coal equivalent. A one-week, optimized field test was also conducted, but results are
currently unavailable.

Under a Phase Ill award, UNDEERC is evaluating PAC and SEA injection, as well as,
the SEA2 technique 2 (SEA2 T2) technology, which involves co-injection of the
proprietary SEA2 additive and PAC upstream of the particulate control device. Full-scale
field testing is currently on-going at Kansas City Power & Light's Hawthorn Unit 5 that
burns PRB coal and is equipped with an SCR and SDA/FF configuration. During
parametric testing at Hawthorne, greater than 90% total Hg capture was achieved with
SEA1 added to the coal at 1200 ppm and DARCO® Hg-LH injection at 3 Ib/MMacf.?®
With the SEA2 T2 technology, the co-injection of DARCO® Hg at 2.8 Ib/MMacf and
SEAZ2 at 0.14 Ib/Ib of PAC, resulted in about 85% total Hg removal. In addition, >90%
Hg removal was achieved with SEA1 added to the coal at ~500 ppm and DARCO® Hg
injection at 2 Ib/MMacf. A 45-day long-term is scheduled for Hawthorne where
UNDEERC will further evaluate SEA1 addition to the coal, coupled with untreated
DARCO® Hg injection upstream of the ESP.

ACI Upstream of a Hot-Side ESP

NETL is also evaluating Hg control technologies designed specifically for hot-side ESP
(HS-ESP) applications, where the elevated flue gas temperature limits the Hg capture
efficiency of ACI. A four-day trial conducted at Duke Energy’s low-sulfur bituminous
coal-fired Buck Plant achieved approximately 70% total Hg removal with the injection of
Sorbent Technologies’ chemically-treated H-PAC™ at 10 Ib/MMacf.®®  Sorbent
Technologies conducted additional field testing at Midwestern Generation’s PRB-fired
Will County Unit 3. A high temperature version of the brominated, “concrete-friendly”
C-PAC™ sorbent was evaluated since fly ash from this unit is marketed for reuse. Using
a newly developed X-a-Lance distributing lance design, 73% Hg removal was achieved
during a parametric trial with C-PAC™ injection at 5 Ib/MMacf.?® During a six-day
continuous test, Hg removal ranged from about 60 to 73% with C-PAC™ injection at 5
Ib/MMacf.

Under a separate Phase Il project, ADA-ES evaluated the impact of adding high-
temperature liquid sorbents to the pre-combusted coal and/or upstream of the HS-ESP on
Hg control at MidAmerican’s PRB-fired Louisa Station Unit 1. While Alstom’s
brominated KNX™ coal additive promoted Hg® oxidation, the lack of a downstream
FGD at this unit led to no increase in Hg removal.

Alternative Sorbent Injection Technologies

The typical ACI system is located upstream of a particulate control device to enable
simultaneous capture of the spent PAC and fly ash. This Hg control strategy leads to
commingling of the PAC and fly ash that can prohibit certain fly ash recycling efforts. In
particular, fly ash collected at coal-fired units that employ sorbent injection for Hg
control is banned from serving as a feedstock at cement kilns following a December 2006
final rule issued by EPA.%! Note that this ruling is based on the potential for increased Hg
emissions at cement kilns rather than carbon contamination concerns. In 2006, over 4
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million tons of fly ash served as alternative feedstock to shale or clay at about 34 U.S.
cement kilns.*

Meanwhile, one of the highest-value reuse applications for fly ash is use as a substitute
for Portland cement in concrete production. The utilization of fly ash in concrete
production is particularly sensitive to carbon content as well as the surface area of the
carbon present in the fly ash. PAC injection will increase the carbon content of the fly ash
with the degree of carbon contamination dependent upon the ACI concentration required
to achieve a given level of Hg control. In addition, PAC has a high surface area that is
ideal for Hg capture, but also promotes the adsorption of surfactants known as air
entraining admixtures (AEA) that are added to the concrete slurries to stabilize an
optimum amount of air in the concrete product, thus improving its workability and
durability to freeze-thaw cycles.®*** The adsorption of AEA by the injected PAC will
lead to an increased Foam Index value, which refers to the quantity of AEA required to
saturate the fly ash and cement mixture, resulting in an inferior concrete product.
Furthermore, the association of fly ash with Hg capture may influence marketability
simply due to a perceived connection with the hazards of Hg. As a result, NETL’s Phase
I1 Hg control technology field testing program includes evaluations of alternative sorbent
injection technologies designed to minimize, or completely eliminate, fly ash carbon
contamination caused by ACI upstream of a particulate control device.

TOXECON™ Configuration

Based on the promising Phase | results at E.C. Gaston (see Figure 5), TOXECON™ was
selected for a first-of-a-kind commercial Hg control technology demonstration at
WeEnergies’ Presque Isle Power Plant in Marquette, Michigan, under DOE’s Clean Coal
Power Initiative. Currently operational, the TOXECON™ configuration has achieved
about 90% total Hg removal with untreated DARCO® Hg and brominated DARCO® Hg-
LH injection at about 1.7 and 1.2 Ib/MMacf, respectively.>® During an extended testing
period, greater than 90% total Hg removal was maintained for 48 consecutive days with
both DARCO® Hg and DARCO® Hg-LH injection.

Under the Phase Il program, NETL has also funded a full-scale field test of the
TOXECONT™ configuration at Luminant Energy’s Big Brown Unit 2, which fires a 70%
TX lignite and 30% PRB coal blend.** UNDEERC evaluated the performance of
untreated ACI, co-injection of SEA and untreated PAC, and UNDEERC’s proprietary
enhanced PAC during parametric tests. Due to concerns about the cumulative impact of
SEA and PAC injection on differential pressure across the relatively small FF (air-to-
cloth ratio of 12:1), UNDEERC’s enhanced PAC was selected for the 30-day long-term
demonstration and total Hg capture average about 74% with an injection rate of 1.5
Ib/MMacf.

According to an in-depth BOP analysis performed by UNDEERC, enhanced PAC
injection at 1.5 Ib/MMacf increased the pressure drop across the FF at Big Brown by
about 1” H,O at high load (~600 MW). Handling and storage issues with the PAC/ash
mixture have also been observed at both Presque Isle and Big Brown. In particular, a
portion of the PAC/ash mixture was found to be very hot and smoldering at each unit and
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preliminary results indicate that plant personnel will need to monitor and empty the FF
hoppers on a regular basis to avoid self-heating and ignition of the PAC/ash mixture.

TOXECON II™ Configuration

EPRI’s TOXECON II™ technology injects sorbents directly into the downstream
collecting field(s) of an ESP. Since the majority of fly ash (~90%) is collected in the
upstream ESP fields, only a small portion of the total collected ash contains spent
sorbent. The technology requires minimal capital investment compared to the
TOXECON™ configuration, because a retrofit FF is not required. A full-scale
TOXECON II™ field test was conducted by ADA-ES at Entergy’s PRB-fired
Independence Station Unit 1.>” The CS-ESP at Independence contains four electric fields
(542 SCA) and ACI took place between the second and third fields. During a long-term
field test in November 2005, about 60% average total Hg removal was observed with
DARCO® Hg-LH injection at 4 to 5 Ib/MMacf. While the project goal of 50 to 70% Hg
capture was attained, ADA-ES felt that performance was limited by the injection lance
design. During subsequent full-scale field testing at Independence in February 2007,
DARCO® Hg-LH injection at 5.5 Ib/MMacf achieved 90% total Hg removal with ADA-
ES’ new TOXECON II™ lance design. A remaining concern with any Hg control
strategy involving sorbent injection, particularly the TOXECON II™ technology that
limits the ESP residence time, is the potential for increased particulate emissions that
could trigger New Source Review requirements.

Figure 5 - Phase | and 11 TOXECON™ Performance Curves
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Non-carbon & “Concrete-friendly” PAC Sorbents

NETL is funding full-scale field tests of alternative Hg sorbents that would allow coal-
fired power generators to continue marketing fly ash commingled with the spent sorbent
as a suitable replacement for Portland cement in concrete. Two approaches are discussed
below: non-carbon based sorbent injection and injection of PAC that is passivated during
production to limit AEA adsorption.

The performance of Amended Silicates’ non-carbon Amended Silicates™ sorbent
(comprised of a chemically-amended silicate substrate) was evaluated during a 30-day
long-term field test at Duke Energy’s medium-sulfur (~2.3%) bituminous-fired Miami
Fort Unit 6. Total Hg capture across the CS-ESP averaged 40% with Amended
Silicates™ injection at 5 to 6 Ib/MMacf. Once again, flue gas SOz may have had a
detrimental effect on sorbent performance at Miami Fort.

Under a separate Phase Il project, Sorbent Technologies conducted a 30-day long-term
evaluation of their brominated, “concrete-friendly” C-PAC™ at Midwestern Generation’s
PRB-fired Crawford Station Unit 7.3 With C-PAC™ injection at about 4.6 Ib/MMacf,
total Hg removal across the small CS-ESP averaged 81%. Most importantly, preliminary
results indicate that fly ash samples collected during sorbent injection at these units
would satisfy the criteria used to determine the suitability for reuse in concrete
production.

Novel Hg Control Concepts

Innovative techniques for Hg control that could eventually replace and/or augment the
more mature technologies discussed above are also being explored under the IEP
Program. The following is a brief discussion of these NETL-funded efforts.

MerCAP™

The Hg control via adsorption process (MerCAP™), developed by EPRI, relies on fixed
structure sorbents positioned in the flue gas stream to adsorb Hg and then, as the sorbent
becomes saturated, regenerate the sorbent and recover the Hg. An initial retrofit
application of the MerCAP™ technology is for “polishing” control of Hg® downstream of
FGD systems. During two six-month extended pilot-scale tests, the performance of gold-
coated MerCAP™ plates was evaluated downstream of a: (1) spray dryer adsorber and
fabric filter (SDA/FF) configuration at Great River Energy’s Stanton Station Unit 10; and
(2) wet FGD system at Plant Yates Unit 1.%°

After more than 6,000 hours of continuous operation at Stanton Station, Hg removal
averaged 30 to 35% across the acid-treated MerCAP™ plates and 10 to 30% across the
untreated plates. Testing also revealed that regeneration via acid treatment and tighter
plate spacing (¥2-inch vs. 1-inch) improved the Hg capture efficiency of the MerCAP™
technology. At Plant Yates, Hg removal decreased from 15 to 3% during the first three
days of pilot-scale MerCAP™ operation. It was believed that limestone slurry carryover
from the FGD system was inhibiting Hg reactions. Subsequent use of a water wash
system for the plates was able to restore Hg removal to 15%.
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Utilization of Partially Gasified Coal for Mercury Removal

GE EER will evaluate the Hg capture efficiency of sorbents produced from coal in an in-
situ gasification process at coal burning plants. Proposed Phase 111 work will optimize the
gasification process to maximize sorbent reactivity while minimizing sorbent production
costs.** Optimization will be conducted with respect to coal type, gasification process
parameters, and the sorbent injection rate required to achieve at least 70% Hg removal.
Among the gasification process parameters to be optimized are: (1) composition of solid
fuel/air mixture, (2) temperature, and (3) mixture residence time. GE EER will also
evaluate the stability of captured Hg and the potential impact on fly ash marketability.

Low Temperature Mercury Capture Process

CONSOL Energy, Inc. (CONSOL) will conduct a Phase Ill field test of the Low
Temperature Mercury Capture (LTMC) process at a bituminous-fired power plant that is
equipped with a CS-ESP. LTMC has the ability to reduce Hg emissions by over 90%, as
was recently shown by CONSOL on a slip-stream pilot plant at Allegheny Power’s
Mitchell Station. The LTMC process controls Hg by cooling the flue gas temperature to
about 220°F, which promotes Hg adsorption on the UBC inherent in fly ash. To avoid
corrosion at the low-temperature conditions, the SO3; concentration will be controlled
through magnesium hydroxide slurry injection. The project will also demonstrate that
water spray humidification can maintain ESP performance under low-SO; conditions. A
two-month test will be conducted to evaluate long-term performance and any potential
balance-of-plant impacts.

Pilot Testing of WRI’s Novel Mercury Control Technology

Western Research Institute (WRI) will develop and evaluate pre-combustion Hg removal
of raw coal by thermal treatment.*> Key process steps in the WRI technology include
treating the fuel at two selected temperature windows. In the first stage, the moisture in
the fuel is driven-off; in the second stage, coal is heated by nearly inert gas resulting in
significant removal of coal-bound Hg. Bench-scale testing has revealed that residence
time is an important parameter for Hg release in some coals - an increase of 8 minutes of
residence time results in almost 80% of Hg released from coal. The percentage of Hg
released from the coals varied from 50 to 87% depending on residence time. In addition,
initial results from a fixed-bed test unit indicate that high temperature sorbents will be
available to remove Hg from the process recycle sweep gas in the temperature range of
550 to 600°F. Pilot-scale testing (100 Ib/hr) is currently being conducted to assess and
scale-up results from the bench-scale tests. The pilot unit will examine two different Hg
removal configurations: a vibratory fluid bed, and a proprietary vertical reactor.

NETL in-house development of novel control technologies

After studying numerous sorbents for Hg capture in simulated coal-derived gases,
scientists at NETL discovered and patented three trace metal capture technologies that are
now licensed and in commercial demonstration. The Thief process, licensed to Nalco-
Mobotec USA, is a cost-effective alternative to ACI for Hg removal from flue gas as
Thief carbon sorbents range from $90 to $200 per ton. The Photochemical Oxidation
(PCO) process, licensed to Powerspan Corporation, introduces a 254-nm ultraviolet light
into the flue gas, leading to enhanced Hg oxidation and capture. NETL researchers
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received the 2005 Award for Excellence in Technology Transfer from the Federal
Laboratory Consortium (FLC) for the PCO method.

Recognizing the need for a low-cost technique to remove Hg from coal-based Integrated
Gasification Combined Cycle power plants, NETL researchers have invented a new
sorbent that works on fuel gas at elevated temperatures. The new sorbent is palladium
(Pd) on an inert support. Unlike conventional sorbents such as activated carbon, which
operate at ambient temperature, high temperature Pd sorbents remove Hg and arsenic at
temperatures above 500°F, and have more than twice the capacity of previously existing
sorbents, resulting in a major improvement in overall energy efficiency of the power
combustion process. NETL researchers received the 2008 Award for Excellence in
Technology Transfer from the FLC for developing the Pd-based Hg sorbents licensed to
Johnson Matthey.

Economic Analysis of ACI

NETL published an updated economic analysis of Hg control via ACI at 12 of the Phase
Il ACI field testing sites.”® The May 2007 report provides “study-level”, plant-specific
cost estimates and was carried out to provide NETL a gauge in measuring its success in
achieving the target of reducing the baseline (1999) Hg control cost estimate of
$60,000/Ib Hg removed by 25 to 50%. As shown in Figure 6, 20-year levelized cost
estimates for the incremental cost of Hg control ($/Ib Hg removed) were calculated for
90% ACI Hg removal at seven Phase Il field testing sites. Note that chemically-treated
ACI was the Hg control technology evaluated at each of these units.

The Phase Il field testing results are very encouraging both in terms of the level of Hg
removal achieved and the estimated cost of control on a 20-year levelized basis.
Specifically, the economics of Hg control via chemically-treated ACI at units burning
lower-rank PRB and lignite coals is noteworthy. The 20-year levelized incremental
increase in cost of electricity (COE) for 90% ACI Hg removal remains below 1.30 mills
per kilowatt-hour (mills/kWh) for the four PRB units (Holcomb, Meramec, Stanton Unit
1, and Dave Johnston), as well as the units firing a PRB/bituminous blend (St. Clair), and
ND lignite (Leland Olds), when CUB impacts are excluded.” For comparison, the
increase in COE calculated for 90% ACI Hg removal at the medium-sulfur bituminous-
fired Portland Station is over 1.90 mills/lkwh, when CUB impacts are excluded.
Meanwhile, the incremental cost of 90% ACI Hg removal ranges from less than $10,000
to about $30,000/1b Hg removed, when CUB impacts are excluded.

The increase in COE resulting from Hg control via ACI is primarily determined by
annual PAC consumption costs that are dependent on the required ACI rate, delivered
PAC price, and the volume of flue gas being treated. Chemical composition also affects
PAC price since manufacturers charge a higher price for chemically-treated PAC to offset
the additional production costs required to alter the sorbent’s molecular structure. The

b As shown in Figure 6, the economic analysis also included an assessment of the potential for ACI to
negatively impact the sale and disposal of CUB (fly ash) and therefore impact the overall cost of Hg
control.
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ACI rate required to achieve a given level of Hg control can be impacted by a host of
plant-specific dynamics, including, but not limited to: chlorine and sulfur contents of the
coal being burned, APCD configuration, flue gas temperature, boiler efficiency, UBC
content of the fly ash, and ductwork geometry in proximity to the ACI location. The
impact of PAC manufacturing location on delivered sorbent price has taken on added
significance following the U.S. Department of Commerce’s decision to impose tariffs,
ranging from 62 to 228%, on Chinese activated carbon manufacturers.** The February 26,
2007 determination responds to concerns that Chinese manufacturers were dumping
activated carbon at less than the fair U.S. market value.

Figure 6 — 20-Year Levelized Incremental Cost of 90% ACI Hg Control
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2 For units equipped with an ESP, by-product impacts include the fly ash disposal cost ($17/ton) and lost revenue from fly ash sales
($18/ton), assuming 100% utilization. For the SDA/FF configuration, only the cost of SDA by-product disposal ($17/ton) is included.

The cost on a $/Ib Hg removed basis is impacted largely by the level of “co-benefit” Hg
capture exhibited by the existing APCD configuration and coal Hg content. For example,
the incremental cost of Hg control will increase when: (1) “co-benefit” Hg capture is
high; and/or (2) coal Hg content is low, because a smaller quantity of Hg is removed
from the flue gas for a given level of control.

Additional factors can influence the cost of Hg control, including: economic factors
(labor rate, taxes and contingencies, economic life of capital equipment, etc.), process
disruptions (unexpected or excessive outages, etc.), proximity to a reliable PAC
manufacturer, and modifications to existing equipment. The estimates developed here
assume an uncomplicated retrofit and minimal economic impact due to the installation of
the ACI system, assuming that the installation occurs during a regularly scheduled plant
outage. The estimates are also based on the assumption that Hg control via ACI will not
cause any BOP impacts. In addition, the potential demand for a significant quantity of
ACI systems within a relatively short timeframe, to ensure nationwide compliance with
CAMR and the patchwork of state-level regulations, could place a strain on qualified
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engineers, skilled laborers, and the raw materials required to erect both retrofit and new
PAC storage and injection systems.

Technology Commercialization

Although the Federal regulatory structure for Hg emissions from coal-fired power plants
is once again uncertain following the vacatur of EPA’s Clean Air Mercury Rule on
February 8, 2008, NETL’s field testing program has successfully brought Hg control
technologies to the point of commercial-deployment readiness. As of April 2008, nearly
90 full-scale ACI systems, a signature technology of the IEP Program, have been ordered
by U.S. coal-fired power generators.*® These contracts represent over 44 gigawatts (GW)
of coal-fired electric generating capacity. This includes approximately 33 GW of existing
capacity (~10% of total U.S. coal-fired capacity) that will be retrofit with ACI systems to
control Hg emissions. The ACI systems have the potential to remove more than 90% of
the Hg in most applications, at a cost that can dip below $10,000/Ib Hg removed.
Although the results achieved during NETL’s field tests met or exceeded program goals,
site-specific Hg characterization and testing may be required to evaluate alternative
methods and their Hg capture efficiency on individual power plant generating units.

COAL UTILIZATION BY-PRODUCTS R&D PROGRAM

In addition to developing cost-effective control technologies for coal-fired power
generation facilities, NETL’s Hg research also focuses on CUB characterization.*” CUB
research is in response to the transfer of Hg and other trace metals from flue gas to the
solid and liquid effluent streams as a result of implementing pollution controls on coal-
based power systems, and driven by the goal of increasing the overall beneficial use of
CUB. At least partly attributable to NETL’s research efforts, CUB beneficial utilization
has increased from 25% in 1990 to over 43% in 2006, while annual CUB production in
the United States has risen from about 80 to nearly 125 million tons over this time
period.*> NETL’s overall goal is to increase CUB reuse to 50% by 2010, and nearly
100% by 2020.

CUB are currently regulated as non-hazardous under the Resource Conservation and
Recovery Act, and it is expected that they will continue to be regulated as such.
However, EPA has left the door open for future review of the regulatory status of CUB
because of continuing concern over the fate of Hg and other trace metals in by-products.
This concern is heightened in light of the deployment of Hg capture technology under
CAMR. In response, NETL has sponsored a number of projects that focus on an
evaluation of the potential leaching and volatilization of Hg and other trace metals from
CUB, particularly FGD by-products, such as synthetic gypsum, and fly ash.

Determining the Fate of Hg in FGD By-products
The use of FGD as a Hg capture technology highlights the importance of better

understanding the chemistry of Hg and FGD solids and synthetic gypsum products in
order to predict the environmental fate of the CUB-bound Hg. The following NETL-
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sponsored research is examining the mobility and ultimate fate of Hg in FGD by-
products.

NETL’s Office of Research and Development (NETL/ORD) is conducting an in-house
research effort directed at determining the fate of Hg in FGD materials.”® This activity
focuses on Hg stability during FGD gypsum drying, Hg stability during wallboard
production using FGD gypsum, Hg leachability from FGD gypsum, and the Hg-binding
phase in FGD gypsum. The stability of Hg during FGD gypsum drying was studied by
collecting samples before and after a natural gas-fired heating unit, which reduces the
moisture content of the FGD solids for ease of handling during the wallboard
manufacturing process. Results indicated that within analytical precision, no Hg desorbed
during drying of free moisture.

The stability of Hg in FGD gypsum during wallboard production was analyzed by
NETL/ORD by collecting samples of FGD gypsum feedstock and the corresponding
wallboard products from five wallboard manufacturing plants. The Hg present in the
unprocessed FGD gypsum and the finished wallboard product ranged from 0.04 to 1.5
ppm on a dry basis. The quantity of Hg retained in the finished wallboard product varied,
with three samples showing nearly complete Hg retention during the wallboard
manufacturing process. For the other two samples, Hg losses were 12 and 58%,
suggesting that the quantity and thermal stability of Hg in FGD gypsum and wallboard
depends on the origin of the gypsum and/or the nature of processing.

NETL/ORD also conducted settling and leaching experiments using FGD slurry samples
in an attempt to isolate the Hg-binding phase from bulk gypsum. During settling, Hg
partitioned almost exclusively to the top, slower-settling layer of the FGD slurry.
Analysis of this residue revealed that both Hg and iron (Fe) were enriched in the top layer
by factors of about 20 and 10, respectively. Meanwhile, Hg was not mobilized during
FGD slurry leaching experiments using a continuous, stirred-tank extractor. This is
indicative of a strong chemisorption rather than physical adsorption of Hg. As a result, it
is believed that Hg sequestered in FGD gypsum is primarily bound to an iron-rich phase,
such as iron-coated clay materials or iron oxide/hydroxide particles, probably introduced
with the limestone used as the FGD reagent. Additional research® has also shown that
some Hg retained in FGD gypsum requires hydrogen peroxide oxidation for release, such
as a phase containing sulfides or carboneous materials. Mercury not bound in either of
these two fractions is likely a precursor to Hg° that could form via mechanisms being
investigated through URS’ bench-scale kinetics model.

Leach testing is also being used to evaluate the impacts of pH and oxidation-reduction
potential (ORP) on Hg mobility in FGD byproducts. Leaching of six FGD materials to
pH > 2 under aerobic conditions failed to mobilize appreciable amounts of Hg. While no
Hg was released to the leachate during experiments with pH > 4 and ORP > 100
millivolts (mV), dissolution of the major immobilized form of Hg was complete with pH
< 1 and an ORP of approximately 350 mV. Consequently, NETL/ORD researchers
concluded that the Hg-retaining phase will immobilize Hg in many reuse applications,
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with one possible exception being placement in mine-land reclamation areas where the
FGD by-products could be exposed to acidic, anaerobic conditions.

The extramural thrust of NETL’s CUB research is focused on the fate of Hg in FGD
gypsum during wallboard production and ultimate disposal. For instance, the Tennessee
Valley Authority (TVA) evaluated Hg retention in FGD gypsum from three sources: a
Hg-amended commercial calcium sulfate, a laboratory-scale wet FGD system, and a full-
scale wet FGD system.”® TVA researchers concluded that no Hg would evolve from
disposed FGD byproducts up to a maximum temperature of 140°F, although thermal
desorption of Hg from FGD gypsum did occur at approximately 400°F.

USG Corporation is providing data on the extent and location of Hg loss during the
wallboard production process, and also providing information on the potential for Hg
leaching at the end of the wallboard life-cycle, when it is disposed in municipal
landfills.>* FGD gypsum evaluation tests from six different power plant/FGD feedstock
variations have been completed to investigate the impact of different configurations on
the stability of Hg during wallboard production. Testing included the use of FGD gypsum
produced during TMT-15 injection into a power plant scrubber.

Results to date indicate that use of fines blowdown in wet FGD systems significantly
reduced Hg content in the FGD gypsum. For FGD gypsum generated without fines
blowdown, Hg loss amounted to less than 8%, while tests using FGD gypsum from
power plants employing fines blowdown indicated Hg loss of 46 to 55% during
wallboard production.

Determining the Fate of Hg in Fly Ash

Beginning with the Phase | full-scale field testing program, NETL has required that field
contractors evaluating Hg control via sorbent injection collect and analyze fly ash
samples. Fly ash analyses are focused on determining the stability and ultimate fate of Hg
during potential utilization applications and disposal. More recently, NETL awarded a
contract to Frontier Geosciences, Inc. (Frontier) to conduct independent laboratory
analysis of CUB generated during NETL’s Phase Il full-scale Hg control technology field
testing program.>* The purpose of the independent laboratory analysis is to ensure
accurate and consistent laboratory procedures are used to determine the environmental
fate of Hg in CUB. NETL/ORD has also been conducting in-house leaching experiments
with fly ash collected from ACI field testing sites.

The Frontier work includes leaching studies using the Synthetic Precipitation Leaching
Procedure (SPLP, EPA Method 1312), low- (40°C for 30 days), medium- (190°C for 1
hour), and high-temperature (900-1200°C for 5 minutes) Hg volatility tests, microbial
methylation experiments, and halide analysis. Preliminary SPLP results indicate that little
to no Hg would be released under normal disposal conditions. In addition, Hg bound to
PAC sorbents, particularly those that have been chemically-treated, appears to be more
stable than the UBC-bound Hg. During the low-temperature volatility tests, essentially no
Hg was emitted from the fly ash samples. Thermal desorption of Hg has been observed
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during the medium- and high-temperature volatility tests conducted by Frontier; however,
the extent of release is still under investigation.

Using a pure culture of sulfate reducing bacteria known to methylate Hg, the production
of methyl-mercury, over a 30 day period, is being monitored to assess the methylation
potential of Hg present in CUB. Preliminary results from this “worst-case-scenario”
microbial mobilization study indicate an increase in methyl-mercury production.
However, microbial activity has also stabilized a number of target metals.

NETL/ORD researchers have also conducted leaching experiments on the Phase Il by-
products using the modified SPLP, the NETL Serial Batch Leaching Procedure (SBLP),
and NETL Column Leaching on a select number of sample pairs. During a five-month
continuous column experiment using four leachants: water (pH=5.7), dilute sulfuric acid
(pH=1.2), dilute acetic acid (pH=2.9), and sodium carbonate (pH=11.1),>* the PAC/ash
mixtures were generally found to effectively immobilize the captured Hg over a range of
laboratory conditions. Overall, very little of the Hg (always below 0.5% and often under
0.1%) contained in the ash samples was solubilized during leaching. Neither the pH nor
the nature of the anion had a noticeable effect on the leachate mercury.

Not only have the Hg control technologies demonstrated capture of Hg that would
otherwise be released into the environment, but the Hg has generally been shown to be
retained in the control technology by-products under conditions of laboratory leaching
tests. For some of these materials, the tests performed in this study show these control
technology ashes, in spite of their higher Hg content, to be environmentally more stable
with respect to Hg release than the corresponding baseline ashes of lower Hg content.>

SUMMARY

Over the past seven years, NETL has managed full-scale field tests of Hg control
technologies at nearly 50 U.S. coal-fired power generation facilities. The flexible nature
of this program allowed NETL to quickly incorporate insights and lessons learned from
its network of partners into the development of advanced Hg control technologies tailored
to specific areas of need. For instance, a determination that chlorine released during coal
combustion promotes Hg® oxidation in flue gas led to the development of technologies
designed to provide a halogen “boost” for coals, such as subbituminous and lignite, that
tend to contain low levels of chlorine and thus lower concentrations of the more reactive
oxidized form(s) of Hg.

NETL has observed a step-change improvement in both the cost and performance of Hg
control during full-scale field tests with chemically-treated (or brominated) ACI. The
improved Hg capture efficiency of these advanced sorbent injection systems has given
coal-fired power plant operators the confidence to begin deploying technology. As of
April 2008, nearly 90 full-scale ACI systems have been ordered by U.S. coal-fired power
generators. These contracts include both new and retrofit installations and represent over
44 GW of coal-based electric generating capacity. The ACI systems have the potential to
remove more than 90% of the Hg in many applications based on results from NETL’s
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field testing program, at a cost estimated to dip below $10,000/Ib Hg removed. However,
while the results achieved during NETL’s field tests met or exceeded program goals, only
through experience gained during long-term continuous operation of these advanced
technologies in a range of full-scale commercial applications will their actual costs and
performance be determined.
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ABSTRACT

We Energies and DOE, under a Clean Coal Power Initiative program, are working together to
design, install, evaluate, and demonstrate the EPRI-patented TOXECON™ air pollution control
process as an integrated emissions control system for mercury and particulate matter from three
90-MW units at the Presque Isle Power Plant located in Marquette, Michigan. The process
involves the injection of activated carbon between the existing particulate collector (at Presque
Isle, the existing collectors are hot-side electrostatic precipitators) and a new fabric filter
(baghouse) installed downstream. The sorbent collects mercury that is then removed from the
flue gas using the baghouse. The project will also investigate the capabilities of the system to
provide trim control of SO, and NOy emissions.

The new TOXECON™ air pollution control system became commercially operational in late
January 2006. Initial parametric results with PAC injection indicated the mercury removal
efficiencies were at the project stated goals of 90% mercury removal rates. Unexpected balance
of plant issues did arise and are being resolved. Preliminary results and initial operating
experienced are described in this paper.

INTRODUCTION

With the Nation's coal-burning utilities facing tighter controls on mercury pollutants, the U.S.
Department of Energy (DOE) is supporting projects that could offer power plant operators better
ways to reduce these emissions at much lower costs. Sorbent injection technology represents
one of the simplest and most mature approaches to controlling mercury emissions from coal-
fired boilers. It involves injecting a solid material such as powdered activated carbon into the
flue gas. The gas-phase mercury in the flue gas contacts the sorbent and attaches to its surface.
The sorbent with the mercury attached is then collected by a particulate control device along
with the other solid material, primarily fly ash.

We Energies has over 3,200 MW of coal-fired generating capacity and supports an integrated
multi-emission control strategy for SO,, NOy, and mercury emissions while maintaining a varied
fuel mix for electric supply. The primary goal of this project is to reduce mercury emissions
from three 90-MW units that burn Powder River Basin (PRB) coal at the We Energies Presque
Isle Power Plant. Additional goals are to reduce nitrogen oxide (NOy), sulfur dioxide (SO,), and
particulate matter (PM) emissions, allow for reuse and sale of fly ash, demonstrate a reliable
mercury continuous emission monitor (CEM) suitable for use in the power plant environment,
and demonstrate a process to recover mercury captured in the sorbent. To achieve these goals,
We Energies (the Participant) has designed, installed, and is operating a TOXECON™ system
designed to clean the combined flue gases of Units 7, 8, and 9 at the Presque Isle Power Plant.

TOXECONT™M is a patented process in which a fabric filter system (baghouse) installed
downstream of an existing particle control device is used in conjunction with sorbent injection
for removal of pollutants from combustion flue gas. For this project, the flue gas emissions are
controlled from the three units using a single baghouse. Mercury is controlled by injection of
activated carbon or other novel sorbents, while NOy and SO, will be controlled by injection of
sodium-based or other novel sorbents. Addition of the TOXECON™ baghouse also provides
enhanced particulate control. Sorbents are injected downstream of the existing particle



collection device to allow for continued sale and reuse of captured fly ash, uncontaminated by
activated carbon or other sorbents.

Methods for sorbent regeneration, i.e., mercury recovery from the sorbent, will also be explored
and evaluated. For mercury concentration monitoring in the flue gas streams, components
available for use were evaluated and the best available was integrated into a mercury CEM
suitable for use in the power plant environment. This project provides for the use of a control
system to reduce emissions of mercury while maintaining reuse and sale of fly ash and
minimizing waste from a coal-fired power generation system.

BACKGROUND
DOE Clean Coal Power Initiative

The Department of Energy’s Clean Coal Power Initiative (CCPI) is an industry/government cost-
shared partnership to implement clean coal technology under the National Energy Policy. The
National Energy Policy investment in clean coal technology focuses on increasing the domestic
energy supply, protecting the environment, ensuring a comprehensive energy delivery system,
and enhancing national energy security. CCPI is an important platform for responding to these
priorities. The CCPI was initiated in 2002 with a goal of accelerating commercial deployment of
advanced technologies to ensure the United States has clean, reliable, and affordable electricity.

As research test data results were published on mercury removal, We Energies began to realize
that wet scrubber technology might not be sufficient to achieve the levels of mercury reduction
that would be necessary with burning western, subbituminous coal. The use of activated carbon
injection would be a strategic technology for mercury reduction and We Energies began to
appreciate the following benefits for a TOXECON™ installation at the Presque Isle:

e Purchase and use of fuels that minimize power production costs—ensuring affordable
energy prices for their customers.

e Control mercury without contaminating ash—enabling them to continue their pursuit
of beneficially using 100 percent of the ash from Presque Isle.

e Enhance the particulate control of Units 7-9 reducing the visible emissions from the
plant.

e Reduce the mercury emissions in the Lake Superior watershed.

We Energies and its partners applied for a CCPI project nominating Presque Isle Units 7, 8, and
9 as the host Units for a combined TOXECON™ installation. In January of 2003, the Presque
Isle TOXECON™ project was selected as one of the first eight CCPI Round I projects. The
DOE’s National Energy Technology Laboratory (NETL) is managing the project. This five-
year, $53 million project, of which the DOE is contributing $24.9 million, is the nation's first
full-scale commercial deployment of the TOXECON™ process to control emissions of mercury
and other air emissions.



TOXECON™ Process

TOXECON™ is an EPRI-patented process (U.S. Patent 5,505,766) for removing pollutants from
combustion flue gas by injecting sorbent in between an existing particulate collector and a fabric
filter (baghouse) installed downstream of the existing collector for control of toxic species,
including mercury, NOy and SOx. The TOXECON™ configuration, shown in Figure 1, allows
for separate treatment or disposal of the ash collected in an ESP (99% or greater) and the
ash/sorbent collected in the TOXECON™ baghouse. At Presque Isle, the existing particulate
collectors are hot-side electrostatic precipitators.

Figure 1. TOXECON™ Configuration.
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PROJECT DESCRIPTION

The project is taking place at We Energies’
Presque Isle Power Plant (PIPP) located in
Marquette, Michigan, shown in Figure 2.
PIPP has nine boilers. This project was
applied to Units 7, 8, and 9, each of which is
a 90-MW unit with an individual hot-side
electrostatic precipitator (HESP) as the
primary particulate matter (PM) control
device. The exhausts from the three HESPs
were originally ducted into individual flues
of'a common stack. The project involves
controlling the emissions from the three
units using a single baghouse. Integrating
the three units into one project and structure
provides cost savings over treating the units
separately, and optimizes the use of space.

Figure 2.

Presque Isle Power Plant.




The TOXECON™ process is ideal for the Presque Isle because the existing HESP exhausts
benefit from the additional PM control, especially during start-up and shutdown. Also, the
existing HESPs used for PM control do not have the ability to remove mercury from the flue gas,
and injection of powdered activated carbon (PAC) into these HESPs is not feasible due to the
high flue gas temperatures. The TOXECON™ process also allows We Energies to continue to
sell its fly ash from the HESPs because the carbon is injected downstream of these units.

The project will advance the ancillary processes that are key to mercury control, such as mercury
measurement technology and waste minimization. The project will also investigate the
capabilities of the system for SO, and NOy control, although these evaluations are secondary
priorities and will be dealt with after the mercury control issues have been addressed.

The project team includes We Energies, ADA-ES, Inc., DOE-NETL, Cummins & Barnard, and
the Electric Power Research Institute (EPRI). We Energies is providing and operating the
demonstration site, as well as project management, environmental permitting, and reporting.
ADA-ES is the project management interface with NETL, and is responsible for reporting,
design of the mercury control system, design of the mercury monitoring system, and
demonstration testing of the entire process. Cummins & Barnard (C&B) provides architect and
engineering services, construction management, design and specification of equipment,
equipment installation, and start-up training for plant operators. EPRI provides technical advice
to We Energies.

The Powder River Basin subbituminous coal used is supplied by several mines in Wyoming and
Montana (dependent on the price of the fuel) and shipped by rail to Superior, Wisconsin where it
is then loaded onto a lake boat for delivery to the PIPP. A typical coal analysis is presented in
Table 1.

Table 1. Compositional Analysis of PRB Coals Fired at PIPP Units 7-9.

Characteristic Typical Value
Higher Heating Value, Btu/Ib 9,052
Analysis, percent by weight
Moisture 25.85
Carbon 52.49
Hydrogen 3.65
Nitrogen 0.75
Sulfur 0.28
Ash 4.64
Oxygen 12.30
Chlorine 0.01

Typical flow rates and gas components in the flue gas exiting the HESPs of Units 7-9 are shown
in Table 2.



The main challenge in applying the TOXECON™ process at PIPP was to combine the flue gas
streams from three independent Units into one combined stream and then separate the streams
after the baghouse and connect to the three separate flues in the existing chimney. The process
layout is shown in Figure 3. From a Mechanical and Process standpoint, the combined flue gas
flow is not unitized. However, the Electrical and Control Systems were installed primarily on a
Unit basis. The design of these systems was done to minimize the possibility of a single
generation Unit failure from tripping the remaining two units. A design philosophy of “no single
Unit trip should trip the remaining two Units” was repeated throughout the design phase of the
project.

Table 2. Comparison of Flue Gas Composition Downstream of HESPs in Flues 7, 8, and 9 at
the Presque Isle Power Plant.

Characteristic Flue 7 Flue 8 Flue 9
Gas Volumetric Flow Rate, acfm 377,719 375,014 335,439
Average Gas Temperature, °F 364.6 3448 366.6
Flue Gas Moisture, % by volume 12.1 13.3 12.7
Average % CO, by volume, dry basis 12.8 13.0 13.0
Average % O; by volume, dry basis 6.2 6.0 6.0
Filterable PM, Ib/hr 15.13 9.99 20.35
NOy, Ib/hr 407.8 410.5 406.8
SO,, Ib/hr 461.9 464.7 474.7
Mercury, ppm dry (Average Units 7-9) 0.062 0.062 0.062

Figure 3. Basic Schematic of PIPP TOXECON™ Process.
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A pulse jet style baghouse was selected for Presque Isle. This style reflects a typical industry
standard and requires a small footprint area for the congested Presque Isle site. Based on a
competitive bid process, a baghouse provided by Wheelabrator Air Pollution Control was
selected. The baghouse is appropriate for the Presque Isle TOXECONT™ project since
baghouses of this type have been installed successfully in other power plant applications where
the flue gas flow and particulate loading were much higher than the conditions at Presque Isle.

Project Goals
The specific goals of this project are:

e Achieve 90% mercury removal from flue gas through activated carbon injection

e Demonstrate a reliable, accurate mercury CEM suitable for use in the power plant
environment

e Successfully integrate and optimize TOXECONT™ system operation for mercury control

o Evaluate the potential for 70% SO, control and trim control of NOy from flue gas through
sodium-based or other novel sorbent injection

e Reduce PM emission through collection by the TOXECON™ baghouse
e Recover 90% of the mercury captured in the sorbent
o Utilize 100% of fly ash collected in the existing electrostatic precipitator

The project is divided into seventeen 19 specific tasks spread over two budget periods. Prior to
2005, the efforts included obtaining the necessary Environmental Assessment and permitting
approval, designing the baghouse and balance-of-plant equipment, procuring equipment, initial
construction activities and evaluating mercury CEM prototype equipment. The project schedule
for 2005 and 2006 for all tasks can be seen in Figures 4 and 5.

Activities in support of the actual demonstration of the TOXECON™ technology are performed
under task 15. Work in this task began when flue gas from the first boiler was first introduced
into the new TOXECON™ baghouse in December 2005. On January 27, 2006, all three units
were in service and at that time ADA-ES began commissioning the powdered activated carbon
(PAC) injection system to begin the technology demonstration phase of the project.

Several documents are publicly available that describe the environmental assessment, design and
cost analyses, design, construction and start-up activities and demonstration of a new mercury
CEM. Information on activities prior to start-up can be found in the following publications:

Environmental Assessment and Finding of No Significant Impact — DOE/EA-1476. Copies
can be obtained from Mr. John Ganz, National Energy Technology Laboratory, P.O. Box. 880
Morgantown, WV 26507 (304) 285-5443. john.ganz@netl.doe.gov

Preliminary Public Design Report — DOE Cooperative Agreement No: DE-FC26-04NT41766
Field Demonstration of a Mercury CEM - Kita, Dieter, J. Socha, S. Sjostrom, J. Bustard,
Electric Utilities Environmental Conference, Tucson AZ, January 23-25, 2006

Balance of Plant Considerations for TOXECON Mercury and Multi-Pollutant Control
Projects, Cummings, Jeff, S. Derenne, Electric Power Conference, Atlanta, Georgia May 2005.



Figure 4. 2005 PIPP TOXECON™ Project Schedule.
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Figure 5. 2006 PIPP TOXECON™ Project Schedule.
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RESULTS

The following information provides the reader with an introduction to common terminology
related to baghouses and the TOXECON™ technology:

e Pressure Drop — Pressure drop is used to monitor the permeability of the filter and filter
cake. Pressure drop is a direct measurement of the pressure difference across the fabric
filters. Tube sheet pressure refers to the pressure loss across a compartment. Flange-to-
flange (fl-f1) pressure drop is measured across the inlet and outlet flanges of the
baghouse. FI-fl pressure drop includes the pressure loss across all of the compartments,
integral ductwork, and turning vanes.

e Cleaning Frequency — Pressure drop is controlled in a baghouse by the cleaning
frequency. Higher inlet loading causes increased pressure drop and subsequent increased
cleaning frequency. Cleaning cycles are initiated by a set pressure drop value for the
system.

e Mercury Removal — Vapor phase flue gas mercury concentrations are measured at the
inlet and outlet of the baghouse to record real-time mercury removal from the injection of
activated carbon. Mercury measurements are made using state-of-the-art, stack
compliance-grade continuous emissions monitors (CEMs) supplied by Thermo Electron
Corporation.

Performance Assessment

TOXECON™ testing officially began after all three units were tied into the baghouse. Figure 6
shows tube sheet pressure drop for all ten compartments, fl-fl pressure drop, and inlet and outlet
mercury concentrations for the time period covering PAC startup and up to baseline testing. The
data show mercury removal during PAC startup and cycling of the PAC feeders as the system
was checked out. The data also show that tube sheet pressure drop increases by over a half inch
W.C. from the front compartments (1 and 6) to the back compartments (5 and 10). This
differential may decrease as the baghouse seasons with continued operation.

Baseline Tests

Baseline tests were performed during the week of February 13. Baseline testing was done
without PAC injection. Efforts during this week included sampling of coal and ash, monitoring
the CEMs and plant data, and performing mercury, halogen, and particulate testing on the flue
gas into and out of the baghouse.

Particulate Measurements

A total of 24 test points were sampled using six ports at the baghouse common inlet and outlet
test locations. The particulate sample trains met all specifications required by Method 5,
40CFR60. Table 3 shows the results of this study and the significant decrease in outlet
emissions across the baghouse. It is important to note that these measurements were not made at
the design inlet loading, which includes the combination of ESP outlet emissions and carbon
injection.



Figure 6. Inlet and Outlet Mercury Concentrations and Baghouse Pressure Drop,
January 17-February 12, 2006.
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Table 3. Particulate Removal Across the Baghouse.

Run # Inlet (Ib/hr) Outlet (Ib/hr)
1 84.8 4.18*
2 104.4 0.37
3 141.1 0.56
Average 110.1 0.46

*Not included in average due to inconsistency.

2/16/06



Mercury Measurements

A total of 24 test points were sampled using six ports at the baghouse common inlet and outlet
test locations. The speciated mercury sample trains met all specifications required by the
Ontario Hydro method. Figure 7 shows how the Ontario Hydro measurements compare with the

Thermo CEM.

Figure 7. Thermo CEM and Ontario Hydro Measurements.
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Table 4 shows a comparison of the average inlet and outlet measurements from 10 am through 4
pm using the Thermo CEM and the Ontario Hydro Method. There was a 0.6% difference
between inlet and outlet based on the CEM, but 9% when using the Ontario Hydro Method. The
CEM and the Ontario Hydro results differed by 12% and 4.6%, which is well within the 20%
agreement required by EPA to pass the Relative Accuracy Test Audit (RATA) for mercury.

Table 4. Comparison of Thermo CEM and Ontario Hydro Data.

Test Method Inlet Average Outlet Differential
(ug/sm3) Average (%)
(ng/sm’)
Thermo CEM 4.99 4.96 0.6%
Ontario Hydro 5.67 5.20 9.0%
l(;l_iéc;rentlal (CEM & 12% 4.6%
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Based on the Ontario Hydro data, the elemental mercury at the inlet was 91% of the total and
oxidized was the balance, with just a trace of the mercury particle-bound. At the outlet, the
elemental portion was 88%, with the remainder in the oxidized form.

Baseline Performance Data

Figure 8 shows inlet and outlet mercury concentrations, flange-to-flange pressure drop and inlet
temperature. There was some drift on the outlet CEM because the calibration routine was not
programmed properly. When this was corrected and the instrument began undergoing daily
calibrations, the mercury levels returned to the expected values.

Figure 8. Inlet and Outlet Mercury Concentrations and Baghouse Pressure and Temperature,
February 13—February 17, 2006.
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Parametric Testing

The overall goal of these tests was to establish a correlation between injection of NORIT
America's DARCO®™ Hg activated carbon and mercury removal. Secondary goals included
understanding the variables that impact mercury removal performance and to document any
changes in baghouse performance. Table 5 summarizes the proposed test conditions.

Parametric testing began on February 20, 2006. To minimize variables, it was decided to operate
the baghouse at a pressure drop of nominally 6” W.C. and use a cleaning logic that was similar to
baseline testing. It was also agreed that a parametric test would be considered complete when
the mercury removal reached a level £5% for 24 hours.
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Table 5. Parametric Test Conditions with DARCO® Hg.

Inj. Conc. Feedrate Comments
(Ibs/MMacf) (Ibs/h)
0.5 30
1.0 60
1.5 90
2.0 120
2.5 150
3.0 180
2.0 120 Evaluate high temp operation
TBD TBD Evaluate cleaning sequence equalize comp DP’s

Parametric Performance Data

On February 20, PAC injection was set at 0.5 Ibs/MMacf. At this condition, outlet mercury
cycled between about 2.5 and 4.8 pg/m’; these changes can be seen in Figure 9. After
considering several variables that could affect outlet mercury concentration, including flue gas
temperature, flue gas flow, boiler load, pressure drop, pulse cleaning, carbon feed and hopper ash
pulling, it became apparent that outlet mercury concentration was mainly varying with inlet flue
gas temperature.

Because of the significant and unexpected, but consistent variation in outlet mercury with
temperature, the criteria of operating for 24 hours at a removal efficiency (RE) 5% was waived.

On February 23, the injection concentration was increased to 1.0 Ib/MMacf. Average RE was
nominally 73%, but varied between 69 and 80%. When injection concentration was increased, a
slight increase in fl-fl pressure drop was also seen.

On February 25, the injection concentration was increased to 1.5 Ib/MMacf. Average RE was
nominally 80%, but varied between 70 and 85%.

On February 27, the injection concentration was increased to 2.0 Ib/MMacf. The average RE
was nominally 90%, but varied between 80 and 95%.

The relationship between mercury removal and inlet temperature during testing at 1 lb/MMacf

can be seen in Figure 10. The cycling pattern of inlet temperature and the similar pattern for
outlet mercury concentration are illustrated in Figure 11.

12



Figure 9. Inlet and Outlet Mercury Concentrations, Carbon Injection Concentration, Baghouse

Pressure Drop, Inlet Temperature and Removal, February 20—March 1, 2006.
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Figure 10. Linear Regression Showing Relationship Between Inlet Temperature and Mercury
Removal Efficiency and +/- 5 % Band.
Hg Removal (1.0 Ib/MCF)
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The obvious and instantaneous response in outlet mercury concentration to changes in inlet
temperature was surprising, especially in the magnitude of the change: a 10°F increase in
temperature appears to result in up to a 1 pg/m’ increase in mercury. We do know that this
temperature range, 333 — 350°F, is where DARCO®™ Hg begins to lose its ability to adsorb
mercury so it is possible that we are just seeing the sensitivity in performance as temperature
increases. Another factor is that as temperatures increase, mercury desorbs from the sorbent
(activated carbon or ash) until a new equilibrium is reached. We believe we saw this during the
shake down period when outlet mercury was higher than inlet mercury after carbon injection was
stopped.
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The overall removal efficiencies from the parametric tests can be seen in Table 6 and Figure 12.

Table 6. Results from Parametric Tests with DARCO® Hg.

Inj. Conc. Feedrate Results + % Range Comments
(Ibs/MMacf) (Ibs/h) (% removal)
0.5 30 ~38
3.0 180 ~96
0.5 30 ~38 20-50 RE varies with temp
1.0 60 ~73 69-80 RE varies with temp
1.5 90 ~80 70-85 RE varies with temp
2.0 120 ~90 80-95 RE varies with temp

Figure 12. Mercury Removal Results from Parametric Testing, February and March 2006.
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Overheating of PAC/Ash in Baghouse Hoppers
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After several weeks of parametric testing, hot, glowing embers were found in one hopper while
operators were working to unplug and evacuate it. This compartment was isolated and the

baghouse remained in service. All of the compartments were then checked and embers were
found in all of the hoppers. The compartments were isolated, PAC injection was discontinued

and the baghouse put into bypass mode. The hot PAC/ash in each hopper was cooled and

removed.
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Loss on Ignition (LOI) was measured on select samples and values ranged from 15 to 35%.
Thermogravimetric tests performed on the PAC and PAC/ash mixture showed a heat of
combustion of around 850°F although smoldering of the PAC occurred at around 780°F.

An investigation of system operation and the ductwork showed no evidence that a burning
substance had passed into the TOXECON™ baghouse and ignited the mixture.

Heaters are used on the hoppers in this baghouse and specifications showed that they could reach
temperatures up to 800°F. At the time of the incident they were set to maintain an average
temperature of 290°F. After all of the hoppers were emptied, thermocouples were placed on the
hopper walls and the maximum wall temperature measured at the original setting was 407°F.

Several groups are conducting testing to determine the cause(s) of overheating of the ash mixture
in the hoppers. Testing includes analysis of the PAC/ash mixture and PAC for ignition
properties. Tests are also being conducted in laboratory mock-ups and in the hoppers at Presque
Isle to recreate the conditions that caused the overheating.

All tests to date confirm that the ignition temperature of PAC or of the PAC/ash mixture is
greater than 750°F.

Literature searches revealed a model to predict Auto-Ignition of combustible materials called the
Frank-Kamenetskii Model (Jim Mehaffey, Carlton University Lecture # 12). This model
predicts that spontaneous combustion can result from internal heating of a combustible solid if
the solid is sufficiently porous to allow oxygen (air) to permeate it and if it produces heat faster
than it can be liberated, which can happen with a highly insulating material. This phenomenon is
normally associated with relatively large mass of material (small surface to volume ratio). The
model describes a relation between the radius of a specimen and the self-ignition temperature in
a defined geometry.

Laboratory oven tests were conducted on different size square containers filled with PAC/ash
mixtures from the hoppers at PIPP. Thermocouples were placed in the oven and inserted into the
bed of material at different levels to track temperature profiles over time. Temperature profiles
from testing at 340°F and 430°F on a six-inch bed loaded with a PAC/ash material with an LOI
of 26% are shown in Figure 13. These tests confirmed that at 430°F sufficient heat was
generated to increase the temperature of the mixture to ignition temperatures.
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Figure 13. Temperature Profiles for Two Different Size Beds of PAC/Ash Mixture Placed in a
Temperature Controlled Environment.
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Working with industry, the following, preliminary design considerations and procedures are
recommended to minimize the risk overheating of high carbon ash in hoppers:

1.

Eliminate the use of hoppers heaters.

If using hoppers heaters, change the hopper heater control from an on-off mode to a more
tightly constrained temperature band. This should result in a lower peak temperature
output of the heater. Also, consider only using hopper heaters during start-up and
shutdown.

3. Add or increase temperature monitoring in the hopper to include temperature sensors
inside the hopper. This will help with early indication of unusual temperature increases.

4. Consider hopper design issues to ensure proper flowability of the collected material,
especially with a high PAC to ash ratio.

5. Select a means of fluidization other than vibrators that does not promote packing of the
material. Current options that are in operating systems throughout the utility industry and
other industrial sites are fluidization using a gas (air) or sonic horns. Further testing
should be conducted to determine the effectiveness of vibrators for TOXECON™
systems.

6. Employ a hopper evacuation schedule that frequently removes hopper materials from the
hoppers, preventing material build-up.

7. Installing a hopper level detector system and ensuring its reliable operation.

CONCLUSIONS

In collaboration with DOE in a Clean Coal Program, We Energies and team members
successfully completed the design, construction, installation and start-up of the first commercial
mercury control system, EPRI’s TOXECON™ process, on a coal-fired utility power plant. The
new air pollution control system became commercially operational in late January 2006.

Initial parametric results with PAC injection indicated the mercury removal efficiencies were at
the project stated goals of 90% mercury removal rates.
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After several weeks of continued PAC injection, balance of plant issues related to high carbon
ash burning in the hoppers forced a delay in the testing. These balance of plant issues are exactly
why DOE and industry team together to demonstrate new technologies. These alliances reduce
financial and reliability risks to industry, while supporting the advancement of innovative, cost
effective new technologies. Working with industry, We Energies, DOE and team members have
identified the cause of burning PAC/ash in the hoppers, have developed preliminary guidelines
for the safe operation of hoppers with high carbon ash and continue to evaluate and gain
experience in the operation of a TOXECON™ system.

KEY WORDS

Mercury Control

TOXECON™

Clean Coal Power Initiative

Pulse Jet Fabric Filters/Baghouses
Activated carbon

Mercury CEM
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EP
e oslioxtiontoe i IOWA DNR Air Construction Permit Application

7900 Hickman Rd., Suite 1 .
Urbandale, IA 50322 Form EP Stack/Vent Information

Please see instructions on the reverse side

Company Name [PL-Sutherland Generating Station Unit 4
1) EP Number ID:EP-278a

2) Stack Opening size: X circular, diameter (inches) 14.4 [ other size (inches x inches)

3) Height from ground (feet): 1

4) Height from highest building level (feet): Not Applicable

5) Distance from the nearest property line (feet): 1,945

[] Vertical (without rain cap or with unobstructing rain cap)

[ ] VR (Vertical, with obstruction rain cap)

6) Discharge Style (check one) [ ] D (Downward discharge; for example, a goose neck stack)
X] H (Horizontal discharge)

[ I (Inside-Vent inside building)

Exhaust Information

7) Moisture Content % (if known): 8) Exit Temperature (Fahrenheit): 120 °F
9) Rated Flow Rate: X] ACFM: 3,000 [ ] SCFM:

10) Does this emission point have control equipment? [ ] No [X] Yes; If yes, provide control ID: CE-278a

Air Emissions Pathway Diagram

11) Air Emissions Pathway Diagram (see examples on reverse-side)

EP-278a EP-278b

]

CE278a CE278b
FF FF

EU 278
Saleable Fly Ash Transfer

For Assistance 1-877AIR IOWA (1-877-247-4692) DNR Form 542-3190-13
Revised 11/2006



EP
o oslioxtiontoe i IOWA DNR Air Construction Permit Application

7900 Hickman Rd., Suite 1 .
Urbandale IA 50322 Form EP Stack/Vent Information

Please see instructions on the reverse side

Company Name [PL-Sutherland Generating Station Unit 4
1) EP Number ID:EP-278b

2) Stack Opening size: X circular, diameter (inches) 14.4 [ other size (inches x inches)

3) Height from ground (feet): 1

4) Height from highest building level (feet): Not Applicable

5) Distance from the nearest property line (feet): 1,935

[] Vertical (without rain cap or with unobstructing rain cap)

[ ] VR (Vertical, with obstruction rain cap)

6) Discharge Style (check one) [ ] D (Downward discharge; for example, a goose neck stack)
X] H (Horizontal discharge)

[ I (Inside-Vent inside building)

Exhaust Information

7) Moisture Content % (if known): 8) Exit Temperature (Fahrenheit): 120 °F
9) Rated Flow Rate: X] ACFM: 3,000 [ ] SCFM:

10) Does this emission point have control equipment? [ ]No [X] Yes; If yes, provide control ID: CE-278b

Air Emissions Pathway Diagram

11) Air Emissions Pathway Diagram (see examples on reverse-side)

EP-278a EP-278b

]

CE278a CE278b
FF FF

EU 278
Saleable Fly Ash Transfer

For Assistance 1-877AIR IOWA (1-877-247-4692) DNR Form 542-3190-13
Revised 11/2006



EP
o oslioxtiontoe i IOWA DNR Air Construction Permit Application

7900 Hickman Rd., Suite 1 .
Urbandale IA 50322 Form EP Stack/Vent Information

Please see instructions on the reverse side

Company Name [PL-Sutherland Generating Station Unit 4
1) EP Number ID:EP-279

2) Stack Opening size: X circular, diameter (inches) 15 [ ] other size (inches x inches)

3) Height from ground (feet): 116

4) Height from highest building level (feet): 11

5) Distance from the nearest property line (feet): 1,978

[] Vertical (without rain cap or with unobstructing rain cap)

[ ] VR (Vertical, with obstruction rain cap)

6) Discharge Style (check one) [ ] D (Downward discharge; for example, a goose neck stack)
X] H (Horizontal discharge)

[ I (Inside-Vent inside building)

Exhaust Information

7) Moisture Content % (if known): 8) Exit Temperature (Fahrenheit): 120 °F
9) Rated Flow Rate: X] ACFM: 2,500 [ ] SCFM:

10) Does this emission point have control equipment? [ ] No [X] Yes; If yes, provide control ID: CE-279

Air Emissions Pathway Diagram

11) Air Emissions Pathway Diagram (see examples on reverse-side)

EP-279

CE279
Bin Vent

A

EU 279
Saleable Fly Ash Silo

For Assistance 1-877AIR IOWA (1-877-247-4692) DNR Form 542-3190-13
Revised 11/2006



EP
o oslioxtiontoe i IOWA DNR Air Construction Permit Application

7900 Hickman Rd., Suite 1 .
Urbandale IA 50322 Form EP Stack/Vent Information

Please see instructions on the reverse side

Company Name [PL-Sutherland Generating Station Unit 4
1) EP Number ID:EP-280a

2) Stack Opening size: X circular, diameter (inches) 42 [ other size (inches x inches)

3) Height from ground (feet): 12

4) Height from highest building level (feet): Not Applicable

5) Distance from the nearest property line (feet): 2,003

X Vertical (without rain cap or with unobstructing rain cap)

[ ] VR (Vertical, with obstruction rain cap)

6) Discharge Style (check one) [ ] D (Downward discharge; for example, a goose neck stack)
[] H (Horizontal discharge)

[ I (Inside-Vent inside building)

Exhaust Information

7) Moisture Content % (if known): 8) Exit Temperature (Fahrenheit): 120 °F
9) Rated Flow Rate: X] ACFM: 20,000 [ ] SCFM:

10) Does this emission point have control equipment? [ ] No [X] Yes; If yes, provide control ID: CE-280a

Air Emissions Pathway Diagram

11) Air Emissions Pathway Diagram (see examples on reverse-side)

EP-280a EP-280b

]

CE280a CE280b
FF FF

EU 280
Winter Fly Ash Storage
Building

For Assistance 1-877AIR IOWA (1-877-247-4692) DNR Form 542-3190-13
Revised 11/2006



EP
o oslioxtiontoe i IOWA DNR Air Construction Permit Application

7900 Hickman Rd., Suite 1 .
Urbandale IA 50322 Form EP Stack/Vent Information

Please see instructions on the reverse side

Company Name [PL-Sutherland Generating Station Unit 4
1) EP Number ID:EP-280b

2) Stack Opening size: X circular, diameter (inches) 42 [ other size (inches x inches)

3) Height from ground (feet): 12

4) Height from highest building level (feet): Not Applicable

5) Distance from the nearest property line (feet): 1,992

X Vertical (without rain cap or with unobstructing rain cap)

[ ] VR (Vertical, with obstruction rain cap)

6) Discharge Style (check one) [ ] D (Downward discharge; for example, a goose neck stack)
[] H (Horizontal discharge)

[ I (Inside-Vent inside building)

Exhaust Information

7) Moisture Content % (if known): 8) Exit Temperature (Fahrenheit): 120 °F
9) Rated Flow Rate: X] ACFM: 20,000 [ ] SCFM:

10) Does this emission point have control equipment? [ ] No [X] Yes; If yes, provide control ID: CE-280b

Air Emissions Pathway Diagram

11) Air Emissions Pathway Diagram (see examples on reverse-side)

EP-280a EP-280b

]

CE280a CE280b
FF FF

EU 280
Winter Fly Ash Storage
Building

For Assistance 1-877AIR IOWA (1-877-247-4692) DNR Form 542-3190-13
Revised 11/2006



EP
o oslioxtiontoe i IOWA DNR Air Construction Permit Application

7900 Hickman Rd., Suite 1 .
Urbandale IA 50322 Form EP Stack/Vent Information

Please see instructions on the reverse side

Company Name [PL-Sutherland Generating Station Unit 4
1) EP Number ID:EP-281a

2) Stack Opening size: X circular, diameter (inches) 14.4 [ other size (inches x inches)

3) Height from ground (feet): 1

4) Height from highest building level (feet): Not Applicable

5) Distance from the nearest property line (feet): 1,876

[] Vertical (without rain cap or with unobstructing rain cap)

[ ] VR (Vertical, with obstruction rain cap)

6) Discharge Style (check one) [ ] D (Downward discharge; for example, a goose neck stack)
X] H (Horizontal discharge)

[ I (Inside-Vent inside building)

Exhaust Information

7) Moisture Content % (if known): 8) Exit Temperature (Fahrenheit): 120 °F
9) Rated Flow Rate: X] ACFM: 3,000 [ ] SCFM:

10) Does this emission point have control equipment? [ ] No [X] Yes; If yes, provide control ID: CE-281a

Air Emissions Pathway Diagram

11) Air Emissions Pathway Diagram (see examples on reverse-side)

EP-281a EP-281b

[ ]

CE281a CE281b
FF FF

EU 281
Waste Fly Ash Transfer

For Assistance 1-877AIR IOWA (1-877-247-4692) DNR Form 542-3190-13
Revised 11/2006



EP
o oslioxtiontoe i IOWA DNR Air Construction Permit Application

7900 Hickman Rd., Suite 1 .
Urbandale IA 50322 Form EP Stack/Vent Information

Please see instructions on the reverse side

Company Name [PL-Sutherland Generating Station Unit 4
1) EP Number ID:EP-281b

2) Stack Opening size: X circular, diameter (inches) 14.4 [ other size (inches x inches)

3) Height from ground (feet):

4) Height from highest building level (feet): Not Applicable

5) Distance from the nearest property line (feet): 1,865

[] Vertical (without rain cap or with unobstructing rain cap)

[ ] VR (Vertical, with obstruction rain cap)

6) Discharge Style (check one) [ ] D (Downward discharge; for example, a goose neck stack)
X] H (Horizontal discharge)

[ I (Inside-Vent inside building)

Exhaust Information

7) Moisture Content % (if known): 8) Exit Temperature (Fahrenheit): 120 °F
9) Rated Flow Rate: X] ACFM: 3,000 [ ] SCFM:

10) Does this emission point have control equipment? [ ]No [X] Yes; If yes, provide control ID: CE-281b

Air Emissions Pathway Diagram

11) Air Emissions Pathway Diagram (see examples on reverse-side)

EP-281a EP-281b

[ ]

CE281a CE281b
FF FF

EU 281
Waste Fly Ash Transfer

For Assistance 1-877AIR IOWA (1-877-247-4692) DNR Form 542-3190-13
Revised 11/2006



EP
o oslioxtiontoe i IOWA DNR Air Construction Permit Application

7900 Hickman Rd., Suite 1 .
Urbandale IA 50322 Form EP Stack/Vent Information

Please see instructions on the reverse side

Company Name [PL-Sutherland Generating Station Unit 4
1) EP Number ID:EP-282

2) Stack Opening size: X circular, diameter (inches) 15 [ ] other size (inches x inches)

3) Height from ground (feet): 116

4) Height from highest building level (feet): 11

5) Distance from the nearest property line (feet): 1,905

[] Vertical (without rain cap or with unobstructing rain cap)

[ ] VR (Vertical, with obstruction rain cap)

6) Discharge Style (check one) [ ] D (Downward discharge; for example, a goose neck stack)
X] H (Horizontal discharge)

[ I (Inside-Vent inside building)

Exhaust Information

7) Moisture Content % (if known): 8) Exit Temperature (Fahrenheit): 120 °F
9) Rated Flow Rate: X] ACFM: 2,500 [ ] SCFM:

10) Does this emission point have control equipment? [ ] No [X] Yes; If yes, provide control ID: CE-282

Air Emissions Pathway Diagram

11) Air Emissions Pathway Diagram (see examples on reverse-side)

EP-282

T

CE282
Bin Vent

A

EU 282
Waste Flyash Storage Silo

For Assistance 1-877AIR IOWA (1-877-247-4692) DNR Form 542-3190-13
Revised 11/2006
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Stack Parameters and Pollutant Emissions for the Cooling Tower and Material Handling Sources®

Table 4

Stack / Init. Init.
. Release Exit Exit Exhaust Operating X Y Lat. Vert.
Modeling | Emission Unit Source | Discharge | peight, | Temp® | Velocity | Diameter | Flow Rate Hours PMy, Emission Length | Length | Dim. Dim.
ID® Description Type | Style® O CF) (ft/s) (in) (acfm) (hriyr) | Rate® (ft) (ft) (ft) (ft)
Cooling Tower
EP253a- Linear Mechanical Poi .
- Linear Msche oint | Vertical | 53.00 | 850 | 34.84 | 360.00 | 1477500 | 8,760 014 ® | NA | NA | N/A | NA
Coal
EP2S4A | Coper o™ | Point | Vertical | 12.00 | -459.7 | 3681 | 8400 | 85000 | 8760 & 440E-03 (| NA | NA | NA | NA
Ep2s4B | Copo i@ | Point | Vertical | 1200 | -459.7 | 3681 | 8400 | 85000 | 8762 | 880E-03 (| N/A | NA | NA | NA
EPss | SDC2 Transter Point | Vertical | 12.00 | -459.7 | 39.79 | 4800 | 30,000 | 8,766 | 4.40E-03 (f | N/A | N/A | N/A | N/A
Epasg | (DC3” Transfer Point | Vertical | 12.00 | -459.7 | 3820 | 60.00 | 45000 | 8,768 | 7.02E-03 () | N/A | N/A | N/A | N/A
Ep260 | oo FM™ | point | Vertical | 12.00 | -4597 | 3183 | 2400 & 6000 | 8774 | 7.26E04 N/A | NA | NA | NA
EP266 | Do Crusher Point | Vertical | 12.00 | -459.7 | 38.46 | 4800 | 29,000 | 8776 | 6.07E-03 (f | N/A | N/A | N/A | N/A
CDCS6 - Transfer
EP267 | Tower3 & Coal Point | Vertical | 198.50 | -459.7 | 3858 | 66.00 | 55000 | 8783 | 290E-03 (| N/A | NJA | N/A | N/A
Silos
261 | SO f”"”Sfer Point | Vertical | 12.00 | -459.7 | 42.44 | 2400 | 8000 | 8788 | 440E-04 (| N/A | NJA | N/A | N/A
Epoe3 | SOCB TSR point | Vertical | 12.00 | -459.7 | 3424 | 2004 | 4500 | 8790 | 440E-04 () NA | NA | NA | NA
Epass | SDUS-EXSWO | point | Vertical | 1200 | -450.7 | 4244 | 2400 | 8000 | 8792 | 6.60E-04 (| NA | NA | NA | NIA
EP265 Egaglgu-;;gﬁty Point | Vertical | 12.00 | -459.7 | 40.74 | 30.00 | 12,000 | 8,795 | 2.20E-04 (f | N/A | N/A | N/A | N/A

@Detailed performance and emission calculations can be found in Appendix G.
®)Ds are the same as those that appear in the air dispersion modeling files.

©For horizontal releases, exit velocity was set equal to 0.001 m/s.
@sutherland Generating Station’s base elevation is 863 ft (263 m).

®@Sources that release at ambient temperature have a modeled exit temperature of 0 K (-459.7 °F) which simulates such.
DEmission rate is Ib/hr.

©Emission rate is Ib/(hr-ft?).
MRelease height varies, see Appendix G for details.
®Source is modeled as a polygon area, see site arrangement drawing (Appendix B) for shape of source.
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Table 4 (continued)
Stack Parameters and Pollutant Emissions for the Cooling Tower and Material Handling Sources®

Stack / Exhaust . Init. Init.
. Release Exit Exit Flow Operating X Y Lat. Vert.

Modeling Emission Unit Source | Discharge | peight, | Temp® | Velocity | Diameter | Rate Hours | PMy, Emission Length Length | Dim. Dim.
ID® Description Type Styl e© ft@ (°F) (ft/s) (in) (acfm) (hrlyr) Rate®© (ft) (ft) (ft) (ft)

Coal (cont.)

Transfer from Stamler
EP262 Feeder FDR-9 to Belt Volume N/A 12.00 N/A N/A N/A N/A 8,760 5.07E-03 ® N/A N/A 0.47 2.79

Conveyor CVY-11
CCVY2_1-90 | Belt Conveyor CVY-2 | Volume N/A 3 NA | NA N/A N/A 8760 | 1.01E-03 " | N/A | N/A | 558 | 0.70
CFDR9_1-7 | Stamler Feeder FDR-9 | Volume N/A ® N/A N/A N/A N/A 8,760 5.71E-04 (¢ | N/A N/A | 186 | 0.70
PRB1BD(1- Bulldozing — PRB Vol
%0) oo olume N/A 569 | N/A | N/A N/A N/A 8,760 | 6.62E-04 (f | N/A | N/A | 1098 | 508
;’;BZBD“‘ Butliozing - PRB Volume N/A 560 | N/A | N/A N/A N/A 8760 | 767E-04 () | N/A | N/A | 1098 | 508
fGL)DlBD(l‘ Bulldoaing ~Eastem | v/olume N/A 560 | N/A | N/A N/A N/A | 8760 | 1.20E-03 ¢ | N/A | N/A | 1098 @ 508
b ot ey ™| Volume | N/A 569 | NIA | N/A | N/A | NIA | 8760 | 128E03 () | NA | N/A | 1098 508
EP269A PRE Coal Stacker Area NA | 2000 | NA | NA | NA | NA | 8760 | 330E-07 (9 6543 | 1450 | N/A | 9.30
EP269B PRE Coal Stacker Area N/A | 2000 | NA | NA | NA | NA | 8760 | 354E-07 (9 5542 | 1450 | N/A | 9.30
EP269C castern CoatStacker 1 Area NA | 2000 | NNA | NA | NA | NA | 8760 | 507E-07 (9 2826 | 1450 | N/A | 9.30
EP269D pastern Coal Stacker Area N/A 2000 | N/A | N/A N/A N/A 8,760 | 5.07E-07 (5) | 282.6 | 1450 | N/A | 9.30
EP270 gg?aggng Term Area N/A 2150 | N/A | N/A N/A N/A 8,760 0 © 0 0 N/A | 10.00
EP271A Eﬁjﬁj&g Long Term Area N/A 1750 | N/A | NIA N/A N/A 8,760 0 (@ | 3445 | 2500 | N/A | 8.14
EP271B Sorage o Area NA | 1250 | NNA | N/A | NA | NA | 8760 0 @ O M | NA | 581

@Detailed performance and emission calculations can be found in Appendix G.

®)Ds are the same as those that appear in the air dispersion modeling files.

©For horizontal releases, exit velocity was set equal to 0.001 m/s.
@sutherland Generating Station’s base elevation is 863 ft (263 m).
®Sources that release at ambient temperature have a modeled exit temperature of 0 K (-459.7 °F) which simulates such.
DEmission rate is lb/hr.
@Emission rate is Ib/(hr-ft?).
MRelease height varies, see Appendix G for details.
®source is modeled as a polygon area, see site arrangement drawing (Appendix B) for shape of source.
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Table 4 (continued)

Stack Parameters and Pollutant Emissions for the Cooling Tower and Material Handling Sources®

Stack / Init. Init.
. Release | Exit Exit Exhaust Operating X Y Lat. Vert.
Modeling | Emission Unit Source Discharge | peight, | Temp® Velocity | Diameter | Flow Rate Hours Length | Length | Dim. | Dim.
ID® Description Type Style(°) ft©@ (°F) (ft/s) (in) (acfm) (hriyr) PM,, Emission Rate® | (ft) (ft) (ft) (ft)
Limestone
LDC1 - Limestone . .
EP275 Processing Building | POiNt Vertical | 104.0 | -459.7 | 39.79 | 24.00 7,500 8,760 | 4.40E-04 (f) | N/A | N/A | N/A | N/A
Transfer from
Stabler Feeder
EP274 ORI 1 Roclaim | Volume N/A 12.00 | N/A N/A N/A N/A 8,760 | 258E-02 () | N/A | N/A | 047 | 2.79
Conveyor CVY-1
;)FDRM‘ Slamer Feeder Volume N/A 0 N/A N/A N/A N/A | 8760 | 286E-04 (¢ | N/A | NJA 186 | 0.70
by R MY | volume | N/A | 300 | NJA | N/A | N/A | N/A | 8760 | 800E-05 () | N/A | N/A | 186 | 0.70
BLMSTB Bulldozing —
DL Limestone pile Volume N/A 5.69 N/A N/A N/A N/A 8,760 | 9.18E-03 (H | N/A | N/A | 10.98 | 5.08
EP276 Limestone Storage Area N/A 8.00 N/A N/A N/A N/A 8,760 | 6.82E-07 (¢ | 120.0 | 80.0 | N/A | 3.72
Limestone Long
EP277 Term Storage Area N/A 15.00 | N/A N/A N/A N/A 8,760 0 @ | 2250 | 150.0 | N/A | 6.98
Saleable Fly Ash
EP278 g"xe;:js’lgai » Point | Horizontal | 1.00 | 1200 | 0.003 | 14.40 3,000 8,760 | 254E-05 () | N/A | N/A | N/A | N/A
EP279 By Aansila ¢ | Point | Horizontal | 1160 | 1200 | 0003 | 1500 | 2500 | 8760 | 275E-04 (f) | NJA | NJA | N/A | N/A
DC1 - Winter Fly . .
EP280A | A Storage Bldg, Point Vertical | 12.00 | 1200 | 34.65 | 42.00 | 20,000 | 8760 | 146E-02 (f) | N/A | N/A | N/A | N/A
DC2 — Winter Fly . .
EP280B Ash Storage Bldg. Point Vertical 12.00 120.0 34.65 42.00 20,000 8,760 1.46E-02 ()] N/A N/A N/A | N/A

@Detailed performance and emission calculations can be found in Appendix G.
®|Ds are the same as those that appear in the air dispersion modeling files.
©For horizontal releases, exit velocity was set equal to 0.001 m/s.
@suytherland Generating Station’s base elevation is 863 ft (263 m).
®Sources that release at ambient temperature have a modeled exit temperature of 0 K (-459.7 °F) which simulates such.
®Emission rate is Ib/hr.
©Emission rate is Ib/(hr-ft?).

MRelease height varies, see Appendix G for details.

®Source is modeled as a polygon area, see site arrangement drawing (Appendix B) for shape of source.
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Table 4 (continued)
Stack Parameters and Pollutant Emissions for the Cooling Tower and Material Handling Sources®

Stack / Exhaust Init. Init.
. Release Exit Exit Flow Operating X Y Lat. Vert.
Emission Unit Source Dlscharge Height, Temp® Velocity Diameter | Rate Hours PM;o Emission Length | Length | Dim. Dim.
Modeling ID® | Description Type Style(°’ ft@ (°F) (ft/s) (in) (acfm) (hrlyr) Rate® (ft) (ft) (ft) (ft)
Waste Fly Ash
EP281 e Point | Horizontal | 1.00 | 1200 = 0003 | 1440 | 3,000 | 8760 & 158E-06 (f) | N/A | NA | NA | NIA
EP282 E{;Xgh”‘sﬂ;"’a“e Point | Horizontal | 116.0 | 120.0 | 0.003 | 1500 | 2500 | 8,760 | 2.75E-04 (f) = N/A | N/A | N/A | N/A
PAC
Bin Vent - PAC . .
EP283 Silo Point Horizontal | 115.0 | -459.7 0.003 13.20 1,000 8,760 2.75E-04 (f) | N/A N/A N/A N/A
Sorbent Injection
EP284 Bin Vent — Day Silo Point Horizontal | 115.0 | -459.7 0.003 13.20 5,000 8,760 2.75E-04 (f) | N/A N/A N/A N/A
EP285 E;?%’g?,to‘m”g Point | Horizontal | 280.0 | -459.7 | 0.003 | 13.20 | 5000 | 8,760 | 2.75E-04 (f) = N/A | N/A | N/A | N/A
Lime
EP286 Bin Vent - Silo Point | Horizontal | 77.0 | -459.7 | 0.003 | 1320 | 5000 | 8760 | 2.75E-04 () | N/A | N/A | N/A | N/A
Biomass
DC1A - Biomass
EP287 Storage & Point Vertical 32.00 | -459.7 | 37.80 48.00 | 28,500 | 8,760 8.20E-05 (f) | N/A N/A N/A N/A
Processing Building
DC1B - Biomass
EP288 Storage & Point Vertical 32.00 | -459.7 37.80 48.00 28,500 8,760 8.20E-05 (f) N/A N/A N/A N/A
Processing Building

@Detailed performance and emission calculations can be found in Appendix G.

®|Ds are the same as those that appear in the air dispersion modeling files.

©For horizontal releases, exit velocity was set equal to 0.001 m/s.
@suytherland Generating Station’s base elevation is 863 ft (263 m).
®Sources that release at ambient temperature have a modeled exit temperature of 0 K (-459.7 °F) which simulates such.
®Emission rate is Ib/hr.
©@Emission rate is Ib/(hr-ft?).
MRelease height varies, see Appendix G for details.
®Source is modeled as a polygon area, see site arrangement drawing (Appendix B) for shape of source.
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Table 4 (continued)
Stack Parameters and Pollutant Emissions for the Cooling Tower and Material Handling Sources®

Stack / Exhaust Init. Init.
. Release Exit Exit Flow Operating X Y Lat. Vert.
Emission Unit Source Discharge Height, Temp® | Velocity Diameter | Rate Hours PMyo Emission Length | Length | Dim. Dim.
Modeling ID® Description Type Style(c) ft©@ (°F) (ft/s) (in) (acfm) (hriyr) Rate® (ft) (ft) (ft) (ft)
Haul Roads

HR_1-18 West Gate Volume N/A 3.44 N/A N/A N/A N/A 8,760 3.75E-04 () | N/A N/A | 22.33 | 10.60
HR_19-23 West Gate Volume N/A 3.44 N/A N/A N/A N/A 8,760 1.11E-03 () | N/A N/A | 22.33 | 10.60
HR_24 West Gate Volume N/A 3.44 N/A N/A N/A N/A 8,760 1.16E-03 (f) | N/A N/A | 22.33 | 10.60
HR_25-30 West Gate Volume N/A 3.44 N/A N/A N/A N/A 8,760 1.18E-03 () | N/A N/A | 22.33 | 10.60
HR_31 West Gate Volume N/A 3.44 N/A N/A N/A N/A 8,760 167E-03 (f) | N/A N/A | 22.33 | 10.60
HR_32-36 West Gate Volume N/A 3.44 N/A N/A N/A N/A 8,760 153E-03 (f) | N/A N/A | 22.33 | 10.60
HR_37-104 West Gate Volume N/A 3.44 N/A N/A N/A N/A 8,760 155E-03 () | N/A N/A | 22.33 | 10.60
HR_105-111 | West Gate Volume N/A 3.44 N/A N/A N/A N/A 8,760 7.35E-04 (f) | N/A N/A | 22.33 | 10.60
HR_112-117 | West Gate Volume N/A 3.44 N/A N/A N/A N/A 8,760 145E-04 () | N/A N/A | 22.33 | 10.60
HR_118-131 | West Gate Volume N/A 3.44 N/A N/A N/A N/A 8,760 755E-04 (f) | N/A N/A | 22.33 | 10.60
HR_132-143 | West Gate Volume N/A 3.44 N/A N/A N/A N/A 8,760 6.10E-04 (f) | N/A N/A | 22.33 | 10.60
HR_144-146 | West Gate Volume N/A 3.44 N/A N/A N/A N/A 8,760 590E-04 (f) | N/A N/A | 22.33 | 10.60
HR_147-148 | West Gate Volume N/A 3.44 N/A N/A N/A N/A 8,760 542E-04 (f) | N/A N/A | 22.33 | 10.60
HR_149 West Gate Volume N/A 3.44 N/A N/A N/A N/A 8,760 1.45E-04 (f) | N/A N/A | 22.33 | 10.60
HR_150-157 | West Gate Volume N/A 3.44 N/A N/A N/A N/A 8,760 4.90E-04 (f) | N/A N/A | 22.33 | 10.60
HR_158-179 | West Gate Volume N/A 3.44 N/A N/A N/A N/A 8,760 2.34E-05 (f) | N/A N/A | 22.33 | 10.60
HR_180-231 North Gate Volume N/A 3.44 N/A N/A N/A N/A 8,760 5.66E-04 () | N/A N/A | 22.33 | 10.60

@Detailed performance and emission calculations can be found in Appendix G.

®)Ds are the same as those that appear in the air dispersion modeling files.

©For horizontal releases, exit velocity was set equal to 0.001 m/s.
@suytherland Generating Station’s base elevation is 863 ft (263 m).
®Sources that release at ambient temperature have a modeled exit temperature of 0 K (-459.7 °F) which simulates such.
®Emission rate is Ib/hr.
©Emission rate is Ib/(hr-ft?).
®Release height varies, see Appendix G for details.
®Source is modeled as a polygon area, see site arrangement drawing (Appendix B) for shape of source.
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