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EXECUTIVE SUMMARY

INTRODUCTION

The 1990 Clean Air Act Amendments (CAAA) have two primary goals: pollution
prevention and a market-based least-cost approach to emission control. To address air
quality issues as well as permitting and enforcement, the 1990 CAAA contain 11

sections or titles. The individual amendment titles are as follows:

Title 1 — National Ambient Air Quality Standards
Title I - Mobile Sources

Title Il - Hazardous Air Pollutants

Title IV - Acid Deposition Control

Title V. - Permits

Title VI - Strgtospheric Ozone Protecﬁon Chemicals
Title VIl - Enforcement

Title VIII — Miscellaneous Provisions

Title IX - Clean Air Research

Title X - Disadvantaged Business Concerns

Title XI — Clean Air Employment Transition Assistance

Titles 1, lll, IV, and V will change or have the potential to change how operators of
coal-fired utility boilers control, monitor, and report emissions. For the purpose of this

discussion, Title lil is the primary focus.

Title Ill, Hazardous Air Pollutants (HAPs), réquires the U.S. Environmental
Protection Agency (EPA) to establish stationary source categories and to implement
regulatory standards for 189 air toxics from source categories emitting 25 tons annually
of any combination of pollutants or 10 tons annually of a single pollutant. In addition,
EPA must issue maximum achievable control technology (MACT) standards. The
original list of 189 HAPs may be expanded or reduced based on risk to public health,

and once controls are in place, residual risk assessments must be performed to
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determine whether further reductions are needed. Although this amendment requires
the regulation of commercial, industriabl, and municipal sources, it does not specifically
require the regulation of HAPs from utility boilers. Rather, Title Hll requires that EPA
study HAP emissions from utility boilers to determine potential health effects prior to
promulgating any new regulations. In addition, a study of mercury emissions from
utility steam generators, municipal waste combustion units, and other sources was

mandated.

In response to the 1990 CAAA, the U.S. Department of Energy (DOE) is
participating in a collaborative effort with the Utility Air Regulatory Group (UARG), EPA,
and the Electric Power Research Institute (EPRI) to establish information Llpon which
future regulatory activities can be based. The field sampling efforts are being led
primarily by DOE and EPRI, with a few utility companies generating data for their
specific systems. EPRI and DOE have provided most of their collected data to EPA.

The DOE approach to development of a HAP emission database for fossil fuel-fired
utility systems has been twofold. The Morgantown Energy Technology Center (METC)
has funded HAP-sampling activities at two advanced power system demonstration
sites. These sites represent advanced combustion and gasification technologies and
associated gas stream cleanup strategies. The Pittsburgh Energy Technology Center
(PETC) has focused on establishing a database for current coal-fired systems, including
conventional and advanced emission control technologies. PETC issued a request for
proposals (RFP No. DE-RP22-92PC91349) entitled "Comprehensive Assessment of
Toxic Emissions from Coal-Fired Power Plants” on February 10, 1992. As a result,
PETC awarded Phase | contracts to five organizations for HAP sampling at eight utility -
sites representing nine process configurations. The purpose of the field sampling
activities was to document the types and concentrations of potential HAPs from a
select group of utility stations representing a cross section of U.S. coal-fired utility
boilers. Utility station information is detailed in Table 3-1. Sampling activities were

initiated in 1993, and final project reports were prepared in 1994.

The University of North Dakota Energy & Environmental Research Center (EERC),

~ at the request of PETC, reviewed the contractor reports documenting the results from
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completed sampling activities. The EERC objective was to provide an overview of the
important findings from the Phase | air toxics assessment. This document summarizes

key results from the nine contractor reports with an emphasis on stack-sampling data.
DESCRIPTION OF FIELD TEST PROGRAM

The PETC field test program is focused on generating HAP data for coal-fired
utility systems.‘ The effort consists of two phases. Phase | of the HAP assessment
program evaluated HAP emissions from eight coal-fired plants representing nine process
configurations. Phase [l was intended to be an option, based on Phase | results, to be
. exercised by PETC in the event that additional or similar plant configurations were
selected for sampling. At this time, Phase Il activities are in progress. One plant is an
integrated gasification combined-cycle (IGCC) system; three of the plants represent
more conventional power plants utilizing wet scrubbers with one sampling effort
completed (report available 11/96). The fifth plant is yet to be identified. Completion
of the Phase | samplihg activities is planned for the second and third quarters of 1997,

with the site reports available in 1998.

Key objectives of the HAP assessment program cover a broad range of technical

issues. Some of these include the following:

+ Generating HAP data for a variety of coal types, furnace types, and emission
control systems in order to calculate emission factors for the 189 HAPs
identified.

» Determining the effectiveness of commonly used emission control devices
(eIecfrostatic precipitators [ESPs], fabric filters [FF], spray dryer absorbers
[SDAs], and wet scrubbers) to reduce HAP emissions.

* Determining the effectiveness of advanced emission control devices (advanced
flue gas desulfurization [FGD] for sulfur dioxide [SO,] reduction, and selective
catalytic reduction [SCR] of nitrogen compounds [NO,]).

+ Calculating subsystem and overall plant material balances for selected HAPs.

+ Determining merc‘ury speciation and related emission factors.

. 'Determining solid-phase HAP distribution as a function of particle size.
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. Determining particle-size distribution of stack emissions and ESP/FF hopper
ash.

» Evaluating the performance of a stack-sampling method referred to as plume-
simulating dilution sampling (PSDS).

» Evaluating chromium speciation and sampling methods.

+ Evaluating the effect of sootblowing on trace element emissions.

* Determining the concentration of HAPs on particle surfaces.

» Determining the distribution of HAPs between solid, liquid, and vapor phases.

The eight Phase | sites represent a range of fuel characteristics, including
bituminous, subbituminous, and lignite fuels. The geographic locations o_f the eight
plants include the states of Georgia, Ohio (two sites), lllinois, Indiana, Mihnesota, North
Dakota, and Arizona. Furnace types included tangentially (t)-fired, opposed wall-fired,

front wall-fired, and cyclone-fired units ranging in size from 75 to 615 MWe gross.

Electrostatic precipitators were used to control particulate emissions on six of the
nine system configurations, with reported particulate collection efficiencies of nominally
97% to 99.8%, which represents marginal to highly efficient ESP control technology.
Fabric filters were used to control particulate emissions on three system configurations:
two reverse-gas unité and one slipstream pulse-jet baghouse. Particulate collection

efficiency ranged from nominally 99.8% to 99.98%.

Sulfur dioxide control technologies were employed on five system configurations.
The technologies represented included a lime-based spray dryer system, a conventional
limestone wet FGD system, the Chiyoda Thoroughbred-121 FGD process, the Pure Air
advanced FGD system, and a slipstream demonstration of the SNOX SO,-to-SO,/acid
condensation ‘process. Sulfur dioxide control ranged from 60% for the spray dryer
system to >90% for the wet-scrubbing concepts. The SNOX process demonstrated
the highest level of sulfur dioxide control, 94% to 96%. Two systems, t-fired units,
used overfire air to reduce the emission of nitrogen species. However, NO, reduction
data were not reported. The SNOX slipstream demonstration system reported

achieving 85%-93% NO, control using ammonia injection with an SCR catalyst.
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Sample collection for each of the nine system configurations varied somewhat
from site to site because of site-specific characteristics. However, a thorough sampling
approach was applied at each site to ensure sufficient solid-, liquid-, and gas-phase
samples were collected from multiple locations to complete the HAP assessment. Solid
samples included coal, ash, and FGD by-product/waéte sarhples from dry and
slurry/sluice streams. Liquid samples included water and slurry/sluice streams. Gas
samples were generally limited to flue gas at the inlet and outlet of the particulate
control device and in the stack and were reported on a dry gas basis and normalized to

3% oxygen.

The list of analytes for which sampling and analysis was specifically completed
included trace elements, radionuclides, anions, inorganic compounds, and organic
compounds. Several major elements were also included in order to permit a more
thorough evaluation of mass balance resulté for trace elements. A variety of analytical
methods were used to quantify the respective analytes. The sampling and analytical
approach was developed to permit the quantitative determination of as many as
possible of the 189 HAPs listed in the 1990 CAAA.

Quality assurance/quality control {QA/QC) measures were a critical aspect of the
overall program in order to ensure that meaningful data were obtained. Site-specific
QA/QC plans were developed by each contractor to address sample collection, sample
handling, sample analyses, data analyses, and specific corrective action to be taken
when preestablished specifications were not met. In addition to the procedures
established by the individual contractors for QA/QC audits, independent QA/QC audits
funded by EPA were performed by Research Triangle Institute (RTI). QA/QC procedures
inciuded field blanks, spikes, documentation of detection limits, and a round-robin

analyses of coal samples from each test site coordinated by CONSOL INC.
RESULTS
Although the results of the DOE Phase | air toxics study do not answer all of the

questions concerning the emission of HAPs from coal-fired boilers, these data establish

a good basis of information and will help to focus Phase [l activities on the most
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pertinent questions. The technical areas addressed in this brief summary of results
include coal analyses and emission factors for inorganic, organic, radionuclide, and acid
gas—halogen elerﬁents and species. Coal analysis data are discussed in terms of
individual plant data and round-robin results. Inorganic, organic, radionuclide, and acid
gas—halogen data are primarily discussed in terms of stack concentration and emission
factors. A limited discussion is also included concerning percent penetration data for

trace elements and acid gases-halogens.

The basis of this discussion will be emission factors for the individual HAPs.
Emission factors are emission estimates reported on a pound per trillion Btu
(lb/10'2 Btu) of heat input. The purpose for calculating emission factors was to provide
a simple method for estimating annual HAP emissions on a ton per year basis. HAP
emission control will be discussed in terms of percent penetration. Percent penetration
values were calculated from the mean stack concentration {determined as a result of
field measurements) divided by the theoretical stack concentration based on the
assumption that 100% of the element or compound in the coal exited the stack.
Penetration data were calculated for trace elements and acid gases—halogens for the

purpose of evaluating the relative performance of emission control technologies.
Round-Robin Coal Analyses

Seventeen trace elements were included in the round-robin coal study: antimony
{Sb), arsenic {As), barium {Ba), beryllium (Be), boron (B}, cadmium {(Cd}, chromium (Cr),
cobalt {Co), copper (Cu), lead {Pb), manganese (Mn), mercury (Hg), molybdenum (Mo},
nickel (Ni), selenium (Se), vanadium (V), and fluorine (F). Other measurements
determined in the round-robin study included proximate-ultimate analyses and major
ash elements. The coal samples used in the round-robin study were supplied by the
primary contractors at each of the test sites to CONSOL INC, which coordinated the
study. Every feed coal used in Phase | was thus represented in the round-robin vstudy.
The five laboratories participating in the round-robin study were the same laboratories

contracted to perform the field test analyses.
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National Institute of Standards and Technology (NIST) Standard Reference
Material (SRM) 1632b, a Pittsburgh seam coal, was used to evaluate laboratory
accuracy. Déta within 10% of the NIST value were considered accurate. The accuracy
of trace element analyses ranged from 38% to 75%. The elements yielding the most
problematic trace element data were Sb, As, Cd, Mo, and Se. No laboratory was able
to report trace element content accurately more than 75% of the time. Overall, 57% of

the trace element data reported for SRM 1632b were accurate.

Interlaboratory reproducibility was evaluated using percent relative standard
deviation (PRSD). The average PRSD for all coals and all contractors was 28%.
Average PRSD values for individual trace elements ranged from 11% for V to 61% for
Mo. The range of PRSDs was large: Ba, Cd, Cu, Hg, Mo, Ni, Pb, and Sb all had PRSD
ranges of over 30%. For some samples, the range of reported values for Mo, Ni, and
Cd was 52%, 76%, and 110%, respectively. These results indicate that outlier values
are common in trace element analyses. Average PRSD correlated with coal heating
value, indicating that as coal rank decreases, the anélytical variability for trace elements

increases.

Intralaboratory repeatability was calculated as the average percent difference in a
single laboratory’s results on eight duplicate samples. The average percent difference
for trace elements was 15%, ranging from a low of 7.8% for Cr to 33% for Cd.
Elements with low interlaboratory reproducibility also tended to have low intralaboratory

repeatability.

Comparison of the round-robin results with the plant data showed major
differences. In many cases, the plant results differed from the round-robin results by
25% or more for major elements, proximate-ultimate values, and trace element results.

- At times, these differences exceeded 100%. Coal trace element content was observed
to vary within about 1 order of magnitude for each element. These resuits are
problematic, suggesting that the feed coal data used in mass balance and penetration

calculations are a major source of uncertainty.
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Trace Element Emission Factors

Emission factor data were generated for 25 elements, including nine major
elements and 16 minor or trace elements in the DOE Phase | study. The major elements
included aluminum (Al), calcium (Ca), iron (Fe), magnesium {Mg), potassium (K), sodium
(Na), silicon (Si), strontium (Sr), and titanium (Ti}). The primary purpose for including a
number of major elements in the study was to permit a better assessment of material
balance resuits. Minor or trace elements included Sb, As, Ba, Be, B, Cd, Cr, Co, Cu,

Pb, Mn, Hg, Mo, Ni, Se, and V.

Eleven of the trace elements {Sb, As, Be, Cd, Cr, Co, Pb, Mn, Hg, Ni, and Se)
included in the DOE Phase | study are also found on the list of 189 HAPs identified in
the CAAA of 1990.

A comparison of DOE Phase | stack concentration data with EPA ambient air data’
collected since 1980 for 11 trace elements and four vapor-phase pollutants is presented
in Figure ES-1. The data show that for nine (Sb, As, Be, Cd, Co, Cr, Hg, Mn, and Ni} of
the 11 trace elements, the median stack concentrations are 2 to 3 orders of magnitude
greater than the range of ambient air concentrations.’? For Se and Pb, the differential
was roughly 4 and 1 order of magnitude, respectively. The four vapor-phase species
{hydrochloric acid [HCI], hydrogen fluoride [HF], NO,, and SO,) exhibit differentials
ranging from 3 to 4 orders of magnitude. These data imply, with the exception of Pb,
that coal-fired power plants are possible contributors to ambient air concentrations for
these trace elements. The level or degree of contribution can only be determined as a
function of extensive dilution and dispersion modeling, which is beyond the scope of

this review effort.

The variability of the DOE Phase | data demonstrates the difficulty involved in
quantifying trace element emissions from coal-fired systems. The data in Figure ES-2

show that the emission factor range for a given element was as small as 1 order of

1. Kelly, T.J.; Ramamurthi, M.; Pollack, A.J.; Spicer, C.W. “Ambient Concentration Summaries for Clean Air Act Title III
Hazardous Air Pollutants,” final report for U.S. Environmental Protection Agency Contract No. 68-D80082; Battelle, July 1993,

2. Bureau of National Affairs. "100 Guide to the Law," In Air Pollution Control: BNA Policy and Practice Series; Bureau of
National Affairs: Washington DC, 1994; pp 100:101-600.

ES-8




10¢,

EERC SN12722A.COR
5] ] D Stack Concentration Range from
1075 - DOE Phase ! Field Tests
04 Il Ambient Air Concentration Range
104 '

from Rural and Urban Areas Since

e 11 1980
Z 10 3-5 ; — Median Concentration
a ] Notes: Plant data median value calculation
=< 10 24 _ — uses nondetect values equal to detection
c TT limits.
._g 10 1] {1) Plant data are combined HCI + Cl, and
© HF + F,. Ambient data are assumed to
e o] 4+ be combined also. Median not available
) 1074 ‘ for ambient air levels.
Qo (2) Ambient air quality standard.
c 10‘1 -
Q 3 _®
O 3 8
bl L
108 i u I l
1 0-4 L] T L) L] T 1 ) i L] 1 l- ] (1) ] (1) ] L]
Se Mn Hg Cr Ni Pb Cd As Co Sb Be HCI HF NO, SO,

Element/Compound

Figure ES-1. DOE Phase | Stack Concentration Data for 11 Trace Elements and Four
Acid Gases Compared to EPA Ambient Air Data and Quality Standards.

1 04 — = | EERC SN12717.SPW
. O ESP
P O ESP-FGD
3 _§ ..... 8 .................................................................... A FF
m 3 & SDAFF
o . v - SNOX
© 402 o H.. O Do, Shaded symbol = data < DL
hay q 7AN Open symbol = data > DL
Q 3 U n o m] O
iy . o) o ] vy O
S 10" A O O g 8 ........................................
& © O o g ] o
A O ] 0
pe 2 B v o) g ° ° 5 a
o 100 ..o §<> ........... 6 .....................................................................
K] v o 8 © a g A
W 107 = v.. €. < [RRUTRTRURUR | T g .....
e U
. S e

102

"B Se Ba V Cr As Ni Mo Mn Pb Hg Cu Co Cd Sb Be

Element

Figure ES-2. Emission Factors for 16 Trace Elements at Each of Nine DOE Phase | Field
Process Configurations.

ES-9




magnitude for Mn (2.6 to 30 Ib/10'? Btu) and Hg {1.9 to 22 1b/10'2 Btu) to nearly 4
orders of magnitude for Se (ND [nondetect] <0.038 to 193 Ib/10'2 Btu). The trace
element listed as a HAP having the highest median emission factor was Se

(26.5 1b/10'2 Btu), followed closely by Mn {11 1b/10'? Btu). Sb and Be were observed
to have the lowest median emission factors, ND <0.36 and ND <0.13 1b/10'2 Btu,

respectively.

Based on the Phase | Se data, it is not possible to clearly delineate the potential to
control Se emissions from coal-fired utility boilers using existing emission control
technologies. Also, the relative value of the Se data for developing conclusions for a
large population of coal-fired boilers is limited because of the small size o;‘ the data set,
the large number of variables represented (fuel types, boiler types, emission control
systems, etc.), and the variability of some of the data. In the DOE Phase | field
sampling effort, >90% Se control was observed only for sites employing either a fabric
filter or a combination of particulate and acid gas control technology. For the SNOX

process, >99% of the Se was in the sulfuric acid (usable by-product}.

Emission factors for total Hg ranged from 1.9 to 22 Ib/10'? Btu, based on mean
stack concentrations of 2.6 to 30 yg/Nm?® (Nm?® is based on 0°C and 1 atmosphere).
Stéck concentrations were reported on a dry basis normalized to 3% oxygen. Emission
factor and stack concentration data correlated somewhat with the Hg concentration in
the coal (mean values of 0.04 to Q.28 uyg/g). Typical mean Hg values of about 0.1 ug/g
were reported for six of the eight fuels. Calculated percent penetration values for total
Hg ranged from about 25% to nearly 120%. From the DOE Phase | data, the potential
to control Hg emissions from coal-fired utility boilers using existing emission control
technologies is unclear. It is also important to remember that the control of volatile or
vapor-phase HAPs is not likely to exceed control levels observed for vapor-phase
priority pollutants such as SO,. Therefore, if Hg regulations are promulgated for coal-
fired utility systems, existing control technologies will require augmentation, and
alternative control technology options will require development. Also, evaluating
‘emission control technology performance based on total Hg concentration alone is not
appropriate, since Hg speciation may affect the degree of control observed. This effect

currently cannot be quantified adequately, since methods to speciate Hg are still
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unproven. Based on the DOE Phase | Hg data, future Hg-sampling efforts must
emphasize accurate Hg speciation in order to evaluate the performance of emission

control technologies properly.

The data for the nonvolatile trace element (Sb, As, Ba, Be, Cd, Cr, Co, Cu, Pb,
Mn, Mo, Ni, and V) emission factors indicate that emission control for these trace
elements is directly related to overall particulate control for the individual field sites.
Emission control for the 13 nonvolatile trace elements was >90% for all nine process
configurations. Particulate control alone (ESP or FF) limited penetration to <5%
{>95% control) for ten {(Sb, Ba, Be, Cr, Co, Cu, Pb, Mn, Ni, and V) of the 13 trace
elements. A combination of particulate control and dry or wet FGD demonstrated
>99% control for eight (Sb, As, Ba, Co, Cu, Pb, Mn, and V) of the 13 trace elements.
The exceptions noted appear to be the result of high reported nondetect concentrations,
failed blanks and/or spike recoveries, and significant data variability. Therefore, the
DOE Phase | data indicate that the emission of the 13 nonvolatile trace elements was
effectively controlled (>98%) by highly efficient particulate control technology or
technology combinations (ESP-FGD or SDA-FF) currently being used by the U.S. utility
industry. However, the control of trace element emissions will never exceed the level

of overall particulate control observed.
Organic Emission Factors

Four types of organic compound classes on the EPA list of 189 HAPs were
sampled at nine utility field process configurations. The four organic compound classes
are 1) aldehydes and ketones, 2) volatile organic compounds (VOCs), 3) semivolatile
organic compounds (SVOCs) and polycyclic aromatic hydrocarbons (PAHSs), and

4) chlorinated dioxins and furans.

Although organic emission factors from data obtained from the nine utility field
process configurations are reported, the quality of organic results varied from contractor
to contractor, and the overall results were quite variable. Major problems associated
with the organic results included 1) low concentrations of the organic analytes found in

the stacks of these sites, requiring a majority of the analyses to be performed at or very
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near their detection limits; 2} inadequate methods for aldehydes and ketones; 3) high
~ blank values and poor spike and surrogate recoveries; and 4) nonuniform administration
of external spiking audits (e.g., poor recoveries of spiked audit samples as reported by a

few contractors, without any apparent corrective actions taken).

The organic emission factors summarized in this report by the EERC take into
consideration the resuits from blank samples, spiked, and audit samples and detection
limits for individual organic compounds. Since there were significant problems in
organic analyses, the organic emission factors provided in this summary report should
be considered only as a representative upper limit range of potential organic emissions
from coal-fired power plants and should not be used for any quantitative'projection of
emissions. While some QA/QC problems were evident, the organic results indicated
that the overall concentrations of organic pollutants released from coal-fired utility
power plants are low (comparable to ambient concentrations for some species), as
evidenced by the generally low organic emission factors presented in this summary

report.

Results from only three of the nine field process configurations were included in
the emission factor table for aldehydes and ketones. Data from these three sites
indicated that stack emissions of aldehydes are quite low, ranging between <2 and
41 1b/10'2 Btu for acrolein and between 67 and 390 Ib/10'? Btu for acetaldehyde.

VOC species detected in the stack emissions were quite low in concentration. In
general, quantitative VOC results were suspect, mainly because concentrations reported
were often very near detection limits. Only benzene and chloromethane stack
concentrations were found to exceed the EPA median ambient air concentrations.®
Emission factors for benzene and chloromethane ranged between 1 and 120 Ib/10'? Btu

and between 5 and 218 Ib/10'? Btu, respectively.

The SVOC and PAH species were also found in quite low concentrations, often

near the detection limit. The concentration of the SVOC and PAH compound classes

3. Shah, 1.J.; Heyerdahl, E.K. “National Ambient Volatile Organic Compounds (VOCs) Database Update,” Project Report
EPA/600/3-88/010(a); U.S. Environmental Protection Agency Contract No. 68-02-4190, Feb. 1988.
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found ranged from 0.4 to 9 Ib/10'? Btu for phenol and from 0.0021 to 0.005
Ib/10'? Btu for benz[alanthracene. Species included in EPA’s National Ambient VOC
database that were reported for some of the power stations included phenol,
methylphenols, naphthalene, and méthylnaphthalene. These species were present in

the stacks at concentrations similar to ambient concentrations.

Chlorinated dioxins and furans were found at much lower concentrations than
other compound classes (e.g., SVOC and PAH), typically 6 orders of magnitude lower.
Emission factors were typically <3 x 10®to <6 x 10°°1b/10'? Btu. The very low
levels of chlorinated dioxins and furans found in the stack indicated that chlorinated
dioxin and furén emissions are not significant from the coal-fired utility sites included in
the DOE Phase | study.

Radionuclide Emission Faétors

Radionuclides are listed generically as a CAAA HAP. All of the contractors
provided radionuclide data, but the selection of radionuclides for which results were
reported varied greatly among contractors. Results for Pb-210 (lead), Ra-226 {radium),
and U-235 (uranium) were reported for all field sites. Results for Ra-228, Th-230
(thorium), and U-234 were reported for all sites except one. Results for the remaining
radionuclides {Pb-211, Pb-212, Po-210 [polonium], Th-228, Th-229, Th-232, Th-234,

"and U-238) were reported for three to five sites each. Some contractors reported
radionuclide results for feed coal only but most contractors listed results for additional
solid samples. Radionuclide data for feed coal and stack gas samples as well as
emission factors and control device efficiencies are presented in Section 4.4 of this

summary report.

Most of the contractors reported a variety of radionuclides found in the plant feed
coals; only Pb-211 and Th-229 were not detected in these samples. The range of
detectable radionuclide values in the feed coal samp_les was 0.02 to 7.3 pCi/g.
Radionuclides were reported with much less frequency in the stack gas samples.
Pb-211, Pb-212, Ra-228, Th-228, Th-229, Th-232, and Th-234 wére not reported in
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stack gas samples at any of the sites. Pb-210, Po-210, Ra-226, Th-230, U-234, and

U-235 were reported at one site each. U-238 was reported at two sites.

Average emission factors on a mass basis for the reported radionuclides ranged
from 3.9 x 107" Ib/10"2 Btu for Po-210 to 312 Ib/10' Btu for U-238. Most of the
other radionuclides had average emission factors on a mass basis in the range of 107
to 10°*1b/10'? Btu. Average emission factors on an activity basis for the reported
radionuclides ranged from 1.4 x 108 pCi/10'? Btu for Ra-226 to
7.2 x 10" pCi/10'? Btu for Pb-210. Most of the average emission factors on an
activity basis were in the range of 10® to 10° pCi/10'? Btu.

Acid Gas-Halogen Emission Factors

Total. chlorine (HCI + Cl,} emission factors were, in general, 1 to 2 orders of
magnitude larger for ESP systems than for scrubber and FF systems. Total chlorine
emissions ranged from ND <176 to 132,000 Ib/10'2 Btu. Estimated annual emission
rates were 1.6 to 1645 tons/yr. Total fluorine (HF + F,) emissions ranged from ND
<92 to 12,770 Ib/10'? Btu. Emission factors for hydrogen cyanide (HCN) ranged from
ND <2.2 to 180 Ib/10'? Btu.

Total fluorine emission factors followed the same trends as total chlorine, except
the Boswell Energy Center (FF) showed emission factors similar to ESP-only systems.
Niles, Baldwin, and Cardinal Stations (ail ESPs) had emission factors of 8921, 9900,
and 12,770 Ib/10"? Btu, respectively. Niles/SNOX Station (FF with acid condenser),
Boswell Energy Center (FF), and Coal Creek Station (ESP-wet FGD with 40% bypass)
had emission factors of 6630, 3310, and 3980 Ib/10'2 Btu, respectively. Emissions
from scrubber systems were very low or in the nondetect range. Where QA/QC was
performed for anion data, it was satisfactory; however, the averaged data show large

standard deviations.

While HCI, Cl,, and HF are on the list of 189 HAPs, F, is not. For the three
stations which speciated acid gases, F, represented 0%, 25%, and 85% of total

fluorine. Chlorine gas (Cl,) represented 5.56%, 45%, and 6.3% of total chlorine,
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respectively. Given the wide variability of this limited data set, it is not possible to
predict the ratio of F,/HF or CI,/HCI for a given system. Bromine gas (Br,) and hydrogen

"bromide (HBr} were not detected at the two sites where analyses were performed.

As expected, removal of HCI, HF, and HCN did not occur across ESPs. The FF at
Boswell Energy Center did show acid gas—halogen removals, possibly because of
reactions or adsorption in the filter dust cake, of 35%-65% HCI, (negative) HF,
60%-97% Cl,, 53%-72% F,, and 35% HCN. However, no overall acid gas removal
was shown for the FF at the Niles/SNOX Station.

Also, as expected, removal of HCI, HF, and HCN were significant across wet FGD
systems, >99% HCI, >96% HF, and HCN to a lesser extent. The jet bubbling reactor
(JBR) at Plant Yates efficiently removed (>99%) of high inlet anion concentrations.
Total acid gas removal for the Coal Creek Station wet FGD system was diminished by
half because of the 40% bypass, and sampling leaks at Springerville precluded any

conclusions for the SDA.

Particulate-phase chloride (CI'), fluoride (F'), and cyanide {CN") were measured
below detection limits for most of the sites and contributed <5% of the total
concentration for the remaining sites. Fabric filter and ESP removal for CI" was >90%
to 99% for all sites, whereas F~ showed greater variability, with 55%-99% removal.
Cyanide, where measured above the detection limit, showed removal efficiency around

35%.
Estimates of Total HAP Emissions

Table ES-1 summarizes DOE Phase | emission factor data on a Ib/10'? Btu basis
for HAP trace elements, organic compounds, radionuclides, Ci,, HCI, HF, and HCN.
Trace element emission factors include a number of values indicated as nondetect
values. These nondetect values were included in the emission factor totals assuming a
worst-case scenario. As a result, total HAP trace element emission factors ranged from
17 to 284 Ib/10'? Btu. Based on fuel feed rates, fuel analyses reported for the nine

process configurations, and an overall average capacity factor of 0.7, the total annual
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Table ES-1. A Summary of DOE Phase | Hazardous Air Pollutant Emission Factor Data
Plant Name: Bailly Baldwin Boswell Cardinal _ Coal Creek __ Niles SNOX___ -Springerville  Yates
Trace Elements, 1b/10' Btu )

sb 0.28 1.5 0.68° 2.4 0.18 0.36° 05" 0.04 0.06
As 1.1 13 0.32° 3.5 1.2 42 0.5° 0.14 1.2
Be 0.07° 1.4 0.13° 0.07 1.7° 0.19 0.17 0.04° 0.1
cd 0.42 3 0.65° 0.85 3.2° 0.07 0.09% 0.03 0.6
Cr 2.7 51 2 7.5 10 3.9 0.13% 5.3
Co 0.07° 6.8 0.7 0.63 1.5° 0.12° 0.22° 0.3% 0.7
Pb 1.6 29 2.4 3.8 0.69 1.6 0.53 0.67 0.6
Mn 3.1 22 18 20 30 3.4 2.6 11 7.2
Hg 21 3.8 1.9 8.5 9.5 14 22 4 3
Ni 2.2 22 2 4.8 5.1 0.55 2.2 0.3° 401
Se 193 130 3.3 93 8.3 62 0.87 0.02° 265
Total Trace Elements 206.64  283.5 32.08 145.05 71.37 127.29 33.38 16.67 85.36
Organics, Ib/10'? Btu b b b b b b
Aldehydes NA] NA NA NA 79 159 468 NA NA
VOCs NA] 147 250 117 219 44 . 262 2 5
SVOCs NA 35 4.3 NA 1.6 2.3 0.6 NA 141
Total Organics NA 182 254.3 117 299.6 205.3 730.6 2 146
Radionuclides,’ NA® P 12 628" 14° a1® a7 NAP NAP
1b/10" Btu
Chiogine, 1b/10 Btu NA® 4500 640 1550 NAS NA® NAS NAS NA®
Hel,' 1b/10% Btu 1020 78000 790 22900 1340 132000 82400 176° 531
HF,® 1b/10™ Btu - 420° 9900 2500 1870 3980 8921 6630 92° 122
Cyanide, Ib/10"? Btu 11.5 2.2° 3.7 0.6 51 180 157 1° 28
Total HAPs, Ib/10" Btu ~ 1658.14 92871.7 4221.08 27210.6 5755.97 141474.6 89997.98  297.67 912.36
Coal Feed Rate, tonfyr 2010516 2687373 322253 1865784 4922233 407997 407997 1833986 393470
Heating Value, Btu/lb 11100 10600 8800 12200 6230 12175 12175 9450 11200
Cap. Factor 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7
Trace Element, tonfyr 3.23 5.65 0.06 2.31 1.63 0.44 0.12 0.20 0.26
Qrganics, ton/yr 0.00 3.63 0.50 1.86 6.43 0.71 2.54 0.02 0.45
HCI+Cl, tonyr 15.93  1645.08 2.84  389.58 28.76  458.98  286.52 2.14 1.64
HF, tonfyr 6.56  197.41 4.96 29.80 85.43 31.02 23.05 1.12 0.38
Other, ton/yr 0.18 0.12 0.01 10.02 1.40 0.77 0.71 0.13 0.09
HAPs, ton/yr 2590 1851.89 8.38 43357 12356 491,93  312.94 3.61 2.81

b
c

o -0 a

and HF,

Based on data reported less than detection limits.

Data were highly questionable based on QA/QC criteria.
Radionuclide data in this table are presented on a mass basis in order to establish HAP emissions on a mass basis. Radionuclide data
are presented on a mass and activity basis in Section 4.4 of this report.
Value appears to be anomalous, but no discussion was found in the contractors’ report.
Chiorine data not avaitable because of combined CI,/HCI measurement.
HCI measurement represents combined Cl,/HC! except where chiorine data are available.
HF data represent combined F,/HF except for Baldwin, Boswell, and Cardinal, where specific measurements were made to speciate F,

emission rates at each plant for individual trace element {Sb, As, Be, Cd, Cr, Co, Pb,

Mn, Hg, Ni, and Se) HAPs were all estimated to be <3 tons/yr, and most were

substantially, <0.5 tons/yr. The estimated combined trace element HAP annual

emission rates for each of the nine process configurations ranged from 0.06 to 5.65

tons/yr.

Organic HAP data in Table ES-1 also indicate a very low emission rate for coal-

fired systems. For some plants, very little organic data are reported. This occurred as

a result of the low concentrations encountered and questionable data quality. The
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approach for the reporting of organic data in this report was different than the approach
taken for trace elements because, based on fuel analysis, the trace elements are known
to be present. Fairly complete organic data are reported here for five of the nine

Phase | process configurations. Total organic emission factors for these sites ranged
from 182 to 731 Ib/10'® Btu. The estimated organic HAP annual emission rates for

these same five sites ranged from 0.5 to 6.4 tons/yr.

Radionuclide and cyanide emissions were also quite low, ranging from ND <1 to
47 1b/10'? Btu and ND < 2.2 to 180 Ib/10'? Btu, respectively. The one high
radionuclide value reported, 628 Ib/10'? Btu, is believed to be anomalous. However,
the contractor report does not specifically discuss this possibility. Estimated annual

emission rates for this combination of HAPs were 0.01 to 1.4 tons/yr.

The data in Table ES-1 show that Cl,, HCI, and HF were found in significant
quantities at six of the nine DOE Phase | process configurations. Chlorine gas
emissions were measured at only three sites, with emission factors ranging from 640 to
4500 Ib/10'2 Btu. For the other six sites, total chlorine emissions ranged from ND
<176 to 132,000 Ib/10"? Btu. These emission factors result in estimated annual
emission rates of 1.6 to 1645 tons/yr. Hydrogen fluoride emission factors ranged from
ND <92 to 9900 Ib/10'2 Btu. These data show that the emissions of Cl,, HCI, and HF
depend on the Cl and F content of the fuel and that these emissions can be effectively

controlled using conventional dry and wet scrubbing technologies.

Figure ES-3 summarizes estimated total annual HAP emissions forr the nine DOE
Phase | process configurations in a éeries of pie charts. This figure graphically depicts
the small contribuﬁon made by the trace elements, organics, and other (radionuclide
and cyanide) compounds to the total annual estimated emissions for each site.
Therefore, it would appear that the emission of HAPs from coal-fired systems is not

significant as long as the emission of Cl,, HCI, and HF are effectively controlled.

The annual HAP emission values presented in Table ES-1 and Figure ES-3 are
general estimates that can change significantly as a result of changing fuels, fuel
characteristics, and fuel feed rates for an individual plant. Also, this discussion was

based on an overall average capacity factor of 0.7. The actual capacity factor for a
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given plant may be significantly different, depending on whether a plant is load-
following or typically base-loaded. Also, unplanned maintenance outages in any given
year can greétly affect the capacity factor. Increasing the capacity factor from 0.7 to
0.85 would increase the estimated HAP emissions in Table ES-1 by about 20%. Also,
reducing the capacity factor from 0.7 to 0.5 would reduce the estimated HAP

emissions by nearly 30%.

The CAAA of 1990 will reduce and ultimately cap SO, emissions from coal-fired
electrical generating facilities by the year 2000. As a result, the installation of
additional FGD capacity to meet Title IV, Acid Deposition Control, requirements will also

significantly reduce HAP emissions of trace elements, Cl,, HCI, HF, and HCN.




1.0 INTRODUCTION

The University of North Dakota Energy & Environmental Research Center (EERC),
at the request of the U.S. Department of Energy Pittsburgh Energy Technology Center
(DOE PETC), reviewed reports documenting the results from sampling activities
completed at eight utility field sites. The purpose of the field sampling activities was to
document the types and concentrations of potentially hazardous air pollutants (HAPs)
from a select group of utility stations representing a cross section of U.S. coal-fired
utility boilers. The overall review effort was conducted under DOE-EERC Cooperative
Agreement No. DE-FC21-93MC30097 as Subtask 2.3 - Review and Assessment of
Results from the Comprehensive Characterization of Toxic Emissions from Coal-Fired

Power Plants.

This document represents the final report for Subtask 2.3.3 of the overall review
effort. The objective was to provide a concise overview of the important findings from
the Phase | air toxics assessment. information is presented concerning the eight field
sites at which sampling was completed assessing nine system configurations.
Technical information is presented concerning the round-robin coal analyses and
individual site data; the emission factors for inorganic, organic, radionuclide, and acid
gas—halogen speciés; the effects of coal characteristics and process configurations on
emission factors; and several special topics, including plume-simulating dilution
sampling (PSDS), the distribution of HAPs as a function of particle size, chromium

sampling and speciation, and the effect of sootblowing on trace element emissions.




2.0 BACKGROUND

The 1990 Clean Air Act Amendments (CAAA) had two primary goals: pollution
prevention and a market-based least-cost approach to emission control. To address air
quality issues as well as permitting and enforcement, the 1990 CAAA contain 11

sections, or titles (1, 2). The individual amendments included the following:

Titlel - National Ambient Air Quality Standards
Title Il -~ Mobile Sources
Title Il — Hazardous Air Pollutants

Title IV - Acid Deposition Control

Title V.~ Permits

Title VI - Stratospheric Ozone Protection Chemicals
Title VIl — Enforcement

Title VIll - Miscellaneous Provisions

Title IX - Clean Air Research

Title X - Disadvantaged Business Concerns

Title XI - Clean Air Employment Transition Assistance

Titles I, lll, IV, and V will change or have the potential to change how operators of
coal-fired utility boilers control, monitor, and report emissions. Alfhough the focus of
Title | is ambient air quality, it has the potential to impose new regulations on coal-fired
utility boilers. Specifically, regions of the country designated as nonattainment for
ozone {O,), carbon monoxide {(CO)}, respirable particulate, lead (Pb), nitrogen dioxide
(NO,), or sulfur dioxide (SO,) will be under increasing pressure to develop and |
implement emission reduction plans to achieve ambient air quality standards. Failure to
comply can result in sanctions ranging from the cutoff of federal highway funds to
severe emission reduction offsets for new sources. As a result, coal-fired utility
systems may be targeted for further reductions in 1) the emission of nitrogen species to
reduce ambient O, concentrations and 2) fine p‘articulate emissions to reduce ambient

respirable particulate concentrations.




Title 111, Hazardous Air Pollutants, requires the U.S. Environmental Protection
Agency (EPA) to establish stationary source categories and to implement regulatory
standards for 189 air toxics from source categories emitting 25 tons annually of any
combination of pollutants or 10 tons annually of a single pollutant. In addition, EPA
must issue maximum achievable control technology (MACT) standards. The original list
of 189 HAPs may be expanded or reduced based on risk to public heaith, and once
controls are in place, residual risk assessments must be performed to determine
whether a need exists for further reductions. Although this amendment requires the
regulation of commercial, industrial, and municipal sources, it does not specifically
require the regulation of HAPs from utility boilers. Rather, Title lll requires that EPA
study HAP emissions from utility boilers to determine potential health effects prior to
promulgating any new regulations. In addition, a study of mercury {Hg) emissions from
utility steam generators, municipal waste combustion units, and other sources was

mandated.

Title IV, Acid Deposition Control, and Title V, Permits, have had and will continue
to have the most significant effect on coal-fired utility boilers for the remainder of this
decade. In the case of Title IV, SO, emissions must be cut by 10 million tons annually
by January 1, 2000, based on 1980 emission estimates, and cannot exceed
8.9 million tons annually in future years. The approach to achieving this requirement
consists of two phases. In Phase |, 111 coal-fired plants identified as emitting the most
S0, in the United States were required to reduce their emissions to 2.5 |b of
S0O,/MMBtu by January 1, 1995, for which EPA issued emission allowances. A
flexible, market-based decision process involves the issuance of SO, emission
allowances by EPA. These allowances can be bought and sold between companies,
transferred within a company, or banked for future use. In Phase ll, coal-fired utility
boilers will be required to reduce SO, emissions to 1.2 b of SO,/MMBtu by January 1,
2000. Again, EPA will issue emission allowances based on the 1.2 Ib of SO,/MMBtu
limit and cap emission allowances at 8.2 million tons annﬁally. To meet emission
reporting and compliance requirements, SO, emission sources are required to install
continuous emission monitoring systems. The penalty for emitting SO, in excess of the
emission allowances held is a fee of $2000/ton. In addition, future SO, emissions must

be offset by an amount equal to the excess emission. Title |V also requires a two-
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million-ton reduction in the emission of nitrogen species by January 1, 2000. Although
the approach is expected to be similar to that applied to SO,, specific emission
standards have not been established, and the exact implementation schedule is

uncertain at this time.

Title V, Permits, will significantly increase the number of regulated sources
requiring permits by definition and strengthen state environmental laws. This title
defines a major source as one that emits or has the potential to emit 100 tons/year of
any criteria pollutants (hydrocarbons, CO, Pb, NO,, SO,, and particulates), 10 tons/year
of a HAP, or 25 tons/year of a combination of HAPs. The permit program will be
implemented at the state level, with EPA having review authority and the option to

intervene if the state program is determined to be inadequate to protect air quality.

In response to the 1990 CAAA requiring the study of HAP emissions from utility
boilers, DOE is participating in a collaborative effort with the Utility Air Regulatory |
Group (UARG), EPA, and the Electric Power Research Institute (EPRI) to establish an
appropriate database upon which future regulatory activities can be bafed. The field
sampling efforts are being led primarily by DOE and EPRI, with a few utility companies
generating data for their specific systems. EPRI and DOE have provided most of their

collected data to EPA.

The EPRI Power Plant integrated Systems: Chemical Emissions Study (PISCES)
research program began in 1988 with the compilation and review of fuel trace element
data and HAP emission data in the literature {3). The literature review effort concluded
that the available information was inadequate because of insufficient data, the highly
variable nature of the existing data, and the fact that the available data had been
obtained using inconsistent sampling and analytical procedures. The next step in the
PISCES program was to begin the collection of field data to determine the concentration
of potential HAPs at various process locations. At this time, sampling activities have
been completed at over 24 field sites representing coal- (bituminous, subbituminous,
and lignite), oil-, and gas-fired systems involving a variety of furnace types and pre- and
postcombustion emission control strategies (4-6). General conclusions developed as a

result of the field sampling activities include.- 1} that nonvolatile trace elements are




effectively controlled by conventional particulate control devices such as electrostatic
precipitators (ESP) and fabric filters (FF); 2) that nonvolatile trace element emissions
can be estimated mathematically based on measured fuel concentrations and particulate
control device performance data; 3) that conventional flue gas desulfurization (FGD)
technology (spray dryers and wet scrubbers) will further reduce the emission of

" nonvolatile trace elements, effectively control hydrochloric acid (HCI) and, in most
cases, effectively control the emission of volatile trace metals such as selenium (S_e);
4) that Hg control has been observed to be highly variable from system to system, with
conventional particulate control technology found to be generally ineffective and spray
dryers and wet scrubbers observed to be effective occasionally; and 5) that flue gas
emissions from coal- and oil-fired systems contain low-level concentrations of several
organic compounds {#g/Nm?® concentrations of volatile organic compounds [VOCs] and
aldehydes and ng/Nm? concentrations of polycyclic aromatic hydrocarbons [PAHs]).
Individual field site reports resulting from the PISCES program have been forwarded to
EPA for review as the reporlts have been completed. A report summarizing the results

of the PISCES program has been published by EPRI (7).

The DOE approach to development of a HAP emission database for fossil fuel-fired
utility systems has been twofold. The DOE Morgantown Energy Technology Center
{METC) has funded HAP-sampling activities at two advanced power system
demonstration sites (8, 9). These sites represent advanced combustion and gasification
technologies and associated gas stream cleanup strategies. One of the sites was the
pressurized fluid-bed combustor (PFBC) at the Ohio Power Company Tidd Plant, with
results summarized in a report prepared by Radian Corporation (10). In addition to
documenting the emissions from the PFBC, this site offered the opportunity to evaluate
the ability of a hot-gas advanced particle filter to control HAPs and compare its
performance to that of a conventional particulate control device, an ESP. Results
showed that the hot-gas advanced particle filter controlled nonvolatile trace element
emissions to a greater degree than the ESP, >99.5% versus >95%. This result is
directly related fo the total average particulate collection efficiencies of the hot-gas
advanced particle filter and the ESP, 99.99% versus 97.2%. Although neither device
effectively controlled the emission of most volatile species (HCI, Ci,, HF, Hg, and Se},

again the hot-gas advanced particle filter performed more efficiently, <30% versus
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<10%. Inlet and outlet data for the hot-gas advanced particle filter also demonstrated
variable levels of emission reduction for some specific vapor-phase species: SO,
(40%), ammonia (25%), formaldehyde {94 %), and cyanide (69%).

The second DOE METC site is an integrated gasification combined-cycle {IGCC)
system operated by Destec Energy Systems located in Plagquemine, Louisiana. This
system represents an entrained-flow slagging gasifier processing 2200 tons/day of a
western subbituminous coal. This system also permits an evaluation of new emission
control concepts and their ability to control HAP emissions. On-site sampling activities
and analysis ‘activities have been completed. A report entitled “A Study of Toxic
Emissions from a Coal-Fired Gasification Plant” is available from the National Technical

Information Service (NTIS).

DOE PETC has focused its efforts on establishing a database for a wide variety of
conventional coal-fired systems. Also represented are various conventional and
advanced emission control technologies. DOE PETC issued a request for proposals (RFP
No. DE-RP22-92PC91349) entitled "Comprehensive Assessment of Toxic Emissions
from Coal-Fired Power Plants" on February 10, 1992. As a result of the proposals
submitted and the subsequent review process, DOE PETC awarded Phase | contracts to
five organizations for HAP sampling at eight utility sites representing nine process
configurations. Sampling activities were initiated in 1993, and final project reports
were prepared in 1994. A final project report was prepared for each of the nine
process configurations by the respective contractors and are available through the
NTIS (11-19). This document' summarizes key resuits from the nine process

configuration reports with an emphasis on stack-sampling data.
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3.0 DESCRIPTION OF FIELD TEST PROGRAM

A primary purpose of the DOE Fossil Energy Program is to foster the continued
use of the abundant coal resources in the Unitéd States as an efficient and
environmentally sound energy source. The DOE accomplishes this objective by
supporting the development of technologies that maximize energy efficiency and
effectively control the emission of pollutants that are generated as a result of coal
utilization. The PETC Flue Gas Cleanup Program was established to develop emission
control technologies to promote the continued widespread use of coal in an
environmentally acceptable manner. As previously stated, one component of this
program involves a collaborative effort between DOE, UARG, EPRI, and EPA to assess
the potential for HAP emissions from utility boilers. The PETC role in this collaborative
effort is focused on generating HAP data for coal-fired utility systems. The effort
consists of two phases. Phase | of the HAP assessment program was to evaluate HAP
emissions from eight coal-fired plants and was divided into five tasks: 1) power plant
sampling, 2} sample and data analysis, 3) quality assurance/quality control (QA/QC),
4) program coordination, and 5) technology transfer. Phase Il was intended to be an
option, based on Phase | results, to be exercised by PETC in the event that additional or
similar plant configurations would be selected for sampling. At this time, plans are in
place to proceed with the Phase Il sampling effort involving five additional plants. One
plant is an IGCC system; three of the plants represent more conventional power plants
utilizing wet scrubbers with one sampling effort being completed (report available
11/96). The fifth plant is yet to be identified. Completion of the Phase Il sampling
activities is planned for the second and third quarters of 1997, with the site reports
available in 1998.

3.1 OBJECTIVES

The objective of the PETC HAP assessment program, entitled “Comprehensive
Assessment of Toxic Emissions from Coal-Fired Power Plants,” is to quantify emissions
of HAPs associated with coal-fired electric utilify systems. Specifically, the assessment
addresses the 189 HAPs identified in the 1990 CAAA. Data generated in the study

were provided to EPA to assist in meeting the requirements of Title Ill, Hazardous




Air Pollutants, to determine what, if any, HAP regulations will be promulgated relative

to coal-fired electric utility systems.

Key objectives‘of the HAP assessment program cover a broad range of technical

issues. Some of these are as follows:

¢ Generating HAP data for a variety of coal types, furnace types, and emission
control systems in order to calculate emission factors for the 189 HAPs
identified.

¢ Determining the effectiveness of commonly used emission control devices
{ESPs, FFs, spray dryers, and wet scrubbers) to reduce HAP emissions.

¢ Determining the effectiveness of advanced emission control devices (advanced
wet FGD for SO, reduction and selective catalytic reduction [SCR] of nitrogen
compounds).

¢ (Calculating subsystem and oVeraII plant material balances for selected HAPs.

* Determining mercury speciation and related emission factors.

¢ Determining solid-phase HAP distribution as a function of particle size.

¢ Determining particle-size distribution of stack emissions and ESP/FF hopper
ash.

¢ Evaluating the performance of a stack-sampling method referred to as “plume-
simulating dilution sampling (PSDS).”

® Evaluating chromium (Cr) speciation and sampling methods.

s Evaluating the effect of sootblowing on trace element emissions.

¢ Determining the concentration-of HAPs on particle surfaces.

¢ Determining the distribution of HAPs between solid, liquid, and vapor phases.

The role of the EERC in the overall activity to date has been to provide an
independent review of Phase | contractor reports resulting from the assessment
activity, make recommendations relative to Phase Il activities, and prepare this report

summarizing Phase | results and conclusions in a concise format.




3.2 DESCRIPTION OF PLANTS SAMPLED

Phase I'sampling activities were completed on nine different system
configurations at eight different power plant sites (11-19). Table 3-1 presents brief
descriptive information for each‘ of the nine system configurations, identifying the utility
" station, unit, station owner, and site contractor. The eight sites represent a range of
fuel characteristics, including bituminous, subbituminous, and lignite fuels. Fuel
characteristics included 8% -20% ash, 0.6%-3.2% sulfur, 6%-38.3% moisture, and
heating values of 6230-12,260 Btu/lb. The geographic locations of the eight plants
include the states of Georgia, Ohio (two sites), lllinois, Indiana, Minnesota, North
Dakota, and Arizona. Furnace types included tangent'ially (t}-fired, opposed wall-fired,
front wall-fired, and cyclone-fired units ranging in size from 75 to 615 MWe gross.
Sampling activities were completed while the individual boilers were operated at
+5% to 10% of full load. Therefore, the samples collected are representative of

normal full-load boiler operating conditions.

Electrostatic precipitators were used to controi particulate emissions on six of the
nine system configurations. Specific collection area (SCA) for these units ranged from
180 to 750 ft%/1000 actual cubic feet per minute {(acfm) resulting in particulate
collection efficiencies of nominally 97% to 99.8%, which represents marginal to highly
efficient ESP control technology. Fabric filters were used to control particulate
emissions on three of the nine system configurations: two reverse-gas units and one
slipstream pulse-jet baghouse. Particulate collection efficiency ranged from nominally

99.8% to 99.98% for filter face velocities of nominélly 4.5 and 2 ft/min, respectively.

Sulfur dioxide control technologies were used on five of the nine process
configurations. These included a lime-based spray dryer system, a conventional
limestone wet FGD system, the Chiyoda Thorbughbred-1 21 FGD process, the Pure Air
advanced FGD system, and a slipstream demonstration of the SNOX SO,-t0-SO,/acid
condensation process. Sulfur dioxide control ranged from 60% for the spray dryer
system to >90% for the wet-scrubbing concepts. The SNOX process demonstrated
the highest level of SO, control, 94% to 96%.

No control systems for nitrogen species were represented on six of the nine

process configurations. Two systems were t-fired units using overfire air to reduce the
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emission of nitrogen species. However, NO, reduction data were not reported. The

SNOX slipstream demonstration system reported achieving 85%-93% NO, control

using ammonia injection with an SCR catalyst.

3.3 DESCRIPTION OF SAMPLING, ANALYTICAL, AND QA/QC METHODS

Sample collection for each of the nine system configurations varied somewhat

from site to site because of site-specific characteristics. However, a thorough sampling

approach was applied at each site to ensure that sufficient solid-, liquid-, and gas-phase

samples were collected to complete the HAP assessment. Table 3-2 presents a generic

list of sample types and locations indicative of the effort completed at each field site.

Considering that efforts were made to sample several locations simultaneously and

collection of triplicate samples was desired, the variety of sample types identified in the

table illustrates the extensive nature of the overall sampling effort. Solid samples

included various coal, ash, and FGD by-product/waste samples from dry and

slurry/sluice streams. Liquid samples included various water and slurry/sluice streams.

Gas samples were generally limited to flue gas at the inlet and outlet of the particulate

control device and in the stack.

Table 3-2. Sample Types and Locations Generic to the HAP Assessment Effort

Solid Samples
Raw Coal
Rejects from Crusher/Pulverizer
Economizer Ash
Hopper Ash from Each ESP Field
Fly Ash at ESP/FF Outlet
Raw Limestone/Sorbent
FGD By-Product/Waste Solids

Liquid Samples
Plant Makeup Water (possibly multiple
‘sources)
Cooling Tower Blowdown
Economizer Sluice Water
Inlet/Outlet Condenser Water
Coal Prep. Inlet/Outlet Water
FGD Slurry Blowdown
FGD By-Product/Waste Slurry

Gas Samples
ESP/FF Flue Gas Inlet/Outlet
Spray Dryer Inlet/Qutlet

Coal Feed to Boiler

Bottom Ash/Slag from Boiler

Fly Ash at ESP/FF Inlet

FF Hopper Ash

Ash to Settling Pond

FGD Limestone/Sorbent Feed Slurry
Fly Ash in Stack Flue Gas

Coal Pile Runoff

Boiler Sluice Water

ESP/FF Sluice Water
Settling Pond Recycle Water
FGD Makeup Water

FGD Slurry Inlet

FGD Recycle Water

Wet FGD Inlet/Outlet
Stack Flue Gas
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Sampling methods for solids varied somewhat from location to location because

of the type of sample to be collected, access limitations, and quantity of sample
required. However, all solid samples were collected in order to obtain time-averaged
composites for specifically defined sampling periods. Actual solid-sampling methods:
included periodic grab samples from bulk solid streams such as coal and various ash
and waste sources, as well as isokinetic flue gas sampling with multicyclones and
filters for entrained fly ash. Grab samples of bulk liquids were also collected to form
composites to provide time-averaged samples for specifically defined sampling periods.
Gas samples for vapor species and entrained solids were typically collected using
isokinetic sampling methods such as EPA Methods 5, 17, 26A, 29, 0010/23, and
0013. Nonisokinetic sampling methods included EPA Methods 3A, 6C, 7E, 10, 18,
25A, and 26 and the volatile organic sampling train {VOST). Process stream volumetric
and/or mass flow rates were determined for each sample location in order to permit the
calculation of mass balances. The contractors discussed in detail the sampling,
measurement, and analytical methodologies used in their respective site reports or

referenced the appropriate EPA methods in their reports.

Table 3-3 lists the critical target analytes for which sampliﬁg and analysis were
specifically requested in the PETC RFP. The original list includes trace elements,
radionuclides, anions, inorganic compounds, and organic compounds considered critical
to meeting program objectives. Several major elements were added to the list in order
to permit a more thorough evaluation of mass balance results for trace elements.

Table 3-4 identifies the variety of analytical methods used to quantify critical target
analytes. |n addition, the PETC RFP requested that, within reason, the sampling and
analytical approach should be developed to permit the quantitative determination of any
of the 189 HAPs listed in the 1990 CAAA that may be detected as a result of the
assessment effort. Table 3-5 lists the sampling and analytical contractors and
subcontractors. Table 3-6 presénts the 189 HAPs listed in the CAAA, plus hydrogen
sulfide, which was included in the PETC list.

Quality assurance/quality control measures were a critical aspect of the overall

program in order to ensure that meaningful data were obtained. Site-specific QA/QC

plans were developéd by each contractor to address sample collection, sample handling,
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Table 3-3. Critical Target Analytes for Which Sampling and Analysis Were Specifically

Requested

Major Elements
Aluminum (Al)
Potassium (K)
Titanium (Ti)

Trace Elements
Antimony (Sb)
Boron (B)

Copper {Cu)
Molybdenum (Mo)

Anions
Phosphates

‘Reduced Species
Ammonia

Organics
Benzene

Calcium (Ca)
Sodium (Na)

Arsenic (As)
Cadmium (Cd)
Lead (Pb)
Nickel (Ni)

Hydrochloric Acid (HCH)

Cyanide

Dioxins

Polycyclic Organic Matter

Radionuclides

iron (Fe) Magnesium (Mg)
Silicon (Si) Strontium (Sr)
Barium (Ba) Beryllium (Be)
Chromium (Cr) Cobalt {Co)
Manganese {Mn) Mercury (Hg)
Selenium (Se) Vanadium (V)

Hydrogen Fluoride (HF) Sulfates

Formaldehyde Furans
Toluene

sample analyses, data analyses, and specific corrective action to be taken when

preestablished specifications were not met. In addition to the procedures established

by the individual contractors for QA/QC audits, independent QA/QC audits funded by

EPA were performed by Research Triangle Institute (RTl). Examples of the various

QA/QC procedures employed included field blanks, trip blanks, spikes, documentation

of detection limits, and round-robin analyses of the various coals encountered by the

contractors during the Phase | study. Extensive performance and techn