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This report is a revised version of the original November 2011 report titled “Best Available Retrofit
Technology Refined Analysis for NOx Emissions” submitted by GRE to the NDDH. The report
reflects the collaborative effort of Barr and GRE with assistance from other technical consultants to
develop an appropriate control strategy for Coal Creek’s Units 1 and 2. Barr assisted with the
development and update of cost estimates for various control scenarios, incorporating GRE’s work
with URS and Golder into the technical discussion at GRE’s direction.

The Refined NOx Analysis is prepared in response to comments from the NDDH provided in letters
dated January 19, 2012 and February 28, 2012. The conclusions and text of the analysis are not
markedly changed in responding to NDDH’s comments. The changes in this report primarily focus
on updated modeling results and clarifications to cost calculations, as described below.

In response to an anomaly identified in Appendix D of GRE’s submittal, GRE has revised the
visibility tables that were presented in that submittal. A review of the modeling output files for the
year 2000 SNCR run in question concluded that the values presented in the original table were
consistent with the output files. The original modeling runs had been conducted in 2006 and 2007
for the initial BART evaluation, and the intermediate data files were no longer available to identify
whether the apparent error was the result of an incomplete annual model run or some other
contributing factor. In order to be responsive to NDDH’s request for clarification of the data, the
model was re-run. The modeling files had not previously been reopened for the NOx refined
analysis efforts in 2011 and 2012. Accordingly, GRE also took the opportunity to more closely
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realign the NOx emission rates and stack-related modeling input parameters with the scenarios
described in the report for all scenarios in all years as opposed to the approximations from
previously modeled scenarios shown in the November 2011 tables.

The new results more closely align with the expected reductions for each control scenario and
follow the trend originally illustrated in the year 2001 and 2002 tables for the February 10, 2012
submittal. The revised modeling runs support the conclusions presented in the GRE NOx analysis,
and have only resulted in minor revisions to Table 3.3.1 and Appendix D.

In this revised report, NDDH also provides several comments with respect to alignment of
calculations and clarity of documentation provided in the Appendix A cost calculations. Footnotes
and documentation are appropriately updated. Additionally, the calculation alignment is clarified
through the inclusion of additional significant digits. Neither of these updates result in changes to
the final cost tables included within the report text.

Should you have any questions regarding this transmittal or the revisions herein, please contact
Laura Brennan at 952.832.2615.
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1.0 Introduction

In December 2007, GRE submitted its final Best Available Retrofit Technology (BART) evaluation
for Regional Haze controls to the North Dakota Department of Health (NDDH). The NDDH
incorporated the proposed emission limitations for Coal Creek Station (CCS) Units 1 and 2 into their
proposed State Implementation Plan (SIP), and issued a draft Permit-to-Construct (PTC) for these
BART limits. As part of their review on North Dakota’s draft and final SIP, EPA requested
supplemental data and documentation on Coal Creek’s BART controls. These requests started in
February 2010, and continued through June 2011 and July 2011. GRE provided the requested

information.

On September 21, 2011, EPA proposed a Federal Implementation Plan (FIP), which would override
certain NDDH determinations, particularly with respect to required NOx controls for certain coal-
fired utility units. On November 3, 2011, NDDH requested that GRE provide a supplemental BART
analysis that is focused on NOx control options at Coal Creek Station. In particular, GRE has
performed more refined analyses on selective non-catalytic reduction (SNCR) cost assumptions,
achievable control levels and the overall impacts to ash re-use on Coal Creek’s Units 1 and 2. This
supplemental analysis is being provided to address questions from the NDDH per its letters of

January 19, 2012 and February 28, 2012.

Based on the supplemental analyses, Great River Energy still asserts that use of its state-of-the-art
coal drying technology, DryFining™, in conjunction with second generation combustion control low
NOx burners with separated overfire air (LNC3+), meets EPA’s presumptive BART NOx limit of
0.17 Ib/MMBtu, and is consistent with cost effective thresholds as set by North Dakota and
ultimately approved by EPA through their partial approval of the North Dakota SIP. When all factors
are adequately considered, including ammoniated ash impacts, SNCR is not considered cost effective
for Coal Creek and would not result in perceptible visibility improvements in the affected Class I

arcas.

This supplemental analysis summarizes updated SNCR cost and emission assessments and
supplemental information provided by URS Energy and Construction (URS). It also provides an
updated ash implication assessment and supplemental information as provided by Golder Associates
(Golder). (see Appendices F and G, respectively) The updated ash implications are then integrated
with the updated SNCR cost and emission estimates to more accurately demonstrate that SNCR is not

cost effective, by either EPA established thresholds or NDDH established thresholds.




1.1 Initial BART Analysis and EPA Guidance

In preparing the initial BART analysis and subsequent revisions, Great River Energy developed a
combination of detailed engineering and screening level analyses, which were ultimately used by
NDDH to make their BART determinations. From the BART preamble, EPA sets presumptive levels
based on their cost effective assessments and deciview reductions, and essentially rule out post
combustion NOx controls for electric generating units greater than 750MW, subject to the state’s
determination. Great River Energy’s screening level analyses on SNCR and ash impacts initially
supported EPA’s presumptive determination. Great River Energy continues to concur with EPA’s

establishment of a presumptive NOx emission limit at 0.17 Ib/MMBtu.

Specifically, in its final rule publication of 40 CFR Part 51, Regional Haze Regulations and
Guidelines for Best Available Retrofit Technology (BART) Determinations, EPA establishes

presumptive NOx levels based on combustion controls, and not SNCR:

In today’s action, EPA is setting presumptive NOX limits for EGUs larger than 750 MW. EPA’s
analysis indicates that the large majority of the units can meet these presumptive limits at
relatively low costs. Because of differences in individual boilers, however, there may be
situations where the use of such controls would not be technically feasible and/or cost-effective.
For example, certain boilers may lack adequate space between the burners and before the
furnace exit to allow for the installation of over-fire air controls. Our presumption accordingly
may not be appropriate for all sources. As noted, the NOx limits set forth here today are

presumptions only in making a BART determination, States have the ability to consider the

specific characteristics of the source at issue and to find that the presumptive limits would not be

appropriate for that source. (emphasis added)

For all types of boilers other than cyclone units, the limits in Table 2 are based on the use of
current combustion control technology. Current combustion control technology is generally, but
not always, more cost-effective than post-combustion controls such as SCRs. For cyclone boilers,
SCRs were found to be more cost-effective than current combustion control technology; thus the
NOx limits for cyclone units are set based on using SCRs. SNCRs are generally not cost-effective
except in very limited applications and therefore were not included in EPA’s analysis. The types
of current combustion control technology options assumed include low NOx burners, over-fire

air, and coal reburning.




We are establishing presumptive NOXx limits in the guidelines that we have determined are cost-
effective for most units for the different categories of units below, based on our analysis of the
expected costs and performance of controls on BART-eligible units greater than 200 MW. We
assumed that coal-fired EGUs would have space available to install separated over-fire air.
Based on the large number of units of various boiler designs that have installed separated over -
fire air, we believe this assumption to be reasonable. It is possible, however, that some EGUs
may not have adequate space available. In such cases, other NOx combustion control
technologies could be considered such as Rotating Opposed Fire Air (*‘ROFA’’). The limits
provided were chosen at levels that approximately 75 percent of the units could achieve with
current combustion control technology. The costs of such controls in most cases range from just
over $100 to $1000 per ton. Based on our analysis, however, we concluded that approximately
25 percent of the units could not meet these limits with current combustion control technology.
However, our analysis indicates that all but a very few of these units could meet the presumptive
limits using advanced combustion controls such as rotating opposed fire air (‘‘ROFA’’), which

has already been demonstrated on a variety of coal-fired units. Based on the data before us, the

costs of such controls in most cases are less than $1500 per ton. (emphasis added)

The advanced combustion control technology we used in our analysis, ROFA, is recently
available and has been demonstrated on a variety of unit types. It can achieve significantly lower
NOx emission rates than conventional over-fire air and has been installed on a variety of coal-
fired units including T-fired and wall-fired units. We expect that not only will sources have
gained experience with and improved the performance of the ROFA technology by the time units
are required to comply with any BART requirements, but that more refinements in combustion

control technologies will likely have been developed by that time. As a result, we believe our

analysis and conclusions regarding NOx limits are conservative. For those units that cannot meet

the presumptive limits using current combustion control technology, States should carefully

consider the use of advanced combustion controls such as ROFA in their BART determination
(emphasis added)."

There are several key concepts from EPA’s preamble. First, Coal Creek is unique in that it has
installed DryFining™ as a novel multi-pollutant control technology. This is important because it

enhances the effectiveness of the NOx combustion controls. Second, Coal Creek re-uses the vast
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majority of its fly ash rather than disposing of it. Any negative impacts to fly ash, such as adding
ammonia, will have both operational risks and cost implications for Great River Energy that must be
included in any cost-effectiveness determination. Third, EPA has made its cost-effectiveness
determination in setting presumptive BART NOx levels and has given states the authority to

determine if more stringent requirements are needed based on their review.

In reviewing EPA’s preamble discussion, it was clear to GRE that the EPA did not expect BART
control scenarios for tangentially-fired units, such as Coal Creek Station’s Units 1 and 2, to include
post combustion add-on controls such as selective catalytic reduction (SCR) and SNCR. As such, in
the initial BART evaluation, GRE focused on supporting this determination through the use of

screening level cost data, and comparing those screening costs to cost effectiveness thresholds.

Based on the direction provided in the BART preamble and guidance, along with an analysis of cost
effectiveness thresholds implemented in other EPA regulatory programs,” GRE proposed a cost
effectiveness range of $1,300 to $1,800 (20068) per ton of NOx removed. Guidance provided by
NDDH presented higher cost per ton thresholds than EPA’s in setting the presumptive level.

GRE’s BART NOx determination for CCS Units 1 and 2 was consistent with EPA’s preamble and
confirmed that advanced combustion controls and an emission limit of 0.17 Ib/MMBtu represented
BART. SNCR was found to be cost ineffective based on screening level analysis, and presented
additional operational and non-environmental impacts that were not exhaustively discussed in the

December 2007 BART analysis but are provided herein.

*http://www.ndhealth.gov/AQ/RegionalHaze/Regional%20Haze%20Link%20Documents/Appendix%20C/Coal

%20Creek/Co0al%20Creek%20BART%20Analysis.pdf (Appendix B).



http://www.ndhealth.gov/AQ/RegionalHaze/Regional%20Haze%20Link%20Documents/Appendix%20C/Coal%20Creek/Coal%20Creek%20BART%20Analysis.pdf
http://www.ndhealth.gov/AQ/RegionalHaze/Regional%20Haze%20Link%20Documents/Appendix%20C/Coal%20Creek/Coal%20Creek%20BART%20Analysis.pdf

2.0 Refined NOx Control Evaluation at CCS

This section will first establish that Coal Creek is unique, such that site specific evaluations are more
appropriate than relying on general screening level assumptions to determine emission reductions and
associated costs. It will then summarize the evaluation of site specific SNCR NOx reductions by

URS, as well as ash impacts from the ammonia associated with this control.

2.1 Unique Aspects of Unit 1 and 2 NOx Controls

As discussed in the following sections, Coal Creek Station is neither average nor typical. EPA
Guidelines, provided to States in identifying appropriate Regional Haze control requirements and
provided in EPA’s Pollution Control Cost Manual (2002), are developed in order to assist State
authorities in making regulatory determinations. These guidelines are not to be viewed as regulatory
requirements. They are best suited for evaluating average or typical installations. Units 1 and 2 are
uniquely designed and employ a state-of-the-art lignite fuel enhancement technology, or
DryFining™. This means that any accurate analysis of add-on NOx controls must be site specific

and not rely upon general guidelines, which might apply to a normal facility.

2.1.1 DryFining™ Technology

GRE has a long track record of being innovative and going beyond minimum environmental
requirements. DryFining™ is a $270 million, multi-pollutant technology. It reduces coal moisture
and impurities while increasing the heat content of Fort Union lignite, which has the highest moisture
of any coal in the US. The operation of DryFining™ has afforded CCS Units 1 and 2 significant
reductions across the spectrum of emissions. Sulfur dioxide and mercury emissions have been
reduced by more than 40%. Carbon dioxide emissions have been reduced by 4%. NOx emissions —

the subject of the EPA FIP and this evaluation — have been reduced by more than 20%.

GRE expected that some additional NOx reductions would result from the implementation of
DryFining™. It was estimated that the reduction in coal moisture, and corresponding increase in coal
heat content, would result in less coal into the furnace, and more air available elsewhere in the
furnace, which can be utilized to reduce NOx emissions. However, this NOx reduction benefit was
not quantified in the original BART analysis. At the time of the final BART analysis (December
2007), DryFining™ had not yet operated, and the exact degree of control was unknown for this

innovative strategy. Because DryFining™ has been in place for nearly two years, NOx emissions are




reduced. Consequently, current (baseline) NOx emissions that are used in Section 3.1 have been
updated to reflect the URS control cost analysis and are inclusive of DryFining™, with low NOx

burner technology as applicable.

2.1.2 NOx Combustion Control Considerations
GRE’s proposed BART NOx control strategy includes the use of DryFining™ along with advanced
combustion controls. As a result of the installation of the proposed advanced combustion controls on

Unit 2, GRE has gained a better understanding of anticipated NOx control levels and costs.

The size and arrangement of the furnace box on CCS Units 1 and 2 is unique. It is literally a one-of-
a-kind furnace box, sized specifically for the high moisture Fort Union lignite. Given a larger
firebox, relative to other lower-moisture, higher-heat-content coal-fired units, there is a
correspondingly higher complexity and higher cost to NOx combustion controls. There is a greater
distance across the furnace through which the air must penetrate, thus increasing the size and type of
wall nozzles, along with increased nozzle staging complexity throughout the wall sections. When an
advanced combustion air system is added to a larger firebox, it requires additional wall openings, and

redesign to wall water tubes, further increasing costs.

Since the time of the initial BART submittal, GRE has gained direct operational experience on the
performance of these advanced combustion controls and DryFining™. Prior to the installation of
DryFining™, most of the available primary air was needed to convey, grind, and dry the coal in the
pulverizers due to the high moisture in the coal. Consequently, the maximum performance for the
LNC3+ control installed on Unit 2 could not be fully realized upon initial installation. The Unit 2
LNC3+ installation includes larger registers to increase available primary air. Since a significant
amount of that primary air was used to dry and pulverize the “unrefined” high moisture coal, there
was not sufficient air available for the larger registers to act as a form of overfire air. With
DryFining™, there is additional air available to be routed to the larger registers, which reduces NOx
emissions. As a result, Units 1 and 2 currently operate with annual average NOx emissions of 0.200
and 0.153 Ib/MMBtu, respectively. Unit 2°s lower annual average NOx emission rate is directly

attributable to the larger registers, which are tentatively anticipated for Unit 1 in 2014.

2.1.3 Site Specific SNCR Expected Control Levels
Portions of Coal Creek Station’s December 2007 submittal of the NOx BART analysis were based on
screening level data presented in the EPA Pollution Control Cost Manual (2002). Since EPA has

proposed to reject North Dakota’s SIP largely on their assessment of SNCR’s screening level, cost




effectiveness, it is imperative to more accurately portray SNCR costs. With respect to SNCR

specifically, EPA acknowledges in its cost manual:

SNCR system design is a proprietary technology. Extensive details of the theory and correlations
that can be used to estimate design parameters such as the required [normal stoichiometric
ratio] NSR are not published in the technical literature. Furthermore, the design is highly site-

specific. In light of these complexities, SNCR system design is generally undertaken by providing

all of the plant- and boiler-specific data to the SNCR system supplier, who specifies the required

NSR and other design parameters based on prior experience and computational fluid dynamics

and chemical kinetic modeling.3(emphasis added)

As discussed above, GRE has established that Coal Creek is unique due to its boiler size,
DryFining™, and existing NOx combustion controls. Therefore, only a site specific evaluation, by a
competent engineering and construction company (URS) familiar with SNCR engineering and
installation costs, should be used to estimate emission reductions and associated costs. URS is a
leading engineering consultant, with significant experience in installing SNCR technology, having
managed the design and installation of several dozen SNCR pollution control systems throughout the

world. This experience qualifies URS to make site-specific recommendations on SNCR design.

URS completed a site inspection, evaluated the unique aspects of Coal Creek, and provided their

refined analysis (see Appendix B).

URS has determined that the removal efficiency for Coal Creek Unit 1 with an inlet NOx
concentration of 0.22 1b/MMBtu would not be 50% as anticipated from the EPA Pollution Control
Cost Manual (2002), and as used in GRE’s original BART analysis. Rather, URS estimates a
removal rate of approximately 30% removal for Unit 1. With respect to Unit 2, and an inlet
concentration of 0.15 to 0.16 Ib/MMBtu, URS estimates the removal efficiency would be

approximately 20%.

EPA has raised concerns with respect to utilizing a new baseline period in determining the removal
efficiencies for SNCR vs. DryFining ™ with LNC3+. At the time of the 2007 BART analysis, GRE
had no experience with the DryFining™ technology and was unable to determine the removal

efficiencies possible with the LNC3+ and DryFining™ projects combined relative to NOx emissions.

> EPA Pollution Control Cost Manual (2002); Section 4.2 Chapter 1.3.




In an effort to evaluate existing installed technologies, GRE incorporated actual DryFining™
operating experience and performance subsequent to the 2007 analysis. This information must be
considered in the revised analysis in order to capture the actual realized removal efficiencies of the
DryFining™ and LNC3+ technologies as existing installed pollution control technologies. GRE notes
that since the submittal of the 2007 BART analysis, GRE has lowered its Unit 2 NOx emissions from
the baseline level of 0.22 [b/MMBtu to 0.153 Ib/MMBtu on an annual average basis. This equates to

an emissions reduction of 30.5% from the previously utilized 2007 baseline.

In addition to GRE’s experience operating CCS with LNC3+ in combination with the DryFining"™
technology, resulting in lower NOx emission levels, a relatively new study has been completed for a
facility with low-baseline NOx emissions* (Appendix E). This EPRI study addressed applicability of
and anticipated removal efficiencies for SNCR for units with low-baseline NOx emissions. The
study’s findings suggest that SNCR performance is significantly decreased at baseline NOx emission
levels less than 100 ppm°. The demonstrated low removal efficiencies (~10% reduction) are much
lower than GRE’s suggested removal efficiency for the SNCR technology (20%) applied in this
analysis. Similarly, the low removal efficiencies are also much lower that the removal efficiency of

25%+ suggested in EPA’s proposed FIP.

The study concludes that for low-baseline NOx applications, at levels around 75 ppm4, anticipated
removal efficiency for SNCR is in the range of 8%-12%. If GRE takes into account the data from this
study in place of the removal efficiency recommended by URS, the cost effectiveness would be well
outside the range deemed cost effective. GRE’s anticipated SNCR removal efficiency of 20% is
likely higher than the technology will be able to achieve starting from a baseline of 0.153 b
NOx/MMBtu or 88 ppm (DryFining™ with LNC3+ installed). GRE continues to use a removal
efficiency of 20% in its analysis based on the SNCR technology evaluation conducted by URS, but

notes that this value may in fact be conservatively optimistic.

* Low-Baseline NOx Selective Non-Catalytic Reduction Demonstration: Joppa Unit 3. EPRI, Palo Alto, CA:
2009, 1018665. GRE asserts a business confidentiality claim and asserts this report is confidential business
information subject to the protections set forth in Air Pollution Control Rules for the State of North Dakota at
33-15-01-16 and 40 CFR Part 2.

> Current NOx concentrations for CCS Unit 1 and Unit 2 are 110 ppm and 88 ppm, respectively (determined on

a 12-month rolling average basis).




Given these lower projected emission rates, and the lower “baseline” emission rates from installed

controls, the cost evaluation has been revised, accordingly, in Section 3.1.

Rather than relying on the original screening level analyses, GRE finds it imperative to provide this

updated information to North Dakota to make their well-informed cost effectiveness determinations.

2.2 Revision of Baseline NOx Emissions

The BART Guidelines (40 CFR 51, Appendix Y) state “The baseline emissions rate should represent
a realistic depiction of anticipated annual emissions for the source. In general, for the existing
sources subject to BART, you will estimate the anticipated annual emissions based upon actual
emissions from a baseline period.” To accurately depict the anticipated annual emissions for the units
at CCS a new baseline must be established taking into consideration the DryFining™ technology and
installed combustion controls in Unit 2 (LNC3+). The DryFining™ process is designed to remove
moisture and segregate dense material from the coal prior to introduction of the coal into the final
stage of grinding and conveyance into the boiler. DryFining™ having been funded under a DOE
collaborative agreement (DE-FC26-04NT41763) was required to conduct performance tests which
demonstrated a heat input reduction of approx. 2-3%. Having removed the moisture prior to the
introduction into the pulverizers lends to less primary air required to “dry” and convey the coal
through the pulverizers, making air available for staging (Over-fired air NOx control) in other areas
in the boiler. This drier coal will not require the same amount of heat input into the boiler because
wet coal expends some of its heat input to vaporize the moisture in the coal and its heating value has
increased per pound so fewer pounds are needed. Thus a drier coal will not require that additional
coal typically lost to vaporizing the moisture and reduced heating value. DryFining™ is currently
obtaining a moisture reduction in the coal of approximately 8%. Future tuning is continuing and will
meet a required reduction of 12% by 2016, which is needed for the SO, BART analysis to achieve
full scrubbing.

In order to make its cost effectiveness determination, North Dakota must not only have site specific
control cost, but also accurate emission reduction estimates. Clearly, with the installation of both
LNC3, LNC3+, and DryFining™, Coal Creek’s NOx emissions are greatly reduced with respect to
“baseline” values previously provided. In this section, in light of recently refined analysis, GRE will

update baseline emissions to be used in making the cost effectiveness determination.

Based on the timing of the original analysis, the initial BART evaluation used baseline emission rates

for approximately the same time period that was used to determine the visibility baseline, which was




a 5-year period of emission inventory data from 2000 to 2004. It is necessary to update the baseline
emissions for Units 1 and 2 for this technology evaluation in order to reflect current conditions and
unit performance. Both units utilize “low NOx coal-and-air nozzles with close-coupled and separated
overfire air,” which is referred to as LNC3. Since the time of the initial evaluation, NOx controls in
the form of larger registers,’ advancing the LNC3 controls (LNC3+),” have been added to Unit 2,
which means that the two units have different baselines for the purpose of estimating future emission
reductions. For Unit 1, the revised baseline is 0.200 Ib/MMBtu, as an annual average. For Unit 2,
the revised baseline is 0.153 Ib/MMBtu, as an annual average, as also described in Section 2.1.2.

These new “baseline” emission rates are lower than the initial BART baseline of 0.22 Ib/MMBtu.

2.2.1 Circumferential Cracking in Boiler Tubes

Following the installation of LNC3+ technology at Unit 2, CCS has determined that an emission rate
of 0.15 Ib/MMBtu for LNC3+ is not a sustainable 30-day rolling average control level due to
circumferential cracking. In other words, the 0.15 lb/MMBtu on a 30-day rolling basis is at the edge
of this technology’s capabilities. While GRE may intermittently achieve this rate on a monthly or

perhaps more easily as an annual average, it is not the basis for a 30-day rolling limit.

As background, in 2008 GRE lowered NOx emissions from Unit 2 by expanding the OFA registers.
This diverted more of the combustion air from the burners of the boiler to an area about 30 feet
higher in the boiler. In doing so, the flame temperatures were lowered, which reduced the production
of NOx generated by the combination of oxygen and nitrogen gas burned under high temperatures.
NOx emissions were lowered, but there was an unexpected side effect. This low NOx emission rate
caused circumferential cracks in the boiler tubes between the burner front and the over-fired air

registers.

The phenomenon of circumferential cracking has several interrelated contributing factors including
high surface temperatures (>900°F bare tubes, >1100°F weld overlays) (which exposes the boiler
tubes to high wall temperatures and high temperature fluctuations, which produces numerous thermal

fatigue cracks in the boiler walls), frequent and severe thermal spikes (>100°F), and corrosive

6 Larger registers allow for a greater ability to tune combustion staging and thus control NOx emissions.
7LNC3 is the acronym used by EPA to describe a specific type of restrictive combustion control. To
differentiate between the controls installed on Unit 1 and the additional controls installed on Unit 2 (both are

versions of LNC3), the acronyms LNC3 and LNC3+ are used for each unit, respectively.
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conditions/deposits. Low NOx burner systems with overfire air ports produce longer flames and

increase the chance of flame impingement and local overheating of the boiler walls.

In 2009, Coal Creek Station began to experience unscheduled outages on Unit 2 due to failures from
the circumferential cracking described above. To understand and correct this problem, Great River
Energy engaged the Electric Power Research Institute (EPRI) to assist in evaluating the causes and
potential remedies for this problem. To date, corrective actions have included detailed examinations
of the boiler tubes to detect the extent of the cracking, the installations of additional temperature
monitors to determine boiler wall temperatures, the replacement of damaged boiler tubes, and
continued tuning of the boiler to minimize the circumferential cracking in the zone of concern. While
not eliminating the problem, these efforts have greatly reduced the problem of unscheduled outages
caused by circumferential cracking. Based on our analysis, it is not clear how to completely and
consistently eliminate this problem, while operating at or near 0.15 1b/MMBtu on a 30-day rolling
basis. Efforts continue to further reduce this circumferential cracking problem while balancing our

desire to operate at lower NOx emission levels.

The only examples of tangentially-fired units with emissions lower than the 0.17 Ib/MMBtu NOx
presumptive level are facilities with post combustion NOx controls, such as SNCR. Further, a
majority of these SNCR controlled sources operate well above the 0.17 Ib/MMBtu, as annual
averages, as detailed in the Cross State Air Pollution Rule and illustrated in Figure 2.2.
Consequently, GRE presumes it cannot safely and consistently operate below 0.17 Ib/MMBtu as a
30-day rolling limit, without installing SNCR.

2.2.2 Load Variability

In addition to circumferential cracking, this assessment must also consider load variability and its
impacts on NOx emissions. The NOx emission limits proposed in the original BART evaluation for
Units 1 and 2 did not consider that Coal Creek’s units would experience significant load variability.
GRE has historically operated as a baseload unit, without much load swinging. In May 2011,
Midwest Independent Transmission System Operator (MISO) began cycling CCS in the real-time
market. In September 2011, GRE greatly increased the cycling range of CCS in response to current
market prices in the MISO market. This is important because load swinging significantly impacts
expected NOx control performance. While base load NOx emissions can be tuned due to relatively
stable load, the swinging load cannot be finely tuned but must still be accounted for when assessing

compliance with emission limits.
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Table 2.1 illustrates the variability experienced during recent load swinging. It is different on Units
1 and 2, due to different NOx controls. Based on changing market conditions, load variability is
expected to continue as an operational scenario for Units 1 and 2 for the foreseeable future. As such,
any emission limit must account for this additional variability in emissions. It is clear from Table 2.1
that the BART NOx presumptive emission rate of 0.17 1b/MMBtu is achievable, including load
variability, and also reflecting the maximum NOx emission reductions from LNC3+ and

DryFining™, as demonstrated through Unit 2.

Table 2.1 Coal Creek Station NOx Emission Rates During Load Variability

NOx Emissions (lb/MMBtu)

Unit 1 Unit 2

Scenario Description Min Max Min Max

Overall - Nov. 2010 to Nov. 2011 30-day Rolling 0.179 0.219 0.14 0.169
Load Variability — 30-day Rolling 0.186 0.219 0.146 0.166
May — November 2011 Hourly Average 0.206 0.16
Load Variability — 30-day Rolling 0.207 0.219 0.163 0.166
September — November 2011 Hourly Average 0.218 0.17

In addition, GRE provides a chart (Figure 2.1) showing Unit 2’s 30-day rolling average NOx
emission rate, with notes on tuning emphasis and load variability, as further support of the 0.17

Ib/MMBtu emission limit.
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2.2.3 Evaluation of SNCR Effectiveness in CSAPR

Interestingly, the Coal Creek presumptive NOx BART emission rates are consistent with annual
average emissions as modeled by EPA in CSAPR. By reviewing existing units of similar design,
data from the docket for the proposed Cross State Air Pollution Rule (Docket ID EPA-HQ-OAR-
2009-0491) illustrates that there are currently no tangentially-fired utility electricity generating units
with LNC3 combustion controls and SNCR post combustion controls that operate at or below the
presumptive BART limit of 0.17 Ib/MMBtu for NOx (Figure 2.2), as annual averages. If the data set
is expanded to include LNC3 (“low NOx coal-and-air nozzles with separated overfire air (LNC2%)”)
and “low NOx burners and overfire air (OFA)” as illustrated in Figure 2.3, only four supercritical’
emission units operate below the presumptive NOx limit of 0.17 Ib/MMBtu. None of the facilities
included in the CSAPR database operate at or below the proposed FIP limit of 0.12 1b/MMBtu. All of
the facilities analyzed use SNCR to effectively achieve the Coal Creek presumptive NOX emission
limit of 0.17 Ib/MMBtu. To state it differently, Coal Creek effectively achieves presumptive BART
with DryFining™ rather than SNCR.

¥ LNC2 and LNC3 are various types of low NOx burner design.
LNC2 = Low NOx burner with separated OFA
LNC3 = Low NOx burner with close-coupled and separated OFA

? For a subcritical boiler (standard operational design consistent with CCS Units 1 and 2), steam to power the
turbine is derived by heating liquid water to its saturation point and then isothermally heating of the system
causing the phase change from liquid water to steam (boiling). In contrast, a supercritical steam generating unit
operates at such a high pressure that liquid water does not boil and is instead converted to a supercritical fluid,
an intermediate fluid having properties of both liquid water and steam. Operation of supercritical units is
typically more thermally efficient than operation of subcritical units, resulting in less fuel combusted for the
same energy output and, consequently, lower emissions.
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2.2.4 Ash Cost Considerations

The EPA indicated in its proposed FIP that GRE fly ash sales and disposal values provided in
previous submittals were in error and, when corrected, resulted in SNCR being cost effective. Great
River Energy had previously submitted two estimates: $5/ton and $36/ton (2006$). Contrary to our
Summer 2011 submittal, these values were not necessarily in error, but instead represented different
assumptions on economic impacts of lost ash sales and associated disposal costs. Therefore, rather
than rely upon these screening level values as previously submitted, GRE contracted with Golder
Associates to provide a more refined analysis of ash impacts associated with the installation of
SNCR. The following discussion and attached “Fly Ash Storage and Ammonia Slip Mitigation
Technology Evaluation” (Appendix C) provides a more comprehensive assessment of ash

implications associated with SNCR installation.

To provide some additional background on the previously submitted values, the $36/ton value
represented the total freight on board (FOB) Coal Creek Station price that was paid by the end user.
The $5/ton dollar per ton figure represented what GRE received as a portion of the FOB price prior to
December 1, 2011.

Both of the values ($5/ton and $36/ton) attempted to capture lost revenue from decreased ash sales.
In each case, an additional $5/ton cost was added as GRE’s cost to dispose of the unsalable ash. This
additional $5/ton disposal value was the result of a screening level analysis and had not taken into
account all of the internal costs associated with ash disposal. This disposal value also had not
accounted for anticipated cost increases based on changing ash disposal regulations, nor did it take

into account various ash disposal levels as could be anticipated due to lost fly ash sales.

GRE and Headwaters Resources, Inc (HRI), GRE’s strategic partner in the sales and distribution of
fly ash, have invested heavily into fly ash sales infrastructure including terminals and storage
facilities, conveying equipment, scales and train car shuttles. HRI financed GRE’s portion of the
infrastructure through a per ton payment on fly ash sales. The current ash sales contract requires
payments to GRE that total 30% of the $41 (20118) FOB price or $12.30 per ton (20118$) of ash that

1s delivered.

Considerable effort has been taken to clarify the impacts that SNCR installation will have on GRE’s
ash management methods, overall disposal costs and reduction in ash sales revenues. In short, Great
River Energy firmly believes, and EPA acknowledges in its proposed FIP, that SNCR may have a

detrimental impact to ash sales. The Golder analysis represents these risk ranging from a worst case




100% lost fly ash sales, to an optimistic 30% lost sales, as shown in their Scenarios B and C,
respectively. For the sole purpose of defining a baseline, a hypothetical Scenario A “No Ash

Impacts,” has also been included as a reference point.

2.2.5 SNCR’s Impact on Ash Management Options

Fly ash from CCS is used throughout the Upper Midwest to replace a portion of Portland cement in
concrete production, making the concrete more durable and longer lasting. Ash generated at Coal
Creek Station has chemical and physical properties that make it an extremely desirable ash in the
concrete market. Coal Creek Station currently generates approximately 525,000 tons of fly ash per
year. Approximately 415,000 tons of that ash is sold as a Portland cement replacement. Coal Creek
fly ash has been used in many large-scale projects such as construction of the new Interstate-35W

Bridge after its collapse.

The beneficial use of fly ash also has a strong positive economic benefit to Great River Energy, and
the regional economy. We started selling fly ash nearly three decades ago. In that time, we have
grown this activity into a sizable annual revenue stream. The addition of SNCR will have a negative
impact on the marketability, value and perception of Coal Creek Station’s fly ash. The addition of
ammonia into the combustion process leaves an ammonia residue on the ash that can cause aesthetic
and worker safety issues during the use of the ash. The residual ammonia in the ash eventually off-
gases and creates odors which are offensive, are potentially dangerous to human health, and can even
pose an explosion risk. Section 1-2 of EPA’s Pollution Control Cost Manual recognizes this fact and

states the following:

Ammonia sulfates also deposit on the fly ash that is collected by particulate removal
equipment. The ammonia sulfates are stable until introduced into an aqueous
environment with an elevated pH levels. Under these conditions, ammonia gas can
release into the atmosphere. These results in an odor problem or, in extreme instances, a
health and safety concern. Plants that burn alkali coal or mix the fly ash with alkali
materials can have fly ash with high pH. In general, fly ash is either disposed of as waste

or sold as a byproduct for use in processes such as concrete admixture. Ammonia content

in the fly ash greater than 5 ppm can result in off-gassing which would impact the

18



salability of the ash as a byproduct and the storage and disposal of the ash by
landfill.*°(emphasis added)

The range of residual ammonia left with the fly ash can vary with each installation of SNCR.
Ammonia slip of only 5 ppm, generally accepted as the minimum that can be achieved with SNCR,
can render fly ash unmarketable. (URS, Appendix B) Even in those systems where residual ammonia
is generally low, there will be times of increased ammonia slip based on plant operations. As the
plant output varies due to market demand or startup/shutdown activity, varying levels of ammonia
will be used to control NOx and, consequently, the levels in the ash will change. Variable ammonia
levels in the ash create additional complexity to both sales and/or treatment, and will result in

increased disposal.

2.2.6 Ammonia Mitigation Technology

Great River Energy is committed to ash re-use due to its economic and environmental benefits.
Therefore, we anticipate additional capital and operating costs to treat the ash in order to ideally
preserve a percentage of ash sales. With respect to ammoniated ash treatment, Ammonia Slip
Mitigation (ASM) technology refers to a variety of technologies that have been designed to improve
the marketability of ammoniated ash. These technologies fall into two rough categories, combustion
or carbon burn out (CBO) and chemical treatment. CBO is the process of running the ash through an
additional combustion unit that would combust and burn out the residual carbon and ammonia that is
with the ash. This is a capital intensive technology that also has high operating costs. The second
category of ASM technology is generally referred to as chemical treatment. These treatment
technologies involve creating a chemical or physical reaction that results in the off-gassing of the
residual ammonia. These treatment technologies are generally less costly than CBO. For purposes of
this more refined analysis, GRE contracted with Golder Associates to provide a detailed cost estimate
of one particular chemical treatment technology as a potentially cost effective option. The detailed

cost estimate can be found in Appendix C.

Even with a cost effective ASM technology installed, there will be times when the residual ammonia
levels in the ash are too high to treat. Ammonia injection rates will vary during periods of startup
and shutdown, in addition to variable load operation, in order to maintain compliance with the BART

limits. Variable ammonia injection rates and associated changes in ash concentrations will result in

19



frequent testing and periodic rejection of ash for on-site disposal. Further, variable ammoniated ash
levels will put GRE’s generated ash in a very vulnerable position with respect to competitors in the

fly ash marketplace, reducing ash sales and increasing on-site disposal.

2.2.7 Ash Disposal Scenario Cost Summaries

Appendix C contains a technical assessment and cost analysis of ammonia slip mitigation technology
and ash disposal under RCRA Subtitle D design standards. To address the uncertainty regarding costs
associated with ammoniated ash management and disposal, a range of costs is presented. These costs
are based on three scenarios described below. Table 2.2 shows the volumes of ash produced, sold and

disposed of in each scenario. For a more detailed description please see Appendix C.

Scenario A (current ash sales levels) — This scenario is the base case with fly ash sales equal to the
average sales over the past few years. The scenario assumes that fly ash will be disposed of in a new
landfill with a design based on RCRA Subtitle D practices, and has a 20-year disposal capacity. No
post processing of the fly ash is required to maintain 100% marketability. (Golder 2011) This
hypothetical scenario is not considered to be a possible option for future ash management costs but

serves as a point of reference for understanding future impacts.

Scenario B (No ash sales) — This “worst case” scenario assumes that the ammonia slip impact of

SNCR makes fly ash at CCS completely unsalable. The scenario also assumes that fly ash will be
disposed of in a new landfill with a design based on RCRA Subtitle D practices, and has a 20-year
disposal capacity. (Golder 2011)

Scenario C (30% sales reduction, ASM costs) — This “realistic” scenario assumes that Headwater’s
ASM technology will be viable for ammonia-impacted fly ash at CCS. However, sales will be
reduced from current sales levels due to load swing impacts on ammonia slip, market conditions, and
other factors previously identified. The scenario also assumes that fly ash will be disposed of in a
new landfill with a design based on RCRA Subtitle D practices, and has a 20-year disposal capacity.
(Golder 2011)
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Table 2.2 Fly Ash Sales and Disposal Tons

Scenario A Scenario B Scenario C
(Current Sales) (No Sales) (Reduced Sales, ASM)

Fly Ash Produced 525,000 525,000 525,000
(ton/yr)

Fly Ash Sold 415,000 0 290,500
(ton/yr)

Fly Ash Disposed 110,000 525,000 234,500
(ton/yr)

It is clear in EPA’s proposed FIP that the installation of SNCR may negatively impact ash sales''.

Our knowledge of the ash marketplace, SNCR systems, and treatment technologies confirm that the
installation of SNCR will have a detrimental impact on the salability of fly ash. GRE believes that
Scenario A, which represents no impact to ash sales, is extremely unlikely. Nevertheless, we present

it as a point of reference for better quantifying the ash impacts from SNCR installation.

GRE believes that scenario B (zero ash sales) is a likely outcome, but we hope that through
investment in ASM technology we will be able to preserve some of the ash sales. To model partial
ash sales, we created Scenario C. Scenario C assumes an investment in ASM technology and a

reduction of ash sales by 30%.

It is not possible to determine exactly what percent of ash sales would be lost based on the
installation of the SNCR and ammonia mitigation technologies at Coal Creek Station. There are no
plants in the country with both of these technologies operating together on a lignite-fired unit. In
fact, the vendor responsible for the ammonia mitigation technology will not guarantee the

technology’s performance at Coal Creek Station.

" Federal Register / Vol. 76, No. 183 / Wednesday, September 21, 2011 / Page 58620.

“Regarding this value for fly ash sales, North Dakota concluded that SCR and SNCR use at Coal Creek would likely result
in NH3 in the fly ash due to NH3 slip which would negatively affect fly ash salability. According to Great River Energy
and North Dakota, fly ash that is currently beneficially used in the production of concrete would, instead, be landfilled.
While we have opted to agree that fly ash will not be saleable for the SNCR and SCR options for purposes of our cost
analyses, we are seeking comment on this issue, particularly related to the levels of NHs3 that fly ash marketers deem
problematic, and the availability, applicability, and cost of applying NH3 mitigation techniques to fly ash derived from

lignite coal.”
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Across the country there are examples of plants that have SCR or SNCR and sell most of their ash,
however, there are also others that sell none of their ash. It is a very site-specific scenario and
depends on the type of coal, type of combustion, type of ash collection, plant operation (cycling %
load), type of ammonia mitigation technology (if any), and how the SNCR or SCR system has been

designed, installed and implemented. Each and every site is very different.

For the sake of modeling the costs related to lost ash sales we determined it was important to model a
middle ground between 0% lost ash sales and 100% lost ash sales. There is a strong possibility that
all ash sales will be lost and a zero chance that 100% ash sales will be maintained; some middle
option needed to be considered. We looked across the industry to determine the best scenario for a
moderate outcome. The 30% lost ash sales figure reflects a reasonable and optimistic (i.e.,
conservative) outcome that can be justified based on our understanding of plant operations and the

ash markets in which we compete for sales.

The only plant (Eastlake) in the U.S. operating with the discussed ammonia mitigation technology
operates under a very different scenario. This plant mixes the ammoniated ash with a non-
ammoniated ash prior to sales. Thus, Eastlake is able to sell up to approximately 85% of its ash.
However, Coal Creek Station is unlike the Eastlake plant. Increased load variation at CCS, adjusting
plant output to match the MISO market in which we operate, can lead to upsets in the SNCR system

and higher levels of ammonia in the ash.

The addition of ammonia mitigation technology and additional handling and processing steps will
also increase the cost of ash to the end users. As our price point in the market increases, we will face

increased competition and will lose some sales to competing ash sources.

In addition, consistency is a prized trait for a fly ash that is marketed to the cement industry. The
addition of SNCR will have a detrimental impact on the consistency of the market product.
Decreased consistency will lead to lower demand for the ash and will result in some lost sales to

competing ash sources.

Predicting exactly what impact all of these factors will have on our ash sales is not possible. Based
on our investigation and knowledge, and that of the experts we consulted, we concluded it is very
likely that we will lose 50% or more of our ash sales. We chose to model 30% loss in sales as a

conservative scenario that likely underestimates the real impact of this technology on ash sales.
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Furthermore, in our modeling scenarios, we assumed that the future regulation of coal ash would not
be subject to RCRA Subtitle C requirements. Consistent with our comments to EPA’s docket during
its Coal Combustion Residuals rulemaking, we believe Subtitle C regulation of coal ash is
unwarranted and unnecessary. Nevertheless, EPA has proposed it as one option for a final rule.
Subtitle C regulation of coal ash would significantly increase our cost to handle and dispose of our

ash. Subtitle C regulation has not been included in our scenarios.

In summary, we consider a 30% scenario to be a very optimistic view of the future that relies on the
successful implementation of a technology that cannot currently be guaranteed by the vendor and has
never been installed on lignite-fired units. This scenario also quantifies increased disposal costs, in
addition to some GRE-specific economic benefit from preserved ash sales. None of the scenarios
attempt to capture economic impacts to GRE’s strategic partners or other regional entities, but these
impacts are mentioned in Section 3.2 and should also be taken into consideration when making a

final BART determination.

2.2.8 Ash Management Costs

There are three major cost categories to be considered in each of these scenarios;

e Fly ash disposal cost estimates,
e Ammonia slip mitigation costs, and
e Lost fly ash sales revenue

Each cost area is summarized below. For a more detailed assessment, see Appendix C.

2.2.9 Fly Ash Disposal Cost Estimates

Given significant uncertainty with pending regulatory requirements such as RCRA Subtitles C and D,
with ammonia slip treatment technologies, and with market reactions to ammoniated ash, Great River
Energy has developed essentially three scenarios that attempt to capture a range of possibilities
associated with SNCR installation. For all three scenarios, a 20-year disposal capacity and a RCRA
Subtitle D design is assumed. It is also assumed that the landfill will be built on property not
currently owned by GRE, as GRE does not currently have a suitable location for siting a Subtitle D
landfill. For this cost estimate, it is assumed that property just west of the plant property would be
purchased for the new facility. Landfill size is based on a 20-year fly ash disposal capacity. For the
three scenarios, this varies between 2.2 million and 10.5 million tons of capacity. For each scenario,
Golder developed a simplified landfill footprint that would provide the 20-year fly ash disposal

capacity.
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The cost estimate includes costs for the life of the disposal facility including engineering, design, and
permitting; construction; and operations and maintenance, including closure and post-closure care.
Golder used actual costs from similar projects at CCS, local contractor rates, RS Means manuals

(RS Means 2010), and professional judgment to develop this cost estimate. Sources and assumptions

are documented. Some general assumptions for the cost estimate include:

e All costs are estimated in 2011 dollars.

e Capital costs are annualized based on a 20-year life and 5.5% interest rate.

o Existing fly ash processing equipment (silos, unloaders, etc.) is not included. Disposal costs
begin once the haul trucks are loaded with fly ash.

o Existing fly ash sales infrastructure (silos, scales, rail facilities) and operations and maintenance
are not included.

e Disposal costs only include fly ash disposal and not facility airspace or operations and
maintenance for other coal combustion products produced at CCS. (Golder 2011)

Table 2.3 Disposal Cost Summary (2011$)
Scenario A Scenario B Scenario C
(Current Sales) | (No Sales) (Reduced Sales, ASM)
Fly Ash Disposed 110,000 525,000 234,500
(ton/yr)
Total Disposal Cost $18.06 $11.18 $13.91
($/ton)
Annual Disposal Cost | ¢, 40, 500 | $5,870,000 $3,262,000
($/yr)
Annual Increase in Disposal Cost
Compared to Scenario A - $3,883,000 $1,275,000
($/yr)
Incremental Increase in Disposal Cost
Compared to Scenario A - $7.40 $5.44
($/ton) *

*These values are used in the BART analysis as they represent the only the incremental costs above the
baseline costs which would be incurred with or without the installation of SNCR.

2.2.10Ammonia Slip Mitigation Costs

Post-processing of ammonia slip impacted fly ash by Headwater’s ASM technology is proposed as an
option to maintain fly ash sales. This post-processing is only being applied to the sold fly ash tonnage in
Scenario C. Depending upon the plant power profile and how the fly ash distribution system is setup, it is
likely that additional tons of fly ash will be treated and disposed, but these potential cost impacts are not

included. The cost impact for ASM post-processing is shown in Table 2.4. (Golder 2011)
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Table 2.4 ASM Post-Processing Costs (Golder 2011)

Scenario A Scenario B Scenario C
(Current Sales) (No Sales) (Reduced Sales, ASM)
ASM Unit Rate Capital and O&M $0.00 $0.00 $5.61
($/ton sold)
ASM Annual Capital and O&M ($/yr) o) S0 $1,629,000

2.2.11Lost Fly Ash Sales Revenue

The current fly ash sales are supported by a large investment in capital infrastructure as well as a large

operations and maintenance contingency. Changes to the quantity of fly ash marketed and sold will have

a direct impact on fly ash management costs, as the revenue currently used to offset fly ash management

will be lost. The lost fly ash sales revenue is based on the 2010 average price per ton FOB of $41.00;

with 30% of the sale price going to GRE as revenue. The cost impact of the potential loss in fly ash sales

in shown in Table 2.5. (Golder 2011)

Table 2.5 Lost Fly Ash Sales (Golder 2011)
Scenario A Scenario B Scenario C
(Current Sales) (No Sales) (Reduced Sales, ASM)
Lost Fly Ash Sales Revenue
$12.30 $12.30 $12.30
($/ton lost sales)
Annual Lost Fly Ash Sales Revenue ($/yr) SO $5,105,000 $1,531,000

2.2.12Total Fly Ash Management Costs

The combination of the ASM post-processing, fly ash disposal, and lost fly ash sales revenue is shown in

Table 2.6. This table represents the total economic impact of SNCR installation on GRE’s fly ash

management in two likely scenarios; a total loss of ash sales and a 30% reduction in ash sales.
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Table 2.6 Total Fly Ash Management Costs (Golder 2011)

Scenario A Scenario B Scenario C
(Current Sales) (No Sales) (Reduced Sales, ASM)
Total (Disposal + Post Processing + Lost Sales)
Annual Cost (S/yr) $1,987,000 $10,975,000 $6,422,000
Unit Cost ($/ton produced) $3.79 $20.91 $12.23
Additional Cost (Scenario B/C - Scenario A)
Fly Ash Management Cost ($/yr) - $8,988,000 $4,435,000
Fly Ash Management Cost
- $17.12 $8.45
(S/ton produced)

2.2.13BART Analysis Ash Disposal Cost Summary®*?

While the exact impacts to Coal Creek Station’s ash are unknown, mandating SNCR will leave GRE
in a vulnerable position where we would expect to incur significantly higher costs from lost ash sales
and increased landfilling. Based on the detailed technical review discussed above and included as
Appendix C, GRE proposes a range of ash disposal costs and lost ash sales revenue figures in the
BART analysis. None of the scenarios consider the significant cost impact of potential RCRA

Subtitle C regulation in the future.

Scenario B represents the highest cost scenario with a total annual additional cost of $8,988,000. The
total cost includes lost ash sales revenue of $5,105,000 (Table 2.5) and an additional annual ash

disposal cost of $3,883,000 or $7.40 per ton disposed (Table 2.3).

Scenario C represents an optimistically low cost scenario with a total annual additional cost of
$4,435,000. The total cost includes lost ash sales revenue of $1,531,000 (Table 2.5) and an additional
annual ash disposal cost of $1,275,000 or $5.44 per ton disposed (Table 2.3). Scenario C also
includes a Ammonia Slip Mitigation cost of $5.61 per ton of ash reused for an additional annual cost
of $1,629,000 (Table 2.4).

'2 All costs within this section are presented in 20118.
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3.0 Integrated NOx Control and Ash Impact Impacts
Analyses

This section will integrate the revised baseline emissions, the refined URS SNCR Analysis and the
Golder Ash Impact Analysis. It will then provide a summary table with associated cost per ton and

incremental cost per ton values.

3.1 SNCR Control Cost Analysis

As discussed in Section 2.1.3, baseline NOx emissions are adjusted to reflect existing controls.

Based on the updated baseline, Table 3.1 summarizes the anticipated control costs for additional NOx
controls. It includes more refined SNCR costs for CCS Units 1 and 2 (See URS Report Appendix B).
It also includes cost scenarios from the Golder Associates Fly Ash Storage and Ammonia Slip
Mitigation Technology Evaluation (See Appendix C). It should be noted that the controlled NOx
emission concentrations and mass rates have been evaluated on an annual average basis and are not
representative of anticipated operation on a shorter scale averaging period (30-day rolling or 24-hour
rolling), consistent with BART guidance that costs be normalized to the expected annual emissions
reduction. The 30-day rolling limits are intended to be inclusive of unit startup and shutdown as well
as variability in load. Consequently, associated BART limits must be higher than stated annual
averages used for estimating cost effectiveness (e.g., LNC3+ is evaluated at 0.153 1b NOx/MMBtu
on an annual average basis with an anticipated 30-day rolling limit of 0.17 Ib NOx/MMBtu). Costs

are valued on a present (2011) dollars basis.

Considerable effort has been taken to clarify the impacts that SNCR installation will have on GRE’s
ash management methods, overall disposal costs and reduction in ash sales revenues. In short, Great
River Energy firmly believes, and EPA acknowledges in its proposed FIP, that SNCR may have a
detrimental impact to ash sales. The Golder analysis represents these risk ranging from a worst case
100% lost fly ash sales, to an optimistic 30% lost sales, as shown in their Scenarios B and C,
respectively. For the sole purpose of defining a baseline, a hypothetical Scenario A “No Ash

Impacts,” has also been included as a reference point.
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Table 3.1 Control Cost Summary (2011%)

Control Emission
Eff. Reduction Installed Pollution
NOx From from Capital Annualized Control
Unit Emissions Baseline Baseline Cost Operating Cost Incremental Cost
1D Control Description (Ib/MMBtu) (%) (T/yr) (SMM) Cost (SMM) ($/ton) $/ton
SNCR, LNC3+, 100%
Lost Ash Sales $8.878 $5,821 $19,125
(Scenario B)
SNCR, LNC3+, 30%
Lost Ash Sales 0.122 33% 1,525.2 $17.873 $6.602 $4,329 $13,762
(Scenario C)
SNCR, LNC3+, No
Ash Impacts $4.384 $2,875 58,534
Unit
(Scenario A)
1
SNCR, 100% Lost Ash
$8.795 $7,629
Sales (Scenario B)
NA — Inferior
SNCR, 30% Lost Ash
0.150 25% 1,152.8 $12.176 $6.519 $5,655 Control
Sales (Scenario C)
SNCR, No Ash
54.301 $3,731
Impacts (Scenario A)
LNC3+ 0.153 24% 1,100.9 $6.079 $0.763 $693 $693
Baseline (LNC3) 0.200 NA-Base NA-Base NA-Base NA-Base NA-Base NA-Base
SNCR, 100% Lost Ash
$8.115 $10,505 $10,505
Sales (Scenario B)
Unit | SNCR, 30% Lost Ash
0.122 20% 772.5 $11.794 $5.839 $7,559 $7,559
2 Sales (Scenario C)
SNCR, No Ash
5$3.621 54,688 54,688
Impacts (Scenario A)
Baseline — LNC3+ 0.153 NA-Base NA-Base NA-Base NA-Base NA-Base NA-Base

Scenario A (No Ash Impacts) is provided for reference only and does not represent a feasible control option.

Below is provided the least cost envelope illustrated graphically. Only dominant controls falling

within the least cost envelope were further analyzed for incremental feasibility. Inferior technologies

are deemed not cost effective.
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Figure 3.1 Incremental NOx Analysis
The remaining feasible technologies are illustrated on the basis of annualized emission

reduction in tons per year and total annualized cost in millions of dollars per year.

This refined economic impacts analysis confirms GRE’s original conclusion that SNCR is not a cost
effective NOx control option. From Table 3.1, it would appear as if Unit 1 SNCR — No Ash Impacts
would be cost effect on a dollar per ton basis according to the State of ND thresholds, but in
understanding that this scenario is considered hypothetical since some level of ash impacts are
expected, and the incremental cost per ton is an order of magnitude higher than anything deemed cost
effective. The disparity in the incremental costs occurs due to the fact that the DryFining ™ with
LNC3+ technology could achieve the associated emissions reduction indicated for the SNCR
technology. As highlighted, the “most realistic” or optimistic scenario is 30% lost ash sales, with cost
exceeding $4,000 (20118) per ton of NOx controlled. This value is higher than EPA’s determination
of economic infeasibility for SCR for CCS at around $4,000/ton (201183) of NOx removed stated in
the FIP.
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Although not directly incorporated into GRE’s capital and operating control costs presented above,

NDDH must also consider additional impacts, such as indirect and stranded cost components

discussed in Section 3.2 and Section 3.3.

3.2 Additional Impacts

GRE provides these additional impact considerations not found in the original BART analysis as

important to North Dakota in making its final BART determination.

The use of DryFining™ technology that has already been implemented for use at both units at
a cost of $270 million. GRE has made a significant investment to achieve multi-pollutant

emission reductions and visibility improvements in the region.

At the time of this submittal, GRE has already installed LNC3+ combustion controls at Unit
2.In 2011 dollars, this was at a cost of over $6 million and has already resulted in NOx
reductions. The same system is currently tentatively scheduled to be installed on Unit 1

during the 2014 outage.

Ash infrastructure investments of over $31 million have been made to date for management
and sale of Coal Creek Station’s ash. Over $7 million of the total investment have been made

by GRE, directly.

The DryFining™ technology provides a dual emission improvement for the total BART
analysis. In order to achieve 100% scrubbing for the SO, analysis GRE must reduce the
moisture, related air flow and therefore the total mass of flue gas travelling through the
absorbers in the scrubber. DryFining™ will be implemented to its fullest extent by the BART

compliance deadline.

3.2.1 Regional Impact from Ash Sales Revenue

The BART analysis does not take into account additional regional economic impacts resulting from

the reduction or elimination of CCS ash sales. In order to estimate these regional impacts, one can

use the freight on board (FOB) price of the ash at $41 (2011$), and subtract GRE’s share of that

revenue at $12.30 (201183). Therefore, SNCR installation would reduce or eliminate ash sales,

eliminating an additional $28.70/ton (20118$) from the local and regional economy. This could result

in a loss of as much as $11,910,500 (20118$) per year from the local and regional economy. In

addition to these regional economic impacts, there are other impacts that must also be considered.
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3.2.2 Fly Ash is Important to the National Economy

Fly ash is an important part of the regional and national economy. The National Association of
Manufacturers reported in 2010 that Coal Combustion Residuals (CCRs) contribute $6-11 billion
annually to the U.S. economy through revenues from sales for beneficial use, avoided cost of
disposal, and savings from use as a sustainable building material.'” The beneficial use of fly ash and
other CCRs are directly responsible for a large number of jobs throughout the country. A 2011 report
by Veritas found that “Approximately 10.6 million tons of coal combustion residuals were used in
concrete-related products during 2009. Those products provided employment for 240,100
manufacturing workers, 78,480 foundation, structure, and building exterior workers and many of the

102,350 nonresidential building construction workers during 2010.” (Veritas 2011'?)

3.2.3 Fly Ash is Important to Regional and National Infrastructure

The American Road and Transportation Builders Association'> completed a report in 2011 that
highlighted the importance of fly ash as a component of road and bridge construction across the
country. Their research found that the elimination of fly ash as a construction material would
increase the average annual cost of building roads, runways and bridges in the United States by
nearly $5.23 billion. This total includes $2.5 billion in materials price increases, $930 million in
additional repair work and $1.8 billion in bridge work. The additional costs would total $104.6

billion over 20 years.

3.2.4 Environmental Benefits of Ash Reuse

The use of fly ash as a replacement for cement has many environmental benefits. As a result of the
increased use of fly ash, less land is disturbed for quarrying raw materials, less land is taken out of
production for landfills, and less carbon dioxide (CO,) is emitted into the atmosphere to make
cement. Using one ton of fly ash instead of Portland cement reduces up to one ton of greenhouse gas
emissions. Inversely, by contaminating the ash with ammonia, and increasing ash disposal, there will
be a corresponding 1-to-1 ton increase in CO, emissions from using more Portland cement. These

CO, emissions are not trivial.

PReport available at: http://www.regulations.gov/#!documentDetail;D=EPA -HQ-RCRA-2009-0640-6992.

4 Available at: http://www.recyclingfirst.org/pdfs/101.pdf.

15 Available at: http://www.artba.org/mediafiles/study2011flyash.pdf.
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3.2.5 Additional Ash Management Cost Considerations
The ash management costs detailed in this report are considered to be conservative figures from
reasonable assumptions that most likely underestimate GRE’s future expenditures on ash

management.

The ash analysis envisions that all future disposal facilities will be designed and constructed to
RCRA subtitle D standards. EPA is currently proceeding with an ash disposal rulemaking that will
create uniform national disposal standards under RCRA subtitle D, the far more stringent Subtitle C
(Hazardous Waste), or some hybrid approach that takes some requirements from each Subtitle D and
C. The cost of complying with a Subtitle C rule would vastly exceed the amounts discussed in this

report. This analysis reasonably assumes Subtitle D.

The ash disposal costs discussed above are portrayed as three scenario costs: a baseline which
represents current ash sales figures; a scenario where all ash must be disposed of; and a scenario
where ash sales are reduced by 30% from the baseline. There is significant uncertainty regarding
specific impacts to beneficial reuse if SNCR were installed. The zero ash sales scenario (Scenario B)
is very possible and is an outcome that we hope to avoid. Scenario C captures a “hybrid” estimate of
the future where some ash is beneficially used and some additional ash must be disposed. For the
hybrid scenario, we chose a 30% reduction in sales. This 30% estimate is an optimistic figure of
preserved ash sales at 70%. It is quite possible that the amount of ash requiring disposal could easily
represent a 50%, 70% or larger reduction in fly ash sales. For this reason, Scenario C is likely to

produce ash management costs that are lower than will actually be encountered.

As discussed above, there are a variety of different Ammonia Slip Mitigation (ASM) technologies
available. Most of these technologies have only been installed at a small number of generating units
and, to GRE’s knowledge, no lignite-fired unit is currently operating SNCR and ASM technology.'
Of all ASM technologies that were investigated, the Headwaters technology was the least expensive.
If the Headwaters ASM technology fails to function properly on lignite, it is likely that we would

incur significantly larger costs to preserve the beneficial reuse of some portion of our fly ash.

' It is important to note that Headwaters ASM technical staff have stated that this technology has not been

tested on a lignite unit and they would not guarantee any level of performance if installed at CCS.
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The EPA Pollution Control Cost Manual (2002) does not allow GRE to include in our BART analysis
the value of previously purchased assets that would be rendered useless by the elimination or
reduction of fly ash sales. GRE and its strategic partner, Headwaters Resources, have invested $31

million on ash storage, transportation and distribution infrastructure.

3.3 SNCR Visibility Impacts

It is known that NOx contributes to ammonium nitrate formation, which is predominantly a winter
“haze” contributor. For purposes of valuing the welfare effects of recreational visibility, it is
important to consider that the North Dakota national parks are generally not in high use during the
winter season. If required to install SNCR, GRE will pay an extreme price per deciview resulting in

imperceptible improvements for a time of year when the parks are generally not used.

To satisfy EPA’s proposed Federal Implementation Plan, Coal Creek Station would need to install
SNCR technology to reach a NOx emissions level that is 29% lower than EPA’s presumptive BART.
Yet, the extensive modeling performed as part of the BART analysis concludes that the installation
of SNCR, at an emission rate of 0.12 Ib/mmBtu, will have an imperceptible improvement in
visibility, ranging from 0.05 deciview (dV) to 0.18 dV in the Class I areas near the facility. This is
far less than one-half of what EPA has determined to be perceptible to the human eye (0.50 dV)"". As
such, it is not justifiable for GRE to incur the added cost of SNCR without any appreciable

improvement in visibility.

It is worth noting that SNCR will result in ammonia emissions to the atmosphere. Ammonia is a
listed state toxic in North Dakota, and is viewed as a contributor to regional haze because it can bond
with sulfur dioxide and nitrogen oxides to form ammonium sulfate and ammonium nitrate aerosols
Consequently, GRE does not believe that SNCR is a cost effective technology for improving
visibility.

3.3.1 CCS Modeled Visibility Impacts
Under EPA’s modeling guidelines, it is necessary to develop a 24-hour maximum anticipated
emission rate for each control technology in order to assess visibility impacts. GRE assumes that on a

30-day rolling basis, combustion and post-combustion NOx controls can experience emissions that

' Federal Register / Vol. 76, No. 183 / Wednesday, September 21, 2011.
FR discusses State’s ability to consider potential impacts for VOC and ammonia although full analyses may

not be required.
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are approximately 10% higher than their annual design basis. Similarly, for assessing a 24-hour
maximum emission rate, GRE assumes emissions will be up to 20% higher than the annual design

rate for a given control.

GRE presented a full evaluation of anticipated cost per unit visibility impairment (A-dV) in its final
BART analysis (Dec 2007). Pollutant interaction has an impact on modeled visibility impairment
and, as such, GRE believes that modeling changes to NOx emission rates alone will not provide
visibility modeling results that are representative of actual emission controls. This may overstate
visibility improvement as compared to modeling NOx, SO, and fine PM together. However, for the
purpose of illustrating the relative visibility impacts of SNCR and LNC3+, an analysis of the

difference in modeled impacts is presented in Table 3.2.

An incremental cost per deciview analysis is also included in Table 3.2. This comparison relies on
the annualized operating costs presented in Table 3.1, and represents the difference in annualized
capital costs between the two controls compared to the change in average visibility impairment for

the 98™ percentile over the three modeled years for the same controls.

Table 3.2 Difference in Impairment and Incremental Cost for LNC3+ with Tuning and SNCR with
LNC3+

Incremental
Average Cost per dV
Unit ID 2000 (dV) | 2001 (dV) | 2002 (dV) (dv) (MMS/dV)[1]

Unit 1 0.031 0.044 0.093 0.056 $103.81
Unit1&?2 0.062 0.083 0.172 0.106 $110.26
[1] Incremental cost comparison (2011$) of LNC3+ with SNCR with LNC3+ at 30% lost ash
sales.

The visibility analysis demonstrates that SNCR will not result in actual improvement to visibility in
North Dakota’s affected Class I areas, and potential modeled improvements will come at a
prohibitive incremental cost exceeding $100 million (20118) per deciview. Utilities in North Dakota
only contribute ~6% to total NOx emissions in the State. Consequently, any additional utility NOx
reductions will not have an appreciable effect on visibility improvement. Additional details regarding

modeling inputs and visibility impairment is presented in Appendix D.
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4.0 Conclusions

Great River Energy provided BART Determinations utilizing the 5 step process in 2007. Until now,
Great River Energy has provided screening level analyses and assumptions with respect to SNCR
installation. Due to EPA’s proposed FIP, and its assertion that SNCR is cost effective for Coal Creek
Station, Great River Energy responds with more refined analyses in three primary areas. This refined
analysis reevaluates the last two steps of the BART Determination process for LNC3+ and SNCR
technology at Coal Creek Station.

First, URS provides a site specific evaluation of SNCR effectiveness at Coal Creek Station, which
results in lower projected emissions reductions from this control. These emission estimates clearly
change the basis for any cost effective determination. Consideration for startup and shutdown
emissions, circumferential cracking and load variations should also factor into this determination as

discussed in Section 2.2.

Second, URS reviewed and updated both capital and operating costs for SNCR, based on their
expertise and site specific investigation. These values were relatively consistent with values
presented to EPA in June and July 2011, but are somewhat higher than the screening values presented

in the original BART analysis.

Third, Golder Associates conducted a detail ash impact analysis associated with a range of costs from
contaminating the fly ash with ammonia from SNCR. While the exact impacts to Coal Creek
Station’s ash management and sales are unknown, mandating SNCR will leave GRE in a vulnerable
position where we would expect to incur significantly higher costs from lost ash sales and increased
landfilling. Based on a detailed technical review GRE would expect to incur additional ash annual

costs somewhere between $4,435,000 and $8,988,000 (20113).

The final two steps of the BART Determination include Step 4 - “Evaluate Impacts and Document
Results” and Step 5 — “Evaluate Visibility Impacts”. In evaluating the impacts of Unit 1’s
technologies it was concluded that installation of SNCR alone (without LNC3+) is an economic
inferior technology and therefore is not further evaluated incrementally. When the SNCR and LNC3+
technologies were evaluated together for Unit 1 and Unit 2 they were deemed not cost effective on an
incremental basis and therefore not an appropriate BART technology. GRE included the visibility
tables for the associated LNC3+, and SNCR cases presented in Table 3.1. The final conclusion for

the visibility impacts is that based on our refined analysis the state Class I areas would not see any
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perceptible improvement in visibility by requiring a level of NOx control above LNC3+ for CCS, and

additional reductions would be cost prohibitive on a dollar per deciview basis (Table 3.2).

When the three refined analyses of the final two steps of the BART Determination process are
combined and evaluated, it clearly demonstrates that the presumptive NOx limit of 0.17 Ib/mmBtu is

both cost effective and results in significant visibility improvements in North Dakota’s Class I areas.

On strictly a cost effective basis, SNCR can be ruled not cost effective for Unit 2, especially when
the GRE specific risks and costs associated with this technology are included. On an incremental
cost effectiveness basis, SNCR can be ruled not cost effective for Unit 1, also considering the GRE
specific risks and costs associated with this technology. As noted, there are additional economic and

visibility impacts associated with SNCR that further preclude it from consideration.
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Pollution Control Cost Evaluations



Great River Energy Coal Creek Station
BART Supplement - NOx Emission Control Cost Analysis

Table A-1: Cost Summary

NO, Control Cost Summary - Unit 1

Annual Designed Controlled
Emissions Control Eff % from | Emissions Emission Installed Capital Annualized Control |Pollution Control Cost [ Annual Incremental |See Table XX for additional
Case |Control Technology [1] Ib/MMBtu Baseline [3] T/yr Reduction T/yr Cost MMS$ Cost MMS/yr $/ton Cost $/ton [4] information
SNCR + LNC3+ - 100% Lost Ash Sales $8.878 $5,821 $19,125 A-4, A-10
3[2] |SNCR + LNC3+ - 30% Lost Ash Sales 0.122 33% 3,086.2 1,525.2 $17.873 $6.602 $4,329 $13,762 A-4, A-9
SNCR - 100% Lost Ash Sales $8.795 $7,629 NA - Inferior Control A-7
2 SNCR - 30% Lost Ash Sales 0.150 25% 3,458.5 1,152.8 $12.176 $6.519 $5,655 NA - Inferior Control A-6
1 [LNC3+ 0.153 24% 3,510.5 1,100.9 $6.079 $0.763 $693 $693 A-4
0 Baseline Control - Standard LNC3 0.200 NA-Base 4,611.4 NA-Base NA-Base NA-Base NA-Base NA-Base A-3
NO, Control Cost Summary - Unit 2
Annual Designed Controlled
Emissions Control Eff % from | Emissions Emission Installed Capital Annualized Control |Pollution Control Cost [ Annual Incremental [See Table XX for additional
Case |Control Technology [1] Ib/MMBtu Baseline [3] T/yr Reduction T/yr Cost MMS$ Cost MMS/yr $/ton Cost $/ton [4] information
SNCR - 100% Lost Ash Sales $11.794 $8.115 $10,505 $10,505 A-10
1 [SNCR - 30% Lost Ash Sales 0.122 20% 3,089.8 772.5 $11.794 $5.839 $7,559 $7,559 A-9
0 Baseline Control - LNC3+ 0.153 NA-Base 3,862.3 NA-Base NA-Base NA-Base NA-Base NA-Base A-3
(1] Ash impact scenarios align with November 2011 Golder report.
No Ash Impacts - Golder Scenario A;
30% Lost Ash Sales - Golder Scenario C
100% Lost Ash Sales - Golder Scenario B
[2] Capital costs for combined control scenario on Unit 1 are calculated using LNC3+ costs for Unit 1 (scenario 1) and SNCR costs for Unit 2, as unit 2 presently has LNC3+ installed.
[3] Calculated on a mass basis.
[4] Incremental costs calculated as the difference in annualized operating cost divided by the difference in emission reduction for the next lowest level of dominant control.

Cost Summary




Great River Energy Coal Creek Station
BART Supplement - NOx Emission Control Cost Analysis
Table A-2: Emission Inventory Data / Baseline Emission Rate for BART Control Cost Analysis

Equipment Information: GRE Coal Creek Unit | 6015 MMBtu/hr Baseline Emis

Year (12-Month Avg. Period) Jul 2010 - Jun 2011 Aug 2010 - Jul 2011 | Sep 2010 - Aug 2011 Oct 2010 - Sep 2011 | Nov 2010 -Oct 2011 Unit 1 Unit 2
Hours of Operation 7,700 7,700 7,635 7,599 7,629 7,653 8,410
Fuels Used:

Quanity of Lignite - Tons 3,356,248 3,352,605 3,296,938 3,268,966 3,282,270 3,311,405 3,688,805
Percent Sulfur in Coal (Average) 0.64% 0.65% 0.65% 0.66% 0.61% 0.64% 0.64%
BTU per Unit of Coal (Average) 6,415 6,448 6,482 6,517 6,003 6,373 6,373
Heat Input 4.410E+07 4.422E+07 4.356E+07 4.320E+07 4.346E+07| 43,708,554 47,761,077
MMBtu/hr 5,727 5,743 5,705 5,685 5,697 5,712 5,679
% of Capacity 95.2% 95.5% 94.8% 94.5% 94.7% 95.0% 94.3%
NOx lb/MMBtu 0.200 0.200 0.199 0.200 0.203 0.200 0.153
Total Stack Emissions:

NOx Emitted Tons Per Year: 4,416.3 4,412.0 4,333.1 4,330.2 4,402.3 4,378.8 3,642.5
NOx Emitted Lb Per Hour: 1,204.8 1,200.3 1,196.7 1,205.8 1,218.5 1205.2 918.5
Stack Emissions --- Lignite:

NOX CEM Annual Average lb/MMBtu | 0.201] 0.200| 0.200| 0.201/ 0.203 0.201] 0.153
Equipment Information: GRE Coal Creek Unit I 6022 MMBtu/hr

Year Jul 2010 - Jun 2011 Aug 2010 - Jul 2011 Sep 2010 - Aug 2011 Oct 2010 - Sep 2011 Nov 2010 -Oct 2011

Hours of Operation 8,430 8,430 8,397 8,401 8,390

Fuels Used:

Quanity of Lignite - Tons 3,730,674 3,718,253 3,676,481 3,672,436 3,646,178

Percent Sulfur in Coal (Average) 0.64% 0.65% 0.65% 0.66% 0.61%

BTU per Unit of Coal (Average) 6,415 6,448 6,482 6,517 6,003

Heat Input 4.810E+07 4.799E+07 4.757E+07 4.764E+07 4.751E+07|

MMBtu/hr 5,706 5,692 5,665 5,671 5,662

% of Capacity 94.9% 94.6% 94.2% 94.3% 94.1%

NOx lb/MMBtu 0.152 0.153 0.152 0.152 0.153

Total Stack Emissions:

NOx Emitted Tons Per Year: | 3,662.4 3,666.8| 3,610.4 3,626.8| 3,646.1

Stack Emissions --- Lignite:

NOX CEM Annual Average |b/MMBtu | 0.152] 0.153| 0.152] 0.153| 0.154

Emission Inventory Data




Great River Energy Coal Creek Station

BART Supplement - NOx Emission Control Cost Analysis

Table A-3: Summary of Utility, Chemical and Supply Costs

Operating Unit: Unit1or?2 Study Year 2011
From Golder Report Reference
Item Unit Cost Units Cost Year Data Source Notes
Operating Labor 37.00($/hr 25.86 2002|Stone & Webster 2002 Cost Estimate; confirmed by GRE
Maintenance Labor 37.00|S/hr 26.25 2002 |Stone & Webster 2002 Cost Estimate; confirmed by GRE
DOE Average Retail Price of Industrial Electricity,
Electricity 0.0604|S/kwh 0.049 2004|2004 http://www.eia.doe.gov/emeu/aer/txt/ptb0810.html
Water 0.31|S/kgal 0.79 2002 |Stone & Webster 2002 Cost Estimate; confirmed by GRE
EPA Air Pollution Control Cost Manual, 6th ed. Section Ch 1 Carbon Adsorbers, 1999 $0.15 - $S0.30 Avg of 22.5 and 7 yrs and 3%
Cooling Water 0.32Skgal 0.23 1999(3.1Ch 1 inflation
EPA Air Pollution Control Cost Manual 6th Ed 2002,
Compressed Air 0.37|$/kscf 0.25 1998|Section 6 Chapter 1 Example problem; Dried & Filtered, Ch 1.6 '98 cost adjusted for 3% inflation
EPA Air Pollution Control Cost Manual 6th Ed 2002, Section 2 lists $1- $2/1000 gal. Cost adjusted for 3% inflation Sec 6 Ch 3 lists
Wastewater Disposal Neutralization 1.96($/kgal 1.50 2002(Section 2 Chapter 2.5.5.5 $1.30 - $2.15/1,000 gal
EPA Air Pollution Control Cost Manual 6th Ed 2002, Ch 1 lists $1.00 - $6.00 for municipal treatment, $3.80 is average. Cost
Wastewater Disposal Bio-Treat 4.96($/kgal 3.80 2002|Section 5.2 Chapter 1 adjusted for 3% inflation
Solid Waste Disposal - No Impact 0.000|$/ton 0.00 2011|Assume no chang in GRE landfill cost for ash Fly ash disposal of 0 net tons
Golder Fly Ash Management Evaluation - Nov. 2011 Cost per ton of $13.91/ ton for 234,500 tons less existing cost of $18.06/tons
Solid Waste Disposal - 30% Lost 5.438(S/ton 5.438 2011 for 110,000 tons
Golder Fly Ash Management Evaluation - Nov. 2011 Cost per ton of $11.18/ ton for 525,000 tons less existing cost of $18.06/tons
Solid Waste Disposal - 100% Lost 7.396(5/ton 7.396 2011 for 110,000 tons
EPA Air Pollution Control Cost Manual 6th Ed 2002,
Hazardous Waste Disposal 326.19(S/ton 250.00 2002(Section 2 Chapter 2.5.5.5 Section 2 lists $200 - $300/ton Used $250/ton. Cost adjusted for 3% inflation
EPA Air Pollution Control Cost Manual 6th Ed 2002,
Waste Transport 0.65|$/ton-mi 0.500 2002|Section 6 Chapter 3 Example problem. Cost adjusted for 3% inflation
Ash Sales 12.300|$/ton 12.300 2011|Golder Fly Ash Management Evaluation - Nov. 2011 S/ton received for sale of ash; this amount is lost if ash cannot be sold
Ammonia Mitigation 5.610|S/ton 5.610 2011|Golder Fly Ash Management Evaluation - Nov. 2011
Chemicals & Supplies
Lime 90.00|S$/ton 72.19 2005|GRE per Diane Stockdill 12/6/05 email Cost adjusted for 3% inflation
Caustic 364(S/ton 305.21 2005|GRE per Diane Stockdill 12/6/05 email Cost adjusted for 3% inflation
Urea 500(S/ton 500 2011|URS SNCR Report - November 2011
Oxygen 17.91|kscf 15.00 2005|Get cost from Air Prod Website Cost adjusted for 3% inflation
EPA Urea 179.1|S/ton
Ammonia 1{S/Ib 0.92 2005|GRE per Diane Stockdill Cost adjusted for 3% inflation
Other
Sales Tax 0% GRE per Diane Stockdill 12/6/05 email
Interest Rate 5.50%|% GRE per Diane Stockdill 12/6/05 email Estimated prime rate plus 3%
Please note, for units of measure, k = 1,000 units, MM = 1,000,000 units e.g. kgal = 1,000 gal
Future Operating Scenario for BART Cost Analysis
Operating Information Unit 1 Unit 2
Annual Op. Hrs 7,652.6 8,409.6|Hours July 2010 to October 2011 Coal Creek Emission Data
Utilization Rate 100.0% 100.0% GRE per Diane Stockdill 12/6/05 email
Equipment Life 20 20]yrs Engineering Estimate
Coal Ash 11.70 11.70{wt % ash 2010 Coal Creek Emission Inventory
Coal Sulfur 0.64 0.64|% Coal Sulfur Content July 2010 to October 2011 Coal Creek Emission Data
Coal Heating Value 6,373 6,373|Btu/Ib of coal July 2010 to October 2011 Coal Creek Emission Data
Design Capacity 6,015 6,022|MMBtu/hr
ID Fan Flow Rates Assumes coal drying with DryFining™
Standardized Flow Rate 866293.7 866293.7|scfm @ 322 F
Temperature 330.0 330.0|Deg F GRE per G. Riveland 4/5/06 email
Moisture Content 13.3% 13.3% GRE per G. Riveland 4/5/06 email
Actual Flow Rate 2,234,300 2,234,300]acfm GRE per G. Riveland 4/5/06 email
Standardized Flow Rate 1,391,000 1,391,000(scfm @ 3302 F GRE per G. Riveland 4/5/06 email
Dry Std Flow Rate 1,205,997 1,205,997 |dscfm @ 3302 F
NOXx Pollutant Data
Max Emis (Ib/hr) 1,205.2 918.5 July 2010 to October 2011 Coal Creek Emission Data
Max Emis (tpy) 4,611.4 3,862.3
Baseline Emiss (lb/MMBtu) 0.200 0.153

Utility Chem Data



http://www.eia.doe.gov/emeu/aer/txt/ptb0810.html�

1

u b WN

Great River Energy Coal Creek Station
BART Supplement - NOx Emission Control Cost Analysis
Table A-4: Unit 1 NOx Control - Foster Wheeler LNC3+

Operating Unit: Unit 1
Emission Unit Number EU-1 Stack/Vent Number SV-1 CEPCI
Desgin Capacity 6,015|MMBtu/hr  |Standardized Flow Rate 866,294 |scfm @ 329 F 2005 468.2
Expected Utiliztion Rate 100% Temperature 330|Deg F 2011 588.9
Expected Annual Hours of Operation 7,652.6|Hours Moisture Content 13.3% Inflation Factor 1.26
Annual Interest Rate 5.5% Actual Flow Rate 2,234,300|acfm
Expected Equipment Life 20]yrs Standardized Flow Rate 1,391,000|scfm @ 3302 F
Baseline NOx 0.200{1b/MMBtu Dry Std Flow Rate 1,205,997|dscfm @ 3302 F
CONTROL EQUIPMENT COSTS
Capital Costs
Direct Capital Costs
Purchased Equipment (A) 1,257,796
Purchased Equipment Total (B) 1,958,057
Installation - Standard Costs 1,958,057
Installation - Site Specific Costs NA
Installation Total 3,729,632
Total Direct Capital Cost, DC 5,687,689
Total Indirect Capital Costs, IC 391,611
Total Capital Investment (TCI) = DC + IC 6,079,300
Operating Costs
Total Annual Direct Operating Costs Labor, supervision, materials, replacement parts, utilities, etc. 7,079
Total Annual Indirect Operating Costs Sum indirect oper costs + capital recovery cost 756,131
Total Annual Cost (Annualized Capital Cost + Operating Cost) | | 763,210
Emission Control Cost Calculation
Pre-control
Max Emis Annual Cont Eff Exit Conc Cont Emis Reduction Cont Cost
Pollutant Lb/Hr T/Yr % Conc Units T/yr T/yr $/Ton Rem
[[Nitrogen Oxides (NOx) 1,205.2 4,611.4 24% 3510.5 1,100.9 693

Calculations per EPA Air Pollution Control Cost Manual 6th Ed 2002, Section 6 Chapter 2 (Used PM Scrubber which has lowest installed cost multiplier)
Notes & Assumptions
Sept 2005 Cost Estimate from Foster Wheeler, Option 2, inflated to 2011 dollars. Ratio based on actual cost for Unit 2 instalaltion.
Total capital investment reflects actual installed costs for Unit 2 installation, infllated to 2011 dollars.
Assumed 0.1 hr/shift operatior and maintenance labor for LNB
Process, emissions and cost data listed above is for one unit.

For units of measure, k = 1,000 units, MM = 1,000,000 units e.g. kgal = 1,000 gal

U1-LNC3




Great River Energy Coal Creek Station

BART Supplement - NOx Emission Control Cost Analysis
Table A-4: Unit 1 NOx Control - Foster Wheeler LNC3+

CAPITAL COSTS
Direct Capital Costs
Purchased Equipment (A) (1)
Instrumentation
Sales Taxes
Freight
Purchased Equipment Total (B)

Installation

Foundations & supports
Handling & erection
Electrical
Piping
Insulation
Painting
Installation Subtotal Standard Expenses (1)

Site Preparation, as required
Buildings, as required
Site Specific - Other
Total Site Specific Costs
Installation Total
Total Direct Capital Cost, DC

Indirect Capital Costs
Engineering, supervision
Construction & field expenses
Contractor fees
Start-up
Performance test
Model Studies
Contingencies

Total Indirect Capital Costs, IC

Ozone Generator, Installed Cost
Total Capital Investment (TCI) = DC + IC (2)

Site Specific
Site Specific
Site Specific

5% of purchased equip cost (B)

10% of purchased equip cost (

B
0% of purchased equip cost (B
1% of purchased equip cost (B

NA of purchased equip cost (B

)
)
)
1% of purchased equip cost (B)
)
3% of purchased equip cost (B)

)

20% of purchased equip cost (B

Adjusted TCI for Replacement Parts (Catalyst, Filter Bags, etc) for Capital Recovery Cost

OPERATING COSTS
Direct Annual Operating Costs, DC

Operating Labor
Operator
Supervisor
Maintenance
Maintenance Labor
Maintenance Materials
Utilities, Supplies, Replacements & Waste Management
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
Total Annual Direct Operating Costs

Indirect Operating Costs
Overhead
Administration (2% total capital costs)
Property tax (1% total capital costs)
Insurance (1% total capital costs)
Capital Recovery

Total Annual Indirect Operating Costs

Total Annual Cost (Annualized Capital Cost + Operating Cost)

NA
NA

37.00 $/Hr, 0.1 hr/8 hr shift, 7652.6 hr/yr
100% of maintenance labor costs

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

60% of total labor and material costs

2% of total capital costs (TCl)
1% of total capital costs (TClI)
1% of total capital costs (TClI)

0.0837 for a 20- year equipment life and a 5.5% interest rate
Sum indirect oper costs + capital recovery cost

U1-LNC3

1,257,796

1,958,057

1,958,057

NA
NA
NA
NA

3,729,632

5,687,689

97,903
195,806
0
19,581
19,581
NA
58,742

391,611

0
6,079,300

6,079,300

3,539
3,539

4,247
121,586
60,793
60,793
508,712

756,131

763,210




Great River Energy Coal Creek Station
BART Supplement - NOx Emission Control Cost Analysis
Table A-4: Unit 1 NOx Control - Foster Wheeler LNC3+

Capital Recovery Factors
Primary Installation

Interest Rate 5.50%
Equipment Life 20 years
CRF 0.0837
Replacement Parts & Equipment:

Equipment Life 5 years
CRF 0.0000

Rep part cost per unit 0 $/ft>
Amount Required o ft*

Packing Cost
Installation Labor
Total Installed Cost
Annualized Cost

0 Cost adjusted for freight & sales tax

0 Assume Labor = 15% of catalyst cost (basis labor for baghouse replacement)

0 Zero out if no replacement parts needed
0

Replacement Parts & Equipment:

Equipment Life

CRF

Rep part cost per unit
Amount Required
Total Rep Parts Cost
Installation Labor
Total Installed Cost
Annualized Cost

3

0.3707

0 Seach

0 Number

0 Cost adjusted for freight & sales tax

0 10 min per bag (13 hr total) Labor at $29.65/hr
0 Zero out if no replacement parts needed

0

OAQPS list replacement times from 5 - 20 min per bag.

Electrical Use

Flow acfm AP ft H20 Efficiency Hp kw
Blower, Scrubber 2,234,300 0 0.7 - 0.0 EPA Cost Cont Manual 6th ed Section 5.2 Chapter 1 Eq 1.48
Flow Liquid SPGR AP ft H20 Efficiency Hp kw
Circ Pump 000 gpm 1 0 0.7 - 0.0 EPA Cost Cont Manual 6th ed Section 5.2 Chapter 1 Eq 1.49
H20 WW Disch 0gpm 1 0 0.7 - 0.0 EPA Cost Cont Manual 6th ed Section 5.2 Chapter 1 Eq 1.49
Ib/hr Oy
LTO Electric Use 4.5 kW/lb O, 0
Other
Total 0.0
Reagent Use & Other Operating Costs
Ozone Needed 1.8 1b 03/Ib NOx - Ib/hr O3
Oxygen Needed 10% wt 02 to O3 conversion 0 Ib/hr 02 0 scfh 02
LTO Cooling Water 150 gal/lb O3 0 gpm
Liquid/Gas ratio 0.0 * L/G = Gal/1,000 acf
Circulating Water Rate 0 gpm
Water Makeup Rate/WW Disch = 20% of circulating water rate = 0gpm
Scrubber Cost 10 S/scfm Gas S0 Incremental cost per BOC. Need to increase vessel size over standard absorber.
Ozone Generator $350 |b 03/day S0 Installed Installed cost factor per BOC.

Direct Operating Cost Calculations Annual hours of operation: 7,652.6
Utilization Rate: 100%

Unit Unit of Use Unit of Annual Annual Comments
Item Cost $ Measure Rate Measure Use* Cost
Operating Labor
Op Labor 0 S/Hr 0.1 hr/8 hr shift 96 0 $/Hr, 0.1 hr/8 hr shift, 7652.6 hr/yr
Supervisor 15% of Op. NA - 15% of Operator Costs
Maintenance
Maint Labor 37.00 S/Hr 0.1 hr/8 hr shift 96 3,539 S/Hr, 0.1 hr/8 hr shift, 7652.6 hr/yr
Maint Mtls 100 % of Maintenance Labor NA 3,539 100% of Maintenance Labor
Utilities, Supplies, Replacements & Waste Management
Electricity 0.0604 S/kwh 0.0 kW-hr 0 0 $/kwh, 0 kW-hr, 7652.6 hr/yr, 100% utilization
Water 0.3100 S/kgal 0.0 gpm 0 0 $/kgal, 0 gpm, 7652.6 hr/yr, 100% utilization
Cooling Water 0.3208 S$kgal 0.0 gpm 0 0 Skgal, 0 gpm, 7652.6 hr/yr, 100% utilization
Comp Air 0.3671 S/kscf 0 kscfm 0 0 $/kscf, 0 kscfm, 7652.6 hr/yr, 100% utilization
WW Treat Neutralization 1.9572 S/kgal 0.0 gpm 0 0 $/kgal, 0 gpm, 7652.6 hr/yr, 100% utilization
WW Treat Biotreatement 4.9581 $/kgal 0.0 gpm 0 0 $/kgal, 0 gpm, 7652.6 hr/yr, 100% utilization
SW Disposal 0.0000 S/ton 0.0 ton/hr 0 0 $/ton, 0 ton/hr, 7652.6 hr/yr, 100% utilization
Haz W Disp 326.1933 S/ton 0.0 ton/hr 0 0 $/ton, 0 ton/hr, 7652.6 hr/yr, 100% utilization
Ammonia Mitigation 5.6100 S/ton 0.0 ton/hr 0 0 $/ton, 0 ton/hr, 7652.6 hr/yr, 100% utilization
Lost Ash Sales 12.3000 S/ton 0.0 ton/hr 0 0 $/ton, 0 ton/hr, 7652.6 hr/yr, 100% utilization
Lime 90.0000 $/ton 0.0 Ib/hr 0 0 $/ton, 0 lb/hr, 7652.6 hr/yr, 100% utilization
Caustic 364.4367 S/ton 0.0 Ib/hr 0 0 $/ton, 0 lb/hr, 7652.6 hr/yr, 100% utilization
Oxygen 17.9108 kscf 0.0 kscf/hr 0 0 kscf, 0 kscf/hr, 7652.6 hr/yr, 100% utilization

*annual use rate is in same units of measurement as the unit cost factor

See Summary page for notes and assumptions

U1-LNC3




Great River Energy Coal Creek Station
BART Supplement - NOx Emission Control Cost Analysis
Table A-5: Unit 1 NOx Control - Selective Non-Catalytic Reduction SNCR Lignite Coal (Maintain Ash Sales)

Operating Unit: Unit 1

Emission Unit Number EU-1 Stack/Vent Number SV-1

Desgin Capacity 6,015|MMBtu/hr  |Standardized Flow Rate 866,294 |scfm @ 329 F
Expected Utiliztion Rate 100% Temperature 330|Deg F

Expected Annual Hours of Operation 7,652.6|Hours Moisture Content 13.3%

Annual Interest Rate 5.5% Actual Flow Rate 2,234,300(acfm

Expected Equipment Life 20]yrs Standardized Flow Rate 1,391,000|scfm @ 3302 F
Baseline NOx 0.200{1b/MMBtu Dry Std Flow Rate 1,205,997|dscfm @ 3302 F

CONTROL EQUIPMENT COSTS

Capital Costs ||
Direct Capital Costs "
Purchased Equipment (A) 3,700,000"
Purchased Equipment Total (B) 8,465,600"
Installation - Standard Costs 1,270,000"
Installation - Site Specific Costs 1,036,000"
Installation Total 1,758,000

Total Capital Investment (TCI) = DC + IC 12,176,084

Operating Costs

Total Annual Direct Operating Costs Labor, supervision, materials, replacement parts, utilities, etc. 3,282,068
Total Annual Indirect Operating Costs Sum indirect oper costs + capital recovery cost 1,018,887
Total Annual Cost (Annualized Capital Cost + Operating Cost) | | 4,300,954

Emission Control Cost Calculation

Pre-control
Max Emis Annual Cont Eff Exit Conc Cont Emis Reduction Cont Cost
Pollutant Lb/Hr T/Yr % Conc Units T/yr T/yr $/Ton Rem
[[Nitrogen Oxides (NOx) 1,205.2 4,611.4 25.0% 3458.5 1,152.8 3,731

Calculations per EPA Air Pollution Control Cost Manual 6th Ed 2002, Section 4.2 Chapter 1
Notes & Assumptions
1 November 2011 SNCR Evaluation from URS
SNCR Maintenance Costs EPA Air Pollution Control Cost Manual 6th Ed 2002, Section 4.2 Chapter 1 Eq 1.21
Process, emissions and cost data listed above is for one unit.
For units of measure, k = 1,000 units, MM = 1,000,000 units e.g. kgal = 1,000 gal
Retrofit factor of 60% used by URS based on site visit to Coal Creek Station.
SW disposal and fly ash sales data from Nov. 2011 Golder Fly Ash Evaluation, Appendix B2

Nou b~ WN

One-time cost for Technology Licensing Fee for the SNCR process is ~0.5% of the Process Capital.

U1 - SNCR (0)



Great River Energy Coal Creek Station
BART Supplement - NOx Emission Control Cost Analysis
Table A-5: Unit 1 NOx Control - Selective Non-Catalytic Reduction SNCR Lignite Coal (Maintain Ash Sales)

CAPITAL COSTS
Direct Capital Costs

Purchased Equipment 3,700,000
Purchased Equipment Costs
Instrumentation 10% of purchased equipment cost 370,000
Site Specific and Prime Contractor Markup 28% of purchased equipment cost 1,036,000
Freight 5% of purchased equipment cost 185,000

Purchased Equipment Total 43% 5,291,000

Purchased Equipment Total+ Retrofit Factor (A) 8,465,600

Indirect Installation
General Facilities
Engineering & Home Office
Process Contingency
Total Indirect Installation Costs (B)
Project Contingeny (C)
Total Plant Cost (D)
Allowance for Funds During Construction (E)
Prepaid Royalties (F)
Pre Production Costs (G)

Inventory Capital (H)

Intial Catalyst and Chemicals (l)

Total Capital Investment (TCI) = DC + IC

See Notes & Assumptions 1 on pg. 1 of Table

See Notes & Assumptions 1 on pg. 1 of Table

See Notes & Assumptions 1 on pg. 1 of Table

See Notes & Assumptions 1 on pg. 1 of Table

See Notes & Assumptions 1 on pg. 1 of Table
A+B+C

0 for SNCR

See Notes & Assumptionss 1 and 7 on pg. 1 of Table
See Notes & Assumptions 1 on pg. 1 of Table

Reagent Vol * S/gal

0 for SNCR

D+E+F+G+H+|

Adjusted TCI for Replacement Parts (Catalyst, Filter Bags, etc) for Capital Recovery Cost

OPERATING COSTS
Direct Annual Operating Costs, DC

Operating Labor
Operator
Supervisor
Maintenance
Maintenance Total
Maintenance Materials

Utilities, Supplies, Replacements & Waste Management

Electricity
Water
NA
NA
NA
NA
NA
NA
NA
NA
NA
Urea
NA
Total Annual Direct Operating Costs

Indirect Operating Costs
Overhead
Administration (2% total capital costs)
Property tax (1% total capital costs)
Insurance (1% total capital costs)
Capital Recovery

Total Annual Indirect Operating Costs

Total Annual Cost (Annualized Capital Cost + Operating Cost)

See Summary page for notes and assumptions

NA
NA

1.50
NA

0.060
0.310
NA
NA
NA
NA
NA
NA
NA
NA
NA
500.00
NA

NA
NA
NA
NA

0.08368 for a 20- year equipment life and a 5.5% interest rate

% of Total Capital Investment
% of Maintenance Labor

See Direct Operating Cost Calculations on last pg.
See Direct Operating Cost Calculations on last pg.

See Direct Operating Cost Calculations on last pg.

of total labor and material costs
of total capital costs (TCl)
of total capital costs (TCI)
of total capital costs (TCl)

Sum indirect oper costs + capital recovery cost

U1 - SNCR (0)

420,000
850,000

488,000

1,758,000

1,540,000

11,763,600

42,000

236,000

134,484

12,176,084

12,176,084

182,641

28,218
8,256

3,062,953

3,282,068

NA
NA
NA
NA
1,018,887

1,018,887

4,300,954




Great River Energy Coal Creek Station
BART Supplement - NOx Emission Control Cost Analysis
Table A-5: Unit 1 NOx Control - Selective Non-Catalytic Reduction SNCR Lignite Coal (Maintain Ash Sales)

Capital Recovery Factors
Primary Installation

Interest Rate 5.50%

Equipment Life 20 years

CRF 0.08368

Replacement Catayst <- Enter Equipment Name to Get Cost
Equipment Life 5 years

CRF 0.2342

Rep part cost per unit 0 $/ft3

Amount Required 12 ft*

Packing Cost
Installation Labor

Total Installed Cost

0 Cost adjusted for freight & sales tax
0 Assume Labor = 15% of catalyst cost (basis labor for baghouse replacement)

0 Zero out if no replacement parts needed

Annualized Cost 0

Replacement Parts & Equipment: <- Enter Equipment Name to Get Cost
Equipment Life 2 years

CRF 0.0000

Rep part cost per unit 0 S/ft3

Amount Required 0 Cages

Total Rep Parts Cost
Installation Labor
Total Installed Cost

0 Cost adjusted for freight & sales tax
0 10 min per bag, Labor + Overhead (68% = $29.65/hr)
0 Zero out if no replacement parts needed

See Control Cost Manual Sec 6 Ch 1 Table 1.8 for bag costs

EPA CCM list replacement times from 5 - 20 min per bag.

Annualized Cost 0
Electrical Use
NOx in 0.20 Ib/MMBtu kw
NSR 0.60
Power 61.0
Total 61.0
Reagent Use & Other Operating Costs
NOx in 0.20 Ib/MMBtu Urea Use 1601 Ib/hr
Efficiency 25% Volume 14 day inventory 269 ton
Duty 6,015 MMBtu/hr Inventory Cost $134,484
Water Use 3480 gal/hr
Direct Operating Cost Calculations Annual hours of operation: 7,652.6

Utilization Rate: 100%

Unit Unit of Use Unit of Annual Annual Comments

Item Cost$ Measure Rate Measure Use* Cost
Operating Labor
Op Labor 37 S/Hr 0.0 hr/8 hr shift 0 0 $/Hr, 0.0 hr/8 hr shift, 7652.6 hr/yr
Supervisor 15% of Op. NA - 15% of Operator Costs

Maintenance
Maintenance Total

Maint Mtls

1.5 % of Total Capital Investment

0 % of Maintenance Labor

Utilities, Supplies, Replacements & Waste Management

Electricity

Water

Cooling Water

Comp Air

WW Treat Neutralization
WW Treat Biotreatement
SW Disposal

Haz W Disp

Ammonia Mitigation
Lost Ash Sales

Lime

Urea

Oxygen

0.06045 $/kwh
0.31000 $/kgal

0.32080 Skgal
0.36713 $/kscf
1.95716 $/kgal
4.95814 $/kgal
0.00000 $/ton
326.19330 $/ton
5.61 $/ton
12.3 S/ton
90.0 $/ton
500.0 $/ton
17.91078 kscf

** Std Air use is 2 scfm/kacfm

NA

61.00000 kW-hr 466,808.60
3480.00000 gph 26,631.05
0.00000 gpm 0
0.00000 scfm/kacfm** 0
0.00000 gpm 0
0.00000 gpm 0
7.18710 ton/hr 55,000
0.00000 ton/hr 0
0.00000 ton/hr 0
0.00000 ton/hr 0
0.00000 Ib/hr 0
0.80050 ton/hr 6,125.91
0.00000 kscf/hr 0

182,641.26 % of Total Capital Investment
0 0% of Maintenance Labor

28,217.79 $/kwh, 61.0 kW-hr, 7652.6 hr/yr, 100% utilization
8,255.62 0.31 $/kgal X 3,480.0 gph/1000 X 7652.6 hr/yr X 100% utilization
0 Skgal, 0 gpm, 7652.6 hr/yr, 100% utilization
0 $/kscf, 0.0 scfm/kacfm**, 7652.6 hr/yr, 100% utilization
0 $/kgal, 0.0 gpm, 7652.6 hr/yr, 100% utilization
0 $/kgal, 0.0 gpm, 7652.6 hr/yr, 100% utilization
0 $/ton, 7.2 ton/hr, 7652.6 hr/yr, 100% utilization
0 $/ton, 0.0 ton/hr, 7652.6 hr/yr, 100% utilization
0 $/ton, 0.0 ton/hr, 7652.6 hr/yr, 100% utilization
0 $/ton, 0.0 ton/hr, 7652.6 hr/yr, 100% utilization
0 $/ton, 0.0 Ib/hr, 7652.6 hr/yr, 100% utilization
3,062,953.15 500 $/ton X 0.8005 ton/hr X 7652.6 hr/yr X 100% utilization
0 kscf, 0.0 kscf/hr, 7652.6 hr/yr, 100% utilization

*annual use rate is in same units of measurement as the unit cost factor

See Summary page for notes and assumptions

U1 - SNCR (0)




Great River Energy Coal Creek Station
BART Supplement - NOx Emission Control Cost Analysis
Table A-6: Unit 1 NOx Control - Selective Non-Catalytic Reduction SNCR Lignite Coal (30% Lost Ash Sales)

Operating Unit: Unit 1

Emission Unit Number EU-1 Stack/Vent Number SV-1

Desgin Capacity 6,015|MMBtu/hr  |Standardized Flow Rate 866,294 |scfm @ 329 F
Expected Utiliztion Rate 100% Temperature 330|Deg F

Expected Annual Hours of Operation 7,652.6|Hours Moisture Content 13.3%

Annual Interest Rate 5.5% Actual Flow Rate 2,234,300(acfm

Expected Equipment Life 20]yrs Standardized Flow Rate 1,391,000|scfm @ 3302 F
Baseline NOx 0.200{1b/MMBtu Dry Std Flow Rate 1,205,997|dscfm @ 3302 F

CONTROL EQUIPMENT COSTS

Capital Costs ||
Direct Capital Costs "
Purchased Equipment (A) 3,700,000"
Purchased Equipment Total (B) 8,465,600"
Installation - Standard Costs 1,270,000"
Installation - Site Specific Costs 1,036,000"
Installation Total 1,758,000

Total Capital Investment (TCI) = DC + IC 12,176,084

Operating Costs

Total Annual Direct Operating Costs Labor, supervision, materials, replacement parts, utilities, etc. 5,500,243
Total Annual Indirect Operating Costs Sum indirect oper costs + capital recovery cost 1,018,887
Total Annual Cost (Annualized Capital Cost + Operating Cost) | | 6,519,129

Emission Control Cost Calculation

Pre-control
Max Emis Annual Cont Eff Exit Conc Cont Emis Reduction Cont Cost
Pollutant Lb/Hr T/Yr % Conc Units T/yr T/yr $/Ton Rem
[[Nitrogen Oxides (NOx) 1,205.2 4,611.4 25.0% 3458.5 1,152.8 5,655

Calculations per EPA Air Pollution Control Cost Manual 6th Ed 2002, Section 4.2 Chapter 1
Notes & Assumptions
1 November 2011 SNCR Evaluation from URS
SNCR Maintenance Costs EPA Air Pollution Control Cost Manual 6th Ed 2002, Section 4.2 Chapter 1 Eq 1.21
Process, emissions and cost data listed above is for one unit.
For units of measure, k = 1,000 units, MM = 1,000,000 units e.g. kgal = 1,000 gal
Retrofit factor of 60% used by URS based on site visit to Coal Creek Station.
SW disposal and fly ash sales data from Nov. 2011 Golder Fly Ash Evaluation, Appendix B2

Nou b~ WN

One-time cost for Technology Licensing Fee for the SNCR process is ~0.5% of the Process Capital.

U1 - SNCR (30)



Great River Energy Coal Creek Station
BART Supplement - NOx Emission Control Cost Analysis
Table A-6: Unit 1 NOx Control - Selective Non-Catalytic Reduction SNCR Lignite Coal (30% Lost Ash Sales)

CAPITAL COSTS
Direct Capital Costs
Purchased Equipment 3,700,000
Purchased Equipment Costs
Instrumentation 10.00% of purchased equipment cost 370,000
Site Specific and Prime Contractor Markup 28.00% of purchased equipment cost 1,036,000
Freight 5.00% of purchased equipment cost 185,000
Purchased Equipment Total 43.00% 5,291,000
Purchased Equipment Total+ Retrofit Factor (A) 8,465,600
Indirect Installation
General Facilities See Notes & Assumptions 1 on pg. 1 of Table 420,000
Engineering & Home Office See Notes & Assumptions 1 on pg. 1 of Table 850,000
Process Contingency See Notes & Assumptions 1 on pg. 1 of Table 488,000
Total Indirect Installation Costs (B) See Notes & Assumptions 1 on pg. 1 of Table 1,758,000
Project Contingeny (C) See Notes & Assumptions 1 on pg. 1 of Table 1,540,000
Total Plant Cost (D) A+B+C 11,763,600
Allowance for Funds During Construction (E) 0 for SNCR 0
Prepaid Royalties (F) See Notes & Assumptionss 1 and 7 on pg. 1 of Table 42,000
Pre Production Costs (G) See Notes & Assumptions 1 on pg. 1 of Table 236,000
Inventory Capital (H) Reagent Vol * $/gal 134,484
Intial Catalyst and Chemicals (l) 0 for SNCR 0
Total Capital Investment (TCI) = DC + IC D+E+F+G+H+1 12,176,084
Adjusted TCI for Replacement Parts (Catalyst, Filter Bags, etc) for Capital Recovery Cost 12,176,084
OPERATING COSTS
Direct Annual Operating Costs, DC
Operating Labor
Operator NA -
Supervisor NA -
Maintenance
Maintenance Total 1.50 % of Total Capital Investment 182,641
Maintenance Materials NA % of Maintenance Labor -
Utilities, Supplies, Replacements & Waste Management
Electricity 0.060 See Direct Operating Cost Calculations on last pg. 28,218
Water 0.310 See Direct Operating Cost Calculations on last pg. 8,256
NA NA -
NA NA -
NA NA -
NA NA -
SW Disposal 5.44 See Direct Operating Cost Calculations on last pg. 637,648
NA NA -
Ammonia Mitigation 5.61 See Direct Operating Cost Calculations on last pg. 814,853
Lost Ash Sales 12.30 See Direct Operating Cost Calculations on last pg. 765,675
NA NA -
Urea 500.00 See Direct Operating Cost Calculations on last pg. 3,062,953
NA NA -
Total Annual Direct Operating Costs 5,500,243
Indirect Operating Costs
Overhead NA of total labor and material costs NA
Administration (2% total capital costs) NA of total capital costs (TClI) NA
Property tax (1% total capital costs) NA of total capital costs (TCI) NA
Insurance (1% total capital costs) NA of total capital costs (TCl) NA
Capital Recovery 0.08368 for a 20- year equipment life and a 5.5% interest rate 1,018,887
Total Annual Indirect Operating Costs Sum indirect oper costs + capital recovery cost 1,018,887
Total Annual Cost (Annualized Capital Cost + Operating Cost) 6,519,129

See Summary page for notes and assumptions

U1 - SNCR (30)




Great River Energy Coal Creek Station
BART Supplement - NOx Emission Control Cost Analysis
Table A-6: Unit 1 NOx Control - Selective Non-Catalytic Reduction SNCR Lignite Coal (30% Lost Ash Sales)

Capital Recovery Factors
Primary Installation

Interest Rate 5.50%

Equipment Life 20 years

CRF 0.08368

Replacement Catayst <- Enter Equipment Name to Get Cost
Equipment Life 5 years

CRF 0.2342

Rep part cost per unit 0 $/ft3

Amount Required 12 ft*

Packing Cost
Installation Labor

Total Installed Cost

0 Cost adjusted for freight & sales tax
0 Assume Labor = 15% of catalyst cost (basis labor for baghouse replacement)

0 Zero out if no replacement parts needed

Annualized Cost 0

Replacement Parts & Equipment: <- Enter Equipment Name to Get Cost
Equipment Life 2 years

CRF 0.0000

Rep part cost per unit 0 $/ft3

Amount Required 0 Cages

Total Rep Parts Cost
Installation Labor
Total Installed Cost

0 Cost adjusted for freight & sales tax See Control Cost Manual Sec 6 Ch 1 Table 1.8 for bag costs
0 10 min per bag, Labor + Overhead (68% = $29.65/hr)

0 Zero out if no replacement parts needed EPA CCM list replacement times from 5 - 20 min per bag.

Annualized Cost 0
Electrical Use
NOx in 0.20 Ib/MMBtu kw
NSR 0.60
Power 61.0
Total 61.0
Reagent Use & Other Operating Costs
NOx in 0.20 Ib/MMBtu Urea Use 1601 Ib/hr
Efficiency 25% Volume 14 day inventory 269 ton
Duty 6,015 MMBtu/hr Inventory Cost $134,484
Water Use 3480 gal/hr
Direct Operating Cost Calculations Annual hours of operation: 7,652.6
Utilization Rate: 100%

Unit Unit of Use Unit of Annual Annual Comments
Item Cost $ Measure Rate Measure Use* Cost
Operating Labor
Op Labor 37 S/Hr 0.0 hr/8 hr shift 0 0 $/Hr, 0.0 hr/8 hr shift, 7652.6 hr/yr
Supervisor 15% of Op. NA - 15% of Operator Costs
Maintenance
Maintenance Total 1.5 % of Total Capital Investment 182,641.26 % of Total Capital Investment
Maint Mtls 0 % of Maintenance Labor NA 0 0% of Maintenance Labor
Utilities, Supplies, Replacements & Waste Management
Electricity 0.06045 $/kwh 61.00000 kW-hr 466,808.60 28,217.79 0.0604 $/kwh X 61.0 kW-hr X 7652.6 hr/yr X 100% utilization
Water 0.31000 $/kgal 3480.00000 gph 26,631.05 8,255.62 0.3100 $/kgal X 3,480.0 gph/1000 X 7652.6 hr/yr X 100% utilization
Cooling Water 0.32080 Skgal 0.00000 gpm 0 0 Skgal, 0 gpm, 7652.6 hr/yr, 100% utilization
Comp Air 0.36713 $/kscf 0.00000 scfm/kacfm** 0 0 S$/kscf, 0.0 scfm/kacfm**, 7652.6 hr/yr, 100% utilization
WW Treat Neutralization 1.95716 $/kgal 0.00000 gpm 0 0 S/kgal, 0.0 gpm, 7652.6 hr/yr, 100% utilization
WW Treat Biotreatement 4.95814 S/kgal 0.00000 gpm 0 0 S/kgal, 0.0 gpm, 7652.6 hr/yr, 100% utilization
SW Disposal 5.43836 $/ton 15.32159 ton/hr 117,250 637,648 5.4384 S/ton X 15.3216 ton/hr X 7652.6 hr/yr X 100% utilization
Haz W Disp 326.19330 $/ton 0.00000 ton/hr 0 0 $/ton, 0.0 ton/hr, 7652.6 hr/yr, 100% utilization
Ammonia Mitigation 5.61 S/ton 18.98048 ton/hr 145,250 814,853 5.61 S/ton X 18.9805 ton/hr X 7652.6 hr/yr X 100% utilization
Lost Ash Sales 12.3 S/ton 8.13449 ton/hr 62,250.0 765,675 12.3 S/ton X 8.1345 ton/hr X 7652.6 hr/yr X 100% utilization
Lime 90.0 S/ton 0.00000 Ib/hr 0 0 $/ton, 0.0 Ib/hr, 7652.6 hr/yr, 100% utilization
Urea 500.0 $/ton 0.80050 ton/hr 6,125.91 3,062,953.15 500 S/ton X 0.8005 ton/hr X 7652.6 hr/yr X 100% utilization
Oxygen 17.91078 kscf 0.00000 kscf/hr 0 0 kscf, 0.0 kscf/hr, 7652.6 hr/yr, 100% utilization

** Std Air use is 2 scfm/kacfm

*annual use rate is in same units of measurement as the unit cost factor

See Summary page for notes and assumptions
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Great River Energy Coal Creek Station
BART Supplement - NOx Emission Control Cost Analysis
Table A-7: Unit 1 NOx Control - Selective Non-Catalytic Reduction SNCR Lignite Coal (100% Lost Ash Sales)

Operating Unit: Unit 1

Emission Unit Number EU-1 Stack/Vent Number SV-1

Desgin Capacity 6,015|MMBtu/hr  |Standardized Flow Rate 866,294 |scfm @ 329 F
Expected Utiliztion Rate 100% Temperature 330|Deg F

Expected Annual Hours of Operation 7,652.6|Hours Moisture Content 13.3%

Annual Interest Rate 5.5% Actual Flow Rate 2,234,300(acfm

Expected Equipment Life 20]yrs Standardized Flow Rate 1,391,000|scfm @ 3302 F
Baseline NOx 0.200{1b/MMBtu Dry Std Flow Rate 1,205,997|dscfm @ 3302 F

CONTROL EQUIPMENT COSTS

Capital Costs

Direct Capital Costs

Purchased Equipment (A) 3,700,000"
Purchased Equipment Total (B) 8,465,600"
Installation - Standard Costs 1,270,000"
Installation - Site Specific Costs 1,036,000"
Installation Total 1,758,000
Total Capital Investment (TCI) = DC + IC 12,176,084
Operating Costs
Total Annual Direct Operating Costs Labor, supervision, materials, replacement parts, utilities, etc. 7,775,768
Total Annual Indirect Operating Costs Sum indirect oper costs + capital recovery cost 1,018,887
Total Annual Cost (Annualized Capital Cost + Operating Cost) | | 8,794,654
Emission Control Cost Calculation
Pre-control
Max Emis Annual Cont Eff Exit Conc Cont Emis Reduction Cont Cost
Pollutant Lb/Hr T/Yr % Conc Units T/yr T/yr $/Ton Rem
[[Nitrogen Oxides (NOx) 1,205.2 4,611.4 25.0% 3458.5 1,152.8 7,629

Calculations per EPA Air Pollution Control Cost Manual 6th Ed 2002, Section 4.2 Chapter 1
Notes & Assumptions

November 2011 SNCR Evaluation from URS

SNCR Maintenance Costs EPA Air Pollution Control Cost Manual 6th Ed 2002, Section 4.2 Chapter 1 Eq 1.21
Process, emissions and cost data listed above is for one unit.
For units of measure, k = 1,000 units, MM = 1,000,000 units e.g. kgal = 1,000 gal
Retrofit factor of 60% used by URS based on site visit to Coal Creek Station.
SW disposal and fly ash sales data from Nov. 2011 Golder Fly Ash Evaluation, Appendix B2

One-time cost for Technology Licensing Fee for the SNCR process is ~0.5% of the Process Capital.

U1 - SNCR (100)



Great River Energy Coal Creek Station
BART Supplement - NOx Emission Control Cost Analysis
Table A-7: Unit 1 NOx Control - Selective Non-Catalytic Reduction SNCR Lignite Coal (100% Lost Ash Sales)

CAPITAL COSTS
Direct Capital Costs
Purchased Equipment 3,700,000
Purchased Equipment Costs
Instrumentation 10.00% of purchased equipment cost 370,000
Site Specific and Prime Contractor Markup 28.00% of purchased equipment cost 1,036,000
Freight 5.00% of purchased equipment cost 185,000
Purchased Equipment Total 43.00% 5,291,000
Purchased Equipment Total+ Retrofit Factor (A) 8,465,600
Indirect Installation
General Facilities See Notes & Assumptions 1 on pg. 1 of Table 420,000
Engineering & Home Office See Notes & Assumptions 1 on pg. 1 of Table 850,000
Process Contingency See Notes & Assumptions 1 on pg. 1 of Table 488,000
Total Indirect Installation Costs (B) See Notes & Assumptions 1 on pg. 1 of Table 1,758,000
Project Contingeny (C) See Notes & Assumptions 1 on pg. 1 of Table 1,540,000
Total Plant Cost (D) A+B+C 11,763,600
Allowance for Funds During Construction (E) 0 for SNCR 0
Prepaid Royalties (F) See Notes & Assumptionss 1 and 7 on pg. 1 of Table 42,000
Pre Production Costs (G) See Notes & Assumptions 1 on pg. 1 of Table 236,000
Inventory Capital (H) Reagent Vol * $/gal 134,484
Intial Catalyst and Chemicals (l) 0 for SNCR 0
Total Capital Investment (TCI) = DC + IC D+E+F+G+H+1 12,176,084
Adjusted TCI for Replacement Parts (Catalyst, Filter Bags, etc) for Capital Recovery Cost 12,176,084
OPERATING COSTS
Direct Annual Operating Costs, DC
Operating Labor
Operator NA -
Supervisor NA -
Maintenance
Maintenance Total 1.50 % of Total Capital Investment 182,641
Maintenance Materials NA % of Maintenance Labor -
Utilities, Supplies, Replacements & Waste Management
Electricity 0.060 See Direct Operating Cost Calculations on last pg. 28,218
Water 0.310 See Direct Operating Cost Calculations on last pg. 8,256
NA NA -
NA NA -
NA NA -
NA NA -
SW Disposal 7.40 See Direct Operating Cost Calculations on last pg. 1,941,450
NA NA -
NA NA -
Lost Ash Sales 12.30 See Direct Operating Cost Calculations on last pg. 2,552,250
NA NA -
Urea 500.00 See Direct Operating Cost Calculations on last pg. 3,062,953
NA NA -
Total Annual Direct Operating Costs 7,775,768
Indirect Operating Costs
Overhead NA of total labor and material costs NA
Administration (2% total capital costs) NA of total capital costs (TClI) NA
Property tax (1% total capital costs) NA of total capital costs (TCI) NA
Insurance (1% total capital costs) NA of total capital costs (TCl) NA
Capital Recovery 0.08368 for a 20- year equipment life and a 5.5% interest rate 1,018,887
Total Annual Indirect Operating Costs Sum indirect oper costs + capital recovery cost 1,018,887
Total Annual Cost (Annualized Capital Cost + Operating Cost) 8,794,654

See Summary page for notes and assumptions
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Great River Energy Coal Creek Station
BART Supplement - NOx Emission Control Cost Analysis
Table A-7: Unit 1 NOx Control - Selective Non-Catalytic Reduction SNCR Lignite Coal (100% Lost Ash Sales)

Capital Recovery Factors
Primary Installation

Interest Rate 5.50%

Equipment Life 20 years

CRF 0.08368

Replacement Catayst <- Enter Equipment Name to Get Cost
Equipment Life 5 years

CRF 0.2342

Rep part cost per unit 0 $/ft3

Amount Required 12 ft*

Packing Cost
Installation Labor

Total Installed Cost

0 Cost adjusted for freight & sales tax
0 Assume Labor = 15% of catalyst cost (basis labor for baghouse replacement)

0 Zero out if no replacement parts needed

Annualized Cost 0

Replacement Parts & Equipment: <- Enter Equipment Name to Get Cost
Equipment Life 2 years

CRF 0.0000

Rep part cost per unit 0 $/ft3

Amount Required 0 Cages

Total Rep Parts Cost
Installation Labor
Total Installed Cost

0 Cost adjusted for freight & sales tax

See Control Cost Manual Sec 6 Ch 1 Table 1.8 for bag costs

0 10 min per bag, Labor + Overhead (68% = $29.65/hr)

0 Zero out if no replacement parts needed

EPA CCM list replacement times from 5 - 20 min per bag.

Annualized Cost 0
Electrical Use
NOx in 0.20 Ib/MMBtu kw
NSR 0.60
Power 61.0
Total 61.0
Reagent Use & Other Operating Costs
NOx in 0.20 Ib/MMBtu Urea Use 1601 Ib/hr
Efficiency 25% Volume 14 day inventory 269 ton
Duty 6,015 MMBtu/hr Inventory Cost $134,484
Water Use 3480 gal/hr
Direct Operating Cost Calculations Annual hours of operation: 7,652.6

Utilization Rate: 100%

Unit Unit of Use Unit of Annual Annual Comments

Item Cost $ Measure Rate Measure Use* Cost
Operating Labor
Op Labor 37 S/Hr 0.0 hr/8 hr shift 0 0 $/Hr, 0.0 hr/8 hr shift, 7652.6 hr/yr
Supervisor 15% of Op. NA - 15% of Operator Costs

Maintenance
Maintenance Total

Maint Mtls

1.5 % of Total Capital Investment

0 % of Maintenance Labor

Utilities, Supplies, Replacements & Waste Management

Electricity

Water

Cooling Water

Comp Air

WW Treat Neutralization
WW Treat Biotreatement
SW Disposal

Haz W Disp

Ammonia Mitigation
Lost Ash Sales

Lime

Urea

Oxygen

0.06045 $/kwh
0.31000 $/kgal
0.32080 S$kgal
0.36713 $/kscf
1.95716 $/kgal
4.95814 S/kgal
7.39600 $/ton
326.19330 S$/ton
5.61 S/ton
12.3 S/ton
90.0 S/ton
500.0 $/ton
17.91078 kscf

61.00000 kW-hr
3480.00000 gph

0.00000 gpm
0.00000 scfm/kacfm**
0.00000 gpm
0.00000 gpm

34.30207 ton/hr
0.00000 ton/hr
0.00000 ton/hr

27.11497 ton/hr
0.00000 Ib/hr
0.80050 ton/hr
0.00000 kscf/hr

** Std Air use is 2 scfm/kacfm

182,641.26 % of Total Capital Investment

NA 0 0% of Maintenance Labor
466,808.60 28,217.79 0.0604 $/kwh X 61.0 kW-hr X 7652.6 hr/yr X 100% utilization
26,631.05 8,255.62 0.3100 $/kgal X 3,480.0 gph/1000 X 7652.6 hr/yr X 100% utilization

0 0 Skgal, 0 gpm, 7652.6 hr/yr, 100% utilization
0 0 S$/kscf, 0.0 scfm/kacfm**, 7652.6 hr/yr, 100% utilization
0 0 S/kgal, 0.0 gpm, 7652.6 hr/yr, 100% utilization
0 0 S/kgal, 0.0 gpm, 7652.6 hr/yr, 100% utilization

262,500 1,941,450 7.3960 S/ton X 34.3021 ton/hr X 7652.6 hr/yr X 100% utilization
0 0 $/ton, 0.0 ton/hr, 7652.6 hr/yr, 100% utilization
0 0 $/ton, 0.0 ton/hr, 7652.6 hr/yr, 100% utilization

207,500 2,552,250 12.3 $/ton X 27.1150 ton/hr X 7652.6 hr/yr X 100% utilization
0 0 $/ton, 0.0 Ib/hr, 7652.6 hr/yr, 100% utilization

6,125.91 3,062,953.15 500.0 S/ton X 0.8005 ton/hr X 7652.6 hr/yr X 100% utilization
0 0 kscf, 0.0 kscf/hr, 7652.6 hr/yr, 100% utilization

*annual use rate is in same units of measurement as the unit cost factor

See Summary page for notes and assumptions
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Great River Energy Coal Creek Station
BART Supplement - NOx Emission Control Cost Analysis
Table A-8: Unit 2 NOx Control - Selective Non-Catalytic Reduction SNCR Lignite Coal (Maintain Ash Sales)

Operating Unit: Unit 2

Emission Unit Number EU-2 Stack/Vent Number SV-2

Desgin Capacity 6,022|MMBtu/hr  |Standardized Flow Rate 866,294 |scfm @ 329 F
Expected Utiliztion Rate 100% Temperature 330|Deg F

Expected Annual Hours of Operation 8,409.6|Hours Moisture Content 13.3%

Annual Interest Rate 5.5% Actual Flow Rate 2,234,300(acfm

Expected Equipment Life 20]yrs Standardized Flow Rate 1,391,000|scfm @ 3302 F
Baseline NOx 0.153|1b/MMBtu Dry Std Flow Rate 1,205,997|dscfm @ 3302 F

CONTROL EQUIPMENT COSTS

Capital Costs ||
Direct Capital Costs "
Purchased Equipment (A) 3,600,000"
Purchased Equipment Total (B) 8,236,800"
Installation - Standard Costs 1,230,000"
Installation - Site Specific Costs 1,008,000"
Installation Total 1,702,000"

Total Capital Investment (TCI) = DC + IC 11,793,820"

Operating Costs ||

Total Annual Direct Operating Costs Labor, supervision, materials, replacement parts, utilities, etc. 2,634,116"
Total Annual Indirect Operating Costs Sum indirect oper costs + capital recovery cost 986,899"
Total Annual Cost (Annualized Capital Cost + Operating Cost) | | 3,621,015"

Emission Control Cost Calculation

Pre-control
Max Emis Annual Cont Eff Exit Conc Cont Emis Reduction Cont Cost
Pollutant Lb/Hr T/Yr % Conc Units T/yr T/yr $/Ton Rem
[[Nitrogen Oxides (NOx) 918.5 3,862.3 20.0% 3089.8 772.5 4,688

Calculations per EPA Air Pollution Control Cost Manual 6th Ed 2002, Section 4.2 Chapter 1
Notes & Assumptions
1 November 2011 SNCR Evaluation from URS
SNCR Maintenance Costs EPA Air Pollution Control Cost Manual 6th Ed 2002, Section 4.2 Chapter 1 Eq 1.21
Process, emissions and cost data listed above is for one unit.
For units of measure, k = 1,000 units, MM = 1,000,000 units e.g. kgal = 1,000 gal
Retrofit factor of 60% used by URS based on site visit to Coal Creek Station.
SW disposal and fly ash sales data from Nov. 2011 Golder Fly Ash Evaluation, Appendix B2
One-time cost for Technology Licensing Fee for the SNCR process is ~0.5% of the Process Capital.

Nou b~ WN
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Great River Energy Coal Creek Station
BART Supplement - NOx Emission Control Cost Analysis
Table A-8: Unit 2 NOx Control - Selective Non-Catalytic Reduction SNCR Lignite Coal (Maintain Ash Sales)

CAPITAL COSTS
Direct Capital Costs

Purchased Equipment 3,600,000
Purchased Equipment Costs
Instrumentation 10.00% of purchased equipment cost 360,000
Site Specific and Prime Contractor Markup 28.00% of purchased equipment cost 1,008,000
Freight 5.00% of purchased equipment cost 180,000

Purchased Equipment Total 43.00% 5,148,000

Purchased Equipment Total+ Retrofit Factor (A) 8,236,800

Indirect Installation
General Facilities
Engineering & Home Office
Process Contingency
Total Indirect Installation Costs (B)
Project Contingeny (C)
Total Plant Cost (D)
Allowance for Funds During Construction (E)
Prepaid Royalties (F)
Pre Production Costs (G)

Inventory Capital (H)

Intial Catalyst and Chemicals (l)

Total Capital Investment (TCI) = DC + IC

See Notes & Assumptions 1 on pg. 1 of Table

See Notes & Assumptions 1 on pg. 1 of Table

See Notes & Assumptions 1 on pg. 1 of Table

See Notes & Assumptions 1 on pg. 1 of Table

See Notes & Assumptions 1 on pg. 1 of Table
A+B+C

0 for SNCR

See Notes & Assumptionss 1 and 7 on pg. 1 of Table
See Notes & Assumptions 1 on pg. 1 of Table

Reagent Vol * S/gal

0 for SNCR

D+E+F+G+H+|

Adjusted TCI for Replacement Parts (Catalyst, Filter Bags, etc) for Capital Recovery Cost

OPERATING COSTS
Direct Annual Operating Costs, DC

Operating Labor
Operator
Supervisor
Maintenance
Maintenance Total
Maintenance Materials

Utilities, Supplies, Replacements & Waste Management

Electricity
Water
NA
NA
NA
NA
NA
NA
NA
NA
NA
Urea
NA
Total Annual Direct Operating Costs

Indirect Operating Costs
Overhead
Administration (2% total capital costs)
Property tax (1% total capital costs)
Insurance (1% total capital costs)
Capital Recovery

Total Annual Indirect Operating Costs

Total Annual Cost (Annualized Capital Cost + Operating Cost)

See Summary page for notes and assumptions

NA
NA

1.50
NA

0.060
0.310
NA
NA
NA
NA
NA
NA
NA
NA
NA
500.00
NA

NA
NA
NA
NA

0.08368 for a 20- year equipment life and a 5.5% interest rate

% of Total Capital Investment
% of Maintenance Labor

See Direct Operating Cost Calculations on last pg.
See Direct Operating Cost Calculations on last pg.

See Direct Operating Cost Calculations on last pg.

of total labor and material costs
of total capital costs (TCl)
of total capital costs (TCI)
of total capital costs (TCl)

Sum indirect oper costs + capital recovery cost

U2 - SNCR (0)

410,000
820,000

472,000

1,702,000

1,490,000

11,428,800

41,000

227,000

97,020

11,793,820

11,793,820

176,907

22,367
6,570

2,428,272

2,634,116

NA
NA
NA
NA
986,899

986,899

3,621,015




Great River Energy Coal Creek Station
BART Supplement - NOx Emission Control Cost Analysis
Table A-8: Unit 2 NOx Control - Selective Non-Catalytic Reduction SNCR Lignite Coal (Maintain Ash Sales)

Capital Recovery Factors
Primary Installation

Interest Rate 5.50%

Equipment Life 20 years

CRF 0.08368

Replacement Catayst <- Enter Equipment Name to Get Cost
Equipment Life 5 years

CRF 0.2342

Rep part cost per unit 0 $/ft3

Amount Required 12 ft*

Packing Cost
Installation Labor

Total Installed Cost

0 Cost adjusted for freight & sales tax

0 Assume Labor = 15% of catalyst cost (basis labor for baghouse replacement)

0 Zero out if no replacement parts needed

Annualized Cost 0

Replacement Parts & Equipment: <- Enter Equipment Name to Get Cost
Equipment Life 2 years

CRF 0.0000

Rep part cost per unit 0 $/ft3

Amount Required 0 Cages

Total Rep Parts Cost
Installation Labor
Total Installed Cost

0 Cost adjusted for freight & sales tax

See Control Cost Manual Sec 6 Ch 1 Table 1.8 for bag costs

0 10 min per bag, Labor + Overhead (68% = $29.65/hr)

0 Zero out if no replacement parts needed

EPA CCM list replacement times from 5 - 20 min per bag.

Annualized Cost 0
Electrical Use
NOx in 0.15 Ib/MMBtu kw
NSR 0.44
Power 44.0
Total 44.0
Reagent Use & Other Operating Costs
NOx in 0.15 Ib/MMBtu Urea Use 1155 Ib/hr
Efficiency 20% Volume 14 day inventory 194 ton
Duty 6,022 MMBtu/hr Inventory Cost $97,020
Water Use 2520 gal/hr
Direct Operating Cost Calculations Annual hours of operation: 8,409.6
Utilization Rate: 100%

Unit Unit of Use Unit of Annual Annual Comments
Item Cost $ Measure Rate Measure Use* Cost
Operating Labor
Op Labor 37 S/Hr 0.0 hr/8 hr shift 0 0 $/Hr, 0.0 hr/8 hr shift, 8409.6 hr/yr
Supervisor 15% of Op. NA - 15% of Operator Costs
Maintenance
Maintenance Total 1.5 % of Total Capital Investment 176,907.30 % of Total Capital Investment
Maint Mtls 0 % of Maintenance Labor NA 0 0% of Maintenance Labor
Utilities, Supplies, Replacements & Waste Management
Electricity 0.06045 $/kwh 44.00000 kW-hr 370,022.40 22,367.23 0.0604 $/kwh X 44.0 kW-hr X 8409.6 hr/yr X 100% utilization
Water 0.31000 $/kgal 2520.00000 gph 21,192.19 6,569.58 0.3100 $/kgal X 2,520.0 gph/1000 X 8409.6 hr/yr X 100% utilization
Cooling Water 0.32080 Skgal 0.00000 gpm 0 0 Skgal, 0 gpm, 8409.6 hr/yr, 100% utilization
Comp Air 0.36713 $/kscf 0.00000 scfm/kacfm** 0 0 S$/kscf, 0.0 scfm/kacfm**, 8409.6 hr/yr, 100% utilization
WW Treat Neutralization 1.95716 $/kgal 0.00000 gpm 0 0 S/kgal, 0.0 gpm, 8409.6 hr/yr, 100% utilization
WW Treat Biotreatement 4.95814 S/kgal 0.00000 gpm 0 0 S/kgal, 0.0 gpm, 8409.6 hr/yr, 100% utilization
SW Disposal 0.00000 $/ton 6.54014 ton/hr 55,000 0 $/ton, 6.5 ton/hr, 8409.6 hr/yr, 100% utilization
Haz W Disp 326.19330 $/ton 0.00000 ton/hr 0 0 $/ton, 0.0 ton/hr, 8409.6 hr/yr, 100% utilization
Ammonia Mitigation 5.61 S/ton 0.00000 ton/hr 0 0 $/ton, 0.0 ton/hr, 8409.6 hr/yr, 100% utilization
Lost Ash Sales 12.3 S/ton 0.00000 ton/hr 0 0 S/ton, 0.0 ton/hr, 8409.6 hr/yr, 100% utilization
Lime 90.0 S/ton 0.00000 Ib/hr 0 0 $/ton, 0.0 Ib/hr, 8409.6 hr/yr, 100% utilization
Urea 500.0 $/ton 0.57750 ton/hr 4,856.54 2,428,272.00 500.0 $/ton X 0.5775 ton/hr X 8409.6 hr/yr X 100% utilization
Oxygen 17.91078 kscf 0.00000 kscf/hr 0 0 kscf, 0.0 kscf/hr, 8409.6 hr/yr, 100% utilization

** Std Air use is 2 scfm/kacfm

*annual use rate is in same units of measurement as the unit cost factor

See Summary page for notes and assumptions

U2 - SNCR (0)




Great River Energy Coal Creek Station
BART Supplement - NOx Emission Control Cost Analysis
Table A-9: Unit 2 NOx Control - Selective Non-Catalytic Reduction SNCR Lignite Coal (30% Lost Ash Sales)

Operating Unit: Unit 2

Emission Unit Number EU-2 Stack/Vent Number SV-2

Desgin Capacity 6,022|MMBtu/hr  |Standardized Flow Rate 866,294 |scfm @ 329 F
Expected Utiliztion Rate 100% Temperature 330|Deg F

Expected Annual Hours of Operation 8,409.6|Hours Moisture Content 13.3%

Annual Interest Rate 5.5% Actual Flow Rate 2,234,300(acfm

Expected Equipment Life 20]yrs Standardized Flow Rate 1,391,000|scfm @ 3302 F
Baseline NOx 0.153|1b/MMBtu Dry Std Flow Rate 1,205,997|dscfm @ 3302 F

CONTROL EQUIPMENT COSTS

Capital Costs ||
Direct Capital Costs "
Purchased Equipment (A) 3,600,000"
Purchased Equipment Total (B) 8,236,800"
Installation - Standard Costs 1,230,000"
Installation - Site Specific Costs 1,008,000"
Installation Total 1,702,000"

Total Capital Investment (TCI) = DC + IC 11,793,820"

Operating Costs ||

Total Annual Direct Operating Costs Labor, supervision, materials, replacement parts, utilities, etc. 4,852,291"
Total Annual Indirect Operating Costs Sum indirect oper costs + capital recovery cost 986,899"
Total Annual Cost (Annualized Capital Cost + Operating Cost) | | 5,839,190"

Emission Control Cost Calculation

Pre-control
Max Emis Annual Cont Eff Exit Conc Cont Emis Reduction Cont Cost
Pollutant Lb/Hr T/Yr % Conc Units T/yr T/yr $/Ton Rem
[[Nitrogen Oxides (NOx) 918.5 3,862.3 20.0% 3089.8 772.5 7,559

Calculations per EPA Air Pollution Control Cost Manual 6th Ed 2002, Section 4.2 Chapter 1
Notes & Assumptions
1 November 2011 SNCR Evaluation from URS
SNCR Maintenance Costs EPA Air Pollution Control Cost Manual 6th Ed 2002, Section 4.2 Chapter 1 Eq 1.21
Process, emissions and cost data listed above is for one unit.
For units of measure, k = 1,000 units, MM = 1,000,000 units e.g. kgal = 1,000 gal
Retrofit factor of 60% used by URS based on site visit to Coal Creek Station.
SW disposal and fly ash sales data from Nov. 2011 Golder Fly Ash Evaluation, Appendix B2
One-time cost for Technology Licensing Fee for the SNCR process is ~0.5% of the Process Capital.
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Great River Energy Coal Creek Station
BART Supplement - NOx Emission Control Cost Analysis
Table A-9: Unit 2 NOx Control - Selective Non-Catalytic Reduction SNCR Lignite Coal (30% Lost Ash Sales)

CAPITAL COSTS
Direct Capital Costs

Purchased Equipment 3,600,000
Purchased Equipment Costs
Instrumentation 10.00% of purchased equipment cost 360,000
Site Specific and Prime Contractor Markup 28.00% of purchased equipment cost 1,008,000
Freight 5.00% of purchased equipment cost 180,000
Purchased Equipment Total 43.00% 5,148,000
Purchased Equipment Total+ Retrofit Factor (A) 8,236,800
Indirect Installation
General Facilities See Notes & Assumptions 1 on pg. 1 of Table 410,000
Engineering & Home Office See Notes & Assumptions 1 on pg. 1 of Table 820,000
Process Contingency See Notes & Assumptions 1 on pg. 1 of Table 472,000
Total Indirect Installation Costs (B) See Notes & Assumptions 1 on pg. 1 of Table 1,702,000
Project Contingeny (C) See Notes & Assumptions 1 on pg. 1 of Table 1,490,000
Total Plant Cost (D) A+B+C 11,428,800
Allowance for Funds During Construction (E) 0 for SNCR 0
Prepaid Royalties (F) See Notes & Assumptionss 1 and 7 on pg. 1 of Table 41,000
Pre Production Costs (G) See Notes & Assumptions 1 on pg. 1 of Table 227,000
Inventory Capital (H) Reagent Vol * $/gal 97,020
Intial Catalyst and Chemicals (l) 0 for SNCR 0
Total Capital Investment (TCI) = DC + IC D+E+F+G+H+1 11,793,820
Adjusted TCI for Replacement Parts (Catalyst, Filter Bags, etc) for Capital Recovery Cost 11,793,820
OPERATING COSTS
Direct Annual Operating Costs, DC
Operating Labor
Operator NA -
Supervisor NA -
Maintenance
Maintenance Total 1.50 % of Total Capital Investment 176,907
Maintenance Materials NA % of Maintenance Labor -
Utilities, Supplies, Replacements & Waste Management
Electricity 0.060 See Direct Operating Cost Calculations on last pg. 22,367
Water 0.310 See Direct Operating Cost Calculations on last pg. 6,570
NA NA -
NA NA -
NA NA -
NA NA -
SW Disposal 5.44 See Direct Operating Cost Calculations on last pg. 637,648
NA NA -
Ammonia Mitigation 5.61 See Direct Operating Cost Calculations on last pg. 814,853
Lost Ash Sales 12.30 See Direct Operating Cost Calculations on last pg. 765,675
NA NA -
Urea 500.00 See Direct Operating Cost Calculations on last pg. 2,428,272
NA NA -
Total Annual Direct Operating Costs 4,852,291
Indirect Operating Costs
Overhead NA of total labor and material costs NA
Administration (2% total capital costs) NA of total capital costs (TClI) NA
Property tax (1% total capital costs) NA of total capital costs (TCI) NA
Insurance (1% total capital costs) NA of total capital costs (TCl) NA
Capital Recovery 0.08368 for a 20- year equipment life and a 5.5% interest rate 986,899
Total Annual Indirect Operating Costs Sum indirect oper costs + capital recovery cost 986,899
Total Annual Cost (Annualized Capital Cost + Operating Cost) 5,839,190

See Summary page for notes and assumptions
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Great River Energy Coal Creek Station
BART Supplement - NOx Emission Control Cost Analysis
Table A-9: Unit 2 NOx Control - Selective Non-Catalytic Reduction SNCR Lignite Coal (30% Lost Ash Sales)

Capital Recovery Factors
Primary Installation

Interest Rate 5.50%

Equipment Life 20 years

CRF 0.08368

Replacement Catayst <- Enter Equipment Name to Get Cost
Equipment Life 5 years

CRF 0.2342

Rep part cost per unit 0 $/ft3

Amount Required 12 ft*

Packing Cost
Installation Labor

Total Installed Cost

0 Cost adjusted for freight & sales tax
0 Assume Labor = 15% of catalyst cost (basis labor for baghouse replacement)

0 Zero out if no replacement parts needed

Annualized Cost 0

Replacement Parts & Equipment: <- Enter Equipment Name to Get Cost
Equipment Life 2 years

CRF 0.0000

Rep part cost per unit 0 $/ft3

Amount Required 0 Cages

Total Rep Parts Cost
Installation Labor
Total Installed Cost

0 Cost adjusted for freight & sales tax See Control Cost Manual Sec 6 Ch 1 Table 1.8 for bag costs
0 10 min per bag, Labor + Overhead (68% = $29.65/hr)

0 Zero out if no replacement parts needed EPA CCM list replacement times from 5 - 20 min per bag.

Annualized Cost 0
Electrical Use
NOx in 0.15 Ib/MMBtu kw
NSR 0.44
Power 44.0
Total 44.0
Reagent Use & Other Operating Costs
NOx in 0.15 |b/MMBtu Urea Use 1155 Ib/hr
Efficiency 20% Volume 14 day inventory 194 ton
Duty 6,022 MMBtu/hr Inventory Cost $97,020
Water Use 2520 gal/hr
Direct Operating Cost Calculations Annual hours of operation: 8,409.6
Utilization Rate: 100%

Unit Unit of Use Unit of Annual Annual Comments
Item Cost $ Measure Rate Measure Use* Cost
Operating Labor
Op Labor 37 S/Hr 0.0 hr/8 hr shift 0 0 $/Hr, 0.0 hr/8 hr shift, 8409.6 hr/yr
Supervisor 15% of Op. NA - 15% of Operator Costs
Maintenance
Maintenance Total 1.5 % of Total Capital Investment 176,907.30 % of Total Capital Investment
Maint Mtls 0 % of Maintenance Labor NA 0 0% of Maintenance Labor
Utilities, Supplies, Replacements & Waste Management
Electricity 0.06045 $/kwh 44.00000 kW-hr 370,022.40 22,367.23 0.0604 $/kwh X 44.0 kW-hr X 8409.6 hr/yr X 100% utilization
Water 0.31000 $/kgal 2520.00000 gph 21,192.19 6,569.58 0.3100 S/kgal X 2,520.0 gph/1000 X 8409.6 hr/yr X 100% utilization
Cooling Water 0.32080 Skgal 0.00000 gpm 0 0 Skgal, 0 gpm, 8409.6 hr/yr, 100% utilization
Comp Air 0.36713 $/kscf 0.00000 scfm/kacfm** 0 0 $/kscf, 0.0 scfm/kacfm**, 8409.6 hr/yr, 100% utilization
WW Treat Neutralization 1.95716 S/kgal 0.00000 gpm 0 0 S$/kgal, 0.0 gpm, 8409.6 hr/yr, 100% utilization
WW Treat Biotreatement 4.95814 S/kgal 0.00000 gpm 0 0 S/kgal, 0.0 gpm, 8409.6 hr/yr, 100% utilization
SW Disposal 5.43836 $/ton 13.94240 ton/hr 117,250 637,648 5.4384 S/ton X 13.9 ton/hr X 8409.6 hr/yr X 100% utilization
Haz W Disp 326.19330 $/ton 0.00000 ton/hr 0 0 $/ton, 0.0 ton/hr, 8409.6 hr/yr, 100% utilization
Ammonia Mitigation 5.61 S/ton 17.27193 ton/hr 145,250 814,853 5.6 $/ton X 17.2719 ton/hr X 8409.6 hr/yr X 100% utilization
Lost Ash Sales 12.3 S/ton 7.40225 ton/hr 62,250 765,675 12.3 S$/ton X 7.4023 ton/hr X 8409.6 hr/yr X 100% utilization
Lime 90.0 S/ton 0.00000 Ib/hr 0 0 $/ton, 0.0 Ib/hr, 8409.6 hr/yr, 100% utilization
Urea 500.0 $/ton 0.57750 ton/hr 4,856.54 2,428,272.00 500.0 $/ton X 0.5775 ton/hr X 8409.6 hr/yr X 100% utilization
Oxygen 17.91078 kscf 0.00000 kscf/hr 0 0 kscf, 0.0 kscf/hr, 8409.6 hr/yr, 100% utilization

** Std Air use is 2 scfm/kacfm

*annual use rate is in same units of measurement as the unit cost factor

See Summary page for notes and assumptions
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Great River Energy Coal Creek Station
BART Supplement - NOx Emission Control Cost Analysis

Table A-10: Unit 2 NOx Control - Selective Non-Catalytic Reduction SNCR Lignite Coal (100% Lost Ash Sales)

Operating Unit: Unit 2

Emission Unit Number EU-2 Stack/Vent Number SV-2

Desgin Capacity 6,022|MMBtu/hr  |Standardized Flow Rate 866,294 |scfm @ 329 F
Expected Utiliztion Rate 100% Temperature 330|Deg F

Expected Annual Hours of Operation 8,409.6|Hours Moisture Content 13.3%

Annual Interest Rate 5.5% Actual Flow Rate 2,234,300(acfm

Expected Equipment Life 20]yrs Standardized Flow Rate 1,391,000|scfm @ 3302 F
Baseline NOx 0.153|1b/MMBtu Dry Std Flow Rate 1,205,997|dscfm @ 3302 F

CONTROL EQUIPMENT COSTS

Capital Costs

Direct Capital Costs

Purchased Equipment (A) 3,600,000"
Purchased Equipment Total (B) 8,236,800"
Installation - Standard Costs 1,230,000"
Installation - Site Specific Costs 1,008,000"
Installation Total 1,702,000"
Total Capital Investment (TCI) = DC + IC 11,793,820"
Operating Costs ||
Total Annual Direct Operating Costs Labor, supervision, materials, replacement parts, utilities, etc. 7,127,816"
Total Annual Indirect Operating Costs Sum indirect oper costs + capital recovery cost 986,899"
Total Annual Cost (Annualized Capital Cost + Operating Cost) | | 8,114,715"
Emission Control Cost Calculation
Pre-control
Max Emis Annual Cont Eff Exit Conc Cont Emis Reduction Cont Cost
Pollutant Lb/Hr T/Yr % Conc Units T/yr T/yr $/Ton Rem
[[Nitrogen Oxides (NOx) 918.5 3,862.3 20.0% 3089.8 772.5 10,505

Calculations per EPA Air Pollution Control Cost Manual 6th Ed 2002, Section 4.2 Chapter 1

Notes & Assumptions

1

Nou b~ WN

November 2011 SNCR Evaluation from URS

SNCR Maintenance Costs EPA Air Pollution Control Cost Manual 6th Ed 2002, Section 4.2 Chapter 1 Eq 1.21
Process, emissions and cost data listed above is for one unit.

For units of measure, k = 1,000 units, MM = 1,000,000 units e.g. kgal = 1,000 gal

Retrofit factor of 60% used by URS based on site visit to Coal Creek Station.

SW disposal and fly ash sales data from Nov. 2011 Golder Fly Ash Evaluation, Appendix B2

One-time cost for Technology Licensing Fee for the SNCR process is ~0.5% of the Process Capital.

U2 - SNCR (100)



Great River Energy Coal Creek Station

BART Supplement - NOx Emission Control Cost Analysis
Table A-10: Unit 2 NOx Control - Selective Non-Catalytic Reduction SNCR Lignite Coal (100% Lost Ash Sales)

CAPITAL COSTS
Direct Capital Costs

Purchased Equipment
Purchased Equipment Costs
Instrumentation
Site Specific and Prime Contractor Markup
Freight
Purchased Equipment Total
Purchased Equipment Total+ Retrofit Factor (A)

Indirect Installation
General Facilities
Engineering & Home Office
Process Contingency
Total Indirect Installation Costs (B)
Project Contingeny (C)
Total Plant Cost (D)
Allowance for Funds During Construction (E)
Prepaid Royalties (F)
Pre Production Costs (G)

Inventory Capital (H)

Intial Catalyst and Chemicals (l)

Total Capital Investment (TCI) = DC + IC

10.00% of purchased equipment cost
28.00% of purchased equipment cost

5.00% of purchased equipment cost
43.00%

See footnote 1 on pg. 1 of Table

See footnote 1 on pg. 1 of Table

See footnote 1 on pg. 1 of Table

See footnote 1 on pg. 1 of Table

See footnote 1 on pg. 1 of Table
A+B+C

0 for SNCR

See footnotes 1 and 7 on pg. 1 of Table
See footnote 1 on pg. 1 of Table

Reagent Vol * S/gal

0 for SNCR

D+E+F+G+H+|

Adjusted TCI for Replacement Parts (Catalyst, Filter Bags, etc) for Capital Recovery Cost

OPERATING COSTS
Direct Annual Operating Costs, DC

Operating Labor
Operator
Supervisor
Maintenance
Maintenance Total
Maintenance Materials

Utilities, Supplies, Replacements & Waste Management

Electricity
Water
NA
NA
NA
NA
SW Disposal
NA
NA
Lost Ash Sales
NA
Urea
NA
Total Annual Direct Operating Costs

Indirect Operating Costs
Overhead
Administration (2% total capital costs)
Property tax (1% total capital costs)
Insurance (1% total capital costs)
Capital Recovery

Total Annual Indirect Operating Costs

Total Annual Cost (Annualized Capital Cost + Operating Cost)

See Summary page for notes and assumptions

NA
NA

1.50 % of Total Capital Investment
NA % of Maintenance Labor

0.060 See Direct Operating Cost Calculations on last pg.
0.310 See Direct Operating Cost Calculations on last pg.
NA
NA
NA
NA
7.40 See Direct Operating Cost Calculations on last pg.
NA
NA
12.30 See Direct Operating Cost Calculations on last pg.
NA
500.00 See Direct Operating Cost Calculations on last pg.
NA

NA of total labor and material costs
NA of total capital costs (TClI)
NA of total capital costs (TCI)
NA of total capital costs (TCl)
0.08368 for a 20- year equipment life and a 5.5% interest rate
Sum indirect oper costs + capital recovery cost

U2 - SNCR (100)

3,600,000

360,000
1,008,000
180,000
5,148,000

8,236,800

410,000
820,000

472,000

1,702,000

1,490,000

11,428,800

41,000

227,000

97,020

11,793,820

11,793,820

176,907

22,367
6,570

1,941,450

2,552,250

2,428,272

7,127,816

NA
NA
NA
NA
986,899

986,899

8,114,715




Great River Energy Coal Creek Station
BART Supplement - NOx Emission Control Cost Analysis
Table A-10: Unit 2 NOx Control - Selective Non-Catalytic Reduction SNCR Lignite Coal (100% Lost Ash Sales)

Capital Recovery Factors
Primary Installation

Interest Rate 5.50%

Equipment Life 20 years

CRF 0.08368

Replacement Catayst <- Enter Equipment Name to Get Cost
Equipment Life 5 years

CRF 0.2342

Rep part cost per unit 0 $/ft3

Amount Required 12 ft*

Packing Cost
Installation Labor

Total Installed Cost

0 Cost adjusted for freight & sales tax
0 Assume Labor = 15% of catalyst cost (basis labor for baghouse replacement)

0 Zero out if no replacement parts needed

Annualized Cost 0

Replacement Parts & Equipment: <- Enter Equipment Name to Get Cost
Equipment Life 2 years

CRF 0.0000

Rep part cost per unit 0 $/ft3

Amount Required 0 Cages

Total Rep Parts Cost
Installation Labor
Total Installed Cost

0 Cost adjusted for freight & sales tax

See Control Cost Manual Sec 6 Ch 1 Table 1.8 for bag costs

0 10 min per bag, Labor + Overhead (68% = $29.65/hr)

0 Zero out if no replacement parts needed

EPA CCM list replacement times from 5 - 20 min per bag.

Annualized Cost 0
Electrical Use
NOx in 0.15 Ib/MMBtu kw
NSR 0.44
Power 44.0
Total 44.0
Reagent Use & Other Operating Costs
NOx in 0.15 Ib/MMBtu Urea Use 1155 Ib/hr
Efficiency 20% Volume 14 day inventory 194 ton
Duty 6,022 MMBtu/hr Inventory Cost $97,020
Water Use 2520 gal/hr
Direct Operating Cost Calculations Annual hours of operation: 8,409.6

Utilization Rate: 100%

Unit Unit of Use Unit of Annual Annual Comments

Item Cost $ Measure Rate Measure Use* Cost
Operating Labor
Op Labor 37 S/Hr 0.0 hr/8 hr shift 0 0 $/Hr, 0.0 hr/8 hr shift, 8409.6 hr/yr
Supervisor 15% of Op. NA - 15% of Operator Costs

Maintenance
Maintenance Total

Maint Mtls

1.5 % of Total Capital Investment
0 % of Maintenance Labor

Utilities, Supplies, Replacements & Waste Management

Electricity

Water

Cooling Water

Comp Air

WW Treat Neutralization
WW Treat Biotreatement
SW Disposal

Haz W Disp

Ammonia Mitigation
Lost Ash Sales

Lime

Urea

Oxygen

0.06045 $/kwh
0.31000 $/kgal

44.00000 kW-hr
2520.00000 gph

176,907.30 % of Total Capital Investment
NA 0 0% of Maintenance Labor

370,022.40
21,192.19

22,367.23 0.0604 $/kwh X 44.0 kW-hr X 8409.6 hr/yr X 100% utilization
6,569.58 0.31 $/kgal X 2,520.0 gph/1000 X 8409.6 hr/yr X 100% utilization

0.32080 Skgal 0.00000 gpm 0 0 Skgal, 0 gpm, 8409.6 hr/yr, 100% utilization
0.36713 $/kscf 0.00000 scfm/kacfm** 0 0 S$/kscf, 0.0 scfm/kacfm**, 8409.6 hr/yr, 100% utilization
1.95716 $/kgal 0.00000 gpm 0 0 S/kgal, 0.0 gpm, 8409.6 hr/yr, 100% utilization
4.95814 S/kgal 0.00000 gpm 0 0 S/kgal, 0.0 gpm, 8409.6 hr/yr, 100% utilization
7.39600 $/ton 31.21433 ton/hr 262,500 1,941,450 7.3960 S/ton X 31.2 ton/hr X 8409.6 hr/yr X 100% utilization
326.19330 $/ton 0.00000 ton/hr 0 0 $/ton, 0.0 ton/hr, 8409.6 hr/yr, 100% utilization
5.61 S/ton 0.00000 ton/hr 0 0 $/ton, 0.0 ton/hr, 8409.6 hr/yr, 100% utilization
12.3 S/ton 24.67418 ton/hr 207,500 2,552,250 12.3 $/ton X 24.6742 ton/hr X 8409.6 hr/yr X 100% utilization
90.0 S/ton 0.00000 Ib/hr 0 0 $/ton, 0.0 Ib/hr, 8409.6 hr/yr, 100% utilization
500.0 $/ton 0.57750 ton/hr 4,856.54 2,428,272.00 500.0 $/ton X 0.5775 ton/hr X 8409.6 hr/yr X 100% utilization
17.91078 kscf 0.00000 kscf/hr 0 0 kscf, 0.0 kscf/hr, 8409.6 hr/yr, 100% utilization

** Std Air use is 2 scfm/kacfm

*annual use rate is in same units of measurement as the unit cost factor

See Summary page for notes and assumptions
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SNCR Review Rev. No.: 0

Introduction

Great River Energy (GRE) contracted URS Energy & Construction (URS) to conduct a
review of the costs and performance capability of Selective Non-Catalytic Reduction
(SNCR) at their Coal Creek Station (CCS) Units 1 & 2. This review was requested to
provide; an estimate of the current capital cost for the installation of SNCR, operating
and maintenance costs for SNCR, and the level of NOx reductions that can be achieved
by SNCR.

The CCS units are identical 605 MW (gross - nominal) CE tangentially-fired furnaces
burning North Dakota lignite. Each unit is equipped with Low NOx Burners (LNB) and
Over-Fire Air (OFA). Unit 2’s LNBs are 2" generation technology while Unit 1’s are
the 1% generation installation. Unit 1 currently has a NOx emission rate of 0.20
Ibs/MMBtu while Unit 2’s NOx emission rate is 0.16 Ibs/MMBtu.

The Final Best Achievable Retrofit Technology (BART) analysis submitted in 2007 was
based on an inlet NOx concentration of 0.22 Ibs/MMBtu and an SNCR removal
efficiency of 50%. The current review uses the existing CCS NOx values presented in
the previous paragraph and updated removal efficiencies. The following sections present
data on SNCR capabilities and cost.

SNCR Capabilities

SNCR was originally developed in Japan in the 1970s for use on oil- and gas-fired units.
Coal plant applications began in the late 1980s in Western Europe. Commercial U.S.
installations on coal-fired utility boilers started in the early 1990s. More than 2 GW of
capacity have been installed on coal-fired plants worldwide. SNCR requires injection of
ammonia or urea into the proper temperature window within the back-pass of the furnace.
The ammonia or urea reacts with NOx species to form nitrogen and water. Emission
reduction capabilities range from 25% at 5-ppm ammonia slip to 30% at 10-ppm
ammonia slip in most commercial installations.

An SNCR system will require the installation of reagent storage and transfer equipment, a
multilevel injection grid and the necessary control instrumentation. Due to the
elimination of the catalyst used in the SCR process, the SNCR consumption rates for
ammonia or urea are typically 3-4 times the rates required for an SCR system on a per
mole of NOXx basis.

SNCR performance is dependent upon factors that are specific to each source. These
factors are; flue gas temperature, flue gas residence time at temperatures within the
reaction temperature range, reagent distribution, uncontrolled NOx levels, mixing
between the injected reagent and the flue gas, and the CO and O2 concentrations in the
flue gas stream. NOX reductions ranging from 25-75% have been reported with SNCR
but the higher levels of reduction are only possible with high inlet NOx levels and

Coal Creek Station Project No.: 28966-007
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optimum temperatures and residence time. Typical SNCR performance for utility boilers
is in the range of 20-35% NOx reductions.

The gas temperature at the point of injection is critical to the NOx reduction performance
of an SNCR system. This window falls in a range of 1600-2000°F with an optimum
temperature of approximately 1800°F. Above this temperature, ammonia begins to
thermally decompose and below this temperature, the reaction rate for NOx reduction
decreases, resulting in increased ammonia slip. The temperature profile in any given
boiler changes with fluctuations in boiler load. Therefore, the optimum injection point
will move during cycling operation and multiple injection points will be required. It
should also be noted that the longer the ammonia or urea stays within the optimum
temperature window, the higher the NOx reduction that is achieved. Residence times in
excess of one second are desirable to achieve the maximum reduction efficiency. The
minimum residence time is approximately 0.3 seconds for moderate performance.
However, most large utility boilers have heat transfer surfaces (pendants and platens)
positioned in this flue gas temperature zone. This reduces the effective use of the SNCR
system, even when multiple injection levels are installed. In some cases, these internal
obstructions will make the application of SNCR impractical.

Figure 1 shows SNCR NOx removal efficiency as a function of Inlet NOx concentration
for 55 existing SNCR installations. The data shows the majority of the installations
achieving 20-35% reductions in NOx and only a few installations achieving 50% or
greater reductions. There is only one installation achieving 50% reduction at an inlet
NOXx concentration less than 0.4 Ib/MMBtu. This single installation is a cyclone boiler
burning a PRB/Illinois coal blend and is the only unit in the data set showing greater than
35% reduction for inlet NOx concentrations less than 0.4 Ib/MMBtu.

This figure shows that there are no installations operating with Coal Creek’s NOx levels
that are achieving greater than 20-25% NOX reductions. The figure also shows that the
majority of installations are achieving NOx reductions in the range of 20-30%. Based on
the available data, from existing installations operating at the CCS inlet NOx levels used
in the BART, the highest level of NOx reduction that could be expected is 30%. At the
present CCS NOX levels, it is expected that the highest level of NOx reduction that could
be expected is 20%.

Another factor to be considered in the application of SNCR is its effect upon fly ash
sales. An ammonia slip of only 5 ppm, which is generally accepted as the minimum that
can be achieved in an SNCR application, can render the fly ash produced by the unit
unmarketable. CCS currently sells 400,000 tons/yr of fly ash. With SNCR, this fly ash
will have to be disposed of in a landfill.
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SNCR Removal Efficiency as a function of Inlet NOx Concentrations
at Existing Installations
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Figure 1 — SNCR Removal Efficiency

SNCR Costs

SNCR capital and operating costs were developed for five (5) different cases utilizing the
Electric Power Research Institute’s (EPRI) IECCOST model (Rev 3, Nov. 2010) with
CCS site specific factors and cost components. The Integrated Emissions Control Cost
Model (IECCOST) economic analysis workbook was first published by the Electric
Power Research Institute in December 2004. IECCOST produces rough-order-of-
magnitude (ROM) cost estimates (stated accuracy of + 30%) of the installed capital and
levelized annual operating costs for Integrated Emission Control (IEC) systems installed
on coal-fired power plants. The IECCOST model allows comparison of cost information
for conventional and developing SO,, NOXx, particulate, mercury, and integrated
emissions control technologies. Costs for utility emission control systems are site-
specific, and vary with technology, labor rates, construction conditions and material
costs. The site-specific characteristics, operating conditions, process performance
requirements and economic criteria serve as input to IECCOST.

IECCOST is able to calculate both new and retrofit plant costs. IECCOST calculates a
retrofit factor for each cost area based on site congestion, existence of underground
obstructions, soil conditions, seismic zone and state productivity. A series of combustion
calculations are carried out based on the ultimate coal analysis provided by the utility and

1.6
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the operating conditions specified for the boiler(s). The resulting flue gas composition

serves as the basis for the calculation of a material balance for the control equipment.

The material balance provides data for equipment sizing and calculation of the variable

operating costs. The process-specific design criteria, including flue gas flow rate,
pollutant removal rate, chemical consumption rate and waste production rate all are
incorporated into the production of each process- and site-specific material balance.

The five (5) cases estimated for CCS are:

agprOdE

0.22 Ib/MMBtu inlet NOx with 30% reduction
0.20 Ib/MMBLtu inlet NOx with 25% reduction
0.16 Ib/MMBtu inlet NOx with 20% reduction
0.15 Ib/MMBLtu inlet NOx with 20% reduction
0.22 Ib/MMBLtu inlet NOx with 50% reduction

These represent the initial BART assessment NOX rate of 0.22 Ib/MMBtu with a

commercially achievable reduction of 30% for case 1. Cases 2-4 are representative of

CCS’s existing NOx emission rates and commercially achievable reductions. The final

case is the BART assessment case using 2011 dollars. The costs are for a urea-based

SNCR system with 14 days of reagent storage. Urea pricing from a source local to CCS
was obtained and the current cost of urea is $500/ton delivered to the site. The general

plant input data and IECCOST outputs for SNCR capital and operation and maintenance
costs are presented in the following section.

IECCOST DATA

Table 1 — Coal Creek Station Data

General Plant Technical Inputs

Total Gross Rating
Gross Plant Heat Rate (GPHR)
Total Net Rating (Less Auxiliary Power)
Net Plant Heat Rate (NPHR, Without FGD)
Plant Capacity Factor
TECHNICAL INPUTS FOR BOILER:
Boiler Heat Input
Boiler Heat Output
Total Air Downstream of Economizer
Air Heater Leakage (% of econ. flue gas)
Air Heater Outlet Gas Temp.
Inlet Air Temp.
Ambient Absolute Pressure
Pressure After Air Heater
Moisture in Air
Carbon Loss
ASH SPLIT
Fly Ash or Ash Overhead
Bottom Ash

MW
Btu/KWhr
MW
Btu/KWhr
%

MMBtu/Hr
MMBtu/Hr
%

%
°F
°F
in. Hg
in. H20
Ib/Ib dry air
%

%
%

605
9,760
572.0

10,500
90%

5,900
4,780
117.0%

7.0%

300
80
27.9
-11
0.013
0.5%

76%
24%
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Table 2 — SNCR Equipment Sizing
. . . 022Inlet & 30% | 020Inlet & 25% 016 Inlet & 20% 015 Inlet & 20% 022 & 50%
SNCR Eqmpment Slang and Capac‘g" Calcs Reduction Reduction Feduction Feduction Feduction
Chosen Reagent Urea Urea Urea Urea Urea
Required Reagent Injection LTS 1991 1601 1188 1155 3318
Total Reagent Injection Flowrate LTS 3952 3202 2375 2310 BE3E
NOxRemaved Ib/hr 3z 291 156 170 640
MOz Removed tonsyr 1513 1147 T34 a70 2523
NOx Emissions Ib/hr I B g3l 7457 a79] 640
MOy Emissions tonsyr 3531 3440 2035 26TE 2523
Power Consumption kW 75 61 45 44 126
Table 3 — Material Costs
022 Inlet & |0.20 Inlet & |0.16 Inlet & |0.15 Inlet &
30% 5% 20% 20% 022 & &80%
SNCR Material Costs Reduction |Reduction |Reduction  |Reduction  |Reduction
Cost Basis Year 2011 2011 2011 2011 2011
SHCR Equipment Cost ¥ §3,800000] %3,7000000 %3 600000 $3600000( §4,200.000
Installation Factor 1.30 1.30 1.30 1.30 1.30
Installed Equipment Cost ¥ F4970000] %4800000] %4 700000 $4700000( %5 500,000
Prime Contractor's Markup 5 $497 000 $480,000 5470 000 $470,000 F550 000
Total Installed Cost ¥ FoA00000] %5,300000] $5100000{ $5,100,000( %6 000,000
Retrofit Factor 16 1.6 1.6 1.6 1.6
Total Equiprment Cost 5 o 700 000] %35000000 $8200000{ $2200000( %9 600000
General Facilities 5 $440 000 $420,000 $410 000 $410,000 $480 000
Engineering Fees 5 $575 000 Faa0,000 $820 000 $220,000 F9E0 000
Process Contingencies 5 $503 000 $438 000 472 000 $472 000 5553 000
Project Contingencies 5 §$1580000] %1.540000( $1.490000( $1.490000( %1,740,000
Total Plant Cost (TPC) 5 12,145 000 $11,790,000] $11,420000] $11,400,000| $13,350 000
Total Cash Expended (TCE) 5 12,145 000 $11,790,000] $11,420000] $11,400,000| $13,350 000
Allowance for Funds During Constru| b 0 a 0 0 0
Total Plant Investrnent (TPI) 5 12145 000 $11,790,000( $11 420 000] $11,400,000) $13,350 000
Preproduction Costs 5 $243 000 $236,000 $228 000 $227 000 $267 000
Inventory Capital 5 167 000 $134 000 100,000 $98 000 $280 000
Initial Catalyst and Chemicals | 0 50 bl 50 bl
Prepaid Royaltieg 5 $44 000 F42 000 $41 000 $41,000 $48 000
Total Capital Reguirement (TCR) 5 $12 600,000 $12,200,000( $11,800,000] $11,800,000) $13,900 000
Market Demand Escalation ] $0 f0 $0 f0 $0
Power Outage Penalty 5 0 §0 $0 §0 0
Land Cost 5 $0 $0 $0 $0 0
TCR w/ Market Dern., Power Qutagdd §12 600,000( $12,200,000( $11,800,000] $11,800,000) $13,900 000
Bk 21.80 2110 20.40 20.40 24.00
Mill =/l h 0.40 038 0.37 037 0.44
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Table 4 — Operation & Maintenance Costs
022 Inlet & (020 Inlet & 016 Inlet & 015 Inlet &
30% 25% 20% 20% 0.22 & 50%

SNCR O&M Costs Reduction  |Reduction  |[Reduction  |Reduction  |Reduction
Cost Basis Vear 2011 2011 2011 2011 2011

Reagent Type Urea Urea Urea Urea Urea
Reagent Consumption Ib/hr 1991 1601 1183 1155 3318
tonsdyr 7848 G310 4551 4553 13080
WWater gpm 72 55 43 42 119
Electricity kY Fi] 51 45 44 126
NOy allowances generated tonsdyr n'a n'a n'a n'a n'a
Reagent Cost Blyr $3924 000 $3,155,000( $2340000| $2,250,000] $6540,000
Water Cost Blyr $410,000 $330,000 $260,000 $240,000 $685 000
Additional Power Costs Blyr F24 000 $19,000 $142 000 $13,800 $40,000
M Credit Biyr §0 F0 50 30 50
Taotal First Year Variable Q&M Cost{Bfyr $4,360,000| §3500,000( $2600000| $2,530,000] %7 270,000
haintenance Biyr $189,000 $183,000 $177 000 $176,000 $210,000
Taotal First Year Fixed O&M Costs [Bfyr $189,000 $183,000 $177 000 $176,000 $210,000

Attachments
URS SNCR Experience

ICAC White Paper — SNCR for Controlling NOx Emissions — 2000
ICAC White Paper — SNCR for Controlling NOx Emissions — 2008 Update
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ATTACHMENTS

The following table presents a listing a URS’s SNCR experience. Additionally, a partial listing of the Integrated Emission Control

(IEC) Technologies that URS has evaluated for the Electric Power Research Institute (EPRI) follows the SNCR experience list.

NOx CONTROL EXPERIENCE - SNCR

NRG Energy 5 Stations 14 Units | Various 2350 Coal NA Dec 02 FS, CE

Dayton Power & Light | Total System (6 plants) 15 Various 60-800 Coal NA 1998 =

Niagara Mohawk Four Stations 1,23, NY Qil, Gas, NA Dec 94 FS, CE
4 Coal

New York State System-wide 10 units | NY Various Coal Dec 94 FS, CE

Electric and Gas

Dugquesne Light and System-wide PA Various Coal NA Dec 93 FS, CE

Power

Atlantic Electric B. L. England Station 290 Coal NA Dec 93 FS, CE

Pennsylvania Power & | Brunner Island Station 3 PA 790 Coal NA Dec 93 FS, CE

Light

PEPCO Various 1,2,3, | Various N/A Coal, Qil, NA Dec 93 FS, CE
4,5,6 Gas

Niagara Mohawk Huntley Station 6,7 Syracuse, 2x420 Coal NA Apr 93 FS, CE

NY
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NOx CONTROL EXPERIENCE - SNCR

Inland Steel and Furnaces and Aux. Boiler N/A IN N/A Gas NA Dec 92 FS, CE
Nippon Steel (I/N Continuous Galvanizing
Tek) Line (9,000,000 tons/yr
capacity)
Centerior Energy 72 thru Coal 1992 FS, CE
680
Allegheny Energy Harrison Station 1,23 Shinnston, 3 X 685 Coal NA 1992 E
Supply WA
San Diego Gas & System-Wide NOy 13 Units | CA Various Various NA 1991 PE
Electric Compliance
Entergy Services, Inc. | System-Wide NOy 54 Units | Various Various Various NA FS
Reduction Assessment
Chevron El Segundo Refinery CA Refinery NA FS, CE
off-gas

AES Warrior Run 1 Cumberland, 180 Coal NA 1998 E,P,C

MD
PEPCO Various 1,2,3, | Various N/A T-fired il NA Dec 93 E

4,5,6 and coal
Wall-fired
oil and gas

Tennessee Valley Johnsonville 6 units | Johnsonville | 6 x 100 Coal NA Dec 92 E
Authority , TN
Los Angeles Dept. of | Haynes 1,2 Long Beach, | 2x230 Gas/Oil Ammonia 1992 E C
Water & Power CA injection
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NOx CONTROL EXPERIENCE - SNCR

Air Products Stockton Cogeneration 1 Stockton, 50 Coal NA 1988 D,E, CS
CA

Chevron El Segundo Refinery Refinery NA FS

off-gas

Texaco Los Angeles Refinery Los 22 Refinery NA FS
Angeles, CA off-gas

Air Products Cambria County 1 Pennsylvani Waste Coal NA E,P
a

Legend:

BE Bid Evaluation D Design S Startup

C  Construction

E  Engineering

STG Steam Turbine Generator

CA Construction Advisory FS Feasibility Study T Testing

CE Cost Estimate

OE Owner’s Engineer

PRB Powder River Basin Coal

CM Construction Management P Procurement

Integrated Emission Control Technologies evaluated for EPRI.

Gas Phase Oxidation Systems

Chem-Mod

ECO™
ECO2™
ISCA
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Lextran SO2/NOx/Hg
LoTOx

Low-Temperature Multi-Pollutant Control System (MPCS)

THERMALONOX

Plasma/Electron Beam Systems
EBFGT

e-SCRUB™

Pioneer Industrial Technologies (PIT)
Pulsatech

WOWClean

Combustion Modification/Fuel Processing
Ashworth Combustor

Clean Combustion System (CCS)
Coal Tech

Emulsified Fuel Technology

Green Coal

High-Sodium Lignite-Derived Chars
K-Fuel

K-Lean

Lignite Cleaning System

The Mobotec System

N-Viro Fuel

Oxycombustion

Soot Free Catalyst

WRI Coal Processing

Wet Scrubbing Systems
Airborne
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Aqueous Foam Air (AFA) Filter
CEFCO
Dry-Wet Hybrid Electrostatic Precipitator (ESP)
DynaWave

Eco Technologies

Envirolution/PureStream Gas-Liquid Contactor
FLU-ACE

Integrated Flue Gas Treatment

Integrated Advanced Tower

Ispra by SRT Group

LABSORB

Membrane Wet ESP

MercOx

PEA

Rapid Absorption Process (RAP)/Dry Absorption Process (DAP)
SkyMine

Dry Technologies

Argonne Spray Dryer

NOXxOUT CASCADE / Turbosorp Technology (formerly CDS/SCR )
ClearGas Dry Scrubber

Copper Oxide

EMx (previously SCONOx/SCOSOx)
Indigo MAPS

Kuttner Luehr Filter Technology

Low Temperature Mercury Control (LTMC)
Novacon

PahlmanTM Process

ReACT Technology

SNOX
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SOx-NOx-Rox Box (SNRB)
Trona Injection

Other Technologies

Argonne Hg/NOx Process

CANSOLV S02/CO2 Process

GreenFuel

Integrated Pollutant Removal (IPR)

Low Temperature Sulfur Trioxide Removal System (LT-STRS) / Mitsubishi Mercury Treatment System (Mi-MeTS) (Previously MHI
High Efficiency System / HCI Injection)

TIPS

Combined Plasma Scrubbing Technology (CPS)
Consummator

ECOBIK

Agqua Ammonia Process

BioDeNOx

Fungal Bioreactor

Plasma Enhanced ESP

ElectroCore
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EXECUTIVE SUMMARY

Great River Energy (GRE) has requested that Golder Associates Inc. prepare a third-party review of
potential ammonia slip mitigation (ASM) technology and cost comparisons for associated RCRA
Subtitle D ash storage facility design for their Coal Creek Station (CCS) located in Underwood, North
Dakota.

These evaluations are prepared in response to the United States Environmental Protection Agency’s
(EPA’s) proposed Federal Implementation Plan (FIP) for the state of North Dakota. As part of the FIP
process, the North Dakota Department of Health (NDDH) has requested that GRE prepare a Best
Available Retrofit Technology (BART) analysis for nitrogen oxides (NOx) emissions, specifically
evaluating the application of selective non-catalytic reduction (SNCR) emission control technology. Due
to the potential for unreacted ammonia in the flue gas downstream of the SNCR (ammonia slip) reacting
with sulfur compounds to form ammonia sulfates that deposit in the fly ash, there is concern over the
significant impact on current fly ash sales. Therefore, GRE is evaluating an ASM technology at CCS as
an option for treating ammonia slip impacted fly ash to allow continued beneficial use and sale of fly ash.
This ASM technology is not proven for lignite derived fly ash and is presented as a potential option to
reduce the impact of an SNCR on fly ash management. This evaluation includes an ASM technology cost
estimation, fly ash disposal cost comparisons, and evaluation of the total cost impact of an SNCR on fly

ash management at CCS.

Golder recently visited the Eastlake Station where Headwaters Energy Services’ patented ASM
technology is currently applied to manage ammonia levels in the fly ash. Based on this operation and
Golder’s knowledge of CCS and lignite coal-fired power plants, a cost estimate to apply ASM at CCS was
prepared. The cost estimate includes costs for the ASM infrastructure including engineering and design,
construction, and operations and maintenance. Costs are based on 2011 dollars and capital costs are
annualized for a 20-year life and 5.5% interest rate. Existing fly ash sales infrastructure and operations
and maintenance are not included in the cost estimate. ASM post-processing costs are estimated to be

$5.61 per ton of fly ash treated.

Fly ash that cannot be marketed for beneficial use is disposed of in engineered and permitted facilities at
CCS. Golder prepared a cost estimate for three potential operating scenarios: Scenario A — fly ash sales
equal to the average sales over the past few years, Scenario B — ammonia slip impact of an SNCR
makes fly ash at CCS unsalable, and Scenario C — ASM technology will be viable for ammonia impacted
fly ash at CCS allowing a reduced amount of fly ash sales. A summary of the total estimated fly ash

disposal costs is shown in the following table.

Golder

Associates

i\\11\82161\0400\flyashstg_asmeval_fnl-15nov11\flyashstg_asmeval-15nov11.docx



November 2011 ES-2 113-82161
Scenario A Scenario B Scenario C
(Current Sales) | (No Sales) | (Reduced Sales, ASM)
Fly Ash Disposed
(ton/yr) 110,000 525,000 234,500
Disposal Cost

($/ton) $18.06 $11.18 $13.91

Annual 3135/585"" Cost $1,987,000 | $5,870,000 $3,262,000

Annual Increase in Disposal Cost
Compared to Scenario A - $3,883,000 $1,275,000
($1yr)

The landfill design included the specific size, location, infrastructure, liner, and cover relevant to each
scenario. Costs for each scenario included the specific landfill design, engineering, and permitting costs,
land acquisition, infrastructure development, liner construction, post-closure care, construction
management and construction quality assurance (CQA), GRE internal costs, project contingencies, and
operational costs. Based on the annual disposal cost estimate shown in the table above, the potential
impact of an SNCR on the fly ash disposal costs at CCS may be an additional $3.9 million per year if fly
ash is no longer marketable or an additional $1.3 million per year if the ASM technology proves

successful.

The total cost impact of an SNCR on fly ash management at CCS includes ASM post-processing costs,
fly ash disposal costs, and the loss in revenue generated from the sale of fly ash. Golder evaluated this
total cost impact for each scenario, and is summarized in the table that follows. Based on this evaluation,

the total additional cost impact to fly ash management as a result of an SNCR is between $4.4 and

$9.0 million per year.

Scenario A Scenario B Scenario C
(Current Sales) | (No Sales) (Reduced Sales, ASM)
Total (Disposal + Post Processing + Lost Sales)
Annual Cost ($/yr) $1,987,000 $10,975,000 $6,422,000
Unit Cost ($/ton produced) $3.79 $20.91 $12.23
Additional Cost (Scenario B/C - Scenario A)
Fly Ash Management Cost ($/yr) - $8,988,000 $4,435,000
Fly Ash Management Cost i
($/ton produced) $17.12 $8.45

i\\11\82161\0400\flyashstg_asmeval_fnl-15nov11\flyashstg_asmeval-15nov11.docx
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1.0 INTRODUCTION

Great River Energy (GRE) has requested that Golder prepare a third party review of ammonia slip
mitigation technology, and cost comparisons for associated RCRA Subtitle D ash storage facility design
for Coal Creek Station (CCS) located in Underwood, North Dakota. These evaluations are prepared in
response to the United States Environmental Protection Agency’s (EPA’s) proposed Federal
Implementation Plan (FIP) for the state of North Dakota. Based on the proposed FIP, GRE is evaluating
selective non-catalytic reduction (SNCR) control technology to reduce nitrogen oxide (NO,) emissions
from CCS. If SNCR is installed at CCS, there is potential for unreacted ammonia in the flue gas
downstream of the SNCR, called ammonia slip, and higher ammonia in fly ash. Due to the significant
impact on current ash sales, GRE is evaluating a potential ammonia slip mitigation (ASM) technology
patented by Headwaters Energy Services. In addition, GRE is evaluating three potential management

scenarios for fly ash based on the potential impact of ammonia concentrations to the sale of fly ash.

Golder performed a third party review and estimated costs associated with implementation of
Headwaters’ ASM technology as applied to CCS. The review includes an estimate of the capital and
operating and maintenance (O&M) costs for implementation of the ASM technology at CCS, with a focus
on potential impacts to ash marketing and future sales to assist GRE in determining the feasibility of the
ASM technology for operations at CCS. This evaluation is limited in scope given that “Headwaters has
not conducted any field scale assessment on application of this technology to lignite derived fly ash. The
limited current experience in commercial application and lack of field trials is not adequate for Headwaters
to be able to provide any guarantee that the process can be successfully applied to treat lignite ash at the
Coal Creek Station,” per an email from Rafic Minkara (Headwaters) to John Weeda (GRE) on July 15,
2011.

Golder also prepared a cost comparison for three fly ash storage facility scenarios:

B Scenario 1: CCS’s current fly ash sales rate (most fly ash sold);
B Scenario 2: No fly ash sales;

B Scenario 3: Application of ASM technology (allowing for some fly ash sales).

The cost evaluation includes a comparison of capital and O&M costs for each scenario assuming a new
facility that meets EPA RCRA Subtitle D type regulations.

1.1 Qualifications
Golder Associates Corporation is an international employee-owned consulting engineering company
specializing in the application of earth sciences and engineering to environmental, natural resources, and

civil engineering projects. Operating since 1960, our company maintains a network of approximately

Golder
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160 offices. Current worldwide employment exceeds 7,000 people. The United States operating

company, Golder Associates Inc., employs approximately 1,200 people in 51 offices.

This project was conducted by a team based in our Denver, Colorado and Fort Collins, Colorado, offices.
The project team was well-suited to perform the proposed services at CCS because of the experience of
our technical staff on comparable projects, and our familiarity with the geotechnical and engineering
properties of Subtitle D landfill designs. In addition, our team has a firm understanding of the engineering
practice and regulatory environment surrounding coal-fired power plants, both in North Dakota and

nationally, including ongoing rulemaking efforts by the EPA.

Golder
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2.0 BACKGROUND

2.1 Regulatory Basis

In order to attain and maintain the National Ambient Air Quality Standards (NAAQS) within a state, state
air quality agencies prepare State Implementation Plans (SIP) for EPA approval. If EPA disapproves of
the SIP, either partially or fully, EPA will develop a Federal Implementation Plan (FIP) to address the

deficiencies in the SIP.

On September 21, 2011, EPA proposed to partially disapprove the North Dakota SIP, specifically
addressing regional haze and proposed a FIP to address the deficiency “concerning non-interference with
programs to protect visibility in other states”’. As part of this process North Dakota Department of Health
(NDDH) has requested a Best Available Retrofit Technology (BART) analysis for nitrogen oxides (NOx)
emissions. This analysis was submitted by GRE in 2007 and additional evaluations and response to
questions were submitted in 2010 and on July 15, 2011 to NDDH. NDDH is requesting additional
analyses of selective non-catalytic reduction technology. This report does not include an SNCR
evaluation, but provides a cost evaluation to address the potential impact the installation of SNCR would

have on the existing GRE fly ash storage and sales.

2.2  SNCR and Ammonia Slip

Selective non-catalytic reduction (SNCR) technology is a post-combustion technology based on the
chemical reduction of NOx into molecular nitrogen (N,) and water vapor (H,O). A nitrogen based reagent,
such as urea, is injected into the post-combustion flue gas. The injection causes mixing of the reagent
and flue gas while the heat in the flue gas provides energy for the reaction. The primary byproduct of the

reaction is nitrous oxide (N,O), which is a potent greenhouse gas (GHG).

Unreacted reagent in the flue gas downstream of the SNCR is called slip. This unreacted reagent will
appear as ammonia, and reacts with sulfur compounds (from sulfur containing fuels) to form ammonia
sulfates which deposit on the fly ash that is collected by the particulate emissions control equipment. The
ammonia sulfates are stable in a dry state, but ammonia gas can release if the fly ash becomes wet.
Ammonia content in the fly ash greater than 5 parts per million (ppm) (based on Headwaters’ experience
this level is 35 ppm) can result in release of ammonia gases which impact either the sale or storage and

disposal of fly ash.

' Federal Register, EPA, 9/21/2011, www.federalregister.gov/articles/2011/9/21/2011-23372
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3.0 AMMONIA SLIP MITIGATION

3.1 Background

Headwaters has developed an ammonia slip mitigation (ASM) technology to manage ammonia levels in
the fly ash, so that a portion of the fly ash produced can be sold as a concrete additive. The Headwaters’
ASM technology was initially developed in 2001 with the first US patent issued in 2004. The first
commercial installation of ASM technology was installed at RG&E Russell Station in Rochester, New York
in 2004. Russell Station used an SNCR and burned eastern bituminous coal.

The second commercial installation was installed at Eastlake Station in Ohio. Eastlake Station has a
600 megawatt (MW) unit that is fired with a 50/50 blend of Power River Basin (PRB) and eastern
bituminous coal while generating approximately 100,000 TPY of fly ash. Headwaters is able to blend,
treat, and market approximately 85% of the fly ash produced at Eastlake station. Fly ash is not treated
during periods of highly variable ammonia concentrations, typically occurring during SNCR upset or plant

load swings.

Currently, there are no commercial applications of ASM technology at a lignite-fired power plant, and
Headwaters has not conducted any research on the application of the technology to lignite derived fly
ash. Due to the lack of commercial experience with lignite derived fly ash, Headwaters will not provide a

guarantee that the ASM technology can be successfully applied to lignite derived fly ash.

3.2 Process Description

The ASM technology mixes approximately 0.5-pound (Ib) calcium hypochlorite (Cal-Hypo) with
approximately 3,000-Ib of fly ash in a hopper. The dose of cal-hypo, which is fed into the hopper using a
rotary screw, is based on the ammonia concentration in the fly ash. Typical ammonia range for treatment
is 50 to 150 ppm with a dosage of 0.2 to 1.3 Ib of Cal-Hypo, resulting in ammonia concentrations after

treatment of about 35 to 80 ppm.

Golder visited a current commercial application of ASM technology at the Eastlake Station (Figure 1). Fly
ash from the electrostatic precipitator (ESP) is sent to one of two fly ash silos where the fly ash is tested
daily to determine ammonia concentrations (Figure 2). If the ammonia concentrations are above
150 ppm, the fly ash is diverted for disposal. Fly ash with ammonia concentrations less than 150 ppm are
sent to the third silo, after which it is “dosed” with Cal-Hypo and sent to the fourth silo (Figure 3 through
Figure 5). The SNCR at Eastlake cannot keep the ammonia slip consistent, and often over-treats a
portion of the fly ash stream. To increase the amount of treatable and marketable fly ash, fly ash with no
ammonia from other sources is regularly blended into the Eastlake fly ash to keep the initial ammonia
content below 150 ppm. Through the operation of the SNCR and by blending non-ammonia impacted fly

ash with Eastlake’s ammonia impacted fly ash, Eastlake is able to market approximately 85% of what
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they produce because this fly ash is considered “treatable” (i.e., ammonia concentration levels are
<150 ppm). Diagrams of the East Lake Station system provided by Headwaters are shown in

Appendix A. Subsequent to these diagrams, Headwaters has added a weigh hopper under the silo as
shown in Figure 5.

Figure 1. Eastlake Station ASM Schematic
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Figure 2: Eastlake Station ASM Lab

Silo 3 Silo 4

ASM
System

Figure 3: Eastlake Station Silo 3, Silo 4, and ASM Setup
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Figure 4: Eastlake Station ASM Control Panel

Figure 5: Eastlake Station ASM Mixing Hopper
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3.3 Design and Limitations

Based on the Eastlake Station application, ASM is applied to fly ash with ammonia concentration levels
less than 150 ppm. Ammonia levels can fluctuate based on plant load variations and SNCR operation.
Ammonia concentrations are more consistent at base load conditions and dosing levels are typically
based on this condition. Therefore, during load “swings,” it can be difficult to properly adjust the amount
of ammonia injected into the flue gas resulting in varying concentrations of ammonia in the fly ash. If
there is a plant upset condition, it may be several days until the ammonia concentrations in the fly ash
being produced are at “treatable” levels again. The concern is two-fold. If the fly ash is not treated with
enough Cal-Hypo, objectionable levels of ammonia will be released when the fly ash is mixed with water.
Ammonia gas at low levels is an irritant but can be dangerous to life and health at high concentrations. If
too much Cal-Hypo is added, chlorine gas will be released when the fly ash is mixed with water. Chlorine

gas even at low concentrations is dangerous to life and health.

3.4 ASM Application at CCS
The application of ASM technology at CCS is being evaluated as an option for treating ammonia slip

impacted fly ash to allow continued beneficial use and sale of fly ash.

3.4.1 Potential Design at CCS

For cost estimating, a potential layout for the application of ASM at CCS is shown in Figure 6. This
potential layout utilizes the existing fly ash infrastructure including the truck load-out silos (91 and 92), the
rail load-out silo (93), and the fly ash storage dome (94). To utilize ASM, the layout adds a new truck
load-out silo south of Silos 91 and 92, and adds ASM Cal-Hypo feed systems at both the new truck load-
out silo and the existing rail load-out silo (93). The general flow of material is treatable fly ash being
routed to either the new truck load-out silo, the fly ash dome (94) or the rail load-out silo. From these
silos, the fly ash is tested, and then mixed with Cal-Hypo as it is loaded into the trucks or rail cars.
Additional testing of the resultant product would also be performed. Fly ash that is expected not to be
treatable or saleable is routed to the exiting truck load-out silos (91 and 92) where it will be loaded into

haul trucks and disposed at on-site disposal facilities.
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Figure 6: Coal Creek Station ASM Schematic

As discussed earlier, not all of the fly ash coming from the precipitators is expected to be within treatable
levels of ammonia. In general, when the power generation units are operating at steady load and the
SNCR ammonia injection system is operating properly, the fly ash produced should be treatable using the
ASM system and will be collected in the rail load silo (93), the fly ash dome (94), or the new truck loadout
silo (95). Conditions under which the ammonia content of the produced fly ash will be questionable

include:

B Unit load swings causing variations in ash ammonia concentration (load swings may be
due to regional wind penetration or variable load consistent with MISO);

B SNCR ammonia injection feed system problems; and

B Unit startup and shutdown which results in oily ash.

Golder expects that when any of these conditions occur, the fly ash produced will automatically be
directed to the disposal silos (91 & 92). Fly ash will not be redirected to the sales silos (93, 94 or 95) until
the upset is over and the fly ash collected in the first two rows of the electrostatic precipitator (ESP) has

been tested and proven to have less than 150 ppm of ammonia in it.

Based on a review of the recent load profile at CCS, historic information on marketable fly ash at CCS,
and an estimate of the reliability of the SNCR and ASM systems, approximately 30% of the fly ash now
sent to the sales silos is assumed to have ammonia concentrations which will make it untreatable if an

SNCR system is installed.
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3.5 Cost Estimate

The cost estimate includes costs for the ASM infrastructure including engineering and design;
construction; and operations and maintenance. Golder used actual costs from similar projects, and
professional judgment to develop this cost estimate. Sources and assumptions are documented where

appropriate. Some general assumptions for the cost estimate include:

B All costs are estimated in 2011 dollars.
B Capital costs are annualized based on a 20-year life and 5.5% interest rate.
B Existing fly ash sales infrastructure (silos, scales, rail facilities) and operations and
maintenance are not included.
3.5.1 System Engineering and Design
This item is estimated as 10% of the total construction costs to develop the new facilities. Ten percent is

based on Golder’s professional judgment.

3.5.2 New Truck Load-Out Silo
The costs for the new truck load-out silo include site preparation, permit application, the silo and handling
equipment, dust collection equipment, and feed piping. The costs for this construction are based on the
construction of a similar fly ash sales terminal constructed for GRE in 2003. This silo had a 5,000-ton
capacity and was used to transfer fly ash from rail cars to trucks (Figure 7). The total estimated cost for
this item is $1.6 million and includes the following:
B Silo and truck scale similar to the Irondale, CO unit:

® Silo slab on grade;
Starvrac reclaimer;
Truck scale beside the silo on grade;
Screw conveyor from discharge of the Starvrac reclaimer;
Bucket elevator to overhead,;
Air slide ;

® Building with the scale and ASM controls

B Additional items needed at CCS:

® Feed piping and valves from each of the four fly ash conveying lines;

® Higher capacity dust collectors to handle the high air flow from ESP.

Details for this cost estimate are included in Appendix B.
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Figure 7: Typical Silo used in Cost Estimate

3.5.3 Cal-Hypo Feed System
The costs for the Cal-Hypo feed systems are estimated at $574,500 and include:

B Rail loadout silo (93):

Cal-Hypo storage and conveying building;

Day storage hopper for Cal-Hypo on the silo weigh bin floor;

Conveying system from the storage building to the day storage hopper;
Variable speed screw conveyor to feed Cal-Hypo into existing weigh hopper;

ASM system controls

B New truck loadout silo (95):

Weigh hopper above truck loadout spout;

Cal-Hypo storage and conveying building;

Day storage hopper for Cal-Hypo on the silo weigh bin floor;

Conveying system from the storage building to the day storage hopper;
Variable speed screw conveyor to feed Cal-Hypo into existing weigh hopper;

ASM system controls.
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3.5.4 GRE Internal Costs

Internal costs for GRE to manage consultants, contractors, and in-house staff is estimated as 10% of the
total costs (construction, engineering, permitting, CQA). Ten percent is based on GRE’s experience with
projects at CCS.

3.5.5 Project Contingency

Due to the order-of-magnitude scope of this cost estimate a contingency of 15% on the construction costs
was added.

3.5.6 Operational and Maintenance Costs

ASM post-processing operations and maintenance costs are estimated as an annual cost. Operations
costs include the cost of Cal-Hypo, fly ash sampling and testing costs, and labor to operate the system.
Maintenance costs include labor and materials to maintain and repair the added equipment at the rail
load-out silo (93) and the new truck load-out silo (95).

The estimated cost for this item, based on annual sale/processing of 290,500 tons, is approximately

$1.4 million per year. Details for this cost estimate are included in Appendix B.

3.6 ASM Post-Processing Cost Summary
Using the quantities and the unit pricing described above, ASM post-processing costs are estimated as
$5.61 per ton of fly ash treated.
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4.0 FLY ASH DISPOSAL

Fly ash that cannot be marketed for beneficial use is disposed of in engineered and permitted facilities at
CCS. Golder has prepared this order-of-magnitude cost estimate to compare costs between three
scenarios defined to assess the potential impact of an SNCR on fly ash sales and disposal at CCS.
Summary costs and key inputs are included in Table 1 through Table 3, and Figure 8 through Figure 10,

with cost estimate details provided in Appendix B.

4.1 Fly Ash Disposal Scenarios

Three scenarios were evaluated to estimate the annual cost and the cost per ton to dispose of fly ash at

CCS. These scenarios include:

A summary of the fly ash production, sales, and disposal annual tonnages for these scenarios is provided

in Table 1.

Scenario A — This scenario is the base case with fly ash sales equal to the average
sales over the past few years. The scenario assumes that fly ash will be disposed of in a
new landfill with a design based on RCRA Subtitle D practices, and has a 20-year
disposal capacity. No post processing of the fly ash is required to make it marketable.

Scenario B — This scenario assumes that the ammonia slip impact of an SNCR makes
fly ash at CCS unsalable. The scenario also assumes that fly ash will be disposed of in a
new landfill with a design based on RCRA Subtitle D practices, and has a 20-year
disposal capacity.

Scenario C — This scenario assumes that Headwater's ASM technology will be viable for
ammonia impacted fly ash at CCS. However, sales will be reduced from current sales
due to load swing impacts on ammonia slip, market conditions, and other factors
previously identified. The scenario also assumes that fly ash will be disposed of in a new
landfill with a design based on RCRA Subtitle D practices, and has a 20-year disposal
capacity.

Table 1: Fly Ash Sales and Disposal Tons

Scenario A Scenario B Scenario C
(Current Sales) (No Sales) | (Reduced Sales, ASM)

Fly Ash Produced

525,000 525,000 525,000
(ton/yr)

Fly Ash Sold 415,000 0 290,500
(ton/yr)

Fly Ash Disposed 110,000 525,000 234,500

(ton/yr)

The total tonnage of fly ash produced is variable based on items such as plant load, plant efficiency, coal

quality, and coal processing. Tonnage used in this analysis is meant to represent a typical or average

amount of fly ash produced, sold, and disposed at CCS.
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4.2  Landfill Design

For all three scenarios a 20-year disposal capacity and a RCRA Subtitle D design is assumed. It is also
assumed that the landfill will be built on property not currently owned by GRE. For this cost estimate, it is
assumed that property just west of the plant property would be purchased for the new facility. Figure 8
shows a potential location for these new facilities just west of the plant property and represents the

approximate footprint required for Scenario A.

Figure 8: Potential Landfill Location (Scenario A)

4.2.1 Landfill Size

Landfill size is based on a 20-year fly ash disposal capacity. For the three scenarios this varies between
2.2 million and 10.5 million tons of capacity. For each Scenario, Golder developed a simplified landfill
footprint that would provide the 20-year fly ash disposal capacity. The simplified landfill design assumes
10 feet of cut, 12-foot high soil berm, 3H:1V soil berm slopes, and 4H:1V fly ash slopes with a 5% crown.
Based on preliminary engineering, the landfill capacity ranges between 75,000 and 118,000 cubic yards
(cy) per lined acre due to the increased height capacity of a larger footprint facility. Figures showing the

size of each Scenario are included in Appendix B.

The amount of cover area in relationship to the liner area has also been estimated based on preliminary

engineering as 1.1 acres of cover for every 1 acre of liner.
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The amount of land required is assumed to encompass at least a 500-foot buffer beyond this lined
footprint to allow for access roads, fencing, support structures, and groundwater monitoring. For the land
acquisition purchase estimate, the nearest whole or partial section of land to the required footprint was

assumed.

Table 2 provides a summary of the estimated facility liner area, cover area, and site area for the three

scenarios.

Table 2: Scenario Landfill Size

Scenario A Scenario B Scenario C
(Current Sales) (No Sales) (Reduced Sales, ASM)
Liner Acres 24.0 73.5 410
(acres)
Cover Area
(acres) 26.5 81.0 45.0
Site Area 160.0 240.0 160.0
(acres)

4.2.2 Infrastructure Development

With the landfill constructed on a new property, considerable site development is required, which may
include a haul truck access road, fencing and gates around the property, power to the new site,
monitoring wells up- and down-gradient of the new facility, and a water return pipeline to allow the

pumping of excess contact water from the site to the ash water tanks within the plant.

In addition, haul trucks will be required to cross a county road to deliver fly ash from the plant to the new
facility. For safety and operational flexibility, a new country road bridge should be constructed to allow
haul truck traffic under the county road. This bridge would include the bridge structure as well as the

grading and embankment costs associated with the approach on the county road.

4.2.3 Liner

A liner design based on RCRA Subtitle D standards and historic practice at CCS was utilized. The
assumed liner system is shown in Figure 9 and consists of (from bottom to top) a compacted clay layer
(1x10” cm/sec maximum permeability), a geomembrane liner, a leachate collection layer consisting of

drainage material, piping and sumps, and a protective cover layer.
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Figure 9: Composite Liner Detail

4.2.4 Cover

The final cover is also design based on RCRA Subtitle D standards and historic practice at CCS. The
assumed cover system is shown in Figure 10 and consists of (from bottom to top) a compacted soil layer
(1x10'5 cm/sec maximum permeability), a textured geomembrane, a drainage layer consisting of drainage
material and piping, and a vegetation layer. The drainage layer over the geomembrane is required to
control the head on the liner and the resulting stability of growth medium. In addition, the cover will utilize

terrace channels and armored down-chute channels to manage surface water runoff and reduce erosion.
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Figure 10: Composite Cover Detail

4.3 Cost Estimate

The cost estimate includes costs for the life of the disposal facility including engineering, design, and
permitting; construction; and operations and maintenance, including closure and post-closure care.
Golder used actual costs from similar projects at CCS, local contractor rates, RS Means manuals
(RS Means 2010), and professional judgment to develop this cost estimate. Sources and assumptions
are documented. Some general assumptions for the cost estimate include:

B All costs are estimated in 2011 dollars.
B Capital costs are annualized based on a 20-year life and 5.5% interest rate.

B Existing fly ash processing equipment (silos, unloaders, etc.) is not included. Disposal
costs begin once the haul trucks are loaded with fly ash.

B Existing fly ash sales infrastructure (silos, scales, rail facilities) and operations and
maintenance are not included.

B Disposal costs only include fly ash disposal and not facility airspace or operations and
maintenance for other coal combustion products produced at CCS.

4.3.1 Engineering, Design, and Permitting

This item is estimated as 10% of the total construction costs to develop the facility. Ten percent is based
on Golder’'s experience with coal combustion product facilities within the Midwest. The components
included in this cost may include a facility siting evaluation, design of the facility, submittal of a solid waste
landfill permit as well as permit renewals, submittal of air permits and NDPES permits, and creation of
construction and bid packages for the facility.
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The siting evaluation may include a hydrogeological characterization of the site, which includes drilling,
soil testing, establishing groundwater baseline data, and preparing a hydrogeologic characterization
report. Additional siting efforts may include a wetlands delineation, a site topographic survey, as well as

other required evaluations.

Facility design includes both landfill design and infrastructure design. This includes grading plans,
deposition plans, contact and surface water management plans, design of haul roads, and the design of

the country bridge crossing.

Permitting may include the solid waste landfill permit, air permits, and an NPDES permit. This includes
the development of operations plans for the facility, closure plans, post-closure care plans, groundwater
sampling and analysis plans, a Stormwater Pollution Prevention (SWPP) plan, and other required

submittals associated with the construction and operation of a new fly ash disposal facility.

4.3.2 Land Acquisition

Land acquisition of the property for the new facility includes site due diligence, and property purchase.
Site due diligence may include survey, geotechnical characterization, environmental audit, and a landfill
siting suitability evaluation. The property purchase may include legal fees as well as the purchase price.
At this time, good crop land in the vicinity of CCS is selling for as much as $1,500 per acre. A unit cost of

$2,000 per acre is used in the analysis to account for both the cost of the land and the site due diligence.

4.3.3 Infrastructure Development

The costs for the infrastructure development include fencing, monitoring well installation, power from the
plant to landfill, facility access haul road, a return water pipeline, and a county road bridge crossing. The
costs for this construction are estimated to be between $649,500 and $924,000 for the different

scenarios. Details for the quantities and unit rates applied to this work are included in Appendix B.

4.3.4 Liner Construction

Liner construction includes several elements as described above including a compacted clay layer, a
geomembrane liner, a leachate collection system, and protective cover. In addition, this construction
effort will include clearing and grubbing, topsoil stripping and stockpiling, construction of temporary roads,
soil excavation and stockpiling to be used for perimeter berms, compacted liner, and cover, and
application of site controls such as erosion controls. The costs for this construction are estimated to be
between $174,500 and $178,300 per acre for the different scenarios. Details for the quantities and unit

rates applied to this work are included in Appendix B.
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4.3.5 Final Cover Construction

Final cover construction includes leveling fill, compacted soil layer, a geomembrane liner, a drainage
collection system, growth medium, topsoil, armored down-chute channels, and vegetation of the site. The
costs for this construction are estimated to be between $132,400 and $143,000 per acre for the different

scenarios. Details for the quantities and unit rates applied to this work are included in Appendix B.

4.3.6 Post-Closure Care

Post-closure care includes groundwater monitoring and reporting, annual site inspections, repair and
maintenance of the final cover (soil, seeding, mowing, surface water structures), maintenance of the
facility access roads and fencing, as well as permit required record keeping. Post closure care will occur
for 30 years following the closure of the facility and is included in the capital/direct costs for this cost
analysis. The costs for post closure care are estimated to be between $50,000 and $108,500 per year for
the different scenarios. Details for the quantities and unit rates applied to this work are included in

Appendix B.

4.3.7 Construction Management and Construction Quality Assurance

Throughout the construction effort, a construction manager will be on-site to communicate between the
contractors and the design engineer. In addition to the construction manager, one or several construction
quality assurance (CQA) monitors will be on-site during the construction. This item is estimated as 10%
of the total construction costs to develop the facility. Ten percent is based on Golder’s experience with

coal combustion product facilities within the Midwest.

4.3.8 GRE Internal Costs
Internal costs for GRE to manage consultants, contractors, and in-house staff is estimated as 10% of the
total costs (construction, engineering, permitting, CQA). Ten percent is based on GRE’s experience with

projects at CCS.

4.3.9 Project Contingency
Due to the order-of-magnitude scope of this cost estimate and the associated engineering and unit rate

development, a contingency of 15% on the construction and land acquisition costs was added.

4.3.10 Operational Costs

Landfill operations and maintenance costs are estimated as an annual cost and include both engineering
support and site operations. Engineering support includes design support; permit support, an annual
inspection, groundwater monitoring, and an annual survey. Site operations include the ownership and

operation of site haul and placement equipment, full-time site staff, and material expenses.

Golder

Associates

i\\11\82161\0400\flyashstg_asmeval_fnl-15nov11\flyashstg_asmeval-15nov11.docx



November 2011 20 113-82161

Estimated costs for this work are broken into haul costs, placement costs, and site management and

maintenance costs.

Haul costs were estimated at $2.14 per ton based on haul distance, equipment capacity, operator costs,
and equipment costs. Placement costs were estimated at $1.71 per ton based on dozer spreading with
minimal compaction. Details on the haul and placement costs are included in Appendix B.

Site management and maintenance costs were estimated between $154,500 and $396,000 per year for
the different scenarios. Details on the annual site management and maintenance costs are included in
Appendix B.

4.4  Disposal Cost Summary

Using the quantities and the unit pricing described above, disposal costs were estimated for the three

scenarios and are summarized in Table 3.

Table 3: Disposal Cost Summary

Scenario A Scenario B Scenario C
(Current Sales) | (No Sales) | (Reduced Sales, ASM)
Fly Ash Disposed 110,000 525,000 234,500
(ton/yr)
D'Sp(gft?'n)COSt $18.06 $11.18 $13.91
Annual %7535&' Cost $1,987,000 | $5,870,000 $3,262,000
Annual Increase in Disposal Cost
Compared to Scenario A - $3,883,000 $1,275,000
($lyr)

The disposal cost per ton is reduced with increased disposal quantity due to the efficiency of the landfill
footprint (larger landfill can be built higher and has larger capacity), and the distribution of fixed costs

(roads, bridge, fence) across a larger amount of disposed fly ash.

Based on the annual disposal cost estimate, the potential impact of an SNCR to the fly ash disposal costs
at CCS may be an additional $3.9 million per year if fly ash is no longer marketable or an additional

$1.3 million per year if the ASM technology proves successful.
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50 COST IMPACT

The total cost impact of an SNCR on fly ash management at CCS requires the aggregation of the post-
processing costs (ASM), the disposal costs, and the loss in revenue generated from the sale of fly ash.
This total cost impact was evaluated for the three Scenarios discussed previously. As a basis for the cost
comparison, Table 4 provides a summary of the annual tons of fly ash produced, sold, disposed, and the

loss in fly ash sales in comparison to Scenario A (current sales).

Table 4: Fly Ash Sales and Disposal Tons

Scenario A Scenario B Scenario C
(Current Sales) | (No Sales) (Reduced Sales, ASM)

Fly Ash Produced 525,000 525,000 525,000
(ton/yr)

Fly Ash Sold 415,000 0 290,500
(ton/yr)

Fly Ash Disposed 110,000 525,000 234,500
(ton/yr)

Lost Fly Ash Sales 0 415,000 124,500
(ton/yr)

5.1 Ammonia Slip Mitigation

Post-processing of ammonia slip impacted fly ash by Headwater's ASM technology is proposed as an
option to maintain fly ash sales. This post-processing is only being applied to the sold fly ash tonnage in
Scenario C. Depending upon the plant power profile and how the fly ash distribution system is setup, it is
likely that additional tons of fly ash will be treated and disposed, but these potential costs impacts are not
included. The cost impact for ASM post-processing is shown in Table 5.

Table 5: ASM Post-Processing Costs

Scenario A Scenario B Scenario C
(Current Sales) | (No Sales) | (Reduced Sales, ASM)

ASM Unit Rate Capital and O&M

($/ton sold) $0.00 $0.00 $5.61

ASM Annual Capital and O&M ($/yr) $0 $0 $1,629,000

5.2 Fly Ash Disposal

Disposal costs vary between the Scenarios with the per ton cost being reduced by disposal volume. The
cost impact for fly ash disposal is shown in Table 6.
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Table 6: Disposal Costs

Scenario A Scenario B Scenario C
(Current Sales) | (No Sales) | (Reduced Sales, ASM)

Unit Rate Capital and O&M
($/ton disposed)

Annual Capital and O&M ($/yr) $1,987,000 $5,870,000 $3,262,000

$18.06 $11.18 $13.91

5.3 Lost Sales

The current fly ash sales are supported by a large investment in capital infrastructure as well as a large
operations and maintenance contingency. Changes to the quantity of fly ash marketed and sold will have
a direct impact on fly ash management costs, as the revenue currently used to offset fly ash management
will be lost. The lost fly ash sales revenue is based on the 2010 average price per ton FOB of $41.00;
with 30% of the sale price going to GRE as revenue. The cost impact of the potential loss in fly ash sales

in shown in Table 7.

Table 7: Lost Fly Ash Sales

Scenario A Scenario B Scenario C
(Current Sales) | (No Sales) | (Reduced Sales, ASM)

Lost Fly Ash Sales Revenue

12.30 12.30 12.30
($/ton lost sales) $ $ $

Annual Lost Fly Ash Sales Revenue

($/yr) $0 $5,105,000 $1,531,000

5.4 Combined Impact to Fly Ash Management
The combination of the ASM post-processing, fly ash disposal, and lost fly ash sales revenue is shown in
Table 8. This table also shows the additional cost impact of Scenario B and Scenario C in comparison

with the current sales (Scenario A).
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Table 8: Total Fly Ash Management Costs
Scenario A Scenario B Scenario C
(Current Sales) | (No Sales) (Reduced Sales, ASM)
Total (Disposal + Post Processing + Lost Sales)
Annual Cost ($/yr) $1,987,000 $10,975,000 $6,422,000
Unit Cost ($/ton produced) $3.79 $20.91 $12.23
Additional Cost (Scenario B/C - Scenario A)
Fly Ash Management Cost ($/yr) - $8,988,000 $4,435,000
Fly Ash Management Cost i $17.12 $8.45

($/ton produced)

The total additional cost impact to fly ash management as a result of an SNCR is between $4.4 and $9.0

million per year.

We appreciate the opportunity to provide this third-party review of Headwater's ASM technology, and an

estimate of the potential impact of SNCR on fly ash management costs including disposal and sales.

Please contact us if you have any questions about the information provided.

GOLDER ASSOCIATES INC.

Fawn W. Bergen, PE Ron Jorgenson
Senior Project Engineer Principal
FWB/TS/dIs
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APPENDIX A
EASTLAKE ASM DESIGN DRAWINGS (HEADWATERS RESOURCES)
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Project No. 113-82161

November 15, 2011

Fly Ash Management Impact Evaluation Summary (November 15, 2011)

Option A

Option B

Option C

Current fly ash sales
with new RCRA

No fly ash sales with
new RCRA Subtitle D

ASM technology to
allow reduced fly
ash sales with new

Subtitle D landfill landfill RCRA Subtitle D
landfill
Fly Ash Quantities
Fly Ash production (ton/yr) 525,000 525,000 525,000
Fly Ash Sales (ton/yr) 415,000 0 290,500
Fly Ash Disposal (ton/yr) 110,000 525,000 234,500
Lost Fly Ash Sales (ton/yr) 0 415,000 124,500
ASM Fly Ash Post Processing
ASM Unit Rate Capital and O&M (S/ton sold)| $ - S - S 5.61
ASM Annual Capital and O&M ($/yr)| $ - S - S 1,629,000
Fly Ash Disposal
Lined Footprint (acres) 24.0 73.5 41.0
Unit Rate Capital and O&M ($/ton disposed)| S 18.06 | S 11.18 | S 13.91
Annual Capital and O&M ($/yr)| S 1,987,000 | S 5,870,000 | $ 3,262,000
Lost Fly Ash Sales
Lost Fly Ash Sales Revenue ($/ton lost sales)| $ 12.30 | S 12.30 | S 12.30
Annual Lost Fly Ash Sales Revenue (S/yr)| S - S 5,105,000 | $ 1,531,000
Total (Disposal + Post Processing + Lost Sales)
Annual Cost (S/yr)| $ 1,987,000 | S 10,975,000 | S 6,422,000
Unit Cost ($/ton produced)| $ 379 S 2091 (S 12.23
Additional Cost (Scenario B/C - Scenario A)
Fly Ash Management Cost ($/yr) - S 8,988,000 | $ 4,435,000
Fly Ash Management Cost (S/ton produced) - S 17.12 | $ 8.45
Notes:
Capital costs annualized based on 20-year life and 5.5% interest rate.
Disposal costs based on new facility built across county road from Coal Creek Station with 20-year life.
RCRA Subtitle D type facility (composite liner, leachate collection system, and composite cover).
Disposal costs only include fly ash disposal and not facility airspace or O&M for other CCPs.
Ammonia slip mitigation costs based on existing facility site visit and historic costs for fly ash infrastructure.
All costs are in 2011 dollars.
Lost fly ash sales revenue based on expected 2011 average price per ton FOB of $43 and 30% of sale price to GRE.
Existing fly ash sales infrastructure and O&M costs are not included.
J:\11J0BS\113-82161 GRE SNCR\GRE Cost Est\Cost Comparison (14Nov11).xIsx
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Project No. 113-82161 November 15, 2011

Scenario A - Current Sales

Project 113-82161
Sizing Information Date 11/15/2011
Annual Fly Ash Disposal 110,000 tn By TJS
20yr Fly Ash Disposal 2,200,000 tn Checked JIS
Fly Ash Dry Density (in-situ) 90 pcf
20yr Fly Ash Quantity 1,811,000 cy
Lined Footprint 24.0 ac 75,000 cy/ac
Disturbance Footprint 34.5 ac 100’ offset on liner footprint
Berm Length 4,240 ft  20' offset on liner footprint
Total Footprint 160 500' offset on liner footprint, nearest 1/8 section
Total Cover Area 26.5 ac 1.1 ration of cover area to liner area
Direct/Capital Costs
Item Rate # Total Cost
Land Acquisition S 2,000 /ac 160.0 ac S 320,000
Infrastructure Development S 649,500 ea 1.0 LS $§ 649,500
County Road Crossing $ 1,730,500 ea 1.0 LS S 1,730,500
Liner Construction S 178,300 /ac 24.0 ac S 4,279,200
Final Cover Construction S 143,000 /ac 26.5 ac $ 3,789,500
Post-Closure Care $ 50,000 /yr 30.0 yr S 1,500,000
Facility Design & Permitting 10.0% - $10448700 LS $ 1,044,870
(on construction)
Construct?on Quality Assurance 5.0% ) $10,448700 LS $ 522,435
(on construction)
GRE Internal Costs 100% - $13.836005 - $ 1,384,000
(on construction, design, CQA, & land purchase)
Project Contingency 15.0% -  $ 10,768,700 - $ 1,615,000
(on construction & land)
Total Direct/Capital Costs $ 16,835,005
Annualized Capital Cost* S 1,409,000 /yr
Capital Costs $ 12.81 /tn
Operational Costs
Hauling Costs S 2.14 /tn 110,000 tn/yr $ 235,469 /yr
Placement Costs S 1.71 /tn 110,000 tn/yr $ 188,000 /yr
Maintenance Costs S 154,500 /yr 1 yr S 154,500 /Jyr
Annual Operational Costs $ 578,000 /yr
Operational Costs $ 5.26 /tn
TOTAL DISPOSAL COSTS
Annual Costs S 1,987,000 /yr
20-Year Total Costs $ 39,740,000
Per Ton Cost $ 18.06 /tn

Notes:
*Annualized capital cost based on 20-year life and 5.5% interest rate.
All costs are in 2011 dollars.
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Project No. 113-82161 November 15, 2011

Scenario B - No Fly Ash Sales

Project 113-82161
Sizing Information Date 11/15/2011
Annual Fly Ash Disposal 525,000 tn By TJS
20yr Fly Ash Disposal 10,500,000 tn Checked JIS
Fly Ash Dry Density (in-situ) 90 pcf
20yr Fly Ash Quantity 8,642,000 cy
Lined Footprint 73.5 ac 118,000 cy/ac
Disturbance Footprint 91.0 ac 100’ offset on liner footprint
Berm Length 7,320 ft  20' offset on liner footprint
Total Footprint 240 500' offset on liner footprint, nearest 1/8 section
Total Cover Area 81.0 ac 1.1 ration of cover area to liner area
Direct/Capital Costs
Item Rate # Total Cost
Land Acquisition S 2,000 /ac 240.0 ac $ 480,000
Infrastructure Development S 924,000 ea 1.0 LS § 924,000
County Road Crossing $ 1,730,500 ea 1.0 LS S 1,730,500
Liner Construction S 174,500 /ac 73.5 ac  $§ 12,825,750
Final Cover Construction S 132,400 /ac 81.0 ac $ 10,724,400
Post-Closure Care S 108,500 /yr 30.0 yr S 3,255,000
(Foicc':'nts\t’rz:jf“ & Permitting 10.0% - $26204650 LS $ 2,620,465
Construct?on Quality Assurance 5.0% ) $26,204650 LS $ 1,310,233
(on construction)
GRE Internal Costs 100% - $33870348 - S 3,387,000
(on construction, design, CQA, & land purchase)
Project Contingency 15.0% - $ 26,684,650 - $ 4,003,000
(on construction & land)
Total Direct/Capital Costs $ 41,260,348
Annualized Capital Cost* S 3,453,000 /yr
Capital Costs $ 6.58 /tn
Operational Costs
Hauling Costs S 2.14 /tn 525,000 tn/yr § 1,123,830 /yr
Placement Costs S 1.71 /tn 525,000 tn/yr $ 897,273 /yr
Maintenance Costs S 396,000 /yr 1 yr $ 396,000 /yr
An. Operational Costs S 2,417,000 /yr
Operational Costs S 4.60 /tn

TOTAL DISPOSAL COSTS
Annual Costs S 5,870,000 /yr
20-Year Total Costs $ 117,400,000
Per Ton Cost S 11.18 /tn

Notes:

*Annualized capital cost based on 20-year life and 5.5% interest rate.
All costs are in 2011 dollars.
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Project No. 113-82161

Scenario C - Partial Fly Ash Sales with ASM

Sizing Information

Annual Fly Ash Disposal
20yr Fly Ash Disposal

Fly Ash Dry Density (in-situ)
20yr Fly Ash Quantity

Lined Footprint
Disturbance Footprint
Berm Length

Total Footprint

Total Cover Area

Direct/Capital Costs

Item

Land Acquisition
Infrastructure Development
County Road Crossing

Liner Construction

Final Cover Construction
Post-Closure Care

Facility Design & Permitting

(on construction)

Construction Quality Assurance
(on construction)

GRE Internal Costs
(on construction, design, CQA, & land purchase)

Project Contingency
(on construction & land)

Operational Costs
Hauling Costs
Placement Costs
Maintenance Costs

Notes:

*Annualized capital cost based on 20-year life and 5.5% interest rate.

All costs are in 2011 dollars.

Project 113-82161
Date 11/15/2011
234,500 tn By TJS
4,690,000 tn Checked JIS
90 pcf
3,860,000 cy
41.0 ac 94,000 cy/ac
54.0 ac 100’ offset on liner footprint
5,500 ft  20' offset on liner footprint
160 500' offset on liner footprint, nearest 1/8 section
45.0 ac 1.1 ration of cover area to liner area
Rate # Total Cost
S 2,000 /ac 160.0 ac S 320,000
S 779,500 ea 1.0 LS § 779,500
$ 1,730,500 ea 1.0 LS S 1,730,500
S 175,600 /ac 41.0 ac $ 7,199,600
S 138,500 /ac 45.0 ac $ 6,232,500
S 72,500 /yr 30.0 yr S 2,175,000
10.0% - $ 15,942,100 LS S 1,594,210
5.0% - $ 15,942,100 LS § 797,105
10.0% - $ 20,828,415 - S 2,083,000
15.0% - S 16,262,100 - S 2,439,000
Total Direct/Capital Costs $ 25,350,415
Annualized Capital Cost* $ 2,121,000 /yr
Capital Costs $ 9.05 /tn
S 2.14 /tn 234,500 tn/yr $ 501,977 /yr
S 1.71 /tn 234,500 tn/yr $ 400,782 [yr
$ 238,500 /yr 1 yr $ 238500 Jyr
An. Operational Costs $ 1,141,000 /yr
Operational Costs $ 4.87 /tn
TOTAL DISPOSAL COSTS
Annual Costs S 3,262,000 /yr
20-Year Total Costs $ 65,240,000
Per Ton Cost $ 13.91 /tn
4 of 12
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Project No. 113-82161 November 15, 2011

ASM Post-Processing

Project 113-82161
Sizing Information Date 11/15/2011
Annual Fly Ash Sales 290,500 tn By REN

Checked TIS

Direct/Capital Costs

Item Rate # Total Cost
New Truck Load-out Silo S 1,568,500 ea 1.0 LS $ 1,568,500
Cal-Hypo Feed Systems (Rail silo) S 246,000 ea 1.0 LS S 246,000
Cal-Hypo Feed Systems (New silo) S 328,500 ea 1.0 LS S 328,500
(So\fctoiz:u?::n')g” & Engineering 10.0% -  $2,143,000 - $ 214,000
GRE Internal Costs (on all) 10.0% - S 2,357,000 - S 236,000
Project Contingency (on construction) 15.0% - S 2,143,000 - S 321,000
Total Direct/Capital Costs $ 2,914,000
Annualized Capital Cost* S 244,000 /yr
Capital Costs S 0.84 /tn

Operational Costs

Maintenance S 75.00 S/hr 4,600 hr S 345,000 /Jyr
Maintenance Materials 50% - S 345,000 - S 172,500 /yr
Operations Materials S 75.00 S/hr 5,750 hr S 431,250 /yr
Operations Materials (Cal-Hypo) S 0.50 /tn 290,500 tn/yr $ 145,250 /yr
Technology Royalty S 1.00 /tn 290,500 tn/yr § 290,500 /yr
An. Operational Costs S 1,385,000 /yr

Operational Costs $ 4.77 /in

TOTAL ASM COSTS

Annual Costs $ 1,629,000 /yr
20-Year Total Costs $ 32,580,000

Per Ton Cost $ 5.61 /tn

Notes:

*Annualized capital cost based on 20-year life and 5.5% interest rate.

Capital costs based on previous silo construction and discussions with Headwaters.
Assumed calcium hypo-chlorite cost of $1.00/lb.

Calcium hypo-chlorite mix rate is estimated between 0.3 and 1.3 lbs per 3,000 lbs of fly ash.
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Project No. 113-82161

Scenario A (Current Sales) Unit Rate Details

November 15, 2011

PROJECT COMPONENT

] oty |  uNIT  JUNITPRICE] TOTAL  [Source 1 NOTES
linfrastructure Development Total $ 649,325 $ 649,500
General
Mobilize/Demobilize 5% % $ - $ 29,515
Miscellaneous Site Work & Materials 5% % $ - 29,515 Erosion contrals, offices, toilets, temporary roads,
survey control, etc.
Civil
Road Topsoil Stripping and Stockpiling 7,778 CY $ 221($ 17,181 |Ames 2005 construction bid 18" topsoil
Access Road Construction 140,000  SF $ 155|$ 217,101 [RSMeans 2010 (01 55 23.50-0100) j O%B?\:(e;?mporary foad ($13.55/SY = $1.51/s0),
Return Water Pipeline 2,640 LF $ 4152 | $ 109,622 |RSMeans 2008 (33 11 13.25-4160) 6" PVC, 3' deep
Fence 8,090 LF $ 2366 | $ 191,391 |GRE Estimate 7' Chain link fence, GRE paid $22.30/ft in 2009
Overhead Power (Plant to Landfill) 1 EA $ 25,000 [ $ 25,000 |[Golder Estimate $25,000 for 1/2 mile distribution w/ transformer
Monitoring Well Installation 5 EA $ 6,000 | $ 30,000 |Golder Estimate
ICounty Road Crossing Total $ 1,730,693 $ 1,730,500
General
Mobilize/Demobilize 5% % - $ 78,668
Misc. (erosion controls, toilets, etc) 5% % } $ 78,668 Erosion controls, offices, toilets, temporary roads,
survey control, etc.
Civil
Topsoil Stripping and Stockpiling 4,577 CY $ 221($ 10,111 |Ames 2005 construction bid 18" topsoil
Embankment Fill 35,591 CY $ 359 |$ 127,906 [Northern 2006 construction bid
County Road Sub-Base Course 2,385 CY $ 359 ($ 8,572 |Northern 2006 construction bid 2' Sub-base preparation
County Road Base Course 32,200 SF $ 155|$ 49,933 |RSMeans 2010 (01 55 23.50-0100) 3 35’3"‘9' temporary road ($13.55/SY = $1.51/sf) 920
Bridge Deck Construction 5,250 SF $ 262 | $ 1,376,836 | 2008 California DOT Average 150 ft bridge deck, 35 ft wide
ILiner Construction Total $ 4,278,853 Cost Per Acre of Liner $ 178,300
General
Mobilize/Demobilize 5% % $ - $ 194,493
Miscellaneous Site Work & Materials 5% % $ - $ 194,493 Erosion contrals, offices, toilets, temporary roads,
survey control, etc.
Civil
Clearing and Grubbing 35 AC $ 6,077.00| % 209,657 |RSMeans 2010 (31 11 10.10-0200) Clear & grub brush including stumps
e - o - CcY $ 2.21 Ames 2005 construction bid
Topsoil Stripping & Stockpiling (18") 25 AC 5 5346 184,429
Subgrade Cut to Stockpile 291,093 CY $ 3.00$ 873,280 |Golder Estimate 10' across liner area: for liner, berms and cover
Subgrade Cut/Embankment Fill 96,107 CY $ 359 |$ 345,383 |Northern 2006 construction bid 612 ft2 cross section area
. - " - CY $ 4.32 Northern 2008 construction bid
Low Permeability Soil Liner (24") 22 AC 5 130273 334,052
o . - SF $ 0.76 Northern 2008 construction bid materials, waste, conformance testing, installation
60-mil HDPE Liner 24 AC $  33310|$ 799,666
; B CcY $ 25.00 Golder Estimate
Leachate Collection Layer, Sand (12") 22 AC 5 203333 968,000
! \ - CY $ 4.04 Northern 2008 construction bid fly ash as protective cover
Protective Cover (3) 6 AC $ 19,569 | $ 117,411 contractor place 25% (side slopes, haul routes)
Piping
LCS 4" Piping 4,475 LF $ 525|$ 23,472 [Northern 2008 construction bid 4" ADS N-12
LCS 8" Piping 900 LF $ 12.02 [ $ 10,818 |Northern 2008 construction bid 8" ADS N-12
LCS Sump/Riser 1 EA $ 17,314 | $ 17,314 |Northern 2005 construction bid
Equipment and Electrical
Power Posts at Pumps/Sumps 1 EA $ 1,185($ 1,185 |[RSMeans 2010 (26 24 16.30-0150) Panelboard/utility box with outlets
Collection pump 1 EA $ 5,000 | $ 5,000 |Golder Estimate
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Project N

0.113-82161

Scenario A (Current Sales) Unit Rate Details

November 15, 2011

PROJECT COMPONENT

QTY | UNIT  JUNITPRICE]  TOTAL  [Source | NOTES
IFinal Cover Total $ 3,790,408 Cost Per Acre of Cover $ 143,000
General
Mobilize/Demobilize 5% % $ - 172,291
Miscellaneous Site Work & Materials 5% % $ - $ 172,291 Erosion controls, offices, toilets, temporary roads,
survey control, etc.
Civil
. - ) " - CY $ 3.59 Northern 2006 construction bid
Leveling Fill (6") & Compacted Fill (24") 57 AC 3 12,495 384110
. . - SF $ 0.76 Northern 2008 construction bid materials, waste, conformance testing, installation
60-mil HDPE Liner 27 AC $  33319|$ 882,965
. . CY $ 25.00 Golder Estimate
Leachate Collection Layer, Sand (12") 57 AC 3 203335 1068833
’ " CY $ 4.92 Northern 2010 construction bid
Growth Medium (18) 27 AC $  11015|$ 315738
e CY $ 4.92 Same as Growth Medium
Topsoil (67) 27 AC $  3972|$ 105246
Downchute Channels 57,600 SF $ 1082 [ $ 622,944 |Northern 2010 construction bid 36" wide, 4 downchutes
Seed and Mulch 27 AC $ 2,490.11($ 65,988 |[RSMeans 2010 (32 92 19.14-4600) Slope mlx, with mulch & fertLizer
IPost Closure Care Total $ 50,020 $ 50,000
Groundwater Monitoring & Reporting 1 EA $ 15,000 | $ 15,000 |Golder Estimate $1,000 per well + $10,000 for the report
Annual Site Inspection 1 EA $ 1,060 | $ 1,060 [Golder Estimate $1,000 per 25 acres
Final Cover Repair 1 EA $ 4,210 | $ 4,210 |Golder Estimate 2% of cover area, 12" growth medium/topsaoil fill
Seeding Repair 1 EA $ 6,600 | $ 6,600 |Golder Estimate 10% of cover area
2"031‘;‘;'2'9 andor rodent, weed, & tree 1 EA $ 21203 2,120 |Golder Estimate $2,000 per 25 acres
Surface Water Controls Maintenance 1 EA $ 12,230 | $ 12,230 |Golder Estimate 1% of armored channel replaced + other repairs
Gate and/or fence Maintenance 1 EA $ 1910 $ 1,910 [Golder Estimate 1% of fence
Recordkeeping 1 EA $ 1590 ($ 1,590 [Golder Estimate $1,500 per 25 acres
Direct Expenses 1 EA $ 5,300 | $ 5,300 |Golder Estimate $5,000 per 25 acres
JAnnual Operations & Maintenance Costs (not haul and place) Total $ 154,710 $ 154,500
Groundwater Monitoring & Reporting 1 EA $ 15,000 | $ 15,000 |Golder Estimate $1,000 per well + $10,000 for the report
Annual Site Inspection 1 EA $ 12,000 | $ 12,000 |Golder Estimate $1,000 per 25 acres of liner per month
|Engineering Support 1 EA $ 48,000 | $ 48,000 |Golder Estimate $50,000 per 25 acres of liner
Survey Control 1 EA $ 25,000 | $ 25,000 |Golder Estimate GPS unit(s), $25,000 per year
Gate and/or fence Maintenance 1 EA $ 1910 $ 1,910 [Golder Estimate 1% of fence
Recordkeeping 1 EA $ 4,800 | $ 4,800 |Golder Estimate $5,000 per 25 acres
Misc Work (contact water, dust, erosion, |, EA $ 48,0003 48,000 |Golder Estimate $50,000 per 25 acres
grading, etc)
JHaul & Place Costs
Haul Cost 1 CY $ 2141 % 2.14 |RSMeans 2010 (32 23 23.20-8180) 60cy Off-road, 20 min wait, 15 mph, 2 mile cycle
Haul Cost 1 TON $ 214 ($ 2.14 |Golder Estimate 75pcf haul density (1 ton/cy)
Place Cost 1 CY $ 142 $ 1.42 |[RSMeans 2010 (31 23 23.17-0020) Dozer, no compaction
Place Cost 1 TON $ 171 ($ 1.71 |Golder Estimate 90pcf placed density (1.2 ton/cy;
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Project No. 113-82161

Scenario B (No Sales) Unit Rate Details

November 15, 2011

PROJECT COMPONENT

I oty | UuUNIT JUNTPRICE] TOTAL [Source 1 NOTES
linfrastructure Development Total $ 924,006 $ 924,000
General
Mobilize/Demobilize 5% % $ - $ 42,000
Miscellaneous Site Work & Materials 5% % - $ 42,000 Erosion contrals, offices, toilets, temporary roads,
survey control, etc.
Civil
Road Topsoil Stripping and Stockpiling 11,667 CY $ 221($ 25,772 |Ames 2005 construction bid 18" topsoil
Access Road Construction 210,000 sE s 155|$ 325652 |RSMeans 2010 (01 55 23.50-0100) & oravel cemporary road ($13.55/SY = $1.51/sD.
Return Water Pipeline 2,640 LF $ 4152 |$ 109,622 [RSMeans 2008 (33 11 13.25-4160) 6" PVC, 3' deep
Fence 11,157 LF $ 2366 | $ 263,960 |GRE Estimate 7' Chain link fence, GRE paid $22.30/ft in 2009
Overhead Power (Plant to Landfill) 1 EA $ 25,000 | $ 25,000 [Golder Estimate $25,000 for 1/2 mile distribution w/ transformer
Monitoring Well Installation 15 EA $ 6,000 | $ 90,000 |Golder Estimate
ICounty Road Crossing Total $ 1,730,693 $ 1,730,500
General
Mobilize/Demobilize 5% % - $ 78,668
Misc. (erosion controls, toilets, etc) 5% % : $ 78,668 Erosion controls, offices, toilets, temporary roads,
survey control, etc.
Civil
Topsoil Stripping and Stockpiling 4,577 CY $ 221($ 10,111 |Ames 2005 construction bid 18" topsoil
Embankment Fill 35,591 CY $ 359 [$ 127,906 |Northern 2006 construction bid
County Road Sub-Base Course 2,385 CY $ 359 (% 8,572 |Northern 2006 construction bid 2' Sub-base preparation
County Road Base Course 32,200 SF $ 155|$ 49,933 |RSMeans 2010 (01 55 23.50-0100) 3 3?3"3' temporary road ($13.55/SY = $1.51/sf) 920
Bridge Deck Construction 5,250 SF $ 262 [ $ 1,376,836 | 2008 California DOT Average 150 ft bridge deck, 35 ft wide
ILiner Construction Total $ 12,827,387 Cost Per Acre of Liner $ 174,500
General
Mobilize/Demobilize 5% % - $ 583,063
Miscellaneous Site Work & Materials 5% % - $ 583,063 Erosion controls, offices, toilets, temporary roads,
survey control, etc.
Civil
Clearing and Grubbing 91 AC $ 6,077.00 | $ 553,007 [RSMeans 2010 (31 11 10.10-0200) Clear & grub brush including stumps
i L - ; - CY $ 2.21 Ames 2005 construction bid
Topsoil Stripping & Stockpiling (18") o1 AC 3 5346 [$ 480,465
Subgrade Cut to Stockpile 1,019,880 CY $ 3.00 | $ 3,059,640 |Golder Estimate 10' across liner area: for liner, berms and cover
Subgrade Cut/Embankment Fill 165,920 CY $ 3.59|$ 596,275 [Northern 2006 construction bid 612 ft2 cross section area
- - . - CY $ 4.32 Northern 2008 construction bid
Low Permeability Soil Liner (24") 72 AC 5 13.927 |$ 1.023.647
o . - SF $ 0.76 Northern 2008 construction bid materials, waste, conformance testing, installation
60-mil HDPE Liner 74 AC $  33,319|$ 2,448,978
. . CY $ 25.00 Golder Estimate
Leachate Collection Layer, Sand (12") 72 AC 3 70333 [ $ 2.964.500
. . - CY $ 4.04 Northern 2008 construction bid fly ash as protective cover
Protective Cover (3) 18 AC $ 19,569 | $ 359,572 contractor place 25% (side slopes, haul routes)
Piping
LCS 4" Piping 15,640 LF $ 525|$ 82,033 [Northern 2008 construction bid 4" ADS N-12
LCS 8" Piping 3,340 LF $ 12.02 [ $ 40,147 [Northern 2008 construction bid 8" ADS N-12
LCS Sump/Riser 2 EA $ 17,314 | $ 34,628 |Northern 2005 construction bid
Equipment and Electrical
Power Posts at Pumps/Sumps 2 EA $ 1,185 $ 2,369 [RSMeans 2010 (26 24 16.30-0150) Panelboard/utility box with outlets
Collection pump 2 EA $ 5,000 | $ 10,000 |Golder Estimate
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Project N

0.113-82161

Scenario B (No Sales) Unit Rate Details

November 15, 2011

PROJECT COMPONENT QtY | UNIT  JUNITPRICE] TOTAL [Source | NOTES
IFinal Cover Total $ 10,724,703 Cost Per Acre of Cover $ 132,400
General
Mobilize/Demobilize 5% % - $ 487,486
Miscellaneous Site Work & Materials 5% % - $ 487,486 Erosion controls, offices, toilets, temporary roads,
survey control, etc.
Civil
. - ) " - CY $ 3.59 Northern 2006 construction bid
Leveling Fill (6") & Compacted Fill (24") o1 AC 5 14.495 | $ 1174078
. . - SF $ 0.76 Northern 2008 construction bid materials, waste, conformance testing, installation
60-mil HDPE Liner 81 AC $ 33,319 $ 2,608,874
. . CY $ 25.00 Golder Estimate
Leachate Collection Layer, Sand (12") o1 AC 3 70333 [ $ 3,267,000
’ " CY $ 4.92 Northern 2010 construction bid
Growth Medium (18) 81 AC $  11015]$ 965085
e CcY $ 4.92 Same as Growth Medium
Topsoil (67) 81 AC $  3972|$ 321,69
Downchute Channels 103,680 SF $ 10.82 [ $ 1,121,299 |Northern 2010 construction bid 36" wide, 4 downchutes
Seed and Mulch 81 AC $ 2,490.11|% 201,699 |[RSMeans 2010 (32 92 19.14-4600) Slope mlx, with mulch & fertLizer
IPost Closure Care Total $ 108,670 $ 108,500
Groundwater Monitoring & Reporting 1 EA $ 25,000 | $ 25,000 [Golder Estimate $1,000 per well + $10,000 for the report
Annual Site Inspection 1 EA $ 3,240 | $ 3,240 |Golder Estimate $1,000 per 25 acres
Final Cover Repair 1 EA $ 12,870 | $ 12,870 |Golder Estimate 2% of cover area, 12" growth medium/topsaoil fill
Seeding Repair 1 EA $ 20,170 | $ 20,170 |Golder Estimate 10% of cover area
2"031‘;‘;'2'9 andor rodent, weed, & tree 1 EA $  6480|$ 6,480 |Golder Estimate $2,000 per 25 acres
Surface Water Controls Maintenance 1 EA $ 17,210 | $ 17,210 |Golder Estimate 1% of armored channel replaced + other repairs
Gate and/or fence Maintenance 1 EA $ 2,640 | $ 2,640 |Golder Estimate 1% of fence
Recordkeeping 1 EA $ 4,860 | $ 4,860 |Golder Estimate $1,500 per 25 acres
Direct Expenses 1 EA 16,200 | $ 16,200 |Golder Estimate $5,000 per 25 acres
JAnnual Operations & Maintenance Costs (not haul and place) Total $ 396,140 $ 396,000
Groundwater Monitoring & Reporting 1 EA $ 25,000 | $ 25,000 |Golder Estimate $1,000 per well + $10,000 for the report
Annual Site Inspection 1 EA $ 34,800 | $ 34,800 |Golder Estimate $1,000 per 25 acres of liner per month
|Engineering Support 1 EA $ 147,000 |$ 147,000 |Golder Estimate $50,000 per 25 acres of liner
Survey Control 1 EA $ 25,000 | $ 25,000 |Golder Estimate GPS unit(s), $25,000 per year
Gate and/or fence Maintenance 1 EA $ 2,640 | $ 2,640 |Golder Estimate 1% of fence
Recordkeeping 1 EA $ 14,700 | $ 14,700 |Golder Estimate $5,000 per 25 acres
Misc Work (contact water, dust, erosion, 1 EA $ 147,000 |$ 147,000 |Golder Estimate $50,000 per 25 acres
grading, etc)
JHaul & Place Costs
Haul Cost 1 CY $ 214 $ 2.14 |RSMeans 2010 (32 23 23.20-8180) 60cy Off-road, 20 min wait, 15 mph, 2 mile cycle
Haul Cost 1 TON $ 214 $ 2.14 |Golder Estimate 75pcf haul density (1 ton/cy)
Place Cost 1 CY $ 142 $ 1.42 |[RSMeans 2010 (31 23 23.17-0020) Dozer, no compaction
Place Cost 1 TON $ 171 ($ 1.71 |Golder Estimate 90pcf placed density (1.2 ton/cy;
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Project No. 113-82161

Scenario C (Reduced Sales with ASM) Unit Rate Details

November 15, 2011

PROJECT COMPONENT ] oty |  uNIT  JUNITPRICE] TOTAL  [Source | NOTES
linfrastructure Development Total $ 779,431 $ 779,500
General
Mobilize/Demobilize 5% % $ - $ 35,429
Miscellaneous Site Work & Materials 5% % $ - 35,429 Erosion contrals, offices, toilets, temporary roads,
survey control, etc.
Civil
Road Topsoil Stripping and Stockpiling 9,722 CY $ 221($ 21,476 |Ames 2005 construction bid 18" topsoil
Access Road Construction 175000  SF | 155|$ 271,376 |RSMeans 2010 (01 55 23.50-0100) 3 oravel lemporary road ($13.55/SY = $1.51/sD.
Return Water Pipeline 2,640 LF $ 4152 | % 109,622 [RSMeans 2008 (33 11 13.25-4160) 6" PVC, 3' deep
Fence 9,346 LF $ 2366 | $ 221,099 |GRE Estimate 7' Chain link fence, GRE paid $22.30/ft in 2009
Overhead Power (Plant to Landfill) 1 EA $ 25,000 [ $ 25,000 |[Golder Estimate $25,000 for 1/2 mile distribution w/ transformer
Monitoring Well Installation 10 EA $ 6,000 | $ 60,000 |Golder Estimate
ICounty Road Crossing Total $ 1,730,693 $ 1,730,500
General
Mobilize/Demobilize 5% % - $ 78,668
Misc. (erosion controls, toilets, etc) 5% % $ } $ 78,668 Erosion controls, offices, toilets, temporary roads,
survey control, etc.
Civil
Topsoil Stripping and Stockpiling 4,577 CY $ 221($ 10,111 |Ames 2005 construction bid 18" topsoil
Embankment Fill 35,591 CY $ 359 ($ 127,906 [Northern 2006 construction bid
County Road Sub-Base Course 2,385 CY $ 359 ($ 8,572 |Northern 2006 construction bid 2' Sub-base preparation
County Road Base Course 32,200 SF $ 155|$ 49,933 |RSMeans 2010 (01 55 23.50-0100) 3 3?3"3' temporary road ($13.55/SY = $1.51/sf) 920
Bridge Deck Construction 5,250 SF $ 262 | $ 1,376,836 | 2008 California DOT Average 150 ft bridge deck, 35 ft wide
ILiner Construction Total $ 7,200,075 Cost Per Acre of Liner $ 175,600
General
Mobilize/Demobilize 5% % $ - $ 327,276
Miscellaneous Site Work & Materials 5% % $ - $ 327,276 Erosion controls, offices, toilets, temporary roads,
survey control, etc.
Civil
Clearing and Grubbing 54 AC $ 6,077.00 [ $ 328,158 |RSMeans 2010 (31 11 10.10-0200) Clear & grub brush including stumps
. L - " - CY $ 2.21 Ames 2005 construction bid
Topsoil Stripping & Stockpiling (18") =2 AC 3 5346 | $ 288,672
Subgrade Cut to Stockpile 536,800 CY $ 3.00$ 1,610,400 |Golder Estimate 10' across liner area: for liner, berms and cover
Subgrade Cut/Embankment Fill 124,667 CY $ 359 |$ 448,021 |Northern 2006 construction bid 612 ft2 cross section area
. - " - CY $ 4.32 Northern 2008 construction bid
Low Permeability Soil Liner (24") ) AC 3 39273 571,014
o . - SF $ 0.76 Northern 2008 construction bid materials, waste, conformance testing, installation
60-mil HDPE Liner a1 AC $  33319|$ 1,366,097
] " CY $ 25.00 Golder Estimate
Leachate Collection Layer, Sand (12") ) AC 3 40333 |5 1,653,067
. . - CY $ 4.04 Northern 2008 construction bid fly ash as protective cover
Protective Cover (3) 10 AC $ 19,569 | $ 200,578 contractor place 25% (side slopes, haul routes)
Piping
LCS 4" Piping 7,770 LF $ 525 % 40,754 [Northern 2008 construction bid 4" ADS N-12
LCS 8" Piping 1,220 LF $ 12.02 | § 14,664 |Northern 2008 construction bid 8" ADS N-12
LCS Sump/Riser 1 EA $ 17,314 | § 17,314 |Northern 2005 construction bid
Equipment and Electrical
Power Posts at Pumps/Sumps 1 EA $ 1,185 $ 1,185 [RSMeans 2010 (26 24 16.30-0150) Panelboard/utility box with outlets
Collection pump 1 EA $ 5,000 | $ 5,000 |Golder Estimate
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Project N

0.113-82161

Scenario C (Reduced Sales with ASM) Unit Rate Details

November 15, 2011

PROJECT COMPONENT

QTY | UNIT  JUNITPRICE]  TOTAL  [Source | NOTES
IFinal Cover Total $ 6,232,264 Cost Per Acre of Cover $ 138,500
General
Mobilize/Demobilize 5% % $ - 283,285
Miscellaneous Site Work & Materials 5% % $ - $ 283,285 Erosion controls, offices, toilets, temporary roads,
survey control, etc.
Civil
. - ) " - CY $ 3.59 Northern 2006 construction bid
Leveling Fill (6") & Compacted Fill (24") 3 AC 3 12,495 652,266
. . - SF $ 0.76 Northern 2008 construction bid materials, waste, conformance testing, installation
60-mil HDPE Liner 25 AC $  33319|$ 1499374
. . CY $ 25.00 Golder Estimate
Leachate Collection Layer, Sand (12") 3 AC 3 203335 1815.000
’ " CY $ 4.92 Northern 2010 construction bid
Growth Medium (18) 25 AC $  11915|$ 536,158
e CY $ 4.92 Same as Growth Medium
Topsoil (67) 25 AC $  3972|$ 178,719
Downchute Channels 80,640 SF $ 1082 [ $ 872,122 |Northern 2010 construction bid 36" wide, 4 downchutes
Seed and Mulch 45 AC $ 2,490.11($ 112,055 [RSMeans 2010 (32 92 19.14-4600) Slope mlx, with mulch & fertLizer
IPost Closure Care Total $ 72,390 $ 72,500
Groundwater Monitoring & Reporting 1 EA $ 20,000 [ $ 20,000 [Golder Estimate $1,000 per well + $10,000 for the report
Annual Site Inspection 1 EA $ 1,800 [ $ 1,800 [Golder Estimate $1,000 per 25 acres
Final Cover Repair 1 EA $ 7,150 | $ 7,150 |Golder Estimate 2% of cover area, 12" growth medium/topsaoil fill
Seeding Repair 1 EA $ 11,210 | $ 11,210 |Golder Estimate 10% of cover area
2"031‘;‘;'2'9 andor rodent, weed, & tree 1 EA $  3600|$ 3,600 |Golder Estimate $2,000 per 25 acres
Surface Water Controls Maintenance 1 EA $ 14,720 | $ 14,720 |Golder Estimate 1% of armored channel replaced + other repairs
Gate and/or fence Maintenance 1 EA $ 2210 % 2,210 |Golder Estimate 1% of fence
Recordkeeping 1 EA $ 2,700 | $ 2,700 |Golder Estimate $1,500 per 25 acres
Direct Expenses 1 EA $ 9,000 | $ 9,000 |Golder Estimate $5,000 per 25 acres
JAnnual Operations & Maintenance Costs (not haul and place) Total $ 238,610 $ 238,500
Groundwater Monitoring & Reporting 1 EA $ 20,000 | $ 20,000 |Golder Estimate $1,000 per well + $10,000 for the report
Annual Site Inspection 1 EA $ 19,200 | $ 19,200 |Golder Estimate $1,000 per 25 acres of liner per month
|Engineering Support 1 EA $ 82,000 | $ 82,000 |Golder Estimate $50,000 per 25 acres of liner
Survey Control 1 EA $ 25,000 | $ 25,000 |Golder Estimate GPS unit(s), $25,000 per year
Gate and/or fence Maintenance 1 EA $ 2210 % 2,210 |Golder Estimate 1% of fence
Recordkeeping 1 EA $ 8,200 | $ 8,200 |Golder Estimate $5,000 per 25 acres
Misc Work (contact water, dust, erosion, |, EA $  82,000|$ 82,000 |Golder Estimate $50,000 per 25 acres
grading, etc)
JHaul & Place Costs
Haul Cost 1 CY $ 2141 % 2.14 |RSMeans 2010 (32 23 23.20-8180) 60cy Off-road, 20 min wait, 15 mph, 2 mile cycle
Haul Cost 1 TON $ 214 ($ 2.14 |Golder Estimate 75pcf haul density (1 ton/cy)
Place Cost 1 CY $ 142 $ 1.42 |[RSMeans 2010 (31 23 23.17-0020) Dozer, no compaction
Place Cost 1 TON $ 171 ($ 1.71 |Golder Estimate 90pcf placed density (1.2 ton/cy;
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Project No. 113-82161 November 15, 2011

ASM Unit Rate Details

PROJECT COMPONENT QTY MUE’:\I;UO}:E UNIT PRICE TOTAL Source NOTES

INew Silo Total $ 1,568,494 $ 1,568,500 -

Miscellaneous Site Work & Materials 10% % $ - $ 142,590 Erasion contrals, offices, toilets, temporary roads,
survey control, etc.

Silo slab on grade 1 EA $ 536,796 | $ 536,796 Site prep, silo & handling equipment, permit
Starvac reclaimer 1 EA $ 83,455 $ 83,455
Truck scale 1 EA $ 81,474 | $ 81,474 Beside the silo on grade
Screw conveyor 1 EA $ 24,626 | $ 24,626 . From Starvac reclaimer to bucket elevator
Bucket Elevator 1 EA $ 88,927 [ $ 88,927 2003 Irondale CO Unitless RR & land  [From screw conveyor to overhead airslide
Air Slide 1 EA $ 26,906 | $ 26,906 From bucket elevator to new weigh hopper
Truck load-out spout 1 EA $ 45,604 | $ 45,604 From new weigh hopper to truck
Building 1 EA $ 11,401 | $ 11,401 With scales and ASM controls
Feed piping & valves 1 EA $ 329,202 | $ 329,202 |Golder Estimate From each of the four fly ash conveying lines
Dust collectors 1 EA $ 197512 $ 197,512 |Golder Estima£e Higher caEacitx to handle high air flow from ESP |

ICal-Hypo Feed System (Rail Load-out Silo) Total $ 245,960 $ 246,000
Miscellaneous Site Work & Materials 10% % $ - $ 22,360
Storage & Conveying Building 1,000 SF g 50.00 | $ 50,000 |GRE 2009 Construction Project $35/sf for large insulated bldg, use $50/si
Building Foundation 62 CY $ 300.00 | $ 18,600 |Worley Parsons Jul09 12' x 40" x 1' thick plus 1' x 5' perimetet
Day Storage Hopper 1 EA $ 15,000 | $ 15,000 |Golder Estimate On the silo weigh bin floor
Conveying System 1 EA $ 20,000 | $ 20,000 |Golder Estimate From stroage building to the day storage hoppel
Variable speed conveyor 1 EA $ 20,000 | $ 20,000 |Golder Estimate To feed cal-hypo into the existing weigh hoppel
ASM System Controls 1 EA $ 100,000 | $ 100,000 [Golder Estima&e

ICal-Hypo Feed System (New Truck Load-out Silo) Total $ 328,460 $ 328,500
Miscellaneous Site Work & Materials 10% % $ - $ 29,860
Weigh Hopper 1 EA $ 75,000 | $ 75,000 |Golder Estimate Above truck load-out spout
Storage & Conveying Building 1,000 SF g 50.00 | $ 50,000 |GRE 2009 Construction Project $35/sf for large insulated bldg, use $50/sf for 25'x40
Building Foundation 62 CY $ 300.00 | $ 18,600 |Worley Parsons Jul09 25' x 40' x 1' thick plus 1' x 5' perimetet
Day Storage Hopper 1 EA $ 15,000 | $ 15,000 |Golder Estimate On the silo weigh bin floor
Conveying System 1 EA $ 20,000 | $ 20,000 |Golder Estimate From stroage building to the day storage hoppel
Variable speed conveyor 1 EA $ 20,000 | $ 20,000 |Golder Estimate To feed cal-hypo into the existing weigh hoppel
ASM System Controls 1 EA $ 100,000 | $ 100,000 [Golder Estimate
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Summary of Modeling Inputs

Emission Rate Input

Stack PM2.5
Description Velocity Stack Height PM10 (fine) PM (coarse) SO, NOx
30-Day
% Rolling
NOx Control Units m/s (ft/s) m (ft) % reduction Ib/hr Ib/hr Ib/hr reduction Ib/hr  |% reduction Ib/hr Ib/MMBtu
Pre-BART 1 25.9 (85) 201.0 (659.4) NA - base 249.2 101.9 147.3 NA - base 5733.5 NA - base 1772.3 NA - base
Protocol 1& 2 25.9 (85) 201.0 (659.4) NA - base 465.3 190.3 275.0 NA - base 10702.8 NA - base 3594.7 NA - base
LNC3+ 1 19.5 (64) 208.2 (682.7) 0% 249.2 101.9 147.3 69% 1756.4 31% 1227.6 0.187
1& 2 19.5 (64) 208.2 (682.7) 0% 465.3 190.3 275.0 67% 3514.8 32% 2456.5 0.187
LNC3+ with 1 19.5 (64) 208.2 (682.7) 0% 249.2 101.9 147.3 69% 1756.4 38% 1104.4 0.168
Tuning 1& 2 19.5 (64) 208.2 (682.7) 0% 465.3 190.3 275.0 67% 3514.8 39% 2210.0 0.168
SNCR 1 19.5 (64) 208.2 (682.7) 0% 249.2 101.9 147.3 69% 1756.4 39% 1082.7 0.165
1&2 19.5 (64) 208.2 (682.7) 0% 465.3 190.3 275.0 67% 3514.8 40% 2166.7 0.165
SNCR with 1 19.5 (64) 208.2 (682.7) 0% 249.2 101.9 147.3 69% 1756.4 50% 880.6 0.134
LNC3+ 1& 2 19.5 (64) 208.2 (682.7) 0% 465.3 190.3 275.0 67% 3514.8 51% 1762.2 0.134
Year 2000 Modeling Results
Visibility Impairment
Description TRNP South Unit TRNP North Unit TRNP Elkhorn Ranch Lostwood WA
Average Days Days
Improvemen | Days Above 0.5 90th % 98th % | Above 0.5 90th % 98th % | Above 0.5 90th % 98th % |Days Above | 90th % 98th %
NOx Control Units t (98th%) A-dV A-dV A-dV A-dV A-dV A-dV A-dV A-dV A-dV 0.5 A-dV A-dV A-dV
Pre-BART 1 -- 24 0.299 1.229 21 0.318 0.941 18 0.212 0.777 37 0.503 1.183
Protocol 1& 2 - 41 0.553 2.176 41 0.586 1.836 35 0.401 1.391 58 0.945 2.157
LNC3+ 1 60% 7 0.124 0.495 6 0.117 0.376 2 0.088 0.321 6 0.219 0.445
1& 2 57% 17 0.243 0.965 17 0.232 0.778 10 0.175 0.632 28 0.427 0.884
LNC3+ with 1 62% 7 0.117 0.472 6 0.115 0.354 2 0.084 0.311 6 0.207 0.428
Tuning 1& 2 59% 17 0.231 0.922 17 0.228 0.743 10 0.167 0.608 26 0.407 0.844
SNCR 1 62% 7 0.116 0.468 6 0.114 0.351 2 0.084 0.308 6 0.204 0.427
1&2 59% 16 0.229 0.914 17 0.227 0.736 10 0.167 0.602 26 0.404 0.837
SNCR with 1 65% 7 0.110 0.431 6 0.111 0.315 2 0.076 0.280 4 0.187 0.415
LNC3+ 1& 2 62% 16 0.218 0.842 13 0.220 0.667 10 0.150 0.549 25 0.367 0.810
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Year 2001 Modeling Results

Visibility Impairment

Description TRNP South Unit TRNP North Unit TRNP Elkhorn Ranch Lostwood WA
Average Days Days

Improvemen | Days Above 0.5 90th % 98th % | Above 0.5 90th % 98th % | Above 0.5 90th % 98th % |Days Above | 90th % 98th %

NOx Control Units t (98th%) A-dV A-dV A-dV A-dV A-dVv A-dV A-dV A-dV A-dV 0.5 A-dV A-dV A-dV
Pre-BART 1 -- 21 0.251 1.209 27 0.372 1.154 16 0.192 1.056 40 0.522 2.362
Protocol 1& 2 - 34 0.466 2.181 46 0.694 2.094 27 0.365 1.949 56 0.984 4.038
LNC3+ 1 58% 7 0.097 0.498 7 0.129 0.470 7 0.076 0.478 18 0.221 0.971
1& 2 54% 19 0.193 0.974 22 0.255 0.918 15 0.152 0.937 31 0.437 1.855

LNC3+ with 1 60% 7 0.096 0.477 6 0.126 0.452 5 0.075 0.449 17 0.211 0.943
Tuning 1& 2 56% 19 0.191 0.933 21 0.251 0.883 13 0.149 0.880 30 0.418 1.803
SNCR 1 60% 7 0.097 0.473 6 0.126 0.449 5 0.075 0.444 17 0.209 0.938
1&2 56% 19 0.191 0.926 21 0.250 0.877 13 0.149 0.870 30 0.414 1.794

SNCR with 1 63% 5 0.090 0.438 6 0.125 0.419 4 0.071 0.395 15 0.193 0.892
LNC3+ 1& 2 59% 18 0.179 0.859 18 0.247 0.822 10 0.142 0.776 30 0.382 1.709

Year 2002 Modeling Results
Visibility Impairment
Description TRNP South Unit TRNP North Unit TRNP Elkhorn Ranch Lostwood WA
Average Days Days

Improvemen | Days Above 0.5 90th % 98th % | Above 0.5 90th % 98th % | Above 0.5 90th % 98th % |Days Above | 90th % 98th %

NOx Control Units t (98th%) A-dV A-dV A-dV A-dV A-dV A-dV A-dV A-dV A-dV 0.5 A-dV A-dV A-dV
Pre-BART 1 - 38 0.540 2.559 30 0.385 2.113 23 0.310 1.703 32 0.385 1.814
Protocol 1& 2 - 50 0.971 4.475 45 0.706 3.557 42 0.581 3.039 45 0.707 3.190
LNC3+ 1 55% 22 0.210 1.096 15 0.147 0.967 13 0.140 0.840 12 0.143 0.806

1& 2 50% 33 0.422 2.109 24 0.291 1.850 19 0.277 1.609 24 0.284 1.547

LNC3+ with 1 57% 20 0.202 1.040 14 0.144 0.910 13 0.132 0.795 12 0.139 0.763
Tuning 1& 2 53% 32 0.407 2.006 23 0.283 1.745 19 0.261 1.524 24 0.275 1.466
SNCR 1 58% 20 0.201 1.030 14 0.143 0.899 13 0.131 0.787 12 0.138 0.755
1&2 53% 32 0.405 1.987 23 0.283 1.726 19 0.258 1.510 24 0.275 1.452

SNCR with 1 62% 20 0.189 0.936 14 0.138 0.804 12 0.117 0.711 12 0.134 0.683
LNC3+ 1& 2 58% 30 0.381 1.814 23 0.269 1.550 18 0.232 1.369 24 0.266 1.319
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Average Incremental Control Comparison for 98th % A-dV

Year 2000 Year 2001 Year 2002 Year 2000-2002 Average
Description Incremental Incremental Incremental
Average Improvement from Incremental Average Improvement | IMProvement Average Improvement | Improvement Average Improvement from |IMProvement
NOx Control Units Impairment Protocol Improvement [1] | Impairment | from Protocol [1] Impairment | from Protocol [1] Impairment Protocol [1]
Pre-BART 1 1.033 NA NA 1.445 NA NA 2.047 NA NA 1.508 NA NA
Protocol 1& 2 1.890 NA NA 2.566 NA NA 3.565 NA NA 2.674 NA NA
LNC3+ 1 0.409 0.623 0.623 0.604 0.841 0.841 0.927 1.120 1.120 0.647 0.861 0.861
1& 2 0.815 1.075 1.075 1.171 1.395 1.395 1.779 1.787 1.787 1.255 1.419 1.419
LNC3+ with 1 0.391 0.641 0.018 0.580 0.865 0.024 0.877 1.170 0.050 0.616 0.892 0.031
Tuning 1& 2 0.779 1.111 0.036 1.125 1.441 0.046 1.685 1.880 0.093 1.196 1.477 0.058
SNCR 1 0.389 0.644 0.003 0.576 0.869 0.004 0.868 1.180 0.009 0.611 0.898 0.005
1&2 0.772 1.118 0.007 1.117 1.449 0.008 1.669 1.897 0.017 1.186 1.488 0.011
SNCR with 1 0.360 0.672 0.028 0.536 0.909 0.040 0.784 1.264 0.084 0.560 0.948 0.051
LNC3+ 1& 2 0.717 1.173 0.055 1.042 1.524 0.075 1.513 2.052 0.156 1.091 1.583 0.095

[1] Average incremental improvement as compared to the next highest emission rate; not necessarily a reflection of physical control option (e.g. SNCR alone is not a feasible option for Unit 2

because LNC3+ has already been installed. This scenario would require removal of LNC3+ on Unit 2 to be achieved.)
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Low-Baseline NOx SNCR Demonstration (EPRI Study)

This appendix contains confidential business information and is being submitted
under separate seal.
Copyrighted material is not currently available for public release.



Appendix F

URS SNCR Evaluation Supplement



URS

March 30, 2012

Debra Nelson

Great River Energy

12300 EIm Creek Boulevard
Maple Grove, MN 55369

RE: URS Response to EPA FIP Exchange
Dear Debra:

Great River Energy (GRE) contracted URS Energy & Construction (URS) to conduct a review of
the costs and performance capability of Selective Non-Catalytic Reduction (SNCR) at their Coal
Creek Station (CCS) Units 1 & 2. This review was requested to provide:

e A site-specific rough order of magnitude estimate with a stated accuracy of £30% for the
2011 capital cost required for installation of SNCR onto the Coal Creek units

e Site-specific operating and maintenance costs for SNCR operation at Coal Creek

e The level of NOx reduction expected when using SNCR on these units.

Cost Estimating Methodology - The basis for the cost estimates was stated to be the EPRI
IECCOST model, which URS previously developed for the Electric Power Research Institute.
This model provides site-specific cost estimates for all types of emissions control system
installations, including individual systems that are designed to remove SO,, NOx, Hg, and
particulate matter. It also evaluates costs for multi-pollutant control systems, producing
conceptual cost estimates that are site-specific based on the plant location, current operating
characteristics, fuels burned, etc.

EPRI IECCOST Model development has continued for more than ten years; during that period
URS has installed all of the commercial systems at utility installations, and become intimately
familiar with all emissions control technologies. Consequently URS is very familiar with the
relationship between the vendor island costs and the Total Capital Requirement for an emissions
control retrofit. This extensive project experience also identified the performance capabilities
and emission rate guarantees for the various technologies through review of bid documents and
budgetary quote submittals under real world conditions.

The model is updated and escalated continuously as new projects are completed, calibrating the
cost estimating results against actual project costs and performance. The economic model used
for these calculations is IECCOST Version 3.1 that will be published by EPRI later in 2012.

URS Capabilities and Qualifications - URS is an engineering and construction company that has
provided emissions control technology assessments, economic analyses, balance of plant
designs, construction, construction management and startup assistance to utility and other
industrial clients since the 1970’s. During this period, URS participated in more than 30 SNCR
projects at multiple sites using systems supplied by multiple vendors.

Total Capital Requirement Cost Estimates - URS is not a technology supplier. The supplier is
typically responsible for installation of only their process island and system performance
guarantees. The installation of the balance of plant (BOP) equipment, construction management,
foundations, utility tie-ins (electrical, water, air, instrumentation and controls interface,

URS Corporation

7800 E. Union Ave., Suite 100
Denver, CO 80237

Tel: 303.843.3179



URS

interconnecting piping, new flue gas emissions monitoring equipment, boiler and air heater
modifications, retrofit difficulty due to existing plant access and congestion issues, et al)
typically falls outside of the scope of supply for the SNCR vendor. Published cost estimates and
vendor proposals in many cases do not consider these BOP cost impacts on the Total Capital
Requirement for the installation of emissions control equipment. URS’s project experience
provides a basis for the assessment of these BOP costs that must be added to the vendor supplied
equipment’s installed costs to determine the true total capital cost of an installation.

Retrofit Factor - A site visit was made to the Coal Creek plant by one of the URS air quality
control engineering staff. Based on his assessment of the site and the location for installation of
the SNCR equipment, the retrofit difficulty for this plant was established to be moderately
difficult due the constraints provided by existing equipment at the plant. Based on previous
industry assessments of the cost impacts of retrofit difficulty, a retrofit factor of 1.6 was
established for this moderately difficult SNCR installation. Previous industry surveys by Radian
and Kellogg (EPA-450/3-74-015 — “Factors Affecting Ability to Retrofit FGD Systems” & EPA
R2-72-100 - “Applicability of SO,-Control Processes to Power Plants” and the EPA/600/S7-
90/008 — “Verification of Simplified Procedure for Site-Specific SO, and NOx Control Cost
Estimates”) attempted to quantify the retrofit cost impacts compared to new equipment
installations. These surveys established retrofit factors based on retrofit difficulty that are
multiplied times the new plant installed cost estimates to determine the retrofit installed cost.
The site assessment by the URS staff resulted in the moderately difficult retrofit assessment,
which was translated in the capital cost estimate as a 60% adder to the new equipment
installation cost to account for decreasing productivity due to movement of parts and materials
around existing equipment and structures, limited access to construction sites due to overhead,
underground and side obstructions by existing equipment, crane access, etc.

SNCR Expected Performance — SNCR system performance is directly impacted by the flue gas
temperature at the point of urea/ammonia injection, and by the current concentration of NOXx in
the outlet flue gas. Injection outside the correct temperature window results in significant
reductions in reduction efficiency. The lower the current NOx concentration in the outlet flue
gas, the lower the reduction efficiency that can be achieved (reduced driving force for the NOx
reduction reactions). The performance claims in published articles are typically short term,
optimized test results, and are typically inflated compared to the performance guarantees that are
actually offered for actual installations. Given the relatively low NOx concentrations in the Coal
Creek flue gas, the reduction capabilities of SNCR were set at values in the 20-30% range based
on data from other recent projects. The urea feed rate used in the calculation of operating costs

For comparison, recent FuelTech papers (one of the major SNCR vendors) stated that larger
utility boilers (such as exist at Coal Creek at 605MW) have reported lower performance mainly
due to the size of the units, inaccessible areas for injection, and load following control issues.
NOX reductions in the range of 20 — 30% are common for units that start with NOx emission
rates of 0.15-0.25 Ibs NOx/MMBtu. Urea injection rates to obtain these reduction efficiencies
varied from site to site, but fell in the range of 1.1-1.5 normalized stoichiometric ratio while
maintaining acceptable ammonia slip rates. All-in costs for these systems were stated to be in
the range of $10-20/kW. The injection rates assumed for this URS analysis of SNCR for Coal
Creek used NSR injection rates that varied from 1.3-1.5 over the range of control evaluated of
20-30% NOx reduction. All of these performance values and estimated capital costs fall in the
ranges stated in the supplier papers.

URS Corporation
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If you have any additional questions, please contact me.

Robert J. Keeth

Air Quality Control Group Manager
URS Energy & Construction, Inc.
Denver, CO 80237

303-843-379

robert.keeth@urs.com

URS Corporation
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Denver, CO 80237
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L7 Associates

April 2, 2012 Project No. 113-82161

Diane Stockdill

Great River Energy

Coal Creek Station

2875 Third Street SW
Underwood, North Dakota 58576

RE: SNCR IMPACT TO FLY ASH MARKETABILITY AND MANAGEMENT COSTS

Dear Diane:

1.0 BACKGROUND

Golder Associates Inc. (Golder) submitted a report to Great River Energy (GRE) on November 15, 2011,
providing a third party review of Headwater's ammonia slip mitigation (ASM) technology. Additionally, the
review included a detailed engineering estimate of potential disposal costs associated with fly ash
impacted by ammonia slip from selective non-catalytic reduction (SNCR) emission controls at GRE’s Coal
Creek Station (CCS).

This report was included as part of GRE’'s submittal of November 21, 2011 to the U.S. EPA Region 8
(EPA), with comments responding to the Proposed Rule for the Approval and Promulgation of
Implementation Plans: North Dakota Regional Haze State Implementation Plan, Federal Implementation
Plan for Interstate Transport of Pollution Affecting Visibility and Regional Haze (Docket ID No. EPA-RO8-
OAR-2010-0406).

The EPA provided a prepublication version of the “final rule” to GRE on March 2, 2012, which included
EPA'’s response to various comments including those in GRE’s November 21, 2011 submittal:

Section V: Issues Raised by Commenters and EPA’s Responses;

Part E: Comments on BART Determination;

Subpart 2: CCS Units 1 and 2;

Iltem d: CCS Coal Ash had several comments; and

EPA responses addressing the potential for SNCR to impact fly ash sales and the cost of
this impact.

Below are Golder’s responses to the EPA’s comments on our November 15, 2011 report concerning the
potential impact of SNCR controls to fly ash marketability at CCS and the potential cost impact if fly ash
requires ASM technology and is less marketable and therefore, placed in greater quantities into disposal
facilities.

2.0 SNCR IMPACT TO FLY ASH MARKETABILITY

The potential impact to fly ash marketability is a function of the SNCR ammonia slip adsorption onto the
fly ash particles, and the acceptable (allowable) ammonia levels in fly ash by the fly ash end users.

i1\11\82161\0160\11382161 _ltr_golder resp_sncr impact_02apr12.docx
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2.1 Ammonia Adsorption onto Fly Ash

Based on available literature, the adsorption of ammonia onto fly ash from SNCR emission controls is
highly variable and dependent upon factors such as SNCR operation, fuel type/fuel mix, boiler
configuration, ash content, ash mineralogy, ash alkalinity, ash sulfur content, and temperature. Limited
published data are available for ammonia levels in fly ash for coal-fired power plants utilizing SNCR
emissions controls, with no published information being found for energy generation facilities burning
lignite coal.

In a 2007 EPRI study on the handling, disposal, and sale of ammoniated fly ash (EPRI 2007), responses
from eight units utilizing SNCRs were discussed. All the units fired a PRB/eastern bituminous coal blend,
were predominantly smaller units, were predominantly wall-fired, and had actual ammonia slip up to 5
parts per million (ppm). Only four units had tested levels of ammonia in the fly ash, with the measured
levels ranging from less than 100 ppm to over 200 ppm. Several references attempt to relate the amount
of ammonia slip to the ammonia levels in fly ash and suggest that a 2 ppm ammonia slip may result in fly
ash ammonia levels from less than 50 ppm to several hundred ppm (Murarka 2003, Bittner 2001, Hinton
2012, Larrimore 2002). In addition, when explaining ash sales impacts at CCS, Sahu (2011) references a
figure created by Larrimore (2002) that indicates ammonia slip levels above 2 ppm can lead to “restricted
use” of fly ash and ammonia slip levels above 4 ppm may lead to “unmarketable” fly ash for use in ready
mix.

2.2 Allowable Ammonia Present In Fly Ash

The amount of “allowable” ammonia present in fly ash destined for beneficial use varies depending on
ash marketer preferences and the ultimate end use. Higher concentrations of ammonia present in fly ash
are a result of ammonia slip in SCR or SNCR systems (EPRI 2007). Fly ash impacted with elevated
levels of ammonia results in ammonia being released into the air when water is added. At low levels,
ammonia is a nuisance; however, at higher exposure levels, ammonia can cause irritation of the eyes,
throat, and nose as well as difficulty breathing (NIOSH 2011). Strength characteristics do not appear to
be affected by the presence of ammonia in fly ash (Rathbone and Robl 2001).

Elevated concentrations of ammonia in fly ash contribute to releases into the environment during
placement (with the presence of water), and a reluctance of fly ash marketers and users (i.e. Headwaters
Resources, Lafarge, etc.) to buy fly ash for sales to the construction industry. EPRI (2007) explains that
the “...industry rule-of-thumb indicates that ammonia contamination on fly ash that is destined for
concrete/cement utilization must have less than 100 ppm ammonia to be useable.” Headwaters indicated
(January 11, 2010) that they “...quit shipping anything over 100 ppm...” in reference to the Eastlake
facility, which has had an SNCR system since 2007. Eastlake has attempted to decrease ammonia
content in the fly ash to less than 50 ppm using ASM to improve fly ash marketability. Lafarge (January
26, 2010) has found “...when the ammonia levels exceed 40 part per million in the fly ash that the
consumer notices the ammonia and finds it to be objectionable.” Additional references have generally
found that approximately 100 ppm is the maximum “acceptable” ammonia level in fly ash (Bittner et al.
2001, Giampi 2000, Bittner and Gasiorowski 2005). Other sources cite 100 ppm as an acceptable
allowable ammonia level in fly ash for enclosed spaces, but allow a higher limit of 200 ppm in well
ventilated areas (Brendel et al. 2000, Larrimore 2002).

The amount of ammonia in fly ash can be related to the ammonia off-gassed during placement. Both
NIOSH and OSHA have health-based exposure limits for ammonia in the air. NIOSH has a
recommended exposure limit (REL) of 25 ppm and OSHA'’s permissible exposure limit (PEL) is 50 ppm.
A “comfortable” threshold of 10 ppm ammonia is referenced by Rathbone and Robl (2001). Rathbone
and Robl (2001) evaluated the relationship between ammonia in fly ash and the corresponding amount in
air using laboratory and field-scale test methods:

(NHj yater) Water — to — Cement ratio)

NH =
3 ash (Fly Ash Content)
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The lab and field scale testing found allowable ammonia levels in the concrete water prior to setting (for
10 ppm in the air), to be approximately 50 mg/l for non-ventilated spaces and 75 mg/l for well ventilated
spaces.

Fly ash from CCS is a desirable high quality material and has been used extensively in North Dakota,
Minnesota, Colorado, and as far as California. In a review of fly ash uses in North Dakota, the Energy &
Environmental Research Center (EERC) stated:

“NDDOT uses fly ash in almost all concrete projects at a replacement rate of 30%. A replacement
rate between 15% and 30% is specified by most state DOTSs (if they specify fly ash use at all),
making NDDOT's specification on the higher end compared to other states. For mass pours, a
replacement rate of 40% is allowed and is more typical.” (EERC 2011)

Based on these uses of CCS fly ash, the above relationship was used to evaluate the maximum allowable
ammonia content in fly ash for 15% and 30% fly ash mixtures, for water cement ratios between 30% and
40%, and for well-ventilated and non-ventilated areas. Results of the calculations are shown in the
following table and the figure below.

Ammonia in Water/Cement Allowable Ammonia Allowable Ammonia
Air* Ratio Content in Fly Ash Content in Fly Ash
Condition (15% fly ash mixture) (30% fly ash mixture)
ppm - ppm ppm
Ventilated 10 0.4 200 100
Non-Ventilated | 10 0.4 133 67
Ventilated 10 0.3 150 75
Non-Ventilated | 10 0.3 100 50
*Practical limit based on experience (Rathbone and Robl 2001)
-

i Golder
Associates
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2.3  Marketability Conclusions

When ammoniated fly ash is used in concrete, the ammonia can be released into the air during placement
and may cause irritation to individuals placing the concrete. The amount of ammonia released into the air
is a function of fly ash content, the water/cement ratio of the concrete batch, and the ammonia
concentration in the ash. Generally, industry experience indicates that fly ash used for concrete should
have less than 100 ppm ammonia to prevent handling issues from limiting the marketability of the ash.
Based on the use of CCS fly ash as a high percentage cement replacement (30%), a calculated allowable
ammonia level in the fly ash may range between 50 ppm and 100 ppm. When discussing ash sales
impacts at CCS, Sahu (2011) cites Larrimore (2002) in concluding that 2 ppm ammonia slip can result in
100 ppm ammonia in ash. According to Larrimore (2002), 4 ppm ammonia slip can result in 200 ppm
ammonia in ash, a potentially unmarketable level of ammonia for use in ready mix. Because the ash
marketer and ready mix user may not know the exact use of fly ash when it is purchased and placed in a
silo, the practical limit for CCS fly ash is 50 ppm or less to allow its use in a wide variety of applications.
This limit is also supported by the anecdotal comments from both Headwaters and Lafarge.

Definitive information is not available for the levels of ammonia that could be present in the fly ash at CCS
due to SNCR ammonia slip. However, review of available literature indicates a reasonably high
probability that ammonia concentrations would be in the range that is problematic for marketers and end
users of CCS fly ash. Therefore, it is prudent for engineering costs evaluations to assume ammonia
levels in CCS fly ash will be higher than the acceptable ammonia levels for CCS fly ash destined for
beneficial use, and therefore to assume that CCS fly ash will be disposed or will require treatment with
ASM technology to be sold for beneficial use.

=
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3.0 SNCR COST IMPACT TO FLY ASH MANAGEMENT

Golder previously provided a detailed engineering cost estimate for the potential impact to fly ash
management as a result of SNCR emissions controls at CCS. Based on the EPA responses, supporting
information and clarifications are provided below.

3.1 Fly Ash Disposal Facility Design Basis

The previous evaluation indicated that each cost estimate was prepared assuming that fly ash will be
disposed of in a new landfill with a design based on RCRA Subtitle D practices. This may have been
taken as a speculative/highly conservative estimate based on impending coal combustion residue (CCR)
regulations being developed by the EPA (see EPA response to comment on page 111 of rule
prepublication).

In actuality, the assumed design is based on current North Dakota Department of Health (NDDH)
regulations (NDDH, http://www.legis.nd.gov/information/acdata/html/33-20.html), which are in-line with
RCRA Subtitle D practices. In the early 1990s the NDDH revised its Solid Waste Management and Land
Protection rules adopting environmentally sound controls such as composite liners, leachate collection
systems, surface water controls, and ground water monitoring.

3.2 Fly Ash Disposal Unit Cost Estimate

Disposal costs of $11 to $18 per ton were estimated based on site-specific designs for the disposal of fly
ash at CCS. These disposal costs were based on a detailed engineering cost estimate for CCS including
costs from landfill development to post-closure care. In the EPA’s responses (page 110), they indicated
“we find a disposal cost of $5/ton is reasonable in the improbable event that some ash would need to be
disposed.”

The cost estimate of $5/ton deemed reasonable by the EPA is not supported by an engineering cost
estimate, is not supported by industry information, and is not supported by recent work published by the
EPA.

In 2010, the EPA estimated baseline (i.e. current) CCP disposal costs in their Regulatory Impact Analysis
for EPA’s Proposed RCRA Regulation of Coal Combustion Residues (CCR) Generated by the Electric
Utility Industry (EPA 2010). In Chapter 3 of that report, the EPA provided a cost estimate for the
management of CCRs and estimated a range of $2/ton to $80/ton with an average of $59/ton. In
discussion of these results, the report indicates that $2/ton is reflective of unlined, near-plant
impoundments in states with low regulatory requirements, and the high end of $80/ton is reflective of off-
site commercial disposal in landfills. Fly ash disposal facilities at CCS are clay- or composite-lined,
engineered impoundments and landfills located at varying distances from the plant. North Dakota has
comprehensive regulatory requirements in place for ash disposal facilities.

The EPA report further references information from the American Coal Ash Association (ACAA) to
validate its cost estimate. The ACAA routinely collects ash disposal and beneficial use information from
its members and has developed estimates for the disposal of CCPs. From the ACAA website and
referenced in the EPA report:

“As one can see, a variety of factors enter into determining disposal costs. The lowest cost
occurs when a disposal site is located near the power plant and the material being disposed can
be easily handled. If the material can be piped, rather than trucked, costs are usually lower. In
these types of situations, cost may be as low as $3.00 to $5.00 per ton. In other areas, when
distance is far away and the material must be handled several times due to its moisture content
or volume, costs could range from $20.00 to $40.00 a ton. In some areas, the costs are even
higher. If new sites are required and extensive permitting processes take place, the total cost of
the facility may be increased, resulting in higher disposal costs over time.” (ACAA,
http://acaa.affiniscape.com/displaycommon.cfm?an=1&subarticlenbr=5#Q13)
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The disposal of fly ash at CCS does not fall at either cost extreme (unlined impoundment or off-site
commercial disposal), and the engineering estimate of $11 to $18 per ton appears well within the EPA’s
cost estimate and industry practice.

3.3 Lost Fly Ash Sales Revenue

Part of the cost impact to fly ash management is the loss of fly ash sales revenue currently being
generated. Based on information from GRE, the 2010 average fly ash sales price per ton was $41.00
with 30% of the sales price going to GRE ($12.30/ton) as revenue and 70% of the sales price going to the
fly ash marketer Headwaters ($28.70/ton).

EPA commented that GRE should use $5/ton rather than the updated value of $12.30/ton, and suggested
that the lost revenue price included lost revenue to other parties. Based on follow-up discussions with
GRE, it was confirmed that the $41/ton is the 2010 average FOB Coal Creek Station sales price and the
$12.30/ton portion attributed to GRE does not include lost revenue to other parties. Based on this
confirmation, the $12.30/ton rather than the $5/ton is more appropriate for the conditions at Coal Creek
Station.

3.4 Cost Impact Conclusions

The fly ash disposal cost estimate is based on an engineering design reflective of the practice in North
Dakota, and Golder’s engineering estimate of $11 to $18 per ton for fly ash disposal appears to be well
within the EPA’s cost estimate and consistent with industry practice. Further, the lost fly ash sales
revenue of $12.30/ton reported in the cost impact evaluation is reflective of current conditions at CCS.

The disposal and lost revenue cost estimates are valid, and based on the uncertainty with respect to
ammonia levels in fly ash, the previous evaluation with respect to fly ash management cost is reasonable.

GOLDER ASSOCIATES INC.
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Ron R. Jorgenson i Todd Stong, P.E. ,.,-/")
Principal Senior Engineer
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