 PREC 4.45E-04 -1.M-05 6.07Et03 18 

t PREClSION COMPONENT = t t S r b a r  
tt IBo*SIGMAo)*2 FOR BIAS ERRORS: I t tSobartSlGNADl"2 FOR PRECISION ERRORS 

-WHERE Sobar=PRECISlON INDEX OF THE RUN. So/INUMBER OF SAMPLESI^.S 
-THE SEUARE ROOT OF THE SUI Of THE ABSOLUTE CONTRIBUTIONS IS EPUAL TO THE TOTAL UNCERTAINTY 

itf Bo FOR B I A S  ERRORS: Sott  FOR PRECISION ERRORS 
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Uncertainty Contributor Output 
Phenanthrene 

lUTPUT ABSOLUTE ABSOLUTE ABSOLUTE DEGREES 
V A R I A B L E  AVERRSE BIAS PRECISION T O M  SlUUENl OF 
NAHE DESCRIPTION UNITS VALUE COHPONENT COI(P0NENTt UNC t FREEDOH 

e a i s  Emission factor IblMBTU 3.55k905E-02 
1.69E-03 9.W-02 9.E-02 4.30EtM) 2.OEMO 

=== i i=31== l i= i - -=== i===========~~~==~=========~==- -~=~-~=~~====~~=  

INPUT 
VARIABLE 
nw DESCRIPTION 

ABSOLUTE ABSOLUTE ABSOLUTE NMBER 
AVERAGE EMOR CONTRlBUTlON SENSITIVITY ERROR OF OF 

UNITS VRLUE TYPE H ISIGIulo) INPUTm SMKES 

I )  baconc Phenanthrene conc U O l h 3  .os6 PREC 9.bIE-03 9.87E-01 1.72E-01 3 , 
Z! oas Stack oas flow rate  Nm3lhr 2013000 PREC k.33E-05 1.77E-08 6.4SEt05 3 
3) o i l  Oil flow rate I blhr 235890 BIAS 2.87E-06 -1.k4E-07 1.IEEtM - 
4) o i l  Oil f l a  rate  Ib/hr 235890 PREC k.21E-08 -1.44E-07 6.07E103 18 

t PRECISION COHPONENT = ttSrbar 
t* iBotS16HAo!A2 FOR BIAS ERRORS: lt*S0bsrtSlfiHk)~2 FOR PRECISION ERRORS 

-WHERE Sobar=PRECISlON INDEX OF THE HERN. SOIINUHBER OF SIVI?LES)*.S 
-THE SQUARE RW)T OF THE SUH OF THE RBSOLUTE CONTRIBIITIONS IS EPURL TO THE TOTRL UNCERTAINTY 

tH Bo FOR BIAS ERRORS: Sott FOR PRECISION ERRDRS 

Uncertainty Contributor Output 
Formaldehyde 

USDLUTE RESOLUTE ABSMUTE DEGREES .. '-,y .u r 
VARIABLE AVERAGE B I A S  PRECISION TOTAL STUDENT OF 
NAHE MSCRIPTION UNITS VALUE COHPONENT COHPONENTt UNC t FREEDOH 

~~ 
~ 

ei is  Emission factor IblMBTU 81.i78b6 3.87Et00 E.84Et01 8.8Et01 4.30EtW ?.2Et00 
________________----___________________I------------------------------------------------- 

INPUT ABSOLUTE ABSOLUTE ABSOLUTE NUHBER 
vaRi ABLE AVERAGE ERROR CONTRIBUTION SENSITIVITY ERROR OF OF 
IIAHE DESCRIPTION UHITS VRLUE TYPE . i t  isimn0Nlol i m w t  SAIIPLES 

i )  baconc Forialdehvde conc V O i H l 3  BO PREC 7.4bEt03 I.02EtM 1.46EtO2 3 
21 o i l  Natural oas f low rate cfh 3975000 PREC 3.53Et02 -1.95E-05 1.36Et06 2 
; i  oil Natural 815 flow rate clh 3975000 BIAS 1.50EtOl -1.95E-05 1.99Et05 - 
4 )  oa5 Stack oas f low rate NB3lhr 1747000 PREC 1.79E-01 4.6BE-05 1.56EtO4 3 

t PRECISION COHPONENT = ttSrbar 
f*  !WS!G!!Eio!^? :OK !!AS EPAORS: !t*SnbarfSIfiHbl"? FBR PRECISION ERRORS 

-"ERE Sobar=PRECISION INDEX OF THE NUN. SollNUllBER OF SRH?LES)*.5 
-THE SRURRE ROOT OF THE SUN OF THE ABsotuTE CONTRIBUTIONS IS EUUU TO THE TOTAL UNCERTAINTY 

t+* Bo FOR BIAS ERRORS: Soft FOR PRECISION ERRORS 
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Uncertainty Contributor Output 
chromium 

lUTPUT 
VARIRBLE 
NAHE DESCRIPTION 

ABSOLUTE ABSOLUTE ABSOLUTE OEGREES 

UNITS VALUE COHPONENT COHPONENTI UWC t FREEDOM 
AVERAGE BIAS PRECISION TOTAL STUDENT OF 

c l o s u r e  Tota l  c l o s u r e  I 23.22317 l.lOEt00 4.22Et01 k.2EtOI k.30Et00 2.OEt00 

INPUT 
VARIABLE 
NAME DESCRIPTION 

ABSOLUTE ABSOLUTE ABSOLUTE NUMBER 
AVERAGE ERROR ' CONTRIBUTION SENSITIVITY ERROR OF OF 

uni is VALUE TYPE tt ISIGMAoI IiiPUTHt SRIIPLES 

1) iboc  ChrD8iu8 015 C U M  uOlN83 5.48 PREC l.77Et03 k.24Et00 1.72EtOI 3 
21 oar Stack os5 flow r a t e  N83lhr l9kbOOO PREC 6.65Et00 1.19E-05 3.74Et05 3 
3) oilvol Oil flow r a t e  L l h r  112000 BIAS 1.21Et00 -1.98E-04 5.5bEt03 - 
41 oilvol Oil flow r a t e  L / h r  112000 PREC 7.87E-02 -].%E-04 b.OZEtO3 18 

* PRECISION COHPONENT = t t b b a r  
*+ IBotSIGHAo)*2 FOR BIAS ERRORS: l t fSobartSIGHAo)^Z FOR PRECISION ERRORS 

-WHERE Sobar=PRECISION INOEl O f  THE NEAN. SoI(NUM8ER Of SAHPLES)^.S 
-THE SQUARE ROOT O f  THE SUM OF THE ABSOLUTE CONTRIBUTIONS IS EQUAL TO THE TOTAL UNCERTAINTY 

S t *  Bo FOR BIRS ERRORS: S o t t  FOR PRECISION ERRORS 

Uncertainty Contributor Output 0 copper 
OUTPUT ABSOLUTE ABSOLUTE ABSOLUTE DEGREES 
VARIABLE AVERAGE BIAS PRECISION TOTAL STUDENT OF 
NAHE DESCRIPTION UNITS VALUE COHPONENT COHPONENTt UNC t FREEDOM 

c l o s u r e  Tota l  closure 1 8.b24909 4.08E-01 b.38Et00 b.4Et00 2.57Et00 5.2EtOO 

INPUT ABSOLUTE ABSOLUTE ABSOLUTE NUHER 
VARIABLE AVERAGE ERROR CONTRIBUTION SENSITIVITY ERROR OF OF 
NAME DESCRIPTION UNITS VALUE TYPE tt ISIGMAo) IWPUTtt4 SRMPLES 

1) 8bOC Cunner oas tunc UOlN83 14.3 PREC 4.OIEtOl b.03E-01 2.57Et01 b 
21 oas Stack 015 flow r a t e  N831hr 1959000 PREC 6.WE-OI 4.kOE-06 4.50Et05 b 
3) oilvol Oil f l a  r a t e  L l h r  IIZOM) Bins 1.66E-01 -7.3kE-05 5.5bEt03 - 
41 oilvol  Oil flow r a t e  L l h r  112000 PREC 3.87E-03 -7.34E-05 3.60Et03 I8 

t PRECISION CONPONENT = t t S r b a r  
tt IBntSIGHAo)^Z FOR B I A S  ERRORS: I t tSubartSIGHRol^Z fOR PRECISION ERRORS 

-WHERE Sobar=PRECISlON INDEX Of THE MEAN. SoIINUMBER Of SRIIPLES)^.S 
-THE SQUARE ROOT OF THE SUI1 OF THE ABSOLUTE CONTRIBUTIONS IS EQUAL TO THE TOTAL UNCERTMNTY 

ftt Bo FOR BIAS ERRORS: S o t t  FOR PRECISION ERRORS 
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Uncertainty Contributor Output 
uangange 

INPUT 
VARIABLE 
YAllE 

I t  &or 
21 oas 
3) oilvol 
k l  oilvol 

__-I__. 

ABSOLUTE ABSOLUTE ABSOLUTE NUMBER 
AVERAGE ERROR CONTRIBUTION SENSITIVITY ERROR OF OF 

MSCRIPTION UNITS VALUE TYPE H (51611Apt l W U T H *  S M R E S  

IIanoanese oa5 conc - uOlNm3 45 PREC 4.43Ei05 7.60Et00 1.75Ei02 k 
Stack oa5 f low r a t e  N1SIhr 1959000 PREC 1.58Ei03 1.75E-04 5.57Ei05 6 
Oil f low r a t e  L l h r  112000 BIAS 2.6ZEiOZ -2.91E-03 5.56Ei03 - 
O i l  flow r a t e  L l h r  112000 PREC 9.3kEtM) -2.91E-03 4.45EM3 IS 

t PRECISION COMPONENT = t * S r b a r  
ff lBo*SI611Aol^2 FOR BIAS ERRORS: l t * S o b a r * S l E I I A ~ l ~ Z  FOR PRECISION ERRORS 

-WHERE Sobar=PRECISION INDEX OF THE IIERN. SollNUMBER OF SAIIPLESY.5 
-THE SRUARE RWT OF THE SUM OF THE ABSOLUTE CONTRIBUTIONS IS ERUAL IO THE TOTAL UNCERTAINTY 

tH Bo FOR BIAS ERRGRS: S o 4  FOR PRECISION ERRORS 

Uncertainty Contributor Output 
Nirkel 

OUTPUT ABSOLUTE ABSOLUTE 4BSOLUTE DEGREES 
VARIABLE AVERAGE BIRS PRECISION TOTAL SIUOENT OF 
NAME OESCRIPTION UNITS VALUE COIIPOWENT COIIPONENTf UNC t FREEDOM 

c l o s u r e  T o t a l  c l o s u r e  I 103.9022 4.91Ei00 1.96EiOl 2.OEiOl 2.37Et00 7 . 5 E i O O  
--- 

__-_____---__-_~_______________-___-____-________==E==_ii==_ 

INPUT RBsoLuTE ABSOLUTE AESOLUTE N U ~ E R  
VARIABLE AVERAGE ERROR CONTRIBUTION SENSITIVITY ERROR OF OF 
NAME OESCRIPTION UNITS VALUE TYPE It lS16MAol INPUT*** SAMPLES - ~ 

I t  i b o c  N i c k e l  0a5 conc uoIwI3 398 PREC 3.02Et02 2.61E-01 1.63EW 6 
21 0a5 Stack 015 f lw  r a t e  N d l h r  I959000 PREC 8.03Ei01 5.30E-05 k.14Ei05 6 
3t  oilvol Oil f l o w  r a t e  L l h r  ll20W BlRS 2.4 lE i01  -B.ME-O4 5.56Et03 - 
4) oilvol Oil flow r a t e  L l h r  llZ000 PREC k.76E-01 -8.B4E-Ok 3.31EM3 I8 

----____------_____________________I____------~--------~~~-~----------------_------------------ 

* PRECISION COWONENT = t t S r b a r  
** IBO*SIS~IAOIT FOR Bins ERRORS: (t*SobartS1611AotA2 FOR PRECISION ERRORS 

-WERE Sobar=FRECiSlOli Ik’BEI OF THE WEAN. SoiIRUXER OF SAWLESt’.5 
-THE SRUARE ROOT OF THE SUR OF THE ABSOLUTE CONTRIBUTIONS IS ERUAL TO THE TOTAL UNCERTAINTY 

tt* Bo FOR BIAS ERRORS: SD*t FOR PRECISION ERRORS 
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=e 

Manganese 
Mercury 
Nickel 
Selenium 

Metals - Vapor Phase 
Field Blank 

Arsenic 
Beryllium 
Cadmium 
Copper 
Lead 
Manganese 
Mercury' 
Nickel 
Selenium 

Reaeent Blank 
Arsenic 
Beryllium 
Cadmium 
Copper 
Lead 
Manganese 
Mercury' 
Nickel 
Selenium 

Chromium 
Field Blank 

Chromium 
Chromium, hexavalent 

Reagent Blank 
Chromium 
Chromium. hexavalent 

Table F-1 (Continued) 

Number of 
Blank Samples Number of 

Analwed Detects 

1 1 
1 0 
1 0 
1 1 

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

'Indudes blanks for permanganate impinger. 

Detected in permanganate impinger. b 

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

1 1 
1 0 

1 0 
1 0 

Mass 
Detected ng 

2.1 

6.4 

0.73, o.n 

8.6, 19 

1.2, 33 
14 

1.2, 6.1 

1.1 

8.4 

0.8 

0.8 

1.75 
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Table F-2 

Summary of Quality Control Results for Stack Gas 

Substance 

Arsenic 
Beryllium 
Cadmium 
copper 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 

Arsenic 
Beryllium 
Cadmium 
copper 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 

CLuomium 
Chromium, hexavalent 
Formaldehyde 
Formaldehyde (field spike) 

Matrix Spike Duplicate 
RWOverv % Analvsis RPD ' 

Stack Gas - Solid Phase 
112 20 
94 < 1  
100 <1 
101 <1 
92 3 
96 <1 
109 < I  
101 <1 
85 <4 

Stack Gas - VaDor Phase 
90 <1 
96 < I  
77 <1 
95 3 
81 8 
92 2 

94, 100 6'. < 1  
97 1 
109 <1 

79 6 
96 __ 

107,104 3 c  
114 __ 

Stack Gas -Total 

W D =  [ ,:rB,] * 100 
- 

where A, B are individual values and RF'D is the relative percent difference between the values. 

bResults from both sets of impingem. 

W D  for matrix spike duplicate results. 
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This section presents QA/QC results for the stack gas and fuel samples. The blank and 

duplicate analyses are presented, as well as the sample spike results and detection limits. 

Table F-1 presents the results of the blank analyses for the stack gas samples. Reagent 

blank and field blank analyses were performed for the metals (solid and vapor phase). 

A field blank consisting of a complete semi-VOST sampling train was analyzed for 

PAHs. A trip blank, field blank, and method blank were analyzed for formaldehyde. 

Table F-2 presents matrix spike recovery data performed for one of the multi-metals 
stack gas samples. A duplicate analysis was run on one of the flue gas samples for 

metals. Table F-2 presents the relative percent difference (RPD) between the duplicate 

analyses for this sample. 

Table F-3 presents the matrix spike recovery results for the oil samples. The relative 

percent difference between the matrix spike and the matrix spike duplicate is also 
presented. Table F-4 presents the results for the lab spike recoveries for the PAH 
'analyses. 
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Table F-1 

Summary of Blank Sample Results 

M e  
PAHS 
Field Blank 

Naphthalene 
Acenaphthylene 
Accnaphthene 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Ppene 
Chrysene 
Benz(a)anthracene 
Bern@+ k)fluoranthene 
Bern(a)pyrene 
Indeno(l,Z,3-c,d)pyrene 
Dibenz(a,h)anthracene 
Bern(g,h,i)peryIene 

Volatile Organics 
Method Blank 

Formaldehyde 
Benzene 

Formaldehyde 
Benzene 

Field Blank 

Metals - Solid Phase 
Field Blank 

Arsenic 
Beryllium 
Cadmium 
Copper 
Lead 
Manganese 
Mercury 
Nickel 
Seienium 

Reaeent Blank 
Arsenic 
Beryllium 
Cadmium 
Copper 
Lead 

Part I V  Site 106 

Number of 
Blank Samples Number of Mass Detection 

Analwed Detects Detected ug 

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

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

1 0 
0 0 

1 1 
0 0 

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

1 1 
1 1 
1 0 
1 1 
1 1 

F-4 

0.51 

3.8, 4.0 
0.4, 0.7 

9.8, 16 
B,* 
5.3, 11 

5.8, 2.2 

1.7 
0.4 

7.5 
26 

0.47 p g/ml 

0.47 pg/ml 
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Table F-3 

Summary of Quality Control Results for Fuel Oil 

Detection 
Substance Limit ImdL) 

Arsenic 
Beryllium 
Cadmium 
Chromium 
Chromium, hexavalent 
Copper 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 

1.1 
0.22 
0.22 

0.50 

1.1 

0.10 

1.0 

_- 

_ _  
-- 

-- 

Matrix Spike 
Recoverv % 

91 
89 
91 
88 

91 
99 
81 
88 
103 
96 

-_ 

Duplicate 
Analvsis RPD 

< 1  
< 1  
< 1  
5 

14 
2 
2 
2 
1 
7 

-_ 

where A, B are individual values and RPD is the relative percent difference between the 
values. 
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Table F-4 

Summary of Surrogate Recoveries for Semivolatile Organic Analysis 

Number of Mean Spike Std. Dev. 
Substance Analyses Recovery (%) (% Rec.) 

d10 Acenaphthene 4 85 26 

d10 Anthracene 
d12 Chrysene 

4 

4 

62 

127 

33 

22 

d12 Benzo(a)pyrene 4 63 38 
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- , 

Sample 

PAHS 
Method Blank 

Naphthalene 
Acenaphthylene 
Acenaphthene 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Chrysene 
Benz(a)anthracene 

i ,  Benzo(b)fluor&thene 
; Benzo(k)fluoranthene 

Benzo(a)pyrene . .  
'' Indeno(/2&c,d)pyrene 

,'. Dibenz(a,h)anthracene 
'. Benzo(g,h,i)perylene 

Naphthalene 
Acenaphthylene 

Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Chyene  
Benz(a)anthracene 
Benzo@)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Indeno(k23Sd)pyrene 
Dibenz(a,h)anthracene 
Benzo(g,h,i)perylene 

part VII: Site 109 

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

Table F-1 

Summary .of 'Blank. Sample Results' 
1 .  

Number of 
Blank Samples 

Aaalvzed 

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

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

Number of 
Detects 

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

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

F-4 

Mass 
Reuorted. ug 

0.062 

0.048 

0.018 
0.024 
0.095 

100 
0.018 
0.036 
0.073 
0.15 
0.022 
0.048 
0.070 
0.0s 
0.011 

b __ 
o.ol3 
0.0041 
0.0051 

0.0029 
__ 

-_ 
__ 
_- 

0.0015 
0.022 
0.027 
0.011 
0.017 
0.010 
0.024 
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I 

.. 
This section presents QA/QC results for the stack gas and fuel samples. The blank and 

duplicate analyses are presented, as well as the sample spike results and reporting and 

detection limits. 

Table F-1 presents the results of the blank analyses for the stack gas samples. No 
reagent blank or field blank analyses were performed for the metals. A method blank 

and a field blank were analyzed for PAHs. A trip blank, field blank, and method blank 

were analyzed for formaldehyde. 

No QA/QC data were performed for the oil and stack gas metals analyses. 

Table F-2 presents the results for the lab spike recoveries for the PAH analyses. 

,- 
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.' . M e  
Field Blank (continued} 

Naphthalene 
Acenaphthylene 
Acenaphthene 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Chrysene 
Be=( a)anthracene 
Benzo@)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Indeno(l,Z,3-c,d)pyrene 
Dibenz(a,h)anthracene 
Benzo(g,h,i)perylene .. 

.I Volatile Organics 
Method Blank ...' - . 

Formaldehyde 
Benzene 

Formaldehyde 
Field Blank 

'No blanks were analyzed for metals. 

Reporting limit was not available. b 

Table F-1 (Continued) 

Number of 
Blank Samples Number of MUSS 

Analwed - Detsts Detected p g  

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

3 

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

0 
0 

.-.'S3 ' .'. 

o.ol.3 . 
OM3 :': 

. .  
0.063 ... ., 

0.17, 
, . I  . 

. ,  
0.om 
0.049. . .. 
0.063 . ' , . .  __ . . ., 

-- , . .  . " .  
- . .  

,:. . . .> __ , . . .  
- . .  

Detection 
Limit. ue 

__ 
_ _  
_- __ __ 
-- 
__ 
__ 

0.011 
0.014 
0.0096 
0.0089 
0.0071 
0.0063 
0.0046 
0.0086 

' .  

1 
. . 0.010 mg/m' 

1 0 1 

'L 
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I 
r: ,-.- :. . Table F-2 ' ''! .:: 

. .  

Summary of surrogate .Reioveries:for - :  Semivolatile organic Analysis 

Number of 
Substance Analvses 

d10 Biphenyl 10 
d8 Naphthalene 11 

. ' d8 Acenaphthylene. 11 
d10 Acenaphthene." ' . 11 ., .. 

11 
. ,  

d10 Fluorene . ': . . '  

d10 Phenanthrene ' '. 11 

d10 Anthracene : 11 
d10 Fluoranthene' ". 11 

11 d10Fyrene . . 
, . .  

d12 Benz(a)anthracene .: 11 

d12 Benzo(b)fluoranthene. 11 

d12 Benzo(k)fluoranthene ' ' 1.1 

,. ' . d12Benzo(a)pyrene ~ . . 11 

d12 Benzo(g,h;i)perylene. 11 

: =d12 Chrysene = ~~. . .  ~ 11 =. 

' . .  11 . .  
d14 Dibenz(a,h)anthracene 

Mean Spike Std. Dev. 
Recoverv (9%) (% Rec.) 

149 24 

106 32 
135 24 

129 24 
134 18 
141 24 
144 22 
146 20 
144 25 
133 31 
117 27 

96 29 

73 27 
90 31 
73 38 
71 35 

._ 

, ',, .. 
. /' . 1 
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Section 1 

INTRODUCTION 

This section of the document summarizes data gathered by Carnot, Inc. (formerly Energy 
Systems Associates) at a California power plant, designated Site 107, during a sampling 
program sponsored by the electric utility company. The power plant, a Babcock and 
Wilcox radiant heat boiler, was tested during both residual fuel oil and natural gas firing 
in February of 1990. 

The test matarix shown in Table 1-1 lists the substances of interest at this site. The 
primary emphasis of the sampling effort was on collecting valid stack emissions data; less 
emphasis was placed on collecting oil and natural gas samples. 

Section 2 of this report briefly describes the plant and sample locations. Section 3 
discusses the results of the chemical analyses of the fuel oil, natural gas, and flue gas 
streams sampled at the plant. Section 4 contains an evaluation of the sampling and 
analytical data using traditional QA/QC techniques and engineering calculations. 
Section 5 contains example calculations. The appendices contain raw data, stream 
concentrations, sampling and analytical methods, measured and calculated stream flow 
rates, error propagation equations and examples, and quality assurance/quality control 
(QA/QC) results. 
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Table 1-1 

Summary of Test Matrix for Site 107 

Process Streams Samoled 

Substance 

Inorganic 

Arsenic 

Beryllium 

Cadmium 

Chlorine 

Chromium 

Chromium, hexavalent 

Copper 

Lead 

Manganese 

Mercury 

Nickel 

Selenium 

Organic 

Benzene 

Formaldehyde 

Polycyclic Aro 

- Oil 

atic Hydrocai . XIS (15) 
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X 
X 
X 
X 

X 
X 

X 
X 
X 
X 
X 
X 

Additional 

Heating Value 
T T I L  --.- In --..: -...- u i n u i a r = /  I i ~ ~ i l ~ a k r  

q.C, Hydrocarbons 

Sulfur Content 

X 
Y 
1. 

X 

1-2 

Natural Gas 

X 

X 

Stack Gas 

X 

X 

X 

X 
X 
X 

X 
X 

X 
X 

X 

X 
X 

X 



Section 2 

SITE DESCRIPTION 

This section describes the test site, Site 107, and gives the locations of the sampling 
points. 

Facility Information 

At this site, a steam electric generating unit with a capacity of approximately 175 
megawatts (MW) was tested. The boiler was operated at a minimum of 86% of the full 
rated load during the test period. Testing was conducted during both 100% oil firing 
and 100% natural gas firing. During the testing at Site 107, the unit was operating at a 
relatively consistent load level--during oil firing between 156 and 173 MW and during 
natural gas firing at 151 MW. Refer to Appendix D for the unit load during each 
sampling event. 

Figure 2-1 is a process flow diagram of the unit at Site 107. Steam is generated in a 
Babcock & Wilcox boiler that can be fueled by either natural gas or residual fuel oil. 
No emission control devices are located downstream of the boiler. 

The residual oil fuel at this site has a sulfur content of 0.18%, a higher heating value 
(HHV)  of approximately 19,150 Btu/lb, and an ash content of 0.02 percent. The natural 
gas fired at Site 107 has a HHV of 19,900 Btu/lb. 

Sampling Locations 

The boiler fuel and the flue gas emitted through the stack were the two streams sampled 
in this study. The locations of the sampling points are shown in Figure 2-1. Brief 
descriptions of the sampling locations are given below: 

Oil grab samples were collected from the feedlines into the boiler. 

Natural gas analysis was conducted at a header feeding the boiler. 

Stack gas samples were collected from ports located in each of two air preheater exit 
ducts. For all trains except chromium, two tests were performed in the north duct 
and one test was performed in the south duct to obtain three tests for each train. 
For chromium, two tests were conducted in the south duct and one in the north duct. 
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Figure 2-1. Process Flow Diagram for Site 107 
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Section 3 

RESULTS 

This section summarizes the fuel and emitted gas stream data collected at Site 107 
during oil firing. The results were calculated from laboratory and field data reported by 
Carnot. Only formaldehyde and benzene emissions were measured during the firing of 
natural gas; metals, PAHs, benzene, and formaldehyde emissions were measured during 
fuel oil firing. 

Appendix A presents the raw analytical data generated by Carnot and their contracting 
labs during the project. Data processed by Radian Corporation for this report can be 
found in Appendix B. 

Sampling Schedule 

Site 107 was sampled in February 1990. As shown in Figure 3-1, which gives the 
sequence of tests performed, samples are numbered in chronological order. Each fuel 
type has its own unique set of run numbers. The run numbers are shown in both Figure 
3-1 and the summary tables. 

Four collection trains were used to sample the stack gas during oil firing. These trains 
include a Draft EPA Metals Method train for multi-metals, a CARB Method 423 train 
for arsenic, a CARB Method 425 train for total and hexavalent chromium, and a semi- 
VOST (Modified Method 5 )  train for polynuclear aromatic hydrocarbons (PAHs). 
Benzene was collected by CARB Method 410A and formaldehyde was sampled using 
CARB Method 430 to compare emissions produced during natural gas and oil firing. 
Duplicate samples of both the fuel oil and natural gas were collected during the 
corresponding stack gas sampling periods. 

Appendix C presents details of the analytical and sampling methods used at this site. 

Data Treatment 

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

The convention for using blank results to correct the data in this group of reports was to 
use the reagent blank analysis results when they were available. If a reagent blank 
analysis was not performed, the field blank results were used to correct the sample 
results. If neither a reagent nor field blank was analyzed, no blank correcting was done. 
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Results 

(0) Blank Corrections 

At Site 107 metals, CARB 423, chromium, and hexavalent chromium by CARB 425 and 
formaldehyde were corrected for the reagent blank results; while PAH results were 
corrected for the field blank results. 

The individual run measurements for both the solid and vapor phases were corrected for 
the reagent blank analytical result when available. If the reagent blank was not ana- 
lyzed, the measurement was corrected for the field blank result. When the blank result 
was equal to or greater than 50% of the uncorrected actual measurement, the concentra- 
tion is flagged with a “B in the summary tables. When the blank correction resulted in 
a value less than the detection limit, the concentration is presented as ND(DL), meaning 
that the concentration is below the detection limit (DL), which is presented in paren- 
theses. The test contractor has defined the term ”detection limit” as three to ten times 
the instrument detection limit, depending on the laboratory that performed the analysis. 

Total Concentrations 

The solid- and vapor-phase concentrations were both considered when determining the 
total gas stream concentration. The absence of detectable concentrations in either (or 
both) phase required that conventions be established for calculating total values. For 
each substance, there were three possible combinations of solid- and vapor-phase 
concentrations in the emitted gas stream: 

Case 1: 

Case 2: 

Case 3: 

The concentrations in both phases are above the detection limits. 

The concentrations in both phases are below the detection limits. 

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

For the inorganic substances (other than mercury) measured in this program, stack gas 
stream data from other testing indicate that most of the material is present in the solid 
phase of the gas stream and that only a small fraction is generally found in the vapor 
phase. Thus, the following conventions were selected for defining total gas stream 
concentrations: 

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

For example, the total cadmium (Cd) concentration in the stack gas is 
calculated as follows for Run 3: 

Cd in the solid phase = 0.81 pg/Nm 

Cd in the vapor phase = 0.21 pg/Nm 
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Total Cd in the stack gas = 1.02 pg/Nm 

The total concentration is considered to be the solid phase detection limit. 

For example, the total beryllium (Be) concentration in the stack gas is 
calculated as follows for Run 3: 

Be in the solid phase = ND(0.09) pg/Nm ’ 
Be in the vapor phase = ND(O.04) pg/Nm 

Total Be in the stack gas = ND(0.09) pg/Nm 

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

For example, the total selenium (Se) concentration in the stack gas is 
calculated as follows for Run 3: 

Se in the solid phase = 0.44 pg/Nm3 

Se in the vapor phase = ND(2) pg/Nm 

Total Se in the stack gas = 0.44 pg/Nm 

Case 2 

Case 3 

In historical data and previous FCEM data, mercury has been shown to exist primarily in 
the vapor phase. For Case 2, then, the total concentration in the gas stream is con- 
sidered to be the vapor-phase detection limit. For Cases 1 and 3, the conventions are 
the same as those described above. 

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

Average Concentrations 

The following criteria were used to average data from the individual runs. 

When all values are above the detection limit, the arithmetic mean concentration is 
calculated from the reported quantities. 

For results that include values both above and below the detection limit, one-half of 
the DL is used for values below the detection limit to calculate the me&. For 
example: 
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Analvtical Values Calculation Mean Value 
10, 12, ND(8) (lo+ 12+(8/2])/3 8.7 

By our convention, the calculated mean cannot be smaller than the largest detection 
limit value. In the following example, the calculated mean is 2.8, which is less than 
the largest detection limit, so the reported mean becomes ND(4). 

Analvtical Values Mean Value 
5, ND(4), W 3 )  ND(4) 

When all analytical results are less than the detection limit, the mean is reported as 
hD (the largest detection limit value). 

Fuel Oil and Natural Gas 

Table 3-1 presents the results of the two residual oil fuel analyses. For each reported 
substance, a mean concentration was calculated, along with the 95% confidence interval 
about the mean. The confidence interval is the range about the mean in which the true 
mean lies with a given probability [e.g., it is 95% certain that the true mean chromium 
concentration in the oil is 0.22 
the two results shown in Table 3-11. The confidence interval calculation is discussed in 
Section 5.  

Natural gas fuel was analyzed for C, through C, hydrocarbons, nitrogen, carbon dioxide, 
and oxygen. The results for the natural gas analysis appear in Appendix D, Table D-1. 

Stack Gas 

Tables 3-2a, 3-2b, and 3-2c present concentration data for the emitted gas at Site 107. 
The probe and nozzle rinse, and filter portions (solid phase) from the multimetals train 
were analyzed separately from the impinger solutions (vapor phase). The solid- and 
vapor-phase analytical results, corrected for the reagent blank values, are presented in 
Tables 3-2a and 3-2b, respectively. The three measured concentrations for each phase 
are presented, as well as the mean and the 95% confidence interval (CI) associated with 
the mean. 

In some cases, the reagent blank corrections were fairly significant. Appendix A contains 
the results of the blank analyses, as well as the test results for each run. 

The concentrations in each duct were not expected to be significantly different since they 
are generated by the same boiler. As can be seen in Tables 3-2a, b, c, and 3-3, concen- 
tration is independent of sampling location. Therefore, the total concentrations from 
each run were averaged (according to the conventions outlined previously) to obtain an 

0.06 mg/L (between 0.16 and 0.28 mg/L), according to 

overall mean concentration of each measured substance. a! 
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Table 3-1 

Oil Composition Data for Site 107 

Sample Date 
Mass Flow Rate (lb/hr) 

Volumetric Flow Rate (L/hr) 
Elements (mg/L) 

Arsenic 

Beryllium 

Cadmium 

Chloride 
Chromium 

-5 

2/24/90 
-- 

ND(1) 
ND(0.2) 

ND(0.2) 

107 

0.22 

-6 

2/24/90 
_- 

N W )  
ND(0.2) 

ND(0.2) 

156 

0.21 

75,100 

35.900 

NDU) 
ND(0.2) 

ND(0.2) 

132 

0.22 

95% CI 

2,600 

1,200 

-_ 
310 

0.06 
Chromium, hexavalent ND(0.5) ND(0.5) ND(0.5) _ _  

Lead ND(1) W 1 )  -_ 
Manganese ND(0.4) ND(0.4) ND(0.4) -_ 
Mercury ND(O.1) ND(O.l) ND(O.1) -_ 
Nickel 10 10 10 0 ~ ~ 

Selenium ND(1) ND(1) NDO) _- 

0.4 0 ~ 

Copper 0.47 0.41 0.44 

Ash (%) 0.02 0.01 0.02 0.06 
Sulfur (%) 0.17 0.18 0.18 0.06 
Higher Heating Value (Btu/lb) 19,200 19,100 19,150 630 

*e: = Cunlidencc: inlervai. 

bFlow rate is an average of 18 measurements taken over a four-day period at or near full load. 

'ND indicates that the concentration is below the detection limit; the detection limit is shown in parentheses. 
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Results 

Table 3-3 

Volatile Organic Stack Emissions at Site 107 
Residual Oil and Natural Gas Firing 

Volatile 
Organic Commnuds 

Residual Oil FVing 
Duct 

Stack Flow 752,000 Nm '/hr 

Benzene @g/Nm ')b 

Duct 

Stack Flow 756,000 Nm '/hr 

Formaldehyde @ g/Nm ') 

Natural Gas F i g  

Duct 

Stack Flow: 674,000 Nm '/hr 

Benzene @g/Nm ') 

Duct 

Stack Flow 6&1,000 Nm '/hr 

Formaldehyde @g/Nm')' 

-5 

North 

ND(3.5) 

North 

4Ud 

-1 

North 

ND(3-9 
south 

7 9 9  

&6 

North 

ND(3.9 

- Run 6 

North 

853' 

Run 2 - 

North 

ND(35) 
North 

Wd 

- Run 7 95% CI 

south 

W 3 5 )  ND(3.5) 

Run I 

south 

- 

399 

Run 3 - 

south 

550 

621d 750 

VI = Confidence interval. 

'A blank analysis was mt performed. 

"D indicates &at the conccnvstion is below the dewtion limit, which is shown in parrnthews. 

dA =gem bhnk comctim is nm applied sincc the SvbJtSncc was not dewted in the ~ g c d  blank sample. 

640 
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Table 3-2c presents the total concentrations measured for each run, as well as the mean 
and 95% CI associated with each total value. The sampling methods cited for total and 
hexavalent chromium and PAHs suggest that both the solid and vapor fractions were 
collected; however, the fractions were not analyzed separately. For these substances, the 
results are presented only as total concentrations. In addition, a reagent blank analysis 
was not performed for PAHs; therefore, the field blank results were used to correct the 
measured concentrations. The measured concentrations of three PAHs were below the 
detection limit of 0.008 pg/Nm ’. 
Table 3-3 compares volatile organic emissions from the same boiler fired by two 
different fuels-residual oil and natural gas. Benzene was not detected while firing either 
fuel. Formaldehyde was detected in all runs during the firing of fuel oil and natural gas. 

Appendix D, Table D-2, presents additional sampling information, including stream flow 
rates, unit load, stack gas characterization data, stack temperature, and the degree of 
isokinetic sampling. 

Table 3-4 presents the average unit-energy-based emission factors in pounds of substance 
emitted per 10 Btu input to the boiler. The emission factors were calculated from the 
total mean stack gas concentration shown in Table 3-2c. Section 5 contains an example 
calculation. 
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Table 3-4 

Stack Gas Emission Factors at Site 107 
(Ib/lO '' Btu) 

Substance Residual Oil Firing 
Elements Mean 95% CI a 

Arsenic 
Beryllium 
Cadmium 
chromium 
Chromium, hexavalent 
Copper 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 
Arsenic" 

Polvnuclear Aromatic Hvdrocarbons 
Acenaphthene 
Acenaphthylene 
Anthracene 
Benz(a)anthracene 
Benzo(a)pyrene 
Benzo(b + k)fluoranthene 
Benzo(g,h,i)perylene 
Chrysene 
Dibenz(a,h)anthracene 
Fluoranthene 
Fluorene 
Indeno( 1,2,3-c,d)pyrene 
Naphthalene 
Phenanthrene 
Pyrene 

a 

13 
ND(O.l) 

1.6 
8 

1.7 
20 

10 

420 

2.1 

ND(2) 

W 3 7 )  

ND(2) 

ND(O.01) 

0.010 
0.1 

0.04 
0.03 
0.06 

0.010 
0.09 

0.004 
0.03 

6 
0.12 
0.08 

ND(O.01) 

ND(O.01) 

17 
_ _  

2.0 
23 
2.9 
57 

17 

33 

8.2 

-- 

_- 

-- 

_- 
-_ 

0.060 
1.2 

0.30 
0.30 
0.60 

0.060 
0.89 

0.012 
0.27 

60 
0.89 
0.60 

-- 
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Table 3-4 (Continued) 

Substance Residual Oil Firing 

Volatile Organic Compounds 
Benzene 
Formaldehyde 

Volatile Organic Compounds 
Benzene 
Formaldehyde 

'CI = Confidence interval. 

bND indicates that the wncentra 
in parentheses. 

'Sampled by CARB Method 423. 

W 
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Section 4 

DATA EVALUATION 

Several procedures can be used to evaluate the information developed during a field 
sampling program. In the m e  of Site 107, two methods were used to evaluate data 
quality. First, and most important, was evaluation of the traditional QA/QC protocol for 
sampling and analytical procedures used at Site 107, i.e., equipment calibration and leak 
checks, duplicates, blanks, spikes, etc. Site 107 QA/QC data are compared with FCEM 
project objectives. The second data assessment tool involves calculating material 
balances around the entire plant for various substances. Material balances involve the 
summation and comparison of mass flow rates in several streams that are often sampled 
and analyzed by different methods. Good agreement, Le., 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 rate (e.g., coal, bottom ash, collected fly 
ash, etc.). 

Evaluation of Measurement Data Quality 

An evaluation of the quality of the measurement data is based on quality control data a 
obtained experimentaliy d&ng sampling and analysis. Generally, the type of quality 
information obtained pertains to measurement precision, accuracy, 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 sources of variability. The QA/QC measures 
commonly used as part of the FCEM data evaluation protocol and the characteristic 
information obtained are summarized in Table 4-1. The absence of any of these types of 
quality control checks does not necessarily reflect poorly on the quality of the data, but 
does limit the ability to measure the various components of measurement error. 

As indicated in the table, different QC checks provide different types of information, 
particularly pertaining to the sources of inaccuracy, imprecision, and blank effects. As 
part of FCEM, 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 estimates are based primarily on the actual sample matrix. For 
purposes of comparability, the actual precision and accuracy estimates obtained experi- 
mentally during the test programs are compared with Data Quality Objectives (DQOs) 
established for the FCEM project. a 
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Data Evaluation 

Table el 

Types of Quality Control Samples 

QC Activity 

Precision 

Replicate samples collected over time under 
the same conditions 

Duplicate field samples collected 
simultaneously 

Duplicate analyses of a single sample 

Matrix- or media-spiked duplicates 

Laboratory control sample duplicates 

Surrogate-spiked sample sets 

Accuracy 

Matrix-spiked samples 

Media-spiked samples 

Surrogate-spiked samples 

Laboratory control samples (LCS) 

Blank Effects 

Field Blank 

Trip Blank 

Method Blank 

Reagent Blank 

Part V: Site 107 

Charaderistic Measured 

Total variability, including process or temporal, 
sampling, and analytical. 

Sampling and analytical variability at the actual sample 
concentrations. 

Analytical variability at the actual sample 
concentrations. 

Sampling and analytical variability at an established 
concentration. 

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, indicating 
possible matrix interferences and other effects. In a 
single sample, includes both random error (imprecision) 
and systematic error (bias). 

Same as matrix-spiked samples. Used when 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 an indica- 
tor of analytical efficacy. 

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

Total sampling plus analytical blank effects, including 
samplig equipment and reagents, sample transport and 
storage, and analytical reagents and equipment. 

Blank effects arising from sample transport and storage. 
TypicaUy used only for volatile organic compound 
Gzp,.s. 

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

Blank effects from reagents used. 
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Data Evaluation 

These objectives are not intended to be used as validation criteria but as empirical 
estimates of the precision and accuracy that would be expected from existing reference 
measurement methods and that would be considered acceptable. The precision and 
accuracy estimates are not necessarily derived from analyses of the same types of 
samples being investigated. Although analytical precision and accuracy are relatively 
easy to control and quantify, sampling precision and accuracy are unique to each site and 
each sample matrix. Data that do not meet these objectives are by no means unaccept- 
able. Rather, the intent is to document the precision and accuracy actually obtained and 
use the objectives a benchmark for comparison. The effect of not meeting the objectives 
should be considered in light of the intended use of the data. 

Analytical Quality Control Results 

Table 4-2 presents the types of quality control data reported for this site. The results of 
these analyses appear in Appendix F. Table 4-3 presents a summary of precision and 
accuracy estimates. 

Based on the quality control data evaluated, there is reason to conclude that the data 
reported are acceptable, although not enough information is available to unequivocally 
validate the data. The QC indicators are generally good except for the PAHs. Accepted 
methods were used for sampling and analysis, and stack gas sample collection records 
are strongly supportive. The confidence in some measurements is reduced because of 
relatively high blank results. In particular, high levels of PAHs in the field blank and 
poor surrogate recoveries make PAH measurements suspect. No quality control 
measurements were performed for benzene, natural gas composition, or proximate and 
ultimate analyses. 

A discussion of precision and accuracy is presented below for each measurement type, 
followed by stack gas sampling quality control data review, which includes a discussion of 
representativeness, comparability, and completeness. 

' 

Precision is a measure of the reproducibility of measurements under a given set of con- 
ditions. It is expressed in terms of the distribution, or scatter, of the data, calculated as 
the standard deviation and coefficient of variation (standard deviation divided by mean). 
For duplicates, precision is expressed as the relative percent difference (RF'D). 

Accuracy is a measure of the deviation from a measurement result and the "true" or 
expected value. In a single measurement, accuracy includes components of both random 
error, or imprecision, and systematic error, or bias. The average of several accuracy 
values tends toward a limiting mean, which is a measure of the bias or persistent positive 
or negative deviation from the "true" value. 

The efficiency of the analytical procedure in the sample matrix is quantified by the analy- 
sis of spiked samples containing target or indicator analytes and other quality assurance 
measures, as necessary. While spiked samples usually provide a measure of accuracy or 
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bias at medium concentration levels, expressed as percent recovery, blank samples also 
provide a measure of bias, although at low or near-detection levels. 

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. 

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 by using standard techniques to collect and analyze representative samples and 
by reporting analytical results in appropriate units. Data sets can be compared with 
confidence when the precision and accuracy are known. 

Completeness is an expression of the number of valid measurements obtained compared 
with the number planned for a given study. The goal is to generate a sufficient amount 
of valid data. 

Metals 

Precision. Table 4-3 presents the precision estimates for the metals analyses. The 
precision estimates are based on duplicate laboratory analyses that represent analytical 
variability alone. The precision objectives cited in Table 4-3 are intended for sampling 
and analytical variability. The QC data demonstrate good analytical precision for metals 
analyses in all matrices, including stack gas particulate and vapor phase and fuel oil 
sample matrices. Measurement data for the duplicate sample analyses indicate good 
overall precision, with all relative percent differences falling below the 20% objective. 

The measurement data for the replicate rum, presented in Section 3 of this report, show 
good overall repeatability. At low trace-level concentrations, the absolute differences 
between the replicate results are typically small, whereas the relative differences are 
large, which is not unexpected as the measured values approach zero. At such low 
levels, especially where the uncertainty is equal to or greater than the magnitude of the 
measurements, the results should be considered as semi-quantitative or qualitative. 

Accuracy. Accuracy estimates for metals analyses, as shown in Table 4-3, are based on 
matrix spike recovery data. Recoveries for all samples analyzed were within the 
specified accuracy objectives of 75 to 125%, with one exception. The matrix recovery for 
cadmium in the solid phase stack sample was 73%, slightly lower than expected. This 
exception should not adversely affect the accuracy of the sample data. 

Blanks. Blank data from reagent and laboratory blanks for metals analysis are shown in 
Appendix A-1 and F-1. In most cases the stack gas concentrations were corrected for 
the reagent blank analyses. For some metals identified, the reagent blank results were 0 
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0 similar, even greater than levels found in the samples. The metals most affected were 
copper and lead in both the vapor- and solid-phase samples, and manganese and seleni- 
um in the solid sample. Field blank results indicate a similar correlation between the 
blank and the samples. 

Stack gas results for beryllium, lead, and selenium in the solid phase, and lead and 
manganese in both the solid and combined phase are reported with a " B  flag. This flag 
is used when the blank measurement is equal to or greater than 50% of the uncorrected 
sample measurement. The combined results for beryllium and selenium are flagged 
because the solid phases are a large portion of the totals for these substances. In all 
cases except Run 4 for selenium, the vapor phases of these two substances were not 
detected. 

The blank results showed copper in the solid phase reagent blank at levels equivalent to 
50 to 65% of the total measured amounts in the stack gas. The results for lead were 
similar to the arsenic results; one measured stack gas solid-phase lead result was less 
than the level found in the reagent blank, indicating a possible analytical problem. The 
other two reported solid-phase lead results include reagent blank corrections that were 
70 to 90% of the actual measured values. 

PAHs 

Precision. Precision estimates for PAH analyses in stack gas samples, as shown in Table 
4-3, are based on the surrogate spike recoveries in the three replicate sample analyses, 
expressed as the percent coefficient of variation (% CV). These data show that the 
precision was not within the 35% objective. 

~ 

Accuracy. Accuracy estimates for PAHs in stack gas, based on surrogate spike recover- 
ies for the three replicate samples, were not within the 50 to 150% accuracy objective. 
All but one of the surrogate compounds, d10 chrysene, had lower-than-expected recover- 
ies ranging from 0 to 40%. Recoveries for d10 chrysene were acceptable for only two of 
the three replicate samples. No PAHs were detected in Run 2 and only low levels of 
PAHs were reported in the other two runs. Considering that the surrogate recoveries 
were all outside the objectives and no other way of determining accuracy is available, the 
quality of the PAH data is suspect. 

Blanks. Ten PAHs were identified in the field blank sample. Most of the PAHs 
reported as present in the field blank sample were present at high levels compared to 
the fine gas ineasiirements; these concentrations are flagged with a " B  flag in Table 3- 
2c. Some measured concentrations were below the field blank values. A reagent blank 
analysis was not performed for PAHs, so it is difficult to determine the cause of the high 
blank results for some compounds. Appendix A shows the blank results, along with the 
routine sample results for comparison. 
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e Formaldehyde 

Precision. Precision for formaldehyde analyses, expressed in terms of relative percent 
difference (RPD) for matrix spike duplicate analyses, is 18 RPD. This value is well 
within the objectives for precision. 

Accuracy. Accuracy estimates for formaldehyde in the stack gas are based on matrix- 
spiked samples. The results indicated acceptable recoveries of 97 and 116% which were 
within the accuracy objectives of 50 to 150 percent. 

Blanks. Estimates of the blank contribution are based on the results of both reagent 
blank and field formaldehyde blank samples. The sample concentrations presented for 
formaldehyde were not corrected for the reagent blank results because the levels were 
below the detection limit. However, the field blank level was high, 16 pg, compared to 
the sample results of 15 to 16.2 pg during oil firing and 23.6 pg to 30.2 pg during natural 
gas firing. The data are questionable because of high field blank levels that could 
indicate sample collection problems and/or high ambient concentrations. 

Stack Gas Sampling Quality Control 

Sampling quality control was documented in a summary of the quality assurance program 
used by Carnot and in a letter of certification from the California Air Resources Board. 
Also included were calibration records for the dry gas meters, a pilot inspection form, 
and a table outlining the schedule and procedures used for calibrating these and other 
equipment, and CEM standard certification sheets. 

The precision of the sampling can be estimated by comparing the results for various 
parameters of the replicate samples, notably velocity, moisture content, and gas composi- 
tion. These were fairly constant for each sample location. 

The accuracy of the sampling is usually assumed from the calibration and proper 
operation of the equipment and from historical validation of the methods. Field blank 
results are used to correct for any biases that may be caused by contamination of the 
equipment or location, or by operator errors. Blanks were included for all tests except 
the CARB 425 chromium impinger samples and CARB 410 (benzenes), which are grab 
bag samples. 

The representativeness of the sampling depends on the precision and accuracy and also 
on the characteristics of the sampling locations. The sampling locations, on the inlet 
ducts to the stack, were not ideal in terms of the undisturbed flow distances upstream 
and downstream of the ports, but a large enough number of traverse points (42) were 
used on each to ensure representativeness. The isokinetic variation is a measure of the 
operational performance of the sampling for particulate matter. It can be used to 
indicate precision and has consequences for representativeness. All of the sampling rum 
met the acceptance criteria for isokinetic variation. 
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The comparability of sampling depends on the representativeness of the samples and on 
the use of consistently applied standard methods. The CARB 430 method for aldehydes 
is a single-point, nonisokinetic, midget impinger procedure analogous to the EPA Boilers 
and Industrial Furnaces (BIF) Method 0011 and uses the same acidified 2,4-dinitro- 
phenylhydrazine reagent for collection and H P E  for analysis. The CARB 429-EPA 
MM5/M23 methodology for semivolatile organic compounds, dioxins, and furans is well 
established for both sampling and analysis. The EPA multi-metals procedure is still in 
the evaluation process, but it is becoming widely accepted and is documented enough to 
be considered a standard method. CARB 425 for total and hexavalent chromium is 
somewhat similar to the current EPA/BIF hexavalent chromium method in terms of col- 
lection medium and analytical procedures. CARB 410 for benzene is the same as the 
EPA Method 18 procedure for sampling with a rigid container that is evacuated to fill a 
bag. 

The completeness of the sampling is mainly a function of generating the requisite 
number of samples and proper documentation. In particular, the data necessary for cal- 
culating the results, including the calibration of the equipment and all pertinent entries 
on the run data sheets, should be present. Calibration data provided in this report were 
adequate, and sampling sheets were acceptably filled out. The necessary number of 
samples were successfully taken and custody of them was transferred properly to the 
analytical laboratories. 

Material Balance Results 

Material balance closures were not calculated for Site 107. Duplicate oil samples were 
collected only once during the stack gas sampling. Therefore, the material balance was 
not considered an appropriate method for evaluating the data. 

The measured oil flow rate was compared with the unit generating capacity by calcu- 
lating a heat input using the oil flow rate data, HHV, and an efficiency of 30 percent. 
The oil flow rate and generating capacity are in good agreement. Both oil and stack gas 
flow rates have narrow 'confidence intervals, indicating good precision in their 
measurements. 
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Section 5 

EXAMPLE CALCULATIONS 

This section describes the methodology and sample calculations used to develop the 
results presented in Sections 3 and 4. Specifically, the calculations of reported concen- 
trations, unit-energy-based results, and confidence intervals are described. 

Concentration Calculations 

The concentrations presented in this report were calculated from raw data presented in 
the Carnot report. The gas concentration is calculated as follows: 

520 
SV * F 492 

C =  (M - B) * 35.3 * - 

C = Concentration, pg/Nm 

M = 

B = 

SV = 

F = 

Mass measured in the sample, p g  

Mass measured in the blank (reagent or field), p g  

Sample volume (at 60"F), d s d  

Sample correction factor (see below) 

35.3 = Conversion of ft to m (standard) 

- 520 = 
492 

Temperature correction for normal conditions, Le., 32°F 
(60" F to 32" F) 

The sample correction factor depends on the specific analytical procedure, where: 

F = 0.95 for the multimetals train since 5% of the sample was removed for the 
mercury analysis. 

0 

.- 
. 1  

r 
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F = 1.0 for mercury, arsenic (by CARB Method 423), benzene, formaldehyde, and 
PAHS. 

F = 0.5 for total and hexavalent chromium since one-half of the sample was used for 
each analysis. 

Note that the mercury results were corrected for the sample aliquot in the analytical 
reports prepared by the lab. All concentrations are presented at normal conditions 
(32"F, 1 atm). 

Unit Energy Calculations 

The unit-energy-based emission factors (Table 3-4) were determined from the mass flow 
rate of a substance being emitted, divided by the fuel heat input to the boiler during 
testing. 

The unit-energy-based emission factor during oil firing is calculated from the following 
equation: 

E =  * * 2202.6 
"V * oil 

where: 

E = Mean stack emission factor, lb/10 Btu 

g = Mean flue gas flow rate, Nm '/hr 

C = Mean total flue gas concentration, pg/Nm ' 
"V = Mean oil higher heating value, Btu/lb 

oil = Mean oil feed rate, lb/hr 

2202.6 = Unit conversion coefficient, lb Btu/pg 10 Btu 

Nickel will be used for this example. The following mean values were taken from Tables 
3-1 and 3-2~:  

g = 751,000 Nm3/hr 

370 pg/Nm ' - C - 
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HHV = 19,150 Btu/lb 

Oil = 75,100 lb/hr 

The emission factor for nickel is calculated from Equation 5-2: 

During natural gas firing, the emission factor equation is: 

E =  g * c  * 2202.6 
HHVg * Gas 

(5-3) 

where: 

0 HHVg = Mean natural gas higher heating value, Btu/scf 

Gas = Mean natural gas feed rate, scf/hr 

Confidence Interval Calculations 

Confidence intervals (CIS) were calculated for the total mean concentratiom in the gas 
and oil streams. In addition, confidence intervals were determined for the stack gas 
emission factors presented in Table 3-4. Additional details of the CI calculation can be 
found in Appendix E. 

CIS for Stream Concentrations 

The 95% CI about the total mean for simple linear addition can be found by: 

where: 
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urTOT = 95% CI for the total mean 

B ,  = Bias component 

t =  Student’s “t” factor for 97.5 percentile (one-tail) and N-1 degrees of 
freedom 

Standard deviation of the individual run measurements S , =  

N =  Number of measurements 

The bias component for the mean is found by root-sum-squaring the bias error from 
each run and the sensitivity of that run to the mean: 

I n  

where: 

Individual bias for run m - 
B p m  - 

Sensitivity to run m = 1/N - e,, - 

The individual bias is equal to one-half the detection limit for concentrations below the 
~ detection limit. Zero bias is assumed for detected quantities. ~~ 

The following concentrations &g/Nm 3) ,  taken from Tables 3-2q 3-2b, and 3-2c, will be 
used to demonstrate the method for calculating the 95% CI: 

Substance Fraction - Run 3 -4 - Run 5 
Nickel Solid Phase 3 13 350 412 
Nickel Vapor Phase 15 1.8 1.6 

F’yrene Total 
- Run 1 -2 -5 

0.18 ND(0.007) 0.018 

The calculation of the total nickel concentration for each run is based on the method 
described in Section 3 (addition of solid and vapor phases). The results are presented 
below: 
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Substance -3 
Nickel 328 

-4 

352 
-5 

414 

Standard 
Mean Deviation 

370 44 

The 95% confidence interval is &da ted  by -tiefling the --llowing values into Equation 
5-4: 

B r  = 0 (no values below the detection limit) 

t =  4.3 

s ,  = 44 

N =  ' 3  

The 95% CI (U rTOT) for the total nickel concentration is 110 pg/Nm3. 

The 95% confidence interval for pyrene is calculated the same way. Since the concentra- 
tion for Run 10 is below the detection limit, the bias component is not zero. The 
individual bias, B p ,  for each run is: 

-9 Run 10 Run 11 
0 0.0035 0 8, 

The bias component is then calculated from Equation 5-5, using these values. In this 
example, the sensitivity is 0.33 or 1/3. 

= 0.0012 

The standard deviation (S r )  calculated from the three individual pyrene concentrations is 
0.098. Substituting these values into Equation 5-4, 

5-5 PartV Site 107 



~ 

Example Calculations 

4.3 * 0.098 urn = J (0.0012)2 + [ ~ 

= 0.24pg/Nm3 

CIS for Emission Factors and Material Balance Closures 

The 95% CIS for the emission factors were calculated using the equations presented in 
Appendix E. Appendix E also contains a sample calculation for the 95% CI around an 
emission factor. 
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Detailed Sample Collection, Preparation, and Analysis Information 
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Appendbc C 

Table C-1 

Reference Table for Sampling Methods - By Sample Stream 

SamDlinP Stream Collection Method 

Stack Gas Draft EPA Metals Method 

CARB Method 423 

CARB Method 425 

Oil 

CARB Method 410A 

CARB Method 429 

CARB Method 430 

Grab 

Substance Measured 

Metals 

Arsenic 

Total and Hexavalent 
chromium 
Benzene 

PAH 
Formaldehyde 

Metals 
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Table C-2 

Summary of Preparation Procedures and Analytical Methods 
Used to Measure Inorganic Components Measured in the Flue Gas 

Substance Method Reference 
~ 

FCEM Target Elements by Graphite Furnace 
Atomic Absomtion SDectroDhotomeW (GFAAS) 
Preparation 

Parr Bomb Digestion for Filters 
analysis by GFAAS 

Arsenic' 
chromium 

FCEM Target Elements by Cold Vapor 
Atomic Absorution SDectroDhotomeW (CVAAS) 
Preparation 

Analysis by CVAAS 

FCEM TaTget. Elements by Inductively Coupled Argon 
Plasma Emissions SDectroDhotomeW (ICP-AFS) 
Preparation 

Analysis by ICP-AES 

Parr Bomb Digestion for Filters 

Mercury 

Parr Bomb Digestion for Filters 

Beryllium 
Cadmium 
Copper 
Lead 
Manganese 
Nickel 
Selenium 

FCEM Tareet Elements bv Ion Chromatomauhv (IC) 
Preparation 

Analysis by IC 
Extraction by Alkaline Solution 

Hexavalent Chromium 

"For CARB Method 423 and Draft EPA Metals Method. 

EPA Draft Metals Method 

EPA Method 7060 
EPA Method 7191 

EPA Draft Metals Method 

EPA Method 7410 

EPA Draft Metals Method 
EPA Method 6010 

CARB Method 425 
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a 

Table C-3 

Summary of Preparation Procedures and Analytical 
Methods Used to Measure Organic Compounds in the Flue Gas 

Substance Method Reference 

Benzene 
Sample Collection 

Tedlar Bags 
Analysis by Gas Chromatography/ 
Photoionization Detector (GC/PID) 

Formaldehyde 
Sample Collection 

Analysis by High Performance Liquid 
Chromatography (HPLC) 

DNPH Impinger 

CARB Method 410A 
CARB Method 410A 

CARB Method 430 
CARB Method 430 

Polvnuclear Aromatic Hvdrocarbons (PAHs) 
Sample Collection 

Preparation 

Analysis by Gas Chromatography/Mass 
Spectroscopy (GC/MS) with Selective Ion Monitoring 

Modified Method 5 CARB Method 429 

Soxhlet Extraction CARB Method 429 
CARB Method 429 

Naphthalene 
Acenaphthylene 
Acenaphthene 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Chrysene 
Benz(a)anthracene 
Benzo(b + k)fluoranthene 
Benzo(a)pyrene 
Indeno( 1,2,3-c,d)pyrene 
Dibenz(a,h)anthracene 
Benzo(g,h,i)perylene 
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Table C-4 

Preparation Methods and Chemical Analysis 
Methods Applied to Oil for Site 107 

Substance 
Arsenic 
Beryllium 
Cadmium 
Chloride 
Chromium 

Chromium, hexavalent 
Copper 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 
sulfur 

Method Reference 

EPA Method 6010, ICP-AES 
EPA Method 6010, ICP-AES 
EPA Method 6010, ICP-AES 

EPA Method 6010, ICP-AES 
EPA Method 6010, ICP-AES 
EPA Method 6010, ICP-AES 
EPA Method 6010, ICP-AES 
EPA Method 6010, ICP-AES 
EPA Method 6010, ICP-AES 
EPA Method 6010, ICP-AES 
EPA Method 6010, ICP-AES 
ASTM D4294 

ASTM D808-87 
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Appendbc D 

Table D-1 

Natural Gas Analysis - February 25, 1990 

Volume % 

Sample 1 Sample 2 

86.5 86.5 
3.8 3.8 
0.8 0.6 
0.1 ND(O.1) 

ND(O.1) ND(O.1) 
1.0 1.0 
3.1 4.1 
1.7 1.8 

HHV = 957 Btulscf. 

Fuel factor (60°F) = 8,487 dscf/lO Btu @ 0% 4. 
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Table D-2 

Process Stream Flow Rates, Stack Gas Characterization Data, 
Unit Operating Load, and the Degree of lsokinetic Sampling 

a m  

Fuel Oil F h g  
Residual Fuel Oil 
Flow Rate 

Stack Gas 
Multi-Metals 
Flow Rate 

Unit Load 
Isokinetic 
Moisture 
Oxygen 
Carbon Dioxide 
Stack Temperature 

Chromium 
Flow Rate 

Unit Load 
Isokinetic 
Moisture 
Oxygen 
Carbon Dioxide 
Stack Temperature 

U C  

Flow Rate 

Unit Load 
Isokinetic 
Moisture 
Oxygen 
Carbon Dioxide 
Stack Temperature 

p A H S  

Row Rate 

iJ&t Lfi2,j 
Isokinetic 
Moisture 

Carbon Dioxide 
Stack Temperature 

oxygen 

Units of Measure 

dscfm' 
Nm'/hrd 

Mw 
% 
% 
% 
% 
'F 

d s c f m c  
Nm'/hrd 

Mw 
% 
% 
% 
% 
"F 

dscfm' 
Nm'/hrd 

Mw 
% 
% 
% 
5% 
'F 

dscfm' 
Nm'/hrd 

M w  
% 
% 
% 
% 
"F 

-3 
480,118 
rr5000 

157 
94.61 

8 5  
7.56 
9.40 

341.0 

-1 
467,216 
752,000 

173 
10488 

8.8 
7.5 

10.0 
323.0 

a 3  
431,402 
694,000 

157 
101.76 

8.9 
7.5 
9.6 

328.6 

-1 

5q490 
824,000 

172 
91.08 

8.8 
7.21 
10.1 

327.2 

Run 4 
473,954 
762,000 

158 
94.06 

8.8 
736 
9.86 

347.0 

-2 
460,376 
740,000 

170 
99.25 

8.6 
7.70 
9.73 

329.6 

- 

-4 
436,236 
7QLm 

158 
103.02 

9 5  
7.36 
9.86 

323.0 

-12 
493,524 
794,000 

170 
94.96 

8.2 
1.66 
9.77 

328.9 

a 
446.m 
718,000 

157 
106.07 

9.1 
7.70 
9.68 
340.0 

&Q 
482,762 
776,000 

157 
9339 

7.4 
7.55 
9.0 

343.5 

a 
473,092 
760,000 

157 
94.08 

8.6 
7.7 

9.68 
342.0 

-5 
453,094 
728,000 

157 
%.23 

8.4 
7.45 
9.7 

3365 

m e  

75,100 
35,900 

466,759 
751,000 

157 
98.2 
8.8 

7.54 
9.65 
343 

470,118 
756,000 

99.17 
8 3  ~ ~ 

7.58 
9.6 
332 

446,910 
719,000 

157 
99.62 

9.0 
7.52 
9.71 
331 

486,369 
782,000 

166 
94.09 

8.5 
7.46 
9.9 
331 
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Formaldehvde 
Flow Rate 

Unit Load 

Benzene 
Flow Rate 

Unit Load 

Appendbc D 

Table D-2 (Continued) 

Units of Measure 

&6 -7 
dscfm 482,762 482,762 4 4 6 9 %  

Nm’/hrd 776,000 n6.000 717,000 
470,571 
756,000 

Mw 157 157 157 157 

&S &6 &7 
dSdm= 467,928 467,928 467,928 467,928 

Nm’/hrd 755000 752$00 752,000 752,000 
Mw 156 156 157 156 

Natural Gas Firing 
Natural Gas 
Flow Rate KCFH 

Formaldehvde 
Flow Rate 

Unit Load 

Benzene 
Flow Rate 

Unit Load 

-1 
dscfm 401,006 

Nm’/hrd 645,000 
Mw 151 

-1 
dscfm 419,098 

Nm’/hrd 674,000 
Mw 151 

'Average of 18 mmurerncnts. 

Calculated from m a s  flow ntc bascd on an assumed -IC grmity of 0.95. 

‘Standard conditions 1 am. 60 F. 

dNormal conditions 1 am,  32 F. 

‘Avsrage of 3 mcasuremcnts. 

-2 
437,190 
703,000 

151 

-2 
419,098 
674,000 

151 

1365.2’ 

Run3 
437,190 425,129 
703,000 @4m 

151 151 

k 3  
419,098 419,098 
674,000 674,000 

151 151 
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Error Propagation for Emission Factors 
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Appendix E 

The text for Appendix E can be found in the Site 103 section. The computer-generated 
results from the emission factor and material balance calculations and error propagation 
analyses for Site 107 are included here. 
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Emission Factor Results 
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INPUT 
VARIABLE 
NAME OESCRlPTIOll 

4BSOLUTE ABSOLUTE ABSOLUTE NUllBER 
AVERAGE ERROR CONTRIBUTION SENSITIVIIY ERROR OF OF 

uwns VALiE TYPE I* LSIGMRDI l I (PUTH1 SAMPLES 

1 1  baconc Arsenic ronc U O / i 3  11.4 PREC 2.94Et02 1.15EtW Z.SBE+Ol 3 
2)  cas Stack oas f low rate Ni31hr 7510W PREC 9.4EEt00 1.75E-05 3.0bEt05 3 
J l  hhv Hioher heatina value BTUllb 19!50 PREC 1.65EtW -6.6%-M 2.71Et03 2 
4)  oil Oil flow rate :b/hr 75100 BIAS 3.9M-01 -1.66E-01 3.76Et03 - 
5) Oil Oil flow rate :b/hr 75100 PREC 1.92E-01 -1.66E-04 I.12EtO4 18 

____--_-_______-_---___________________I--------------------------------------- 

t PRECISION COllPONENT = t*Srbar 
t* (BD*SI~MAP)^~ FOR BIAS ERRORS: (t~Sobar*SIGMAolA2 FOR PRECISION ERRORS 

-WHERE Sobar=PRECISlON INOEI Of THE MEAN. So/(NUMBER Of SMPLESI^.S 
-THE SBUARE ROOT Of THE SUM O f  THE ABSOLUTE CONTRIBUTIONS IS EQIL TO THE TOTAL UNCERTAINTY 

t*t BO FOR BIAS ERRORS: sott FOR PaEcisIoN ERRORS 

Cadmium 

OUTPUT 
VARIABLE 
NAME DESCRIPTION 

“ J U T E  RBSOLUIE RBSMUlf DEGREES 

UNITS VALUE COMPONENT COWOI(ENT* UNC t FREEOM 
AVERA6E BIAS PRECISION TOTAL STUDENT O f  

INPUT 
VARIABLE 
NAME 

I I  baconc 
2 )  oas 
31 hhv 
41 oi l  
5 )  oi l  

AVERAGE 
OESCRIPTIOW UNITS VALUE 

Cadiiui COnC u o i J  1.1 
Stack aas flow rate NeSlhr ?SI000 
Hioher heatino va!ue BTUllb 19150 
Oil flow rate Ib/hr 75100 
Oil f low rate lb lhr  75100 

-_ - 
ERROR 
TYPE 

PREC 
PREC 
PREC 
BIAS 
PREC 

ABSOLUTE ABSOLUTE ABSOLUTE NUMBER 
CONTRIBUTION SENSITIVITT ERROR Of O f  

tt ISIGMAOI INPuiIti s A n m  - ----- 
4.00Et00 1.15EtM) S.OIE+W 3 
1.43E-01 2.14E-06 3.06EiOS 3 
2.W-02 -8.22E-05 2.71Et03 2 
%BEE-03 -2.O1E-05 3.76Et03 - 
2.W-03 -2.ME-05 1.12EtO4 18 

I PRECISION COMPONENT = t*Srbar 
tt (BotS16HAo1*2 FOR BIAS ERRORS: (t*Sobrr*S16MRDlA2 FOR PRECISION ERRORS 

-WHERE Sobar=PRECISION IHDEI C f  THE MEAN. SDlINUMBER Of SAMPLESI^.S 
-THE SQUARE ROOT OF THE SUM Of THE ABSOLUTE CONTRIBUTIONS IS EQUAL TO THE TOTAL UNCERTAINlY 

ttt Bo FOR BIAS ERRORS: Soft  FOR PRECISION ERRORS 
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Chromium 

ABSOLUTE ABSOLUTE A850LUTE OEGREES :::??yT 
viarnsi~ AVERAGE BIAS PRECISION TOTAL STUDENT OF 
Y A M  DESCRIPTION UNITS VALUE COMPONENT CORPONENTt UNC t FREEDM 

? a i s  E ;i:rion ' -  !ac?or IbMRBTU 8.220828 3.91E-01 2.31E+r/l 2.3Et01 4.3OEt00 ?.OEtOO 
-----iiix==3ii=-r_r=========~-==~:=~ 

IHWT ABSOLUTE ABSOLUTE ABSOLUTE NUMBER 
!'r)K!A8LE AVERAGE ERROR CONTRIBUTION SENSITIVITY ERROR OF Of 
HAME CESCRlPTiCN UNITS VALUE TYPE tt (S16RAol IYPUl+ff SAilPLES 
___________________________________I____-------------------------------------------------------------------- 

I! taconc C h r o l i u l  ccnc u o i i 3  7.1 PREC 5.30Ei02 1.16Et00 3.44Ei01 3 
:I 0&5 Stack  oa5 !Ion r a t e  ND3/hl 7SbOoO WIEC I.48EiOO 1.OPE-05 I.94EtO5 3 
5) hhv H ioher  h e a t i n o  v a l u e  B W l b  19150 PREC 6.47E-01 -4.20E-04 2.11Et03 2 
41 oil  Oil flow r a t e  I b / h r  75100 BIAS I.53E-01 -1.OkE-01 3.7bEi03 - 
3 oil Oil f lm rate I b l h r  75100 PREC 7.56E-02 -1.04E-04 1.12EiOk 18 

4 PRECISION CONPONENT = t t S r b a r  
tt iBoiSISnbo)"Z FOR 81RS ERRORS: l?*SobartSIGHAolA2 FOR PRECISION ERRORS 

-WHERE SoDar=PREC1SION INDEX OF THE MEAN. WINUMBER OF SAHPLESl*.5 
-THE SQUARE ROOT OF THE SUN OF THE ABSOLUTE CONTRIBUTIONS IS EQUAL TO THE TOTAL UNCERTAINTY 

it* Bo FOR BIAS ERRORS: S o r t  FOR FRECISION ERRORS 
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DUTPUT ABSOLUTE ABSOLUTE ABSOLUTE DEGREES 
VARIABLE AVERAGE BIAS PRECISION TOTAL STUDENT OF 
NAME DESCRIPTION UNITS VALUE c o n P o m i  cowoyEttrt UNE t FREEOM 

emis Emission f a c t o r  Ib/IVIBTU 20.12859 9.59E-01 5.74EtOl 5.7Et01 4.3OEt00 2.OE+00 
__________________-___________________I_-------------------------------------------------------- 

INPUT ABSOLUTE RESOLUTE ABSOLUTE NUHBER 
VARIABLE AVERAGE ERROR CONTRIBUTION SENSITIVITY ERROR OF OF 
NAHE OESCRIPTION UNITS VALUE TYPE *I 1516HA0) INPUTt t t  SAHPLES 

I )  baconc Coooer conc U o / d  17.5 PREC 3.27Et03 1.15Et00 S.bIEt01 3 
2) oa5 Stack 015 f l o w  r a t e  N13lhr 751000 PREC 2.24EtOI 2.bSE-05 S.ObE+OS 3 
3) hhv H ioher  h e a t i n o  value BTUllb 19150 PREC 3.8SEt00 -1.03E-03 2.71Et03 2 
4 )  oi l  O i l  f l ow r a t e  l b l h r  75100 BIAS 9.19E-01 -2.55E-04 3.76Et03 - 
5) oi l  O i l  f l o w  r a t e  I b l h r  75100 PREC k.53E-01 -2.55E-04 1.12EtO4 18 

* PRECISION COHPOIIENT = t t S r b a r  
€1 lBo*S16HAo1^2 FOR BIAS ERRORS: lt*SobarfS16HAo)*2 FOR PRECISION ERRORS 

+HERE Sobar=PRECISION INOEX OF THE HEAN. SoIINUHBER OF SAMPLESI*.S 
-THE SQUARE ROOT OF THE SUH OF THE ABSOLUTE CONTRIBUTIONS IS EQUAL TO THE TOTAL UNCERTAINTY 

*t* BO FOR Bins ERRORS: s o f t  FOR PRECISION ERRORS 

OUTPUT ABSOLUTE ABSOLUTE ABSOLUTE DEGREES 
VARIABLE AVERAGE BIAS PRECISION TOTAL STUOENT OF 
NAME DESCRIPTION UNITS VALUE c o n p o t m  COWOENTS UNC i FREEOOH 

emis Emi5sion f a c t o r  IblHMBTU 9.89176b 1.71E-01 1.73E*01 1.7EtOl 1.30Et00 2.lEtOO 
------__________-__-____________I_______----------~~----------------------------- 

INPUT ABSMUTE ABSOLUTE ABSOLUTE NUHBER 

NAHE DESCRIPTION UNITS VRLUE TYPE it ISISMD) INPUT**+ SAHPLES 
VARIABLE AvERnsE ERROR CONTRIBUTION SENSITIVITY ERROR OF OF 

I )  baconc Hanoanese conc U O I n 3  8.bOOOO1 PREC 2.94E102 1.15E+00 2.5BEt01 3 
2) oa5 Stack 015 flr r a t e  Nm3lhr 751000 PREC S.4OEt00 1.3ZE-05 3.0bEtU5 3 
3) hhv Hioher h e a t i n o  value BTUllb 19150 PREC 9.3bE-01 -5.05E-04 2.71E+03 2 
41 o i l  O i l  f l ow  r a t e  l b l h r  75100 BIAS 2.ZZE-01 -1.25E-04 3.7bEt03 - 
5)  o i l  O i l  f l o w  r a t e  l b l h r  75100 PREC I.09E-Ol -1.25E-04 1.12EtO4 IS 

t PRECISION COHPONENT = t t S r b a r  
t i  lBotS!6MA0)~2 FOR BIAS ERRORS: it*Sobar*SIGtlAo)^2 FOR PRECISION ERRORS 

-WHERE Sobar=PRECISION INOEX OF THE MEAN. SollNUIIBER OF SAHPLES)^.S 
-THE SEUARE ROOT OF THE SUH OF THE ABSOLUTE CONTRIBUTIONS IS EEUAL TO THE TOTAL UNCERTAINN 

w 90 FOR BiAS ERRORS: S o t t  FOR PRECISION ERRORS 
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Nickel 

VARIRBLE AVERAGE BIAS PRECISION TOTAL STUDENT OF 
NAnE DESCRIPTION UNITS VALUE COIIPONENT CORPONENTt UNC 

e n i s  Eiissia f a c t o r  Ib / l lRBTU IIP.E?kP 2.00Et01 3.32R02 3.3E+02 k.30Et00 2.5Et00 
;.;i.i...lii....xi..=~===================:====~=======:=:~~===========~-=================~============= 

INPUT ABSOLUTE RBSOLUTE ABSOLUTE NURBER 
VARIABLE AVERAGE ERROR CONTRIBUTION SENSITIVITY ERROR OF OF 
"!E DESCRIPTION UNITS VALUE TYPE ft ISIGRAol i N P U T t t t  SARPLES 

WTPUT ABSOLUTE ABSOLUTE ABSOLUTE DEGREES 

t FREEOOR __ ________________________l____________l__-------------------------- 

I1  baconr Nickel ccnc U O / d  3h5 PREC ?.EBE+04 1.15EtW 4.73Et02 3 
21 oar  Stack oar  flor r a t e  NUhr 751000 PREC 9.72Et03 5.59E-04 3.0bEt05 3 
31 Lhv Hioher hpatino value BTU/lb 19150 PREC l.b9E+03 -?.IkE-02 2.71E+03 2 
kl o i l  Oil flcr r a t e  lblhr 75100 BIAS 4.OOE+02 -5.32E-03 3.76Et03 - 
5) o i l  t i l  flor r a t e  lbihr 75100 PREC 1.97E+02 -5.3ZE-03 1. I?E+Ok lE 

t PRECISIOU CONPONENT = t fSrbar  
ft I B ~ t S I G R R o l A 2  FOR B I A S  ERRORS: I t t S c b a r f S I G I I b l A Z  FOR PRECISION ERRORS 

-HERE Sobar=PRECISlON INDEX OF THE REAN. So/lNURBER OF SRRPLES)^.S 
-THE SQUARE ROOT OF THE SUR OF THE ABSOLUTE CONTRIBUTIONS IS EQUAL TO THE TOTAL UNCERTAINTY 

i t t  Bo FOR BIAS ERRORS: Soft FOR PRECISION ERRORS 
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')UTPUT ABSOLUTE ABSOLUTE ABSOLUTE D E G r n S  
VARIABLE AVERAGE BIAS PRECISION TOTAL STUDENT OF 
NAME DESCRIPTION UNITS VALUE COWONUT COWDENT* UNC t FREEWll 

4 s  Eaission factor  IblllMBTU 2.092271 9.W-02 8.21Et00 B.?EtOO 4.30Et00 2.OE*00 iiiii.=ii..--=i... ==l====:=:=======:~==~=========~--~l-~=-~=~==~==~==~~-==~~= a==---------- ---------=liii=il 

INPUT ABSOLUTE ABSOLUTE ABSOLUTE NUNBER 
VARIABLE IIVERAGE ERROR CONTRIBUTION SENSITIVITY ERROR OF OF 
WAE DESCRIPTION UNITS . VALUE TYPE 11 lS16NAol I N P U T t t t  SAMPLES 

I )  baCJnc Arsenic conc U O h 3  1.9 PREC b.74E+O1 l . l M t 0 0  1.29Et01 3 
21 oa5 Stack oas flow r a t e  Na3/hr 719000 PREC 4.14E-01 ?.91E-06 3.83E+05 3 
31 hhv Hioher heatino value BTU/I b 19150 PREC 1.19E-02 -1.O7E-04 2.71Et03 2 
4 1  o i l  O i l  f low r a t e  lb lhr  7sm urils P.93E-03 -2.6SE-05 3.7SEt03 - 
51 o i l  O i l  f low r a t e  Ib /h r  75100 PREC 1.90E-03 -2.6SE-05 1.12Et04 IS 

t PRECISION CJHPONENT = tfSrbar 
tt lBot51611Aol*2 FOR BIAS ERRORS: lttSobariSIGMAol^2 FOR PRECISION ERRORS 

-WHERE Sobar=PRECISION INDEX OF THE MEAN. So/(NUHBER OF SRMPLES)*.S 
-THE SQUARE ROOT OF THE SUM OF THE ABSOLUTE CCNTRIBUTIONS IS EQUAL TO THE IOTAL UKERTIIINTY 

€ a t  Bo FOR B I A S  ERRORS: S o t t  F3R PRECISION ERRORS 

' INPUT 
VARIABLE 
NAME 

I 1  baconc 

?I  015 

31 baconc 

41 hhv 
51 o i l  
6 )  o i l  

--- DESCRIPTION 

Anthracene coni 

Stack oas f l o w  ra te  
Anthracene conc 

Hioher heatino value 
O i l  flow r a t e  
Oil f low r a t e  

UNITS 

U O l d  

Na31hr 

-. 

U O / d  

BTUllb 
l b i h r  
l b l h r  

AVERAGE ERROR 
VALUE TYPE 

8.000001E-03 
PREC 

moo PREC 
8. 000001E-03 

B I A S  
19150 PREC 

75100 PREC 
75100 BIAS 

ABSOLUTE ABSOLUTE ABSOLUTE NUMBER 
CONTRIBUTION SENSIllVlTY ERROR OF OF 

H ISIGIIRol I N P U T I t t  SAMPLES 

3.54E-03 1.2Mt00 8.61E-02 3 
I .JBE-~ 1.2x-oe 5.25~+05 3 

1.65E-06 1.20EtM) I.BOE-03 - 
8. 79E-O? -4.89E-07 2.71Et03 2 
2.OBE-07 -1.22E-07 3.76Et03 - 
1.03E-07 -1.22E-07 1.1ZEtO4 18 

i PRECISION COMPONENT : ttSrbar 
tt !BotS16NAol'2 FOR BIAS ERRORS: I t ~5obar tS I6MAo l~2  FOR PRECISION ERRORS 

-#HERE Sobar=PRECISION IWDEX GF THE MERN. SoI(NLIIIBER OF SAHPLESI*.5 
-THE SgllARE ROOT OF THE SUM OF THE M S O L U T E  CONTRlBUTlONS IS EQUAL TO I H E  TOT& UNCERTAINTY 

* i s  ar CUR BIAS EPSORS: Enit FlK ?REF:SiCY ERP3RS a 
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Benz(a)anthracme 

3UTPUT ABSOLUTE nBsoLmE ABSOLUTE DEGREES 
VARIABLE AVERAGE B I A S  PRECISION TOTAL STUDENT OF 
NAllE DESCRIPTION UNITS VALUE COHPONENT COllPONENTt UNC t FREEDOH 

emis E r i i s i o n  fac to r  Ib/MllBTU .I317452 b.44E-OS l.l?EtOO I.ZEt00 4.30Et00 2.OEt00 

INPUT ABSOLUTE ABSOLUTE ABSOLUTE NUllBER 
VARIABLE RVERAM ERROR CONTRIBUTION SENSITIVITY ERROR OF Of 
NAME DESCRIPTION UNITS VALUE TYPE tt ISIGllRol INPUTttt SAIIPLES 

11 baconc BenzLalanthracene conc U O / d  . I I  PREC . 1.4ZEt00 l.?M+00 1.72Et00 3 
2) oas Stack oa5 f low r a t e  N U h r  782000 PREC 2.61E-03 l.bBE-07 5.25Et05 3 
31 hhv Hioher heatino value B W l b  19150 PREC I.b6E-04 -6.72E-Ob 2.71Et03 2 
41 oi l  Oil f low r a t e  l b l h r  75100 Bins 3.94E-05 -1.67E-06 3.76Et03 - 
51 oil  Oil f l ow  r a t e  l b l h r  75100 PREC 1.94E-05 -1.67E-06 1.12EtO4 18 
bl baconc BenzIalanthracene conc u O / J  . I I  BIAS 2.07E-06 I .ZOE+W 1.2OE-03 - . 

t PREClSlOW COMPONENT = t G r b a r  
I t  lBotSIGllAolA2 FOR BIAS ERRORS: ittSobarrSIGHA01~2 FOR PRECISION ERRORS 

-WERE Sobar=PREClSlON INOEX OF THE HEAN. So/lNUllBER Of SAllPLESI*.S 
-THE SRURRE ROOT OF THE SUI1 OF THE ABSOLUTE CONTRIBUTIONS IS ERUAL TO THE TOTAL UNCERTAINTV 

t a t  Bo FOR B M S  ERRORS: S o t t  FOR PRECISION ERRORS 

? I  
51 
41 
51 
61 

t 

tt 

t i t  

InpuT ABSOLUlE ABSOLUTE ABSOLUTE NUMBER 
v n R i n w  AVERAGE ERROR CONTRIBUlION SENSITIVITY ERROR Of OF 
N M E  OESCRIPllON UNITS VALUE TYPE H 1916MoI IWPUT*tt SMPLES 

11 baconc Bento lb tk l f luoranthene U O / d  ,036 PREC B.85E-02 l.ZOE+M) 4.30E-01 3 
oas Stack 015 f low r a t e  Nm3/hr 7azooo PREC 2.79E-04 5.51f-OB 5.25Et05 3 
hhv Hioher heatino value BTU/lb 19150 PREC 1.7BE-05 -2.20E-06 2.71Et03 2 
baconc Benx I b t k l  f luoranthene U O / d  .036 Bias 4.65E-06 1.20Et00 1.BOE-03 - 
oi 1 Oil f low r a t e  1b:hr 75100 Bins 4 . Z - O b  -5.47E-07 3.7bEt03 - 
o i l  Oil f low r a t e  l b l h r  75100 PREC 2.08E-Ob -5.47E-07 I.IZEtM 18 

PRECISION COMPONENT : ttSrba r  
LBo~SI6llRolA2 FOR BIAS ERRORS: ItiSobartS1611AolA2 FOR PRECISION ERRORS 

-THERE Sobar=PRECISION INDEX OF THE MEAN, So/INUMBER OF SAHPLESY.5 
-THE SQUARE ROOT of THE sun OF THE ABSOLUTE CONTRIBUTIONS IS ERUAL TO THE TOTAL UNCERTAINTY 

BO FOR BIAS ERRCRS: Sot t  FOR PRECISION ERRORS 

e 
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IUTPUT 
VARIABLE 
NANE OESCRIPTION 

ABSOLUTE ABSMUTE ABSOLUTE DEGREES 

UNITS VALUE COIIPONENT COIIPONENTt UNC t FREEDON 
AVERAGE Bins PRECISION TOTAL STUDENT OF 

1) baconc Benzo!o.h.ilnvrene conc U O / d  .02B PREC B.85E-02 I.ZOEt00 4.3UE-01 3 
2) oa5 Stack  01s flow r a t e  N J / h r  782000 PREC 1.69E-04 1.29E-08 5.23Et05 3 
3) hhv H i o h e r  h e a t i n o  v a l u e  BTUl lb  17150 PREC 1.OBE-05 -1.71E-Ob 2.71Et03 2 
4)  baconc Ben:olo.h.ilovrene conc U O I I S  .028 BIAS 4.6%-Ob 1.20EtW I.8OE-03 - 
5) o i l  Oil f low r a t e  l b l h r  75100 BIAS 2.55E-Ob -1.25E-07 3.7bEt03 - 
6 )  oil  O i l  f l o w  r a t e  I b l h r  75100 PREC I.ZbE-Ob -4.25E-07 l.lZEM4 I8 . 

t PRECISION CO!IPONENT = t t S r b a r  
e t  IBOtSIGIIAOl*2 FOR BIAS ERRORS: I t fsDbartSl6I IbD)*2 FOR PRECISION ERRORS 

-MERE Sobar=PRECISION INDEX OF THE IIEAN. So/!NUIIBER Of SAIIPLES)^.S 
-THE SQUARE ROOT OF THE SUR O f  THE ABSOLUTE CONTRIBUTIONS 15 EBUAL TO THE TOTAL UNCERTAINTY 

tit Bo FOR BIAS ERRORS: So*t FOH PRECISION ERRORS 

2iiTPUT 
VRHIABLE 
YAnE OESCRIPTION 

ABSOLUTE ABSOLUTE ABSOLUTE OEGREES 

u n m  VALUE COWONENT ClVlPONEWTt UNC t FREEDoll 
AVERAGE BIAS PRECISION TOTAL STUCENT OF 

11 baconc Chrvsene conc ua113 5.000001E-02 
PREC 3.51E-01 I.ZOEt00 8.61E-01 3 

21 oa5 Stack 015 flow r a t e  Nn3 lhr  782000 PREC 5.39E-M 7 . M - 0 8  5.25Et05 3 
BTUl lb  I9150 PREC 3.43E-05 -3.0bE-06 2.71Et03 2 
I b l h r  75100 BlRS 8.13E-Ob -7.59E-07 3.76Et03 - 3 )  hhv H ioher  h e a t i n o  v a l u e  

41 oil Oil flow r a t e  
5) oil Oil flow r a t e  I b / h r  75100 PREC 4.OIE-06 -7.5%-07 1.12EtM 18 
6) baconc Chrvsene conc U O l d  5.W0001E-02 

BIAS 2.07E-06 I.ZOEt00 1.20E-03 - 
t PRECISION COIIPONENT = t t S r b a r  
tt IBDt51611A0)*2 FOR BIAS ERRORS: !ttSobarfSISIIRo)*Z FOR PRECISION ERRORS 

-YHERE Sobar=PRECiSICN INDEX OF THE IIEAN. So/lNUIIBER OF SAHPLES)^.S 
:THE SQUARE ROOT Of TK SUR OF THE RESOLUTE CONTRIBUTIONS IS EQUAL TO THE TOTAL UNCERTAINTY 

ttt Bo FOR BIAS ERRORS: S o t t  FOR PRECISION ERRORS 
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2) na5 Stack oas flow rate 
PREC 3.5kE-03 1.2Mt00 8.61E-02 3 

L3lhr 782000 PREC 1.38E-05 1.23E-08 5.72Ft1l5 ?. ~. _.___ _ _  - ~~. ~ 

51 bacnnc Oibenz(a.hlanthracene u01a3 8. WWOIE-03 
818s 4.E-06 1.20E*W I.8OE-OS - 

4) hhv Hioher heatinn value BTUIIb 19150 PREC B.79E-07 -4.BPE-07 Z.71EtO3 2 
51 n i l  Oil flor rate lblhr 75100 BIAS 2.00E-07 -1.E-07 3.76EtOS - 
61 ail  Oil flan rate Ib/hr 75100 PREC 1.03E-07 -1.22E-07 1 .12EW 18 

I PRECISION COMPONENT = tISrbar 
IBnISI6HAn1'2 FOR BIAS ERRORS: It*SobartS16tiAolA2 FOR PRECISION ERRORS 

-NHERE Snbar=PRECISION INDEX OF THE HEAN. So/M"ER OF SAHPLESlA.5 
-THE SBURRE RMlT OF THE SUI( OF THE RBSOLUTE CDWlRlBUTlDYS IS EUUAL TO THE TOTAL UKERTMNTV 

I** Bo FOR BIAS ERRORS: Snit FOR PRECSIUN ERRORS 

Fluoranthem 

VARIABLE AVERAM BIAS PRECISION TOTAL STUDENT OF 
;ulPul RESOLUTE ansrituiE RESOLUTE DEGREES 

"!E DESCRIPTION UNITS VALUE COHPONENT COHPONENTt UNC t FREEDM 

eais Eaissinn factor Ib/MHBlU 0.982629E-02 
4.51E-03 8.93E-01 B.PE-01 4.3Mt00 2.OEtOb --________ -------__L----------------------------------------------------------------- 

INPUT ABSOLUTE ABSOLUTE ABSOLUTE NUHER 
VARIABLE AVERAGE ERROR CONTRIBUTION SENSlT IV IP l  ERROR OF OF 
NAME DESCRIPTION UNITS VALUE TYPE H ISlG)\AD) INPUTt*t SAHPtES 

1)  bacnnc Flunranthene C M C  un/a3 .OR PREC 7.97E-01 I.ZOE*M) I.ZPEtO0 3 
21 nas Stack nas f low rate N13/hr 782000 PREC 1.21E-03 1.15E-07 5.25Et05 3 
51 hhv Hinher heatino value BTU/lb 19150 PREC 7.72E-05 -k.58E-06 2.71Et03 2 
4) oil Oil flon rate lblhr 75100 BIAS 1.83E-05 -1.14E-06 3.76Et03 - 
51 oil Oil flnr rate Iblhr 75100 PREC 9.02E-bb -1.IkE-06 I.lZEtO4 18 
61 bacnnc Fluoranthene conc u0113 .075 BIAS 2.07E-Oh I. ZOEtMl 1,ZOE-03 - 

1 PHEflSlUN COHPOWENT = ttSrbar 
*I IBo*SIGHRol*2 FUR BIRS ERRORS: lt~Sobar+SI6llRo)"Z FOR PRECISION ERRORS 

-NHERE Sobar=PRECISlON IHUEX OF THE HEAN. So/ INUHBER OF SAnPLESlA.5 
-THE SQUARE ROOT OF THE SUM OF THE ABSOLUTE CONTRIBUTIONS IS EQUAL TO THE TOTRL UNCERTAINTI 

*++ FOR BIAS ERRORS: Sost FOR PRECISION ERRORS 
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INWT 
VARIABLE 
NANE 

I )  baconc 
21 baconc 
3) oas 
4)  hhv 
5) oil 
6 )  oil 

DESCRIPTION 
AVERAGE 

UNITS VALUE 

Fluorene conc UO/m3 .003 
Fluorene conc uo/m3 ,003 
Stack oa5 f l o w  rate Nm3/hr 782000 
Hiaher heatino value BTU/Ib 19150 
Oil flow rate lblhr 75100 
Oil flow rate lblhr m o o  

ERROR 
TYPE 

PREC 
BIAS 
PREC 
PREC 
BIAS 
PREC 

ABSOLUTE RBSOLUTE ABSOLUTE NUMBER 
CONTRIBUTION SENSITIVITI ERROR OF OF 

It  ISISMAoI INPUTfft SAMRES 
I_---_--_-----__----- 

1.12E-04 1.20E*00 1.7ZE-02 3 
4.6SE-Ob 1.20EtGQ 1.BOE-03 - 
I.94E-Ob 4.5PE-W 5.25Et05 3 
1.21E-07 -1.B3E-07 2.71Et03 2 
2.93E-08 -1.56E-OB 3.7bEt03 - 
I.UE-08 -).%E-08 I . IZE*M IS 

f PRECISION COMPONENT = ttSrbar 
** IBotSIGMAol^Z FOR BIAS ERRORS: lt*SobarfS16MRol*2 FOR PRECISION ERRORS 

-HERE Sobar=PRECISION INDEX OF THE MEAN. So/INUMBER OF SAMPLES)".S 
-THE W A R E  ROOT OF THE SUM OF THE ABSOLUTE CONTRIBUTIONS IS EPUAL TO THE TOTAL UNCERTAINN 

fffi Bo FOR B I A S  ERRIIRS: Sott FOR PRECISION ERRORS 

Indeno(l,2,3ed)pyrew 

VARIABLE A m s E  Bins PRECISION TOTAL STUOENT OF 
1UipUT ABSOLUTE AESOLUTE ABSOLUTE DEGREES 

NAME DESCRIPTION UNITS VALUE COMPONENT COMPONENT+ UNC t FREEDOM 

emis Emission factor IblMBTU .OZPP421 2.5BE-03 2.6BE-01 2.7E-01 4.30Et00 2.MtOO 
__-I---_------______________________I___--_-__--------_--~-----~----~~--~--~-------~--~ 

INPUT ABSOLUTE ABSOLUTE ABSOLUTE NUMBER 
VARIABLE AVERASE ERROR CONTRlBUTlON SENSITIVITY ERRDR OF OF 
NAME OESCRIPTION UNITS VALUE TYPE H ISIGMROI INPUTHf SMPLES 

11 baconc Indenoll23-cdlavrene U P I I I  .ox PREC 7.17E-02 1.2MtW 3.B7E-01 3 
2) oas Stack aas flow rate Nm3/hr 782000 PREC 1.35E-M 3.83E-08 5.25Et05 3 
31 hhv Hiaher heatina value BTUllb 19150 PREC B.5BE-06 -].%E-06 2.71Et03 2 
4 )  baconc Indenol123-cdlovrene UOII3 * 025 EIRS 4.65E-Ob I.ZOE+OO 1.80E-03 - 
5) oil Oil f l o w  rate lblhr n m  Bins 2.03E-Ob -3.BOE-07 3.7bEt03 - 
6 )  oil Oil f l o w  rate Ib/hr 75100 PREC 1.00E-06 -3.BOE-07 1.1ZEtO4 IS 

t PRECISION CORPONEWT = ttSrbar 
ft IBo*SI6MAo)*2 FOR BIAS ERRORS: ~tfSobartSI6MAo)T FOR PRECISION ERRORS 

-WHERE Sobar=PRECISIOH INDEX OF THE IIEAN. So/INUMBER OF SRMPLES)^.S 
-THE SQUARE ROOT OF TdE SUR OF THE ABSOLUTE CONTRIBUTIONS IS ERUAL TO THE TOTAL UNCERTRINTV 

fff Bo FOR BIAS ERRORS: Soft FOR PRECISION ERRORS 
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MSOLUTE ABSOLUTE ABSMUTE 0 E 6 RE E 5 

UNITS VALUE conponuu conpowm UNC t FREEOM 
AVERRGE BIAS PRECISION TOTAL STUDENT O f  

INPUT 
VARIABLE 
NAME 

I 1  baconc 
21 oas 
3) hhv 
41 o i l  
51 o i l  
61 baconc 

OESCRIPTION 

Naphthalene conc 
Stack oa5 f l o w  r a t e  
Hioher heatino value 
O i l  f lm r a t e  
O i l  f low r a t e  
Naohthalene conc 

UNITS 

U O l J  
Na31hr 
BTUllb 
I b l h r  
I b /h r  
U O I J  

AVERAE 
VALUE 

4.7 
782000 
19150 
75100 
75100 
4.1 

ERROR 
TYPE 

PREC 
PREC 
PREC 

PREC 
BIAS 

Bias 

ABSOLUTE ABSDLUTE ABSOLUTE NMBER 
CONTRIBUTION SENSITIVITY ERROR OF OF 
ii ISI6llRol I l l W T i I i  SAMPLES 

3.54Et03 1.20Et00 8.blE+01 3 
4.76E*GQ 7.20E-06 5.25EtG5 3 
3.03E-01 -2.B7E-04 2.71Et03 2 
7.19E-02 -7.18-05 3.76E103 - 
3.54E-02 -7.14E-05 1.12Et04 18 
4.65E-06 I.ZOE+GQ 1.80E-03 - 

i PRECISION COIIPONENT = t iS rba r  
** iBoiS16nbl^Z FOR BIAS ERRORS: it*SobartS16MRo)A2 FOR PRECISION ERRORS 

-WHERE Sobar=PRECISlON INDEX OF THE IIEAN. SDIINUIIBER OF SAIIPLESI^.S 
-THE SQUARE ROOT OF THE sun OF THE ABSOLUTE CONTRIBUTIONS IS EQUAL TO THE TOTAL UNCERTAINTY 

*s i  Bo FOR BIAS ERRORS: S o f t  FOR PRECISION ERRORS 

Phenanthrene 
3UTPUT 
VARIABLE 
HAM OESCRIPTION 

ABsoLuTE ABsmUTE A s s o L u n  OE6REES 

UNITS VALUE COllPONENl COIIPONENlt UNC t FREEDOM 
AVERAGE BIAS PRECISION TOTAL STUDENT OF 

e i i 5  E i i i s i o n  factor  IbIMRBTU .1161753 5.72E-03 8.94E-01 B.PE-01 4.30EtW 2.M100 
i====ili:==:iiiiii===~==:====~=====~====~=:===~=~=~====~-===-~==========~===,~====--==~===== 

INPUT ABSOLUTE MSOLUTE ABSOLUTE NMBER 
VARIABLE AVERAGE ERROR CONTRIBUTION SEWSITIVITY ERROR OF OF 
"!E MSCRIPTIUN UNITS VALUE TYPE i t  lS1611RDl IYPUTHi SAMPLES 

I1  baconc Phenanthrene conc U P 1 1 3  9. 69999%-02 
PREC 7.97E-01 I.ZOE*00 1.29E*00 3 

21 oa5 Stack oa5 f low rate N d / h r  782000 PREC 2.03E-03 1 . R - 0 7  5.25Et05 3 
3) hhv Hioher heatino value BTUllb 19150 PREC 1.27E-04 -5.7SE-Ob 2.71EtO.I 2 

3.06E-05 -1.47E-06 3.76Et03 - 41 o i l  O i l  flow r a t e  W h r  75100 BIAS 
51 a i l  O i l  f low r a t e  Ib /hr  75100 PREC 1.51E-05 -1.47E-Oh I.lZEtO4 18 
6 )  caconr inenanihrene cant U01.i i.ai?9Sii-Oi 

BIAS 2.07E-Ob I.ME*W I.1OE-OS - 
+ PRECISION COflPOLNT = t d r b a r  
** lBotS161(RolA2 FOR BIAS ERRORS: (t*SobartS16MAolA2 FOR PRECISION ERRORS 

-WHERE Sobar=PRECISION INDEX OF THE HEAN. So/INUHBER OF SARPLESIA.5 
-THE SQURRE ROOT [IF THE SUN OF THE ABSOLUTE CONTRIBUlIMIS IS EQUAL IO THE TOTAL MCERTAINTV 

*** Bo FOR BIAS ERRORS: S o i t  FOR PRECISION ERRORS 
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pv- 
OUTPUT RESOLUTE ABSOLUTE ABS0LUTE O E W E S  
VARIRELE AVERAGE B I A S  PRECISION TOTAL STUMNT OF 
NkllE DESCRIPTION u n m  VALUE COllPONEllT CMPONEKit UNC t FREEDM 

emis Eiissim f a c t o r  IblMBTU B.02UBIE-02 
__--__-_____-_____________________l___l --- -_--------__--_ 

4.OBE-03 5.96E-01 b.OE-Ol 1.30E+00 2.M+00 
i = = - l = i i i i X i = - - = = i i i = = = = = ~ = ~ ~ = ~ ~ = = - ~ = = = = = ~ = ~ ~ = = P _ _ _ _ _ _ _ = = = ~ E = i  

INPUT RESOLUTE RBSOLUTE RESOLUTE NUtiEER 
VARIRBLE 
NAME OESCRIPTlOW UNITS VllLUE TYPE tt 

AVERRGE ERROR COWTRIEUTION SENSITIVITY ERROR OF OF 
(s16nbl IWUTttt SAMPLES 

1) baconr Pvrene conc UP183 .Ob7 PREC 3.54E-01 I.ZOE+OO E.61E-01 3 
2) oas Stack oa5 f l w  r a t e  N83/hr 782000 PREC 9.67E-04 1.03E-07 5.25EIM 3 
3) hhv Hioher h e a t i n o  va lue BTUl lb  19150 PREC 6 . M - 0 5  -4.lOE-Ob Z.IIE+OS 2 

5) oil O i l  f l o w  r a t e  l b l h r  75100 PREC 1.ZOE-Ob -1.02E-Ob 1.12EtM IS 
b l  baconc Pvrene conc uo/83 .Ob1 ElAS 2.07E-06 I.ZOE+OO 1.20E-03 - . 

41 o i l  Oil fin r a t e  l b l h r  75100 BIAS i . 4 6 ~ - 0 ~  -I.OZE-OA 3 . 7 m a 3  - 

-_______________________________I_______-------------------------------- 

* PRECISION COllWNfNT tfSrbar 
tt I E o ~ S I G M A O ) ~ ~  FOR BIAS ERRORS: (ttSDbartSIBI1Ro)*2 FOR PRECISlON ERRORS 

-WHERE Sobar=PRECISION INDEX OF THE HEAN. SnlINUIIEER OF SAtiPLES)^.5 
-THE S R M  RMT OF THE SUM OF THE RBMLUTE CLWTRIEUTIONS IS ERURL IO THE TUTAL UWCERTAlNN 

*H Eo FOR BIAS ERRORS: S o t t  FOR PRECISION ERRORS 

Parl V Site 107 E-17 



Appendix E 

Foddehyde  
?UTPUT ABSOLUTE ABSOLUTE ABSOLUTE DEBREES 
VARIABLE AVERffiE BIAS PRECISION TOTAL STUDENT OF 

t FREEDOM M A E  DESCRIPTION UNITS VALUE COMPONENT COMPONENlf Ultc 

emi 5 E m i ~ ~ i o n  f a c t n r  IblMMBTU 641.4562 3.05Et01 1.86E*03 1.9E103 4.30Et00 2.OEtOO 
___________________-______Ic__________L_---------------------------------------- 

-------------52--i------------- 

INPUT ABSOLUTE ABSOLUTE ABSOLUTE NUMER 
VARIRBLE , AVERASE ERROR CONIRIBUTIO# SENSITIVITY ERROR OF OF 
NAIIE DESCRIPTION UNITS VALUE TVPE ** . ISI6MAoI INPUTfif SAMPLES 

11 bacnnc Fnrmaldehvde tunc u o l d  554 PREC 3.42EIO6 l.l6E+OO 2.77Et03 3 
2) na5 Stack oa5 f l o w  r a t e  Nm3lhr 756000 PREC 3.17EIO4 B.kBE-04 3.6kEt05 3 
3) hhv H iaher  h e a t i n n  v a l u e  BTUl lb  19150 PREC 3.94E*03 -3.27E-02 2.71Et03 2 
41 n i l  O i l  fleu r a t e  I b l h r  75100 BIAS 9.33E102 -8.13E-03 3.76Et03 - 
51 o i l  O i l  f l o w  r a t e  l b l h r  75100 PREC 4.60Et02 -B.13E-03 1.1ZEtO4 IS 

t PRECISION CDRPONENT = t f S r b a r  
I* IBn~S1611AolA2 FOR BIAS ERRORS: ( t iSnbar*SIGMh1^2 FOR PRECISION ERRORS 

-WHERE Sobar=PRECISION INDEX OF THE MEAN. SollNUMBER OF SMPLESY.5 
-THE SQUARE ROOT OF THE SUM OF THE ABSOLUTE CONTRlBUTlONS IS EWAL TO TW TOTRL UNCERTAINTY 

fit Ea FOR BIAS ERRORS: S o i t  FDR PRECISION ERRORS 

Formaldehyde 
IUIPUT ABSOLUTE ABSOLUTE RBSOLUTE OESREES 
VARIABLE AVERAM BIAS PRECISION TOTAL SNOENT OF 
HAME DESCRIPTION UNITS VALUE COMPMENT COMPOWEW UYC t FREEDOM 

eiir Emi55ion f a c t o r  IbiMBTU 797.6565 3.80EMI 6.08Et02 6.lE102 3.18EtW) 2.6EMO 
--- ----- 

--------------------------------------------------------------------------------=~==~============= 

INPUT ABSOLUTE ABSOLUTE ABSOLUTE NUMBER 
VARIABLE AVERAGE ERROR CONTRIBUTION SENSITIVITY ERR04 OF OF 
llAME DESCRIPTION UNITS VALUE TYPE ** IS16Mbb) IWUTW SkMPLES 
-----______I--_-______----------------------- ~ I_ ---------- 

11 baconc Fnrmaldehvde tunc uolm3 751 PREC 3.24EtG3 I.O6E*00 9.32Et02 3 
21 oa5 Stack 1115 flow r a t e  Nm3lhr bB4OOO PREC 3.16EtM 1.17E-05 2.blE*05 3 

41 nil Sa5 f i ow  r a t e  c f h  IW~OOO Bins 1.k4EtOS -LESE-04 7.83EtM - 
51 011 6a5 flDr r a t e  c f h  1565000 PREC k .97R02 -4.BSE-M 7.96EtM 3 

31 hhv Hiaher  h e a t i n o  v a l u e  BTUlt f  910 PREt I.~~E+o) -B.J~E-OI z.imoz 4 

--I- 

t POEC!5!0!! CO'POYE!!? = t'S73:: 
** IBn~S16RAolAZ FOR B I A S  ERRORS: I t*Snbar~SIGMRoI^Z FOR PRECISION ERRORS 

-WHERE Sobar=PRECISION INDEX OF THE MEAN. SuIINUMBER OF SRNPLESI^.S 
-THE SRUARE ROOT OF THE SUN OF THE ABSOLUTE CONTRIBUTIONS IS EQUAL TO THE TOTAL UNCERTAINTY 

**t Bn FOR BIAS ERRORS: S o i t  FOR PRECISION ERRORS 
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Quality Assurance/Quality Control Data 
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Appendbc F 

This section presents QA/QC results for the stack gas and fuel samples. The blank and 

duplicate analyses are presented, as well as the sample spike results and detection limits. 

Table F-1 presents the results of the blank analyses for the stack gas samples. Reagent 

blank and field blank analyses were performed for the metals (solid phase and vapor 

phase). A field blank consisting of a complete semi-VOST sampling train was analyzed 

for PAHs. A trip blank, field blank, and method blank were analyzed for formaldehyde. 

Table F-2 presents matrix spike recovery data performed for one of the multi-metals 

stack gas samples. A duplicate analysis was run on one of the flue gas samples for 

metals. Table F-2 presents the relative percent difference (RPD) between the duplicate 

analyses for this sample. 

Table F-3 presents the matrix spike recovery results for the oil samples. The relative 

percent difference between the matrix spike and the matrix spike duplicate is also 

presented. Table F-4 presents the results for the lab surrogate spike recoveries for the 

PAH analyses. 
0 

F-3 Part V Site 107 



Appendbc F 

Table F-1 

Summary of Blank Sample Results 

-e 
PAHS 
Field Blank 

Naphthalene 
Acenaphthylene 
Acenaphthene 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Chrysene 
Benz(a)anthracene 
Bern@ t k)fluoranthene 
Bern(a)pyrene 
Indeno(l,&>c,d)pyrene 
Dibenz(a,h)anthracene 
Benzo(gh,i)perylene 

Volatile Organics 
Method Blank 

Formaldehyde 
Benzene 

Formaldehyde 
Benzene 

Field Blank 

Metals - Solid Phase 
Field Blank 

Arsenic 
Beryllium 
cadmium 
Copper 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 

Reagent Blank 
Arsenic 
Beryllium 
Cadmium 
Copper 
Lead 

PartV Site 107 

Number of 
Blank Samples Number of Mass 

Analwed &&& Detected h ~ )  

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

1 
0 

1 
0 

1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

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

0 
0 

1 
0 

1 
1 
0 
1 
1 
1 
0 
1 
1 

1 
1 
0 
1 
1 

F-4 

29 

0.48 
0.07 
0.11 

0.058 
0.057 
0.055 

0.31 
0.15 
0.36 

16.3 

2.9 
0.15 

UO 
47 
6.6 

6.9 
15 

1.4 
0.28 

7.6 
46 

0.025 
0.025 
0.025 
0.025 
0.025 
0.025 
0.025 
0.025 
0.025 
0.025 
0.025 
0.025 
0.025 

0.025 O.025 0 

0.47pg/mL 

036 
0.6 
3.1 

1.7 
0.6 
3.1 

0.6 
3.1 
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Appendbc F 

Table F-1 (Continued) 

Number of 
Blank Samples Number of Mass Detection 

-e Analned .&&?& Detected 641 

Manganese 
Mercury 
Nidrel 
Selenium 

Metals - Vapor Phase 
Field Blank 

Arsenic 
Beryllium 
Cadmium 
Copper 
Lead 
Manganese 
Mercury' 
Nickel 
Selenium 

Reaeent Blank 
Arsenic 
Beryllium 
cadmium 
Copper 
Lead 
Manganese 
Mercury' 
Nickel 
Selenium 

Chromium 

Chromium 
Chromium, hexavalent 

Reaeent Blank 
chromium 
Chromium, hexavalent 

Arsenic 

Arsenic 
Reaeent Blank 

Arsenic 

1 1 
1 0 
1 1 
1 1 

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

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

0 
0 

1 1 
1 0 

1 1 

1 1 

'Two impinger analyses, including a potassium permanganate impinger. 

6.7 
2.2 

4.8 0.6 
7.9 3.1 

0.65 _ _  
0.06 

1.2 0.02 
14 0.55 

I 3  _ _  
1.6 055 

41 
2.9 0.63 

2.8 

0.36 _ _  
0.06 

0.02 0.02 
1.6 0.55 
14 -- 
12 05.5 

41 
0.63 
3.1 

153 

0.42 

0.48 

-- 
0.28 
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Appendix F 

Table F-2 

Summary of Quality Control Results for Stack Gas 

Substance 

Arsenic 
Beryllium 
Cadmium 
Copper 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 

Arsenic 
Beryllium 
Cadmium 
Copper 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 

Chromium 
Chromium, hexavalent 

Matrix Spike Duplicate 
Recovery % Analvsis RPD 

Stack Gas - Solid Phase 

88 
80 
73 
96 
84 
83 
93 
99 
80 

Stack Gas - Vaoor Phase 

89 
77 
89 

86 
98, 99 

85 
98 

_ _  

Stack Gas - Total 

-_ 
90.3 

9 
< 1  

3 
3 
4 
2 

< 1  
1 

< 1  

_ _  
< 1  

8 
<1 

< 1  
<1 ,  < 1  

4 
< 1  

a 

where A, B are individual values and RPD is the relative percent difference between the 
values. 

bResults from both impingers. 
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Table F-3 

Summary of Quality Control Results for Fuel Oil 

Detection Matrix Spike Matrix Spike 
Substance Limit (mdL) Recovelv % Dunlicate RPD 

Arsenic 
Beryllium 
Cadmium 
Chromium 
Copper 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 

1.1 
0.22 
0.22 
-- 
-- 
1.1 
0.43 
0.1 

1.0 
-- 

83 10 
88 <1 
88 < 1  
84 2 
88 < 1  
76 ' 9  
85 9 
102 6 
94 10 
98 3 

where A, B are individual values and RPD is the relative percent difference between the 
values. 
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Table F-4 

Summary of Surrogate Recoveries for Semivolatile Organic Analysis 

Number of Mean Spike Std. Dev. 
Substance Analvses Recoverv (76) (% Recd 

d10 Acenaphthene 3 21 17 

d10 Anthracene 3 52 50 

d12 Chrysene 4 70 46 

d12 Benzo(a)pyrene 1 20 -_ 
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Section 1 

INTRODUCTION 

This part of the document summarizes data gathered by Carnot, Inc. (formerly Energy 
Systems Associates) at a California power plant, designated Site 108, during a sampling 
program sponsored by the electric utility. The power plant tested was a Riley Stoker 
boiler, fueled by either residual fuel oil or natural gas. Sampling was conducted in 
March of 1990. 

The test matrix shown in Table 1-1 lists the substances of interest at this site. The 
primary emphasis of the sampling effort was collecting valid stack emissions data; less 
emphasis was placed on collecting oil and natural gas samples. 

Section 2 of this report briefly describes the power plant and sampling locations. Section 
3 discusses the results of the chemical analyses of the fuel oil, natural gas, and flue gas 
streams sampled at the plant. Section 4 contains an evaluation of the sampling and 
analytical data according to traditional QA/QC techniques and engineering calculations. 
Section 5 contains example calculations. The appendices contain raw data, stream 
concentrations, information on sampling and analytical methods, measured and calcu- 
lated stream flow rates, error propagation equations and examples, and quality 
assurance/quality control (QA/QC) results. 
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Introduction 

Table 1-1 

Summary of Test Matrix for Site 108 

Process Streams Samded 

Substance 
Inoreanic 
Arsenic 
Beryllium 
Cadmium 
Chlorine 
Chromium 
Chromium, hexavalent 

Copper 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 

- Oil 

X 
X 
X 

X 
X 
X 
X 

X 

X 

X 
X 
X 

Natural Gas Stack Gas 

X 
X 
X 

X 
X 

X 
X 
X 
X 
X 

X 

Organic 
Benzene 
Formaldehyde 
Polynuclear Aromatic 
Hydrocarbons (15) 

Additional 
Heating Value 
UltimateJProximate 

C ,-C Hydrocarbons 
Sulfur Content 

X 

X 

X 

X 

X 

X 

X 

X 
X 

e 
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Section 2 

SITE DESCRIPTION 

This section provides a description of the test site, Site 108, and gives the location of the 
sampling points. 

Facility Information 

At this site, testing of a steam electric generating unit with a capacity of approximately 
50 megawatts (MW)  was conducted. The boiler operated at a minimum of 96% of the 
full rated load during the test period. Testing was conducted during both 100% oil firing 
and 100% natural gas firing. During the testing at Site 108, the unit operated at a 
relatively consistent load level--between 53 and 56 MW. 

Figure 2-1 shows a process flow diagram of the unit at Site 108. Steam is generated in a 
Riley Stoker boiler that can be fueled by either natural gas or residual fuel oil. No 
emission control devices are located downstream of the boiler. 

The residual oil fuel at this site has a sulfur content of 1.52%, a higher heating value 
(HHV)  of approximately 18,300 Btu/lb, and an ash content of 0.05 percent. The natural 
gas fired at Site 108 has an HHV of 23,500 Btu/lb. 

Sampling Locations 

The fuel to the boiler (oil or natural gas) and the flue gas emitted through the stack 
were the two streams sampled in this study. Figure 2-1 shows the locations of the 
sampling points. Brief descriptions of the sampling locations are given below: 

The oil grab samples were collected from the feedlines into the boiler. 

The natural gas analysis was done at a pipeline metering station outside of the plant. 

Stack gas samples were collected through five sample ports located in the air 
preheater exit duct. For each test, a six-point traverse was made at each port. 
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Stack Gas 

Fuel -o+ 

0 Sampling Locations 

Figure 2-1. Process Flow Diagram for Site 108 
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Section 3 

RESULTS 

This section summarizes the fuel and emitted gas stream data collected at Site 108 
during oil firing. These results were calculated from laboratory and field data reported 
by Carnot. Only formaldehyde and benzene emissions were measured during the firing 
of natural gas; metals, PAHs, benzene, and formaldehyde emissions were measured 
during fuel oil firing. 

Appendix A presents the raw analytical data generated by Carnot and their contracting 
laboratories during the project. Data processed by Radian Corporation for this report 
can be found in Appendix B. 

Sampling Schedule 

Site 108 was sampled in March 1990. Figure 3-1 shows the sequence of tests performed 
at this site. Sample runs have been numbered in chronological order. Each fuel type 
has its own unique set of run numbers, which are shown in Figure 3-1 and the summary 
tables. 

Four collection trains were used to sample the stack gas during oil firing. These trains 
include a Draft EPA Metals Method train for multi-metals, a CARB Method 12 train for 
lead, a CARB Method 425 train for total and hexavalent chromium, and a semi-VOST 
(Modified Method 5) train for polynuclear aromatic hydrocarbons (PAHs). Benzene was 
collected by CARB Method 4104 and formaldehyde was sampled using CARB Method 
430 for the comparison of emissions produced during natural gas firing and oil firing. 
Two grab samples of the fuel oil were collected during the five-day test period. A 
hydrocarbon analysis was performed on the natural gas feed. 

Appendix C presents details of the analytical and sampling methods used at this site. 

Data Treatment 

Several conventions were developed for treating the test data and developing average 
concentrations of substances in the oil and stack gas streams. 
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Results 

Blank Corrections 

The convention for using blank results to correct the data in this group of reports was to 
use the reagent blank analysis results when they were available. If a reagent blank 
analysis was not performed, the field blank results were used to correct the sample 
results. If neither a reagent nor field blank was analyzed, no corrections were made. 

At Site 108, the reagent blank results were used to correct the results for metals, lead by 
CARB 12, and formaldehyde. The field blank results were used to correct the chromium 
and hexavalent chromium by CARB 425 and PAHs results. When they were available, 
the reagent blank results were used to correct the individual run measurements for both 
the solid and vapor phases. If the reagent blank was not analyzed, the measurement was 
corrected for the field blank result. When the blank result was equal to or greater than 
50% of the uncorrected measurement, the concentration was flagged with a "B. When 
the blank correction resulted in a value less than the detection limit given by the 
analyzing lab for each substance, the concentration is presented as ND(DL), which 
means that the concentration is below the detection limit (DL), which is presented in 
parentheses. The test contractor has defined the term "detection limit" as typically three 
to ten times the instrument detection limit, depending on the laboratory that performed 
the analysis. 

Total Concentrations 

The solid- and vapor-phase concentrations are both considered when determining the 
total gas stream concentration. The absence of detectable concentrations in either phase 
requires that conventions be established for calculating total values. For each substance, 
there are three possible combinations of solid and vapor phase concentrations in the 
emitted gas stream: 

Case 1: 

Case 2 

Case 3: 

The concentrations in both phases are above the detection limits. 

The concentrations in both phases are below the detection limits. 

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

For the inorganic substances (other than mercury) measured in this program, stack gas 
stream data from other testing indicate that most of the material is present in the solid 
phase of the gas stream and that only a small fraction is generally found in the vapor 
phase. Thus, the following conventions were selected for defining total gas stream 
concentrations: 
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0 Case 1: The total concentration is the sum of the concentrations in the solid and 
vapor phases. 

For example, the total cadmium (Cd) concentration in the stack gas is 
calculated as follows for Run 7: 

Cd in the solid phase = 2.0 pg/Nm 

Cd in the vapor phase = 0.7 pg/Nm 

Total Cd in the stack gas = 2.7 pg/Nm 

The total concentration is considered to be the solid phase detection limit. 

For example, the total beryllium (Be) concentration in the stack gas is 
calculated as follows for Run 7: 

Be in the solid phase = ND(O.04) pg/Nm 

Be in the vapor phase = ND(0.03) pg/Nm 
Total Be in the stack gas = ND(O.04) pg/Nm 

The total concentration is considered to be the value measured above the 
detection h i t ,  regardless of which phase this represents. 

For example, the total lead (Pb) concentration in the stack gas is calculated 
as follows for Run 9: 

Case 2: 

Case 3: 

Pb in the solid phase = ND(1.6) pg/Nm 

Pb in the vapor phase = 4.5 pg/Nm 

Total Pb in the stack gas = 4.5 pg/Nm 

In historical data and previous FCEM data, mercury has been shown to exist primarily in 
the vapor phase. For Case 2, then, the total concentration in the gas stream is consid- 
ered to be the vapor phase detection limit. For Cases 1 and 3, the conventions are the 
same as those described above. 

The above conventions generally agree with guidance provided by EPA (Technical 
Implementation Document for EPA’s Boiler and Furnace Regulations, U.S. Environmen- 
tal Protection Agency, Office of Solid Waste, Washington, D.C., March 1992). 
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Average Concentrations 

The following criteria were used to average data from the individual runs. 

When all values are above the detection limit, the arithmetic mean concentration is 
calculated using the reported quantities. 

For results that include values both above and below the detection limit, one-half of 
the DL is used for values below the detection limit to calculate the mean. For 
example: 

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

By our convention, the calculated mean cannot be smaller than the largest detection 
limit value. In the following example, the calculated mean is 2.8. This is less than 
the largest detection limit, so the reported mean becomes ND(4). 

Analytical Values Mean Value 
5, ND(4), ND(3) NW4) 

When all analytical results are less than the detection limit, the mean is reported as 
ND (the largest detection limit value). 

Fuel Oil and Natural Gas 

Table 3-1 presents the results of the two residual oil fuel analyses. For each reported 
substance, a mean concentration has been calculated, along with the 95% confidence 
interval about the mean. The confidence interval is the range about the mean in 
which the true mean lies with a given probability [e.g., it is 95% certain that the true 
mean nickel concentration in the oil is 28 f 6 mg/L (between 22 and 34 mg/L), 
according to the two results shown in Table 3-11. The confidence interval calculation is 
discussed in Section 5.  

Natural gas was analyzed for C, through C, hydiocarbons, nitrogen, and carbon dioxide. 
Benzene was detected at 280 ppmv. Natural gas analytical results are found in Appendix 
D, Table D-1. 

Stack Gas 

Tables 3-2a, 3-2b, and 3-2c present concentration data for the emitted gas at Site 108. 
The probe and nozzle rinse and filter portions (solid phase) from the multi-metals train 
were analyzed separately from the impinger solutions (vapor phase). The solid and 
vapor phase analytical results, corrected for reagent blank values, are presented in 
Tables 3-2a and 3-2b, respectively. The hexavalent chromium concentration was 
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Table 3-1 

Oil Composition Data for Site 108 

Sample Date 

Mass Flow Rate (lb/hr) 

Volumetic Flow Rate (L/hr) 
Elements (me/L) 
Arsenic 

Beryllium 
Cadmium 
Chloride 
chromium 

Chromium, hexavalent 

Copper 
Lead 

Manganese 
Mercury 

Nickel 

Selenium 

Phosphorus (mg/kg) 

Ash (%) 

sulfur (%) 

Higher Heating Value (Btu/lb) 
Specific Graviq 

-7 

3/16/90 
_- 

ND(1.2) 

ND(0.2) 

ND(0.2) 
130 

0.3 

ND(0.2) 

ND( 1.2) 

ND(O.1) 

ND(0.7) 

0.2 

28 

ND(1.2) 

10 

0.05 
1.49 

18,300 

0.987 

-9 

3/17/90 
_- 

ND(1.2) 

ND(0.2) 

ND(0.2) 

ND(50) 

ND(0.2) 

0.4 

ND(0.6) 

ND( 1.2) 

0.2 

ND(O.l) 

27 

ND(1.2) 

7.3 

0.05 

1.54 

18,300 

‘3.985 

Mean 

32,800 

15,100 

ND( 1.2) 

ND(0.2) 

ND(0.2) 

78 

0.4 

ND(0.2) 

ND(1.2) 

ND(0.7) 

0.2 

ND(O.l) 
28 

ND(1.2) 

8.7 

0.05 

1.52 

18,300 

0.986 

95% CI a 

1,600 

760 

-- 
-- 
-_ 

670 

0.6 __ 
-_ 
-_ 
0 

_ _  
6 
-_ 

17 

0 

0.4 

0 
0.009 

‘CI = Confidence interval. 

Flow rate is an average of 16 measurements taken over a four-day period at or near full load. b 

“D indicates that the concentration is below the detection limit; the detection limit is shown in parentheses. 
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corrected for the field blank results since a reagent blank was not analyzed. The three 
measured concentrations for each phase are presented, as well as the mean and the 95% 
confidence interval (CI) associated with the mean. 

In some cases, the reagent blank corrections were fairly significant. Appendix A presents 
the results of the blank analyses, as well as the test results for each run. 

The total concentrations from each run were averaged (according to the conventions 
outlined previously) to obtain an overall mean concentration of each measured 
substance. 

Table 3-2c presents the total concentrations measured for each run, as well as the mean 
and 95% CI associated with the total value. The sampling methods cited for total 
chromium and PAHs indicate that both solid and vapor fractions were collected; 
however, the fractions were not analyzed separately. For these substances, the results 
are presented only as total concentrations. In addition, a reagent blank analysis was not 
performed for chromium and PAHs; therefore, the field blank results were used to 
correct the measured concentrations. The measured concentrations of several PAHs 
were below the detection limit of 0.01 pg/Nd.  

Table 3-3 compares volatile organic emissions from the same boiler fired by two 
different fuels--residual oil and natural gas. Benzene was below the detection limits 
while firing either fuel. For each type of fuel, a relatively high formaldehyde level in the 
reagent blank resulted in only one corrected formaldehyde concentration being above the 
detection limit. 

Appendix D, Table D-2, presents additional sampling information, including stream flow 
rates, unit load, stack gas characterization data, stack temperatures, and the degree of 
isokinetic sampling for each sampling event. 

Table 3-4 shows the average unit-energy-based emission factors in pounds of substance 
emitted per 10 '' Btu input to the boiler. The emission factors were calculated from the 
total mean stack gas concentration shown in Table 3-2c. Section 5 contains an example 
calculation. 
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0 Table 3-3 

Volatile Organic Stack Emissions at Site 108 
Residual Oil and Natural Gas Firing 

Volatile 
Orzanic Comuounds -1 -2 -3 - Mean 95% CI a 

Residual Oil F h g  

Stack Flow Rate: 221,OOO Nm /hr 

Benzene @ g/Nm ’ ) ‘\ ND(35)E ND(3.5) ND(35) ND(3.5) 

-4 -5 -6 

Stack Flow Rate: 231,OOO Nm /hr 
Formaldehyde @g/Nm’) 14 ND(24) Bd ND(23) B ND(24) 

-1 -2 -3 

Natural Gas Firing 

Stack Flow Rate: u)9,ooO Nm ’ /hr 
Benzene @g/Nm3) ND(3-V ND(3.5) w 3 5 )  m 3 5 )  

Formaldehyde @g/Nm’) ‘22 ND(11) B ND(19) B ND(19) 

e 

T I  = Confidence interval. 

bA blank analysis for benzene was not performed. 

‘ND indicates that the concentration is below the detection limit, which is shown in parentheses. 

dB indicates that the reagent blank measurement is equal to or greater than 50% of the uncorrected sample 
measurement. Refer to Table A-1 in Appendix A for a comparison of sample and blank results. 
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Table 3-4 

Stack Gas Emission Factors at Site 108 
(Ib/lO l2 Btu) 

substance 

Arsenic 
Beryllium 
cadmium 
chromium 
chromium, hexavalent 
COPper 
Lad  
Manganese 
MeTcury 
Nickel 
Selenium 

Polvnuclear Aromatic Hydrocarbons 
Acenaphthene 
Acenapthylene 
Anthracene 
Be@a)anthracene 
Benzo(a)pyrene 
Benzo@ +k)fluoranthene 
Benzo(g,h,i)perylene 
Chryme 
Fluoranthene 
Fluorene 
Indeno(l,2,3-c,d)pyrene 
Naphthalene 
Phenanthrene 
Pyrene 

Volatile Organic Comwunds 
B-e 
Formaldehyde 

Volatile Organic Comwunds 
Benzene 
Formaldehyde 

Residual Oil F- 
- Meall 95% CI * 

6.8 
m(0.m) 

4.0 
ND(1.2) 

3.0 
15 
10 
15 

NDW) 
1,400 

15 

ND(0.008) 
ND(0.008) 
ND(0.008) 
ND(0.008) 
ND(0.008) 
ND(0.008) 
ND(0.008) 
ND(0.008) 
ND(0.008) 
ND(0.008) 
ND(0.008) 

0.52 
0.02 

0.008 

10 

6 
- 

- 
4 
9 

16 
30 
- 

450 
13 

ND(2.8) - 
ND(20) - 

Natural Gas Firing 

ND(2.2) __ 
ND(12) _ _  
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Section 4 

DATA EVALUATION 

Several procedures can be used to evaluate the information -,veloped during a f ie  
sampling program. In the case of Site 108, two methods were used to evaluate the 
quality of the data. First, and most important, was evaluation of the traditional QA/QC 
protocol for sampling and analytical procedures used at Site 108, i.e., equipment 
calibration and leak checks, duplicates, blanks, spikes, etc. Site 108 QA/QC data are 
compared with FCEM project objectives for similar QA/QC procedures. The second 
data evaluation tool involves calculating material balances around the entire plant for 
various substances. Material balances involve the summation and comparison of mass 
flow rates in several streams that are often samples are analyzed by different methods. 
Good agreement, Le., 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 rate (e.g., coal, bottom ash, collected fly ash, etc.). 

Evaluation of Measurement Data Quality 

An evaluation of the quality of the measurement data is based on quality control data 
obtained experimentally during the sampling and analysis process. Generally, the type of 
quality information obtained pertains to measurement precision, accuracy, 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. Table 4-1 
summarizes the QA/QC measures commonly used as part of the FCEM data evaluation 
protocol and the characteristic information obtained. The absence of any of these types 
of quality control checks does not necessarily reflect poorly on the quality of the data, 
but does limit the ability to measure the various components of measurement error. 

As indicated in the table, different QC checks provide different types of information, 
particularly pertaining to the sources of inaccuracy, imprecision, and blank effects. As 
part of FCEM, measurement precision and accuracy are typically estimated from QC 
indicators that cover as much of the total sampling and analytical process as feasible. 
Estimates of precision and accuracy are based on the actual sample matrix. For 
purposes of comparability, the actual precision and accuracy estimates obtained experi- 
mentally during the test programs are compared with Data Quality Objectives (DQOs) 
established for the FCEM project. 
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Table 4-1 

Types of Quality Control Samples 

QC Activity 

Precision 

Replicate samples collected over time under 
the same conditions 

Duplicate field samples collected 
simultaneously 

Duplicate analyses of a single sample 

Matrix- or media-spiked duplicates 

Laboratory control sample duplicates 

Surrogate-spiked sample sets 

Matrix-spiked samples 

~ 

Media-spiked samples 

Characteristic Measured 

Total variability, including process or temporal, 
sampling, and analytical. 

Sampling and analytical variability at +e actual sample 
wncentrations. 

Analytical variability at the actual sample 
concentrations. 

Sampling and analytical variability at an established 
concentration. 

Analytical variability in the absence of sample matrix 
effects. 

Analytical variability in the sample matrix but at 
established concentration. 

Laboratory control samples (LCS) 

Blank Effects 

Field Blank 

Trip Blank 

Method Blank 

Reagent Blank 

Analyte recovery in the sample matrix, indicating 
possible matrix interferences and other effects. In a 
single sample, includes both random error (imprecision) 
and systematic error (bias). ~~ 

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

h l y t e  recovery in the sample matrix, to the extent 
that the surrogate compounds are chemically similar to 
the compounds of interest. Primarily used as an indica- 
tor of analytical efficacy. 

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

Surrogate-spiked samples 

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

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

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

Blank effects from reagents used. 
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These objectives are not intended to be used as validation criteria but as empirical 
estimates of the precision and accuracy expected from existing reference measurement 
methods that would be considered acceptable. The precision and accuracy estimates are 
not necessarily derived from analyses of the same types of samples being investigated. 
Although analytical precision and accuracy are relatively easy to control and quantify, 
sampling precision and accuracy are unique to each site and each sample matrix. Data 
that do not meet these objectives are by no means unacceptable. The intent is to 
document the precision and accuracy actually obtained, and the objectives serve as a 
benchmark for comparison. The effects of not meeting the objectives should be 
considered in light of the intended use of the data. 

Analytical Quality Control Results 

Table 4-2 presents the types of quality control data reported for this site. The results 
of these analyses appear in Appendix F. Table 4-3 summarizes the precision and 
accuracy estimates. 

According to the quality control data evaluated, there is reason to conclude that the data 
reported are acceptable, although not enough information is available to unequivocally 
validate the data. The QC indicators reported are generally good, accepted methods 
were used for sampling and analysis, and stack gas sample collection records are strongly 
supportive. The confidence in some measurements is low because of relatively high 
blank results. In particular, high levels of PAHs in the field blank make the PAH 
measurements suspect, except for one test result for phenanthrene and all test results for 
pyrene. The validity of the stack gas chromium results is questionable because of a field 
blank significantly higher than the mean stack gas value. No quality control measure- 
ments were performed for benzene, natural gas composition, or proximate and ultimate 
analyses. 

A discussion of precision and accuracy is presented below for each measurement type, 
followed by a review of stack gas sampling quality control data. This review includes a 
discussion of representativeness, comparability, and completeness. 

Precision is a measure of the reproducibility of the 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 and coefficient of variation (standard deviation divided by the 
mean), or, for duplicates, the relative percent difference (RPD). 

Accuracy is a measure of the deviation from a measurement result and the "true" or 
expected value. In a single measurement, accuracy includes components of both random 
error, or imprecision, and systematic error, or bias. The average of several accuracy 
values tends toward a limiting mean, which is a measure of the bias, or persistent 
positive or negative deviation from the "true" value. 
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The efficiency of the analytical procedure as used on the sample matrix is quantified by 
the analysis of spiked samples containing target or indicator analytes or other quality 
assurance measures, as necessary. Spiked samples usually provide a measure of accuracy 
or bias at medium concentration levels, expressed as percent recovery; blank samples 
also provide a measure of bias, although at low or near-detection levels. 

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 were properly selected and that a sufficient number of samples 
were collected. 

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 by using standard techniques to collect and analyze representative samples and 
by reporting analytical results in appropriate units. Data sets can be compared with 
confidence when the precision and accuracy are known. 

Completeness is an expression of the number of valid measurements obtained, compared 
with the number planned for a given study. The goal is to generate a sufficient amount 
of valid data. 

Metals 

Precision. Table 4-3 presents precision estimates for the metals analyses. The precision 
estimates are based on duplicate laboratory analyses, which represent solely analytical 
variability. The precision objectives cited in Table 4-3 are intended for sampling and 
analytical variability. Despite the lack of specific QC information to compare with these 
objectives, the data demonstrate good analytical precision for metals analyses in all 
matrices, including stack gas (vapor phase and particulate matter) and fuel oil. 

The measurement data for the replicate runs, presented in Section 3 of this report, show 
good overall repeatability. At low trace-level concentrations, the absolute differences 
between the replicate results are typically small, whereas the relative differences are 
large, which would be expected as the measured values approach zero. At such low 
levels, especially where the uncertainty is equal to or greater than the magnitude of the 
measurements, the results should be considered semi-quantitative or qualitative. 

Accuracy. Accuracy estimates for the metals analyses, as shown in Table 4-3, are based 
on matrix spike recovery data. These data show recoveries for stack gas (particulate 
matter and vapor phase) samples and fuel oil, to be well within the stated objectives, 
with only two exceptions. The recovery of beryllium (56%) in stack gas particulate 
matter was somewhat low compared with the 75-125% objective, and the recovery of 
selenium (128%) in the stack gas vapor phase was slightly high. These exceptions should 
not cause significant concern. 
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0 In most instances, reagent blank results were used to correct the stack gas 
concentrations. For some substances, the blank levels were similar to the actual levels in 
the sample. In almost all cases, the reagent blank values were on the same order of 
magnitude as those of the field blanks. Blank sample results are shown in Appendices A 
and F. Field blank levels were used to correct the total and hexavalent chromium results 
since a reagent blank was not analyzed. 

The stack gas concentrations of arsenic (solid phase), chromium (combined phases), 
copper (solid and combined phases), and lead (solid and combined phases) are flagged 
with a "B", indicating that the reagent blank result (field blank for chromium) is equal to 
or higher than 50% of the measured result. For arsenic, the reagent blank level was 
higher than one of the measured solid phase results (Run 9), indicating a potential 
problem with the analysis. For the other two solid-phase arsenic samples, the reagent 
blank value was nearly as high as the actual results (equivalent to 70 and 90% of the 
sample measurements). On the other hand, the level of arsenic in the solid-phase field 
blank was about 15% of the level in the reagent blank. Because the actual concentration 
was highly uncertain in this instance, the solid phase arsenic concentration is flagged with 
a "B. 

The chromium field blank analysis (59 pg) was significantly higher than the average 
measured value in the stack gas (7.3 fig); therefore, the validity of the measured 
chromium results is questionable. Since the blank level was so high, the chromium 
results are flagged. 

PAHs 

Precision. Precision estimates for PAH analyses in stack gas samples, as shown in Table 
4-3, are based on the scatter of surrogate spike recoveries in the three replicate sample 
analyses, expressed as the percent coefficient of variation (% CV). These data show the 
precision to be within expected limits, with CVs for three out of the four surrogate 
compounds within the 35% objective, and the fourth only slightly higher at 41% CV. 
The results for PAHs across the three replicate runs are equally consistent, although 
most of the target analytes were not detected. 

Accuracy. Accuracy estimates for PAHs in the stack gas, based on surrogate spike 
recoveries in three samples, were within the nominal 50-150% recovery objective for two 
of the four surrogate compounds, and only slightly low for dl0-anthracene (4570%) and 
dl2-benzo(a)pyrene (3582%). Although these recoveries are low, the recoveries for 
d12-chrysene (120-150%) are slightly high, although within the objective. chrex!il, these 
data point to effective analyses. 

Blanks. Seven of the PAHs analyzed were detected in the stack gas stream during oil 
firing: acenaphthene, anthracene, fluoranthene, fluorene, naphthalene, phenanthrene, 
and pyrene. For most of the PAHs, the field blank levels were high compared to the 
stack gas measurements; these concentrations are marked with a " B  flag in Table 3-2c. 
Some measured concentrations were even below the field blank values. A reagent blank 
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analysis was not performed for PAHs. Appendix A contains the blank results and the 
the routine sample results for comparison. 

The high levels of PAHs in the field blank make the PAH measurements suspect, except 
for one test results for phenanthrene and all test results for pyrene. The lack of a 
reagent blank analysis makes it difficult to determine the cause of the high blank result 
for some of the PAHs. 

Formaldehyde 

Precision. The precision of the formaldehyde analyses, expressed in terms of the 
relative percent difference (RPD) for matrix spike duplicate analyses, is 22 RPD, within 
the objective of 40 RPD. 

Accuracy. Accuracy estimates for the analytical results for formaldehyde in the stack 
gas, based on matrix-spiked analytical results (93-116% recovery), are well within the 50- 
150% objective. 

Blanks. The reagent blank value was used to correct the concentrations presented for 
formaldehyde in the stack gas. In two cases, the formaldehyde level in the reagent blank 
was slightly less than 50% of the measured results (Run 4 during oil firing and Run 1 
during natural gas firing). For the other two measurements from each fuel test, the 
reagent blank level was equivalent to at least 50% of the measured value. The field 
blank measurement for formaldehyde was twice the reagent blank level, indicating 
possible problems in the sampling or analytical procedures. 

Stack Gas Sampling Quality Control 

Sampling quality control was addressed in a summary of the quality assurance program 
used by Carnot and in a letter of certification from the California Air Resources Board. 
Also included were calibration records for the dry gas meters and a table outlining the 
schedule and procedures used to calibrate these and other equipment. 

Sampling precision can be estimated by comparing the results for various parameters of 
the replicate samples, notably velocity, moisture content, and gas composition. These 
were fairly constant for each sample location. Some variation was noted in the sample 
volumes for the formaldehyde tests, but the analytical results were relatively consistent. 

Sampling accuracy is usually assumed from the calibration and proper operation of the 
equipment and from historical validation of the methods. Field blanks are used to 
correct for any biases, which may be caused by contamination of the equipment or 
location or by operator errors. Blanks were included for all tests except the CARB 410A 
benzene samples, which are collected by grab bag. 

Sampling respresentativeness depends on the precision and accuracy and also on the 
characteristics of the sampling locations. The sampling location on the inlet duct 
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connecting to the stack was not ideal as far as meeting the requirements for undisturbed 
flow distances upstream and downstream of the sampling ports to allow a minimum 
number (12) of traverse points for velocity and particulate matter measurements, but 
representativeness was maintained by using a larger number (30) of points. The 
isokinetic variation is a measure of the operational performance of sampling for 
particulate matter. It can be used as an indicator of precision, with consequences for 
representativeness. All of the sampling runs met the acceptance criteria for isokinetic 
variation. 

Sampling comparability depends on the representativeness of the samples and on the use 
of standard methods consistently applied. The CARB 430 method for aldehydes is a 
single-point, nonisokinetic, midget impinger procedure analogous to the EPA Boilers and 
Industrial Furnaces (BIF) Method 0011. It uses the same acidified 2,4-dinitrophenyl- 
hydrazine reagent for collection and HPLC for analysis. The CARB 429-EPA 
MMSIh423 methodology for semivolatile organic compounds, dioxins, and furans is well 
established both for sampling and analysis. The EPA multi-metals procedure is still in 
the evaluation process, but it is becoming widely accepted and is documented enough to 
be considered a standard method. CARB 425 for total and hexavalent chromium is 
somewhat similar to the current EPA/BIF hexavalent chromium method in terms of 
collection medium and analytical procedures. CARB 410A for benzene is the same as 
EPA Method 18 procedure for sampling with a rigid container that is evacuated to fill a 
bag. 

Sampling coaplete=es: is mainly a function of providing the requisite number of samples 
and of proper documentation. In particular, the data necessary for calculating the 
results, including calibration of the equipment and all pertinent entries on the run data 
sheets, should be present. The calibration data provided in this report were adequate, 
and sampling sheets were acceptably filled out, although neither the temperatures on the 
impinger e& nor those of the condenser exits of the PAH trains were recorded. The 
necessary number of samples were successfully taken and sample custody was transferred 
properly to the analytical laboratories. No significant data losses were reported. 
However, manganese results were not available for one of the three stack gas samples 
because of a contaminated impinger solution. 

Material Balance Results 

The streams considered in the material balance for Site 108 were the fuel oil as input 
and the flue gas as output. Stream flow rates and concentrations and the bias and 
precisior? e r r m  associated with these measurements were entered into a statistical error 
propagation model to estimate the overall material balance closure. A detailed discus- 
sion of the statistical error propagation analysis appears in Appendix E. 

A material balance closure is defined as the ratio of outlet to inlet mass. A 100% 
closure indicates perfect agreement. When trace substances are analyzed, closures of 
between 70% and 130% have been set as a goal for the FCEM project. This range 
reflects a typical level of analytical uncertainty. Closures within this range indicate that 
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Data Evaluation 

inlet and outlet stream mass rates are statistically equivalent. Poor closure values may 
indicate measurement problems in one or more of the sample matrices. 

The measured oil flow rate was compared with the unit generating capacity by calculat- 
ing a heat input using the oil flow rate and higher heating value and an efficiency of 30 
percent. The flow and generating capacity were in good agreement. Both oil and stack 
gas flow rates have narrow confidence intervals, indicating good precision in their 
measurements. 

Table 4-4 presents the manganese and nickel material balance closures and the error 
propagation analytical results. The elemental balance for nickel was within acceptable 
closure limits. Material balances were not calculated for other elements because the 
concentrations in the fuel oil were below the detection limits. For chromium, the oil 
sampling period did not coincide with the stack gas sampling; therefore, the material 
balance closure was not calculated. An ash balance could not be performed because 
particulate loadings were not measured in the stack gas. 

Manganese 

The material balance closure, 137 k 270%, is nominally outside of the desired range. 
The impinger for Run 8 was contaminated with KMnO,; therefore, the mean manganese 
concentration was calculated from two test results. The two measured flue gas concen- 
trations of manganese are reasonably consistent. The large 95% CI is a result of having 
only two samples. The amount of manganese in the reagent blank was equivalent to 
nearly one-fourth of each measured result. The matrix spike recoveries are acceptable 
for both the solid and vapor phase analyses. The spike recovery of manganese in the 
fuel oil was good (104%). However, the manganese concentration in the fuel oil was 
only reported to one significant figure (i.e., 0.2 mg/L). Thus, uncertainty about the 
amount of manganese present in the oil can be as much as f 25% (Le., f 0.05 mg/L). 

Nickel 

The nickel material balance closure of 90 k 30% indicates that the stream flow rates 
and concentrations for the inlet and outlet samples are probably accurate. The reagent 
blank level of nickel is low compared to the overall concentration of nickel in the stack 
gas. The spike recoveries were within acceptable limits. 

0, 
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Table 4 4  

Material Balance Closure Results for Site 108 

Substance Mean Closure (9%) 95% CI 

Manganese 137 270 
Nickel 90 30 
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Section 5 

EXAMPLE CALCULATIONS 

&on describes the methodolorn and samDle calculation c - . d to develop the 
results presented in Sections 3 and 4. Specifically, the calculations of reported concen- 
trations, unit-energy-based results, and confidence intervals are described. 

Concentration Calculations 

The concentrations presented in this report were calculated from raw data presented in 
the Carnot report. The gas concentration is calculated as follows: 

528 
SV * F 492 

C =  (M - B, * 35.3 * - 

where: 

C = Concentration, pg/Nm 

M = 

B = 

SV = 

F = 

Mass measured in the sample, pg 

Mass measured in the blank (reagent or field), pg 

Sample volume (at 68"F), dscf 

Sample correction factor (see below) 

35.3 = Conversion of ft to m (standard) 

- 528 = 
492 

Temperature correction for normal conditions, i.e., 32" F 
(68" F to 32" F) 

The sample correction factor depends on the specific analytical procedure where: 

F = 0.95 for the multi-metals train since 5% of the sample was removed for mercury 
analysis. 

F = 1.0 for mercury, lead (by CARB Method 12), benzene, formaldehyde, and PAHs. 
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Example Calculations 

0 F = 0.5 for total and hexavalent chromium since one-half of the sample was used for 
each substance. 

Note that the mercury results were corrected for the samule aliauot in the analvtical 
reports prepared by the lab. 
(32"F, 1 atm). 

Unit Energy Calculations 

. I , 
All concentrations are presented at normal conditions 

- The unit-energy-based emis:-m factors (Table 3-4) were determined from the mass flow 
rate of a substance being emitted divided by the fuel heat input to the boiler during 
testing. 

The unit-energy-based emission factor during oil firing is calculated from the following 
equation: 

where: 

0 -  
L -  

g =  

c =  

"v= 

oil = 

2202.6 = 

E =  g * * 2202.6 
HHV * oil 

Mean stack emission factor, lb/10 I' Btu 

Mean flue gas flow rate, Nm 3/hr 

Mean total flue gas concentration, pg/Nm 

Mean oil higher heating value, Btu/lb 

Mean oil feed rate, lb/hr 

Unit conversion coefficient, lb Btu/pg 10 I' Btu 

Nickel will be used for this example. The following mean values were taken from Tables 
3-1 and 3-2~: 

g = 230.000 Nm 3/hr 

c = 1,660 pg/Nm 

"V = 18,300 Btu/lb 

oil = 32,800 lb/hr 
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The emission factor for nickel is calculated from Equation 5-2: 

During natural gas firing, the emission factor equation is: 

E = -  * ' * 2202.6 
h 

where: 

(5-3) 

h = Heat input (estimated by Carnot), Btu/hr 

Confidence Interval Calculations 

Confidence intervals (CIS) were calculated for the total mean concentrations in the gas 
and oil streams. In addition, confidence intervals were determined for the stack gas 
emission factors presented in Table 3-4, as well as for the material balance closures. 
Additional details of the CI calculation can be found in Appendix E. 

CIS for Stream Concentrations 

The 95% CI about the total mean for simple linear addition can be found by: 

where: 

UrTOT = 95% CI for the total mean 

8 ,  = Bias component 

t =  Student's "t" factor for 97.5 percentile (one-tail) and N-1 degrees of 
freedom 

S,= Standard deviation of the individual run measurements 
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N =  Number of measurements 

The bias component for the mean is found by root-sum-squaring the bias error from 
each run and the sensitivity of that run to the mean: 

I n  

where: 

Individual bias for run m 

Sensitivity to run m = 1/N 

- 8, - 

0 ,  - - 

The individual bias is equal to one-half the detection limit for concentrations below the 
detection limit. Zero bias is assumed for detected quantities. 

The following concentrations (pg/Nm ’), taken from Tables 3-2a, 3-2b, and 3-2c, will be 
used to demonstrate the method for calculating the 95% CI: 

0 
Substance Fraction -7 -8 -9 
Nickel Solid Phase 1,460 1,860 1,580 
Nickel Vapor Phase 30 28 17 

~ -9 Run 10 Run 11 

Pyrene Total 0.01 ND(O.01) 0.015 

Calculation of the total nickel concentration for each run is based on the method 
described in Section 3 (addition of solid and vapor phases). The results are presented 
below: 

Standard 
Substance R.lenn Iieviatiun 

Nickel 1,490 1,890 1,600 1,660 207 

0 
The 95% confidence interval is calculated using the following values inserted into 
Equation 5-4: 
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8 ,  = 
t =  4.3 

s, = 207 
N =  3 

0 (no values below the detection limit) 

The 95% CI (U 

The 95% confidence interval for pyrene is calculated the same way. Since the concentra- 
tion for Run 10 is below the detection limit, the bias component is not zero. The 
individual bias, 6 p,  for each run is: 

for the total nickel concentration is 510 pg/Nm ’. 

-9 Run 10 Run 11 

8 ,  0 0.005 0 

The bias component is then calculated from Equation 5-5 using these values. In this 
example, the sensitivity is 0.33 or 1/3. 

= 0.002 

The standard deviation (S r )  calculated from the three individual pyrene concentrations is 
0.005. Substituting these values into Equation 5-4, 

= 0.01pg/Nm3 

CIS for Emission Factors and Material Balance Closures 

The 95% CIS for the emission factors and material balance closures were calculated 
using the equations presented in Appendix E. Appendix E also contains a sample 
calculation for the 95% CI around an emission factor. 
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Analytical Data from the Carnot Report 
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Appendix A 

Table A-1 presents the test results for each run, as well as the results of the blank 
analyses. Blanks were analyzed for metals in both the solid phase and vapor phase 
fractions. A field blank analysis was performed for PAHs. 

a 
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Appendix A 

Table A-1 

Results of the Sample, Field Blank, and 
Reagent Blank Analyses for FCEM Site 108 

oil Firing 
Elements 
Multi-Metals Samoling Train 
Gas Sample Volume, Nm ' 
Vauor Phase 
Arsenic 
Beryllium 
Cadmium 
Copper 
Lead 
Manganese 
Mercury 

Nickel 
Selenium 
Solid Phase 
AISeniC 
Beryllium 
cadmium 
Copper 
Lead 
Manganese 
Mercury 
Nlckel 
Selenium 

Mass Measured in the SamDle hd 

-7 Run8  -9 
2.01 2.09 2.00 

7 3  

13 
15 
16 
17 

ND(O.06) 

W 5 3 )  
ND(2.2) 

58 
19 

23 

3.8 
56 
46 
29 

ND(1.9) 
5800 

21 

ND(O.07) 

17 

7.9 
11 
24 

ND(O.05) 

45000' 
W 7 9 )  
ND(1.6) 

58 
30 

29 

8.4 
64 
57 
34 

ND(O.07) 

ND(1.7) 
3,700 

19 

l5 

1.7 
7.1 
9 3  
11 

ND(2.4) 
34 
7.3 

ND(O.05) 

ND(W 

75 

4.6 
51 
21 
25 

ND(2.6) 
3,000 

20 

ND(O.07) 

Field 
Blank hd 

0.4 

0.9 
ND(0.6) 
W 1 9 )  
W 2 3 )  

6.8 
ND(3.0) 

Reagent 
Blank h& 

05 
ND(0.07) 
ND(0.3) 

13 
0.7 

ND(0.6) 
ND(20) 
ND(1.0) 

1.6 
ND(3.0) 

20 
0.22 

33 
41 
7 3  

4.8 
4.2 

ND(03) 

ND(2) 

Run 3 Individual Metal Samulig Trains -1 -2 - 
Gas Sample Volume, Nm ' 1.84 1.91 l.% 
Chromium 5.50 7.75 5.15 59 
Vamr Phase 
Chromium, hexavalent ND(0.6) 2.11 2.57 ND(0.6) 
Snlid Phase 

Chromium, hexavalent 131 3.28 1.24 ND(0.6) 

'The &pinger was contaminated by KMnO,, according to the Carnot report. 
Two impingers were analyzed for mercury--the standard multi-metals train impinger and the potassium 

permanganate impinger. 
b 
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Table A-1 (Continued) 

Field Reagent 
Mass Measured in the Samole hg) Blank he.) Blank he.) 

Gas Sample Volume, Nm ’ 
Lead 

p A H S  

Gas Sample Volume, Nm ’ 
Naphthalene 
Acenaphthylene 
Acenaphthene 
Fluorene 
Phenanthrene 
Anthracene 
Fluorantheoe 
Pyrene 
Chrysene 
Benz(a)anthracene 
Bern@+ k)fluoranthene 
Benzo(a)pyrene 
Indeno(l,2,3-c+d)pyrene 
Dibenz(a,h)anthracene 
Benzo(&h,i)perylene 

Volatile Oreanics 
Gas Sample Volume, Nm ’ 
Formaldehyde 

Natural Gas Firing 
Volatile Ormanics 
Gas Sample Volume, Nm ’ 
Formaldehyde 

-7 
1.89 
14 

-7 
2.89 
22 

1.2 

03 
0.074 
0.062 
0.03 

ND(O.025) 

ND(O.025) 

ND(O.025) 
ND(O.025) 
ND(O.025) 
ND(O.025) 
ND(O.025) 
ND(O.025) 
w o . 0 2 5 )  

-4 
0.047 
1.25 

Run1 
0.096 
2.75 

-9 
1.95 
17 

-9 
1.92 
11 

0.36 
0.068 
0.098 
0.049 
0.038 
0.028 

ND(O.025) 

ND(O.025) 
ND(O.025) 
ND(O.025) 
ND(O.025) 
ND(O.025) 

ND(0.025j ND(o.02j ND(o.02j 
ND(O.025) ND(O.025) ND(O.025) 

-5 -6 
0.018 0.019 
0.88 0.87 131 

-2 -3 
0.039 0.023 
0.78 0.64 1.31 

0.4 

0.61 

0.61 
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Individual Stream Concentrations 
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Appendix B 

0 This appendix presents the results from the Site 108 sampling event in March 1990. 

Tables B-1 and B-2 present the concentrations of the substances measured at Site 108 

during residual oil firing and natural gas firing, respectively. The analytical methods 

used to determine these results are also given. 

The concentrations were calculated from the raw analytical data presented in the Carnot 

report, which are shown in Appendix A These concentrations were corrected for the 

reagent or field blank analysis, when appropriate. Section 3 presents details of which 

samples were corrected for the reagent blank analysis and the field blank analysis. 

The " B  flag indicates that the blank measurement is equal to or greater than 50% of the 

uncorrected sample measurement. The "<" flag indicates that the concentration is below 

the detection limit. In this case, the concentration is presented as the detection limit. 

Site 108 was sampled for lead by two different methods--Draft EPA Metals Method and 

CARB Method 12. The results for the CARB Method 12 test are presented as "emitted 

gas, alternate." 

0 
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Detailed Sample Collection, Preparation, and Analysis Information 
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Table C-1 

Reference Table for Sampling Methods - By Sample Stream 

Samuling Stream Collection Method 

Stack Gas Draft EPA Metals Method 

CARB Method 12 

CARB Method 425 

Oil 

CARB Method 410A 

CARB Method 429 

CARB Method 430 

Grab 

Substance Measured 

Metals 

Lead 

Total and Hexavalent 
Chromium 

Benzene 

PAH 

Formaldehyde 

Metals 
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Table C-2 

Summary of Preparation Procedures and Analytical Methods 
Used to Measure Inorganic Components Measured in the Flue Gas 

ComDonent 
FCEM Target Elements by Graphite Furnace. 
Atomic Absomtion Suectroohotometn, (GFAAS) 
Preparation 

Analysis by GFAAS 
Add Digestion for Filters 

Arsenic 
Lead' 

FCEM Target Elements by Flame Atomic 
Absomtion SDectrODhOtOmetrv (AAS) 
Preparation 

Analysis by Flame A A S  
Acid Digestion for Filters 

chromium 
FCEM Target Elements by Cold Vapor 
Atomic Absomtion SDearoohotometrv KVAAS) 
Preparation 

Analysis by CVAAS 
Acid Digestion for Filters 

Mercury 
FCEM Target Elements by Inductively Coupled Argon 
Plasma Emissions SDectroohotometrv (ICP-AES) 
Preparation 

Add Digestion for Filters 

Beryllium 
Cadmium 
Copper 
Lead 
Manganese 
Nickel 
Selenium 

Analysis by ICP-AES 

FCEM Tareet Elements by Ion Chromatomaohy (IC) 
Preparation 

Analysis by IC 
Extraction by Aiitaiine Soiution 

Hexavalent Chromium 

Method Reference 

EPA Draft Metals Method 

EPA Method 7060 
EPA Method 7421 

EPA Draft Metals Method 

EPA Method 7190 

0 EPA Draft Metals Method 

EPA Method 7470 

EPA Draft Metals Method 
EPA Method 6010 

CARB Method 425 

'Impinger analysis for multi-metals sampling train; total analysis for CARB Method 12 sampling train. 
bFiter andysis for the multi-metals sampling train. 
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Table C-3 

Summary of Preparation Procedures and Analytical 
Methods Used to Measure Organic Compounds in the Flue Gas 

ComDonent 

Benzene 
Sample Collection 

Tedlar Bags 
Analysis by Gas Chromatography/Mass 
Spectroscopy (GC/PID) 

Formaldehvde 
Sample Collection 

Analysis by High Performance Liquid 
Chromatography (HPLC) 

DNF" Impinger 

Polvnuclear Aromatic Hvdrocarbons (PAHs) 
Sample Collection 

Modified Method 5 
Preparation 

Soxhlet Extraction 
Analysis by GC/MS 

Naphthalene 
Acenaphthylene 
Acenaphthene 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Wene  
Chrysene 
Benz(a)anthracene 
Benzo(b + k)fluoranthene 
Benzo(a)pyrene 
Indeno( 1,2,3-c,d)pyrene 
Dibenz(a,h)anthracene 
Benzo(g,h,i)perylene 

Method Reference 

CARB Method 410A 
CARB Method 410A 

CARB Method 430 
CARB Method 430 

CARB Method 429 

CARB Method 429 
CARB Method 429 

e 
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Table C-4 

Preparation Methods and Chemical Analysis 
Methods Applied to Oil for Site 108 

Substance 
Arsenic 
Beryllium 
Cadmium 
Chloride 
Chromium 
Chromium, hexavalent 
Copper 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 
sulfur 

Method Reference 
EPA Method 6010, ICP-AES 

EPA Method 6010, ICP-AES 
EPA Method 6010, ICP-AES 

EPA Method 6010, ICP-AES 

EPA Method 6010, ICP-AES 
EPA Method 6010, ICP-AES 
EPA Method 6010, ICP-AES 
EPA Method 6010, ICP-AES 
EPA Method 6010, ICP-AES 
EPA Method 6010, ICP-AES 
EPA Method 6010, ICP-AES 

ASTM D808-87 

ASTM D129-64 
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Process Stream Information 
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Table D-1 

Natural Gas Analysis - March 19, 1990 

Volume 9% 

97.640 
1.120 
0.124 
0.015 
0.026 
0.006 
0.003 
0.028 
0.210 
0.830 
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Table D-2 

Process Stream Flow Rates, Stack Gas Characterization Data, 
Unit Operating Load, and the Degree of lsokinetic Sampling 

m m  

Residual Oil Firing 
- Oil 

Stack Gas 
Multi-Metals 
Flow Rate 

Unit Load 
Isokinetic Rate 
Moisture 
Oxygen 
Carbon Dioxide 
Stack Temperature 

Chromium 
Flow Rate 

Unit Load 
Isokinetic Rate 
Moisture 
Oxygen 
Carbon Dioxide 
Stack Temperature 

- Lead 
Flow Rate 

Unit Load 
Isokinetic Rate 
Moisture 
Oxygen 
Carbon Dioxide 
Stack Temperature 

- PAHS 
Flow Rate 

Unit Load 

Moisture 

Carbon Dioxide 
Stack Temperature 

T__I_!  __-._ n_._ 
IJVNUTUI. n d , G  

Oxygen 

Units of Measure 

lb/hr 
L/hr 

dscfm 

Mw 
% 
% 
% 
% 
"F 

Nm'/hrC 

dsdm 

Mw 
% 
% 
% 
% 
"F 

NU?/hrC 

dscfm 
Nm'/hrC 

Mw 
% 
% 
% 
% 
'F 

dscfm 
Nm'/hrC 

M w  
% 
% 
% 
% 
'F 
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-7 
144,293 
229,000 

54 
9357 

7.8 
3.86 

12.64 
2955 

Run1 
l39,307 
221,000 

54 
94.65 

9.5 
3.47 

13.12 
275.8 

Run7  
l37,265 
217,000 

54 
98.48 
102 
4.76 

11.99 
299.4 

-9 
146,226 
232,000 

535 
9256 

8.3 
3.19 

12.76 
310.8 

D-4 

-8 
146,413 
232,000 

56 
95.77 
10.0 
3.75 

12.80 
303.1 

-2 
140,744 
223,m 

55 
97.04 

8.9 
3.86 

12.76 
305.2 

Run8 
143,104 
227,000 

53 
96.95 

9.8 
3.76 

12.81 
302.5 

-0 
140,943 
223,000 

53 
98.33 

8.8 
4.76 

11.86 
304.1 

Run9 
145,422 
230,000 

53 
92.15 

85 
3.79 

12.79 
301.7 

-3 
145,634 
231,000 

53 
96.52 

9.9 
3.75 
12.60 
3073 

Run9 
143,162 
227,000 

53 
97.71 

10.0 
3-56 

12.96 
305.2 

-1 
l39.556 
221,000 

54 
i(ii.62 

9.8 
4.08 

1257 
305.6 

35soo" 
15,100' 

145,000 
~ , W  

54 
93.8 
8.8 
3.8 

12.7 
300 

142,000 
w.000 

2 .  9.4 

3.7 
12.8 
2% 

141,000 
224,000 

53 
97.7 
10.0 
4.0 

12.6 
302 

142,000 
=,000 

535 
975 
9.0 
4.2 

12.4 
307 
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Table D-2 (Continued) 

a m  

Formaldehvde 
Flow Rate 

Unit Load 
4 
Benzene 
Row Rate 

Unit Load 
4 
Natural Gas Firing 
Natural Gas 
Heat Input 
Flow Rate 
Formaldehvde 
Flow Rate 

Unit Load 

Benzene 
9 

Flow Rate 

Unit Load 
4 

Units of Measure 

dsdm 
Nm3/hrE 

Mw 
% 

dscfm 
Nm3/hrE 

Mw 
% 

10 Btu/hr 
scf/hr 

dscfm 
Nm3/hr5 

Mw 
% 

dscfm 
Nm3/hrE 

Mw 
% 

-4 
145,634 
231,ooO 

53 
3.75 

-1 

-1 

l31,696 
m,MM 

3.76 

-5 
145,634 
231,ooO 

53 
3.75 

-2 

-2 

l31,696 
24l9.000 

3.76 

'Amage of 16 measurements 

'Standard conditions: 1 a m .  W E  

'Normal conditions: 1 a m ,  3ZE 

'One valvc was presented in thc Carnot repan for all runs. 

'Estimated by CBrnot in their report 

'Calculated from the heat input to the boiler and the natunl gas "V (10 l6 Btufscf). 

Run6 
145,634 
231,ooO 

53 
3.75 

-3 

-3 

l31,6% 
m,m 

3.76 

146,000 
231,ooO 

53 
3.75 

l39307d 
221,y 

53 
3.47 

740 d.c 
728,000 ' 
~S~ 

53 
3.76 

m,? 

l31,6% 
m,ooO 

53 
4.08 
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Error Propagation for Emission Factors and Material Balance Closures 
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0 The text for Appendix E can be found in the Site 103 section. The computer-generated 

results from the emission factor and material balance calculations and error propagation 
analyses for Site 108 are included here. 

0 
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Emission Factor Results 
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oil Firing 

Elements 

Arsenic 
:il:FUT 
VARIABLE 
NAME OESCRIPTION 

aBSOLUTE ABSOLUTE ABSOLUTE DEGREES 

UNITS VALUE CONPDNENT COllPONENTt UNC t FREEDMI 
dVER46E BIAS PRECI5ION TOTAL STUKNT O F  

INPUT 
YARIABLE 
HAKE 

1: conc 
21 o i l  
3i 0a5 
4J  oil 

ABSOLUTE ABSOLUTE ABSOLUTE NUMBER 
AVERAGE ERROR CONTRIBUTION SENSITIVITY ERROR OF OF 

DESCRIPTIOI UNITS ‘YALUE TYPE tt (SIGRAol INPUTt t f  SAHPLES 

A r j e n i c  ionc u o l N d  8.100001 PREC 9.71EtOI 8.4kE-01 2.02Et01 3 
011 f low r a t e  W h r  32800 B I A S  1.01E-01 -1.97E-04 1.6JEt03 - 
Stack oas f!ow r a t e  Mm3/hr 230000 PREC 1 . X - 0 2  2.97E-05 6.15Et03 3 
Oil  f!ow rate lblhr 32600 PREC 4.IlE-03 -1.99E-04 1.29Et03 !& 

t PREC:SION CORPONENT = t t S r b a r  
f t  IBotS1611Ao)A2 FOR BIAS ERRORS: ( t t S o b a r f S I f i t l A ~ l ~ 2  FOR PREClSlON ERRORS 

-WHERE Sobar=PRECISlON IllOEX OF THE MEAN. SolINURBER O F  SAI(PLESiA.5 
-THE SRUARE ROOT OF THE SUR OF THE ABSOLUTE CONTRIBUTIONS IS ERUAL TO THE TOTRL UNCERTAINTY 

1 s t  Bo FOR BIAS ERRORS: Sott FOR PRECISION ERRORS 

Beryllium 
3UTPUT ABSOLUTE ABSOLUTE ABSOLUTE OEGREES 
VARIABLE AVERAGE B I A S  PRECISION TOTAL STUDENT OF 
HAIIE DESCRIPTION UNITS VALUE CORPUNENF CURPONENTI UNC t FREEDOM 

?ai5 Eaission f a c t o r  l b l l E 1 2  B 3.376036E-02 
1.7OE-02 LOBE-04 1.7E-02 2.7BEt00 3.5Et00 

INPUT 
VARIABLE 
HARE DESCRIPTION 

ABSOLUTE ABSOLUIE ABSOLUTE NURBER 
AVERAGE ERROR CONTRIBUTION SENSIT IV lP l  ERROR OF OF 

UNITS ‘IRLUE TYPE tt i s i m i  i N P u T t t t  snntus 

1) CPnC B e r v l ! i u a  conc UPIN13 .Ok BIAS 2.65E-M 8 . M - 0 1  2.OOE-02 - 
2)  011 Oil f l o w  r a t e  I b l h r  32800 BIAS 2.17E-06 -9.81E-07 1.60E*03 - 
1) oa5 Stack oa5 f low r a t e  ND3/hr 230000 PREC 3.25E-07 1.klE-07 I.IbEtO3 3 
41 011 Oil flow rate !D/hr 32800 PftEC 4.18E-08 -9.81E-07 8.53Et02 16 

t . 
f t  i~~tslfin~0l~2 FOR BIAS ERRORS: I t tSobarfS16NAo)’2 FOR PRECISION ERRORS 

PRECISION CORPONENT = t f S r t a r  

-WHERE Sobar=PRECISlON INDEX OF THE HEAN. SolINUilBER OF SRIIPLESlA.5 
-THE W A R E  ROOT OF THE SUR IF THE ABSOLUTE CONTRIBUTIONS IS ERUAL TO THE TOT& UNCERTAINTY 

tit Bo FOR BIAS ERRORS: S o t t  FOR PRECISION ERRORS 
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Appendix E 

0 cadmium 
3uTPUI ABSOLUTE ABSOLUTE ABSOLUTE DEGREES 
VARIABLE RVERAGE BIAS PRECISION TOTAL STUDENT OF 

VALUE COMPONENT COIIWNENT* UNC t FREEWM HARE DESCRIPTION UNITS 

e k i i  E k i s i i o n  f a c t o r  I b l l E l ?  8 3.966842 1.B5E-01 6.27Et00 6.3Et00 4.30Et00 Z.OE*OO 
................................................................................................................. 

INPUT RBSOLUTE ABSOLUTE ABSOLUTE #UMBER 
VARIABLE AVERAGE ERAOR CONTRIBUTION SENSITIVITY ERROR OF OF 
NARE OESCRIPTION UNITS VALUE TYPE t I  iS IGMn1 INPUTttS SAMPLES 

1) cone Cadr iuk  cone uo/Nk3 4.7 PREC 3.96EtOl E.44E-01 1.29Et01 3 
21 o i l  Oil f l ow  r a t e  I b / h r  32800 B IAS 3.kOE-02 -1.15E-Ok l .MIEt03 - 
31 mas Stack mas f l o w  r a t e  Nk3!hr 230000 PREC 4.13E-03 1.72E-05 6.45Et03 3 
41 o i l  O i l  f l o w  r a t e  I b / h r  32800 PREC 1.3BE-03 -1.15E-04 1.29Et03 16 

t PRECISION COIIPONENT = t I S r b a r  
11 iBo iS IGRl l01~2 FOR B l R S  ERRORS: l t t S o b a r + S I 6 I I ~ o l A 2  FOR PRECISION ERRORS 

-YHERE Spbar=PRECISION INDEX OF THE HEAN. SolINUIIBER OF SAIIPLESI*.J 
-THE W A R E  ROOT OF THE SUR OF THE ABSOLUTE CONTRIBUTIONS IS EQUAL TO THE TOTAL UNCERIRINTY 

o t  Bo FOR BIAS ERRORS: S o i t  FOR PRECISION ERRORS 

I 1  
21 
3 
41 

I 
It  

tH 

chromium 
ABSOLUTE nBsoturE ABSOLUTE MGREES OUTPUT 

VARIRBLE 
N R E  DESCRIPTION UNITS VALUE COMPONENT COMPONENT* UNC t FREEDOM 

enis bission f a c t o r  lb! lElZ B 1.155725 S.EOE-01 6.85E-02 5.8E-01 4.30E+W 2.1Et00 

AVERAGE BIAS PRECISION TOTAL STUOENT OF 

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

INPUT ABSMUTE ABSOLUTE RBSOLLllE NUHBER 
VRRIABLE AVERAGE ERROR CONTAIBUTION SENSITIVITY EFJROR OF OF 
HAIIE KSCRIPTION UNITS VALUE TYPE *I I S I G M D I  INPUTHt  SAMPLES - 
eonc C h r o i i u r  con[ uo/Nk3 1.4 BIAS 3.34E-01 E.26E-01 7.00E-01 - 
oas Stack oa5 f l o w  r a t e  Nr3 /hr  225000 PREC 4.58E-03 5.IkE-Ob 2.2EEtM 3 
oi I Oil f low r a t e  I b / h r  32800 BIAS 2.89E-03 -3.3bE-05 1.60Et03 - 
oi 1 Oil f l ow  r a t e  I b / h r  32800 PREC 1 . M - O k  -3.36E-05 1.29Et03 16 

PRECISION CORPOMENI = t t S r b a r  
:BotSlSIIRo1*2 FOR BIAS ERRORS: l t fSobartS:GIIApI*2 FOR PRECISION ERRORS 

-YYEUE Sihir=P!?FEC!B!tjN !MnFl RF THE NFAN. SaiiNURBER OF 5AnPLE51*.5 
-THE W A R E  ROOT OF THE SC# OF THE ABSOLUTE EONTRIBUTIONS IS EQUAL TO THE TOTAL UNCERTAINTY 

Bo FOR BlRS ERRORS: S p i t  FOR PRECISION ERRORS 
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Appendbc E 

Chromium, hexavalent 
4IJTPUT ABSOLUTE ABSUlUTE ABSKUTE DE6REES 
VARIABLE AVERAGE BIAS PRECISIOW TOTAL STUDENT OF 
HARE DESCR I P T l  ON UNITS VALUE COWONENT COIIPONENT* UNC t FREEDOM 

e i i s  E a i r s i o n  f a c t o r  IbllE12 8 2.912379 1.38E-01 4,llEiOO l.lEi00 4.3OEt00 2.OEMO .....i..ii. ........................................................................................................... 
INPUT ABSOLUTE ABSOLUTE RBSOLUTE NUIIBER 
VARIABLE AVERME ERROR CONTRIBUTION SENSITIVITY ERROR OF OF 
NAIIE DESCRIPTION UNITS w t u E  rtw f f  (SIGilAp) INPUTfff W P L E S  

I! con1 Hex. c h r o l i u i  tunc UO/N83 3.6 PREC 1.6EEiOI 8.26E-01 8.61Ei00 3 
2)  oas Stack oas f l o w  r a t e  N W h r  225000 PREC S.03E-01 1.32E-05 2.28€+04 3 
3) o i l  Oil f l o w  r a t e  l b l h r  32800 BIAS 1.9IE-02 -8.64E-05 1.6OE*O3 - 
I! Oil Oil f l o r  r a t e  l b l h r  32800 PREC 7.78E-04 -8.64E-05 1.29Et03 I 6  

* PRECISION CORPONENT = t t S r b a r  
if OBofS16MRp)*2 FOR BIAS ERRORS: (ttSobarfS16MRoIAZ FOR PRECISION ERRORS 

-WHERE Sobar=PfIEClSION INDEX OF THE MERN. SOIONUMBER OF SRIIPLESlA.5 
-?HE SQURRE ROO? OF THE SUR OF THE ABSOLUTE CONTRIBUTIONS IS EQUAL IO THE TOTAL UNCERTBINTY 

i f t Bo FOR BIAS ERRORS: S o f t  FOR PRECISION ERRORS 

Copper 
OU?PUT 
VARIRSLE 
HARE DESCRIPTION 

RSSOLUTE ABSOLUTE RBSUUTE OEGEES 

VALUE COIIPONENT COIIPONENTf UNC . t FREEOUR 
AVCQA6E BIBS PRECISION TOTAL SNMYT OF 

UNITS 

lNWT - 
VARIRBLE 
HARE 

I 1  conc 
2) o i l  
31 o a r  
41 o i l  

ABSOLUTE ABSOLUTE ABSOLUTE NUMBER 
AOERAGE ERROR CONTRISUTION SENSITIVITY ERRDR OF OF 

DESCRIPTION UNITS VRLUE TYPE tf 616Ivlp) INPUTHI SAIIPLES 

Cooper i o n c  uo/N83 18 PREC 7.76EiOI S.UE-01 1.81Et01 3 
Oil flow r a t e  IbIhr 32800 BIAS 4.99E-01 -4.42E-M 1.6OEtOS - 
Stack oar f l o w  r a t e  N J l h r  230000 PREC 6.06E-02 6.6LE-05 6.15E103 3 
O i l  f l o w  r a t e  I b / h r  32800 PREC 2.03E-02 -4.42E-M 1.29Ei03 I 6  

f PRECISION COIIPONENT : t f S r b a r  
tt. OSofSI6ilRpl*2 FOR SIRS ERRORS: ( t ~ S o b t r f S I 6 R R o l * 2  FOR PRECISION ERRORS 

-WHERE Sobar=PRECISlON INDEX OF THE MERN. So/ONUMBER OF SRIIPLES!*.5 
-THE SQUARE ROO1 OF THE SUII OF THE RBSCLUTE CONTRIBUTIONS IS EQUAL TO THE TOTRL UNCERTAINTY 

f i t  Bo FOR BIAS ERRORS: S o t t  FOR PRECISION ERRORS 
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Appendix E 

Lead 
IUTPUT ABSOLUTE ABSOLUTE ABSOLUTE DEGREES 
VARIABLE AVERAGE BIAS PRECISION TOTAL STUMNT OF 
NAllE DESCRIPTION UNITS VALUE COHPONENT COMPONENlt UNC t FREEDO(( 

m i 5  E m i a i i o n  f a c t o r  I b / l E l 2  B 10.12B11 4.71E-01 I.64EtO1 I.bEtOl k.30Et00 Z.OE+OO 
.................................................................................................................... 

INPUT ABSOLUTE ABSOLUTE ABSOLUTE NUllBER 
VARIABLE AVERAGE ERROR . CONTRIBUTION SENSITIVITY ERROR OF OF 
H A E  OESCRIPTIOH UNITS '!WE TYPE tt ISIGIIpnl INPUTt t t  SAllPLES 

1) conc Lead conc UOINJ I2 PREC 2.67Et02 B.44E-01 3.36EtOl 3 
2) o i l  Oil f l o w  r a t e  l b l h r  32aoo BIAS 2.22E-01 -2.9kE-04 1.60Et03 - 
3 oa5 Stack oa5 flow r i t e  Ne3/hr 230000 PREC 2.69E-02 k.kOE-05 b.k5E+03 3 
4 )  oi l  Oil f l o w  r a t e  l b l h r  32800 PREC 9.03E-03 -2.9kE-0k I.29Et03 Ib 

t PRECISION COIIPCNENT = t t S r b a r  
tt 1 ~ 0 t s 1 6 n n 0 1 ~ 2  FOR BIAS ERRORS: (t*SnbartS1GllAp)A2 FOR PRECISION ERRORS 

-WHERE Sobar=PRECISION INDEX OF THE NEAN. So/INUllBER OF SAllPLES)*.J 
-THE SQUARE ROOT OF THE sun OF THE ABSOLUTE COIITRIBUTIONS IS EeuAt TO THE TOTAL UNCERTAINTY 

ttt Bp FOR BIAS ERRORS: SDtt  FOR PRECISION ERRORS 

~~ Manganese 

VARIABLE AVERAGE B i n s  PRECISION TOTAL SNDENT OF 
JL'TPUT ABSOLUTE ABSOLUTE ASSMUTE DEGREES 

NAME DESCRIPTION UNITS VALUE CONPONENT COllPONEWTt UNC t FREEOOtl 

m i 5  h i s s i o n  f a c t o r  l b / l E 1 2  B 15.19Zlb 7.07E-01 3.03Et01 3.0Et01 1.27EtOI 1.OEt00 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

INPUT - ABSOLUTE ABSOLUTE ABSMUTE NUMBER 
VARIABLE AVERAGE ERROR CONTRIBUTION SENSITIVITY ERROR OF OF 
NARE DESCRIPTION UNITS VALUE TYPE tt ISIGIIA~I  INPUTHI snmptEs 

I )  conc l lanoaneie conc U O / N J  .IS PREC 9.ZOEt02 B.kkE-01 5.08EtOI 2 
2) oa5 Stack 015 f l o w  r a t e  Ne3/hr 230000 PREC 5.28E-01 6.61E-05 I .9 lEtOk 3 
3 )  nil Oil flow r a t e  I b / h r  32800 BIAS 4.99E-01 -k.kZE-M 1.60Et03 - 
k) o i l  Oil l low r a t e  I b / h r  32800 PREC 1.77E-01 -k.kZE-(H 3.BIEt03 Ib 

t PRECISION COIIPONENT = t G r b a r  
** IBo*SIGllko)*2 FOR BIAS ERRORS: I t tSpbartSIGl lAo)*2 FOR PRECISION ERRORS - . ---_.-.-.. .... -" .- ...- I ..., .,,,,,, rnrn "c c -mmc zpodr-rnrbmiun ~ Y C A  UT ~ n c  ,,cnnl av j  I ~ , ~ ~ ~ ~ L I ,  dnlll L.ll .I 

-THE SRUARE ROOT OF THE SUM OF THE ABSOLUTE CONTRIBUTIONS IS EQUAL TO THE TOTAL UNCERTAIWTY 
*** Bp FOR BIAS ERRORS: S o t t  FOR PRECISION ERRORS 
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Appendix E 

Mercury 
3UTPUT ABSOLUTE ABSOLUTE ABSOLUTE OESREES 
VARIABLE AVERAGE B I A S  PRECISION TOTAL STUDENT OF 
NAME OESCRIPTION UNITS VALUE CORPONENT COllPONfYTt UWC t FREEDOM 

emis Eaission factor Ib/lEIZ B 32.07234 1.61EtOI 3.87E-01 1.6EtOl 2.7BE+M) 3.5E+00 
-------_________----~====:===:=========~===:=~=====~-==~================~==~==============~=====:========~==== 

INPUT ABSOLUTE ABSOLUTE ABSDLUTE RU)IBER 
VARIABLE AVERRSE ERROR CO#TRIBUTlON SENSITIVITY ERROR OF OF 
HAME OESCRIPTION UNITS VALUE TYPE tf IS1GMoI IWPUTttr SAMPLES 

I1  conc Rercurv conc uo/Na3 3B Bins 2.57Et02 8.M-01 l.POE+Ol - 
2) oil Oil flaw rate Ib!hr m o  m s  2.23Et00 -9.32E-04 1.60Et03 - 
31 oas Stack aas flo* rate N&hr 230000 PREC 1.1ZE-01 1.39E-04 k.IbEt03 3 
4)  o i l  Oil flon rate lblhr 32800 PREC 3.77E-02 -9.32E-04 B.SEt02 16 

8 PRECISION COMPONEflT = tfSrbar 
** IBotSISMAel*? FOR B I A S  ERRORS: lt*SpbarfS16RAplA2 FOR PRECISION ERRORS 

-WERE Sobar=PAECISION INOEX OF THE MEAN. So/INUIIBER OF SARPLESlA.5 
-THE SQUARE ROOT OF THE SUR OF THE ABSOLUTE CONTRIBUTIONS IS EBUL TO THE ToTnL UNCERTAINTY 

fit Bo FOR B I A S  ERRORS: Satt FOR PRECISION ERRORS 

INPUT - 
VARIABLE 
NAME DESCRIPTION 

ABSOLUTE ABSOLUTE ABSOLUTE NUMER 
AVERAGE ERROR CONTRIBUTION SENSITIVITY ERROR OF OF 

UNITS VALUE TYPE ff ISIMllol INWTttt SAMPLES 

1 1  tunc Nickel conc U O / U  lbbO PREC 1.94Ei05 B.kIE-Ol 9.MEtO2 3 
21 oil Oil f low rate lblhr 32800 BIAS 4.25Et03 -1.07E-02 1.60E103 - 
31 aas Stack oas flow rate Na3/hr 230000 PREC 5.15Et02 b.WE-03 Lk5Et03 3 
4)  

t 

*a. 

u t  

oi I Oil f l o n  rate Iblhr 32800 PREC 1.73Et02 -4.07E-02 '1.29Et03 16 

PRECISION COMPONENT = trSrbar 
lBDfS16RADlA2 FOR BIAS ERRORS: lt*SobarfSISRAp)*2 FOR PRECISION ERRORS 

-WHERE Sobar=PRECISION INUEX OF THE MEAN. So/(NUIIBER OF SA)IPLESl".5 
-THE SQUARE ROOT OF THE SUR OF THE ABSOLUTE CONTRIBUTIONS IS ERUAL TO THE TOTRC UNCERTAINTY 

So FOR B I A S  ERRORS: Soit FOR PRECISION ERRORS 
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Appendix E 

Selenium 
OUTPUT ABSOLUTE ABSMUTE ABSOLUTE DEGREES 
VARIABLE AVERAGE BIAS PRECISION TOTRL STUDENT OF 
NAHE DESCRIPTION UNITS VRLUE CONPONENT COHPONENTt UNC t FREEDMI 

emi 5 Enission factor lb!lE12 B 15.19216 7.07E-01 1.26EtOI 1.3Et01 4.30Et00 2.OEtOO 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

INPUT ABSOLUTE RBSOLUTE ABSOLUTE NUHBER 
VARIABLE AVERAGE ERAOR CUNTRlBUTlON SENSITIVITY ERROR OF OF 
NRHE DESCRIPTION u n m  VALUE TYPE ff ISIGMOI Illpuwtt snnPLEs 

I1  c m c  Selenium conc U O I ~ B ~  I S  PREC 1.5BEt02 B.44E-01 2.58EtOl 3 
2) o i l  O i l  flow rate l b l h r  32800 BIAS 4.97E-01 -4.42E-04 1.60Et03 - 
3 oas Stack oa5 f l o w  r a t e  NmYhr 2300W PREC 6.OhE-02 6.61E-05 6.45Et03 3 
41 o i l  O i l  f low ra te  I b / h r  32800 PREC 2.03E-02 -4.4ZE-04 1.29Et03 16 

t PRECISION CONPONENT = t t S r b a r  
if (BotS16HAplA2 FOR BIAS ERRORS: lttSpbar*SIGHRo)"Z FOR PRECISION ERRORS 

-WHERE Sobar=PRECISION INDEX OF THE HEAN. SnIlNUNBER OF SRNPLESY.5 
-THE SRUARE ROOT OF THE SUN OF THE ABSOLUTE CONTRIBUTIDNS IS EQUAL TO THE TOTAL UNCERTAINTV 

BP FOR Bins ERRORS: sott FOR PRECISION ERRORS 
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Appendix E 

INPUT 
VARIABLE AVERAGE ERROR 
NAME OESCRIPTlON UNITS VALUE TYPE 

I )  ronc bcenaohthpne conr aOlNn3 .01 BIAS 
2) pas Stack oa5 f l o w  r a t e  Nd/hr 225000 PREC 

kl oi l  Oil f l o w  r a t e  l b l h r  52800 PREC 
5 )  o i l  Oil f low r a t e  l b l h r  32800 Bins 

ABSOLUTE ABSOLUTE ABSOLUTE NUIISER 

it K I G M A P ~  INPUTtfi SAMPLES 
CONTRlBUTION SENSITIVITY ERROR OF OF 

1.70E-05 B.ZbE-01 5.OOE-03 - 
2.89E-07 3.b7E-OB 2.54EtOk 3 
1.47E-07 -2.4OE-07 l.bOEt03 - 
6.00E-09 -2.4OE-07 1.29Et03 l b  

* PRECISION COHPONENT = t d r b a r  
if (BD*S16MAolA2 FOR BIAS ERRORS: lt iSpbar*SIGHR0)*2 FOR PRECISION ERRORS 

-WHERE Sebar=PRECISION INDEX OF THE MEAN. So/lNUMBER OF SAHPLES)”.S 
-THE SQUARE ROOT OF THE SUM OF THE ABSOLUTE CONTRIBUTIONS IS EQUAL TO THE TOTAL UNCERTAINTY 

tit Bo FOR BIAS ERRORS: Sort FOR PRECISION ERRORS 

Anthracene 
:UTPUT 
VARIABLE 
nw OESCRIPTION 

ABSOLUTE ABSOLUTE ABSOLUTE DEGREES 

UNITS VALUE COHPONENT COMPONENT+ UWC t FREEDOM 
AVERAGE BIAS PRECISION TOTAL STUDEYT OF 

eiis E a i s s i o n  f a c t o r  1 b l l E I Z  B B.2566lE-03 
4.15E-03 5.k3E-04 k.ZE-03 4.30Et00 2.lEtOO 

inPm ABSOLUTE ABSOLUTE ABSOLUTE NUllBER 
VARIABLE AVERAGE ERROR CONTRlEllTlOY SOISITIVITT ERROR OF OF 
NAME DESCRIPTION u n m  VALUE TYPE It lSlSl!&l INPUT*** SMPLES 

I1 bacon[ Anthracene cDnc uo/nms .01 BlAS 1.7OE-05 8.26E-01 5.M-OS - 
2) oa5 Stack oa5 f l o w  r a t e  N J l h r  225000 PREC 2.89E-07 3.67E-MI 2.5kEtOk 3 
3) O i l  Oil flow r a t e  Iblhr 32800 BIAS 1.47E-07 -2.kOE-07 1.6OEt03 - 
4 )  oi l  O i l  flow r a t e  I b l h r  32800 PREC 6.OM-W -2.kOE-07 1.291t03 I b  

f PRECISION COMPONENT = t t S r b a r  
st (BoiS16MAolAZ FOR BIAS ERRORS: (ttSobartSIGHAo)’2 FOR PRECISION ERRORS 

-WHERE Spbar=PRECISION INDEX OF THE IIEAN. SpllNUHBER OF SAMPLESI^.S 
-THE SQUARE ROOT OF THE SUM OF THE ABSOLUTE CONTRIBUTIONS I S  EQUAL TO THE TOTW UWCERTRINTY 

*i* So FOR BIAS ERRCRS: So*t FOR PRECISION ERRDRS 
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Fluoranthene 
9UTPUT ABSOLUTE ABSOLUTE ABSMUTE DEGREES 
VARIABLE AVERAGE BIAS PRECISION TOTAL STUOENI OF 

t FREEIIOII NAME DESCRIPTION UNITS VALUE COMPONENT COMWNEWTt UNC 

emii Eiiirion factor lb/lEIZ B B.25661E-03 
4.15E-03 5.43E-04 4.ZE-03 4.30Et00 2.1Et00 

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

INPUT ABSOLUTE ABSOLUTE ABSOLUTE NUHBER 
VARIABLE AVERAGE ERROR CONTRIBUTION SENSITIVITY ERROR OF OF 
N A F  DESCRIPTION UNITS VALUE TYPE tt ISISMA01 INPUTttt SAMPLES 

11 cant F!aoranthene cunc M / N I J  .01 BIAS 1.70E-05 B.26E-01 5.00E-03 - 
21 oa5 Stack oa5 Ni3/hr 225000 PREC 2.M-07 3.67E-08 2.51Et04 3 
3) oil Oil flow rate lb/hr 32800 BIAS 1.47E-07 -2.4OE-07 1.60Et03 - 
41 oi l  Oil flow rate :b/hr 32800 PREC 6.OOE-O? -2.W-07 1.29Et03 16 

t PRECISION CORPONENT : ttSrbar 
tt lPotS!SMAol*2 FOR BIAS ERRORS: (t*SobartSIGMAoIAZ FOR PRECISION ERRORS 

-WHERE Sobar=PRECISION INOEX Of THE IEAN. So/lNUMBER OF SAHPLES)^.S 
-THE SNARE ROOT OF IHE SUM Of THE ABSOLUTE CONTRIBUTIONS IS ERUAL TO THE TOTAL UNCERTRlNTV 

ttt Up FOR BIAS ERRORS: Sott FOR PRECISION ERRORS 

Fluorene 
1UTPUT RBSOLUTE AnsoLun ABSOLUTE DEGREES 
‘VMIRIIIBLE AVERAM BIAS PRECISION IOTRL STUDENI OF 
NRME DESCRIPTION UNITS VALUE COMPONENT COHPONENTt UKC . t FREEDOH 

eiis ~nission fattor Ib/lE12 0 8.25hblE-03 ~ ~~ 

4.1%-03 5.43E-04 4.E-03 4.U)EtOO Z.IE+OO 
ilf==:iiiii=ii=iiiii====================:=====~==================~======ii===~-==~=-=====~======~~====~ - 
INPUT ABSOLUTE RBSOWIE RBSBUIE NUMER 
VARIABLE AVEMGE ERROR CONTRIBUTION SENSITIVITY ERAMI Of OF 
NAHE DESCRIPTION UNITS VALUE , TYPE i t  ISIGIIA~I iwurttt sAnPLEs 

I1 conc fluorene conc U O / N i 3  .01 BIAS 1.70E-05 &%E-01 5.00E-03 - 
21 oai Stack 0a5 flow rate N13/hr 225000 PREC 2.89E-07 3.67E-OB 2.54EtM 3 
31 oil  Oil f low rate Ib/hr 32800 B I A S  I ,  47E-07 -2. ME-07 I ,  ME103 - 
41 oil  Oil flow rate Iblhr 32800 PREC b.00E-09 -2.ME-07 l.r)E*03 Ib 

* . PRECISION COMPONENT = ttSrtar 
IBo*S16MRplA2 FOR BIAS ERRORS: It~Sobar*SIGMAo1*2 FOR PRECISION ERRORS 

*t* BP FOR BIAS ERRORS: S p i t  FOR PRECISION ERRORS 

+HERE Sobar=PRECISION INOEI Of THE MEAN. So/lNUMBER OF SAMPLES)^.S 
-THE SRUARE ROO? OF THE SUM OF ?HE ABSOLUTE CONTRIBUTIONS IS EQUAL TO THE TOTAL UNCOIIRIWIY 
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0 Naphthalene 
OUTPUT 
VARIABLE 
mnnE OESCRIPTION 

ABSOLUTE ABSOLUTE PBSOLUTE DEGREES 

UNITS VALUE COllPONENT COtiPONENT? UNC t FREEDOM 
RVERA6E BIAS PRECISION T O W  STUIIEfU OF 

e 8 i s  E i i s s i o n  f a c t o r  l b l l E 1 2  B ,5201664 2.43E-02 3.OBE100 S,lE+OO 4.30Et00 2.OEtOO 
~===-i===:iiiiiiiiii=====================:=====:==:=~-=============:==~~============================:========== 

INPUT ABSOLUTE ABSOLUTE ABSOLUTE NUHBER 
VARIABLE RVERRE ERROR CONTRIBUTION SENSITIVITY ERROR OF OF 
NAllE DESCR!PTIDN UNITS VALUE TYPE ?f i s i s t w  imPuTi i? sRnPLEs 

I )  conc Waohthalene conc i l o m d  ,b3 PREC 9.47Et00 B.ZbE-Dl b.lSE100 3 
2) oa5 Stack 0a5 flow r a t e  Nm3/hr 225000 PREC 1.ISE-03 2.31E-06 2.54Et04 3 
31 o i l  O i l  flow r a t e  W h r  3300 BIAS 5.8JE-M -1.51E-OS l .bMt03 - 
41 o i l  O i l  f l o w  r a t e  !b/hr 32800 PREC 2.3BE-05 -1.W-05 1.29Et03 I6 
SI conc Naohthalene c m  uo/N83 -63 BIAS 2.73E-Ob 8.2hE-01 2.00E-03 - 

€ PRECISION COHPONENT = t f S r b a r  
ft (Bu?SI6HRplAZ FOR B I A S  ERRORS: It+Sobar?S16nAolA2 FOR PRECISION ERRORS 

-WHERE Sobar=PRECISION INDEX OF THE HEAN. Sp/lNUHBER OF SAHPLESl".S 
-THE SQUARE ROOT OF THE SUH OF THE RESOLUTE CONTRIBUTIONS IS EQUAL TO THE lOTAL UNCERTAINN 

€If Bo FOR BIAS ERRORS: S p t t  FOR PRECISION ERRORS 

INPUT 
VARIABLE 
N A L  DESCRIPTION 

ABSOLUTE ABSOLUTE ABSOLUTE NUHER 
AVERAGE ERROR CONTRINITION SENSITIVITV ERROR OF OF 

UNITS VALUE TYPE I? ISISIIApl lNPUT?ff SAMPLES 

1 1  conc Phenanthrene conc uo/%3 -02 PREC 2.06E-02 8.26E-01 3.01E-01 3 
2) conc Phenanthrene conc uo/N83 .a2 BIRS 2.73E-06 8.26E-01 2.00E-03 - 
31 oas Stack gas f low r a t e  H83lhr 225000 PREC I.lhE-Ob 1.3IE-MI 2.SkEtM 3 
41 o i l  Oil f l o w  r a t e  I b / h r   BOO B i n s  5.9OE-07 -4.80E-07 1.60Et03 - 
51 o i l  O i l  f l o w  r a t e  Ib/hr 32800 PREC 2.4OE-O% -4.BM-07 1.29EtOl 16 

f . PRECISION COtiPONENT = t f k b a r  
f? 180*SISHAplAZ FOR B I A S  ERRORS: l t ~ S o b a r ~ S I S 1 1 A o l A 2  FOR PRECISION ERRORS 

-WHERE Sobar:PRECISION INOEX OF THE HEAN, Sp/lNUHBER OF SAHPLESI*.S 
-THE SQUARE ROOT OF THE SUN OF THE ABSOLUTE CONTRIBUTlONS IS EQUAL TO THE TOTAL UNCERlAlNTV 

if* BP FOR Bills ERRORS: s p f t  FOR PRECISION E ~ R O R S  
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Pyrene 
OUTPUT ABSOLUTE ABSOLUTE ABSOLUTE DE6REfS 
VARIABLE AVERAGE BIAS PRECISION TOTAL STUDENT OF 
NAME DESCRIPTION UNITS VALUE MMPUNENT COMPONENV UNC t FREEDOM 

e i i s  E i i s i i o n  f a c t o r  l b / l E 1 2  8 B.25hhlE-03 
1.70E-03 1.03E-02 1.OE-02 4.30Et00 2.OEtOO 

INPUT ABSOLUTE ABSOLUTE RBSOLUTE NUMBER 
VARIRBLE AVERAGE ERROR CONTRIBUTlON SENSITIVITY ERROR OF Of 
MANE DESCRIPTION UNITS VALUE TYPE tf lSl6MRol INPUTtt f  SAMPLES 

11 conc Pvrene conc U O / L ~  .01 PREC 1.05E-04 B.2bE-01 2.15E-02 3 
2 )  conc Pvrene conc uo!Ni3 .01 BIAS 2.73E-Ob B.ZbE-01 2.00E-03 - 
3) 0a5 Stack oas f l o w  r a t e  N r j / h r  225000 PREC 2.89E-07 3.67E-08 2.54Et04 3 
4)  o i l  O i l  f l o w  r a t e  I b / h r  32800 BIAS 1.47E-07 -2.40E-07 l.bOEt03 - 
5 )  oi l  O i l  f l o w  r a t e  I b / h r  32800 PREC b.OOE-W -2.4OE-07 1.29Et03 Ib 

t PRECISION CONPONENT = t f S r b a r  
** l B p + S l 6 M A ~ ~ * 2  FOR BIAS ERRORS: i t*Spbar*S16MAolA2 FUR PRECISION ERRORS 

-WHERE Sobar=PRECISION INDEX OF THE MEAN. Sp/lNUHBER OF SMPLES)^.S 
-THE SQUARE ROOT OF THE SUM OF THE ABSOLUTE CONTRIBUTIONS IS EQUAL TO THE TOTAL UNCERTAINTY 

t*t Bo FUR BIAS ERRORS: S p t t  FOR PRECISION ERRORS 
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Material Balance Closure Results 
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Manganese 
OUTPUT ABSOLUTE ABSOLUTE ABSOLUTE DEGREES 
VARIABLE AVERAGE BIAS PRECISION TOTAL STUDENT OF 
W A R E  OESCRIPTION UNITS VALUE COMPONENT COHWNENT* UHC t FREEDOM 

c l o s u r e  T o t a l  c l o t u r e  1 137.0861 6.57Et00 2.74Et02 2.7Et02 1.27EtOI I.OEt00 
sii==..iii=..i.=.ii.~-==~======:==:===~===~:======:~=======~=~==~=============:=-============~========== 

INPUT 
VARIABLE RWRRGE ERROR . CONTRIBUTIO# SENSITIVITY ERROR OF Of 
NAME JESCRIPTION 

ABSOLUTE ABSOLUTE ABSOLUTE NUtlBER 

UNITS VALUE TYPE I f  ISIGNPp) IWPUTtrt  SANPLES 

I !  i b o c  Manoanese aa5 conc UU/NI3 IS PREC 7.4PEtO4 7.62Et00 5.0aEt01 2 
2) o i l v o l  O i l  f l ow  rate L/hr 15100 BIAS 4.32EtOl -8.64E-03 7.6OEt02 - 

Stack 9a5 flow r a t e  Nn3/hr 230000 PREC 1.30Et01 5.96E-04 1.9IEtOk 3 3) oas 
I1 o i l v o l  O i l  flow r a t e  L l n r  ’ 15100 PREC 3.67Et00 -8.6kE-03 8.89Et02 I 6  

________________________________________------------------------------------________________----____________I_______-- 

i PRECISION COMPONENT : tts’rbar 
ti i B ~ t j l G H A p ) * 2  FOR BIAS ERRORS: I t ~ S p b a r t S I S M A o ) ^ Z  FOR PRECISION ERRORS 

-YHEflE Spbar=PflECISIOW INDEX OF THE MEPN. SDIINUMBER OF SAIIPLESP.5 
-THE SQUARE ROOT OF THE SUH OF THE ABSOLUTE CONTRIBUTIONS IS EQUAL TO THE TOTRL UNCERTAINPI 

ttt Bp FOR BIAS ERRORS: S p t t  FOR PRECISID!I EEPORS 

INPUT 
VARIABLE 
HAHE DESCRIPTION 

1) r b o c  N i c k e l  qas conc uqlNa3 l6bO PREC 8.05Et02 5.UE-02 P.ME*O? 3 
2) mboc N i c k e l  oil  conc DO/L 28 PREC P. 16Et01 -3.15EtOO 4.30E100 2 
3) o i l v o l  O i l  flow r a t e  L / h r  15100 BIAS 1.87Et01 -S.69E-03 7.60Et02 - 
4) qa5 Stack oas flow ratP N U h r  23M100 PREC 2,14E*00 3.PK-04 6.k5EM3 3 
51 o i l v o l  Oil flow r a t e  L / h r  15100 PREC I.84E-01 -5.69E-03 3.01Et02 16  

t PREClSION COHPONENT = t f S r b a r  
f t  IBptS16HAplA2 FOR BIAS ERRORS: l t fSpbarfSIGNAol”2 FOR PRECISION ERRORS 

-WERE Spbar=PRfCISION INDEX OF THE HEAN, Sp/lNUNBER OF SAtIPLES)”.S 
-THE SQUARE ROOT OF THE SUH OF THE ABSOLUTE CONTRIBUTIONS I S  EQUAL TO THE TOTRL UNCERTAINTI 

ttt Bo FOR BIAS ERRORS: SDft FOR PREClSION ERRORS 
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This section presents QA/QC results for the stack gas and fuel samples. The blank and 

duplicate analyses are presented, as well as the sample spike results and detection limits. 

Table F-1 presents the results of the blank analyses for the stack gas samples. Reagent 

blank and field blank analyses were performed for the metals (solid phase and vapor 

phase). A field blank consisting of a complete semi-VOST sampling train was analyzed 

for PAHs. A trip blank, field blank, and method blank were analyzed for formaldehyde. 

Table F-2 presents matrix spike recovery data performed for one of the multi-metals 
stack gas samples. A duplicate analysis was run on one of the flue gas samples for 

metals. Table F-2 presents the relative percent difference (RPD) between the duplicate 

analyses for this sample. 

Table F-3 presents the matrix spike recovery results for the oil samples. The relative 

percent difference between the matrix spike and the matrix spike duplicate is also 
presented. Table F-4 presents the results for the lab spike recoveries for the PAH 

analyses. 
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Table F-1 

Summary of Blank Sample Results 

-e 
PAHS 
Field Blank 

Naphthalene 
Acenaphthylene 
Acenaphthene 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Cbrysene 
Benz(a)anthracene 
Benzo(h + k)fluoranthene 
Benzo(a)pyrene 
Indeno(l,ZJ-c,d)pyrene 
Dibenz(a,h)anthracene 
Benzo(&h,i)perylene 

Volatile Organics ~ 

Method Blank 
Formaldehyde 
Benzene 

- Formaldehyde 
Benzene 

Field Blank 

Metals - Solid Phase 
Field Blank 

Arsenic 
Beryllium 
cadmium 
Copper 
Lead 
Manganese 
Mercury 
??kk! 
Selenium 

Reagent Blank 
Arsenic 
Beryllium 
Cadmium 

Lead 
Copper 

Part VI: Site 108 

Number of 
Blank Samples Number of Mass 

Analned Detects Detected h a  

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

~ 
~~ 

1 
0 

1 
0 

~ 

1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

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

1 
0 

1 
0 

1 
1 
0 
1 
1 
1 
0 
1 
1 

1 
1 
0 
1 
1 

F-4 

20 

2 
0.089 
0.14 
0.068 
0.035 

0.61 

131 

3.0 
0.22 

40 
66 
8.0 

z? 
5.4 

20 
0.22 

33 
41 

Detection 
Limit hg) 

0.025 
0.025 
0.025 
0.025 
0.025 
0.025 
0.025 
0.025 
0.025 
0.025 
0.025 
0.025 
0.025 
0.025 
0.025 

0.44 

0.44 

1.9pg/Nm3 
0.07 
0 3  
0.7 
3.0 
0.6 
15 
"5 
3.0 

1.9 INm 3 

0.07 
03 
0.7 
3.0 

_. 



-e 

Manganese 
Mercury 
Nickel 
Selenium 

Metals - Vapor Phase ' 
Field Blank 

Arsenic 
Beryllium 
CaQlium 
Copper 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 

Rewent Blank 
Arsenic 
Beryllium 
Cadmium 
Copper 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 

chromium 
Field Blank 

Chromium 
Chromium, hexavalent 

Lead' 
Field Blank 

Lead 
Reagent Blank 

Lead 

'Multi-metals sampling train. 

Appendix F 

Table F-1 (Continued) 

Number of 
Blank S~UIDIS Number of 

Analwed Detects 

1 1 
1 0 
1 1 
1 1 

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

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

1 1 
1 0 

1 I 

1 1 

b Two impinger analyses, including a potassium permanganate impinger. 

'Individual metal sampling trains. 

Mass D e t e d i O U  
Detected b) Limit h& 

73 

4.8 
4.2 

0.4 

3.7 
0.9 

6.8 

05 

13 
0.7 

1.6 

59.0 

9.2 

0.40 

0.6 
20 
0.6 
3.0 

- 
0.07 
0 3  
0.6 

0.6 
23, 19 

0.6 
3.0 

- 

- 
0.07 
03 
0.6 

0.6 
1.0, u) 

0.6 
3.0 

__ 

1.25 
0 3  

15 

0.15 
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substance 

Beryllium 
cadmium 

copper 
Lead 
Manganese 

Nickel 
Selenium 

Mercury 

Bqlli lUIl  

copper 
Manganese 
Mercury 
Nickel 
Selenium 

Cadmium 

Chromium 
Chromium, hexavalent 
Lead 
Formaldehyde 

Table F-2 

Summary of Quality Control Results for Stack Gas 

Matrix Spike Duplicate 
Recoven 56 Analvsis RPD ' 

Stack Gas - Solid Phase 
56 < I  
83 
96 
88 
88 
90 
99 
84 

Stack Gas - Vapor Phase 
90 < 1  
14 < 1  
82 1 
I 9  

89, 86 
84 
128 

4 
3', <1 

3 
< 1  

Stack Gas - Total 
116 9 
102 - 
86 8 

116,93 2 2 5  

. 

where A, B are individual values and RPD is the relative percent difference between the values. 

Qes~lts from both impingers. 

EMatrix spike duplicate RPD. 
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Table F-3 

Summary of Quality Control Results for Fuel Oil 

Detection 
Substance Limit (mp/L) 

Arsenic 
Beryllium 
Cadmium 
chromium 
Copper 
Lead 
Manganese 
Mercury 
Nickel 
Phosphorus 
Selenium 

1.2 
0.2 
0.2 
0.2 

1.2 

0.1 

2.5 mg/kg 
1.2 

-- 

-- 

-- 

Matrix Spike 
Recoverv % 

105 
98 
86 
114 
118 
111 
104 
9s 
80 
98 
97 

Duplicate 
Analvsis RPD a 

<1 
<1 
5 
S 
11 
5 
4 
3 
< 1  
4 
14 

where A, B are individual values and RPD is the relative percent difference between the 
values. 
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Table F 4  

Summary of Surrogate Recoveries for Semivolatile Organic Analysis 

Number Mean No. No. 
of Spike Std. Dev. Below Above 

Substance Analvses Recoverv C%) C% Rec.) Limits u s  
d10 Acenaphthene 4 96 14 0 0 
d10 Anthracene 3 57 13 3 0 
d12 Chrysene 3 130 17 0 1 

d12 Benzo(a)pyrene 3 58 24 2 0 

'Lower limit is 75 percent. 

bUpper limit is 125 percent. 
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0 Table A-1 presents the test results for each run, as well as the results of the blank 

analyses. Blanks were analyzed for metals in both the solid phase and vapor phase 

fractions. A field blank analysis was performed for PAHs. 

0 
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Table A-1 

Results of the Sample, Field Blank, and 
Reagent Blank Analyses for FCEM Site 107 

Oil Firing 
Elements 
Multi-Metal Samuhe Train 
Gas Sample Volume, Nm 
Vauor Phase 
Arsenic 
Beryllium 
Cadmium 
Copper 
Lead 
Manganese 
Mercury' 

Nickel 
Selenium 
Solid Phase 
ArscniC 
Beryllium 
Cadmium 
Copper 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 

Individual Metal Samphv Train 
Gas Sample Volume, Nm 
chromium 
Chromium, hexavalent 

Gas Sample Volume, Nm 
&-sai.c 

Field Re%-t 
Mass Measured in the SamDle (ud Blank Blank be) 
- Run 3 - Run 4 -5 

1.43 

4.1 

031 
5.0 
1.9 
5 3  

ND(1.6) 
21 

ND(2.8) 

ND(0.06) 

ND(46) 

16 
0.22 
0.81 

19 
43 
16 

430 
8 5  

Run1 

ND(2.1) 

2.24 
26.68 
3.79 

-3 
1.41 
:.3 

1.40 

2.5 

1.1 
6.2 
l3 

0.7 

ND(2.8) 
2.4 
2.9 

ND(0.06) 

w 4 5 )  

11 
0.27 
0.88 

23 
41 
20 

470 
5.7 

-2 

ND(2.7) 

2.14 
16.88 
3.98 

-4 

137 
-,< 
2.I 

1.49 

4 5  

054 
6.7 
3.2 
1.1 

ND(O.06) 

N D W  
ND(2-0 

2 3  
ND(2.8) 

14 
0.10 

1.7 
40 
46 
15 

ND(3.2) 
590 
5.0 

-5 

2.15 
12.44 
1.76 

Run 5 
1.42 
1.9 

- 

0.65 

1 2 
14 

7 3  
1.6 

ND(0.06) 

ND(41) 
ND(1.0) 

2 9  
ND(2.8) 

2.9 
0.15 

m 
47 
6.6 

6.9 
15 

ND(0.36) 

ND(1.7) 

0.36 

0.02 
1.6 
14 
1.2 

ND(0.06) 

N D P )  
ND(2.0) 

ND(0.63) 
ND(3.1) 

1.4 
0.28 

ND(0.32) 
7.6 
46 
6.7 

4.8 
7.9 

a 
~ 

ND(2.2) 

__ 3.06 
__ ND(O.28) 

0.G n 1-3 "..L 

"Two impingers were analyzed for mercury-the standard multi-metals train impinger and the potassium 
permanganate impinger. 
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Table A-1 (Continued) 

Field R-Pt 
Mass Measnred in the Samule hg) Blank he) Blank (up;) 

- PAHS 
Gas Sample Volume, Nm 
Naphthalene 
Acenaphthylene 
Acenaphthene 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Chrysene 
Benz(a)anthracene 
Bern@ + k)fluoranthene 
Benzo(a)pyrene 
Indene( l,wqd)pyrene 
Dibenz(a,h)anthracene 
Benzo(g,h,i)perylen 

Volatile Orpanics 
Gas Sample Volume, Nm 
Formaldehyde 

Natural Gas Firing 
Volatile Oreanics 
Gas Sample Volume, Nm 
Formaldehyde 

-1 

330 
11 

0.19 
0.075 
0.84 
0.11 
0.73 
0.66 
0.44 
0.97 

ND(0.025) 

ND(0.W) 
ND(O.025) 

053 
0.21 
0.61 

-5 

3.08 
72 

ND(0.025) 
wo.025)  
ND(O.025) 

ND(O.025) 
032 

0.12 
0.11 
0.051 
0.15 
0.31 

0.14 
0.042 
0.14 

ND(O.025) 

29 

0.48 
0.07 
0.11 
0.058 
0.057 
0.055 

ND(O.025) 

ND(O.025) 
ND(0.025) 
ND(O.025) 
ND(0.025) 

031 
0.15 
036 

-5 -6 -7 
0.038 0.019 0.038 
15.7 162, 15.0 163 , ND(0.89) 

-1 -2 -3 
0.038 0.028 0.038 
30.2 23.7 23.6 16.3 ND(0.89) 
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This appendix presents the results from the Site 107 sampling event in February 1990. 
Tables B-1 and B-2 present the concentrations of the substances measured at Site 107 
during residual oil firing and natural gas firing, respectively. The analytical methods 

used to determine these results are also given. 

The concentrations were calculated from the raw analytical data presented in the Carnot 

report, which are shown in Appendix A. These concentrations were corrected for the 

reagent or field blank analysis, when appropriate. Section 3 presents details of which 

samples were corrected for the reagent blank analysis and the field blank analysis. 

The " B  flag indicates that the blank measurement is equal to or greater than 50% of the 

uncorrected sample measurement. The "<" flag indicates that the concentration is below 

the detection limit. In this case, the concentration is presented as the detection limit. 

Site 107 was sampled for arsenic by two different methods--Draft EPA Metals Method 

and CARB Method 423. The results for the CARB Method 423 test are presented as 
"emitted gas, alternate." 
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Section 1 

INTRODUCTION 

This part of the document summarizes data gathered by KVB - Analect (formerly R-C 
Environmental) at a California power plant, designated Site 109, during a sampling 
program sponsored by the electric utility. The power plant was tested during both 
residual fuel oil and natural gas-firing. The opposed-burner boiler was sampled in late 
1990 and early 1991. 

The test matrix shown in Table 1-1 lists the substances of interest at this site. Samples 
were collected during three load conditions: loo%, 75%, and 50% of full load. 
Benzene, formaldehyde and PAHs were the only substances measured in the stack gas 
during the reduced load, oil-fired tests. Formaldehyde was the only substance measured 
in the stack gas during the natural gas-fired tests. The primary emphasis of the sampling 
effort was collecting valid stack emissions data; less emphasis was placed on collecting oil 
and natural gas samples. 

Section 2 of this report briefly describes the power plant and sampling locations. Section 
3 discusses the analytical results for the fuel oil, natural gas, and flue gas streams 
sampled at the plant. Section 4 contains an evaluation of the sampling and analytical 
data according to traditional QA/QC techniques and engineering calculations. Section 5 
contains example calculations. The appendices contain raw data, stream concentrations, 
information on sampling and analytical methods, measured and calculated stream flow 
rates, error propagation equations and examples, and quality assurance/quality control 
(QA/QC) results. 
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Table 1-1 

Summary of Test Matrix for Site 109" 

Substance 
Inorganic 
Arsenic 

Beryllium 
Cadmium 
Chlorine 
Chromium 
Chromium, hexavalent 

Copper 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 

Orpanic 
= Benzene 

Formaldehyde 
Polynuclear Aromatic 
Hydrocarbons (15) 

Process Streams ~amoled 

- Oil 

X 
X 

X 
X 
X 

X 
X 

X 
X 

X 

X 
X 

Additional 

Heating Value X 

Ultimate/Proximate X 
Sulfur Content X 

~~~ 

Natural Gas Stack Gas 

X 

X 
X 
X 

X 

X 

X 
X 

X 
X 
X 
X 

X 

XC 
X 

0 

"Testing conducted at loo%, 75% and 50% load conditions. 

'Only formaldehyde was measured during natural gas tests. 
organic compounds were measured during 75% and 50% load tests. 
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Section 2 

SITE DESCRIPTION 

This section provides a description of the test site, Site 109, and gives the locations of the 
sampling points. 

Facility Information 

At Site 109, a steam electric generating unit with a capacity of approximately 230 
megawatts (MW) was tested. Testing for PAHs, benzene, and formaldehyde was 
conducted under three load conditions (loo%, 75%, and 50% of full load) during both 
100% residual oil firing and 100% natural gas firing. Metals were sampled only during 
100% residual oil firing with a load condition of 100 percent. 

Figure 2-1 is a process flow diagram of the unit at Site 109. Steam is generated in an 
opposed-fired, high-pressure boiler designed to bum either natural gas or low-sulfur 
residual fuel oil. Nitrogen oxide emissions are controlled by flue gas recirculation and 
off-stoichiometric firing. This unit has two stacks. During oil firing, an additive is 
injected into the boiler to reduce acid fallout. No analyses are available for this additive. 

The residual fuel oil at this site has a sulfur content of 0.2%, a higher heating value 
( H H V )  of approximately 18,900 Btu/lb, and an ash content of 0.04 percent. The natural 
gas fired at Site 109 has an HHV of approximately 21,900 Btu/lb (1,000 Btu/sd). 

Sampling Locations 

The fuel to the boiler and the flue gas emitted through the stack were the two streams 
sampled in this study. Figure 2-1 shows the locations of the sampling points. Brief 
descriptions of the sampling locations are given below. 

The oil grab samples were collected from a fuel storage tank. 

The natural gas was not analyzed during the test period. 

Stack gas samples were collected from ports installed in both exhaust stacks at 138 
feet. 

Except for chromium, two tests were conducted in the east stack, and one test was 
conducted in the west stack. For chromium, two samples were collected from the west 
stack, and one sample was collected from the east stack. 
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Figure 2-1. Process Flow Diagram for Site 109 
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Section 3 

RESULTS 

This section summarizes the fuel and emitted gas stream data collected at Site 109 
during oil firing. These results were calculated from laboratory and field data reported 
by KVB - Analect. Only formaldehyde emissions were measured during the firing of 
natural gas; metals, PAHs, benzene and formaldehyde emissions were measured during 
fuel oil-firing. 

Appendix A contains the raw analytical data generated by KVB - Analect and their 
contracting laboratories during the project. Data processed by Radian Corporation for 
this report can be found in Appendix B. 

Sampling Schedule 

Site 109 was sampled in late 1990 and early 1991. Figure 3-1 shows the sequence of tests 
performed at this site. The sample runs are numbered in chronological order. Each fuel 
type has its own unique set of run numbers, which are shown in Figure 3-1 and the 
summary tables. 

Four collection trains were used to sample the stack gas during oil firing. These trains 
include an EPA Modified Method 5 train for multi-metals, a CARB Method 433 train 
for nickel, a CARB Method 425 train for total and hexavalent chromium, and a semi- 
VOST (Modified Method 5 )  train for polynuclear aromatic hydrocarbons (PAHs). 
Benzene was collected by CARB Method 410A, and formaldehyde was sampled using 
CARB Method 430 for the comparison of emissions produced during natural gas firing 
and oil firing. Two grab samples of the fuel oil were collected twelve days after the 
stack gas sampling was completed. 

Appendix C presents details of the analytical and sampling methods used at this site. 

Data Treatment 

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

Blank Corrections 

The convention for using blanks to correct the data in this group of reports was to use 
the reagent blank analytical results when they were available. If a reagent blank analysis 
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Results 

!. was not performed, the field blank results were used to correct the sample results. If 
neither a reagent nor field blank was analyzed, no corrections were made. At Site 109, 
the individual run measprements for PAHs, benzene, and formaldehyde were corrected 
for the reagent blank measurements. No blanks were analyzed for any metals. When 
the blank concentration was equal to or greater than 50% of the uncorrected measure- 
ment, the corrected concentration was flagged with a "B." When the blank correction 
resulted in a value less than the detection limit, the corrected concentration is presented 
as ND(DL), which means that the concentration is below the detection limit (DL), which 
is given in parentheses. Similarly, NR(RL) means that the concentration is below the 
reporting limit (RL). 

Total Concentrations 

Both solid and vapor fractions were sampled to obtain data on their metal and PAH 
levels. However, the fractions were combined for analysis and the data were presented 
as total concentrations in the KVB - Analect report, hence only total concentrations are 
presented in this report. 

Average Concentrations 

The following criteria were used to average data from the individual runs. 

When all concentrations are above the detection limit (or reporting limit), the 
arithmetic mean concentration is calculated using the reported quantities. 

To calculate the mean result from individual concentrations that are both above and 
below the detection limit, one-half of the DL is used for values below the detection 
limit. For example: 

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

By our convention, the calculated mean cannot be smaller than the largest detection 
limit value. In the following example, the calculated mean is 2.8, which is less than 
the largest detection limit, so the reported mean becomes ND(4). 

Analvtical Values Mean Value 
5, ND(4), ND(3) ND(4) 

When all analytical results are less than the detection limit, the mean is reported as 
ND (the largest detection limit value). 

Fuel Oil 

Table 3-1 presents the results of the two residual fuel oil analyses. An assumed specific 
gravity of 0.98 for fuel oil was used to convert from mg/kg to mg/L. For each reported 

3-3 Part VII: Site 109 



Results 

Table 3-1 

Oil Composition Data for Site 109 

Mass Flow Rate (klb/hr) 
100% of Full Load (222MW) 
75% of Full Load (159 MW) 
50% of Full Load (109 MW) 
Elements (me/L) 
Arsenic 
Beryllium 
Cadmium 
Chloride (%) 
Chromium 
Copper 
Lead 

Run 15 Run 16 Mean 

l l O b  

80 
57b 

1.5 1.1 1.3 
ND(0.08) ND(0.08) ND(O.08) 

ND(0.14) ND(0.14) ND(0.14) 
ND(0.09) ND(0.09) ND(0.09) 
ND(0.17) ND(0.17) ND(0.17) 

0.23 
0.81 6.1 

0.11 0.18 
1.8 1.3 

Manganese ND(0.8) ND(0.8) ND(0.8) 
Mercury ND(0.9) ND(0.9) ND(0.9) 
Nickel 5.1 5.5 5.3 
Selenium ND(5) ND(5) "5) 
Sulfur (%) 0.20 0.19 0.20 

Higher Heating Value 
(BWlb) 

18,900 _. 

T I  = Confidence Interval. 

bAverage flow rate presented in the KVB - Analect report. 

c- riuw raie esiimaied in ihe iS 'Z  - Anaiecr reporr irom h i i  and haii load measurements. 

dm indicates that the concentration is below the detection limit, which is shown in parentheses. 

'Only one measurement for HHV. 
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substance, a mean concentration has been calculated, along with the 95% confidence 
interval about the mean. The confidence interval (CI) is the range about the mean in 
which the true mean lies with a given probability [e.g., it is 95% certain that the true 
mean nickel concentration in the oil is 5.3+ 2.3 mg/L (between 3.0 and 7.6 mg/L) 
according to the two results shown in Table 3-11. The confidence interval calculation is 
discussed in Section 5.  

Stack Gas 

Tables 3-2a, 3-2b, and 3-2c present concentration data for the emitted gas at Site 109. 
The data are presented for each operating condition--lOO%, 75%, and 50% of full load. 
For each sampling train, the particulate filter, probe and nozzle rinse, and impinger 
fractions were combined and analyzed. The measured concentrations for each of the 
three sampling runs are presented, as well as the mean and the 95% confidence interval 
associated with the mean. The concentrations in the two stacks are not expected to 
differ significantly since they are generated by the same boiler. Although it is not 
possible to determine which sample came from which stack, there seems to be no 
correlation of concentration and sampling location in Tables 3-2 through 3-3. 

The metals concentrations in the stack gas were measured only during operation at 100% 
of full load. Because a filter blank analysis was not performed, measured concentrations 
were not adjusted. At othe sites, blank concentrations have been significant for some 
substances. LuId S A & \ c e ?  7, 
The PAH levels in the stack gas were measured during all three load conditions. The 
PAH measurements are corrected for the reagent blank results. The field blank PAH 
levels were much higher than the levels in the reagent blank, as shown in Appendix A. 
Several of the PAHs were not detected in the stack gas at levels above the reporting 
limits given in the KVB - Analect report. 

Tables 3-3a, 3-3b, and 3-3c show the concentrations of volatile organic compounds in the 
stack gas. During oil firing, benzene was not detected in the stack gas. These tables 
also compare formaldehyde emissions from the same boiler during the firing of two 
different fuels--residual oil and natural gas. During full-load conditions, the formalde- 
hyde emissions were higher during oil firing than during natural gas firing. At 50% of 
full-load conditions, the formaldehyde emissions during oil firing and natural gas firing 
were similar. 

Appendix D, Table D-1 presents additional sampling information, including stream flow 
rates, stack gas characterization data, stack temperature, unit load, and the degree of 
isokinetic sampling. 

Tables 3-4a, 3-4b, and 3-4c show the average unit-energy-based emission factors in 
pounds of substance emitted per 10 Btu input to the boiler. The emission factors were 
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Table 3-3b 

Volatile Organic Stack Emissions at Site 109 
Residual Oil and Natural Gas Firing 

75% of Full Load @g/Nm') 

Volatile 
Olmanic Communds - Mean 95% CI' 

Residual Oil Firing 

Stack East West East 

Sample Date 12/14/90 12/14/90 12/14/90 

Stack Flow Rate (Nm'h )  766,000 712,000 762,000 747,000 75,000 

Benzene ~ ~ ( 1 1 ) 4 =  ND(11)' ND(l1)' ND(11) - 

Formaldehyde' 650' 300' 430' 460 440 

Natural Gas Firing 

Stack East west East 

Sample Date 11/29/90 1 1 /29/90 11/29/90 

Stack Flow Rate (Nm'hr) 596,000 566,000 548,000 570,000 60,oW 

Formaldehyde __ - - r -- f __ r 

'CI = Confidence i n t e ~ d .  

"This is the total-unit stack gas flow rate (i.e., two times the individual stack flow rate). Appendix D presents 
the individual stack flow rate measurements. 

'A reagent blank analysis was performed and used to correct the sample results. 

dND indicates that the concentration is helow the detection limit, which is shown is parentheses. 

'A blank correction is not applied since the substance. was not detected in the blank sample. 

'Concentrations are not presented because the analytical report for formaldehyde at 75% of full-load operating 
conditions is not available. 
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Table 3-3c 

Volatile Organic Stack Emissions at Site 109 
Residual Oil and Natural Gas Firing 

50% of Full Load @g/Nrn3) 

Volatile 
Oreanic Comwunds 

Residual Oil Firing 

Sample Date 

Stack Flow Rate (Nm3/hr) 

Benzene ' 
Formaldehyde E 

Natural Gas Firing 

Sample Date 

Stack Flow Rate mm3/hr) 

Formaldehyde E 

12/13/90 

596,000 

ND( 11) 
f - 

11/29/90 

766,000 

170 

12/13/90 

566,000 

N D ( I 1 ) C  

130' 

* 

11/29/90 

712,000 

190 

12/13/90 

548,000 

ND(11)C 

150 = 

11/29/90 

762,000 

180' 

- Mean 

570,000 

ND( 11) 

140 

747,000 

180 

95% CI. 

60,000 

- 
130 

75,000 

T I  = Confidence interval. 

This is the total-unit stack gas flow rate (Le., two times the individual stack flow rate). Appendix D presents 
the individual stack flow rate measurements. 

'A reagent blank analysis was performed and used to correct the sample results. 

dm indicates that the concentration is below the detection limit, which is shown in parentheses. 

'A blank correction is not applied since the substance was not detected in the blank sample. 

Missing sample, according to the KVB - Analect report. 
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e 

Stack Gas Emission Factors at Site 109 
100% of Full Load (Ib/lO" Btu) 

Elements 

Substance 

Multi-Metals Samuline Train 
Arsenic 
Beryllium 
Cadmium 
Chromium 
copper 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 
Individual Metal Sampling Trains 
Chromium 
Chromium, hexavalent 
Nickel 

Residual Oil F i g  
95% CI a 

ND(l.l) 
ND(0.5) 

3.1 
11 
16 
17 
58 
1.8 
240 
3.7 

ND(9.6) 
ND(1.9) 

460 

6.9 
10 
21 
59 

240 
9.1 
300 

16 

-_ 
760 

TI = Confidence interval. 

bND indicates that the concentration is below the detection limit (expressed as IbllO'z Btu), which is shown is 
pllth€S%. 
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calculated from the total mean emitted gas concentrations presented in Tables 3-2a, 
3-2b, and 3-2c. The mean stack gas fiow rate must be consistent with the iniet fuei flow 
rate; therefore, the total-unit stack gas flow rate, rather than the single-stack flow rate, 
was used to calculate the emission factor. The total-unit stack gas flow rate was 
estimated to be two times the single-stack flow rate measurement. These results are 
organized by load condition. Section 5 contains an example calculation. 
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Section 4 

DATA EVALUATION 

Several procedures can be used to evaluate the information developed during a field 
sampling program. In the case of Site 109, two methods were used to evaluate the 
quality of the data. First, and most important, was evaluation of the traditional QA/QC 
protocol for sampling and analytical procedures used at Site 109, Le., equipment 
calibration and leak checks, duplicates, blanks, spikes, etc. Site 109 QA/QC data are 
compared with FCEM project objectives for similar QA/QC procedures. The second 
data evaluation tool involves calculating material balances around the entire plant for 
various substances. Material balances involve the summation and comparison of mass 
flow rates in several streams that are often sampled and analyzed by different methods. 
Good agreement, Le., 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 rate. 

Evaluation of Measurement Data Quality 

0 An evaluation of the quality of the measurement data is based on quality control data 
obtained experimentally during the sampling and analysis process. Generally, the type of 
quality information obtained pertains to measurement precision, accuracy, 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. Table 4-1 
summarizes the QA/QC measures commonly used as part of the FCEM data evaluation 
protocol and the characteristic information obtained. The absence of any of these types 
of quality control checks does not necessarily reflect poorly on the quality of the data but 
does limit the ability to measure the various components of measurement error. 

As indicated in the table, different QC checks provide different types of information, 
particularly pertaining to the source of inaccuracy, imprecision, and blank effects. As 
part of FCEM, measurement precision and accuracy are typically estimated from QC 
indicators that cover as much of the total sampling and analytical process as feasible. 
Estimates of measurement precision and accuracy are based on the actual sample matrix. 
For purposes of comparability, the actual precision and accuracy estimates obtained 
experimentally during the test programs are compared with data quality objectives 
(DQOs) established for the FCEM project. 
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Table 4-1 

Types of Quality Control Samples 

QC Activity 

Precision 

Replicate Samples collected over time under 
the same conditions 

Duplicate Field Samples collected 

Duplicate Analyses of a single sample 

simultaneOusly 

Matrix- or media-spiked duplicates 

Laboratory control sample duplicates 

Surrogate-spiked sample sets 

Accuracy 

Matrix-spiked samples 

Media-spiked samples 

Surrogate-spiked samples 

Laboratory control samples (LCS) 

Blank Effects 

Field blank 

Trip blank 

Method blank 

Reagent blank 

Characteristic Measured 

Total variability, including process or temporal, 
sampling, and analytical. 

Sampling and analytical variability at the actual sample 
concentrations. 

Analytical variability at the actual sample 
concentrations. 

Sampling and analytical variability at 811 established 
concentration. 

Analytical variability in the absence of sample matrix 
effects. 

Analytical variability in the sample matrix but at 
established concentration. 

Analyte recovery in the sample matrix, indicating 
possible matrix interferences and other effects. In a 
single sample, includes both random error (imprecision) 
and systematic error (bias). 

Same as matrix-spiked samples. Used when 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 an indica- 
tor of analytical efficacy. 

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

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

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

Blank effects inherent in the analytical method, includ- 
ing reagents and equipment. 

Blank effects from reagents used. 
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These objectives are not intended to be used as validation criteria but as empirical 
estimates of the precision and accuracy expected from existing reference measurement 
methods that would be considered acceptable. Estimates of precision and accuracy are 
not necessarily derived from analyses of the same types of samples being investigated. 
Although analytical precision and accuracy are relatively easy to control and quantify, 
sampling precision and accuracy are unique to each site and each sample matrix. Data 
that do not meet these objectives are by no means unacceptable. Rather, the intent is to 
document the precision and accuracy actually obtained. The objectives serve as a 
benchmark for comparison. The effects of not meeting the objectives should be 
considered in light of the intended use of the data. 

Analytical Quality Control Results 

Table 4-2 presents the types of quality control data reported for this site. The analytical 
results appear in Appendix H. Table 4-3 summarizes the precision and accuracy 
estimates. 

According to the quality control data evaluated, there is no reason to conclude that the 
data reported are unacceptable; however, not enough information is available' to 
unequivocally validate the data. The QC indicators reported are generally good; 
accepted methods were used for sampling and analysis, and stack gas sample collection 
records are strongly supportive. Confidence in some measurements is low because of the 
relatively high blank results. In particular, high levels of PAHs in the field and trip 
blanks make the PAH measurements suspect, except for the results for benzo(a)anthra- 
cene. No quality control measurements were reported for metals or for proximate and 
ultimate analyses. No natural gas samples were collected. 

A discussion of precision and accuracy is presented below for each measurement type, 
followed by a review of stack gas sampling quality control data. This review includes a 
discussion of representativeness, comparability, and completeness. 

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

Accuracy is a measure of the deviation from a measurement result and the "true" or 
expected value. In a single measurement, accuracy includes components of both random 
error, or imprecision, and systematic error, or bias. The average of several accuracy 
values tends toward a limiting mean, which is a measure of the bias, or persistent 
positive or negative deviation from the "true" value. 

The efficiency of the analytical procedure as used on the sample matrix is quantified by 
the analysis of spiked samples containing target or indicator analytes and other quality 
assurance measures, as necessary. Although spiked samples usually provide a measure of 
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accuracy or bias at medium concentration levels, expressed as percent recovery, blank 
samples also provide a measure of bias, although at low or near-detection levels. 

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 were properly selected and that a sufficient number of samples 
were collected. 

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 by using standard techniques to collect and analyze representative samples and 
by reporting analytical results in appropriate units. Data sets can be compared with 
codidence when the precision and accuracy are known. 

Completeness is an expression of the number of valid measurements obtained compared 
with the number planned for a given study. The goal is to generate a sufficient amount 
of valid data. 

Metals 

Precision. Precision estimates for metals analyses could not be evaluated. Although 
replicate runs were performed, not enough samples were taken to appropriately charac- 
terize the variability associated with the process, sampling and analytical systems. 
Analytical variability could not be estimated because no duplicate matrix or method 
spikes were performed, nor was a duplicate injection performed. Replicate runs were 
performed and analyzed, but the variability indicates that the 95% confidence interval 
(CI) is greater than the mean for the three runs for all metals but chromium in the stack 
gas and nickel in the oil. Although this variability does not suggest that field sample 
concentrations are unusable, it does suggest low confidence in the average emission 
estimates. 

Accuracy. The accuracy of the metals analyses could not be evaluated because no 
method or matrix spikes were performed. 

Blanks. Contamination associated with laboratory and field practices could not be 
evaluated because no field blanks or laboratory blanks were analyzed. 

PAHs 

Precision. Precision estimates for PAH analyses in stack gas samples, as shown in Table 
4-3, are based on the scatter of surrogate spike recoveries in the nine replicate sample 
analyses, expressed as the percent coefficient of variation (%CV). These data show 
precision within expected limits. CVs for 12 of 16 surrogate compounds were within the 
35% objective, and the other four were slightly higher at 41%, 37%, 57%, and 56%. The 
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0 results for PAHs are equally consistent, although half of the target analytes were not 
detected. 

Accuracy. Accuracy estimates for PAHs in the stack gas, based on surrogate spike 
recoveries in nine samples, were biased slightly high for most compounds and were 
widely scattered for two, benzo(g,h,i)perylene-d,2 (25-141%) and dibenzo(qh)anthracene- 
G4 (28-142%). Overall, these data point to effective, although biased slightly high, 
analyses. 

Blanks. Ten of the PAHs analyzed were reported in the stack gas stream during oil 
firing, as shown in Tables 3-2a, 3-2b, and 3-2c. Generally, the levels in the reagent blank 
were insignificant, compared with the levels in the test samples. On the other hand, field 
blank results were not substantially different from the concentrations reported in the 
field samples. Two field blanks, a trip blank and a blank train, were analyzed. For all 
compounds but benz(a)anthracene, the concentrations in the field blank were not 
substantially different from the measured mean concentration in the stack gas. In some 
cases, the field blank concentration was higher than the reported mean stack gas 
concentration. Benz(a)anthracene was not detected in the field blank or the trip blank. 
The high levels of PAHs in the field blank make the PAH measurements suspect, except 
for test results for benz(a)anthracene. Since the concentrations in the field and trip 
blanks are so much higher than that of the method blank, the contamination is assumed 
to be due to the XAD resin. 

Formaideh yde 

Precision. Precision for formaldehyde analyses, expressed in terms of the relative 
percent difference (RPD) for analytical duplicate analyses, is 58% RPD. At low 
concentrations, the absolute differences between the analytical duplicates are typically 
small, whereas the relative differences are large, which would be expected as the 
measured values approach zero. At such low levels the results should be considered 
semi-quantitative or qualitative. 

Accuracy. Accuracy estimates for formaldehyde, based on matrix spike and method 
spike sample results were within the 50-150% objective. 

Blanks. Nothing was detected in the water blank, the three laboratory blanks, the two 
trip blanks or the field blank. No problems are indicated by these results. 

Benzene 

Neither precision nor accuracy could be estimated for this substance. Three blanks were 
collected. Nothing was detected in the blanks or in the samples. 
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Stack Gas Sampling Quality Control 

Sampling quality control was addressed with process schematic forms, including location 
description, traverse point guidelines and calculations, nozzle selection calculations, 
velocity traverse information, and isokinetic variation calculations. Also included were 
calibration records for the dry gas meters. 

Sampling precision can be estimated by comparing the results for various parameters of 
the replicate samples, notably velocity, moisture content, and gas composition. These 
were fairly constant for each sample location. Although there was some variation in the 
moisture content, volumetric flow results were fairly uniform. 

Sampling accuracy is usually assumed from the calibration and proper operation of the 
equipment and from historical validation of the methods. Field blanks are used to 
correct for any biases that may be caused by contamination of the equipment or location, 
or by operator errors. Blanks were included for all tests except the CARB 410 benzene 
samples, which were collected in bags by grab sampling. 

Sampling representativeness depends on the testing precision and accuracy and also on 
the characteristics of the sampling locations. The sampling locations on the stacks were 
not ideal in terms of undisturbed flow distances upstream of the ports (about four diame- 
ters), but the maximum required number of traverse points were used to ensure sample 
representativeness. The isokinetic variation is a measure of the operational performance 
of sampling for particulate matter; it can be used as an indicator of precision, with 
consequences for representativeness. All of the sampling runs met the acceptance 
criteria for isokinetic variation. 

Sampling comparability depends on the representativeness of the samples and on the use 
of standard methods consistently applied. The CARB 430 method for aldehydes is a 
single-point, nonisokinetic, midget impinger procedure analogous to the EPA Boilers and 
Industrial Furnaces (BIF) Method 0011. It uses the same acidified 2,4-dinitrophenyl- 
hydrazine reagent for collection and HPLC for analysis. The CARB 429-EPA 
MM5/M23 method for semivolatile organic compounds, dioxins, and furans is well 
established for both sampling and analysis. The EPA multimetals procedure is still in 
the evaluation process, but it is becoming widely accepted and is documented enough to 
be considered a standard method. CARB 425 for total and hexavalent chromium is 
somewhat similar to the current EPA/BIF hexavalent chromium method in terms of the 
collection medium and analytical procedures, although in this case, water was used as the 
impinger solution. CARB 433 for nickel is nearly identical with EPA Method 12 for 
inorganic lead and should be applicable to most acid soluble metals. CARB 410 for 
benzene is the same as the EPA Method 18 procedure for sampling with a rigid contain- 
er that is evacuated to fill a bag. 

Sampling completeness is mainly a function of providing the requisite number of samples 
and of proper documentation. In particular, the data necessary for calculating the 
results, including calibrating the equipment and all pertinent entries on the run data 
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e sheets, should be present. The calibration data provided in this report were adequate 
and sampling sheets were acceptably filled out. The necessary number of samples were 
successfully taken and sample custody was transferred properly to the analytical laborato- 
ries. No significant data losses were reported. Four formaldehyde results could not be 
located and one manganese result was not available because of a contaminated impinger 
solution. Triplicate runs were performed for stack gas measurements, consistent with the 
standard FCEM approach. Only two samples were collected for fuel oil. The natural 
gas was not sampled. 

Material Balance Results 

Material balance closures were not calculated for Site 109. The oil samples were 
collected twelve days after the stack gas sampling was completed. Since the oil samples 
were not collected in sequence with the flue gas samples, material balances were not 
considered appropriate for evaluating the data. 

The average flow rate for oil is consistent with the generating capacity of the unit (i.e., 
nominal heat rates of 9400, 9500, and 9900 Btu/kW hr for loo%, 75%, and 50% of full 
load operating conditions, respectively). 
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Section 5 

EXAMPLE CALCULATIONS 

This section describes the methodology and sample calculations used to develop the 
results presented in Sections 3 and 4. Specifically, the calculations of reported concen- 
trations, unit-energy-based results, and confidence intervals are described. 

Concentration Calculations 

The concentrations presented in this report were calculated from raw data presented in 
the R-C Environmental report. The gas concentration is calculated as follows: 

(M - B) * 35.3 * - 520 
sv 492 

C =  

C = Concentration, pg/Nm' 

M = 

B = 

SV = 

35.3 = 

- 520 = 
492 

Mass measured in the sample, pg 

Mass measured in the reagent blank, pg 

Sample volume (at 60"F), dsd 

Conversion of ft' to m 3  (standard) 

Temperature correction to normal conditions, Le., 32°F 
(60" F to 32" F) 

All concentrations are presented at normal conditions (32"F, 1 atm). 

Unit Energy Calculations 

The unit-energy-based emission factors (Tables 34% 34b, and 34c) were determined by 
dividing the mass flow rate of a substance being emitted by the fuel heat input to the 
boiler during testing. 
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0 The unit-energy-based emission factor during oil firing is calculated from the following 
equation: 

g * * 2202.6 E =  
HHV * oil (5-2) 

where: 

E = Mean stack emission factor, lb/10 I' Btu 

g = Mean flue gas flow rate, Nm '/hr 

C = Mean total flue gas concentration, pg/Nm 

HHV = Mean oil higher heating value, Btu/lb 

oil = Mean oil feed rate, lb/hr 

2202.6 = Unit conversion coefficient, lb Btu/pg 10 I' Btu 

For this unit, the mean flue gas flow rate was calculated as the average of the individual 
rum, which were estimated as two times the single-stack flow rate. The mean flue gas 
flow rate must be consistent with the inlet fuel flow rate. 

Nickel, collected by the multi-metals train during full-load conditions, will be used for 
this example. The following mean values were taken from Tables 3-1 and 3-2a: 

g = 864,000 Nm 3/hr 

C - - 260 pg/Nm 

"V = 18,900 Btu/lb 

oil = 110,000 lb/hr 

The emissior, factor for nickcl during 100% of full load conditions is calculated frilm 
Equation 5-2: 

864,000 * 260 * 2202.6 = 240 lb/ldz Btu E =  
18,900 * 110,000 
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0 During natural gas firing, the emission factor equation is: 

E =  * * 2202.6 
"vg * gas 

(5-3) 

where: 

"v, = 

gas = 

Mean natural gas higher heating value, Btu/scf 

Mean natural gas feed rate, scf/hr 

Confidence Interval Calculations 

Confidence intervals (CIS) were calculated for the total mean concentrations in the stack 
gas and fuel oil. In addition, confidence intervals were determined for the stack gas 
emission factors presented in Tables 34% 34b, and 3 4 .  Additional information on the 
CI calculation can be found in Appendix E. 

CIS for Stream Concentrations 

The 95% Cl about the total mean for simple linear addition can be found by: 

where: 

UflOT = 95% CI for the total mean 

8 ,  = Bias component 

t =  Student's "t" factor for 97.5 percentile (one-tail) and N-1 degrees of 
freedom 

S , =  

N =  Number of measurements 

Standard deviation of the individual run measurements 
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The bias component for the mean is found by root-sum-squaring the bias error from 
each run and the sensitivity of that run to the mean: 

where: 

- B r  - 

8Pm - - 
Individual bias for run m 

Sensitivity to run m = 1/N 

The individual --A is equal to one-half the detection h i t  for concentrations below the 
detection limit. Zero bias is assumed for detected quantities. 

The following stack gas concentrations hg/Nm ’), taken from Table 3-2a, will be used to 
demonstrate the method for calculating the 95% CI. The mean total concentration and 
standard deviation are also calculated. 

~ 

~ Standard ~ 

Substance Fraction Run 12 Run 13 Run 14 a n  Deviation 
Copper Total 14 21 11 17 9 
Lead s Total 49 ND(6) 8.3 20 25 

~ 

The 95% confidence interval associated with the total copper concentration is calculated 
using the following values inserted into Equation 5-4: 

8 ,  = 0 (no values below the detection limit) 

t =  4.3 

s ,  = 9 

N =  3 

The 95% CI (U 

The 95% confidence interval for lead is calculated the same way. Since the concentra- 
tion for Run 13 is below the detection limit, the bias component is not zero. The 
individual bias, B p, for each run is: 

for the total copper concentration is 22 pg/Nm 
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Run 12 Run 13 Run 14 

8 ,  0 3 0 

Using these values, the bias component is then calculated from Equation 5-5. In this 
example, the sensitivity is 0.33 or 1/3. 

= I  

The standard deviation (S J calculated from the three individual lead concentrations is 
25. Substituting these values into Equation 5-4, 

= 62pg/Nm3 

CIS for Emission Factors 

The 95% CIS for the emission factors were calculated using the equations presented in 
Appendix E. Appendix E also contains a sample calculation for the 95% CI around an 
emission factor. 
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Analytical Data from the KVB Analect Report 
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Appendix A 

Table A-1 presents the stack gas test results for each run, as well as the results of the 
blank analyses. No blank analyses were performed for metals. Blanks were analyzed for 
PAHs and volatile organics. 
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Appendix A 

Table A-1 

Results of the Sample, Field Blank, and 
Reagent Blank Analyses for FCEM Site 109 

Oil Firing 
Multi-Metals Samdina Train * 

Gas Sample Volume, Nm3 
Arsenic 
Beryllium 
Cadmium 
Chromium 
Copper 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 
Individual Metal Samoline Trains ' 

Gas Sample Volume, Na 
Chromium 
Chromium, hexavalent 
Gas Sample Volume, Nm 
Nickel 

Mass Measured 
in the Sample hg) 

Field Reagent 
Blank(ue) Blankhg) 

1.70 
kD(l0) 
ND(2) 
2.03 
450 

0 
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Table A-1 (Continued) 

- PAHS 
100% of Full Load 
Gas Sample Volume, Nm ’ 
Naphthalene 
Acenaphthylene 
Acenaphthene 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Benz(a)anthracene 
Chrysene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Dibenz(a,h)anthracene 
Benzo(g,h,i)perylene 
Indeno(l,2,3-c,d)pyrene 

. E ! &  
75% of Full Load 
Gas Sample Volume, Nm 
Naphthalene 
Acenaphthy lene 
Acenaphthene 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Benz(a)anhcene 
Chrysene 
Benzo@)fluoranthene 
BenzoQfluoranthene 
Benzo(a)pyrene 
Dibenz(a,h)anhcene 
Benzo(g,h,i)perylene 
Indeno(l,2,3-c,d)pyrene 

Mass Detected [UF) 

&g)J 

2.64 
70 

0.069 
0.23 
0.64 
1.8 

0.066 
0.38 
0.31 
0.030 
0.095 

NR(O.022) 
NR(0.027) 
NR(O.011) 
NR(O.010) 
NR(0.024) 
NR(0.017 

2.32 
50 

0.041 
0.034 
0.31 
0.20 
0.013 
0.045 
0.040 

NR(0.0067) 
0.018 

NR(0.0066) 
NR(0.0059) 
NR(0.0035) 
NR(0.0024) 
NR(0.0078) 
NR(0.0038) 

2.27 
140 

0.046 
0.13 
0.34 
0.41 
0.052 
0.15 
0.12 
0.025 
0.048 

NR(O.026) 
NR(O.022) 
NR(O.021) 

NR(O.018) 

NR(0.0063) 
NR(0.035) 

w 
2.51 
78 

0.052 
0.13 
0.56 
0.69 
0.033 
0.15 
0.16 
0.016 
0.032 

NR(0.015) 
NR(0.013) 
NR(0.0024) 
NR(O.012) 
NR(0.0068) 

NR(O.018) 

RunJ 
2.86 
61 

0.040 
0.11 
0.43 
0.74 
0.053 
0.14 
0.15 
0.019 
0.051 

Method 
Field m a g 4  

Blank (up) Blank (rg) 

100 
0.018 
0.036 
0.073 
0.15 
0.022 
0.048 
0.070 
0.011 
0.013 

0.062 
NR(0.013)d 
NR(O.0041) 
NR(0.0051) 

0.048 
NR(O.0029) 

0.018 
0.024 

NR(0.0015) 
NRf0.0023) 

~~(0.013) ~~(0.0089) NR(o.oo4ij 
NR(0.016) NR(0.0077) NR(0.0039) 
NR(0.0085) NR(0.0072) NR(0.0042) 
NR(0.0099) NR(O.OO1l) NR(0.0044) 
NR(0.015) NR(0.0086) NR(0.0048) 
NR(O.012) NR(0.0059) NR(0.0036) 

2.41 
86 100 

0.021 0.018 
0.049 0.036 
0.31 0.073 
0.21 0.15 
0.022 0.022 
0.071 0.048 
0.086 0.070 

0.029 0.013 
NR(0.014) NR(0.0089) 
NR(O.018) NR(0.0077) 
NR(O.010) NR(0.0072) 
NR(0.0037) NR(O.OO1l) 
NR(O.011) NR(0.0086) 
NR(0.0067) NR(0.0059) 

NR(0.012) 0.011 

0.062 
NR(0.013) 
NR(O.0041) 
NR(0.0051) 

0.048 
NR(0.0029) 

0.018 
0.024 

NR(0.0015) 
NR(0.0023) 
NR(0.0041) 
NR(0.0039) 
NR(O.0042) 
NR(0.0044) 
NR(O.0048) 
NR(0.0036) 
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Table A-1 (Continued) 

pAHs 
50% of Full b a d  
Gas Sample Volume, Nm 
Naphthalene 
Acenaphthylene 
Acenaphthene 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Benz(a)anthracene 
Chrysene 
Benzo@)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Dibenz(a,h)authracene 
Benzo(g,h,i)perylene 
Indene( 1,2,3-~,d)pyrene 

Volatile Owanics 

100% of Full Load 
Gas Sample Volume, Nm 
Benzene, mglm ’ 
Gas Sample Volume, Nm ’ 
Formaldehyde 

75% of Full Load 
Gas Sample Volume, Nm ’ 
Benzene, mglm 

Gas Sample Volume, Nm 
Formaldehyde 

50% of Full Load 
Gas Sample Volume, Nm 
Benzene, 1 mglm’ 

Gas Sample Volume, Nm ’ 
Formaldehyde 

Part VII: Sie 109 

Mass Detected (I& 

M 
2.95 
66 

0.10 
0.091 
0.52 
0.60 
0.027 
0.15 
0.14 
0.015 
0.044 

NR(0.014) 
NR(0.014) 

NR(0.0034) 
NR(0.0074) 

NR(O.010) 

NR(O.0055) 

0.0031 
ND(O.O1O) 

0.029 
15 

0.0047 
ND(O.010) 

0.023 
- 

0.0047 
ND(O.O1O) 

w 
2.93 
72 

0.056 
0.014 
0.35 
0.34 
0.025 
0.10 
0.080 
0.015 
0.026 

NR(0.014) 

NR(0.0091) 
NR(0.0045) 
NR(0.014) 
NR(0.0072) 

NR(0.012) 

&& 

ND(O.010) 
0.0047 

0.022 
7 

Run9 
0.0047 

ND(O.010) 

0.023 
5 __ 

0.0047 
ND(O.O1O) 

0.022 
2.8 

A-6 

2.76 
56 100 

0.038 0.018 
0.036 0.036 
0.16 0.073 
0.22 0.15 
0.025 0.022 
0.080 0.048 
0.11 0.070 

NR(0.013) 0.011 
0.025 0.013 

NR(0.019) NR(0.0089) 
NR(0.016) NR(0.0077) 
NR(O.099) NR(0.0072) 
NR(0.0038) NR(O.OO1l) 
NR(0.034) NR(0.0086) 
NR(O.015) NR(0.0059) 

0.0047 
ND(O.010) 

0.018 

0.0047 
ND(O.010) 

0.0047 
ND(O.010) 

0.062 
NR(0.013) 
NR(O.0041) 
NR(0.005 1) 

0.048 
NR(0.0029) 

0.018 
0.024 

NR(O.0015) 
NR(0.0023) 
NR(0.0041) 
NR(0.0039) 
NR(0.0042) 
NR(0.0044) 
NR(0.0048) 
NR(0.0036) 

0 

ND(O.010) 

NDW 

ND(O.010) 

ND(1) 

ND(O.O1O) 
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Table A-1 (Continued) 

Method 
Field ( R e a g d  

Mass Detected (4 Blank (ne) Blank (ne) 
Natural Gas Firing 
Volatile Organics 
l W %  of Full Load-East Stack 
Gas Sample Volume, Nm 
Formaldehyde 

100% of Full Load-West Stack 
Gas Sample Volume, Nm 
Formaldehyde 

75% of Full Load 
Gas Sample Volume, Nm 
Formaldehyde 

50% of Full Load 
Gas Sample Volume, Nm 
Formaldehyde 

0.024 
1.1 

&M& 

0.024 
1.3 

0.023 
10 

0.020 
3.4 

0.024 
1.0 

0.023 
1.1 

0.022 
6.8 

0.021 
3.9 

0.026 
1.6 

0.023 
1.1 

0.023 
1.7 

0.021 
3.9 

'lW% load test conditions; neither a field blank nor a reagent blank analyses was performed for metals. 

bND indicates that the concentration is below the detection limit, which is shown in parenthesis. 

'Sample was contaminated by KMnO,, according to the KVB Analect report. 

dm indicates that the concentration is below the reporting limit, which is shown in parentheses. 

"Analytical data could not be found in the laboratory reports under conditions at 75% of full load. 

Sample was not taken. 
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Individual Stream Concentrations 
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Appendbc B 

This appendix present the results from the Site 109 sampling event in late 1990 and early 

1991. Tables B-1 and B-2 present the concentrations of the substances measured at Site 

109 during residual oil firing and natural gas firing, respectively. The analytical methods 

used to determine these results are also given. 

The concentrations were calculated from the raw analytical data presented in the KVB 

Analect report, which are shown in Appendix A. These concentrations were corrected 

for the reagent blank analysis, when appropriate. Section 3 presents details of which 

samples were corrected for the reagent blank analysis. 

The " B  flag indicates that the blank measurement is equal to or greater than 50% of the 

uncorrected sample measurement. The "<" flag indicates that the concentration is below 

the detection (or reporting) limit. In this case, the concentration is presented as the 

detection (or reporting) limit. 

Site 109 was sampled for chromium and nickel by two different methods--EPA Modified 

Method 5 (multi-metals sampling train) and CARB Method 425 for chromium and 

CARB Method 433 for nickel (individual metal sampling trains). The individual metal 

sampling train results are identified by Runs 3, 4, and 11. 
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Detailed Sample Collection, Preparation, and Analysis Information 
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Table C-1 

Reference Table for Sampling Methods - By Sample Stream 

SamDling Stream Collection Method 

Stack Gas EPA Modified Method 5 

CARB Method 433 

CARB Method 425 

Oil 

CARB Method 410A 

CARB Method 429 

CAFU3 Method 430 

Grab 

c-3 

Substance Measured 

Metals (including nickel 
and chromium) 

Nickel 

Total and Hexavalent 
Chromium 

Benzene 

PAH 

Formaldehyde 

Metals 
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Table C-2 

Summary of Preparation Procedures and Analytical 
Methods Used to Measure Inorganic Components in the Flue Gas 

ComDonent Method Reference 
FCEM Target Elements by Graphite Furnace 
Atomic Absomtion SDectroDhotometrv fGFAAS) 
Preparation 

Add Digestion for Filters 
Analysis by GFAAS 

Arsenic 
Chromium 

FCEM Target Elements by Cold Vapor 
Atomic Absomtion SDedrODhOtOmetrV fCVAAS) 
Preparation 

Analysis by CVAAS 

FCEM Target Elements by Inductively Coupled Argon 
Plasma Emissions Swdrouhotometrv CICP-AFS) 
Preparation 

Analysis by ICP-AES 

Acid Digestion for Filters 

Mercury 

Acid Digestion for Fkers 

Beryllium 
Cadmium 
Copper 
Lead 
Manganese 
Nickel 
Selenium 

FCEM Tareet Elements bv SoedroDhotometry 
Preparation 

Analysis with Spectrophotometer 
Extraction by Alkaline Solution 

Chromium, hexavalent 

EPA Modified Method 5 

EPA Method 7041 
EPA Method 7191 

EPA Modified Method 5 

EPA Method 7470 

EPA Modified Method 5 
~ ~ 

EPA Method 6010 

CARB Method 425 
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Table C-3 

Summary of Preparation Procedures and Analytical 
Methods Used to Measure Organic Compounds in the Flue Gas 

Comoonent Method Reference 

Benzene 
Sample Collection 

Tedlar BaD CARB Method 410A - 
Analysis by Gas Chromatography/Photo Ioriization 
Detector (GC/PID) 

CARB Method 410A 

Formaldehvde 
Sample Collection 

Analysis by High Performance Liquid Chromatography 
DNPH Impinger CARB Method 430 

CARB Method 430 
(HPLC) 

Polvnuclear Aromatic Hvdrocarbons (PAHs) 
Sample Collection 

Preparation 

Analysis by Gas Chromatography/Mass Spectroscopy 

Modified Method 5 CARB Method 429 

Soxhlet Extraction CARB Method 429 
CARB Method 429 

(GC/MS) 
Naphthalene 
Acenaphthylene 
Acenaphthene 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Chrysene 
Benz(a)anthracene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Indeno( 1,2,3-c,d)pyrene 
Dibenz( a,h)anthracene 
Benzo(g,h,i)perylene 
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Appendix C 

Table C-4 

Preparation Methods and Chemical Analysis 
Methods Applied to Oil for Site 109 

Comuonent 
FCEM Tareet Elements 
Arsenic 
Beryllium 
Cadmium 
Chloride 
ChrOmium 
Copper 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 

Method Reference 

EPA Method 6010, ICP-AES 
EPA Method 6010, ICP-AES 
EPA Method 6010, ICP-AES 
ASTM D808-87 
EPA Method 6010, ICP-AES 
EPA Method 6010, ICP-AES 
EPA Method 6010, ICP-AES 
EPA Method 6010, ICP-AES 
EPA Method 6010, ICP-AES 
EPA Method 6010, ICP-AES 
EPA Method 6010, ICP-AES 
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Process Stream Flow Rates 
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Error Propagation for Emission Factors and Material Balance Closures 
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Appendix E 

The text for Appendix E can be found in the Site 103 section. The computer-generated 

results from the emission factor and material balance calculations and error propagation 

analyses for Site 109 are included here. 
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Emission Factor Results 
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Appendix E 

- 
100% of Full Load 

INPUT 
VARIABLE 
N A R  DESCRIPTION 

A&MUTE ABSOLUTE ABSOLUTE NURBER 
AVERAGE ERROR CONTRIBUTION S M S I T I V I I Y  ERROR OF Of 

UNITS VALUE TYPE +t ISIG~IROI I I I P U T ~ ~ ~  s n m s  

i )  : a m i  R r s e n i r  conc u o / w  : .2  BIAS 3.02E-01 9.15E-01 6.00E-01 - 
: i  oas Stack aa5 f low ra:e N 8 3 / h r  864000 PREC 9.43E-02 1.27E-06 4.lBE+05 3 
31 oi l  O i l  f:on r a t e  K l t l h r  110 BIAS 2.74E-03 -9.51E-03 5.50E*M) - 

t PRECISION COMPOIIENT = t f S r b a r  
1) , !BotS!6MAol"2 FOR BIAS ERRORS: i t t S o b a r t S I 6 l t R ~ l " Z  FOR PRECISION ERRORS 

-YHERE Sobar=PRECISION INDEX OF THE MEAN. SGiINURBER OF 5AllPLESlA.5 
-THE SQUARE ROOT OF THE SUR OF THE ABSOLUTE 20NTRIBUIIONS 15 EQUAL TO THE IOTRL UNCERTAINTY 

1 s t  PE FGR BiAS ERRORS: S o r t  FOR PHECISIOfi ERRORS 

IWPUT 
VRRIABLE 
WAnE DESCRIPTION 

ABSOLUTE ABWLUTE ABSOLUTE WURBER 
AVERAGE ERROR CONTRIBUTION SDISITIVITY ERROR OF OF 

UNITS VALUE TYPE i f  isismi INPUT+++ sAnPLEs 

:I ticon: B e r v l l i u r  conc uo/N13 .6 BIAS 7 . W - 0 2  9.M-01 3.00E-01 - 
2 )  ca5 S tack  oas f!on r a t e  N r 3 / h r  BbkO00 PREC ?.&E-02 6 . M - 0 7  4.IBEt05 3 
:I o i l  ilil f low r a t e  K l b / h r  110 BIAS 6.W-04 -4.7bE-03 5 .50EW - 

* PRECISION COMPONENT = t t S r b a r  
*+ i B o W 6 M A o )  '2 FOR BIAS ERRORS: (:tSobarfSIGMAG)'2 FOR PRECISION ERRORS 

-WHERE Sobar=PRECISION INDEX OF THE HEAN. Sa/lNURBER OF SAllRESlA.5 
-THE SQUARE ROOT OF THE SUR OF THE ABSOLUTE CONTRIBUTIONS iS EQWL TO THE TOTAL UNCERTAINTY ' 

5G FOR BIAS ERRORS: S o t t  FOR PRECISION ERRORS a.  
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Appendix E 

cadmium 
b X P U 1  ABSOLUTE ABSOLUTE ABSOLUTE OE6REES 
VARIABLE AVERAGE BIRS PRECISION TOTAL STUDENT OF 
NARE DESCRIPTION UNlTS VRLUE CORPONENT COIIPONENT* UNC t FREEDOH 

e l i s  Eiisiion f a c t o r  Ib/HHBlU 3.112306 1.4BE-01 6.EBEtOO 6.9Et00 4.30EtW 2.1Et00 
==================:=========~=~===~-~~====:~========:====~==========~~====~==========---- ----*=lliiiiiiiiiiiii 

INPUT ABSOLUTE RBSOLUIE ABSOLUTE NMBER 
VARIABLE AVERAGE ERROR COWTRIEUIION SENSITIVITY ERROR OF Of 
WAHE DESCRIPTION UNITS VALUE TYPE I f  ISIGMI INPUTIff SAMPLES 

I !  bacon; t a d l i u l  Cont u o / N l j  3.4 PREC 4.6SEtOl 9.15E-Ol 1.29Et01 3 
?! oa5 Stack 015 f l o w  r a t e  N83/hr 864000 PREC 7.57E-01 3.M-06 4.18E+OS 3 
3 )  a i l  Dil f l o w  r a t e  K lb /h r  110 BIAS 2.20E-02 -2.69E-02 5.50Et00 - 

4 PRECISION CORPONENT : :*%bar 
f f  13otSi6tIPol"? FOR BIAS ERRORS: !tfSobdrfS16HAo1^2 FOR PRECISION ERRORS 

-"ERE Sobar=PREtISIOH INDEX OF THE REAN. SO/INUHBER OF SRRPLESl".S 
-THE W A R E  ROOT OF THE SUH OF THE ABSOLUTE CONTRI3UlIONS 15 ERUAL TO THE TOTAL UNCERTAINTY 

f*t $0 iOR B!AS ERRORS: Sof t  FOR PECISION ERRORS 

C h r O m i U m  
iUTPU1 
VRRIABLE 
NRRE DESCRIPTION 

ABSOLUTE ABSOLUTE ABSOLUTE DEGREES 

t FREEDOO 
AVERAGE BIAS PRECISIMI TOTAL STUDENT OF 

UNITS VWUE COHPONENT CORPONENTf UNG 

INPUT ABSOLUTE ABSOLUTE RBSMUTE NURBER 
VRRIRBLE RVERAGE ERROR CONTRIBUTION SEWSITIVIIV ERROR OF OF 
YRRE DESCRIPTION UNITS VRLUE TYPE *f (SIMIRDI IWUTHf SAHPLES 

1 baccnc C h r o l l u l  conc uoiN83 12 PREC E.27EtO1 9.131-01 1.72Et01 3 
?! 035 Stack oa5 flow r a t e  N83ihr E64000 PREC 9.43Et00 1.27E-05 4.18Et05 3 
:! 3:! O:! C l n  ;a!e Klblhr  I!O BIAS ?.74E-01 -?.51E-02 5.50Et00 - 

* PRECISION COHPONENT = !fSrbar 
*+ IBo~SlGMAo)*! FOR BIAS ERRORS: (tfSobarfSI6RAc)': FOR PRECISION ERRORS 

-IIHERE Sobar:PRECISlON INDEl OF THE HEAN. So/rNUHBER OF SRRPLE5)^.5 
-THE SUUARE ROOT OF THE SUR OF THE RBSOLUTE COWTRlBUTIOMS 15 EQUAL TO THE TOTRt UNCERTAINTY 

+*+ Bo FOR H A S  ERRORS: S o i t  FOH PRECISION ERRORS 
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Copper 
OUTPUT ABSOLUTE ABSOLUTE ABSOLUTE DEGREES 
VARIABLE AVERAGE B I A S  PRECISION TOTAL STUMNT OF 

VALUE COHPONENT COMPONENT* UNC t FREEDM NAME DESCRIPTION UNITS 

e i i 5  Emission f a c t o r  IbiMHBTU 15.56153 7.41E-01 2.09Et01 2.lE+Ol 4.30Et00 2.2Et00 

INPUT ABSOLUTE ABSOLUTE ABSOLUTE NUHBER 
VARIABLE AMRAGE ERROR CONTRIBUTION SENSITIVITY ERRDR OF OF 
NAME lESCRlPTION UNITS VALUE TYPE ti  ISIGHAOI IyPuTtt t  s n m s  

!: b a i o n c  Ciooer coni uoiWn3 17 PREC 4.19Et02 9.15E-01 3.BIEtOl 3 
2) oa5 Stack oar f l o i  r a t e  N i j / h r  864000 PREC 1.89EtOL 1.80E-05 4.1BEtOS 3 
j) o i l  O i !  f l ow rate K l b / h r  1!0 Bins 5.49E-01 -1.35E-01 5.50Ei00 - 

* PRECISION COMPONENT i t t S r b a r  
** ! B ~ + S i 6 H A o 1 ~ 2  FOR BIAS ERRORS: l t t S o b a r * S I G M R ~ ) ~ ?  FOR PRECISION ERRORS 

+HERE Sobar=PRECISION INDEX OF THE HEAN. So/!WW(BER OF SAIIPLES)*.J 
-THE SUUARE ROOT OF THE SUM OF THE ABSOLUTE CONTRIBUTIONS IS ERUAL TO THE TOTAL UNCERTAINTY 

*** Bo FOR 2!RS E;IRORS: Sott FOR ?RECISION ERRORS 

Lead 
CUTPUT 
VARIABLE 
NAME 3ESCRIPTION 

ABSOLUTE ABSOLUTE n m u i E  DEGREES 

UNITS VALUE CORONENT CONPONENl* U K  t FREEDOM 
AVERAGE BIAS PRECISION TOTAL STUDENT OF 

emis Enis5icn f a c t o r  ib/HHBTU 17.3923 1.23Et00 5.93Et01 5.9EtOl . 4.3OEtOO 2.OEtOO 
____________________-----------------------------------------------------------------==============~=:=:=:~= 

I N W ?  ABSOLUTE ABSOLUTE ABSOLUTE NUHBER 
VARIABLE AVERAM ERROR CONTRlBUTlON SENSITIVIIV ERROR OF OF 
N A M  DESCRIPTION UNITS VALUE TYPE *I IS161111pl IrWTwt SANPLES 

!! baconc Lead conc u o i N i 3  19 PREC 3.50Et03 9.1s-01 1.12EtOZ 3 
21 aa: Stack pas flow r a t e  N i j / h r  864000 PREC 2.36EtOl 2.01E-05 4.18Et05 3 
z !  laccar Lead conc uoiNn3 19 BIRS B.38E-01 9.15E-01 1.00Et00 - 
0 o i !  011 f l o w  r a t e  Kiblhr 110 BIAS b . M - O l  -1.51E-01 5.50Et00 - 

* PRECISION COHPONENT = t t S r b a r  
** IBD€SI6 I IAU)"? FOR BIAS ERRORS: ( t tSobar*S16HRoiA? FOP PRECISION ERRORS 

-"ERE SDbar=PRECISION INDEX OF THE NEAN. So1lNUllBER OF SAHPLES)*.S 
-THE SRUARE ROO? OF THE SUM OF THE ABSOLUTE CONTRIBUTlONS IS ERUAL TO THE TOTly UKERTAINTV 

4 * *  Ro FOR B i A S  ERRCRS: Sott FOR PRECISION ERRORS 
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Manganese 
O''!pEi ABSOLUTE ABSOLUTE ABSOLUTE DEGREES 
'VARIABLE AVERAGE B I A S  PRECISION TOTAL STUDENT OF 
NAHE DESCRIPTION UNITS VALUE CORPONENT CORPONENT+ UNC t FREEDOR. 

et15 E t i s s i o n  factor  IblnllBTU SI.bb92 2.75Etb0 2.35Etb2 2.4E102 1.27Et01 l.lEt00 
:~:i:i~ii~==i==ii:=========~:=======================================~:===~-=~=====~~====:~=======~=:= 

INPUT AffiDlUTE ABSDLUTL ABSOLUTE NURBER 
VARIABLE AVERAGE ERROR CONlRlBUllON SENSITIVITY ERROR OF OF 
NnnE DESCRIPTION UNITS VALUE TYPE H isisnno) I N P U T I ~ ~  SAIWLES 

11 ba:onc Hanoanere ronc uoINa3 63 PREC 5.30Et04 9.15E-01 3.56Et02 2 
2: o a j  Stack oa5 flow r a t e  Nt31hr BbkObC PREC 2.27Et03 b.b7E-05 1.24Etbb 3 
3; 3il Oil f low rate K l b l h r  110 B I A S  7.54EtOb -4.99E-01 S.SbEt00 - 

I PRECISION COHPONENT = t fSrbar  
t* iBotSISHAo1*2 FOR B I A S  ERRORS: ( t~Snbar*SISRAnl^2 FOR PRECISION ERRORS 

-WHERE Sobar=PRECISlON lNDEX OF THE IIERN. SoIIIIUIIEER OF SR#PLESlA.5 
-THE SQUARE ROOT OF THE SUH OF THE ABSOLUTE CONTRIBUTIONS IS ERUAL TO TH€ TOT& UNCERTAINTY 

+*f BE :OH B I A S  ERRORS: S o t t  FIR PRECISION ERRORS 

Mercury 
OUTPUT ABSOLUTE ABSOLUTE 

lXPUT ABSOLUTE AasoLun ADSMUTE MER 
VARI RBLE AVERAGE ERROR CONTRIBUTION S E N S I I I V I T Y  ERROR OF OF 
NRHE DESCRIPTION UNITS VALUE TYPE w ( S l f i M ~ l  INPUT*ft SAIWLES 

I )  harm Hercur7 cant. u0/1(13 2 PREC 8.21E+Ol 9.15E-01 1.72Et01 3 
2 )  oa5 Stack oa5 flow r a t e  NtS/hr E41000 PREC 2.67.E-01 2.IZE-06 4.1BEt05 3 
31 o i l  Oi l  flo! rr?! K!b!hr 110 B I A S  7.60E-03 -1.59E-02 5.5MtOO - 
ii baconc nercurv conc u0/%3 2 B I A S  4.llE-03 9.lSE-01 7.0bE-02 - 

4 PRECISION COMPONENT = t fSrbar 
5' (BOtSlSHAo)*2 FOR BIAS ERRORS: ~ t f S o b a r t S 1 6 1 1 A 0 ~ ~ 2  FOR PRECISION ERRORS 

-WHERE Sobar=PRECISION INMX OF THE MEAN. So/(WURBER OF SAIIPLEW.5 
-THE SQUARE ROOT OF THE SM OF THE ABSOLUTE CONTRIBUTIOmS IS EPWL TO THE TOTAL UNCERTAINTY 

"* bo FOR BIAS ERRORS: S o t t  FOR PRECISION ERRORS 
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Nickel 
OUTPUT ABSOLUTE ABSOLUTE ABSKUTE 0 E 6 RE E S 
VRRIABLE RVERABE B I A S  PRECISION TOThL STUDENT OF 

VALUE COMPONENT COMPONENT* UNC t FREEDOM NAHE DESCRIPTION unirs 

emis Eiissia factor 1blllHBTU 237.9999 1.13Et01 3.03Et02 3.OE*02 1.30Et00 2.2EtOO 

IUPUT 
VARIABLE 
NAME OESCRIPTION 

ABSOLUTE ABSOLUTE ABSOLUTE NUMBER 

UNITS VALUE TYPE H lSI6Mnl IYPUT**t SRMPLES 
AVERABE ERROR CONTRIBUTION SENSITIVITY ERROR OF Of 

!) bacon: Nicke l  coni  u o / L 3  2b0 PREC 8.71EtO4 9.15E-01 5.59Et02 3 
21 c z 5  Stack pas f lon  rate Ni3ihr 861000 PREC 1.12Et03 2.75E-M 4.18Et05 3 
Z !  011 Oil flon rate K!b/hr 110 BIAS 1.2BEtO2 -2.Obft00 5.5Mt00 

t PRECISIOU COaPONENT = tfSrbar 
i t  IBo*SI66Ao1^2 FOR B I A S  ERRORS: It*SobarfSI6)1bLoi^2 FOR PRECISION ERRORS 

-WHERE Sobar=PRECISION INOEI OF THE MEAN. WINUMBER Of SRMPLESl*.S 
-THE SQUARE RWT OF THf SUN Of THE ABSOLUTE COh'TRlBUTlONS IS E P U M  TO THE TUTAL UNCERIAINTY 

ftf Bo FOE 3 l A S  ERRORS: jott FJR PRECISION ERRORS 

INPUT 
VARIAELE 
MANE DESCRIPTION 

ABSOLUTE ABSOLUTE ABSUUTE NWlBER 
AVERAGE ERROR CONTRIBUTION SENSITIVITY ERROR OF OF 

UNITS VALUE TYPE H IS1611Rpl IYWTt**  SAMPLES 

1: haroc: Seleniui conc UO/WI:. 1,000001 PREC 2.53Et02 9.15E-01 3.01Et01 3 
21 oa5 Stack oas f l o w  rate Nm3/hr 861000 PREC 1.05Et00 1.24E-06 1.1BEt05 3 
51 bacon: Seleniui conc uo/N13 4.000001 Bins 1.W-02 9.15E-01 2.10E-01 - 
4 1  o;! Oil f l o w  rate Klb/hr 110 B I A S  3.OkE-02 -3.17E-02 5.50Et00 - 

* PRECISION COMPONENT = t*Srbar 
t* (BofSIBHAo1"2 FOR B I A S  ERRORS: (:tSobar*S16MAol*2 FOR PRECISION ERRORS 

-WHERE Sobar=PRECISION INDEX OF THE MEAN. So/lNUHBER OF SAMPLES!*.S 
-THF Sau4aE ROOT OF THE SUfl OF THE ABSOLUTE CONTRIBUTIUNS 15 EWAL TU THE TUTAL UYEfRlAllTY 

+tt Bo FOR B I A S  ERRORS: S o t t  FOR PRECISION ERRORS a 
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Individual Metal Sampling Trains 
Chromium 
hlrrul 
VAE!ABLE 
! M E  DESCRIPTION 

ABSOLUTE ABSOLUTE AESOLUTE DEGREES 

UNITS VALUE CORPONENT CORPONENTI UNC t FREEOOR 
AVERAGE BIAS PRECISION TOTAL STUOENT OF 

e i i s  Emission f a c t o r  Ib/RRBTU 7.568095 4.BIEt00 I . B b E t 0 0  5.2EtOO 1.30Et00 2.OEt00 

INPUT ABSOLUTE ABSOLUTE ABSOLUTE NURBER 
VRRIRBLE AVERAGE ERROR CONTRIBUTION SENSITIVITY ERROR OF Of 
HARE DESCRIPTION u n m  VALUE TYPE It 1SIGMOl IRUTttI SMPLES 

1) tacan: Ckoniun tunc u o l b 3  I I  BIAS 2.29Et01 B.70E-01 5.50Et00 - 
21 a i s  S t a c k  oa5  f l o n  r a t e  N13/hr 821000 PREC 3.14EtOO 1.17E-05 2.76Et05 3 
I! O i l  O i l  f l o w  r a t e  Klbihr 110 BIAS 2.OBE-01 -B.2BE-02 5.50Et00 - 

t PRECISION COlcpON[NT = : t S r h a r  
ft LBo* j I f i f lA~! '2  FOR BIAS ERRORS: ( t rSobar ISIGI1RoJ"? FOR PRECISION ERRORS 

-WHERE Sobar=PRECISION INOEX OF THE REAN. So/lNURBER OF SARPLESI^.J 
-THE SRURRE ROOT OF THE SUR OF THE ABSOLUTE CONTRlBUT!OIIS I S  EQUAL TO THE TOTAL UNCERTAINTY 

+tt k rCP BIAS ERRORS: S o f t  F3R PRECISION ERRCRS 

chromi~m, hexavalent 
JUTPUI ABSOLUTE ABSOLUTE ABSOLUTE DEGREES 
VAV:kBLE AVERAGE  BIAS PRECISION TOTAL STUDENT OF 
YA5E PESCRIPTION UNITS VALUE CORPONENT COIIPONENTI UWC t FREEDOII 

a i s  Eiission f a c t o r  I b l M B T U  1.913619 9.6lE-01 3.71E-01 I.Mt00 4.30Et00 ?.OE+OO 

IN?UT ABSOLUTE ABSOLUTE ABSOLUTE WURBER 
VRRIRBLE AVERAGE ERROR CONTRIBUTION SENSITIVITY ERROR OF of 
HAnE DESCRIPTION UNITS VALUE TYPE It ISIGMDI iwpuT+ i f  s n m s  

!: :atan: Hex. r h r o n i u n  tunc  UO~NIS 2.2 BIAS 9.15E-01 B.7OE-01 1,lOEtOO - 
21 ~ i ;  S t a c k  o a s  f l a w  r a t e  N13/hr B21000 PREC 1.3E-01 2.33E-Ob 2.76Et05 3 

Oil i l o n  r a t e  K i b i h r  110 B I A S  B.SOE-03 -1.66E-02 5.50Et00 - ;r c! i 
............................ 

* ?REC!S!ON CCHPONENT = t f S r b a r  
lBotSi611Aoi*? FCR BIAS ERRORS: I t f S o b a r t S I f i i l R o l * 2  FOR PRECISION ERRORS 

W E R E  Sobar=PRECISION INDEX OF THE M A N .  So/ INMBER OF SAIIPLESI*.J 
-THE sauRRE ROOT OF THE sun OF THE ABSOLUTE CONTRIBUTIONS IS EQUAL TO THE TOTAL UNCERTAINTY 

)" b FJR BIAS ERRORS: Sor t  FOR PRECISION ERRORS 
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Nickel 
3II:PUl ABSOLUTE ABSOLUTE ABSOLUTE OE6REES 
VARIRBLE AVERRE BIAS PRECISIOH TOTAL STUDENT OF 

t F R E E O M  YAHE DESCRIPTION UNITS VALUE COllPONENT COllPONENT* UNC 

emis Emission factor Ibl l lHBTU 4b1.0083 2.20Et01 7.62Et02 7.6E+O? 1.30E+00 2.lEIOO 

INPUT 
VAB!ABLE 

RBSOLUTE ABSOLUTE ABSOLUTE YUHBER 
AVERAGE ERROR CONTRIBUTION SENSITIVITY ERROR OT OF 

~ .. . ~~ ~~~ ~~ 

nnnE DESCRIPTION UNITS VALUE TYPE tt ISIS~AOI Iwuisti SRHPLES 

1) bamnc Nickel conc uoinns 530 PREC :.72Et05 8.7OE-01 1.51Et03 3 
21 a 1 5  Stack oas flow r a t e  Nm3/hr 821000 PREC E.WEtO3 5.62E-04 2.lhE+G5 3 

I .EZEt02 -3.WEt00 5.50Et00 - 3; o i l  Cil  f low rate Klblhr 1 IC Bias 

* PRECISIDN COHPONENI = ttSrbar 
*t iB~t5!6)IAbl*: FOR BIRS ERRORS: It~SobartSIGHRoI"? FOR PRECISION ERRORS 

-YHERE SDbar=PRECISlON INOEl OF THE HEAN. So/lNUHBER OF SRnPLESlA.5 
-THE SPUME ROC? OF THE sun OF THE nBsoLuiE C o n T R I m w s  is ERUAL TO THE TOTAL UNCERTAINTY 

e*+ Po !Oh 91AS EFtkORS: j o t t  FOR PRECISION ERRORS 
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INPUT 
VARIABLE 
NAME OESCRIPTION 

ABSOLUTE ABSDLUTE ABSOLUTE NUMBER 
AVERAGE ERROR CONTRIBUTION SENSITIVITY ERROR OF OF 

UNITS VALUE TYPE H ISIGIIRoI INPUTH~ SMPLES 

I )  baconc Benzene Conc u o / N J  11 Bins 2.34Et01 &ME-01 5.50Et00 - 
2) 0a5 Stack oas flow rate B31hr 831000 PREC 5.23EtW 1.17E-05 3.HIEtOS 3 
3) oil Oil flw rate Klblhr I10 B I A S  2.13E-01 -6.38E-02 5.50EtM) - 

f PRECISION COIIPONENT = tfSrbar 
f* lB~*S16MAnl*2 FOR BIAS ERRORS: ltfSobarfS16HAolA2 FOR PRECISION ERRORS 

-WHERE Sobar=PRECISION INDEX OF THE MEAN. SollNUMBER OF SAIIPLES)^.S 
-THE SQUARE ROOT OF THE SUM OF THE ABSOLUTE CONTRIWTIONS IS EQUAL TO THE TOTAL UNCERTAINN 

4 i t  Bo FOR BIAS ERRORS: Soft FOR PRECISION ERRORS 

Formaldehyde 
3UTPUT 
VARIABLE 
NAME OESCRIPTION 

ABSOLUTE ABSOLUTE ABSOCUTE OEGREES 

UNITS VALUE COHPONENI COIIPOMNTTt UNC t FREEDOR 
AVERAGE BIAS PRECISION TOTAL STUDENT OF 

INPUT 
VARIABLE 
NAIIE OESCRIPTION 

ABSOLUTE MSOLUlE ABSDLUTE NMBER 
AVERAGE ERROR CwlTRlBUTlON SENSITIVIN ERROR OF OF 

UNITS VALUE TYPE H IS161111pI lNPUTf** SAIIPLES 

baconc Forialdehvde conc u o l N i 3  - 4bO PREC 3 . 7 7 E t M  B.BOE-Ol 3.BZEt02 3 
oas Stack aas +low rate Nd/hr E31000 PREC 5.WEt03 4.87E-M 2.51Et05 3 
oi I Oil flow rate Klblhr 110 BIAS 3.72Et02 -3.51Et00 5.50Et00 - 
PRECISION COMPONENT = t4Srbar 
IBn*SIGIIRo)*2 FOR BIAS ERRORS: ItfSobarrSIGHAo)*2 FOR PRECISION ERRORS 

-fniRE jDoar=i;iiijiON inpi; 0; iji EiKi. j,;;;;ga;;;; 2; s;apL;s;-.s 
-THE SBUARE ROOT OF THE SUM OF THE ABSOLUTE CONTRIBUTIONS IS EBUAL TO THE TOTAL UNCERTAINTY 

Bo FOR 81115 ERRORS: Sost FOR PRECISION ERRORS 
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Acenaphthene 
O W N  ABSOLUTE ABSOLUTE ABSOLUTE DEGREES 
VARIABLE AVERAGE BIAS PRECISION TOTAL STUDENT OF 
N A E  DESCRIPTION UNITS ‘VALUE COHPONENT COHPONENTf UNC t FREEOM 

e8is Emission f a c t o r  Ib lHI IBTU 5.370572E-02 
2.56E-03 5.6IE-02 5.6E-02 4.30Et00 2.ZEtOO 

INPUT 
VARIABLE 
NAIIE OESCRIPTION 

ABSOLUTE ABSOLUTE ABSOLUTE NUHBER 
AVERAGE ERROR CONTRlBUTION SENSITIVITY ERROR OF OF 

UNITS VALUE TYPE f t  ISIGMD) IPUTtff SAMPLES 

1) baconc kcanachthene conc Uo/N83 6.100001E-02 

? I  015 Stack ca5 f l o n  r a t e  N13ihr 831000 PREC 
3: o i l  O i l  f l on  r a t e  K l b l h r  I io BIAS h.54E-06 -4.65E-04 5.50Et00 - 

PREC 2.99E-03 B.BOE-01 1.0EE-01 3 
1.blE-04 6.46E-OB 3.4OEt05 3 

f PREC!SION COI!PONENT : t f S r b a r  
** iEGf!:%AP!^? FOR EIAS ERRORS: LtfS0barfSIGHAD)’Z FOR PRECISION ERRORS 

-WHERE Sobar=PRECISICN INDEX OF THE IIEAN. So!lNUIIBER OF SAIIPLESl*.S 
-THE W A R E  ROOT OF THE SUN OF THE ABSOLUTE iONTRIBUlIONS 15 EQUAL TG THE TOTAL UNCERTAINTY 

+** Hc FOR 91AS ERRORS: Soft  FOR PRECISION EHRORS 

INPUT 
VAHI ABiE 

ABSOLUTE ABSOLUTE ABSOLUTE NUIlBER 
AVERAGE ERROR CONTRIBUTION SENSITIVITY ERROR OF OF 

~ .. . . . . . . . . .. .. .- .. -. -. 
MARE DESCRIPTION UNITS VALUE TYPE ff I S ~ G H A O I  i npuT* t *  s n w s  

1) h a r m  Arenaohthvlene conc UOlN83 .019 PREC 6.54E-OS E.BOE-01 1.SPE-02 3 
2 )  ca5 Stack oa5 f:on r a t e  N83/hr 831000 PREC E.54E-06 2.01E-08 2.51E*05 3 
3 i  oil  Oil f lon  r a t e  K l h l h r  110 B i n s  6.35E-07 -1.4%-04 5.50Et00 - 

4 YREC1S:ON COIIPONENT = t f S r b a r  
f f  ~BofS16IIAO!~’2 FOR BIAS ERRORS: l t t S o b a r f S I 6 l l R ~ I * Z  FOR PRECISION ERRORS 

M E R E  Sobar=YREClSION INDEI Of THE IIEAII. SDIINUHBER OF SAIIPLES)^.S 
-THE SRUARE ROOT OF THE SUR OF THE ABSOLUTE CONTRIBUTIONS 15 ERUAL TO TH TOTAL UlCERTAlnTY 

f f f  Bo FOR B l A E  ERRORS: S c f t  FOR PRECISION ERRORS 
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Appendix E 

Anthracene 
:uTPUT ABSOLUTE ABSOLUTE ABSOLUTE DEGREES 
VARIABLE AVERA6E BIAS PRECISION TOTAL STUDENT OF 
NAME OESCRIPIION UNITS VALUE COHPONENT COHPONENTf UNC t FREEDOM 

eiis E n i s r i o n  f a r t n r  I b l M B T U  1.936927E-02 
9.22E-04 5.lbE-03 5.2E-03 2,7BEtOO S.6EtOO 

INPUT 
VARIABLE 
WARE DESCRIPTION 

ABSOLUTE ABSOLUTE ABSOLUTE NMBER 
AVERAGE ERROR CONTRIBUTION SEWSITIVITY ERROR OF OF 

UNITS VALUE TYPE tt 1SIGMAoI INPUT+*+ SAMPLES 

:) b m n c  Snthrarene conc uolNi3 .a22 PREC 1.79E-05 8.BOE-01 8.33E-03 3 
2; 0 a 5  S t a r k  01s flow r a t e  L 3 / h r  831000 PREC B.71E-06 2.33E-08 2.19Et05 3 
-. j: J i l  Oi! f l o w  r a t e  Klb/hr 110 BIAS B.51E-07 -1.6BE-04 5.50Et00 - 

i PRECIS!ON COHPONENT = t i S r b a r  
if I ~ O ~ S I G ~ A O : * ?  FJR BIAS ERRORS: I t f S o 3 a r i S I G H A 0 ~ ~ 2  FOR PRECISION ERRORS 

-WHERE Sobar=PRECISIOI( INDEX OF THE MEAN. So:!NWlEER OF SRMPLES)^.S 
-THE SBL'RPE ROOT OF ?HE SUM OF THE ABSOLUTE CONTRIEUTIONS IS EQUAL TO THE TOTAL UNCERTAIHTY 

++f 30 FCP 5125 E F K W  Sof t  FOR PRECISION ERRORS 

Benz(a)anthracene 
CiJIPUI ~ ~ ~~ ABSOLUTE ABSOLUTE ABSOCUTE OE6REES 
MI ABLE AVERAGE BIAS PRECISION TOTAL STUDENT OF 
H R A  DESCRIPTION UNITS VALUE CORPONENI CORPONEYTf UNC t FREEDOM 

enis E i i i s i o n  f a c t o r  IblRHBTU 8.804215E-03 
4.IQE-Ok 6.88E-03 b.9E-03 4.JOEtOO 2.kEt00 --------- 

INPUT ABSOLUTE AB50LUTE ABSOLUTE WUllBER 
V A R l  AELE AVERAGE ERROR CONTRIBUTION SENSITIVITY ERROR OF OF 
NRE DESCRlPTION UNITS VALUE TYPE f t  ISI6HAn) INWTt+t SMPLES 

!i bac inc  E m ! a l a n t h r a c e n e  m c  uo/Nn3 .01 PREC 4.3IE-05 B.BOE-01 1.29E-02 3 
2)  %.rl c z s  ! ! e :  r?!? Y:3/Lr 81!?0? PDEC (.??E-06 I.%:-?! ?.4?Et05 z 
:i Oil !!GI r a t e  L l b l h r  110 BIAS l.7bE-07 -7.b2E-05 5.50Et00 - 

* PREC!S!ON COMPONEN! = t t S r t a r  
f +  EWS!511RoI'Z FOR BIAS ERRORS: !tfSnbar+SIGMAn)'Z FOR PRECISION ERRORS 

-#HERE Sc:ar=PRECISION INDEX OF THE MERN. Sn/lNURBER OF SAMPLES)^.J 
-THE W A R E  ROOT OF THE SUM OF THE ABSOLUTE CONTRIBUTlONS IS EQUAL TO THE TOTAL UNCERTAINTY 

**+ Es FOP Y.iS ERRORS: 5 n f t  F3R PRECISION ERRORS 
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Chrysene 
IUTPUT ABSOLUTE ABSOLUTE ABSOLUTE DESREES 
VARIRBLE AWRRGE BIAS PRECISION TOTRL STUDENT Of 
NRRE DESCRIPTION UNITS VALUE COOPONENT COIIPONENTf UNC t FREEDOO 

e l 1 5  E a i s s i o n  f a c t o r  ib:nnBTu 2. IISOIZE-O~ 
1.01E-03 2.03E-02 2.OE-02 4.30Et00 2.3EtOO 

===iiii==i========~===========:====::===~===:=:~===~======:=~============~=====:==============: 

INPUT ABSOLUTE ABSOLUTE ABSOLUTE NUOBER 
VARIABLE RVERAGE ERROR CONTRIBUTION SENSITIVITY ERROR OF OF 
NAOE DESCRIPTION UNITS VRLUE TYPE i I  (SIERAOI iwunti  s A n m  

1) baconc t h r v s e n e  cone u o I N i 3  .024 PREC 3.BBE-04 B.80E-01 3.87E-02 3 
Z! oa5 Stack oas flow r a t e  N i 3 / h r  831000 PREC 2 . W - 0 5  2.54E-OB 3.4OEt05 3 
3) a i l  Oil f h i  r a t e  I:lb/hr 110 BIAS 1.01E-Ob -1.83E-04 5.50EtW - 

I PREt1S:ON COOPONENT = t f S r b a r  
I €  ( B D I S I G N A ~ ~ ” ~  FOR BIRS ERRORS: (ttSobarrS1611RolA? FOR PREC!SION ERRORS 

-WHERE Sobar=PREC!SION INDEX OF THE BERN. So/(NUOBER OF SRRPLES)*.5 
-THE SQUARE ROC? OF THE SUR OF THE ABSOLUTE CONTRIBUTIONS IS EQUAL TO THE TOTAL UNCERTAINTY 

+et BO :OR a:As ERRORS: s v t  FOR PRECISION ERRORS 

INPUT 
VARIABLE 
NAOE CWRIPTION 

ABSOLUTE RBSOLUE ABSOLUTE NUHER 
AVERAGE ERROR CONTRl8UTlON SENSITIVITY ERROR OF OF 

UNITS VALUE TYPE If (S1611AoI I N P U T H I  SROPLES 

1: baconc F luoranthene cone u o l N i 3  . OB5 PREC 1.2OE-02 B.80E-01 2.15E-01 3 
2 i  0a5 Stack ca5 I lo i  r a t e  N i 3 / h r  831000 PREC 3.12E-04 P.OIE-OE 3.40Et05 3 
31 oil Oil llow r a t e  Klb!hr 110 B I A S  1.27E-05 -6.48E-04 5.SOEtOO - 

* PRECISION COOPONENT = t f S r b a r  
If IBoISI6RAoi’: FOR B I R S  ERRORS: I t fSobarfS16RAol*? FOR PRECISION ERRORS 

-WHERE Sobar:PRECISION INDEX OF THE E R N .  SO/INUOBER OF SRRPLESI“.S 
-!HE SQUARE ROOT OF THE SUH OF THE RBSOLUTE CONTRIBUTIONS IS EQURL TO THE TOTAL UNCERTAINTY 

’ 

+If 9c FO3 BlRS ERRORS: Sost FOR PREC!SION ERRORS 
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Fluorene 
X F U T  
VARIABLE 
NAOE DESCRIPTION 

ABSOLUTE ABSOLUTE ABSOLUTE OEGREES 

UNITS VALUE COIIPONENT COllPONENTt UNC t FREEDM 
AVERAGE BIAS PRECISION TOTAL STUDENT OF 

e i i s  Emiision f a c t o r  IblRllBTU .1584759 7 . X - 0 3  1.1bE-01 1.2E-01 4.3Mt00 2.SEt00 

INPUT ABSDLUTE ABSOLUTE ABSOLUTE YUllBER 
VARIABLE AVERAGE ERROR CONTRIBUTION SENSll lVITV ERRMI OF OF 
N A E  DESCRIPTION UNITS VALUE TYPE ff IS16llAol I W U T I f t  SABPLES ........................................................................................................................... 

11 D a c m  F l u o r e n e  conc uoiNm3 .lB PREC 1.20E-02 B.BOE-01 2.15E-01 3 
21 oas Stack oa5 f lon  r a t e  N i 3 / h r  831000 PREC 1.4OE-03 1.91E-07 3.4OEt05 3 
3! o i l  Oil f l o w  r a t e  K l b / h r  I10 BIAS 5.b9E-05 -1.37E-03 5.HIEtOO - 

I UREC!S:ON COllPONENT = t f S r b a r  
I f  lBotSIGRAol^2 FOR BIAS ERRORS: (tfSobarfSIGllAol’2 FOR PRECISlON ERRORS 

- W E R E  Sobar=PRECISION INDEI OF THE REAN. SollNUtlBER OF SAtlPLES!^.S 
-THE SRUARE ROOT OF THE SUtl Of THE AESCLUE COtiTRlBUTlONS IS EQUAL TO THE TOTAL UNCERTAINTY 

Bo FOP E A 5  ERRORS: S o f t  FOR PRECISION ERRDRS - 

INPUT 
VARIABLE 
tihnE JESCRIPTION 

ABSOLUTE ABSOLUTE ABSOLUTE NUllBER 
AVERAGE ERROR CONTRIBUTION SENSITIVITY ERROR Of OF 

ENITS VALUE i r P E  If ISIGllAol I W U T f t l  SAllPLES 

:I baconc Yaohthale?,e coni uoiN13 37 PREC 2.32EtOj 8.BOE-01 P.4iE*Ol 3 
.I ? i s  Stack 8;: !!a ra te  fln3/hr 931000 PREC 5.92EtOI LPZE-05 3.IOEt05 5 

3: 31! Oil flow r a t e  K l b l h r  110 BIAS 2.4IEt00 -Z.BZE-01 5.50Et00 - 
I, 

E PRECISION COllPONENT = t f S r b a r  
If IBDtSI6lIAor ’2 FOR BIAS ERRORS: I t f S ~ b a r I S I 6 l l A o ) ~ ~  fOR PRECISION ERRORS 

-#HERE Sobar=PREilSION INDEI OF THE llEAN. So/(NUllBER OF SRllPLES)^.S 
-THE SQUARE ROOT OF THE sun o f  THE ABSOLUTE CONTRIBUTIONS IS EQUAL 10 THE TOTAL UNCERTAINTY 

‘It BO FOR BIAS ERRORS: Sot? f X  PRECISION ERRORS 
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Appendix E 

Phenanthrene 
OUiPl‘i 
V A R I A B L E  
YARE DESCRIPTION 

ABSOLUTE RBSOLUTE ABSOLUTE DESREES 

VALUE CORPONENT COflPONENT+ UNC t FREEOM 
AVERAGE BIAS PRECISION TOTAL STUDENT OF 

UNITS 

emir E i i r r i o n  f a c t o r  lb/MRBTU .325756 1.55E-02 5.966-01 6.M-01 1.30Et00 2.IEt00 i..ii.iiii.... .................................................................................................. 
I w u i  ABSDLUTE RBSOLUTE ABSOLUTE NUHBER 
VARIABLE AVERAGE ERROR CONTRIBUTION SENSITIVITY ERROR OF Of 
NARE DESCRIPTION UYITS VALUE TYPE 44 i s i ~ i l n ~ i  IYPUTIM snwLEs 

1 1  baconc Phenanthrene :onc uo/Ni3 * 31 PREC 3.M-01 8.8OE-01 1. l6Et00 3 
5.92E-03 3.92E-07 3.40Et05 3 ?! 0a5  Stack 01s f l o n  r a t e  N13/hr 831000 PREC 

S i  o i l  O i l  f lon  r a t e  Klb!hr 110 Bias ?.4lE-04 -2.B2E-03 5.MEtOO - 

I PRECISION CORPONENT = :*%bar 
€€ (Bo4S:GtlAol’Z FOR BIRS ERRORS: ~ t t S 0 b a r 4 S I 6 i l R o ) ~ 2  FOR PRECISION ERRORS 

-WHERE Sobar=PRECISION INDEX OF THE REM. Sp/(NUilBER OF SMRESi*.S 
-THE SUUARE ROO! OF THE SU11 OF THE RBSOLUTE CONTRIBUTIONS IS ERUAL TO THE TOTAL UNCERTRINTY 

* * 4  bo FJR B!AS ERRORS: S o t t  fOH PRECISION ERRORS 

b e n e  
OUTPUT 
VARIABLE 
HA% DESCRIPTION 

ABSOLUTE RBSOLUTE ABSOLUTE DEGREES 

UNITS VALUE CORPONENT COilPONENl€ US t FREEDOM 
AVERAGE BIAS PRECISION TDTAL STUOEYT Of 

~~~~~~~ 

emir E i i r r i o n  f a c t o r  I blllllBTU 6.603162E-02 
3.14E-03 8.lAE-02 8.5E-02 4.3OEt00 2.IEt00 

;.:liiilli===fiY=========~=::===========:~========-==================~=========:====~-~=====~======~==: 

INPUT ABSOLUTE nnsoLuTE ABUKUTE NMBER 
VRR!ABLE AVERAGE EMOR CONTRIBUTION SENSITIVIN EMDR OF OF 
YARE DESCRIPTION UNITS VALUE TYPE 4 i  ( S I G t i b i  INPUTHI SAMPLES 

1)  baconc Pvrene conc UOiN13 .075 PRfC 6.YlE-03 B.80E-01 1.M-01 3 
2 )  03;  Stack o a r  f!on r a t e  Ni3/hr 831000 PREC 2 . U - 0 4  7 . W - 0 8  3.4OEt05 3 
3) o i l  Oil f lon  r a t e  K!b/hr 110 Bins 9.89E-06 -5.72E-04 5.SOEtOO - 

€ PRECISION CORPONEN: = t t S r b a r  
++ f~ctSIStlh1”2 FOR BIAS ERRORS: I t + S u b a r f S 1 6 f l h l A 2  FOR PRECISION ERRORS 

-WHERE Sobar=PRECISION INDEX Of THE MEAN. SoilNUMBER OF SAflPLESP.5 
-THE SRUARE ROOT OF THE SUil Of THE ABSOLUTE CONTRIBUTIONS IS EWAL TO TK TOTAL UNCERTAINTY 

44*  Bo FOR BIAS ERRORS: S o f t  FOR PRECISION ERRORS 
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Appendix E 

75% of Full h a d  

Benzene 
9mUT ABSOLUTE ABSOLUTE ABSOLUTE OE6REES 
VARIABLE AVERAGE BlAS PRECISION TOTAL STUDENT OF 
NANE DESCRIPTION UNlTS VALUE COllPONENT COI(P0NENTt UNC t FREEDM 

e r i i  E i i s s i o n  factor IblMBTU 11.97032 6.01Et00 1.20Et00 6.IEt00 4.30Et00 Z.oEl00 
--------------------------------=~==~=~======~-==~== 

Inrw ABSOLUTE ABSOLUTE ABSOLUTE NUNBER, 
VARIABLE AVERRGE ERROR CONTRIBUTIO# SENSITIVITY ERROR OF OF 
NME DESCRIPTION UNITS VALUE TYPE H IS16Mnl INPUTH€ SPmPLES 

1)  baconc Benzene conc u o l N d  I! BIAS 3.SEE*Ol I . W E t W  5.50Et00 - 
2) oas Stack oas flon rate Na3lhr  747000. PREC 1.44Et00 1.6oE-05 1.30Et05 3 
3) oil  O i l  ilw r a t e  K l b l h r  BO Bins 3 3 E - 0 1  -1.G-01 4.WEtW - 

* PRECISION CONPONENT = t f S r b a r  
ll IBo€SI6NAo)"2 FOR BIAS ERRORS: (tfSobar~SI€.HAo1^2 FOR PRECISION ERRORS 

-WHERE Sobar=PRECISlOn INDEX OF THE MAN. SolfNUllBER OF SMPLES)".S 
-THE SQURRE ROOT OF THE SUM OF THE RBSULUTE COHTRIBUTIONS IS EQUAL TO THE TOT& UNCERTAINTY 

ft* Bo FOR BlAS ERRORS: Sott FOR PRECISION ERRORS 
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Acenaphthene 
CUTPUT 
VAfi!ABLE 
!ME OESCRIPTION 

ABSOLUTE ABSOLUTE ABSOLUTE DEGREES 

UNITS VALUE COMPONENT COMPONENTt UNC t FREEODH 
AVERA6E BIAS PRECISION TOTAL STUGENT OF 

? I 1 5  Birrion factor I b/IvIBTU 3.1558l!E-02 
1.5OE-O! 5.k2E-02 5.4E-02 k.30Et00 2.OEt00 

--- 

INPUT ABSOLUTE ABSOLUTE ABSOLUTE NUMBER 
VARIABLE AVERAGE ERROR CONTRIBUTION SENSITIVITY ERROR OF OF 
#AB 9ESCRIPTION ONITS VALUE TYPE +* iSI6MAol INPUTttf SAHPLES 

!: t a c m  Acenaohthene coni uolNl3  .on PREC 2 . W - 0 3  1.09Et00 8.blE-02 3 
5 . W - O b  4.22E-08 1.30Et45 3 i? aaz 

~. ?i :i! Dil f!ow rate Xlb/hr 30 BIAS 2.2bE-Ob -3.7bE-0k k.OOEt00 . 
itacb oar f low rate NiJ/hr 74!000 PREC ", 

Acenaphthylene 
L-NJlP!ll 2BSOLUTE ABSOLUTE ABSOLUTE DEGREES 
.:A;,-\-r .IhS.E RVER116E BIAS PRECISION TOTAL STUOENT OF 
W E  DESCRIPTION UNITS VALUE COMPONENT CDRPONENTf UNt t FREEWH 

ei is  Eiisrion factor I b/HllBTU I. 741 131E-02 
B.29E-Ok 1.63E-02 1.bE-02 4.SOEt00 2.OEt00 

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

INPUT ABSOLUTE RBSOLUTE ABSOLUTE WUHBER 
VARIARiE IIVERAGE ERROR CONTRIBUTION SENSITIVITY ERROR OF OF 
kAME DESCRIPTION UNITS VALUE TYPE t+ ISIGHAOI iWpuTw SAMPLES 

I! baconc A c m o h t h v l e n e  conc u o l N i 3  ,016 PREC 2.63E-04 1.09EtOO 2.5BE-02 3 
2 )  ;a5 Stack ads f l o r  rate NiJ/hr 747000 PREC 3.M-Ob 2.33E-08 1.30Et05 3 

Oi! flow rate Klb/hr BO B I M  b.EJE-07 -2.07E-0k I.OOEt00 ' - 7,. " i ,  
*l I.. 

I FRECISION COHPONENT = tfSrbar 
+t IBot5:GMAol'; FOR BIAS ERRORS: (tfSobar+S16ilAo!^2 FOR PRECISION ERRORS 

-WHERE Sohar-PRECISION INDEX OF THE HEAN. So/iNUMBER OF SAHPLES)^.S 
-THE SOUARE PO07 OF THE SUH OF THE ABSOLUTE CONTRIBUTIONS 15 ERUAL IO THE TOTAL UKERTRINTY 

+** Bt FOE E!kS ERRORS: So*t  FOR PHECISION ERRORS 
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Appendix E 

Anthracene 
OUTPUT 
VARIABLE 
NAHE DESCRIPTION 

ABSOLUTE ABSOLUTE n B s c m  OEGREES 

UNITS VALUE COMPONENT COMPONENTf UNC t FREEDOM 
AVERAGE Bins PRECISION TOTAL STUDENT OF 

* PRECISION COHPONEN? = rfSrbar 
tf IBofS!fiEAol'2 FOR BIAS ERRORS: !tGobart516HAo!*! FOR PRECISION ERRORS 

-#HERE Sobar=PRECISlON INDEI OF THE NEAN. W I N U H B E R  OF SAHPLES!*.5 
-THE SUURRE ROOT OF THE SUH 3F THE ABSOLUTE tONIRIBUTIONS 15 EUUAL TO ?HE TOTAL UNCERTAINTY 

s t *  So FOF B!& ERRORS: Satt F:R PRECISION ERRORS 

Benz(a)anthracene 
O!ll~UI ABSOLUTE ABsotuTE ABSOLUTE DEGREES 
vAR:RatE AVERAGE BIAS PRECISION TOTAL STUDENT OF 
XRHE DESCRIPTION UNITS VALUE COMPONENT C O M W N E N T f  UYC t FREEDOM 

emis Emission factor lb/MBTU 3,264632E-03 
1.W-04 8 . M - 0 3  B.1E-03 L30Et00 2.0EtOO 

:-=iiii=~==ii==i=iii======:====~====~==~=:~:==:=~~~=:====:=========:========~=====~==:=========:~===== 

INPUT ABSOLUTE ABSOLUTE ABSOLUTE NUMBER 
VARIhSLE AVERAGE ERROR CONTRIBUTION SENSITIVITY ERROR OF OF 
N A E  DESCRIPTION UNI?S VALUE TYPE ff 1 S I 6 M o )  INPUTfff SMPLES 

11 b a c m  Ben:(a!anthracene conc uoINn3 .003 PREC b.5DE-05 I.WEt00 1.29E-02 3 
? i  p a 5  Stack oa5 flow rate Nm3Ihr 747000 PREC 1.07E-07 4.37E-09 1.3OEtO5 3 
3) o i l  Oil flow rate i:lb/hr BO BIAS Z . ~ Z E - O B  -3.89~-05 4 . o o ~ t o o  - 

PRECISION COIPONENT = tfSrbar 
f f  IBD*S!G)IRD)'? FOR BIAS ERRORS: ItfSobarfSIGRAo!~'2 FOR PRECISION ERRORS 

+HERE SDbar=PREClSION INDEI DF THE REAN. So/ INUMBER OF SRHPLES)^.S 
-THE SEUARE ROO! OF THE SUR OF THE ABSOLUTE CONTRIBUTIONS IS EQUAL TO THE TOTAL UNCERTAINTY 

Bo FOR 5145 ERRORS: Soft FOR PRECISION ERRORS 
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Appendbc E 

11 baconc Chrvsene tunc u o i N i 3  ,011 PREC b.5EE-05 1.09E100 1.29E-02 3 
21 365 Strck oa5 f l c r  r a t e  Ni3 /hr  747000 PREC I .UE-Ob 1.bOE-OB l .30Et05 3 
71 c i l  O i l  t!or rate Klb/hr BO BIAS 3.25E-07 -1.13E-04 4.00Et00 - 

t PRECISION COIIPMIENT = t t S r b a r  
11 IhotSIGIIhl’! FOR BIAS ERRORS: IttSobar4S16MAolA? FOR PRECISION ERRORS 

- W E R E  Sobar=PRECISION INDEX OF THE M A N .  Su/lNUHBER DF SAMPLESI*.5 
-THE SBUARE HOOT OF THE SUM OF THE ABSOLUTE CONTRIBUTIONS IS EQUAL TO THE TOTAL UNCERTAINTI 

+t* Br FOR 9:AE ERRORS: Sort FOR PRECISION ERRORS 

Fluoranthene 
OUTWI ABSOLUTE ABSOLUTE ABSOLUTE DE6REES 
‘;A%:AELE AVERAGE BIAS PRECISION TOTAL STUDENT OF 

VALUE COMPONENT COMPONENTt UNC t FREED8 !iRLE 9ESCRIPTION UNITS 

enis  E a i i s i o n  t a c t o r  Ib/MMBTU 3.15581 If-02 
1.50E-03 5.6%-02 5 . E - 0 2  4.30Et00 2.M+00 _--- --.------~:l=ilii========i===========~===:====================~-=====~=======~-=====~============= -- _-- 

iWi ABSOLUTE MSOLUTf ABSOLUTE NUMBER 
VARIABLE AVERAGE ERROR MN~RIBUTIOW SEWSITIVITI EWlOR OF Of 
M E  DESCRIPTION UNITS VALUE TYPE tt ISIWAo1 INPUTtt t  SAIIPLES 

1: : a m i  Fluoranthene tunc uoiNa3 .029 PREC 3.22E-03 I .O9E+W 9.01E-02 3 
2! Pas Stack oa5 f !or  r a t e  Na3ihr 747000 PREC 9 . W - O b  1.22E-08 1.30Et05 3 
31 J i l  O i l  f l o r  r a t e  Klb /hr  80 BIAS 2.2bE-Ob -3.7bE-04 1.00Et00 - 

t PRECISION COIIPONENT : t fSrbar  
t i  IBo+S!6HAo)*2 FOH BIAS ERRORS: l t tSobar*SISHAolA? FOR PRECISION ERRORS 

-WHERE Sobar:PREClSlON INDEX OF THE HEAN. So/ INUHRR OF SMPLESY.5 
-TBE SQUARE ROD1 OF THE SUI OF THE ABSOLUJE CWIIRIBUTIOYS IS EPML TO THE TOTAL UYCERTAIWTY 

ti* 90 i O k  B!& E X ” :  S o t t  FOR PRECISION ERRORS 

0 
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t PREC!SION COHPONENT = tfSrbar 
t t  !Ro4SIGHAo)"2 FOR B I A S  ERRORS: (ttSobartSISHPo)^Z FOR PRECISION ERRORS 

+HERE Sobar=PREClSION INDEX OF THE HEAN. So/(NUHBER OF SR!lPLESl^.S 
-THE SQUARE ROOT OF THE SUH OF THE RESOLUTE CONTRIEU!IONS IS EQUAL TO TE TOTAL U)ICERIAINIY 

f b t  Bo FOP RiAI ERRORS: Sott FOR ?RECISION ERRORS 

Naphthalene 
WTPUT 
VARIMLE 
NAHE DESCR IPT I ON 

ABSOLUTE ABSOLUIE ABSOLUTE . DEGREES 

t FREEDOH 
AVERAGE EIRS PRECISION TOTAL STUDENT OF 

uwns VRLUE COHPONEWT COHPONENl* UYC 

eiis Emission factor Ib/MBTU 52.64632 1.5Ht00 1.9ZEtOl 1.PEtOl 4.U)EtW 2,lEtOO 
-----------------------------------------------------------------------------~=====~======~====~~~===~===: 

INPUT ABSOLUTE ABSOLUTE ABSOLUTE NUHEER 
VARIABLE RVERAGE ERROR CWTRIEUTIOW SENSITIVITY ERROR OF Of 
NRHE MSCRIPTION UNITS VRLUE TYPE it ISlSMoI IWPUTtft SARPLES 

!) baconc Naohthalene conc uo/Ym3 30 PREC 5.58Et02 1.WEWO 3.01Et01 3 
2) oa5 Stack oas flor rate Nm3/hr 7k7000 PREC 1.07E+01 4.37E-05 1.30EtOS 3 
: j  ?!! OI! ::!: Y W * :  e: ;:AS :.?2:rCc - : .E-O:  :.c3:*oC - 

t PRECISION COHPONENT = ttSrbar 
*+ IBo*SlSHdoi'? FOR B I A S  ERRORS: ltfSobar*SIGHAol"2 FOR PRECISION ERRORS 

-#HERE Sobar=PREClSION INDEX OF THE HEAN. SoIINUWER OF SAHPLESlA.5 
-THE SUUARE ROOT OF THE SUI! OF THE ABSOLUTE CONTRIBUTIONS IS EQUAL TO THE TOTAL UNCERTAINTY 

i t *  60 FOP BlRS ERRORS: Sntt FOR PRECIS!OW ERRORS 
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Phenanthrene 
OUTFUT ABSOLUTE ABSOLUTE ABSOLUTE DEGREES 
VARIABLE AVERAGE BIAS PRECISION. TOTAL STUDENT OF 
nnnE DESCRIPTION UNITS VALUE COHPONENT COHPONENTf UNC t FREEDOII 

e l I 5  E i i s i i o n  f a c t u r  l b l A B T U  . I4 l4674 6.7R-03 ,?.?BE-01 3.E-61 4.30Et00 2.3Et00 
..................... 

INPUT ABSOLUTE ABSOLUTE ABSOLUTE MUHBER 
VARIABLE RVERABE ERRCN CONTRI8UTlON SENSITIVITY ERROR OF Of 
NAHE OESCRIPTION UNITS VALUE TYPE *f ISISHAD1 INf'UTttf SAHPLES 

I: b a m c  Phenanthrene tun: UOlNl3 . I 3  PREC B.B4E-02 1.09Et00 4.73E-01 3 
Stark oa5 f l o n  r a t e  N d h r  717000 PREC ,?.OLE-M 1.89E-07 1.30Et05 3 ?! 535  

!I i i l  Oil  f !n i  r a t e  K l b l h r  80 BIAS 4.W-05 - ] .ME-03 4.OOEt00 - 
* PRECISION COllPONENT = t t S r b a r  
tt IBufSiGflAol"? FOR BIAS ERRORS: l:tSobar*SIGIIRol"Z FOR PRECISION ERRORS 

-WHERE Sobar=PRECISION INDEX OF THE HEAN. SoiINUHBER OF SAlIPLESI^.S 
-THE SRUPRE ROOT OF THE SUN Of THE ABSOLUTE CONTRIBUTIONS IS EBWL TO THE TOTAL UNCERTAINTY 

w BP FOR SidE ERRORS: Snft  FOR PRECISION ERRORS 

F'yrene 
OUTPUT ABSOLUTE ABSIKUTE ABSKUTE DEGREES 
VRFJABLE AVERAGE BIRS PRECISION TOTAL STUDENT OF 
N A E  DESCRIPTION UNITS VALUE CO!iPONENT COWONENTt UNC t FREEOOH 

eni5 E n i 5 5 i u n  f a t t u r  Ib/HHBlU 3.155BllE-02 
1.5E-03 6.50E-02 b.5E-02 1.30E100 2.OEt00 

:.......==....=..======:======~==~-~====~===========:==========================~=~~~~~=======~ 

INYUT ABSOLUTE RBSOLUTE ABSOLUTE NUMBER 
VARIABLE AVERAGE ERROR CONTRlBUTlON SENSITIVITY ERROR O f  OF 
N M E  DESCRIPTION UNITS VALUE TYPE tt ISIBHADl INPUTfff SMPLES 

I :  ha:ont Pvrene tunc  uO/Nt3 .029 PREC 4.ZIE-Oj I.OPEt00 1.03E-01 3 
21 pa5 Stack oa5 f l u n  r a t e  N i s i h r  747060 PREC 9.98E-06 4.ZZE-00 I.30EtO5 3 
31 l i l  Oil flon r a t e  K l b / h r  BO BIAS 2.2bE-Ob -3.7bE-04 4.OOEt00 - 

I PRECISION COHPONENT : t f S r b a r  
I t  I B u ~ S I ~ I I A U I " , ?  FOR BIAS ERRORS: I t f S o b a r f S I G H A ~ i ~ , ?  fOR PRECISION ERRORS 

W E R E  Sobar=PREClSION INDEX Of THE !ERN. So/lNUHBER OF SRHPLES1*.5 
-THE SQUARE ROOT OF THE SUI1 Of THE ABSOLUTE CONTRI8UTlOkS IS EPUAL TO THE TOTAL UNCERTAINTY 

a f t  PP FOR 61AS ERRORS: S o t t  FOR PRECISION ERRORS 
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Benzene 
OUTPUT ABSOLUTE ABSOLUTE ABSOLUTE DE6REES 
VARIABLE AVERAGE BIAS PRECISION TOTAL STUOEYT Of 
wnm DESCRIPTION ' UNITS VALUE COIIPONENT COMPONENT* UNC t FRErnLm 

e i i s  E i i s s i o n  factor  IblMMBTU 12.81962 6.44EtOO 1.36Et00 6.6ElOO 4 .30Et00  2.Mt00 
ii_i~_=iiiiiiiii_iii==================~~==:==~-============~----------------------=~==_=============~=:== 

i n P u T  ABSOLUTE ABSOLUTE ABSOLUTE NUMBER 
VARIABLE AVERAGE ERROR CONTRIBUTION SENSITIVITY ERROR OF OF 
NAME DESCRIPTION UNITS VALUE TYPE *€ (SI6MRol INWTWt SAMPLES 

I )  baconr Benzene ronc u o l N J  11 BIAS k . l I E t O 1  1.17EtM) 5.50EtM) - 
2) oas Stack oas f l ow  r a t e  N W h r  57wH)o- P E C  1-.84Et00 2.25E-05 1,OSEtOJ 3 
3) oi l  Oil f l ow  r a t e  Klb/hr 57 Bias LESE-01 -2.14E-01 2.90Et00 - 

5 PRECISION COMPONENT = t d r b a r  
tt IBo*SIGMAolA2 FOR BIAS ERRORS: It*Sobar*SI6IIAolA2 FOR PRECISION ERRORS 

-WHERE Sobar=PRECISlON INDEX OF THE MEAN. So/lNUMBER OF SAMPLEW.5  
-THE SQUARE ROOT OF THE SUM OF THE ABSOLUTE CONTRIBUTIONS I S  EQUAL TO THE TOTAL UNCERTAINTY 

*** Bo FOR BIAS ERRORS: S o i t  FOR PRECISION ERRORS 

Formaldehyde 

OUTPUT 
VARIABLE 
NAME DESCRIPTION 

ABSOLUTE ABSOLUTE ABSOLUTE DEGREES 

UNITS VALUE COIIPONENT COMPONENlt UNC t FREEWM 
AVERAGE BIAS PRECISION TOTAL STUMWT OF 

e i i s  Emission f a r t o r  IblMMBTU 163.1588 7.9OEtOO I.JSEt02 1.6Et02 1.27Et01 1.2Et00 

INPUT ABSOLUTE ABSOLUTE ABSOLUTE NUMBER 
VARIABLE AVERAGE ERROR CONTRIBUTION SENSITIVITY ERROR OF OF 
NAnE ?ESCRIPTION UNITS VALUE TYPE H i s i s m n o i  I W p u T t w  SAMPLES 

I1 baconr Fcraaldehvde conr uoINi3 140 PREC 2.15EtOk 1.I7EtM) I . lBEtO2 2 
2) oas Stack oas f law r a t e  N i 3 l h r  570004 PREC 2.60Et03 2.86E-M 3.09Et05 3 
3) o i l  O i l  f low r a t e  Klb/hr 57 BIAS 6 .24Et01  -2.72Et00 2.90Et00 - 

* PRECISION COMPONENT = t tSrbar  
** lBo*S16MAol*2 FOR BIAS ERRORS: It*SobartSI6MAolA2 FOR PRECISION ERRORS 

-"ERE Sobar=PRECISION INDEX OF THE MEAN. So/INUMBER OF SAMPLES)^.S 
-THE SQUARE ROOT OF THE SUM OF THE ABSOLUTE CONTRIBUTIONS IS EQUAL TO THE TOTAL UNCERTAINTY 

*a* Po FOR 8145 ERRORS: Sot t  FOR PRECISION ERRORS 
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M W T  
VARIABLE 
YM DESCll  P I  I Ow 

ABSOLUTE ABSOLUIE ABSOLUTE DEGREES 

UNITS VALUE CUtPCUENT COIWUENT' UNC r FREED04 
AVERAIGE BIAS PREClSlOY TOTAL STUJENT OF 

IYWI 
VARIABLE 
YM DESCRIPTIOY 

ABSOLUTE ABSOLUTE ABSOLUTE M E R  
AVERAGE ERROR c[yTRIWTIOY SENSITIVITY ERROR OF OF 

WITS VALUE IYPE .. (SIGIup) IWWT*". SAMPLES 

1) hac- emitted A C e M p h t h r r  
2) gas stack gas 
3) o i l  o i l  F L W  RATE 

U s l d  .016 PREC Q.13E-03 1 . 1 7 E 4 0  1.42E-01 3 
d / h r  570000 PREC 2.38E-05 3.27E.08 2.58E*05 3 
Ib/hr 57000 BIAS 7.8%-07 -3.12s-07 2.85E+03 - 

PRECISIOY CCUPCUENT = t*Srbw 
** ( B p * S l o u p ) " 2  FOR B IAS ERRORS; ( r *spbar*S lb l l lp )A2 FOR PREClSlaY ERRORS 

-L!HERE Spb.r=PRECISIOY INDEX OF THE WAN, Sp/(NlMBER OF SUIPLES)^.S 
-THE WARE RooT OF IHE SUI OF THE ABSOLUTE COWTRIBUTIOYS IS EWAL TO THE TOTAL UNCERTAINTY 

*** B p  F M  BIAS ERRORS; Sp FOR PREClSlOW ERRMS 
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Acenaphthylene 
lUTPUT RBSOLUTE ABSOLUTE ABSOLUTE DEGREES 
VARIABLE AVERAM BIAS PRECISION TOTAL STUDENT OF 
NAME OESCRIPTION UNITS VALUE COMPONENT COMPONENT* UWC t FREEDOM 

e a i i  Eaisrion f a c t o r  Ib/l!NBTU 2.563924E-02 
1 . M - O S  2.91E-02 2.9E-GZ 4.30EtOb Z.0EtOO 

====:========~-======~==========~~====~-===============:=============:==========:~==================~=== 

INPUT ABSOLUTE ABSOLUTE ABSOLUTE NUMBER 
VARIRBLE AVERAGE ERROR CONTRIBUTION SENSITIVITY ERROR OF OF 
NME CESCRIPT ION UNITS VALUE TYPE tt 1S161vIo) I N P U T t t I  SAMPLES 

:! bacon; Acesaohthvlene c j n c  uu/Nm3 .O22 PREC B.3BE-04 1.171+00 4.30E-02 3 
!i ;a5 Stack 015 flow r a t e  Nm31br 570005 PREC 1.37E-06 4.50E-OB I.OXtb5 3 
3: ci1 Oil flow r a t e  E l b / h r  57 BIAS I ,  54E-06 -4. BE-04 2. 9OEtOb - 

t PRECISION COMPONENT t *Srbar  
tf iBDtSI6flAD!^? FOR BIAS ERRORS: lttSohar*SIGMAoi*2 FOR PRECISION ERRORS 

-WHERE Sobar=PREZlSION lNDEX OF THE MEAN. SD~INUIIBER OF SAMPLESl'.S 
-THE SRUARE ROOT OF THE SUO OF THE ABSOLUTE CONTRIBUTIONS 15 EPURL TO THE TOTAL UNCERTAINTY 

*st Bo FOR B I A S  ERRORS: So*t  FOR PRECISION ERRORS 

Anthracene 
OUTPUT ABSOLUTE ABSOLUTE ABSOLUTE 0 E 6 RE E 5 
VARIABLE AVERAGE BIAS PRECISION TOTAL STUOENI Of 
NAME OESCRIPTION UNITS VALUE COMPONENT CMPOYENlt UYC t FREEDOM 

m i 5  Emission f a c t o r  lblRlBTU 1.04887BE-02 
5.0BE-04 1.04E-03 l.X-OS 2.?EE*00 4.0EtOO 

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

INPUT A B s c u m  .nusotuTE ABSOLUTE NUMBER 
VARIRELE AVERAGE ERROR CONTRIBUTION SENSITIVITY ERROR OF OF 
nfinE DESCRIPTION u n m  v n u E  TYPE H I S I G M o l  INPUT*f* SAMPLES 

UOii i l3 8. iS9PPii-05 
PREC 5.5BE-07 l.lJE+OO 1.1IE-03 3 

?! uas Stack oa5 flow r a t e  Na3/hr 570000 PREC 5.14E-07 1.84E-08 6.75Etb4 3 
31 011 O i l  f l ow r a t e  Klhlhr 57 BIAS 2.5BE-07 -1.?5E-M 2.POEtOO - 

4 i  L . _ _ _ _  .. I..YIIL %:hrx?i,e csnc 

+ PfEC:SION COflPGNENT : t*Srbar  
** iBDtSIGflAo1*2 FOR BIAS ERRORS: ~t*Sobar*SIGMAo)'Z FOR PRECISION ERRORS 

- W E R E  Sobar=PAE:IS:3N INDEX OF THE IIEAY. SollNUMBER OF SAIIPLESIA.5 
-THE W A R E  R30T 3F THE SUO OF THE ABSOLUTE CONTRIBUTIONS I S  EPUAL TO THE TOTAL UNCERTAINTY "* 
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Appendix E 

Beru(a)anthracene 
OUTrUT RESOLUTE ABSOLUTE ABSOLUTE DEGREES 
VRRIRfiLE AVERAGE BIAS PREC!SION TOTAL STUDENT Of 
NRnE I)ESCRIPTION UNITS VALUE COIIPONENT CDRPONENT* UNC t FREEDON 

eii  I E a i r s i o n  f a c t o r  

chrysene 

v a m w  AVERAGE BIRS PRECISION romL srum OF 
OUIPI'T %SOLUTE RESOLUTE ABSOLUTE DEGREES 

nanE DESCRIPTION UNITS VALUE COMPONENT CONPOWENTI UNC t FREE9On 

e i i i  E i i s s i o n  factor 1 b/HRBTU I. 281962E-02 
b.21E-04 8.79E-03 8.8E-03 4,30E+00 2.1EH)O .ii....ill-~ ............................................................................................. 

INPUT ABSOLUTE ABSOLUIE AsSOLUTE NUllBER 
VAHIliBLE hYERA6E ERROR CONTRIBUTION SENSll IVITV ERROR OF OF 
NRRE OESCRIPTION UNITS VRLUE TYPE ff isi6nAt.i I N P U T I ~ ~  sAnPtEs 

i )  b a m c  Chrvsene conc uoiNa3 .a11 PREC 7.54E-05 I. 17E+00 1.29E-01 5 
Z) oas Stack oas flow r a t e  Na3Ihr 570000 PREC 1.B4E-Ob 2.25E-08 1.05Et05 3 
31 o i l  Oil f l o w  r a t e  C l b / h r  57  SIRS 3.BSE-07 -2.1%-M Z.POE+OO - 

* PRECISION CORPONENT = t f S r b a r  
** IBofSISltRol^2 FOR BIAS ERRORS: ! t fSo tar tS I6RRol^?  FOR PRECISION ERRORS 

-WHERE Sobar=PRECISION INDEI OF THE RERN. So/INURBER DF SMPLES)^.S 
-?HE SQUARE ROOT OF THE SUR OF THE ABSOLUTE CONTRIBUTIONS IS EQUAL TO THE TOTAL UNCERTAINTY 

++* 9e FOR B I A S  ERRORS: Sot! FOR PRECISION ERRORS 
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~~ ~~ Fluorene 
OUTPUT ABSOLUTE ABSOLUTE ABSOLUTE OEGREES 
V R R l  ABLE AVERAGE BIAS PRECISION TOTRL STUDENT OF 
IiRIIE MSCRIPT1ON UNITS VALUE COMPONENT COIIPONENT~ UNC t FREEDOH 

enis Eiiasion f a c t o r  l b ! M B T U  .13?8S04 h.77E-03 1.74E-01 1.E-01 4.SMtOO ?.Et00 
------------------=:========:=~=======~=========~=====:===:~-=======~==~~===~=~==========~ 

INPUT AsSOLUTE RBsDLUlE ABSOLUTE NUllBER 
VARIABLE AVERAGE ERROR CONTRIBUTION SENSITIVITY ERROR OF OF 
NRME DESCRIPTION UNITS VALUE TYPE f f  ISIGMo) INPUTfff SAIIPLES 

l i  bacon< Fluorefie EQBI g u m  ..- PREC J.O?E-02 l.i?E+M: 2.58E-01 5 
:: oa; Stack 0a5 l lon r a t e  Nm3/hr 570000 PREC 2.19E-M 2.15E-07 1.05E+05 3 
2: J i l  Oil f l o n  r a t e  K l b / h r  57 BIAS 4.5BE-05 -2.3%-03 2.PbEtW - 

17 
.. 

* PRECISION :OIIPONENT : t f S r b a r  
+* IBD*Sl6MRn)'2 FOR BIAS ERRORS: ~ t t S o b a r ~ S I E H A o l ' Z  FOR PRECISION ERRORS 

+HERE Sobar=PRECIS!ON INDEX OF THE IIEAN. So/(NUllBER OF SRMPLESI'.S 
-THE SRUARE ROOT OF THE SUM OF THE R6SOLUTE CONTRlBUTIOllS IS EQUAL TO THE TOT& UEERTAINTl 

**+ So FOk RlRS ERRORS: S D t t  FOR PRECISIMI ERRORS 
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INPUT 
VARIABLE 
YARE DESCR I PTION 

ABSOLUTE ABSOLUTE AusoLuTE NUMBER 
AVERAB ERROR CONTRI8UTIW SENSITIVITY ERROR OF OF 

UNITS VALUE TYPE *€ ISI6HADl IrUTttt SAIIPLES 

I1  baconc Naohthalene conc UO/Nl3 22 PREC 2.B7Et01 1.17Et00 7.96EtOO 3 
21 o a j  Stack oa5 flow r a t e  N J / h r  570000 PREC 4.03EtMI 4.50E-05 7.73Et04 3 
1.: 011 Oil f low r i t e  K l b l h r  57 BIAS 1.51Et00 -4.?BE-Ol 2.POEtOO - 

t PRECISION COIIP9NENT = t f S r b a r  
*t (Bct516HAuIAI FOR BIAS ERRORS: (tfSobar*SISnAol'2 FOR PRECISION ERRORS 

M E R E  Sobar=PRECISION INDEX OF THE HEAN. Sp/INUHBER OF SAHPLESI^.S 
-THE SPUARE ROOT OF THE sun OF THE ABSOLUTE CONTRIBUTIONS IS EQUAL TO TIE TOTAL UNCERTAINTY 

+ e *  Po FOR BIAS ERRORS: S u t t  FOR PREClSION ERRORS 

e 
Phenanthrene 

i'ARIABLE AVERAGE BIAS PRECISIUN TOTAL STUKNT OF 
OUTPUT nBsotuiE ABSOLUTE nusuttm DE6REES 

HnnE DESCRIPTION UNITS VALUE COllPONENT COHPONEWTt UWC t FREEDOR 

e i i s  E i i s s i o n  f a c t o r  Ib/HlBTU ,1398501 6.77E-03 2.03E-01 2.OE-01 1.30EtW 2,OE+OO 

INPUT n u s u m  RBSOLUTE ABSOLUTE NIJIIBER 
VARIABLE AVERAGE ERROR CONTRIBUTION SENSITIVITY ERRWl OF OF 
WARE OESCRIPTION UNITS VALUE TYPE H ISIGMDI INPUTHt SMPLES 

11 baconc Phenanthrene conc uo/N83 -12 PREC 4.11E-02 1.17EtMI 3.OIE-01 3 
21 oa5 Stack oas flow r a t e  N i 3 / h r  570000 PREC 2.1%-04 2.15E-07 1.05Et05 3 
31 oi l  O i l  f low r a t e  K l b / h r  57 BIAS ).%E-05 -2.UE-03 2.90E+MI - 

PRECISION COHPUNENT : t f S r b a r  
** IBu*SISilAol*2 FOR BIAS ERRORS: ( t r S ~ b a r f S I G I 1 R o l ~ Z  FOR PRECISION ERRORS 

-WERE Sobar=PRECISION lllOEl OF THE HEAN. SD/(NUHBER OF SRIIPLESlA.5 
-THE SPURRE ROO? OF THE SUI( OF THE ABSOLUTE CONTRIBUTIONS IS ERWIL TO THE TOTAL IJNCERTAINTV 

f+* Bo FOR Big5 ERRORS: S u t t  FUR PRECISION ERRMlS 
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Pyiene 
OUTFUT ABSOLUTE ABSOLUTE ABSMtiTE OEGREES 
v m i m  AVERAGE BIAS PRECISION TOTAL STUDENT OF 
NAME DESCRIPTION UNITS VALUE COMPONENT COMPONENT* UNC t FREEDOM 

eii  5 Emisrion factor lb lMl lBTU 3.196259E-02 
1.69E-03 2.92E-02 2.9E-02 4.30E+00 2.1E+00 

INPUT PlBSOLUTE ABSOLUTE ABSOLUTE NUMBER 
VARIABLE AVERAGE ERROR CONTRlBUIlON SENSITIVITY ERRW OF OF 
NAME DESCRIPTION UNITS VALUE TYPE 1f ISISMLDI lllpuTI+4 SMPLES 

I! baconc Pvrene con[ uoINm3 .03 PREC B.38E-04 1.17E100 LSOE-02 3 
2 )  aa5 Stact oas f loa  ra te  NWhr 570000 PREC 1.37E-05 6.13E-08 1.05Et05 3 
3 o i l  Oil flDa rate Klblhr 51 BIAS 2.87E-Ob - 5 . W - M  2.90Et00 - 

t PRECISION COMPMIENT = ttSrbar 
4 4  lB~+S1611Ao1~'2 FOR BIAS ERRORS: ~t*Sobar~S16MAolAZ FOR PRECISION ERRORS 

+HERE SDbar=PRECISlON INDEX OF THE MEAN. SollNtiMBER OF SAMPLESlA.5 
-THE SPUME ROOT OF THE sun OF THE ABSOLUTE CONTRIBUTIONS is EeuAL TO THE TOTAL UNCERTAINTY 

BD FDR BIAS ERRORS: Sort F3R PRECISION ERRORS 
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100% of Frill Load 

Formaldehyde 

VARIABLE A w n %  BIAS PRECISION TOTAL STUDENT OF 
OUTPUT ABSOLUTE ABSOLUTE ABSOLUTE DEGREES 

NAK JESCRIPTIOW UNITS VALUE C O R M E N T  CMwlNENTf UK t FREEDM 

eni5 Eli5SiQn fact01  Ib /MBTU 46.1057 2.19Et00 B . 9 I E W  9.2EtOO 2.37Et00 b.BEH#) 

INPUT RBSOLUTE ABSOLUTE ABSOLUTE ' NUHBER 
VARIABLE AVERAGE ERROR CONTRIBUTION SENSITIVITY ERROR OF OF 
NAME DESCRIPTION UNITS VALUE TYPE If ISI6Mol 1WPuTf1i SAMPLES 

I1 baconc Fornaldehvde conc uolNa3 54 PREC 5.07Et01 9.22E-01 1.B9EtO1 6 
2) o a i  Stack oas flow r a t e  N W h r  831000. PREC 2.87Et01 5.55E-05 1.67Et05 3 
3) oil Natura l  oas flow rate kcfh 1985 BIAS 4.BOEtOO -2.ZIE-02 9.WEtOI - 

* PRECISION COHPONENT = t fSrbar  
** IBo*SIGMAo1^2 FOR BIAS ERRORS: (t*Sobar*S1611AolA2 FOR PRECISION ERRORS 

-WHERE Sobar=PRECISION INDEX OF THE MEAN. Sn/INUHBER OF SAHPLESl*.5 
-THE SRUARE ROOT OF THE SUR OF THE ABSOLUTE CONTRIBUTIONS 15 EUML TO THE TOThL UNCERTAINTY 

' 

+** Bo FOR B I A S  ERRORS: Soft FOR ?RECISIM ERRORS 
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INPUT 
VRRlbaLE 
NAME DESCRIPTION 

ABSOLUTE ABSOLUTE RESOLUTE NUllBER 
RVERRSE ERROR CONTRIBUTION SENSITIVITY ERROR OF OF 

UHITS VALUE TYPE tf is~fimn~i INPUTHt  SAMPLES 

3 

t 

f t  

t f t  

1)  baconr Forialdehvde con1 u o / N J  360 PREC 2.56Et04 9.20E-01 3.01Et02 3 
2) oa5 Stack 015 flow r a t e  NJlhr 570000. PREC 1.2SEt03 5.EIE-04 1.05EtG5 3 

' Oil N a t u r a l  pas f low r a t e  k c f h  1365 BIAS 2.k7Et02 -2.31E-01 6.BOEtOl - 
PRECISION COMPONENT = t d r b a r  
IBotSISllAo)*2 FOR BIAS ERRORS: (tfSobartSISMRo)^Z FOR PRECISION ERRORS 

-WHERE Sobar=PRECISION INDEX OF THE MEAN. SollNUMBER OF SAllPLEW.5 
-THE SPURRE ROOT OF IHE SUM OF THE ARSOLUTE CONTRIBUTIONS IS EQIML TO THE TOTAL UNCERIAINTV 

Bo FOR BIAS ERRORS: S o t t  FOR PRECISION ERRORS 
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Formaldehyde 
OUTPUT ABSOLUTE ABSOLUTE ABSOLUTE DEGREES 
VARIABLE AVERAGE BIAS PRECISION TOTAL STUDENT Of 
HAM OESCRIPTION ' UNITS VRLUE COMPONENT COHPONENTt UNC t FREEOOH 

enir Enis5 ion  f a c t o r  lb/HHBTU 325.1014 1.5bEtOl 3.5BEtOI 3.9EtOl 2.7BEt00 3.6E100 
:=i=====iiiiiiiiii============:====~=========~~-=====:=~=~===========~===~========~~=================~======= 

INPUT ABSOLUTE ABSOLUTE ABSOLUTE NUMBER 
VARIABLE AVERAGE ERROR CONTRIBUTION SENSITIVITY ERROR OF Of 
HAHE DESCRIPTION UNITS VALUE TYPE f t  lSI6HAol INPUTt r t  SAMPLES 

I1  baconc Fornaldehvde cont  UO/NI3 180 PREC B.38E102 I.BIEt00 2.7BEt01 3 
2) oaf Stack nas flow r a t e  N i J l h r  747000 PREC k.klEtO2 4.35E-01 B.36EtO4 3 
3) oil N a t u r a l  oa5 flow r a t e  k r f h  911 BIAS 2.44Et02 -3.M-01 k.bOEt01 - 

? PRECISION CDHPONEWT = trSrbar 
f f  IBo*SIGHAo)T FOR B I A S  ERRORS: f t f S 0 b a r t S I G H A o ) ~ 2  FOR PRECISION ERRORS 

-WHERE Sobar=PRECISION INDEX OF THE HERN. WINUMBER OF SMPLES)^.S 
-THE SQUARE ROOT OF THE SUH OF THE ABSOLUTE CONTRIBUTIOYS IS EQUAL TO THE T O T k  UNCERTAINTY 

ttt Bo FOR BIAS ERRORS: S o t t  FOR PRECISION ERRORS 
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Quality Assurance/Quality Control Data 

i 
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