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1.0 Executive Summary 

The United States Environmental Protection Agency’s (EPA) Regional Haze Rule requires states to 
evaluate visibility impacts to mandatory Class I Federal areas through the development and submission 
of state implementation plans (SIP) every 10 years.  In these SIP submissions, states are required to 
establish reasonable progress goals (RPGs) toward natural visibility conditions and an associated long-
term strategy for each mandatory Class I Federal area within the state or affected by emissions from the 
state.1 

Following the requirements of the Regional Haze Rule, Georgia Environmental Protection Division (EPD) 
is developing Georgia’s Regional Haze SIP for the second implementation period through 2028 and, as 
part of that effort, EPD is working with the Southeast U.S. regional planning organization, Visibility 
Improvement State and Tribal Association of the Southeast (VISTAS).  While visibility degradation in all 
of Georgia’s three Class I areas is well below the glidepath needed to achieve natural visibility 
conditions, Georgia EPD requested four-factor analyses from sources which had a modeled impact 
≥1.00% of the total visibility impairment remaining, including Georgia Power Plant Bowen SO2 
emissions.2  

Under current operations, the coal-fired electric generating units (EGUs) at Plant Bowen, Units 1-4, must 
burn ≤3% sulfur coal and are fully controlled for SO2 with wet flue gas desulfurization (FGD) scrubbers 
that are operated year-round.  All units are subject to the Georgia Multi-pollutant Rule, which requires 
the scrubbers to be operated with an average 95% removal rate or greater, and scrubber operation is 
further optimized for compliance with all applicable environmental regulations, including the Mercury 
and Air Toxics Standard (MATS) and Effluent Limitation Guidelines (ELG).  Compared to emissions 
preceding installation of the scrubber, Plant Bowen has reduced annual SO2 emissions from Units 1-4 by 
over 96%.   

This four-factor analysis for Plant Bowen uses a “top-down” approach to evaluate all available SO2 
emissions control measures, as requested in Georgia EPD’s July 10th letter.  SO2 emission reduction 
measures identified for Units 1-4 are coal switching to Powder River Basin (PRB) coal, coal switching to 
Central Appalachian (CAPP) coal, and replacing the current FGD scrubbers with dry FGD scrubbers.  
These measures are evaluated against the Regional Haze Rule’s four statutory factors of cost of 
compliance, time necessary for compliance, energy, and non-air quality environmental impacts, and 
remaining useful life.  The two coal switching options are both found to be highly unreasonable due to 
the high cost per ton SO2 reduced for both coal types.  The dry FGD scrubbers are determined to be an 
inferior control option that would provide no additional, and likely even decreased, SO2 reductions over 
baseline plant operations and, therefore, were not carried forward through the four-factor analysis.  
Table 1 summarizes the SO2 emissions control effectiveness and calculated cost effectiveness for each 
evaluated option.   

Table 1. Summary of Plant Bowen Four-Factor Analysis Results 

Emission Reduction Measure Control Effectiveness Cost Effectiveness ($/ton) 

Coal Switching to PRB Coal 81% $6,424 

Coal Switching to CAPP Coal  56% $13,447 

 
1 40 CFR 51.308(f). 
2 Georgia EPD letter to Georgia Power on July 10, 2020 
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The additional SO2 emission reduction measures identified for Plant Bowen Units 1-4 were determined 
to result in unreasonable costs of compliance.  Also, coal switching to PRB coal or CAPP coal would have 
significant energy impacts on the operations of Units 1-4 that could affect the remaining useful life of 
the units.  While Georgia Power does not have current plans to retire Plant Bowen Units 1-4, the 2019 
Integrated Resource Plan (IRP) final order places significant cost restrictions on Units 1-2 through July 
2022, and the remaining useful life of Units 1-4 will be further evaluated during the 2022 IRP process.  
These facts confirm that none of the additional control technologies or emission reduction measures 
identified are necessary to make reasonable progress toward meeting the national visibility goal.   

Considering this conclusion and that Plant Bowen Units 1-4 are already fully controlled with wet FGD 
scrubber systems that are optimized not only for SO2 emissions removal but also for other 
environmental compliance programs, Georgia Power recommends EPD adopt the MATS alternative SO2 
limit of 0.20 lb/MMBtu for Plant Bowen Units 1-4 in the Georgia Regional Haze SIP for the second 
implementation period.   
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2.0 Introduction 

The Regional Haze Rule, 40 CFR 51.308, requires states to evaluate visibility impacts to mandatory  
Class I Federal areas through the development and submission of state implementation plans SIP every 
10 years.  In these SIP submissions, states are required to establish RPGs toward natural visibility 
conditions and an associated long-term strategy for each mandatory Class I Federal area within the state 
or affected by emissions from the state.3 

The long-term strategy must include enforceable emissions limitations, compliance schedules, and other 
measures as necessary to achieve the RPGs.  The Clean Air Act definition of “reasonable progress” 
requires states to consider “the costs of compliance, the time necessary for compliance, and the energy 
and non-air quality environmental impacts of compliance, and the remaining useful life of any existing 
source.”4   In addition, the Regional Haze Rule requires states to consider additional factors in 
developing its long-term strategy, including “[e]mission reductions due to ongoing air pollution control 
programs” and “the anticipated net effect on visibility due to projected changes in point, area, and 
mobile source emissions over the period addressed by the long-term strategy.”5  

Following the requirements of the Regional Haze Rule, Georgia EPD is developing Georgia’s Regional 
Haze SIP for the second implementation period through 2028 and, as part of that effort, EPD is working 
with the Southeast U.S. regional planning organization, VISTAS.  There are three Class I areas located in 
Georgia: Cohutta Wilderness Area, Okefenokee Wilderness Area, and Wolf Island Wilderness Area.  
VISTAS completed source apportionment analyses and photochemical modeling to estimate the visibility 
impacts of individual sources.  Based on the results of those analyses and trends in actual visibility 
measurements, visibility degradation in all of Georgia’s three Class I areas appear to be well below the 
glidepath needed to achieve natural visibility conditions.6  Even so, Georgia EPD requested four-factor 
analyses from sources which had a modeled impact ≥1.00% of the total sulfate or nitrate visibility 
impairment from EGU and non-EGU point sources on the most impaired days for any Class I Federal 
areas.7  

On July 10, 2020, Georgia EPD requested that Georgia Power complete a four-factor analysis by 
November 30, 2020 for Plant Bowen, based on modeled visibility sulfate impacts of 1% or greater at ten 
Class I Federal areas and projected 2028 SO2 emissions of 10,453.41 tons per year (tpy).   

Under current operations, the coal-fired EGUs at Plant Bowen, Units 1-4, must burn ≤3% sulfur coal and 
are fully controlled for SO2 with wet FGD scrubbers that are operated year-round.  All units are subject 
to the Georgia Multi-pollutant Rule, which requires the scrubbers to be operated with an average 95% 
removal rate or greater, and scrubber operation is further optimized for compliance with all applicable 
environmental regulations, including MATS and ELG.  Since 1990, Plant Bowen has reduced annual SO2 
emissions from Unit 1-4 by over 96%.  Baseline Plant Bowen operations, emissions controls, and 
applicable regulations are described further in Section 3.0.   

  

 
3 40 CFR 51.308(f). 
4 42 U.S.C. 7491(g)(1) 
5 40 CFR 51.308(d)(3)(v)(A)&(G) 
6 VISTAS Regional Haze Project Update, May 20, 2020.  Retrieved from: https://www.metro4-
sesarm.org/sites/default/files/VISTAS%20Pres%20Stakeholders%20Final%20200520.pdf 
7 Georgia EPD letter to Georgia Power on July 10, 2020 
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Although Georgia EPD’s letter describes the VISTAS analyses as identifying “facilities that significantly 
impact visibility impairment” and “sources most likely contributing to poor visibility in Class I Federal 
areas,”8 the contribution to visibility degradation by the sources selected for individual review is 
relatively small, only a few percentage points at most.  Also, the majority of the Class I Federal areas 
modeled by VISTAS, including all ten areas identified as potentially impacted by Plant Bowen, are more 
than 10 years ahead of schedule on the glidepath necessary for a uniform rate of progress to meet 
natural conditions.9  

This report satisfies the request to conduct a four-factor analysis by November 30, 2020 for all 
significant sources of SO2 emissions at Plant Bowen, which are the EGUs, Units 1-4.  The four-factor 
analysis in Section 4.0 uses a “top-down” approach to evaluate control measures for technical feasibility 
and cost effectiveness starting with the highest level of control effectiveness as requested in Georgia 
EPD’s July 10th letter.  The four-factor analysis has been completed in accordance with the visibility 
provisions of the Clean Air Act (42 USC 7491), the Regional Haze Rule adopted by the United States EPA, 
as revised (40 CFR Part 51 Subpart P), and as interpreted and clarified in EPA’s Regional Haze guidance, 
including both the final 2019 “Guidance on Regional Haze State Implementation Plans for the Second 
Implementation Period.”  Where any inconsistencies may exist among EPA’s guidance documents, this 
analysis follows the binding statutory and regulatory requirements and the direction provided by EPD. 

Section 4.1 identifies all available SO2 control technologies or emission reduction methods that may be 
applicable to Plant Bowen.  Section 4.2 evaluates whether any potential control technologies are 
technically infeasible and therefore should be eliminated from the analysis.  Section 4.3 ranks the 
remaining control technologies by control effectiveness.  Section 4.4 evaluates the list of measures, from 
the top down, using the four statutory factors in accordance with EPA’s Regional Haze Rule to determine 
whether they are necessary to make reasonable progress.  Finally, Section 4.5 proposes a reasonable 
progress recommendation in the form of an enforceable emission limit based on the control technology 
evaluation for Plant Bowen.  

  

 
8 Georgia EPD letter to Georgia Power on July 10, 2020 
9 VISTAS Regional Haze Project Update, May 20, 2020.   
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3.0 Baseline Operation & Environmental Controls at Plant Bowen 

3.1 Description of Units 1-4  
Georgia Power Plant Bowen, located in Cartersville, Bartow County, GA, began commercially operating 
in 1975 and consists of four bituminous coal-fired electric generating units.  Plant Bowen has maximum 
planning capacities of 724 MW for each of Units 1 and 2 and 892 MW for each of Units 3 and 4.  Through 
2019, Georgia Power has invested over $6 billion in environmental capital projects, including the 
environmental controls at Plant Bowen.  Each unit is equipped with selective catalytic reduction (SCR), 
electrostatic precipitators (ESPs), and wet FGD scrubbers.  Units 3 and 4 are also equipped with fabric 
filter baghouses, and all units utilize hydrated lime and activated carbon injection systems as needed for 
performance optimization and to maintain mercury compliance with the MATS rule.  

3.2 Baseline SO2 Emissions 
Plant Bowen Unit 1-4 SO2 emissions were 9,231 tons in 2019, which is a 96% decrease from 1990 levels, 
as shown in Figure 1.10     

 

Figure 1. Plant Bowen Annual SO2 Emissions, 1990-2019  

The total actual SO2 emissions for Plant Bowen in 2019 were below Georgia EPD’s 2028 projection of 
10,453 tpy.  Due to the combination of sustained low natural gas prices, reduced energy demand 
growth, and capital expenditure limitations described in Section 4.0, Georgia Power does not expect 
Plant Bowen generation or SO2 emissions to exceed 2019 levels in 2028.  Therefore, Georgia Power 
conservatively assumes actual 2019 operation and SO2 totals as the projected 2028 baseline for 
estimating the control effectiveness of each control measure in this four-factor analysis. 

This approach is consistent with EPA Regional Haze guidance, which states that “the projected 2028  
(or the current) scenario can be a reasonable and convenient choice for use as the baseline control 
scenario,” which is generally “based at least in part on information on the source’s operation and 
emissions during a representative historical period.”11  Actual 2019 Plant Bowen data from continuous 

 
10 See Technical Appendix Document A5.1 for supporting data. 
11 U.S. Environmental Protection Agency, Guidance on Regional Haze State Implementation Plans for the Second Implementation Period, at 29 
(2019) 
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emissions monitoring systems (CEMS) reported for federal and state compliance are summarized in 
Table 2.12 

Table 2. 2019 Plant Bowen Units 1-4 Data Used as Projected 2028 Baseline 

Plant Bowen 2019 Data Unit 1 Unit 2 Unit 3 Unit 4 Total  
Units 1-4 

Total Net Generation (MWh) 3,342,955 2,342,644 1,873,360 3,428,128 10,987,087 

Total Heat Input (MMBtu) 37,995,217 24,257,188 20,413,398 36,206,975 118,872,778 

Total SO2 Emissions (tons) 3,026 1,778 1,749 2,678 9,231 

Average SO2 rate (lb/MMBtu) 0.16 0.14 0.17 0.14 0.16 

Average SO2 removal rate (%) 96.3 96.5 96.0 96.4 96.3 

 

3.3 Applicable SO2 Regulations 
Plant Bowen Units 1-4 are fully controlled for SO2 with wet FGD scrubbers that operate year-round, 
which were placed in service in 2008 for Units 3 & 4, 2009 for Unit 2, and 2010 for Unit 1.  Units 1-4 are 
subject to Georgia Rules for Air Quality Control 391-3-1-.02(2)(sss), Multi-pollutant Control for Electric 
Utility Steam Generating Units, and 391-3-1-.02(2)(uuu), SO2 Emissions from Electric Utility Steam 
Generating Units, which not only require these EGUs to be equipped with FGD systems but also to 
maintain compliance with a 30-day rolling average SO2 removal of greater than 95%.   

Plant Bowen Units 1-4 are also subject to Georgia Rule 391-3-1-.02(2)(g), which requires all fuel fired in 
the units not to exceed 3% sulfur, by weight. Plant Bowen Units 1-4 burn Illinois Basin (IB) bituminous 
coal with sulfur content ≤ 3%, to which coal washing methods are applied by the coal suppliers for 
additional sulfur and impurity removal, as appropriate based on the coal properties.13  All oil fired as the 
secondary fuel for Units 1-4 and in any ancillary equipment, such as startup boilers or stationary engines 
at the facility, is vendor certified as ultra-low sulfur diesel fuel with a sulfur content less than 0.0015%.  
Plant Bowen monitors and reports compliance for Units 1-4 with Georgia Rule (uuu) and (g) in quarterly 
Title V reports to Georgia EPD, as required by Plant Bowen Title V Permit Condition 6.1.4. 

Plant Bowen Units 1-4 are subject to the Acid Rain Program and the Cross-State Air Pollution Rule 
(CSAPR) and participate in the associated allowance trading programs on an annual basis for SO2.   
For Acid Rain Program and CSAPR compliance, SO2 emissions data and associated CEMS quality 
assurance (QA) and certification results are reported to EPA quarterly through the Emissions Collection 
and Monitoring Plan System (ECMPS).  Note that Plant Bowen was determined to meet the Best 
Available Retrofit Technology (BART) requirements of the first implementation period of the Regional 
Haze Rule through compliance with CSAPR. 

Plant Bowen Units 1-4 became subject to the MATS rule on April 16, 2016.14  As incorporated into Plant 
Bowen Title V Permit V-04-0 Condition 3.3.8, the MATS Rule provides an alternative to the HCl emissions 
limit for EGUs equipped with FGDs and SO2 CEMS to comply with an SO2 limit of 0.20 lb/MMBtu.   

 
12 See Technical Appendix Documents A2.1-4, 2.3-1, and 2.3-2 for supporting data. 
13 Plant Bowen also receives Northern Appalachian bituminous coal, which has similar heat and sulfur content to IB coal. 
14 The compliance deadline of the MATS rule was April 16, 2015 for existing units.  Georgia EPD granted 1-year extensions for Plant Bowen  
Units 3 and 4 on September 10, 2013 for the installation of the baghouse, hydrated lime, and activated carbon injection systems and for Plant 
Bowen Units 1 and 2 on February 23, 2015 to allow for the evaluation and implementation of significant changes due the MATS Startup and 
Shutdown Reconsideration Rule. 
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Plant Bowen Unit 1 transitioned to the MATS alternative SO2 limit on October 1, 2020, while Units 2-4 
qualified for MATS low-emitting EGU (LEE) status for HCl as of 3rd Quarter 2020 through test results 
showing emissions levels less than half the MATS limit for three consecutive years.   

3.4 Baseline SO2 Controls: Operation & Optimization 
Plant Bowen Units 1-4 are equipped with Chiyoda Jet Bubbling Reactor (JBR) wet FGD scrubbers, in 
which the flue gas from the boiler flows down a large set of sparger tubes submerged into a limestone 
slurry in the scrubber vessel.  The flue gas is forced through the slurry bath where SO2 from the flue gas 
reacts with the limestone to form gypsum, effectively removing SO2 from the flue gas stream before it 
exits the stack.  The primary chemical reaction for SO2 control from the wet FGD is the following: 

CaCO3 + SO2 + 2 H2O + 
1
/2 O2 ↔ CaSO4 • 2 H2O + CO2 

The SO2 removal rate from the JBR scrubber is dependent on a multitude of interconnected oxidation 
level parameters, including slurry liquid level in the scrubber vessel (known as submergence level), 
oxidation air levels, and limestone concentration of the slurry mixture.  An increased submergence level 
means the flue gas has a longer contact time with the slurry which increases the potential for SO2 
removal.  Oxidation air levels, which impact the reaction rate in the scrubber system, are controlled to 
the scrubber vessel through oxidation air blowers or jet air spargers that introduce additional air to the 
system.  Limestone concentration of the slurry affects the pH levels of the scrubber, which are used to 
optimize and control the scrubber system.  

The scrubbers are also critical to mercury control and MATS compliance, since the scrubber can capture 
mercury in the scrubber liquid or reagent, depending on how it is operated.  Ongoing compliance with 
the MATS mercury limit of 1.2 lb/TBtu is demonstrated for all units through a mercury CEMS.  To meet 
both the mercury and SO2 limits, scrubber operating parameters must be balanced and optimized, 
particularly with respect to oxidation levels.  As oxidation levels increase, SO2 removal rates may 
increase as well, but high oxidation levels can also reduce mercury removal rates by converting the 
mercury into the elemental state that is not as easily captured and retained in the scrubber, resulting in 
“re-emission” of mercury.   

To mitigate mercury re-emission, Units 1 and 2 have been equipped with mercury re-emission control 
systems (MRCS), which inject powder activated carbon material directly into the scrubber vessel.  
However, these systems can only reduce mercury re-emission, they cannot eliminate it.  Units 3 & 4 do 
not have MRCS since their mercury control strategy includes baghouses as upstream controls. 

The conversion to elemental mercury caused by high scrubber oxidation rates also causes mercury to 
dissociate from the gypsum byproduct, thereby increasing the mercury concentration in the scrubber 
liquid which requires additional wastewater treatment, which may impact additional non-air 
environmental regulatory requirements, such as wastewater requirements under the ELG.  High 
oxidation rates may also affect selenium in similar fashion by resulting in greater production of selenate, 
which is more difficult to treat in wastewater than selenite form which occurs at lower oxidation rates.    

For Bowen Units 1-4, scrubber operating parameters are optimized based on Georgia Power’s 
operational experience to maintain SO2 removal compliance, mercury removal compliance, and 
wastewater treatment requirements for both mercury and selenium, while balancing the increased 
equipment wear and scrubber vessel scaling experienced at higher submergence levels and pH levels.  
The 2019 average SO2 removal rate was 96.3% for Units 1-4 and reflects the level of oxidation needed to 
comply with all applicable regulatory requirements.   
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4.0 Four-Factor Analysis for Additional SO2 Controls at Plant Bowen 

4.1 Step 1: Identification of Additional SO2 Control Technologies 
The additional SO2 emission reduction measures in Sections 4.1.1 through 4.1.3 were identified for Plant 
Bowen Units 1-4 for evaluation in this four-factor analysis.  Note that coal switching to PRB coal and 
CAPP coal are evaluated as two separate options, due to differing levels of control effectiveness and 
considerations for costs and energy impacts.  This approach is consistent with BART guidelines, which 
indicates that “evaluat[ing] other levels of control in addition to the most stringent level for a given 
device… would be useful, particularly in cases where the selection of additional options would have 
widely varying costs and other impacts.”15 

4.1.1 Coal Switching to PRB Coal 

SO2 emissions could be reduced by switching to lower sulfur Powder River Basin (PRB) sub-bituminous 
coal.  PRB sub-bituminous coal has a sulfur content of 0.2-0.7% with heat content between 8,200-9,000 
Btu/lb.  PRB coal is extremely friable with a high dusting potential and increased ignitability.  PRB coal 
has significantly lower heat content and higher moisture content, which will require more coal to be 
burned to achieve the same facility heat input and generation.  As a result, PRB coal will also cause 
derates in unit capacity due to limitations of the coal handling systems, which will limit the units from 
achieving the operational levels necessary to reach the maximum design capacity of the units.  Any 
effort to minimize the derate would require significant investments in equipment to try to mitigate the 
impact of the lower heating value of sub-bituminous coals.  PRB coal has lower ash and sulfur content, 
which will also impact the amounts of fly ash and gypsum available for sale to the wallboard and cement 
industries.   

4.1.2 Coal Switching to CAPP Coal 

Coal switching to Central Appalachian (CAPP) bituminous coal is another lower sulfur coal option that 
would result in lower SO2 emissions.  CAPP bituminous coal has a sulfur content of 0.6-2.0% with heat 
content between 11,400-13,200 Btu/lb.  Compared to IB coal, CAPP coal is significantly more expensive 
and, due to changes in heat, sulfur, and ash contents, operation on CAPP coal will produce varying 
impacts on the amounts of fly ash and gypsum to be handled for sale or disposal. 

4.1.3 Dry FGD Scrubbers 

Flue gas desulfurization can be completed as a wet or dry process.  EPA’s Control Cost Manual Chapter 5 
for SO2 controls states, “About 170,000 MW of the U.S. electric generating capacity are controlled using 
wet scrubbers, while dry scrubbers account for only about 30,000 MW capacity.”16  As part of this 
analysis, Georgia Power reviewed the EPA Control Cost Manual Chapter 5 for SO2 Controls that EPA 
proposed for public comment in July 2020, since it includes new details on dry FGD scrubber systems 
that were not included in the previous version of Chapter 5.  This proposed chapter is consistent with 
other EPA Control Cost Manual information.   

 
15 40 CFR 51 Appendix Y (BART Guidelines), Section IV.D.3.  Although the BART guidelines are not mandatory in this reasonable progress four-
factor analysis, EPA has previously indicated that the analysis may be similar in many respects.  See U.S. Environmental Protection Agency, Draft 
Guidance on Progress Tracking Metrics, Long-term Strategies, Reasonable Progress Goals and Other Requirements for Regional Haze State 
Implementation Plans for the Second Implementation Period, at 94, 114, & App. D (2016) (”2016 Draft Regional Haze Guidance”). 
16 U.S. Environmental Protection Agency, Air Pollution Control Cost Manual, Sec. 5, Ch. 1, at 1-6 (proposed July 2020) (EPA-HQ-OAR-2015-0341-
0082) (”Proposed SO2 Control Cost Manual“). 
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Dry FGD processes include spray dry absorber (SDA) and circulating dry scrubber (CDS) systems.  SDA 
systems use lime or hydrated lime reagents sprayed with small amounts of water into a gas absorber to 
remove SO2 upstream of and in conjunction with particulate controls, such as baghouses.  CDS systems 
use a circulating bed of hydrated lime reagent to remove SO2 in conjunction with an integrated fabric 
filter system.  The EPA Control Cost Manual provides average installation costs for SDA and CDS systems 
at $37 million and $81 million, respectively.17 

The EPA Control Cost Manual lists SDA and CDS systems using lime reagent as having between 85-98% 
SO2 removal efficiencies.  However, it should also be noted that dry FGD systems are typically installed 
on smaller units with uncontrolled SO2 concentrations around 2 lb/MMBtu.18  Further, SDA systems 
have poor removal efficiency for uncontrolled SO2 emissions levels higher than 3 lb/MMBtu.  In fact, the 
EPA Control Cost Manual states that “combustion units that are retrofit with SDA systems lose the 
option of burning high sulfur content coal.”19 CDS systems have higher removal efficiencies than SDA 
systems, but these systems have limited use in the U.S. and are used only on small units (50-250 MW) 
for applications in Europe.20   

4.2 Step 2: Elimination of Technically Infeasible Options 
The emission reduction measures discussed above should all be considered technically feasible for Plant 
Bowen Units 1-4.  However, some options will not provide any additional SO2 reduction benefit over 
baseline existing plant SO2 emissions control as described below. 

4.2.1 Coal Switching to PRB Coal 

Switching to PRB coal is a technically feasible emission reduction measure for SO2 emissions from Plant 
Bowen Units 1-4.  Since the 1990s, many coal-fired EGUs in the U.S. have switched to a lower sulfur coal 
as part of their compliance strategies for the Acid Rain Program and, more recently, for the MATS rule, 
at facilities for which coal switching was more cost-effective than FGD scrubber installation.   

Due to significantly lower heat content and higher moisture content, burning PRB coal requires 
additional coal to be burned to achieve the same amount of energy as a bituminous coal.  The current 
coal handling systems for Plant Bowen Units 1-4 would not be able to handle this required increase in 
coal throughput, and the limited operational level of the unit would cause a derate of the maximum 
design capacity proportional to the difference in heat contents of PRB coal compared to IB coal.  Unit 
capacity derates due to switching to PRB coal would require the purchase of replacement capacity and 
energy to restore Georgia Power and the Southern Company system to a comparable level of reliability.  
Investments in upgrades to the coal handling system would also be needed to address increased dusting 
and ignitability conditions.  Burning PRB coal can have a negative effect on boiler temperatures and 
efficiencies, causing excessive slagging and fouling in the boiler, and additional ongoing maintenance 
capital will be needed for the increased wear on the system from operating on PRB coal.  

Coal switching from IB coal to PRB coal is considered a technically feasible emission reduction measure 
for this four-factor analysis and will be ranked by emission reduction effectiveness in Section 4.3 and 
evaluated against the four statutory factors in Section 4.4. 

 
17 Proposed SO2 Control Cost Manual, at 1-7 and 1-8. 
18 Proposed SO2 Control Cost Manual, at 1-10, 1-34, and 1-35. 
19 Proposed SO2 Control Cost Manual, at 1-35. 
20 Proposed SO2 Control Cost Manual, at 1-37. 
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4.2.2 Coal Switching to CAPP Coal 

Switching to CAPP coal is a technically feasible emission reduction measure for SO2 emissions from Plant 
Bowen Units 1-4.  Fully equipped with wet FGD scrubbers, Units 1-4 currently fire Illinois Basin (IB) 
bituminous coal with a sulfur content ≤ 3%.21  Plant Bowen Units 1-4 switched from CAPP coal to IB coal 
in 2014.  Burning CAPP coal is significantly more expensive than IB coal and would greatly impact the 
economic dispatch of Units 1-4 to the extent that these units would likely not operate unless needed to 
support the Southern Company system for reliability purposes.  However, this analysis conservatively 
assumes an equal operational baseline in order to evaluate the cost of this control option in this four-
factor analysis.  Thus, coal switching from IB coal to CAPP coal is considered a technically feasible 
emission reduction measure and will be ranked by emission reduction effectiveness in Section 4.3 and 
evaluated against the four statutory factors in Section 4.4. 

4.2.3 Dry FGD Scrubbers 

Dry FGD scrubbers are best suited for smaller units with less than 200 MW capacities that burn low-
sulfur fuels.  The EPA Control Cost Manual only provides cost calculation methodologies for the SDA-
type dry FGD system, which is capable of up to 95% SO2 removal.22  The EPA Control Cost Manual also 
indicates that the cost calculations provided are not valid for units with over 3 lb/MMBtu uncontrolled 
SO2 emission rates. 23  Plant Bowen Units 1-4 fire coal with a sulfur content ≤ 3%, which can have an 
uncontrolled SO2 rates over 5 lb/MMBtu depending on sulfur content and heat content of the coal.  
Note that wet FGD systems are more expensive and are capable of higher removal efficiencies than dry 
FGD systems. Wet FGD systems also provide additional other emissions control benefits, such as 
mercury, organic hazardous air pollutants (HAP), and other acid gases.24  

Dry FGD scrubbers are technically feasible for Plant Bowen Units 1-4.  However, Georgia Power has 
already equipped these units with wet FGD systems that are more effective for SO2 removal.  Therefore, 
dry FGD systems constitute inferior control options that would achieve less effective SO2 emissions 
reductions than the current wet FGD systems. 

4.3 Step 3: Ranking of Remaining Control Technologies by Control Effectiveness 
Since all the SO2 emission reduction measures identified in Section 4.1 are considered technically 
feasible, Table 3 lists these options in order of SO2 control effectiveness. 

Table 3. Ranking of SO2 Emission Reduction Measures by Control Effectiveness 

Emission Reduction Measure Control Effectiveness 

Coal Switching to PRB Coal 81% 

Coal Switching to CAPP Coal 56% 

Dry FGD Scrubbers 0% 

 
21 Plant Bowen also receives Northern Appalachian bituminous coal, which has similar heat and sulfur content to IB coal.  
22 Proposed SO2 Control Cost Manual, at 1-35, 1-41. 
23 Proposed SO2 Control Cost Manual, at 1-39. 
24 Proposed SO2 Control Cost Manual, at 1-8. 
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Using a top-down approach, first coal switching to PRB coal and then coal switching to CAPP coal will be 
evaluated against the four statutory factors to further analyze the feasibility of each option.  While 
technically feasible, dry FGD scrubbers are inferior control options that would provide no additional, and 
likely even decreased, SO2 reductions compared to baseline plant operations and therefore will not be 
evaluated further in this analysis. 

4.4 Step 4: Application of the Four Statutory Factors 
For all options in this analysis, the cost effectiveness of the SO2 emission reduction measures was 
calculated in accordance with the EPA Control Cost Manual cost estimation concepts and methodologies 
in order to create a cost per ton of SO2 reduced for each option on a comparable annualized basis.  As 
discussed in Section 3.0, actual operational and emissions data on IB coal from 2019 for Plant Bowen 
Units 1-4 are conservatively used as the baseline for these analyses.  Although 2019 actual SO2 emissions 
were less than the projected 2028 emissions from Georgia EPD, they are higher than future annual 
emissions actually projected by Georgia Power.  This conservative baseline is used to create an equal 
comparison for each coal type, even though a switch to these lower-sulfur coals would likely have 
significant negative impacts on operations.   

Cost effectiveness was calculated using SO2 emissions reduction calculations and the following cost 
calculation method from Chapter 2 of the EPA Control Cost Manual:25 

Total Costs = Indirect Costs + Direct Costs – Recovery Credits 

These total costs are determined on an annual basis in comparison to the 2019 actual baseline costs on 
IB coal to represent the cost difference in operating Units 1-4 on a different type of coal.  This annual 
cost difference is then divided by the difference in annual SO2 emissions compared to the 2019 actual 
baseline emissions on IB coal to determine the cost effectiveness in $/ton SO2 reduced.   

Georgia Power’s 2019 IRP acknowledged continued economic pressure on the company’s remaining 
coal-fired units, including Plant Bowen Units 1 and 2.  In recognition of economic challenges facing Plant 
Bowen Units 1 and 2 in certain planning scenarios, Georgia Power committed to defer major capital 
investments at the units but noted that indefinite deferral of investments or otherwise limiting capital 
expenditures will likely cause the units to become unavailable starting with the latest applicability date 
of EPA’s ELG Rule, which at the time was set for December 2023. 26  The Georgia Public Service 
Commission’s (GPSC) final order on the 2019 IRP, which was ordered on July 29, 2019, set limits on 
capital expenditures specific to Plant Bowen Units 1 and 2 at $19 million per year or $57 million for the 
three-year period ending July 31, 2022.  Any expenditures that may be needed to maintain safe and 
reliable operation of Units 1 and 2 that exceed these limits require justification from Georgia Power to 
the GPSC Staff.27  To maintain reliability and fill a capacity need in the potential absence of Plant Bowen 
Units 1 and 2 and any other remaining steam units, Georgia Power issued the 2022-2028 Capacity 
Request for Proposals (RFP) on August 31, 2020, seeking to procure approximately 1,000 to 3,000 MW 
of capacity and energy resources.  Georgia Power plans to propose the desired mix of resources to be 
procured and retired in conjunction with the 2022 IRP filing.28  

 
25 U.S. Environmental Protection Agency, Air Pollution Control Cost Manual, Sec. 1, Ch.2., at 12 (Equation 2.1) (”EPA Control Cost Manual 
Chapter 2”).  
26 Docket No. 42310 2019 Integrated Resource Plan, filed on January 31, 2019, Main Document Sections 1.7, 10.5, and 10.6 
27 Docket Nos. 42310 & 42311 Order Adopting Stipulation as Amended, filed on July 29, 2019, Stipulation Supply Side Plan Paragraph 13 
28 Docket No. 42641 Final Approved RFP and PPAs, filed on August 31, 2020, Capacity RFP Section I 
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4.4.1 Coal Switching to PRB Coal 

4.4.1.1.  PRB Coal: Statutory Factor #1 Costs of Compliance 

PRB coal has significantly lower heat content than IB coal, and this decrease in heat content paired with 
an increase in coal moisture content is estimated to result in a total capacity decrease, or derate, of 
Units 1-4.  A capacity derate of around 27% or greater would be expected using current unit equipment 
to process PRB coal at the same rate as current IB coal operations, based on the heat contents of  
PRB coal at 8,800 Btu/lb and 2019 Bowen Baseline IB coal at 12,002 Btu/lb.  This 27% derate assumption 
will be used to evaluate the coal switching to PRB coal option in this four-factor analysis.   
Note that the level of unit capacity derate does not impact the annual SO2 emissions reduction since the 
analysis assumes that the 2019 baseline annual heat input is achievable at this derated unit capacity 
with an increased amount of operating time. Based on this information and the 2019 actual baseline 
data, the estimated emission reduction for PRB coal is shown in Table 4.   

Table 4. Emission Reduction Estimates for Coal Switching to PRB Coal 

 2019 Bowen Baseline  
on IB Coal PRB Coal 

Sulfur Content (%) 2.6% 0.4% 

Heat Content (MMBtu/lb) 12,002 8,800 
   

2019 Bowen Baseline Annual Heat Input (MMBtu) 118,872,778 

2019 Bowen Baseline Average SO2 Removal (%) 96.3% 

Average SO2 rate (lb/MMBtu) 0.16 0.03 

Annual SO2 Emissions (tons) 9,231 1,749 

Delta Annual SO2 compared to Baseline (tons) - (7,482) 

Emission Reduction Percentage from Baseline (%) - 81% 

Georgia Power also considered if the projected derate on PRB coal could be reduced by increasing coal 
throughput capacity via the installation of an additional pulverizer to each unit’s coal handling system 
and any associated boiler work.  These additional investments have not been implemented at Georgia 
Power facilities that have historically switched to PRB coal, and no applicable examples in practice were 
identified to substantiate the feasibility of these projects, including the quantification of the equipment 
needs or engineering and construction requirements, which would be highly site-specific.  In addition to 
unknown capital investment costs needed, these projects would need to be evaluated for New Source 
Review (NSR) construction permitting, and the associated permitting costs of these significant 
equipment installations and modifications could also be incurred.29  Therefore, while additional capital 
investment could potentially reduce the capacity derate somewhat, those changes would likely be very 
costly or may not be feasible considering space and design constraints. Because the feasibility is unclear 
for Plant Bowen, this analysis focuses on the 27% derate scenario.   

 
29 Repeal of the Clean Power Plan; Emission Guidelines for Greenhouse Gas Emissions from Existing Electric Utility Generating Units; Revisions to 
Emission Guidelines Implementing Regulations, 84 Fed. Reg. 32520, 32357 (July 8, 2019) (recognizing that NSR-related costs are relevant in 
evaluating cost effectiveness analyses). 
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The cost effectiveness calculations for coal switching to PRB coal are summarized in Table 5 with 
supporting information provided in the following sections on Indirect Costs, Direct Costs, and Recovery 
Credits.  

Table 5. Summary of Cost Effectiveness Calculations for Coal Switching to PRB Coal 

Delta compared to Baseline 2019 Bowen Baseline  
on IB Coal PRB Coal 

Annualized Capacity Penalty (Million $) Baseline 51.7 
Total Indirect Costs (Million $) Baseline 51.7 
   

Annual Fixed O&M Cost (Million $) Baseline 1.1 
Annual Variable O&M Cost (Million $) Baseline (8.9) 
Annual Fuel Cost (Million $) Baseline 1.2 
Total Direct Costs (Million $) Baseline (6.6) 
   

Annual Ash/Gypsum Sales (Million $) Baseline (3.0) 
Total Recovery Credits (Million $) Baseline (3.0) 
   

Total Annual Costs ($) Baseline 53,466,513 
Total Annual SO2 Reduction (tons) Baseline 7,482 
Cost Effectiveness Relative to Baseline 
($/ton) Baseline 6,424 

 
Indirect Costs 
Indirect costs are costs that are not incurred on an annual basis, such as the purchase, installation, and 
startup of capital equipment.30  In order to combine these indirect costs with direct costs and recovery 
credits which have an annual basis, indirect costs are amortized to determine an annual value.31  For this 
analysis, Georgia Power has calculated the net present value of any indirect costs over a 30-year period 
and the associated annualized payment using a firm-specific real interest rate of 6.04%, consistent with 
the Control Cost Manual.32,33  A 30-year timeframe was selected using the equipment lifetime 
methodology provided in the Control Cost Manual, which also aligns with the unit retirement planning 
timeframes used during Georgia Power’s IRP evaluations.34  Any escalations for inflation or carrying 
costs, such as Allowance for Funds Used During Construction (AFUDC), are not included in the capital 
costs in this analysis, in accordance with the methods described in the EPA Control Cost Manual.35  Also, 
these capital recovery costs do not include other potential indirect costs listed in the EPA Control Cost 
Manual, such as taxes, insurance, and administrative charges.     

Capacity Penalty Costs 
The first indirect cost listed for switching to PRB coal for Plant Bowen Units 1-4 is the capacity penalty 
cost associated with the derate to unit capacities.  Plant Bowen Units 1-4 provide capacity value by 
supporting system reliability and by avoiding costs associated with replacement capacity that would be 
required to meet customer peak demands and reserve margin requirements in the absence of such 
Plant Bowen units.  Without these units, Georgia Power would have to procure short-term and long-

 
30 EPA Control Cost Manual Chapter 2, at 12. 
31 EPA Control Cost Manual Chapter 2, at 21. 
32 Firm-specific rate based on financial conditions from Georgia Power 2019 Rate Case Order, filed by the Georgia PSC on December 31, 2019.   
     See Technical Appendix Document A1.2 for supporting data. 
33 EPA Control Cost Manual Chapter 2, at 16.  Real interest rates do not account for inflation. 
34 EPA Control Cost Manual Chapter 2, at 22. 
35 EPA Control Cost Manual Chapter 2, at 11-12 & 18. 
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term replacement capacity in order to restore Georgia Power and the Southern Company system to a 
comparable level of reliability that the system currently holds.  The cost of replacement capacity in any 
year is assumed to be at either a market rate or the cost of new construction depending on whether 
Georgia Power has a projected capacity need in such year without Plant Bowen Units 1-4.   

The $51 million annualized cost of the estimated 27% derate of Plant Bowen Units 1-4 is therefore the 
annualized difference between the net present value of (1) the maximum capacity of the units on IB coal 
times the cost of replacement capacity in each year of the study period and (2) the maximum capacity of 
the units on PRB coal times the cost of replacement capacity in each year of the study period.36     

Capital Costs 
Beyond the capacity penalty costs, other differences in capital costs expected on PRB coal in comparison 
to IB coal include capital associated with equipment installations needed and associated ongoing 
maintenance expenses.   

In addition to derating the unit capacities, the properties of PRB coal create challenges in the fuel 
handling processes through increased dusting potential and ignitibility of this type of coal.  At a 
minimum, a transition to PRB coal would require further investment capital costs for equipment 
installation costs associated with dust control systems, coal conveyor and transfer point changes, coal 
bunker conversions to silos, fire protection systems for coal silos, and the addition of fire inerting 
systems to pulverizers.  An increase in annual maintenance capital costs would also be expected 
associated with these additional or modified systems.  Due to the highly site-specific nature of these 
costs, detailed engineering studies and analyses would be needed to fully estimate the costs associated 
for Plant Bowen.  Two historical examples from Plant Scherer, which was already burning PRB coal, for 
small capital projects associated with a narrow scope of improving coal handling fire protection and dust 
suppression had costs totaling more than $2.5 million.37  Plant Bowen’s scope of work for fire protection 
and dust suppression for a full switch to PRB coal would be expected to be much more costly.  However, 
due to the high level of uncertainty for the capital costs associated with the 27% derate scenario, 
Georgia Power has not included specific capital investment costs in the cost effectiveness calculation for 
PRB coal in order to review a conservatively low estimate for the purposes of this analysis.   

A Department of Energy (DOE) Technical Paper from 2004 further illustrates this cost uncertainty. The 
paper studied the cost of switching from bituminous coal to PRB coal across the industry, with capital 
investment estimates based on a March 1994 EIA review of 6 case studies of plants that completed the 
switch to PRB coal.  The studies show a range in capital cost from $31.6 to $118.6 per kilowatt in 1992 
dollars.  Assuming 2% inflation, the equivalent 2019 dollars range would be $53.94 per kW to $202.44 
per kW.  Costs included in "[t]his investment is for equipment items needed to (1) reduce fire and 
explosion hazards through dust control and fire protection; (2) modify pulverizers, coal handling, and 
ash handling; and (3) install electrostatic precipitators and so on."38  While Plant Bowen already has 
cold-side electrostatic precipitators (ESP) and would likely not need to incur additional ESP costs to 
switch to PRB, the plants studied in the DOE paper likely had other advantages for burning PRB coal that 
Plant Bowen does not currently have, such as in coal silos, coal handling, and boiler dimensions, which 
could result in additional costs for Plant Bowen.  However, even using the low end of the capital 

 
36 See Technical Appendix Document A1.3-1 for calculations and supporting documentation used for the 2019 IRP. 
37 See Technical Appendix Document B5.2a and b. 
38 Malvadkar, Smith, & McGurl. (2004). “Supply Curves for Using Powder River Basin Coal to Reduce Sulfur Emissions,” Journal of Air & Waste 
Management Association. 54:6. p.743.  See Technical Appendix Document A5.2. 
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investment range in the DOE paper as an indicative estimate would result in a $180 million estimate to 
switch all four Plant Bowen units to PRB coal.    

As discussed above, this analysis does not include any capital investment costs associated with 
attempting to mitigate the unit derates with additional pulverizers and coal handling system equipment.  
As noted in the DOE study, even with capital investment, some case study plants still experienced 
derating as much as 15%, confirming that the derate associated with PRB would not be eliminated 
entirely, even with costly investments to the plant.39  Although detailed engineering and design study as 
well as test burns would be needed to determine the exact impact to Bowen, it is reasonable to assume 
that the plant would still experience a fairly significant derate even with capital investment as much as 
$180 million.  Because of the high level of uncertainty around costs and impacts of minimizing the 
derate from burning PRB coal, this information is presented for completeness but is not included in the 
quantitative analysis. 

Direct Costs 
Direct costs are variable and semi-variable costs on an annual basis that vary with some measure of 
production, including raw materials, utilities, waste treatment/disposal, and labor, that are “directly 
usable in financial analyses”.40  For this analysis, the difference in direct costs compared to the 2019 
actual baseline costs on IB coal were calculated by determining any changes needed in fixed operating 
and maintenance (O&M), variable O&M, and fuel costs for each coal type assuming equal baseline 
annual heat input.   

Fixed O&M Costs 
Fixed O&M costs are assumed to have additional labor costs needed on PRB coal, due to the increased 
coal throughput and additional fuel handling systems for fire suppression and fugitive dust control.   
This annual increase of over $1 million is associated with 20 additional full-time equivalent laborers 
(2,000 hours per year) at $27 per hour.   

Variable O&M Costs 
The annual variable O&M costs for the operation of Units 1-4 on PRB coal are conservatively assumed to 
be equal to the IB coal baseline, except for the anticipated changes in environmental commodities costs, 
even though increases in coal throughputs on PRB coal would likely cause additional increases in 
variable O&M at equal heat inputs.  Therefore, the differences in variable O&M costs compared to the 
IB baseline are assumed to be equal to the differences in fuel additive, limestone, hydrated lime, 
ammonia, and activated carbon usages.41   

On PRB coal, these differences are estimated to be an 82% reduction in limestone usage based on the 
difference in uncontrolled SO2 emissions compared to IB coal, 100% decrease in hydrated lime usage, 
and a 20% reduction in ammonia usage.  PRB coal is also expected to have additional fuel additive costs 
proportional to the additional coal throughput needed to achieve the baseline annual heat input.  The 
increased costs for activated carbon injection are estimated for Units 1-4, based on operational 
experience at Plant McIntosh and Scherer.  Based on these environmental commodities adjustments, 
PRB coal would have variable O&M costs of an annual net decrease of $8.9 million. 

 
39 Malvadkar et al. p. 743 
40 EPA Control Cost Manual Chapter 2, at 12. 
41 See Technical Appendix Tables A3.2 and A3.3 for supporting data. 
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Fuel Costs 
The delivered fuel cost for PRB coal to Plant Bowen is estimated to be $0.01/MMBtu greater than the 
actual 2019 Bowen baseline coal costs on a heat input basis.  Using the equal baseline annual heat input, 
differences in fuel costs compared to IB coal are more than $1.1 million per year for PRB coal.   

Recovery Credits 
Recovery credits are revenue created by a facility through the recovery of materials that can be sold as a 
benefit, such as scrubber byproduct (gypsum) to wallboard manufacturers.42  Plant Bowen has contracts 
for the sales of ash and gypsum from Units 1-4.  In 2019 on IB coal, Plant Bowen sold a total of  
$3.9 million in bottom and fly ash and $1.9 million in gypsum.  Based on the heat content and ash 
percentages of PRB coal compared to IB coal, PRB coal is estimated to create 17% less fly ash and 26% 
more bottom ash; therefore, these adjustment factors were applied to the annual average revenues 
from ash sales for IB coal to result in an annual decrease of more than $0.6 million for PRB coal. 

For gypsum sales, the amount of gypsum produced was estimated to be directly proportional to the 
difference in sulfur content for PRB coal.  Therefore, compared to the actual IB coal baseline,  
PRB coal would create 80% less gypsum.  Note that Plant Bowen has contracts with the gypsum 
purchasers that require Plant Bowen to produce a threshold amount of gypsum per year.  If Plant Bowen 
does not meet this quota, Georgia Power must pay the gypsum purchaser liquidated damages for the 
remaining amount.  Estimated calculations based on the 2019 actual baseline gypsum tonnage shows 
that Plant Bowen would not meet these required gypsum quotas on PRB coal.  However, to be 
conservative, this additional cost has not been included in the cost effectiveness calculation.   

In summary, on recovery credits, coal switching to PRB coal would create an estimated loss of more than 
$2.9 million annually. 

Summary of Cost Effectiveness of Coal Switching to PRB Coal 
Using the methodologies and concepts presented in the EPA Control Cost Manual, Georgia Power has 
completed SO2 emissions reduction and total annual cost calculations for associated indirect costs, 
direct costs, and recovery credits to compare switching to PRB coal from the current IB coal fired in Plant 
Bowen Units 1-4, as summarized in Table 6.  Even considering a potential SO2 reduction of more than 
80%, these calculations strongly demonstrate that, at over $6,000 per ton of SO2 reduced, PRB coal is 
cost ineffective for SO2 emissions reduction for Plant Bowen Units 1-4.   

Table 6. Summary of Statutory Factor 1, Cost of Compliance, for Coal Switching to PRB Coal 

Emission Reduction Measure Control Effectiveness Cost Effectiveness ($/ton) 

Coal Switching to PRB Coal 81% $6,424 

 
4.4.1.2 PRB Coal: Statutory Factor #2 Time Necessary for Compliance  

The second statutory factor to be considered for evaluating control technologies and emission reduction 
measures is the time necessary for compliance, or the estimated time needed for a source to comply 
with a potential control measure.  Switching to PRB coal would require extensive engineering 
evaluations to complete new equipment installations to implement necessary systems for fire safety and 

 
42 EPA Control Cost Manual Chapter 2, at 13-14. 
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dust suppression, which would require time for construction.  As described in Section 4.4.1.1., due to 
the significant uncertainty associated with the scope of work needed to install these new systems to 
allow Plant Bowen to burn PRB coal, it is expected that a December 31, 2028 timeframe would be 
necessary for switching to PRB coal. 

The time necessary to switch to PRB coal would also be impacted by coal contract timeframes for Plant 
Bowen, which due to the variability of the fuel market are set on approximately 2-year timeframes.  
Plant Bowen currently has IB coal purchase commitments contracted through 2023.  Therefore, for this 
analysis, the timeframe for receiving only PRB coal would be December 31, 2024 since coal shipments 
associated with coal purchase commitments may be received into the following year, which means Plant 
Bowen could continue to receive IB coal shipments from current contracts in 2024.  The exact timing will 
necessarily depend on when the coal contract commitments can be executed for PRB coal, which further 
supports a December 31, 2028 compliance timeframe needed for switching to PRB coal. 

4.4.1.3 PRB Coal: Statutory Factor #3 Energy and Non-Air Quality Environmental Impacts  

The third statutory factor to be considered for evaluating control technologies and emission reduction 
measures is the energy and non-air environmental impacts.  Coal switching to PRB coal would reduce 
the amount of energy produced by Plant Bowen Units 1-4 through reductions in unit capacities.   

As described in previous sections, the lower heat content and higher moisture content of PRB coal will 
lead to unit capacity derates in the range of 27% or greater.  The current coal handling system, including 
conveyors, pulverizers, and feeders, would not be able to process the increased amount of coal 
throughput needed to achieve equal generation loads from Units 1-4.  In addition, the higher moisture 
content of PRB coal will lead to efficiency decreases and therefore heat rate increases, and the low ash 
fusion temperature of PRB coal can cause increased boiler slagging.  Consistent with EPA Regional Haze 
guidance, which states that “states should consider energy and non-air quality impacts primarily as 
components of the costs of compliance,” the energy impact of switching to PRB coal is demonstrated 
through the capacity penalty costs associated with procuring capital needed to offset this capacity loss 
included in the discussion of indirect costs in Section 4.4.1.1.43   

While coal switching to PRB coal was already shown to be cost ineffective for SO2 reduction for Plant 
Bowen Units 1-4, the energy impacts associated with PRB coal also weigh against selection of PRB coal 
as necessary for making reasonable progress. 

4.4.1.4 PRB Coal: Statutory Factor #4 Remaining Useful Life of Existing Source  

The fourth statutory factor to be considered for evaluating control technologies and emission reduction 
measures is the remaining useful life of an existing source.  In situations in which the unit has an 
enforceable retirement date before the 2028 RPG date, a state may consider the remaining useful life 
factor to determine that no control of that unit is required.44  Similarly, in situations in which the unit 
will retire before the conclusion of the assumed control-equipment life used for the capital recovery 
factor in annualizing the cost of the control options, the state may consider the remaining useful life 
factor in determining the cost effectiveness of the control options being evaluated.45 

 
43 2019 Final Regional Haze Guidance, at 37.   
44 2019 Final Regional Haze Guidance, at 20. 
45 2019 Final Regional Haze Guidance, at 33-34. 
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As discussed in Section 4.4, Plant Bowen Units 1-4 do not currently  have dates for retirement approved 
by the GPSC; therefore, the remaining useful life of these units is considered 30 years for this analysis, 
which is consistent with the unit retirement planning timeframes used during Georgia Power’s IRP 
evaluations and the cost calculations in Section 4.4.1.1.  Also, note that the 30-year timeframe is 
conservatively applied to the annualized cost calculation and that a shorter-time frame would result in 
even higher costs.   

Investment restrictions are placed on Units 1 and 2 through July 31, 2022 by the GPSC 2019 IRP final 
order, and Georgia Power’s capacity needs, including the remaining useful life of each Plant Bowen unit, 
will be further evaluated during the 2022 IRP process.  Although this factor was not considered in the 
cost-effectiveness evaluation provided above, this factor likewise weighs against selection of PRB coal as 
necessary for making reasonable progress.   

4.4.2 Coal Switching to CAPP Coal 
Because the option ranked with the highest control effectiveness, coal switching to PRB coal, is not cost 
effective, the next option of coal switching to CAPP coal with a potential 56% SO2 emissions reduction is 
evaluated below.   

4.4.2.1 CAPP Coal: Statutory Factor #1 Costs of Compliance 

The cost effectiveness of switching to CAPP coal was calculated using the same 2019 actual Plant Bowen 
IB coal baseline and the financial methods presented in Sections 4.4 and 4.4.1, in accordance with the 
EPA Control Cost Manual cost estimation concepts and methodologies to determine the cost per ton of 
SO2 reduced on a comparable annualized basis. 46   

As noted above, the heat input baseline based on 2019 Plant Bowen actual operational data is used to 
create an equal comparison for each coal type, even though the different coals would significantly 
impact operations.  For CAPP coal, the significant increase in fuel costs would be anticipated to impact 
the economic dispatch operation of Units 1-4 to the point that they would potentially run only when 
needed to ensure the reliability of the Southern Company system.  Although not directly addressed in 
EPA’s final 2019 guidance, EPA’s draft guidance on Regional Haze states that “in determining whether 
the cost of compliance raises issues regarding the viability of continued plant operations, a state may 
take into consideration the conditions of the plant and the economic effects, such as the effect on 
product prices and the market share and profitability of the source.”47  The cost of compliance for coal 
switching to CAPP coal provided below is representative of costs associated with assumed operation at 
2019 levels, even though these increased costs would likely lead to decreased operation of Plant Bowen 
Units 1-4 because these levels of dispatch would not be economically viable at these costs, according to 
Georgia Power resource planning modeling.  Therefore, assuming ongoing operation on CAPP coal at 
2019 operating levels is highly conservative.  

Even after conservatively assuming the equal baseline for annual heat input, the analysis below confirms 
that switching to CAPP coal would be an inferior option because it would achieve fewer SO2 emissions 
reductions at a higher cost per ton SO2 reduced as compared to switching to PRB coal.  The emissions 
reduction calculated for the CAPP coal alternative is provided in Table 7.   

Table 7. Emission Reduction Estimates for Coal Switching to CAPP Coal  

 
46 Equation 2.1 from pg. 12, EPA Control Cost Manual Chapter 2  
47 2016 Draft Regional Haze Guidance, at 101. 
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 2019 Bowen Baseline  
on IB Coal CAPP Coal 

Sulfur Content (%) 2.6% 1.1% 
Heat Content (MMBtu/lb) 12,002 12,000 

   

2019 Bowen Baseline Annual Heat Input (MMBtu) 118,872,778 
2019 Bowen Baseline Average SO2 Removal (%) 96.3% 
Average SO2 rate (lb/MMBtu) 0.16 0.07 
Annual SO2 Emissions (tons) 9,231 4,032 
Delta Annual SO2 Emissions compared to Baseline (tons) - (5,199) 
Emission Reduction Percentage from Baseline (%) - 56% 

Costs for Plant Bowen Units 1-4 to switch to CAPP coal are summarized in Table 8.  Though the 
estimates show a reduction in variable O&M and a potential small gain in ash sales, the increase in 
delivered fuel costs leads to significant net annual costs, which demonstrates that this option is 
extremely cost ineffective.  Further details on the Indirect Costs, Direct Costs, and Recovery Credits 
included in this calculation are provided in the following sections. 

Table 8. Summary of Cost Effectiveness Calculations for Coal Switching to CAPP Coal 

Delta compared to Baseline 2019 Bowen Baseline 
on IB Coal CAPP Coal 

Annualized Capacity Penalty (Million $) Baseline N/A 
Total Indirect Costs (Million $) Baseline - 
   

Annual Fixed O&M Cost (Million $) Baseline N/A 
Annual Variable O&M Cost (Million $) Baseline (16.8) 
Annual Fuel Cost (Million $) Baseline 86.8 
Total Direct Costs (Million $) Baseline 70.0 

   

Annual Ash/Gypsum Sales (Million $) Baseline 0.1 
Total Recovery Credits (Million $) Baseline 0.1 

   

Total Annual Costs ($) Baseline 69,911,996 
Total Annual SO2 Reduction (tons) Baseline 5,199 
Cost Effectiveness Relative to Baseline ($/ton) Baseline 13,447 

 
Indirect Costs 
Indirect costs are calculated using the same financial methods to produce an annualized value as 
described in Section 4.4.1.1. for PRB coal.   

Capacity Penalty Costs 
Plant Bowen Units 1-4 provide capacity value by supporting system reliability and by avoiding costs 
associated with replacement capacity that would be required to meet customer peak demands and 
reserve margin requirements in the absence of such Plant Bowen units.  Without these units, Georgia 
Power would have to procure short-term and long-term replacement capacity in order to restore 
Georgia Power and the Southern Company system to a comparable level of reliability that the system 
currently holds.   
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No capacity penalty cost would be incurred on CAPP coal since the units would be able to maintain their 
current maximum capacities. 

Capital Costs 
Capital costs are expected to remain the same on CAPP coal as compared to IB coal, conservatively 
assuming equal operation on CAPP coal.  There are no investment capital costs associated with 
switching to CAPP coal since no additional equipment installations will be needed.  The transition to 
CAPP coal is assumed to result in no change in annual maintenance capital costs compared to the 2019 
actual maintenance capital costs on IB coal.  

Direct Costs 
Direct costs are calculated for switching to CAPP coal using the same methods described in Section 
4.4.1.1. for PRB coal.  

Fixed O&M Costs 
Assuming the equal operational baseline, no change in annual fixed O&M costs is expected for a switch 
to CAPP coal because no change in labor costs would be needed. 

Variable O&M Costs 
The annual variable O&M costs for the operation of Units 1-4 on CAPP coal are conservatively assumed 
to be equal to the IB coal baseline, except for the anticipated decreases in environmental commodities 
costs, even though increases in coal throughputs on CAPP coal would likely cause additional increases in 
variable O&M at equal heat inputs.  Therefore, the differences in variable O&M costs compared to the 
IB baseline are assumed to be equal to the differences in fuel additive, limestone, hydrated lime, 
ammonia, and activated carbon usages.   

On CAPP coal, the differences in variable O&M costs are estimated based on a 42% reduction in 
limestone usage based on the difference in uncontrolled SO2 emissions compared to IB coal, 37% 
decrease in hydrated lime usage, and no difference expected in ammonia usage.  CAPP coal does not 
require any fuel additive; therefore, a 100% reduction in fuel additive costs is accounted for in the 
change in variable O&M.  No additional activated carbon injection is needed for CAPP coal versus IB 
coal.  Based on these environmental commodities adjustments, CAPP coal would have variable O&M 
costs of an annual net decrease of more than $16 million. 

Fuel Costs 
The increase in fuel costs for CAPP coal is significant compared to IB coal.  On a heat input basis, 
estimated CAPP coal delivered fuel cost is $0.73/MMBtu more than current actual IB coal costs.  
Therefore, using the equal baseline annual heat input, differences in CAPP coal fuel costs compared to IB 
coal are increased by more than $86 million per year.  It should be noted that this significant increase in 
fuel costs on CAPP coal would greatly impact the economic dispatch of Plant Bowen Units 1-4, such that 
the units would be reserved primarily for reliability purposes.  These energy impacts are discussed 
further in Section 4.4.2.3. 

Recovery Credits 
Recovery credits are revenue created by a facility through the recovery of materials that can be sold as a 
benefit, such as scrubber byproduct (gypsum) to wallboard manufacturers.48  Plant Bowen has contracts 
for the sales of ash and gypsum from Units 1-4.  In 2019 on IB coal, Plant Bowen sold a total of  
$3.9 million in bottom and fly ash and $1.9 million in gypsum.  Based on the heat content and ash 

 
48 EPA Control Cost Manual Chapter 2 pg. 13-14 
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percentages of CAPP coal compared to IB coal, CAPP coal is estimated to create 43% more fly ash and 
63% more bottom ash; therefore, these adjustment factors were applied to the annual average 
revenues from ash sales for IB coal to result in an annual increase of more than $1.6 million. 

For gypsum sales, the amount of gypsum produced was estimated to be proportional to the difference 
in sulfur content for CAPP coal.  Therefore, compared to the actual IB coal baseline,  
CAPP coal would create 54% less gypsum.  Note that Plant Bowen has contracts with the gypsum 
purchasers that require Plant Bowen to produce a threshold amount of gypsum per year.  If Plant Bowen 
does not meet this quota, Georgia Power must pay the gypsum purchaser liquidated damages for the 
remaining amount.  Estimated calculations based on the 2019 actual baseline gypsum tonnage shows 
that Plant Bowen would not meet these required gypsum quotas on CAPP coal.  However, to be 
conservative, this additional cost has not been included in the cost effectiveness calculation.   

In summary, on recovery credits, coal switching to CAPP coal would create an estimated gain of less than 
$90,000 annually. 

Summary of Cost Effectiveness of Coal Switching to CAPP Coal 
Using the methodologies and concepts presented in the EPA Control Cost Manual, Georgia Power has 
completed SO2 emissions reduction and total annual cost calculations for associated indirect costs, 
direct costs, and recovery credits to compare coal switching to CAPP coal from the current IB coal fired 
in Plant Bowen Units 1-4.  As summarized in Table 9, these calculations strongly demonstrate that CAPP 
coal is extremely cost ineffective that is not necessary to make reasonable progress.  The results of the 
evaluation for both PRB and CAPP coals are provided below to illustrate that CAPP coal is an inferior 
option because it would achieve less SO2 reduction for more cost than PRB coal.   

Table 9. Summary of Statutory Factor 1, Cost of Compliance, for Coal Switching to CAPP Coal 

Emission Reduction Measure Control Effectiveness Cost Effectiveness ($/ton) 

Coal Switching to PRB Coal 81% $6,424 

Coal Switching to CAPP Coal 56% $13,447 

 

4.4.2.2 CAPP Coal: Statutory Factor #2 Time Necessary for Compliance  

The second statutory factor to be considered for evaluating control technologies and emission reduction 
measures is the time necessary for compliance, or the estimated time needed for a source to comply 
with a potential control measure.  The time needed for switching to CAPP coal would be dependent on 
coal contract timeframes for Plant Bowen, which due to the variability of the fuel market are set on 
approximately 2-year timeframes.  Plant Bowen currently has IB coal purchase commitments contracted 
through 2023.  Therefore, for this analysis, the time needed for switching to CAPP coal would be at least 
December 31, 2024 since coal shipments associated with coal purchase commitments may be received 
into the following year, which means Plant Bowen could continue to receive IB coal shipments from 
current contracts in 2024.  The exact timing will necessarily  depend on when the coal contract 
commitments can be executed for CAPP coal. 
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4.4.2.3 CAPP Coal: Statutory Factor #3 Energy and Non-Air Quality Environmental Impacts  

The third statutory factor to be considered for evaluating control technologies and emission reduction 
measures is the energy and non-air environmental impacts.  For CAPP coal, the significant increase in 
fuel costs would be anticipated to impact the economic dispatch of Units 1-4 to the point that they 
would potentially run only when needed for reliability of the power system, which would reduce the 
amount of energy produced by these units.  For the cost analysis in Section 4.4.2.1, a baseline of 
operation was assumed for all coal types by using an equal annual heat input to allow for equal 
comparison of SO2 emissions reductions from coal switching; however, these operational levels do not 
reflect resource planning modeling for each coal type.  Therefore, the energy impact of CAPP coal is 
primarily addressed through the large increase in delivered coal cost incurred in order to maintain the 
equal annual heat input, consistent with EPA Regional Haze guidance.49  

While coal switching to CAPP coal was already shown to be highly cost ineffective for SO2 reduction for 
Plant Bowen Units 1-4, the energy impacts associated with CAPP coal also weigh against selection of 
CAPP coal as necessary for making reasonable progress. 

4.4.2.4 CAPP Coal: Statutory Factor #4 Remaining Useful Life of Existing Source  

The fourth statutory factor to be considered for evaluating control technologies and emission reduction 
measures is the remaining useful life of an existing source.  As discussed in Section 4.4.1.4, Plant Bowen  
Units 1-4 do not currently have dates for retirement approved by the GPSC, but investment restrictions 
are placed on Units 1 and 2 through July 31, 2022 by the GPSC 2019 IRP final order.  For this analysis, the 
remaining useful life is considered to be 30 years which is consistent with the unit retirement planning 
timeframes used during Georgia Power’s IRP evaluations.  Georgia Power’s capacity needs, including the 
remaining useful life of each Plant Bowen unit, will be further evaluated during the 2022 IRP process.   
Although this factor was not considered in the cost-effectiveness evaluation provided above, this factor 
likewise weighs against selection of CAPP coal as necessary for making reasonable progress. 

4.5 Step 5: Reasonable Progress Recommendation for Plant Bowen  
The Regional Haze Rule requires that second implementation period SIPs “include the enforceable 
emissions limitations, compliance schedules, and other measures that are necessary to make reasonable 
progress as determined pursuant to [51.308](f)(2)(i) through (iv).”50  Therefore, this section of the 
Regional Haze evaluation for Plant Bowen summarizes the results of the four-factor analysis for 
identified technically feasible SO2 emission reduction measures and also proposes a reasonable progress 
recommendation to reflect the fact that Plant Bowen is already complying with all measures, including 
emissions levels in compliance with the MATS SO2 alternative emissions limit, that may be considered 
necessary for making reasonable progress in addressing visibility at surrounding federal Class I areas. 

As requested by Georgia EPD in the July 10, 2020 Regional Haze letter to Georgia Power, this report 
includes a detailed four-factor analysis for all significant sources of SO2 emissions at Plant Bowen.  
Sections 4.1-4.3 of this report identify, evaluate technical feasibility, and rank applicable emission 
reduction measures for Plant Bowen Units 1-4.  Then, using a top-down approach, these emission 
reduction measures were evaluated in Section 4.4 against the four statutory factors of cost of 
compliance, time necessary for compliance, energy, and non-air quality environmental impacts, and 
remaining useful life of the source.  While all identified options were considered technically feasible, 

 
49 2019 Final Regional Haze Guidance, at 37. 
50 40 CFR 51.308(f)(2). 
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Table 10 summarizes that the cost evaluations found that the only two emission reduction measures 
that provided any additional emission reductions, namely coal switching to PRB coal and coal switching 
to CAPP coal, were both highly unreasonable due to the high cost per ton SO2 reduced for both coal 
types.  The other technically feasible option of replacing the current scrubbers with dry FGD scrubbers 
would not provide any additional SO2 reduction benefit from the baseline because Plant Bowen  
Units 1-4 are fully controlled with wet FGD scrubbers operated year-round.   

Table 10. Summary of Cost Effectiveness Analysis Results 

Emission Reduction Measure Control Effectiveness Cost Effectiveness ($/ton) 

Coal Switching to PRB Coal 81% $6,424 

Coal Switching to CAPP Coal  56% $13,447 

Dry FGD Scrubbers 0% N/A 

In conclusion, the additional SO2 emission reduction measures identified were determined to result in 
unreasonable costs of compliance.  Also, as described in Sections 4.4.1.3 and 4.4.2.3, coal switching to 
PRB coal or CAPP coal would have significant energy impacts on the operations of Units 1-4 that could 
even affect the remaining useful life of the units.  Sections 4.4.1.4 and 4.4.2.4 concluded that, while 
Georgia Power does not have current plans to retire Plant Bowen Units 1-4, the 2019 IRP final order 
places significant cost restrictions on Units 1-2 through July 2022, and the remaining useful life of Units 
1-4 will be further evaluated during the 2022 IRP process.  Therefore, none of the identified control 
technologies or emission reduction measures are necessary or appropriate for Plant Bowen for the 
purpose of setting or achieving the 2028 RPGs. 

Considering this conclusion and that Plant Bowen Units 1-4 are fully controlled with wet FGD scrubber 
systems that are operated and maintained to optimize performance for not only SO2 emissions removal 
but also for other environmental compliance requirements, such as MATS mercury emissions limits and 
ELG selenium wastewater treatment, Georgia Power recommends that the MATS alternative SO2 limit of 
0.20 lb/MMBtu for Plant Bowen Units 1-4 be included in the Georgia Regional Haze SIP for the second 
implementation period. 

This conclusion is supported by EPA Regional Haze guidance, which states that, “if a state determines 
that an in-place emission control at a source is a measure that is necessary to make reasonably progress 
and there is not already an enforceable emission limit corresponding to that control in the SIP, the state 
is required to adopt emission limits based on those controls as part of its [long-term strategy (LTS)]” for 
the second implementation period Regional Haze SIP submission.51 

The Plant Bowen Title V permit currently allows for Units 1-4 to comply with either the MATS HCl limit or 
the alternative SO2 limit.  To adopt the MATS alternative SO2 limit into Georgia’s Regional Haze SIP, 
Georgia Power recommends that Georgia EPD issue a permit under its SIP-approved permitting program 
to impose the MATS SO2 limit and then modify the Plant Bowen Title V permit to remove the HCl limit 

 
51 2019 Final Regional Haze Guidance, at 43. 
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option.  These actions will create  a federally enforceable SO2 limit for Plant Bowen Units 1-4 beyond the 
allowance trading program requirements of CSAPR and the Acid Rain Program.52  Georgia Power 
anticipates that the SIP permit for Plant Bowen Units 1-4 will be included in the Georgia Regional Haze 
SIP submission.  Georgia Power recommends that the permit issued to implement the MATS SO2 limit 
make clear that compliance with the limit will be required immediately upon approval of Georgia’s 
Regional Haze SIP by EPA. 

Incorporation of the MATS SO2 limit into the 2021 Georgia Regional Haze SIP would demonstrate that 
Units 1-4 are already fully controlled for SO2 with optimized wet FGD scrubber systems and that through 
compliance with an already applicable federal air quality rule, Plant Bowen is meeting, if not exceeding, 
any measures that are necessary to make reasonable progress toward improved visibility conditions at 
surrounding federal Class I areas. 

  

 
52 2019 Final Regional Haze Guidance, at 44. (“[I]f a permit issued under a SIP-approved minor [NSR] program, … the state may want to consult 
with the EPA Regional office to ensure that limit is appropriately included into the SIP. This can often be accomplished by what is commonly 
referred to as a source-specific SIP revision.”). 
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Technical Appendix A (Public) 
Technical Appendix A includes public information of documentation to support the calculations, 
organized by Table & Footnote number.  Documents labeled A5 support information in the analysis 
report. 

List of Technical Appendix A documents 
A1.2 Georgia Power 2019 Rate Case Order Documentation for Firm-Specific Interest Rate 

A2.1-1 2019 EIA 923 Schedule 2-5 Page 5 Fuel Receipts and Costs 

A2.1-2a EIA 923 Coal Transportation Costs Table 3c Real Basin to State Rail 

A2.1-2b EIA 923 Coal Transportation Costs Table 4c Real State to State Rail 

A2.1-4 2019 Plant Bowen SO2 CEMS Data 

A2.2-1 2019 IRP Reference Table – Bowen Unit Capacities 

A2.3-1 2019 EPA AMPD Query – Plant Bowen Heat Input and SO2 tons 

A2.3-2 2019 EIA 923 Schedule 2-5 Page 4 Generator Data 

A3.3-2 2019 EIA 923 Schedule 8C for Limestone Costs 

A3.3-7 Nordin & Merriam 1997 US DOE PRB Coal Utility NOX Report 

A4.1-1 2019 EIA 923 Schedule 8B Financial Information for Ash Gypsum Sales 

A4.2-3 2019 EIA 923 Schedule 2-5 Page 1 Generation & Fuel Data 

A5.1 Plant Bowen Historical SO2 Emissions from Figure 1 

A5.2 Malvadkar, Smith, and McGurl 2004 Journal of the AWMA Volume 54 Issue 6 Pages 741-749 

 

 

  



A1.2 Firm-Specific Interest Rate Calculation

Capital Structure1 Cost2,3

Weighted Average 
Cost of Capital 

(WACC)4

After Tax 
Rate5 

(used for 
discounting)

Debt 44.0% 4.1% 1.82% 1.36%
Equity 56.0% 10.5% 5.88% 5.88%
Total 100.0% 7.70% 7.24%

Real Interest Rate = Total After Tax Rate (7.24%) - Rate of Inflation for 2019 (1.2%) = 6.04%

1. Capital Structure set as defined in GPC 2019 Rate Case Order section 7
2. Cost of equity set as defined in GPC 2019 Rate Case Order section 6
3. Cost of debt from document #177523 in GPC 2019 Rate Case docket #42516 DPP-SPA-MBR-3, Schedule 2, Workpaper 1
4. WACC = Capital Structure * Cost
5. After tax rate for debt, based on tax rate of 25.296%, from document #177523 in GPC 2019 Rate Case docket #42516 DPP-SPA-MBR-3, Schedule 2, Workpaper 1



Exhibit___(DPP/SPA/MBR-3, Schedule 2, Workpaper 1)
Page 1 of 1

Average Weighted Revenue
Adjusted Average Requirement

Line Balance Component Average Cost of After-Tax (Pre-Tax)
No. Component 7/31/2020 Ratio Cost Capital Rate Rate
(1) (2) (3) (4) (5) (6) (7) (8)

1 Long-Term Debt 11,752,692$   43.92% 4.14% 1.82% 1.36% 1.82%

2 Common Equity 15,009,316     56.08% 10.90% 6.11% 6.11% 8.18%

3 Total 26,762,008$   7.93% 7.47% 10.00%

Note:  Details may not add to totals due to rounding.

GEORGIA POWER COMPANY

WEIGHTED AVERAGE COST OF CAPITAL
AVERAGE FOR THE THIRTEEN MONTHS ENDING JULY 31, 2020

(AMOUNTS IN THOUSANDS)



FRED Graph Observations
Federal Reserve Economic Data
Link: https://fred.stlouisfed.org
Help: https://fredhelp.stlouisfed.org
Economic Research Division
Federal Reserve Bank of St. Louis

A191RI1A225NBEA Gross Domestic Product: Implicit Price Deflator, Percent Change from Preceding Period, Annual, Not Seasonally Adjusted

Frequency: Annual
observation_date A191RI1A225NBEA

2000-01-01 2.3
2001-01-01 2.3
2002-01-01 1.6
2003-01-01 2.0
2004-01-01 2.7
2005-01-01 3.1
2006-01-01 3.1
2007-01-01 2.7
2008-01-01 1.9
2009-01-01 0.6
2010-01-01 1.2
2011-01-01 2.1
2012-01-01 1.9
2013-01-01 1.8
2014-01-01 1.9
2015-01-01 1.0
2016-01-01 1.0
2017-01-01 1.9
2018-01-01 2.4
2019-01-01 1.8
2020-01-01 1.2

































U.S. Department of Energy, The Energy Information Administration (EIA)
Fuel Receipts and Cost Time Series File, 2019 Final
Sources: EIA-923 and EIA-860 Reports
Retrieved from https://www.eia.gov/electricity/data/eia923/

YEAR MONTH Plant Id Plant Name Plant State ENERGY_SOURCE FUEL_GROUP
Coalmine

State SUPPLIER QUANTITY
Average Heat

Content
Average Sulfur

Content
Average Ash

Content FUEL_COST Operator Name

2019 1 703 Bowen GA BIT Coal IL FORESIGHT COAL SALES LLC 131,723.0 23.660 2.72 9.00 309.1 Georgia Power Co

2019 1 703 Bowen GA BIT Coal IL ALLIANCE COAL LLC 40,705.0 23.378 2.46 8.30 303.7 Georgia Power Co

2019 1 703 Bowen GA BIT Coal IL FORESIGHT COAL SALES LLC 143,263.0 23.690 2.68 8.80 282.9 Georgia Power Co

2019 2 703 Bowen GA BIT Coal IL ALLIANCE COAL LLC 41,946.0 23.174 2.37 8.60 306.3 Georgia Power Co

2019 2 703 Bowen GA BIT Coal IL FORESIGHT COAL SALES LLC 159,596.0 23.810 2.71 8.60 286.2 Georgia Power Co

2019 2 703 Bowen GA BIT Coal IL FORESIGHT COAL SALES LLC 27,669.0 24.032 2.64 8.50 291.1 Georgia Power Co

2019 3 703 Bowen GA BIT Coal IL ALLIANCE COAL LLC 42,576.0 23.354 2.43 8.80 301.4 Georgia Power Co

2019 3 703 Bowen GA BIT Coal IL FORESIGHT COAL SALES LLC 221,174.0 23.626 2.72 8.50 287.0 Georgia Power Co

2019 4 703 Bowen GA BIT Coal IL ALLIANCE COAL LLC 14,658.0 23.514 2.34 8.40 300.6 Georgia Power Co

2019 4 703 Bowen GA BIT Coal IL FORESIGHT COAL SALES LLC 215,727.0 23.716 2.71 8.20 284.7 Georgia Power Co

2019 5 703 Bowen GA BIT Coal IL FORESIGHT COAL SALES LLC 173,328.0 23.838 2.72 7.80 284.3 Georgia Power Co

2019 5 703 Bowen GA BIT Coal IL ALLIANCE COAL LLC 55,518.0 23.356 2.46 8.40 303.3 Georgia Power Co

2019 6 703 Bowen GA BIT Coal IL ALLIANCE COAL LLC 55,518.0 23.356 2.46 8.40 303.3 Georgia Power Co

2019 6 703 Bowen GA BIT Coal IL FORESIGHT COAL SALES LLC 173,328.0 23.838 2.72 7.80 284.3 Georgia Power Co

2019 7 703 Bowen GA BIT Coal IL ALLIANCE COAL LLC 42,551.0 23.422 2.69 8.80 303.9 Georgia Power Co

2019 7 703 Bowen GA BIT Coal IL FORESIGHT COAL SALES LLC 88,345.0 23.862 2.73 7.90 287.5 Georgia Power Co

2019 7 703 Bowen GA BIT Coal IL FORESIGHT COAL SALES LLC 115,804.0 23.790 2.73 8.10 280.7 Georgia Power Co

2019 7 703 Bowen GA BIT Coal IL ALLIANCE COAL LLC 71,366.0 23.400 2.65 8.80 298.4 Georgia Power Co

2019 8 703 Bowen GA BIT Coal IL FORESIGHT COAL SALES LLC 143,218.0 24.014 2.80 7.80 282.9 Georgia Power Co

2019 8 703 Bowen GA BIT Coal IL ALLIANCE COAL LLC 39,588.0 23.130 2.56 9.50 307.1 Georgia Power Co

2019 8 703 Bowen GA BIT Coal IL FORESIGHT COAL SALES LLC 140,867.0 23.964 2.74 7.80 278.9 Georgia Power Co

2019 8 703 Bowen GA BIT Coal IL FORESIGHT COAL SALES LLC 28,449.0 23.864 2.77 8.10 268.8 Georgia Power Co

2019 8 703 Bowen GA BIT Coal IL ALLIANCE COAL LLC 14,185.0 23.386 2.44 8.90 300.4 Georgia Power Co

2019 9 703 Bowen GA BIT Coal IL ALLIANCE COAL LLC 43,493.0 23.264 2.46 9.00 301.6 Georgia Power Co

2019 9 703 Bowen GA BIT Coal IL FORESIGHT COAL SALES LLC 41,771.0 24.188 2.72 7.60 291.2 Georgia Power Co

2019 9 703 Bowen GA BIT Coal IL FORESIGHT COAL SALES LLC 200,534.0 23.990 2.75 7.90 279.7 Georgia Power Co

2019 9 703 Bowen GA BIT Coal IL FORESIGHT COAL SALES LLC 71,825.0 24.064 2.76 7.90 267.2 Georgia Power Co

2019 9 703 Bowen GA BIT Coal IL ALLIANCE COAL LLC 52,056.0 23.382 2.45 8.80 298.4 Georgia Power Co

2019 10 703 Bowen GA BIT Coal IL FORESIGHT COAL SALES LLC 43,367.0 23.948 2.76 8.30 283.7 Georgia Power Co

2019 10 703 Bowen GA BIT Coal IL ALLIANCE COAL LLC 42,075.0 23.088 2.47 9.00 306.3 Georgia Power Co

2019 10 703 Bowen GA BIT Coal IL FORESIGHT COAL SALES LLC 71,910.0 24.016 2.71 7.80 270.6 Georgia Power Co

2019 10 703 Bowen GA BIT Coal IL FORESIGHT COAL SALES LLC 71,277.0 24.048 2.76 8.00 286.4 Georgia Power Co

2019 10 703 Bowen GA BIT Coal IL ALLIANCE COAL LLC 29,517.0 23.168 2.42 9.10 301.6 Georgia Power Co

2019 11 703 Bowen GA BIT Coal IL ALLIANCE COAL LLC 27,437.0 23.296 2.49 9.00 299.3 Georgia Power Co

2019 11 703 Bowen GA BIT Coal IL FORESIGHT COAL SALES LLC 41,595.0 23.798 2.67 8.40 286.8 Georgia Power Co

2019 11 703 Bowen GA BIT Coal IL FORESIGHT COAL SALES LLC 97,123.0 23.820 2.68 8.00 273.3 Georgia Power Co

2019 11 703 Bowen GA BIT Coal IL ALLIANCE COAL LLC 29,430.0 23.222 2.45 9.10 297.0 Georgia Power Co

2019 11 703 Bowen GA BIT Coal IL FORESIGHT COAL SALES LLC 13,227.0 23.760 2.67 7.80 266.2 Georgia Power Co

2019 11 703 Bowen GA BIT Coal IL ALLIANCE COAL LLC 82,116.0 23.418 2.58 8.70 260.9 Georgia Power Co

2019 12 703 Bowen GA BIT Coal IL FORESIGHT COAL SALES LLC 43,792.0 23.794 2.68 8.10 285.6 Georgia Power Co

2019 12 703 Bowen GA BIT Coal IL ALLIANCE COAL LLC 27,420.0 23.374 2.47 8.50 303.3 Georgia Power Co

2019 12 703 Bowen GA BIT Coal IL ALLIANCE COAL LLC 112,429.0 23.406 2.45 8.60 261.9 Georgia Power Co

2019 12 703 Bowen GA BIT Coal IL FORESIGHT COAL SALES LLC 70,865.0 23.754 2.65 7.40 266.7 Georgia Power Co

2019 12 703 Bowen GA BIT Coal IL FORESIGHT COAL SALES LLC 29,160.0 23.774 2.63 8.30 282.5 Georgia Power Co

2019 12 703 Bowen GA BIT Coal IL FORESIGHT COAL SALES LLC 28,700.0 23.964 2.70 8.20 271.7 Georgia Power Co

2019 1 703 Bowen GA BIT Coal IN SUNRISE COAL LLC 39,192.0 23.220 2.70 8.00 299.9 Georgia Power Co

2019 2 703 Bowen GA BIT Coal IN SUNRISE COAL LLC 52,161.0 22.674 2.70 8.30 306.5 Georgia Power Co

2019 3 703 Bowen GA BIT Coal IN SUNRISE COAL LLC 25,970.0 23.262 2.76 7.50 301.7 Georgia Power Co

2019 4 703 Bowen GA BIT Coal IN SUNRISE COAL LLC 64,487.0 22.848 2.85 8.70 307.1 Georgia Power Co

2019 5 703 Bowen GA BIT Coal IN SUNRISE COAL LLC 39,040.0 22.688 2.88 9.10 303.6 Georgia Power Co

2019 6 703 Bowen GA BIT Coal IN SUNRISE COAL LLC 39,040.0 22.688 2.88 9.10 303.6 Georgia Power Co

2019 7 703 Bowen GA BIT Coal IN SUNRISE COAL LLC 51,484.0 23.036 2.73 8.10 302.2 Georgia Power Co

2019 7 703 Bowen GA BIT Coal IN WHITE STALLION ENERGY, LLC 50,364.0 22.788 2.42 8.10 313.4 Georgia Power Co

2019 8 703 Bowen GA BIT Coal IN SUNRISE COAL LLC 37,064.0 22.758 2.80 8.80 302.5 Georgia Power Co

2019 8 703 Bowen GA BIT Coal IN SUNRISE COAL LLC 37,332.0 22.610 2.79 9.10 313.1 Georgia Power Co

2019 8 703 Bowen GA BIT Coal IN WHITE STALLION ENERGY, LLC 25,865.0 22.670 2.27 8.20 314.3 Georgia Power Co

2019 9 703 Bowen GA BIT Coal IN SUNRISE COAL LLC 48,464.0 22.970 2.81 8.90 304.8 Georgia Power Co

2019 9 703 Bowen GA BIT Coal IN SUNRISE COAL LLC 11,250.0 23.114 2.89 8.50 310.0 Georgia Power Co

2019 9 703 Bowen GA BIT Coal IN WHITE STALLION ENERGY, LLC 25,938.0 23.048 2.32 8.10 308.2 Georgia Power Co

2019 10 703 Bowen GA BIT Coal IN SUNRISE COAL LLC 36,986.0 22.838 2.92 9.30 301.7 Georgia Power Co

2019 10 703 Bowen GA BIT Coal IN SUNRISE COAL LLC 11,229.0 23.230 2.92 8.10 311.0 Georgia Power Co

2019 11 703 Bowen GA BIT Coal IN SUNRISE COAL LLC 51,375.0 22.754 2.88 9.00 301.4 Georgia Power Co

2019 12 703 Bowen GA BIT Coal IN SUNRISE COAL LLC 38,986.0 22.954 2.80 8.90 303.7 Georgia Power Co

2019 12 703 Bowen GA BIT Coal IN SUNRISE COAL LLC 13,049.0 22.970 2.87 8.00 313.0 Georgia Power Co

2019 1 703 Bowen GA BIT Coal PA CONSOL ENERGY INC 14,227.0 26.100 2.78 7.60 231.6 Georgia Power Co

2019 2 703 Bowen GA BIT Coal PA CONSOL ENERGY INC 14,501.0 26.000 2.51 7.70 236.1 Georgia Power Co

2019 2 703 Bowen GA BIT Coal PA CONSOL ENERGY INC 56,165.0 25.930 2.47 7.60 308.0 Georgia Power Co

2019 3 703 Bowen GA BIT Coal PA CONSOL ENERGY INC 50,320.0 26.076 2.52 7.50 306.4 Georgia Power Co

2019 4 703 Bowen GA BIT Coal PA CONSOL ENERGY INC 53,764.0 25.906 2.65 7.70 311.2 Georgia Power Co

2019 5 703 Bowen GA BIT Coal PA CONSOL ENERGY INC 146.0 26.100 2.78 7.60 230.9 Georgia Power Co

2019 5 703 Bowen GA BIT Coal PA CONSOL ENERGY INC 99,919.0 25.848 2.50 7.70 308.5 Georgia Power Co

2019 6 703 Bowen GA BIT Coal PA CONSOL ENERGY INC 146.0 26.100 2.78 7.60 230.9 Georgia Power Co

2019 6 703 Bowen GA BIT Coal PA CONSOL ENERGY INC 99,919.0 25.848 2.50 7.70 308.5 Georgia Power Co

2019 7 703 Bowen GA BIT Coal PA CONSOL ENERGY INC 14,316.0 26.078 2.57 7.60 331.6 Georgia Power Co

2019 7 703 Bowen GA BIT Coal PA CONSOL ENERGY INC 54,962.0 26.166 2.31 7.40 237.8 Georgia Power Co

2019 7 703 Bowen GA BIT Coal PA CONSOL ENERGY INC 15,055.0 25.982 2.21 7.70 284.8 Georgia Power Co

2019 8 703 Bowen GA BIT Coal PA CONSOL ENERGY INC 86,730.0 26.078 2.38 7.70 239.1 Georgia Power Co

2019 8 703 Bowen GA BIT Coal PA CONSOL ENERGY INC 43,389.0 26.056 2.22 7.60 284.6 Georgia Power Co

2019 9 703 Bowen GA BIT Coal PA CONSOL ENERGY INC 70,705.0 25.900 2.26 7.60 241.6 Georgia Power Co

2019 9 703 Bowen GA BIT Coal PA CONSOL ENERGY INC 41,899.0 26.062 2.34 7.60 286.6 Georgia Power Co

2019 10 703 Bowen GA BIT Coal PA CONSOL ENERGY INC 83,088.0 25.942 2.58 8.00 239.5 Georgia Power Co

2019 10 703 Bowen GA BIT Coal PA CONSOL ENERGY INC 12,599.0 25.992 2.49 7.70 291.7 Georgia Power Co

2019 11 703 Bowen GA BIT Coal PA CONSOL ENERGY INC 54,283.0 25.938 2.60 8.10 242.1 Georgia Power Co

2019 12 703 Bowen GA BIT Coal PA CONSOL ENERGY INC 51,700.0 25.950 2.61 7.80 286.0 Georgia Power Co

Annual Weighted Averages based on Quantity 24.00 2.64 8.22 2.87$                               



https://www.eia.gov/coal/transportationrates/

Table 3c. Real Average Annual Coal Transportation Costs from Coal Basin to State by Railroad
(2017 dollars per ton)

Coal Supply Basin Destination State 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 (Preliminary)

Northern Appalachia Alabama - - - - - - - - W - - -
Northern Appalachia Georgia - W - W - - W W W W W W
Central Appalachia Alabama W W W W - - W - - - - -
Central Appalachia Georgia $28.38 $26.39 $30.77 $23.69 $24.59 $24.81 $20.93 $31.10 $30.54 $28.04 W W
Southern Appalachia Alabama $16.41 W W W W W W W W - W W
Southern Appalachia Georgia W W W - - - - - - - - -
Illinois Basin Alabama W W W W $14.85 $16.33 $17.92 $19.94 W W W W
Illinois Basin Georgia W W W $40.59 $39.78 $31.76 $26.68 $33.58 $33.67 $33.87 $31.19 W
Powder River Basin Alabama W W W W W $19.79 $18.81 W W W W W
Powder River Basin Georgia W W W W W W W W W W W W
Uinta Region Alabama $36.82 W W W W W W - - - - -
Uinta Region Georgia W - - - - - - - - - - -

AL 2013 value (2017 to 2019 dollars) $20.59
AL 2014 value (2017 to 2019 dollars) $19.57
Average to AL in 2019 dollars $20.08



https://www.eia.gov/coal/transportationrates/

Table 4c. Real Average Annual Coal Transportation Costs from State to State by Railroad
(2017 dollars per ton)

Origin State Destination State 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 (Preliminary)

Alabama Alabama $16.41 W W W W W W W W - W W

Alabama Georgia W W W - - - - - - - - -

Colorado Alabama $39.47 W W W W W W - - - - -

Colorado Georgia W - - - - - - - - - - -

Illinois Alabama W W - W W W $18.16 W W W W -

Illinois Georgia W - W $42.37 $39.88 $28.76 $27.21 $33.56 $33.62 $33.88 $31.39 W

Indiana Alabama - W W W W $21.73 W $20.53 W W W W

Indiana Georgia W W W $37.86 W W $31.67 W $34.16 W W W

Kansas Georgia - - - - - - - - W - - -

Kentucky Alabama W W W W W W $15.01 W - - - -

Kentucky Georgia $27.96 $25.87 $30.53 $20.33 $22.31 $23.92 $20.60 $31.36 W W W W

Montana Alabama - - - - - - - - - W - -

Pennsylvania Alabama - - - - - - - - W - - -

Pennsylvania Georgia - W - W - - W W W W W W

Tennessee Alabama - W - - - - W - - - - -

Tennessee Georgia $27.78 $27.49 $28.50 W - - - - - - - -

Utah Alabama W W W W W - - - - - - -

Virginia Alabama W W W - - - W - - - - -

Virginia Georgia $29.24 $27.66 $30.26 $31.52 $33.25 W W W W W W -

West Virginia Alabama W W - - - - - - - - - -

West Virginia Georgia $31.76 $28.83 $33.74 $30.65 W $36.01 W W - - - -

Wyoming Alabama W W W W W $19.79 $18.81 W W W W W

Wyoming Georgia W W W W W W W W W W W W

2008 AL to AL Value 
(2017 to 2019 dollars) $17.07



Sample Time Value Flag Smps Value Flag Smps Value Flag Smps Value Flag Smps Value Flag Smps
1/1/2019 00:00 24 24 96.27 30 96.02 24 0.15 30 0.18 24
1/2/2019 00:00 24 24 96.27 30 96.01 24 0.15 30 0.18 24
1/3/2019 00:00 24 24 96.26 30 95.99 24 0.15 30 0.17 24
1/4/2019 00:00 8 24 96.26 30 96.11 8 0.15 30 0.16 8
1/5/2019 00:00 0 24 96.26 30 0 Off 0 0.15 30 0 Off 0
1/6/2019 00:00 0 24 96.26 30 0 Off 0 0.15 30 0 Off 0
1/7/2019 00:00 0 24 96.26 30 0 Off 0 0.15 30 0 Off 0
1/8/2019 00:00 0 24 96.26 30 0 Off 0 0.15 30 0 Off 0
1/9/2019 00:00 0 24 96.26 30 0 Off 0 0.15 30 0 Off 0

1/10/2019 00:00 0 24 96.26 30 0 Off 0 0.15 30 0 Off 0
1/11/2019 00:00 0 24 96.26 30 0 Off 0 0.15 30 0 Off 0
1/12/2019 00:00 0 24 96.26 30 0 Off 0 0.15 30 0 Off 0
1/13/2019 00:00 24 24 96.31 30 98.13 24 0.15 30 0.08 24
1/14/2019 00:00 24 24 96.28 30 96.24 24 0.15 30 0.17 24
1/15/2019 00:00 24 24 96.25 30 96.18 24 0.15 30 0.17 24
1/16/2019 00:00 24 24 96.24 30 96.01 24 0.15 30 0.17 24
1/17/2019 00:00 24 24 96.23 30 95.9 24 0.15 30 0.18 24
1/18/2019 00:00 24 24 96.2 30 95.84 24 0.15 30 0.18 24
1/19/2019 00:00 24 24 96.18 30 95.82 24 0.15 30 0.18 24
1/20/2019 00:00 24 24 96.17 30 95.99 24 0.16 30 0.17 24
1/21/2019 00:00 24 24 96.16 30 96 24 0.16 30 0.17 24
1/22/2019 00:00 24 24 96.15 30 95.94 24 0.16 30 0.18 24
1/23/2019 00:00 24 24 96.12 30 95.94 24 0.16 30 0.18 24
1/24/2019 00:00 24 24 96.11 30 95.92 24 0.17 30 0.18 24
1/25/2019 00:00 24 24 96.08 30 95.92 24 0.17 30 0.17 24
1/26/2019 00:00 24 24 96.07 30 96.34 24 0.17 30 0.15 24
1/27/2019 00:00 24 24 96.06 30 96.02 24 0.17 30 0.17 24
1/28/2019 00:00 24 24 96.06 30 95.96 24 0.17 30 0.17 24
1/29/2019 00:00 24 24 96.07 30 96.16 24 0.17 30 0.17 24
1/30/2019 00:00 24 24 96.07 30 95.95 24 0.17 30 0.17 24
1/31/2019 00:00 24 24 96.07 30 96.03 24 0.17 30 0.17 24
2/1/2019 00:00 24 24 96.08 30 96.52 24 0.17 30 0.15 24
2/2/2019 00:00 24 24 96.1 30 96.31 24 0.17 30 0.14 24
2/3/2019 00:00 24 24 96.09 30 95.93 24 0.17 30 0.17 24
2/4/2019 00:00 24 24 96.1 30 96.01 24 0.17 30 0.17 24
2/5/2019 00:00 24 24 96.1 30 95.92 24 0.17 30 0.17 24
2/6/2019 00:00 24 24 96.1 30 95.99 24 0.17 30 0.17 24
2/7/2019 00:00 24 24 96.11 30 96.12 24 0.17 30 0.17 24
2/8/2019 00:00 24 24 96.11 30 95.96 24 0.17 30 0.17 24
2/9/2019 00:00 24 24 96.11 30 96.07 24 0.17 30 0.17 24

2/10/2019 00:00 24 24 96.12 30 96.27 24 0.17 30 0.15 24
2/11/2019 00:00 24 24 96.12 30 96.12 24 0.17 30 0.16 24
2/12/2019 00:00 24 24 96.05 30 95.99 24 0.17 30 0.16 24
2/13/2019 00:00 24 24 96.04 30 96.06 24 0.17 30 0.17 24
2/14/2019 00:00 24 24 96.04 30 96.06 24 0.17 30 0.19 24
2/15/2019 00:00 24 24 96.03 30 95.92 24 0.17 30 0.18 24
2/16/2019 00:00 24 24 96.03 30 95.96 24 0.17 30 0.18 24
2/17/2019 00:00 24 24 96.04 30 95.94 24 0.17 30 0.18 24
2/18/2019 00:00 24 24 96.05 30 96.32 24 0.17 30 0.16 24
2/19/2019 00:00 24 24 96.07 30 96.37 24 0.17 30 0.16 24
2/20/2019 00:00 24 24 96.09 30 96.66 24 0.17 30 0.14 24
2/21/2019 00:00 24 24 96.1 30 96.39 24 0.17 30 0.16 24
2/22/2019 00:00 24 24 96.11 30 96.15 24 0.17 30 0.17 24
2/23/2019 00:00 24 24 96.11 30 96.01 24 0.17 30 0.17 24
2/24/2019 00:00 24 24 96.12 30 96 24 0.17 30 0.17 24
2/25/2019 00:00 24 24 96.12 30 96.44 24 0.17 30 0.16 24
2/26/2019 00:00 24 24 96.12 30 96.15 24 0.17 30 0.17 24
2/27/2019 00:00 24 24 96.13 30 96.14 24 0.17 30 0.17 24
2/28/2019 00:00 24 24 96.14 30 96.44 24 0.16 30 0.15 24
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3/1/2019 00:00 24 24 96.15 30 96.1 24 0.16 30 0.17 24
3/2/2019 00:00 24 24 96.14 30 95.95 24 0.17 30 0.18 24
3/3/2019 00:00 24 24 96.12 30 95.93 24 0.17 30 0.18 24
3/4/2019 00:00 24 24 96.12 30 96.11 24 0.17 30 0.17 24
3/5/2019 00:00 24 24 96.15 30 96.92 24 0.17 30 0.13 24
3/6/2019 00:00 24 24 96.15 30 96.14 24 0.17 30 0.17 24
3/7/2019 00:00 24 24 96.16 30 96.19 24 0.17 30 0.17 24
3/8/2019 00:00 24 24 96.16 30 95.98 24 0.17 30 0.16 24
3/9/2019 00:00 24 24 96.16 30 95.92 24 0.17 30 0.17 24

3/10/2019 00:00 24 24 96.16 30 95.97 24 0.16 30 0.16 24
3/11/2019 00:00 24 24 96.15 30 95.99 24 0.16 30 0.16 24
3/12/2019 00:00 24 24 96.14 30 95.98 24 0.17 30 0.17 24
3/13/2019 00:00 24 24 96.14 30 95.91 24 0.17 30 0.18 24
3/14/2019 00:00 24 24 96.13 30 95.88 24 0.17 30 0.18 24
3/15/2019 00:00 24 24 96.13 30 95.93 24 0.17 30 0.18 24
3/16/2019 00:00 24 24 96.12 30 95.92 24 0.17 30 0.18 24
3/17/2019 00:00 24 24 96.13 30 96.01 24 0.17 30 0.17 24
3/18/2019 00:00 24 24 96.13 30 96.02 24 0.17 30 0.17 24
3/19/2019 00:00 24 24 96.13 30 95.95 24 0.17 30 0.17 24
3/20/2019 00:00 24 24 96.14 30 96.55 24 0.17 30 0.13 24
3/21/2019 00:00 24 24 96.13 30 96.25 24 0.17 30 0.17 24
3/22/2019 00:00 24 24 96.11 30 96.09 24 0.17 30 0.18 24
3/23/2019 00:00 24 24 96.1 30 95.99 24 0.17 30 0.18 24
3/24/2019 00:00 24 24 96.1 30 96.1 24 0.17 30 0.18 24
3/25/2019 00:00 24 24 96.1 30 95.94 24 0.17 30 0.18 24
3/26/2019 00:00 24 24 96.1 30 96.04 24 0.17 30 0.18 24
3/27/2019 00:00 24 24 96.08 30 95.9 24 0.17 30 0.17 24
3/28/2019 00:00 24 24 96.03 30 94.73 20 0.17 30 0.23 20
3/29/2019 00:00 24 24 96.03 30 96.04 24 0.17 30 0.17 24
3/30/2019 00:00 24 24 96.01 30 95.96 24 0.17 30 0.18 24
3/31/2019 00:00 24 24 96.01 30 96.12 24 0.17 30 0.17 24
4/1/2019 00:00 24 24 96.02 30 96.18 24 0.17 30 0.15 24
4/2/2019 00:00 24 24 96.03 30 96.1 24 0.17 30 0.16 24
4/3/2019 00:00 24 24 96.03 30 96.05 24 0.17 30 0.18 24
4/4/2019 00:00 24 24 96 30 96.09 24 0.17 30 0.17 24
4/5/2019 00:00 24 24 96 30 96.12 24 0.17 30 0.17 24
4/6/2019 00:00 24 24 95.99 30 96.08 24 0.17 30 0.18 24
4/7/2019 00:00 24 24 95.99 30 95.98 24 0.17 30 0.18 24
4/8/2019 00:00 24 24 95.99 30 95.92 24 0.17 30 0.17 24
4/9/2019 00:00 24 24 95.99 30 95.97 24 0.17 30 0.17 24

4/10/2019 00:00 24 24 96 30 96.1 24 0.17 30 0.17 24
4/11/2019 00:00 24 24 96 30 96 24 0.17 30 0.17 24
4/12/2019 00:00 24 24 96 30 95.94 24 0.17 30 0.17 24
4/13/2019 00:00 24 24 96 30 96.02 24 0.17 30 0.18 24
4/14/2019 00:00 24 24 96.01 30 96.09 24 0.17 30 0.16 24
4/15/2019 00:00 24 24 96.01 30 95.94 24 0.17 30 0.17 24
4/16/2019 00:00 24 24 96.02 30 96.2 24 0.17 30 0.16 24
4/17/2019 00:00 6 24 96.02 30 96.17 6 0.17 30 0.17 6
4/18/2019 00:00 0 24 96.02 30 0 Off 0 0.17 30 0 Off 0
4/19/2019 00:00 0 24 96.02 30 0 Off 0 0.17 30 0 Off 0
4/20/2019 00:00 0 24 96.02 30 0 Off 0 0.17 30 0 Off 0
4/21/2019 00:00 0 24 96.02 30 0 Off 0 0.17 30 0 Off 0
4/22/2019 00:00 0 24 96.02 30 0 Off 0 0.17 30 0 Off 0
4/23/2019 00:00 0 24 96.02 30 0 Off 0 0.17 30 0 Off 0
4/24/2019 00:00 0 24 96.02 30 0 Off 0 0.17 30 0 Off 0
4/25/2019 00:00 0 24 96.02 30 0 Off 0 0.17 30 0 Off 0
4/26/2019 00:00 0 24 96.02 30 0 Off 0 0.17 30 0 Off 0
4/27/2019 00:00 0 24 96.02 30 0 Off 0 0.17 30 0 Off 0
4/28/2019 00:00 0 24 96.02 30 0 Off 0 0.17 30 0 Off 0
4/29/2019 00:00 0 24 96.02 30 0 Off 0 0.17 30 0 Off 0
4/30/2019 00:00 0 24 96.02 30 0 Off 0 0.17 30 0 Off 0
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5/1/2019 00:00 0 24 96.02 30 0 Off 0 0.17 30 0 Off 0
5/2/2019 00:00 0 24 96.02 30 0 Off 0 0.17 30 0 Off 0
5/3/2019 00:00 0 24 96.02 30 0 Off 0 0.17 30 0 Off 0
5/4/2019 00:00 0 24 96.02 30 0 Off 0 0.17 30 0 Off 0
5/5/2019 00:00 0 24 96.02 30 0 Off 0 0.17 30 0 Off 0
5/6/2019 00:00 0 24 96.02 30 0 Off 0 0.17 30 0 Off 0
5/7/2019 00:00 0 24 96.02 30 0 Off 0 0.17 30 0 Off 0
5/8/2019 00:00 0 24 96.02 30 0 Off 0 0.17 30 0 Off 0
5/9/2019 00:00 8 24 96.02 30 0 Off 0 0.17 30 0 Off 0

5/10/2019 00:00 4 24 96.02 30 0 Off 0 0.17 30 0 Off 0
5/11/2019 00:00 12 24 96.13 30 99.31 1 0.17 30 0.01 1
5/12/2019 00:00 23 24 96.17 30 97.61 15 0.17 30 0.09 15
5/13/2019 00:00 24 24 96.2 30 97.07 22 0.17 30 0.12 22
5/14/2019 00:00 24 24 96.21 30 96.45 24 0.17 30 0.15 24
5/15/2019 00:00 24 24 96.23 30 96.56 24 0.17 30 0.14 24
5/16/2019 00:00 24 24 96.25 30 96.75 24 0.16 30 0.13 24
5/17/2019 00:00 24 24 96.27 30 96.55 24 0.16 30 0.15 24
5/18/2019 00:00 24 24 96.27 30 96.08 24 0.16 30 0.17 24
5/19/2019 00:00 24 24 96.27 30 95.99 24 0.16 30 0.16 24
5/20/2019 00:00 24 24 96.32 30 96.08 24 0.16 30 0.15 24
5/21/2019 00:00 24 24 96.32 30 96.06 24 0.16 30 0.15 24
5/22/2019 00:00 24 24 96.32 30 96.09 24 0.16 30 0.15 24
5/23/2019 00:00 24 24 96.32 30 96.12 24 0.16 30 0.17 24
5/24/2019 00:00 24 24 96.32 30 96.22 24 0.16 30 0.15 24
5/25/2019 00:00 24 24 96.32 30 96.02 24 0.16 30 0.16 24
5/26/2019 00:00 24 24 96.32 30 96.05 24 0.16 30 0.15 24
5/27/2019 00:00 24 24 96.32 30 96.02 24 0.16 30 0.16 24
5/28/2019 00:00 24 24 96.32 30 96.07 24 0.16 30 0.17 24
5/29/2019 00:00 24 24 96.31 30 95.98 24 0.16 30 0.17 24
5/30/2019 00:00 24 24 96.32 30 96.1 24 0.16 30 0.17 24
5/31/2019 00:00 24 24 96.32 30 96.08 24 0.16 30 0.18 24
6/1/2019 00:00 24 24 96.33 30 96.07 24 0.16 30 0.18 24
6/2/2019 00:00 24 24 96.33 30 96.27 24 0.16 30 0.16 24
6/3/2019 00:00 24 24 96.34 30 96.24 24 0.16 30 0.16 24
6/4/2019 00:00 24 24 96.34 30 95.99 24 0.16 30 0.18 24
6/5/2019 00:00 24 24 96.34 30 96.02 24 0.16 30 0.17 24
6/6/2019 00:00 24 24 96.34 30 95.98 24 0.16 30 0.17 24
6/7/2019 00:00 24 24 96.34 30 96.02 24 0.16 30 0.17 24
6/8/2019 00:00 10 24 96.34 30 96.32 10 0.16 30 0.15 10
6/9/2019 00:00 0 24 96.34 30 0 Off 0 0.16 30 0 Off 0

6/10/2019 00:00 0 24 96.34 30 0 Off 0 0.16 30 0 Off 0
6/11/2019 00:00 0 24 96.34 30 0 Off 0 0.16 30 0 Off 0
6/12/2019 00:00 0 24 96.34 30 0 Off 0 0.16 30 0 Off 0
6/13/2019 00:00 0 24 96.34 30 0 Off 0 0.16 30 0 Off 0
6/14/2019 00:00 0 24 96.34 30 0 Off 0 0.16 30 0 Off 0
6/15/2019 00:00 0 24 96.34 30 0 Off 0 0.16 30 0 Off 0
6/16/2019 00:00 0 24 96.34 30 0 Off 0 0.16 30 0 Off 0
6/17/2019 00:00 0 24 96.34 30 0 Off 0 0.16 30 0 Off 0
6/18/2019 00:00 0 24 96.34 30 0 Off 0 0.16 30 0 Off 0
6/19/2019 00:00 4 24 96.34 30 0 Off 0 0.16 30 0 Off 0
6/20/2019 00:00 24 24 96.38 30 97.31 17 0.16 30 0.11 17
6/21/2019 00:00 24 24 96.28 30 96.28 24 0.16 30 0.16 24
6/22/2019 00:00 24 24 96.24 30 96.34 24 0.16 30 0.15 24
6/23/2019 00:00 24 24 96.21 30 96.12 22 0.16 30 0.16 24
6/24/2019 00:00 24 24 96.19 30 96.06 24 0.16 30 0.17 24
6/25/2019 00:00 24 24 96.17 30 95.94 24 0.16 30 0.17 24
6/26/2019 00:00 24 24 96.15 30 96.15 24 0.16 30 0.16 24
6/27/2019 00:00 24 24 96.14 30 96.17 24 0.16 30 0.17 24
6/28/2019 00:00 24 24 96.14 30 96.13 24 0.16 30 0.17 24
6/29/2019 00:00 24 24 96.15 30 96.14 24 0.16 30 0.17 24
6/30/2019 00:00 24 24 96.15 30 96.07 24 0.16 30 0.16 24
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7/1/2019 00:00 24 24 96.15 30 96.04 24 0.16 30 0.16 24
7/2/2019 00:00 24 24 96.15 30 96.19 24 0.16 30 0.17 24
7/3/2019 00:00 24 24 96.16 30 96.27 24 0.16 30 0.16 24
7/4/2019 00:00 24 24 96.15 30 96.14 24 0.16 30 0.17 24
7/5/2019 00:00 24 24 96.16 30 96.09 24 0.16 30 0.16 24
7/6/2019 00:00 24 24 96.16 30 96.06 24 0.17 30 0.17 24
7/7/2019 00:00 24 24 96.15 30 96 24 0.17 30 0.17 24
7/8/2019 00:00 24 24 96.16 30 96.29 24 0.17 30 0.16 24
7/9/2019 00:00 24 24 96.17 30 96.21 24 0.16 30 0.16 24

7/10/2019 00:00 24 24 96.18 30 96.31 24 0.16 30 0.16 24
7/11/2019 00:00 24 24 96.19 30 96.52 24 0.16 30 0.15 24
7/12/2019 00:00 24 24 96.21 30 96.58 24 0.16 30 0.15 24
7/13/2019 00:00 24 24 96.22 30 96.58 24 0.16 30 0.15 24
7/14/2019 00:00 24 24 96.24 30 96.75 24 0.16 30 0.14 24
7/15/2019 00:00 24 24 96.26 30 96.69 24 0.16 30 0.14 24
7/16/2019 00:00 24 24 96.28 30 96.56 24 0.16 30 0.15 24
7/17/2019 00:00 24 24 96.3 30 96.7 24 0.16 30 0.14 24
7/18/2019 00:00 24 24 96.32 30 96.6 24 0.16 30 0.14 24
7/19/2019 00:00 24 24 96.33 30 96.65 24 0.16 30 0.14 24
7/20/2019 00:00 24 24 96.31 30 96.59 24 0.16 30 0.15 24
7/21/2019 00:00 24 24 96.32 30 96.63 24 0.16 30 0.14 24
7/22/2019 00:00 24 24 96.33 30 96.63 23 0.16 30 0.14 23
7/23/2019 00:00 24 24 96.35 30 96.61 24 0.16 30 0.14 24
7/24/2019 00:00 24 24 96.36 30 96.62 24 0.16 30 0.14 24
7/25/2019 00:00 24 24 96.39 30 96.62 24 0.15 30 0.14 24
7/26/2019 00:00 24 24 96.4 30 96.68 24 0.15 30 0.13 24
7/27/2019 00:00 24 24 96.42 30 96.59 24 0.15 30 0.14 24
7/28/2019 00:00 24 24 96.44 30 96.67 24 0.15 30 0.13 24
7/29/2019 00:00 24 24 96.45 30 96.63 24 0.15 30 0.15 24
7/30/2019 00:00 24 24 96.47 30 96.66 24 0.15 30 0.13 24
7/31/2019 00:00 24 24 96.49 30 96.58 24 0.15 30 0.14 24
8/1/2019 00:00 24 24 96.51 30 96.7 24 0.15 30 0.14 24
8/2/2019 00:00 24 24 96.52 30 96.62 24 0.15 30 0.14 24
8/3/2019 00:00 24 24 96.53 30 96.62 24 0.15 30 0.14 24
8/4/2019 00:00 24 24 96.55 30 96.63 24 0.14 30 0.13 24
8/5/2019 00:00 24 24 96.57 30 96.63 24 0.14 30 0.14 24
8/6/2019 00:00 24 24 96.61 30 97.06 24 0.14 30 0.11 24
8/7/2019 00:00 24 24 96.61 30 96.49 24 0.14 30 0.15 24
8/8/2019 00:00 24 24 96.63 30 96.6 24 0.14 30 0.15 24
8/9/2019 00:00 24 24 96.64 30 96.66 24 0.14 30 0.15 24

8/10/2019 00:00 24 24 96.64 30 96.62 24 0.14 30 0.15 24
8/11/2019 00:00 24 24 96.64 30 96.67 24 0.14 30 0.13 24
8/12/2019 00:00 24 24 96.65 30 96.65 24 0.14 30 0.14 24
8/13/2019 00:00 24 24 96.64 30 96.62 24 0.14 30 0.14 24
8/14/2019 00:00 24 24 96.64 30 96.65 24 0.14 30 0.14 24
8/15/2019 00:00 24 24 96.65 30 96.77 24 0.14 30 0.13 24
8/16/2019 00:00 24 24 96.65 30 96.63 24 0.14 30 0.14 24
8/17/2019 00:00 24 24 96.65 30 96.69 24 0.14 30 0.14 24
8/18/2019 00:00 24 24 96.65 30 96.63 24 0.14 30 0.14 24
8/19/2019 00:00 24 24 96.65 30 96.62 24 0.14 30 0.14 24
8/20/2019 00:00 24 24 96.64 30 96.49 24 0.14 30 0.15 24
8/21/2019 00:00 24 24 96.63 30 96.16 24 0.14 30 0.16 24
8/22/2019 00:00 24 24 96.61 30 96.09 24 0.14 30 0.15 24
8/23/2019 00:00 24 24 96.59 30 96.07 24 0.14 30 0.17 24
8/24/2019 00:00 24 24 96.57 30 96.06 24 0.14 30 0.15 24
8/25/2019 00:00 24 24 96.55 30 95.96 24 0.14 30 0.17 24
8/26/2019 00:00 24 24 96.53 30 95.95 24 0.14 30 0.18 24
8/27/2019 00:00 24 24 96.51 30 96.04 24 0.15 30 0.17 24
8/28/2019 00:00 24 24 96.49 30 96.16 24 0.15 30 0.17 24
8/29/2019 00:00 24 24 96.47 30 96 24 0.15 30 0.16 24
8/30/2019 00:00 24 24 96.45 30 96.02 24 0.15 30 0.16 24
8/31/2019 00:00 24 24 96.44 30 96.24 24 0.15 30 0.14 24
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9/1/2019 00:00 24 24 96.42 30 96.01 24 0.15 30 0.16 24
9/2/2019 00:00 24 24 96.41 30 96.33 24 0.15 30 0.13 24
9/3/2019 00:00 24 24 96.39 30 96.11 24 0.15 30 0.15 24
9/4/2019 00:00 24 24 96.38 30 96.24 24 0.15 30 0.14 24
9/5/2019 00:00 24 24 96.35 30 96.23 24 0.15 30 0.15 24
9/6/2019 00:00 24 24 96.34 30 96.32 24 0.15 30 0.15 24
9/7/2019 00:00 24 24 96.33 30 96.17 24 0.15 30 0.16 24
9/8/2019 00:00 24 24 96.32 30 96.37 24 0.15 30 0.14 24
9/9/2019 00:00 24 24 96.31 30 96.22 24 0.15 30 0.16 24

9/10/2019 00:00 24 24 96.29 30 96.22 24 0.15 30 0.15 24
9/11/2019 00:00 24 24 96.27 30 96.17 24 0.15 30 0.15 24
9/12/2019 00:00 24 24 96.27 30 96.43 24 0.15 30 0.15 24
9/13/2019 00:00 24 24 96.26 30 96.44 24 0.15 30 0.15 24
9/14/2019 00:00 24 24 96.24 30 96.16 24 0.15 30 0.16 24
9/15/2019 00:00 24 24 96.22 30 96.12 24 0.15 30 0.15 24
9/16/2019 00:00 24 24 96.21 30 96.28 24 0.15 30 0.16 24
9/17/2019 00:00 24 24 96.2 30 96.26 24 0.15 30 0.16 24
9/18/2019 00:00 24 24 96.18 30 96.2 24 0.16 30 0.16 24
9/19/2019 00:00 24 24 96.18 30 96.25 24 0.16 30 0.16 24
9/20/2019 00:00 24 24 96.17 30 95.97 24 0.16 30 0.17 24
9/21/2019 00:00 24 24 96.17 30 96.02 24 0.16 30 0.17 24
9/22/2019 00:00 24 24 96.17 30 96.15 24 0.16 30 0.15 24
9/23/2019 00:00 24 24 96.18 30 96.25 24 0.16 30 0.15 24
9/24/2019 00:00 24 24 96.19 30 96.3 24 0.16 30 0.15 24
9/25/2019 00:00 24 24 96.2 30 96.31 24 0.15 30 0.16 24
9/26/2019 00:00 24 24 96.21 30 96.46 24 0.15 30 0.14 24
9/27/2019 00:00 24 24 96.22 30 96.23 24 0.15 30 0.16 24
9/28/2019 00:00 24 24 96.23 30 96.32 24 0.15 30 0.15 24
9/29/2019 00:00 24 24 96.23 30 96.04 24 0.15 30 0.16 24
9/30/2019 00:00 24 24 96.23 30 96.22 24 0.15 30 0.15 24
10/1/2019 00:00 24 24 96.24 30 96.35 24 0.15 30 0.15 24
10/2/2019 00:00 24 24 96.24 30 96.27 24 0.15 30 0.16 24
10/3/2019 00:00 24 24 96.23 30 95.95 24 0.15 30 0.16 24
10/4/2019 00:00 23 24 96.23 30 96.11 23 0.16 30 0.16 23
10/5/2019 00:00 0 24 96.23 30 0 Off 0 0.16 30 0 Off 0
10/6/2019 00:00 0 24 96.23 30 0 Off 0 0.16 30 0 Off 0
10/7/2019 00:00 0 24 96.23 30 0 Off 0 0.16 30 0 Off 0
10/8/2019 00:00 0 24 96.23 30 0 Off 0 0.16 30 0 Off 0
10/9/2019 00:00 0 24 96.23 30 0 Off 0 0.16 30 0 Off 0

10/10/2019 00:00 0 24 96.23 30 0 Off 0 0.16 30 0 Off 0
10/11/2019 00:00 0 24 96.23 30 0 Off 0 0.16 30 0 Off 0
10/12/2019 00:00 0 24 96.23 30 0 Off 0 0.16 30 0 Off 0
10/13/2019 00:00 0 24 96.23 30 0 Off 0 0.16 30 0 Off 0
10/14/2019 00:00 0 24 96.23 30 0 Off 0 0.16 30 0 Off 0
10/15/2019 00:00 0 24 96.23 30 0 Off 0 0.16 30 0 Off 0
10/16/2019 00:00 0 24 96.23 30 0 Off 0 0.16 30 0 Off 0
10/17/2019 00:00 0 24 96.23 30 0 Off 0 0.16 30 0 Off 0
10/18/2019 00:00 0 24 96.23 30 0 Off 0 0.16 30 0 Off 0
10/19/2019 00:00 0 24 96.23 30 0 Off 0 0.16 30 0 Off 0
10/20/2019 00:00 0 24 96.23 30 0 Off 0 0.16 30 0 Off 0
10/21/2019 00:00 0 24 96.23 30 0 Off 0 0.16 30 0 Off 0
10/22/2019 00:00 0 24 96.23 30 0 Off 0 0.16 30 0 Off 0
10/23/2019 00:00 0 24 96.23 30 0 Off 0 0.16 30 0 Off 0
10/24/2019 00:00 0 24 96.23 30 0 Off 0 0.16 30 0 Off 0
10/25/2019 00:00 0 24 96.23 30 0 Off 0 0.16 30 0 Off 0
10/26/2019 00:00 0 24 96.23 30 0 Off 0 0.16 30 0 Off 0
10/27/2019 00:00 19 24 96.23 30 0 Off 0 0.16 30 0 Off 0
10/28/2019 00:00 11 24 96.31 30 98.75 7 0.15 30 0.04 7
10/29/2019 00:00 0 24 96.31 30 0 Off 0 0.15 30 0 Off 0
10/30/2019 00:00 0 24 96.31 30 0 Off 0 0.15 30 0 Off 0
10/31/2019 00:00 0 24 96.31 30 0 Off 0 0.15 30 0 Off 0
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11/1/2019 00:00 0 24 96.31 30 0 Off 0 0.15 30 0 Off 0
11/2/2019 00:00 0 24 96.31 30 0 Off 0 0.15 30 0 Off 0
11/3/2019 00:00 0 24 96.31 30 0 Off 0 0.15 30 0 Off 0
11/4/2019 00:00 0 24 96.31 30 0 Off 0 0.15 30 0 Off 0
11/5/2019 00:00 0 24 96.31 30 0 Off 0 0.15 30 0 Off 0
11/6/2019 00:00 0 24 96.31 30 0 Off 0 0.15 30 0 Off 0
11/7/2019 00:00 0 24 96.31 30 0 Off 0 0.15 30 0 Off 0
11/8/2019 00:00 0 24 96.31 30 0 Off 0 0.15 30 0 Off 0
11/9/2019 00:00 0 24 96.31 30 0 Off 0 0.15 30 0 Off 0

11/10/2019 00:00 9 24 96.31 30 0 Off 0 0.15 30 0 Off 0
11/11/2019 00:00 22 24 96.37 30 98.14 10 0.15 30 0.06 9
11/12/2019 00:00 24 24 96.43 30 97.81 24 0.15 30 0.09 24
11/13/2019 00:00 24 24 96.46 30 97.3 24 0.15 30 0.11 24
11/14/2019 00:00 24 24 96.48 30 96.9 24 0.15 30 0.13 24
11/15/2019 00:00 24 24 96.47 30 96.07 24 0.15 30 0.15 24
11/16/2019 00:00 24 24 96.49 30 96.52 24 0.15 30 0.13 24
11/17/2019 00:00 24 24 96.48 30 96.16 24 0.15 30 0.16 24
11/18/2019 00:00 24 24 96.47 30 96.09 24 0.15 30 0.16 24
11/19/2019 00:00 24 24 96.46 30 96.1 24 0.15 30 0.16 24
11/20/2019 00:00 24 24 96.46 30 96.12 23 0.15 30 0.17 23
11/21/2019 00:00 24 24 96.46 30 96.19 24 0.15 30 0.17 24
11/22/2019 00:00 24 24 96.46 30 96.2 24 0.15 30 0.18 24
11/23/2019 00:00 24 24 96.45 30 96.05 24 0.15 30 0.18 24
11/24/2019 00:00 24 24 96.45 30 96.08 24 0.15 30 0.17 24
11/25/2019 00:00 21 24 96.49 30 97.2 16 0.15 30 0.12 15
11/26/2019 00:00 24 24 96.5 30 96.47 24 0.15 30 0.17 24
11/27/2019 00:00 24 24 96.5 30 96.04 24 0.15 30 0.18 24
11/28/2019 00:00 24 24 96.49 30 96.02 24 0.15 30 0.18 24
11/29/2019 00:00 24 24 96.48 30 95.97 24 0.15 30 0.18 24
11/30/2019 00:00 24 24 96.47 30 95.92 24 0.15 30 0.18 24
12/1/2019 00:00 24 24 96.46 30 96.06 24 0.15 30 0.16 24
12/2/2019 00:00 24 24 96.45 30 96.03 24 0.15 30 0.17 24
12/3/2019 00:00 24 24 96.44 30 95.96 24 0.16 30 0.18 24
12/4/2019 00:00 24 24 96.43 30 95.96 24 0.16 30 0.19 24
12/5/2019 00:00 24 24 96.43 30 96.02 24 0.16 30 0.18 24
12/6/2019 00:00 24 24 96.42 30 96.2 24 0.16 30 0.17 24
12/7/2019 00:00 24 24 96.41 30 95.96 24 0.16 30 0.18 24
12/8/2019 00:00 24 24 96.41 30 95.93 24 0.16 30 0.19 24
12/9/2019 00:00 24 24 96.41 30 95.93 24 0.16 30 0.18 24

12/10/2019 00:00 24 24 96.31 30 95.98 24 0.16 30 0.17 24
12/11/2019 00:00 24 24 96.25 30 96.2 24 0.16 30 0.17 24
12/12/2019 00:00 24 24 96.19 30 96.08 24 0.17 30 0.18 24
12/13/2019 00:00 24 24 96.15 30 96.04 24 0.17 30 0.18 24
12/14/2019 00:00 24 24 96.12 30 95.91 24 0.17 30 0.17 24
12/15/2019 00:00 24 24 96.11 30 95.9 24 0.17 30 0.17 24
12/16/2019 00:00 24 24 96.09 30 95.96 24 0.17 30 0.18 24
12/17/2019 00:00 24 24 96.09 30 95.98 24 0.17 30 0.17 24
12/18/2019 00:00 24 24 96.08 30 96.01 24 0.17 30 0.17 24
12/19/2019 00:00 24 24 96.08 30 96.03 24 0.17 30 0.16 24
12/20/2019 00:00 24 24 96.08 30 96.22 24 0.17 30 0.15 24
12/21/2019 00:00 24 24 96.09 30 96.28 24 0.17 30 0.16 24
12/22/2019 00:00 24 24 96.09 30 96.37 24 0.17 30 0.16 24
12/23/2019 00:00 24 24 96.1 30 96.31 24 0.17 30 0.15 24
12/24/2019 00:00 24 24 96.11 30 96.48 24 0.17 30 0.14 24
12/25/2019 00:00 24 24 96.09 30 96.36 24 0.17 30 0.15 24
12/26/2019 00:00 24 24 96.08 30 96.28 24 0.17 30 0.15 24
12/27/2019 00:00 24 24 96.09 30 96.29 24 0.17 30 0.16 24
12/28/2019 00:00 24 24 96.1 30 96.3 24 0.17 30 0.15 24
12/29/2019 00:00 24 24 96.11 30 96.3 24 0.17 30 0.16 24
12/30/2019 00:00 24 24 96.12 30 96.4 24 0.17 30 0.16 24

12/31/2019 00:00 24 24 96.13 30 96.3 24 0.17 30 0.16 24

Average with Op > 0 hours 96.3 0.16
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Sample Time Value Flag Smps Value Flag Smps Value Flag Smps Value Flag Smps Value Flag Smps
1/1/2019 00:00 0 24 96.6 30 0 Off 0 0.12 30 0 Off 0
1/2/2019 00:00 0 24 96.6 30 0 Off 0 0.12 30 0 Off 0
1/3/2019 00:00 0 24 96.6 30 0 Off 0 0.12 30 0 Off 0
1/4/2019 00:00 0 24 96.6 30 0 Off 0 0.12 30 0 Off 0
1/5/2019 00:00 0 24 96.6 30 0 Off 0 0.12 30 0 Off 0
1/6/2019 00:00 0 24 96.6 30 0 Off 0 0.12 30 0 Off 0
1/7/2019 00:00 0 24 96.6 30 0 Off 0 0.12 30 0 Off 0
1/8/2019 00:00 0 24 96.6 30 0 Off 0 0.12 30 0 Off 0
1/9/2019 00:00 0 24 96.6 30 0 Off 0 0.12 30 0 Off 0

1/10/2019 00:00 0 24 96.6 30 0 Off 0 0.12 30 0 Off 0
1/11/2019 00:00 0 24 96.6 30 0 Off 0 0.12 30 0 Off 0
1/12/2019 00:00 0 24 96.6 30 0 Off 0 0.12 30 0 Off 0
1/13/2019 00:00 0 24 96.6 30 0 Off 0 0.12 30 0 Off 0
1/14/2019 00:00 0 24 96.6 30 0 Off 0 0.12 30 0 Off 0
1/15/2019 00:00 0 24 96.6 30 0 Off 0 0.12 30 0 Off 0
1/16/2019 00:00 0 24 96.6 30 0 Off 0 0.12 30 0 Off 0
1/17/2019 00:00 0 24 96.6 30 0 Off 0 0.12 30 0 Off 0
1/18/2019 00:00 0 24 96.6 30 0 Off 0 0.12 30 0 Off 0
1/19/2019 00:00 0 24 96.6 30 0 Off 0 0.12 30 0 Off 0
1/20/2019 00:00 8 24 96.72 30 99.96 8 0.12 30 0 8
1/21/2019 00:00 24 24 96.75 30 97.68 24 0.12 30 0.1 24
1/22/2019 00:00 24 24 96.76 30 96.67 24 0.12 30 0.15 24
1/23/2019 00:00 24 24 96.75 30 96.27 24 0.12 30 0.16 24
1/24/2019 00:00 24 24 96.75 30 96.39 24 0.12 30 0.16 24
1/25/2019 00:00 24 24 96.75 30 96.27 24 0.13 30 0.16 24
1/26/2019 00:00 24 24 96.75 30 96.35 24 0.13 30 0.15 24
1/27/2019 00:00 24 24 96.75 30 96.22 24 0.13 30 0.16 24
1/28/2019 00:00 24 24 96.72 30 96.19 24 0.13 30 0.16 24
1/29/2019 00:00 24 24 96.72 30 96.34 24 0.13 30 0.16 24
1/30/2019 00:00 24 24 96.7 30 96.4 24 0.13 30 0.15 24
1/31/2019 00:00 24 24 96.67 30 96.34 24 0.13 30 0.15 24
2/1/2019 00:00 24 24 96.67 30 96.44 24 0.13 30 0.14 24
2/2/2019 00:00 24 24 96.64 30 96.28 24 0.14 30 0.14 24
2/3/2019 00:00 24 24 96.61 30 96.14 24 0.14 30 0.15 24
2/4/2019 00:00 24 24 96.6 30 96.23 24 0.14 30 0.15 24
2/5/2019 00:00 1 24 96.6 30 0 Off 0 0.14 30 0 Off 0
2/6/2019 00:00 0 24 96.6 30 0 Off 0 0.14 30 0 Off 0
2/7/2019 00:00 0 24 96.6 30 0 Off 0 0.14 30 0 Off 0
2/8/2019 00:00 0 24 96.6 30 0 Off 0 0.14 30 0 Off 0
2/9/2019 00:00 0 24 96.6 30 0 Off 0 0.14 30 0 Off 0

2/10/2019 00:00 0 24 96.6 30 0 Off 0 0.14 30 0 Off 0
2/11/2019 00:00 0 24 96.6 30 0 Off 0 0.14 30 0 Off 0
2/12/2019 00:00 0 24 96.6 30 0 Off 0 0.14 30 0 Off 0
2/13/2019 00:00 0 24 96.6 30 0 Off 0 0.14 30 0 Off 0
2/14/2019 00:00 0 24 96.6 30 0 Off 0 0.14 30 0 Off 0
2/15/2019 00:00 0 24 96.6 30 0 Off 0 0.14 30 0 Off 0
2/16/2019 00:00 0 24 96.6 30 0 Off 0 0.14 30 0 Off 0
2/17/2019 00:00 0 24 96.6 30 0 Off 0 0.14 30 0 Off 0
2/18/2019 00:00 0 24 96.6 30 0 Off 0 0.14 30 0 Off 0
2/19/2019 00:00 0 24 96.6 30 0 Off 0 0.14 30 0 Off 0
2/20/2019 00:00 0 24 96.6 30 0 Off 0 0.14 30 0 Off 0
2/21/2019 00:00 0 24 96.6 30 0 Off 0 0.14 30 0 Off 0
2/22/2019 00:00 0 24 96.6 30 0 Off 0 0.14 30 0 Off 0
2/23/2019 00:00 0 24 96.6 30 0 Off 0 0.14 30 0 Off 0
2/24/2019 00:00 0 24 96.6 30 0 Off 0 0.14 30 0 Off 0
2/25/2019 00:00 0 24 96.6 30 0 Off 0 0.14 30 0 Off 0
2/26/2019 00:00 0 24 96.6 30 0 Off 0 0.14 30 0 Off 0
2/27/2019 00:00 0 24 96.6 30 0 Off 0 0.14 30 0 Off 0
2/28/2019 00:00 0 24 96.6 30 0 Off 0 0.14 30 0 Off 0
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3/1/2019 00:00 0 24 96.6 30 0 Off 0 0.14 30 0 Off 0
3/2/2019 00:00 8 24 96.6 30 0 Off 0 0.14 30 0 Off 0
3/3/2019 00:00 24 24 96.65 30 97.73 18 0.14 30 0.09 18
3/4/2019 00:00 24 24 96.64 30 96.22 24 0.14 30 0.16 24
3/5/2019 00:00 24 24 96.62 30 96.33 24 0.14 30 0.15 24
3/6/2019 00:00 15 24 96.62 30 96.32 15 0.14 30 0.16 15
3/7/2019 00:00 0 24 96.62 30 0 Off 0 0.14 30 0 Off 0
3/8/2019 00:00 0 24 96.62 30 0 Off 0 0.14 30 0 Off 0
3/9/2019 00:00 0 24 96.62 30 0 Off 0 0.14 30 0 Off 0

3/10/2019 00:00 0 24 96.62 30 0 Off 0 0.14 30 0 Off 0
3/11/2019 00:00 0 24 96.62 30 0 Off 0 0.14 30 0 Off 0
3/12/2019 00:00 0 24 96.62 30 0 Off 0 0.14 30 0 Off 0
3/13/2019 00:00 0 24 96.62 30 0 Off 0 0.14 30 0 Off 0
3/14/2019 00:00 0 24 96.62 30 0 Off 0 0.14 30 0 Off 0
3/15/2019 00:00 0 24 96.62 30 0 Off 0 0.14 30 0 Off 0
3/16/2019 00:00 0 24 96.62 30 0 Off 0 0.14 30 0 Off 0
3/17/2019 00:00 0 24 96.62 30 0 Off 0 0.14 30 0 Off 0
3/18/2019 00:00 0 24 96.62 30 0 Off 0 0.14 30 0 Off 0
3/19/2019 00:00 0 24 96.62 30 0 Off 0 0.14 30 0 Off 0
3/20/2019 00:00 0 24 96.62 30 0 Off 0 0.14 30 0 Off 0
3/21/2019 00:00 0 24 96.62 30 0 Off 0 0.14 30 0 Off 0
3/22/2019 00:00 0 24 96.62 30 0 Off 0 0.14 30 0 Off 0
3/23/2019 00:00 0 24 96.62 30 0 Off 0 0.14 30 0 Off 0
3/24/2019 00:00 0 24 96.62 30 0 Off 0 0.14 30 0 Off 0
3/25/2019 00:00 0 24 96.62 30 0 Off 0 0.14 30 0 Off 0
3/26/2019 00:00 0 24 96.62 30 0 Off 0 0.14 30 0 Off 0
3/27/2019 00:00 0 24 96.62 30 0 Off 0 0.14 30 0 Off 0
3/28/2019 00:00 0 24 96.62 30 0 Off 0 0.14 30 0 Off 0
3/29/2019 00:00 0 24 96.62 30 0 Off 0 0.14 30 0 Off 0
3/30/2019 00:00 0 24 96.62 30 0 Off 0 0.14 30 0 Off 0
3/31/2019 00:00 0 24 96.62 30 0 Off 0 0.14 30 0 Off 0
4/1/2019 00:00 0 24 96.62 30 0 Off 0 0.14 30 0 Off 0
4/2/2019 00:00 0 24 96.62 30 0 Off 0 0.14 30 0 Off 0
4/3/2019 00:00 0 24 96.62 30 0 Off 0 0.14 30 0 Off 0
4/4/2019 00:00 0 24 96.62 30 0 Off 0 0.14 30 0 Off 0
4/5/2019 00:00 0 24 96.62 30 0 Off 0 0.14 30 0 Off 0
4/6/2019 00:00 0 24 96.62 30 0 Off 0 0.14 30 0 Off 0
4/7/2019 00:00 0 24 96.62 30 0 Off 0 0.14 30 0 Off 0
4/8/2019 00:00 22 24 96.68 30 98.6 11 0.14 30 0.05 11
4/9/2019 00:00 24 24 96.66 30 96.44 24 0.14 30 0.15 24

4/10/2019 00:00 24 24 96.63 30 96.36 24 0.15 30 0.16 24
4/11/2019 00:00 24 24 96.63 30 96.26 24 0.15 30 0.16 24
4/12/2019 00:00 24 24 96.63 30 96.51 24 0.14 30 0.14 24
4/13/2019 00:00 24 24 96.63 30 96.28 24 0.15 30 0.16 24
4/14/2019 00:00 24 24 96.63 30 96.39 24 0.15 30 0.14 24
4/15/2019 00:00 24 24 96.62 30 96.32 24 0.15 30 0.15 24
4/16/2019 00:00 24 24 96.62 30 96.44 24 0.15 30 0.15 24
4/17/2019 00:00 24 24 96.63 30 96.65 24 0.15 30 0.14 24
4/18/2019 00:00 24 24 96.52 30 96.55 24 0.15 30 0.15 24
4/19/2019 00:00 24 24 96.47 30 96.3 24 0.15 30 0.15 24
4/20/2019 00:00 24 24 96.46 30 96.34 24 0.15 30 0.15 24
4/21/2019 00:00 24 24 96.46 30 96.25 24 0.15 30 0.16 24
4/22/2019 00:00 24 24 96.46 30 96.24 24 0.15 30 0.16 24
4/23/2019 00:00 24 24 96.46 30 96.24 24 0.15 30 0.16 24
4/24/2019 00:00 24 24 96.46 30 96.45 24 0.15 30 0.16 24
4/25/2019 00:00 24 24 96.47 30 96.37 24 0.15 30 0.16 24
4/26/2019 00:00 24 24 96.48 30 96.62 24 0.15 30 0.15 24
4/27/2019 00:00 24 24 96.48 30 96.27 24 0.15 30 0.16 24
4/28/2019 00:00 24 24 96.48 30 96.41 24 0.15 30 0.16 24
4/29/2019 00:00 24 24 96.48 30 96.4 24 0.15 30 0.16 24
4/30/2019 00:00 24 24 96.48 30 96.44 24 0.15 30 0.16 24

Report Run:  by:  
Page: 8 of 24



Qual Data Report 
Bowen - Daily / 30-Day - Unit 2 FGD - Daily / 30-Day

Location: 317 Covered Bridge Rd, Cartersville, GA 30120
Report Period: 1/1/2019 to 12/31/2019

5/1/2019 00:00 24 24 96.49 30 96.47 24 0.15 30 0.16 24
5/2/2019 00:00 24 24 96.5 30 96.45 24 0.15 30 0.15 24
5/3/2019 00:00 24 24 96.5 30 96.44 24 0.15 30 0.15 24
5/4/2019 00:00 24 24 96.46 30 96.4 24 0.15 30 0.14 24
5/5/2019 00:00 24 24 96.46 30 96.34 24 0.15 30 0.15 24
5/6/2019 00:00 24 24 96.46 30 96.36 24 0.15 30 0.16 24
5/7/2019 00:00 24 24 96.47 30 96.56 24 0.15 30 0.14 24
5/8/2019 00:00 24 24 96.4 30 96.59 24 0.15 30 0.15 24
5/9/2019 00:00 24 24 96.42 30 96.81 24 0.15 30 0.13 24

5/10/2019 00:00 24 24 96.42 30 96.43 24 0.15 30 0.14 24
5/11/2019 00:00 24 24 96.42 30 96.25 24 0.15 30 0.16 24
5/12/2019 00:00 24 24 96.41 30 96.38 24 0.15 30 0.15 24
5/13/2019 00:00 24 24 96.42 30 96.54 24 0.15 30 0.14 24
5/14/2019 00:00 24 24 96.42 30 96.43 23 0.15 30 0.14 23
5/15/2019 00:00 24 24 96.42 30 96.25 23 0.15 30 0.15 23
5/16/2019 00:00 24 24 96.42 30 96.39 24 0.15 30 0.14 24
5/17/2019 00:00 24 24 96.41 30 96.43 24 0.15 30 0.15 24
5/18/2019 00:00 24 24 96.41 30 96.42 24 0.15 30 0.14 24
5/19/2019 00:00 24 24 96.41 30 96.41 24 0.15 30 0.13 24
5/20/2019 00:00 24 24 96.42 30 96.43 24 0.15 30 0.13 24
5/21/2019 00:00 24 24 96.44 30 96.85 24 0.15 30 0.11 24
5/22/2019 00:00 24 24 96.45 30 96.64 24 0.15 30 0.13 24
5/23/2019 00:00 24 24 96.46 30 96.42 24 0.15 30 0.15 24
5/24/2019 00:00 24 24 96.46 30 96.51 24 0.15 30 0.14 24
5/25/2019 00:00 24 24 96.46 30 96.42 24 0.14 30 0.14 24
5/26/2019 00:00 24 24 96.45 30 96.39 24 0.14 30 0.14 24
5/27/2019 00:00 24 24 96.45 30 96.32 24 0.14 30 0.15 24
5/28/2019 00:00 24 24 96.45 30 96.38 24 0.14 30 0.15 24
5/29/2019 00:00 24 24 96.45 30 96.47 24 0.14 30 0.15 24
5/30/2019 00:00 24 24 96.46 30 96.57 24 0.14 30 0.15 24
5/31/2019 00:00 24 24 96.45 30 96.33 24 0.14 30 0.16 24
6/1/2019 00:00 24 24 96.45 30 96.46 24 0.14 30 0.15 24
6/2/2019 00:00 24 24 96.46 30 96.47 24 0.14 30 0.15 24
6/3/2019 00:00 24 24 96.46 30 96.41 24 0.14 30 0.15 24
6/4/2019 00:00 24 24 96.46 30 96.41 24 0.14 30 0.16 24
6/5/2019 00:00 24 24 96.46 30 96.46 24 0.14 30 0.15 24
6/6/2019 00:00 24 24 96.45 30 96.36 24 0.14 30 0.15 24
6/7/2019 00:00 24 24 96.45 30 96.47 24 0.14 30 0.15 24
6/8/2019 00:00 24 24 96.43 30 96.33 24 0.14 30 0.14 24
6/9/2019 00:00 24 24 96.43 30 96.32 24 0.14 30 0.13 24

6/10/2019 00:00 24 24 96.43 30 96.33 24 0.14 30 0.14 24
6/11/2019 00:00 24 24 96.43 30 96.4 24 0.14 30 0.13 24
6/12/2019 00:00 24 24 96.43 30 96.35 24 0.14 30 0.15 24
6/13/2019 00:00 24 24 96.43 30 96.37 24 0.14 30 0.15 24
6/14/2019 00:00 24 24 96.44 30 96.69 24 0.14 30 0.14 24
6/15/2019 00:00 24 24 96.44 30 96.47 24 0.14 30 0.15 24
6/16/2019 00:00 24 24 96.45 30 96.51 24 0.14 30 0.14 24
6/17/2019 00:00 24 24 96.45 30 96.6 24 0.14 30 0.15 24
6/18/2019 00:00 24 24 96.47 30 96.87 24 0.14 30 0.12 24
6/19/2019 00:00 24 24 96.47 30 96.62 24 0.14 30 0.13 24
6/20/2019 00:00 24 24 96.47 30 96.63 24 0.14 30 0.14 24
6/21/2019 00:00 24 24 96.46 30 96.59 24 0.14 30 0.14 24
6/22/2019 00:00 24 24 96.46 30 96.25 24 0.14 30 0.15 24
6/23/2019 00:00 24 24 96.45 30 96.22 24 0.15 30 0.15 24
6/24/2019 00:00 24 24 96.44 30 96.24 24 0.15 30 0.17 24
6/25/2019 00:00 24 24 96.44 30 96.23 24 0.15 30 0.16 24
6/26/2019 00:00 24 24 96.43 30 96.18 24 0.15 30 0.16 24
6/27/2019 00:00 24 24 96.43 30 96.32 24 0.15 30 0.16 24
6/28/2019 00:00 24 24 96.43 30 96.39 24 0.15 30 0.15 24
6/29/2019 00:00 24 24 96.42 30 96.39 24 0.15 30 0.15 24
6/30/2019 00:00 24 24 96.43 30 96.43 24 0.15 30 0.14 24
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7/1/2019 00:00 24 24 96.42 30 96.34 24 0.15 30 0.15 24
7/2/2019 00:00 24 24 96.42 30 96.47 24 0.15 30 0.15 24
7/3/2019 00:00 24 24 96.42 30 96.28 22 0.15 30 0.16 22
7/4/2019 00:00 24 24 96.42 30 96.34 24 0.15 30 0.16 24
7/5/2019 00:00 24 24 96.41 30 96.28 24 0.15 30 0.15 24
7/6/2019 00:00 24 24 96.41 30 96.34 24 0.15 30 0.15 24
7/7/2019 00:00 24 24 96.4 30 96.33 24 0.15 30 0.16 24
7/8/2019 00:00 24 24 96.41 30 96.5 24 0.15 30 0.15 24
7/9/2019 00:00 24 24 96.41 30 96.38 24 0.15 30 0.15 24

7/10/2019 00:00 24 24 96.41 30 96.41 24 0.15 30 0.15 24
7/11/2019 00:00 24 24 96.42 30 96.44 24 0.15 30 0.15 24
7/12/2019 00:00 24 24 96.42 30 96.34 24 0.15 30 0.16 24
7/13/2019 00:00 24 24 96.42 30 96.43 24 0.15 30 0.16 24
7/14/2019 00:00 24 24 96.4 30 96.25 24 0.15 30 0.16 24
7/15/2019 00:00 24 24 96.4 30 96.32 24 0.15 30 0.15 24
7/16/2019 00:00 24 24 96.39 30 96.28 23 0.15 30 0.16 23
7/17/2019 00:00 24 24 96.39 30 96.46 24 0.15 30 0.15 24
7/18/2019 00:00 24 24 96.37 30 96.36 24 0.15 30 0.15 24
7/19/2019 00:00 24 24 96.36 30 96.3 24 0.15 30 0.16 24
7/20/2019 00:00 24 24 96.35 30 96.38 24 0.15 30 0.16 24
7/21/2019 00:00 24 24 96.34 30 96.39 24 0.15 30 0.16 24
7/22/2019 00:00 24 24 96.35 30 96.41 24 0.15 30 0.15 24
7/23/2019 00:00 24 24 96.35 30 96.4 23 0.15 30 0.15 23
7/24/2019 00:00 24 24 96.36 30 96.41 23 0.15 30 0.15 23
7/25/2019 00:00 24 24 96.36 30 96.33 24 0.15 30 0.15 24
7/26/2019 00:00 24 24 96.37 30 96.27 24 0.15 30 0.15 24
7/27/2019 00:00 24 24 96.37 30 96.35 24 0.15 30 0.15 24
7/28/2019 00:00 24 24 96.37 30 96.35 24 0.15 30 0.14 24
7/29/2019 00:00 24 24 96.37 30 96.38 23 0.15 30 0.15 24
7/30/2019 00:00 24 24 96.36 30 96.4 24 0.15 30 0.14 24
7/31/2019 00:00 24 24 96.36 30 96.33 24 0.15 30 0.14 24
8/1/2019 00:00 24 24 96.36 30 96.26 24 0.15 30 0.15 24
8/2/2019 00:00 24 24 96.36 30 96.33 24 0.15 30 0.15 24
8/3/2019 00:00 24 24 96.36 30 96.4 24 0.15 30 0.15 24
8/4/2019 00:00 24 24 96.36 30 96.31 24 0.15 30 0.14 24
8/5/2019 00:00 24 24 96.36 30 96.27 24 0.15 30 0.16 24
8/6/2019 00:00 24 24 96.36 30 96.4 24 0.15 30 0.14 24
8/7/2019 00:00 24 24 96.36 30 96.34 24 0.15 30 0.15 24
8/8/2019 00:00 22 24 96.36 30 96.43 22 0.15 30 0.16 22
8/9/2019 00:00 0 24 96.36 30 0 0.15 30 0 Off 0

8/10/2019 00:00 0 24 96.36 30 0 0.15 30 0 Off 0
8/11/2019 00:00 16 24 96.38 30 96.96 9 0.15 30 0.11 9
8/12/2019 00:00 24 24 96.38 30 96.46 24 0.15 30 0.15 24
8/13/2019 00:00 24 24 96.37 30 96.28 24 0.15 30 0.15 24
8/14/2019 00:00 24 24 96.37 30 96.25 24 0.15 30 0.16 24
8/15/2019 00:00 24 24 96.38 30 96.45 24 0.15 30 0.14 24
8/16/2019 00:00 24 24 96.38 30 96.42 24 0.15 30 0.15 24
8/17/2019 00:00 24 24 96.39 30 96.57 24 0.15 30 0.14 24
8/18/2019 00:00 24 24 96.39 30 96.38 24 0.15 30 0.15 24
8/19/2019 00:00 24 24 96.39 30 96.38 24 0.15 30 0.14 24
8/20/2019 00:00 24 24 96.39 30 96.41 24 0.15 30 0.15 24
8/21/2019 00:00 24 24 96.39 30 96.33 24 0.15 30 0.15 24
8/22/2019 00:00 24 24 96.39 30 96.45 24 0.15 30 0.14 24
8/23/2019 00:00 24 24 96.39 30 96.43 24 0.15 30 0.15 24
8/24/2019 00:00 24 24 96.4 30 96.62 24 0.15 30 0.13 24
8/25/2019 00:00 24 24 96.4 30 96.4 24 0.15 30 0.15 24
8/26/2019 00:00 24 24 96.4 30 96.34 24 0.15 30 0.16 24
8/27/2019 00:00 24 24 96.4 30 96.34 24 0.15 30 0.16 24
8/28/2019 00:00 24 24 96.41 30 96.61 24 0.15 30 0.14 24
8/29/2019 00:00 24 24 96.41 30 96.34 24 0.15 30 0.15 24
8/30/2019 00:00 24 24 96.41 30 96.43 24 0.15 30 0.14 24
8/31/2019 00:00 24 24 96.41 30 96.52 24 0.15 30 0.13 24
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9/1/2019 00:00 24 24 96.42 30 96.36 24 0.15 30 0.15 24
9/2/2019 00:00 24 24 96.43 30 96.67 24 0.15 30 0.12 24
9/3/2019 00:00 24 24 96.44 30 96.79 24 0.15 30 0.12 24
9/4/2019 00:00 24 24 96.47 30 97.13 24 0.14 30 0.11 24
9/5/2019 00:00 24 24 96.48 30 96.58 24 0.14 30 0.13 24
9/6/2019 00:00 24 24 96.49 30 96.61 24 0.14 30 0.14 24
9/7/2019 00:00 24 24 96.5 30 96.61 24 0.14 30 0.14 24
9/8/2019 00:00 24 24 96.5 30 96.59 24 0.14 30 0.13 24
9/9/2019 00:00 24 24 96.5 30 96.35 24 0.14 30 0.15 24

9/10/2019 00:00 24 24 96.49 30 96.6 24 0.14 30 0.13 24
9/11/2019 00:00 24 24 96.5 30 96.74 24 0.14 30 0.13 24
9/12/2019 00:00 24 24 96.51 30 96.54 24 0.14 30 0.14 24
9/13/2019 00:00 24 24 96.51 30 96.32 23 0.14 30 0.15 23
9/14/2019 00:00 0 24 96.51 30 0 Off 0 0.14 30 0 Off 0
9/15/2019 00:00 14 24 96.58 30 98.55 5 0.14 30 0.05 5
9/16/2019 00:00 24 24 96.58 30 96.53 24 0.14 30 0.15 24
9/17/2019 00:00 24 24 96.59 30 96.61 24 0.14 30 0.14 24
9/18/2019 00:00 24 24 96.59 30 96.63 24 0.14 30 0.14 24
9/19/2019 00:00 24 24 96.59 30 96.41 24 0.14 30 0.16 24
9/20/2019 00:00 24 24 96.59 30 96.36 24 0.14 30 0.16 24
9/21/2019 00:00 24 24 96.6 30 96.43 24 0.14 30 0.15 24
9/22/2019 00:00 24 24 96.6 30 96.51 24 0.14 30 0.14 24
9/23/2019 00:00 24 24 96.61 30 96.7 24 0.14 30 0.13 24
9/24/2019 00:00 24 24 96.6 30 96.53 24 0.14 30 0.14 24
9/25/2019 00:00 24 24 96.6 30 96.38 24 0.14 30 0.15 24
9/26/2019 00:00 24 24 96.61 30 96.5 24 0.14 30 0.14 24
9/27/2019 00:00 24 24 96.62 30 96.56 24 0.14 30 0.15 24
9/28/2019 00:00 24 24 96.61 30 96.5 24 0.14 30 0.14 24
9/29/2019 00:00 24 24 96.62 30 96.64 24 0.14 30 0.14 24
9/30/2019 00:00 24 24 96.64 30 96.86 24 0.14 30 0.13 24
10/1/2019 00:00 24 24 96.64 30 96.58 24 0.14 30 0.14 24
10/2/2019 00:00 24 24 96.65 30 96.66 24 0.14 30 0.14 24
10/3/2019 00:00 24 24 96.64 30 96.27 24 0.14 30 0.15 24
10/4/2019 00:00 24 24 96.63 30 96.6 24 0.14 30 0.14 24
10/5/2019 00:00 24 24 96.61 30 96.41 24 0.14 30 0.15 24
10/6/2019 00:00 24 24 96.6 30 96.52 24 0.14 30 0.14 24
10/7/2019 00:00 24 24 96.6 30 96.42 24 0.14 30 0.15 24
10/8/2019 00:00 24 24 96.59 30 96.38 24 0.14 30 0.14 24
10/9/2019 00:00 24 24 96.58 30 96.36 24 0.14 30 0.15 24

10/10/2019 00:00 24 24 96.59 30 96.66 24 0.14 30 0.14 23
10/11/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
10/12/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
10/13/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
10/14/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
10/15/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
10/16/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
10/17/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
10/18/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
10/19/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
10/20/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
10/21/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
10/22/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
10/23/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
10/24/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
10/25/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
10/26/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
10/27/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
10/28/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
10/29/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
10/30/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
10/31/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
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11/1/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
11/2/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
11/3/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
11/4/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
11/5/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
11/6/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
11/7/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
11/8/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
11/9/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0

11/10/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
11/11/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
11/12/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
11/13/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
11/14/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
11/15/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
11/16/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
11/17/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
11/18/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
11/19/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
11/20/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
11/21/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
11/22/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
11/23/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
11/24/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
11/25/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
11/26/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
11/27/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
11/28/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
11/29/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
11/30/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
12/1/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
12/2/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
12/3/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
12/4/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
12/5/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
12/6/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
12/7/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
12/8/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
12/9/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0

12/10/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
12/11/2019 00:00 14 24 96.59 30 0 Off 0 0.14 30 0 Off 0
12/12/2019 00:00 14 24 96.69 30 99.52 5 0.14 30 0.02 3
12/13/2019 00:00 0 24 96.69 30 0 Off 0 0.14 30 0 Off 0
12/14/2019 00:00 4 24 96.69 30 0 Off 0 0.14 30 0 Off 0
12/15/2019 00:00 24 24 96.72 30 97.75 20 0.14 30 0.09 20
12/16/2019 00:00 24 24 96.72 30 96.47 24 0.14 30 0.16 24
12/17/2019 00:00 24 24 96.72 30 96.4 24 0.14 30 0.16 24
12/18/2019 00:00 24 24 96.65 30 96.42 24 0.14 30 0.15 24
12/19/2019 00:00 24 24 96.65 30 96.52 24 0.14 30 0.15 24
12/20/2019 00:00 24 24 96.65 30 96.4 24 0.14 30 0.15 24
12/21/2019 00:00 21 24 96.64 30 96.36 21 0.14 30 0.15 21
12/22/2019 00:00 0 24 96.64 30 0 Off 0 0.14 30 0 Off 0
12/23/2019 00:00 0 24 96.64 30 0 Off 0 0.14 30 0 Off 0
12/24/2019 00:00 0 24 96.64 30 0 Off 0 0.14 30 0 Off 0
12/25/2019 00:00 0 24 96.64 30 0 Off 0 0.14 30 0 Off 0
12/26/2019 00:00 0 24 96.64 30 0 Off 0 0.14 30 0 Off 0
12/27/2019 00:00 0 24 96.64 30 0 Off 0 0.14 30 0 Off 0
12/28/2019 00:00 0 24 96.64 30 0 Off 0 0.14 30 0 Off 0
12/29/2019 00:00 0 24 96.64 30 0 Off 0 0.14 30 0 Off 0
12/30/2019 00:00 0 24 96.64 30 0 Off 0 0.14 30 0 Off 0

12/31/2019 00:00 0 24 96.64 30 0 Off 0 0.14 30 0 Off 0

Average with Op > 0 hours 96.50 0.14
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Sample Time Value Flag Smps Value Flag Smps Value Flag Smps Value Flag Smps Value Flag Smps
1/1/2019 00:00 0 24 96.17 30 0 Off 0 0.15 30 0 Off 0
1/2/2019 00:00 0 24 96.17 30 0 Off 0 0.15 30 0 Off 0
1/3/2019 00:00 0 24 96.17 30 0 Off 0 0.15 30 0 Off 0
1/4/2019 00:00 0 24 96.17 30 0 Off 0 0.15 30 0 Off 0
1/5/2019 00:00 0 24 96.17 30 0 Off 0 0.15 30 0 Off 0
1/6/2019 00:00 0 24 96.17 30 0 Off 0 0.15 30 0 Off 0
1/7/2019 00:00 0 24 96.17 30 0 Off 0 0.15 30 0 Off 0
1/8/2019 00:00 0 24 96.17 30 0 Off 0 0.15 30 0 Off 0
1/9/2019 00:00 0 24 96.17 30 0 Off 0 0.15 30 0 Off 0

1/10/2019 00:00 0 24 96.17 30 0 Off 0 0.15 30 0 Off 0
1/11/2019 00:00 0 24 96.17 30 0 Off 0 0.15 30 0 Off 0
1/12/2019 00:00 0 24 96.17 30 0 Off 0 0.15 30 0 Off 0
1/13/2019 00:00 0 24 96.17 30 0 Off 0 0.15 30 0 Off 0
1/14/2019 00:00 0 24 96.17 30 0 Off 0 0.15 30 0 Off 0
1/15/2019 00:00 0 24 96.17 30 0 Off 0 0.15 30 0 Off 0
1/16/2019 00:00 0 24 96.17 30 0 Off 0 0.15 30 0 Off 0
1/17/2019 00:00 0 24 96.17 30 0 Off 0 0.15 30 0 Off 0
1/18/2019 00:00 17 24 96.21 30 97.17 17 0.14 30 0.11 17
1/19/2019 00:00 24 24 96.21 30 96.03 24 0.14 30 0.17 24
1/20/2019 00:00 24 24 96.21 30 95.95 24 0.14 30 0.17 24
1/21/2019 00:00 24 24 96.21 30 95.95 24 0.14 30 0.17 24
1/22/2019 00:00 24 24 96.2 30 95.89 24 0.15 30 0.18 24
1/23/2019 00:00 24 24 96.19 30 95.89 24 0.15 30 0.17 24
1/24/2019 00:00 24 24 96.18 30 95.93 24 0.15 30 0.17 24
1/25/2019 00:00 24 24 96.18 30 95.96 24 0.15 30 0.17 24
1/26/2019 00:00 24 24 96.17 30 96.01 24 0.15 30 0.16 24
1/27/2019 00:00 24 24 96.09 30 95.91 24 0.15 30 0.17 24
1/28/2019 00:00 24 24 96.08 30 95.92 24 0.15 30 0.17 24
1/29/2019 00:00 24 24 96.07 30 95.91 24 0.16 30 0.17 24
1/30/2019 00:00 19 24 96.09 30 96.42 14 0.16 30 0.14 14
1/31/2019 00:00 24 24 96.09 30 96 24 0.16 30 0.17 24
2/1/2019 00:00 23 24 96.1 30 96.09 22 0.16 30 0.16 22
2/2/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
2/3/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
2/4/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
2/5/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
2/6/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
2/7/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
2/8/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
2/9/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0

2/10/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
2/11/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
2/12/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
2/13/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
2/14/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
2/15/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
2/16/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
2/17/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
2/18/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
2/19/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
2/20/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
2/21/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
2/22/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
2/23/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
2/24/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
2/25/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
2/26/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
2/27/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
2/28/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0

SO2_lb_mmbtu - SO2 Rate 
Daily Average
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Op_Rpt_time - Valid Operating 
Hours

Removal_30Day_pct - SO2 
Removal 30 Day

Removal_pct - SO2 Removal 
Efficiency Pct

SO2_30Day_lb_mmbtu - SO2 
Rate 30 Day Average
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3/1/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
3/2/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
3/3/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
3/4/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
3/5/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
3/6/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
3/7/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
3/8/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
3/9/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0

3/10/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
3/11/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
3/12/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
3/13/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
3/14/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
3/15/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
3/16/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
3/17/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
3/18/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
3/19/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
3/20/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
3/21/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
3/22/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
3/23/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
3/24/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
3/25/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
3/26/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
3/27/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
3/28/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
3/29/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
3/30/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
3/31/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
4/1/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
4/2/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
4/3/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
4/4/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
4/5/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
4/6/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
4/7/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
4/8/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
4/9/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0

4/10/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
4/11/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
4/12/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
4/13/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
4/14/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
4/15/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
4/16/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
4/17/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
4/18/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
4/19/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
4/20/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
4/21/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
4/22/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
4/23/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
4/24/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
4/25/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
4/26/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
4/27/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
4/28/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
4/29/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
4/30/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
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5/1/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
5/2/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
5/3/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
5/4/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
5/5/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
5/6/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
5/7/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
5/8/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
5/9/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0

5/10/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
5/11/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
5/12/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
5/13/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
5/14/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
5/15/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
5/16/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
5/17/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
5/18/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
5/19/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
5/20/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
5/21/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
5/22/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
5/23/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
5/24/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
5/25/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
5/26/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
5/27/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
5/28/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
5/29/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
5/30/2019 00:00 0 24 96.1 30 0 Off 0 0.16 30 0 Off 0
5/31/2019 00:00 1 24 96.1 30 0 Off 0 0.16 30 0 Off 0
6/1/2019 00:00 23 24 96.1 30 0 Off 0 0.16 30 0 Off 0
6/2/2019 00:00 9 24 96.21 30 99.41 7 0.15 30 0.02 7
6/3/2019 00:00 0 24 96.21 30 0 Off 0 0.15 30 0 Off 0
6/4/2019 00:00 0 24 96.21 30 0 Off 0 0.15 30 0 Off 0
6/5/2019 00:00 7 24 96.21 30 0 Off 0 0.15 30 0 Off 0
6/6/2019 00:00 7 24 96.3 30 98.64 7 0.15 30 0.06 7
6/7/2019 00:00 3 24 96.3 30 0 Off 0 0.15 30 0 Off 0
6/8/2019 00:00 1 24 96.3 30 0 Off 0 0.15 30 0 Off 0
6/9/2019 00:00 13 24 96.4 30 99.18 5 0.15 30 0.04 5

6/10/2019 00:00 24 24 96.43 30 96.99 24 0.15 30 0.13 24
6/11/2019 00:00 24 24 96.44 30 96.43 23 0.15 30 0.16 23
6/12/2019 00:00 24 24 96.45 30 96.06 24 0.15 30 0.17 24
6/13/2019 00:00 24 24 96.45 30 96.05 24 0.15 30 0.17 24
6/14/2019 00:00 24 24 96.42 30 95.45 24 0.16 30 0.21 24
6/15/2019 00:00 24 24 96.42 30 95.81 24 0.16 30 0.19 24
6/16/2019 00:00 24 24 96.41 30 95.93 24 0.16 30 0.17 24
6/17/2019 00:00 24 24 96.38 30 95.83 24 0.16 30 0.19 24
6/18/2019 00:00 24 24 96.38 30 96.03 24 0.16 30 0.16 24
6/19/2019 00:00 24 24 96.37 30 95.93 24 0.16 30 0.17 24
6/20/2019 00:00 24 24 96.36 30 95.9 24 0.16 30 0.18 24
6/21/2019 00:00 24 24 96.35 30 95.85 24 0.16 30 0.18 24
6/22/2019 00:00 24 24 96.3 30 95.5 24 0.17 30 0.2 24
6/23/2019 00:00 24 24 96.27 30 95.42 24 0.17 30 0.2 24
6/24/2019 00:00 24 24 96.27 30 95.77 24 0.17 30 0.18 24
6/25/2019 00:00 24 24 96.27 30 95.86 24 0.17 30 0.18 24
6/26/2019 00:00 24 24 96.26 30 95.77 24 0.17 30 0.19 24
6/27/2019 00:00 24 24 96.26 30 95.79 24 0.17 30 0.19 24
6/28/2019 00:00 24 24 96.26 30 96.01 24 0.17 30 0.18 24
6/29/2019 00:00 24 24 96.26 30 95.8 24 0.17 30 0.19 24
6/30/2019 00:00 24 24 96.26 30 96.01 24 0.17 30 0.18 24
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7/1/2019 00:00 24 24 96.26 30 95.94 24 0.17 30 0.18 24
7/2/2019 00:00 24 24 96.25 30 95.86 24 0.17 30 0.18 24
7/3/2019 00:00 24 24 96.26 30 95.92 24 0.17 30 0.18 24
7/4/2019 00:00 24 24 96.24 30 95.91 24 0.17 30 0.18 24
7/5/2019 00:00 24 24 96.24 30 95.98 24 0.17 30 0.18 24
7/6/2019 00:00 24 24 96.23 30 95.96 24 0.17 30 0.18 24
7/7/2019 00:00 24 24 96.12 30 95.95 24 0.18 30 0.17 24
7/8/2019 00:00 24 24 96.03 30 95.91 24 0.18 30 0.16 24
7/9/2019 00:00 24 24 95.92 30 95.95 24 0.18 30 0.18 24

7/10/2019 00:00 24 24 95.89 30 96.02 24 0.18 30 0.18 24
7/11/2019 00:00 15 24 95.87 30 95.91 11 0.18 30 0.18 10
7/12/2019 00:00 24 24 95.89 30 96.53 22 0.18 30 0.15 22
7/13/2019 00:00 24 24 95.88 30 95.93 24 0.18 30 0.18 24
7/14/2019 00:00 24 24 95.89 30 95.86 24 0.18 30 0.18 24
7/15/2019 00:00 24 24 95.9 30 95.91 24 0.18 30 0.18 24
7/16/2019 00:00 24 24 95.9 30 95.96 24 0.18 30 0.18 24
7/17/2019 00:00 24 24 95.9 30 95.93 24 0.18 30 0.18 24
7/18/2019 00:00 24 24 95.9 30 95.86 24 0.18 30 0.18 24
7/19/2019 00:00 24 24 95.89 30 95.81 24 0.18 30 0.19 24
7/20/2019 00:00 24 24 95.89 30 95.9 24 0.18 30 0.18 24
7/21/2019 00:00 24 24 95.89 30 95.86 24 0.18 30 0.18 24
7/22/2019 00:00 24 24 95.91 30 95.98 24 0.18 30 0.17 24
7/23/2019 00:00 24 24 95.93 30 95.93 24 0.18 30 0.18 24
7/24/2019 00:00 24 24 95.93 30 95.88 24 0.18 30 0.18 24
7/25/2019 00:00 24 24 95.93 30 95.88 24 0.18 30 0.18 24
7/26/2019 00:00 24 24 95.94 30 95.93 24 0.18 30 0.16 24
7/27/2019 00:00 24 24 95.94 30 95.93 24 0.18 30 0.16 24
7/28/2019 00:00 24 24 95.94 30 96 24 0.18 30 0.16 24
7/29/2019 00:00 24 24 95.94 30 95.86 24 0.18 30 0.18 24
7/30/2019 00:00 24 24 95.94 30 95.97 24 0.18 30 0.17 24
7/31/2019 00:00 24 24 95.94 30 96.03 24 0.17 30 0.16 24
8/1/2019 00:00 24 24 95.95 30 95.91 24 0.17 30 0.17 24
8/2/2019 00:00 24 24 95.95 30 95.92 24 0.17 30 0.18 24
8/3/2019 00:00 24 24 95.95 30 95.91 24 0.17 30 0.18 24
8/4/2019 00:00 24 24 95.95 30 95.99 24 0.17 30 0.16 24
8/5/2019 00:00 24 24 95.94 30 95.89 24 0.17 30 0.18 24
8/6/2019 00:00 24 24 95.94 30 95.98 24 0.17 30 0.16 24
8/7/2019 00:00 24 24 95.94 30 95.9 24 0.17 30 0.18 24
8/8/2019 00:00 24 24 95.95 30 96.09 24 0.17 30 0.18 24
8/9/2019 00:00 24 24 95.96 30 96.22 24 0.17 30 0.17 24

8/10/2019 00:00 24 24 95.96 30 96.07 24 0.17 30 0.18 24
8/11/2019 00:00 24 24 95.95 30 96.14 24 0.17 30 0.16 24
8/12/2019 00:00 24 24 95.95 30 96.14 24 0.17 30 0.16 24
8/13/2019 00:00 24 24 95.96 30 96.08 24 0.17 30 0.16 24
8/14/2019 00:00 24 24 95.96 30 95.98 24 0.17 30 0.18 24
8/15/2019 00:00 24 24 95.97 30 96.11 24 0.17 30 0.15 24
8/16/2019 00:00 24 24 95.97 30 96 24 0.17 30 0.17 24
8/17/2019 00:00 24 24 95.98 30 96.01 24 0.17 30 0.17 24
8/18/2019 00:00 24 24 95.98 30 95.97 24 0.17 30 0.18 24
8/19/2019 00:00 24 24 95.99 30 96.01 24 0.17 30 0.17 24
8/20/2019 00:00 24 24 95.99 30 96.1 24 0.17 30 0.17 24
8/21/2019 00:00 24 24 96 30 96.21 24 0.17 30 0.16 24
8/22/2019 00:00 23 24 96.01 30 96.17 23 0.17 30 0.15 22
8/23/2019 00:00 0 24 96.01 30 0 Off 0 0.17 30 0 Off 0
8/24/2019 00:00 0 24 96.01 30 0 Off 0 0.17 30 0 Off 0
8/25/2019 00:00 0 24 96.01 30 0 Off 0 0.17 30 0 Off 0
8/26/2019 00:00 0 24 96.01 30 0 Off 0 0.17 30 0 Off 0
8/27/2019 00:00 0 24 96.01 30 0 Off 0 0.17 30 0 Off 0
8/28/2019 00:00 0 24 96.01 30 0 Off 0 0.17 30 0 Off 0
8/29/2019 00:00 0 24 96.01 30 0 Off 0 0.17 30 0 Off 0
8/30/2019 00:00 0 24 96.01 30 0 Off 0 0.17 30 0 Off 0
8/31/2019 00:00 0 24 96.01 30 0 Off 0 0.17 30 0 Off 0
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9/1/2019 00:00 0 24 96.01 30 0 Off 0 0.17 30 0 Off 0
9/2/2019 00:00 0 24 96.01 30 0 Off 0 0.17 30 0 Off 0
9/3/2019 00:00 18 24 96.14 30 99.7 7 0.17 30 0.01 7
9/4/2019 00:00 24 24 96.15 30 96.18 24 0.17 30 0.14 24
9/5/2019 00:00 24 24 96.15 30 95.98 24 0.17 30 0.16 24
9/6/2019 00:00 24 24 96.15 30 96.01 24 0.17 30 0.16 24
9/7/2019 00:00 24 24 96.15 30 96.07 24 0.17 30 0.17 24
9/8/2019 00:00 24 24 96.16 30 95.97 24 0.17 30 0.16 24
9/9/2019 00:00 24 24 96.16 30 96 24 0.16 30 0.16 24

9/10/2019 00:00 24 24 96.16 30 96.04 24 0.16 30 0.16 24
9/11/2019 00:00 24 24 96.16 30 96.06 24 0.16 30 0.16 24
9/12/2019 00:00 24 24 96.17 30 96.07 24 0.16 30 0.17 24
9/13/2019 00:00 24 24 96.17 30 95.9 24 0.16 30 0.17 24
9/14/2019 00:00 24 24 96.16 30 95.88 24 0.16 30 0.18 24
9/15/2019 00:00 24 24 96.17 30 95.91 24 0.16 30 0.16 24
9/16/2019 00:00 24 24 96.16 30 95.81 24 0.16 30 0.18 24
9/17/2019 00:00 24 24 96.16 30 95.87 24 0.16 30 0.18 24
9/18/2019 00:00 24 24 96.16 30 95.99 24 0.16 30 0.18 24
9/19/2019 00:00 24 24 96.15 30 95.98 24 0.16 30 0.18 24
9/20/2019 00:00 24 24 96.14 30 95.89 24 0.16 30 0.18 24
9/21/2019 00:00 24 24 96.14 30 95.98 24 0.17 30 0.18 24
9/22/2019 00:00 24 24 96.12 30 95.59 24 0.17 30 0.18 24
9/23/2019 00:00 18 24 96.11 30 95.76 18 0.17 30 0.18 17
9/24/2019 00:00 0 24 96.11 30 0 Off 0 0.17 30 0 Off 0
9/25/2019 00:00 0 24 96.11 30 0 Off 0 0.17 30 0 Off 0
9/26/2019 00:00 23 24 96.1 30 95.85 13 0.17 30 0.18 13
9/27/2019 00:00 24 24 95.49 30 95.85 24 0.17 30 0.19 24
9/28/2019 00:00 24 24 95.49 30 95.8 24 0.17 30 0.18 24
9/29/2019 00:00 24 24 95.48 30 95.9 24 0.17 30 0.17 24
9/30/2019 00:00 24 24 95.48 30 95.87 24 0.17 30 0.17 24
10/1/2019 00:00 24 24 95.48 30 96.03 24 0.17 30 0.17 24
10/2/2019 00:00 24 24 95.48 30 95.97 24 0.17 30 0.17 24
10/3/2019 00:00 24 24 95.47 30 95.99 24 0.17 30 0.16 24
10/4/2019 00:00 24 24 95.46 30 96.01 24 0.17 30 0.17 24
10/5/2019 00:00 24 24 95.34 30 95.98 24 0.17 30 0.17 24
10/6/2019 00:00 24 24 95.34 30 96.02 24 0.17 30 0.17 24
10/7/2019 00:00 24 24 95.33 30 95.93 24 0.17 30 0.17 24
10/8/2019 00:00 24 24 95.33 30 95.94 24 0.17 30 0.17 24
10/9/2019 00:00 24 24 95.33 30 96.01 24 0.17 30 0.17 24

10/10/2019 00:00 24 24 95.31 30 95.49 24 0.17 30 0.2 24
10/11/2019 00:00 24 24 95.31 30 95.89 24 0.17 30 0.19 24
10/12/2019 00:00 24 24 95.3 30 95.89 22 0.18 30 0.19 21
10/13/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
10/14/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
10/15/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
10/16/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
10/17/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
10/18/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
10/19/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
10/20/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
10/21/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
10/22/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
10/23/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
10/24/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
10/25/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
10/26/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
10/27/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
10/28/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
10/29/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
10/30/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
10/31/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
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11/1/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
11/2/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
11/3/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
11/4/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
11/5/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
11/6/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
11/7/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
11/8/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
11/9/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0

11/10/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
11/11/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
11/12/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
11/13/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
11/14/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
11/15/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
11/16/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
11/17/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
11/18/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
11/19/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
11/20/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
11/21/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
11/22/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
11/23/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
11/24/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
11/25/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
11/26/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
11/27/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
11/28/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
11/29/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
11/30/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
12/1/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
12/2/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
12/3/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
12/4/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
12/5/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
12/6/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
12/7/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
12/8/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
12/9/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0

12/10/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
12/11/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
12/12/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
12/13/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
12/14/2019 00:00 0 24 95.3 30 0 Off 0 0.18 30 0 Off 0
12/15/2019 00:00 8 24 95.3 30 0 Off 0 0.18 30 0 Off 0
12/16/2019 00:00 24 24 95.35 30 97.52 8 0.17 30 0.11 14
12/17/2019 00:00 24 24 95.38 30 96.94 22 0.17 30 0.13 24
12/18/2019 00:00 24 24 95.42 30 96.95 24 0.17 30 0.13 24
12/19/2019 00:00 24 24 95.46 30 97.01 24 0.17 30 0.12 24
12/20/2019 00:00 24 24 95.49 30 96.93 24 0.17 30 0.12 24
12/21/2019 00:00 1 24 95.51 30 96.47 1 0.17 30 0 Off 0
12/22/2019 00:00 0 24 95.51 30 0 Off 0 0.17 30 0 Off 0
12/23/2019 00:00 0 24 95.51 30 0 Off 0 0.17 30 0 Off 0
12/24/2019 00:00 0 24 95.51 30 0 Off 0 0.17 30 0 Off 0
12/25/2019 00:00 0 24 95.51 30 0 Off 0 0.17 30 0 Off 0
12/26/2019 00:00 0 24 95.51 30 0 Off 0 0.17 30 0 Off 0
12/27/2019 00:00 0 24 95.51 30 0 Off 0 0.17 30 0 Off 0
12/28/2019 00:00 0 24 95.51 30 0 Off 0 0.17 30 0 Off 0
12/29/2019 00:00 0 24 95.51 30 0 Off 0 0.17 30 0 Off 0
12/30/2019 00:00 0 24 95.51 30 0 Off 0 0.17 30 0 Off 0

12/31/2019 00:00 0 24 95.51 30 0 Off 0 0.17 30 0 Off 0

Average with Op > 0 hours 96.0 0.17
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Sample Time Value Flag Smps Value Flag Smps Value Flag Smps Value Flag Smps Value Flag Smps
1/1/2019 00:00 0 24 96.49 30 0 Off 0 0.14 30 0 Off 0
1/2/2019 00:00 0 24 96.49 30 0 Off 0 0.14 30 0 Off 0
1/3/2019 00:00 0 24 96.49 30 0 Off 0 0.14 30 0 Off 0
1/4/2019 00:00 0 24 96.49 30 0 Off 0 0.14 30 0 Off 0
1/5/2019 00:00 0 24 96.49 30 0 Off 0 0.14 30 0 Off 0
1/6/2019 00:00 0 24 96.49 30 0 Off 0 0.14 30 0 Off 0
1/7/2019 00:00 0 24 96.49 30 0 Off 0 0.14 30 0 Off 0
1/8/2019 00:00 0 24 96.49 30 0 Off 0 0.14 30 0 Off 0
1/9/2019 00:00 0 24 96.49 30 0 Off 0 0.14 30 0 Off 0

1/10/2019 00:00 0 24 96.49 30 0 Off 0 0.14 30 0 Off 0
1/11/2019 00:00 0 24 96.49 30 0 Off 0 0.14 30 0 Off 0
1/12/2019 00:00 0 24 96.49 30 0 Off 0 0.14 30 0 Off 0
1/13/2019 00:00 0 24 96.49 30 0 Off 0 0.14 30 0 Off 0
1/14/2019 00:00 0 24 96.49 30 0 Off 0 0.14 30 0 Off 0
1/15/2019 00:00 13 24 96.53 30 97.42 13 0.14 30 0.1 13
1/16/2019 00:00 24 24 96.54 30 96.42 24 0.14 30 0.15 24
1/17/2019 00:00 4 24 96.56 30 97.11 4 0.14 30 0.12 4
1/18/2019 00:00 0 24 96.56 30 0 Off 0 0.14 30 0 Off 0
1/19/2019 00:00 7 24 96.63 30 98.46 7 0.13 30 0.06 7
1/20/2019 00:00 24 24 96.65 30 96.92 24 0.13 30 0.13 24
1/21/2019 00:00 18 24 96.65 30 96.35 18 0.13 30 0.16 18
1/22/2019 00:00 0 24 96.65 30 0 Off 0 0.13 30 0 Off 0
1/23/2019 00:00 8 24 96.7 30 97.69 8 0.13 30 0.1 8
1/24/2019 00:00 24 24 96.7 30 96.35 24 0.13 30 0.16 24
1/25/2019 00:00 24 24 96.7 30 96.37 24 0.14 30 0.16 24
1/26/2019 00:00 24 24 96.7 30 96.34 24 0.14 30 0.16 24
1/27/2019 00:00 24 24 96.69 30 96.31 24 0.14 30 0.16 24
1/28/2019 00:00 24 24 96.69 30 96.32 24 0.14 30 0.16 24
1/29/2019 00:00 24 24 96.69 30 96.31 24 0.14 30 0.16 24
1/30/2019 00:00 24 24 96.69 30 96.29 24 0.14 30 0.16 24
1/31/2019 00:00 24 24 96.7 30 96.33 24 0.14 30 0.15 24
2/1/2019 00:00 24 24 96.7 30 96.34 24 0.14 30 0.14 24
2/2/2019 00:00 5 24 96.59 30 96.29 5 0.14 30 0.15 5
2/3/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
2/4/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
2/5/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
2/6/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
2/7/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
2/8/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
2/9/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0

2/10/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
2/11/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
2/12/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
2/13/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
2/14/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
2/15/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
2/16/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
2/17/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
2/18/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
2/19/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
2/20/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
2/21/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
2/22/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
2/23/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
2/24/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
2/25/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
2/26/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
2/27/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
2/28/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0

SO2_lb_mmbtu - SO2 Rate 
Daily Average

Qual Data Report 
Bowen - Daily / 30-Day - Unit 4 FGD - Daily / 30-Day

Location: 317 Covered Bridge Rd, Cartersville, GA 30120
Report Period: 1/1/2019 to 12/31/2019

Op_Rpt_time - Valid Operating 
Hours

Removal_30Day_pct - SO2 
Removal 30 Day

Removal_pct - SO2 Removal 
Efficiency Pct

SO2_30Day_lb_mmbtu - SO2 
Rate 30 Day Average
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3/1/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
3/2/2019 00:00 0 24 96.59 30 0 Off 0 0.14 30 0 Off 0
3/3/2019 00:00 3 24 96.59 30 0 Off 0 0.14 30 0 Off 0
3/4/2019 00:00 24 24 96.53 30 95.32 13 0.15 30 0.19 13
3/5/2019 00:00 24 24 96.53 30 96.23 24 0.15 30 0.16 24
3/6/2019 00:00 24 24 96.52 30 96.31 24 0.15 30 0.16 24
3/7/2019 00:00 24 24 96.52 30 96.38 24 0.15 30 0.16 24
3/8/2019 00:00 1 24 96.52 30 0 Off 0 0.15 30 0 Off 0
3/9/2019 00:00 0 24 96.52 30 0 Off 0 0.15 30 0 Off 0

3/10/2019 00:00 0 24 96.52 30 0 Off 0 0.15 30 0 Off 0
3/11/2019 00:00 0 24 96.52 30 0 Off 0 0.15 30 0 Off 0
3/12/2019 00:00 0 24 96.52 30 0 Off 0 0.15 30 0 Off 0
3/13/2019 00:00 0 24 96.52 30 0 Off 0 0.15 30 0 Off 0
3/14/2019 00:00 0 24 96.52 30 0 Off 0 0.15 30 0 Off 0
3/15/2019 00:00 0 24 96.52 30 0 Off 0 0.15 30 0 Off 0
3/16/2019 00:00 0 24 96.52 30 0 Off 0 0.15 30 0 Off 0
3/17/2019 00:00 0 24 96.52 30 0 Off 0 0.15 30 0 Off 0
3/18/2019 00:00 0 24 96.52 30 0 Off 0 0.15 30 0 Off 0
3/19/2019 00:00 0 24 96.52 30 0 Off 0 0.15 30 0 Off 0
3/20/2019 00:00 0 24 96.52 30 0 Off 0 0.15 30 0 Off 0
3/21/2019 00:00 0 24 96.52 30 0 Off 0 0.15 30 0 Off 0
3/22/2019 00:00 0 24 96.52 30 0 Off 0 0.15 30 0 Off 0
3/23/2019 00:00 0 24 96.52 30 0 Off 0 0.15 30 0 Off 0
3/24/2019 00:00 0 24 96.52 30 0 Off 0 0.15 30 0 Off 0
3/25/2019 00:00 0 24 96.52 30 0 Off 0 0.15 30 0 Off 0
3/26/2019 00:00 0 24 96.52 30 0 Off 0 0.15 30 0 Off 0
3/27/2019 00:00 0 24 96.52 30 0 Off 0 0.15 30 0 Off 0
3/28/2019 00:00 0 24 96.52 30 0 Off 0 0.15 30 0 Off 0
3/29/2019 00:00 0 24 96.52 30 0 Off 0 0.15 30 0 Off 0
3/30/2019 00:00 0 24 96.52 30 0 Off 0 0.15 30 0 Off 0
3/31/2019 00:00 0 24 96.52 30 0 Off 0 0.15 30 0 Off 0
4/1/2019 00:00 0 24 96.52 30 0 Off 0 0.15 30 0 Off 0
4/2/2019 00:00 0 24 96.52 30 0 Off 0 0.15 30 0 Off 0
4/3/2019 00:00 0 24 96.52 30 0 Off 0 0.15 30 0 Off 0
4/4/2019 00:00 0 24 96.52 30 0 Off 0 0.15 30 0 Off 0
4/5/2019 00:00 0 24 96.52 30 0 Off 0 0.15 30 0 Off 0
4/6/2019 00:00 0 24 96.52 30 0 Off 0 0.15 30 0 Off 0
4/7/2019 00:00 0 24 96.52 30 0 Off 0 0.15 30 0 Off 0
4/8/2019 00:00 0 24 96.52 30 0 Off 0 0.15 30 0 Off 0
4/9/2019 00:00 0 24 96.52 30 0 Off 0 0.15 30 0 Off 0

4/10/2019 00:00 0 24 96.52 30 0 Off 0 0.15 30 0 Off 0
4/11/2019 00:00 0 24 96.52 30 0 Off 0 0.15 30 0 Off 0
4/12/2019 00:00 0 24 96.52 30 0 Off 0 0.15 30 0 Off 0
4/13/2019 00:00 0 24 96.52 30 0 Off 0 0.15 30 0 Off 0
4/14/2019 00:00 0 24 96.52 30 0 Off 0 0.15 30 0 Off 0
4/15/2019 00:00 18 24 96.52 30 0 Off 0 0.15 30 0 Off 0
4/16/2019 00:00 24 24 96.59 30 98.39 17 0.15 30 0.06 17
4/17/2019 00:00 24 24 96.6 30 96.35 24 0.15 30 0.16 24
4/18/2019 00:00 24 24 96.6 30 96.49 24 0.15 30 0.15 24
4/19/2019 00:00 24 24 96.6 30 96.56 24 0.15 30 0.14 24
4/20/2019 00:00 24 24 96.6 30 96.41 24 0.15 30 0.15 24
4/21/2019 00:00 24 24 96.59 30 96.35 24 0.15 30 0.16 24
4/22/2019 00:00 24 24 96.59 30 96.32 24 0.15 30 0.16 24
4/23/2019 00:00 24 24 96.58 30 96.3 24 0.15 30 0.16 24
4/24/2019 00:00 24 24 96.58 30 96.39 24 0.15 30 0.16 24
4/25/2019 00:00 24 24 96.54 30 96.32 24 0.15 30 0.16 24
4/26/2019 00:00 24 24 96.54 30 96.38 24 0.15 30 0.16 24
4/27/2019 00:00 24 24 96.52 30 96.33 24 0.15 30 0.16 24
4/28/2019 00:00 24 24 96.45 30 96.34 24 0.15 30 0.16 24
4/29/2019 00:00 24 24 96.43 30 96.35 24 0.16 30 0.16 24
4/30/2019 00:00 24 24 96.43 30 96.4 24 0.16 30 0.16 24
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5/1/2019 00:00 24 24 96.38 30 96.37 24 0.16 30 0.16 24
5/2/2019 00:00 24 24 96.38 30 96.35 24 0.16 30 0.16 24
5/3/2019 00:00 24 24 96.39 30 96.4 24 0.16 30 0.15 24
5/4/2019 00:00 24 24 96.39 30 96.35 24 0.16 30 0.15 24
5/5/2019 00:00 24 24 96.39 30 96.35 24 0.16 30 0.16 24
5/6/2019 00:00 24 24 96.39 30 96.46 24 0.15 30 0.16 24
5/7/2019 00:00 24 24 96.4 30 96.43 24 0.15 30 0.15 24
5/8/2019 00:00 24 24 96.4 30 96.5 24 0.15 30 0.15 24
5/9/2019 00:00 24 24 96.41 30 96.42 24 0.15 30 0.15 24

5/10/2019 00:00 24 24 96.41 30 96.42 24 0.15 30 0.15 24
5/11/2019 00:00 24 24 96.42 30 96.53 24 0.15 30 0.15 24
5/12/2019 00:00 24 24 96.46 30 96.71 24 0.15 30 0.14 24
5/13/2019 00:00 24 24 96.47 30 96.53 24 0.15 30 0.14 24
5/14/2019 00:00 24 24 96.48 30 96.44 24 0.15 30 0.15 24
5/15/2019 00:00 24 24 96.48 30 96.38 5 0.15 30 0.16 5
5/16/2019 00:00 24 24 96.48 30 0 Off 0 0.15 30 0 Off 0
5/17/2019 00:00 24 24 96.48 30 0 Off 0 0.14 30 0 Off 0
5/18/2019 00:00 24 24 96.48 30 0 Off 0 0.13 30 0 Off 0
5/19/2019 00:00 24 24 96.41 30 96.37 8 0.13 30 0.15 8
5/20/2019 00:00 24 24 96.41 30 96.46 24 0.13 30 0.14 24
5/21/2019 00:00 24 24 96.41 30 96.35 24 0.13 30 0.15 24
5/22/2019 00:00 24 24 96.4 30 96.36 24 0.13 30 0.15 24
5/23/2019 00:00 24 24 96.4 30 96.31 24 0.13 30 0.16 24
5/24/2019 00:00 24 24 96.4 30 96.3 24 0.13 30 0.16 24
5/25/2019 00:00 24 24 96.4 30 96.33 24 0.13 30 0.16 24
5/26/2019 00:00 24 24 96.4 30 96.34 24 0.13 30 0.16 24
5/27/2019 00:00 24 24 96.4 30 96.32 24 0.13 30 0.16 24
5/28/2019 00:00 24 24 96.4 30 96.32 24 0.13 30 0.16 24
5/29/2019 00:00 24 24 96.42 30 96.36 24 0.15 30 0.16 24
5/30/2019 00:00 24 24 96.41 30 96.35 24 0.15 30 0.16 24
5/31/2019 00:00 24 24 96.4 30 96.32 23 0.13 30 0.16 23
6/1/2019 00:00 24 24 96.42 30 96.4 24 0.15 30 0.16 24
6/2/2019 00:00 24 24 96.42 30 96.54 24 0.15 30 0.15 24
6/3/2019 00:00 24 24 96.43 30 96.43 24 0.15 30 0.16 24
6/4/2019 00:00 24 24 96.43 30 96.5 24 0.15 30 0.16 24
6/5/2019 00:00 24 24 96.43 30 96.37 24 0.15 30 0.16 24
6/6/2019 00:00 24 24 96.43 30 96.41 24 0.15 30 0.16 24
6/7/2019 00:00 24 24 96.42 30 96.32 24 0.15 30 0.16 24
6/8/2019 00:00 24 24 96.42 30 96.37 24 0.15 30 0.14 24
6/9/2019 00:00 24 24 96.4 30 96.36 24 0.13 30 0.14 24

6/10/2019 00:00 24 24 96.41 30 96.36 24 0.15 30 0.15 24
6/11/2019 00:00 23 24 96.4 30 96.42 23 0.13 30 0.15 22
6/12/2019 00:00 0 24 96.4 30 0 Off 0 0.13 30 0 Off 0
6/13/2019 00:00 0 24 96.4 30 0 Off 0 0.13 30 0 Off 0
6/14/2019 00:00 0 24 96.4 30 0 0.15 30 0 Off 0
6/15/2019 00:00 0 24 96.4 30 0 0.15 30 0 Off 0
6/16/2019 00:00 0 24 96.4 30 0 0.15 30 0 Off 0
6/17/2019 00:00 0 24 96.4 30 0 0.15 30 0 Off 0
6/18/2019 00:00 12 24 96.45 30 97.94 4 0.15 30 0.08 4
6/19/2019 00:00 24 24 96.45 30 96.45 24 0.15 30 0.14 24
6/20/2019 00:00 24 24 96.45 30 96.35 24 0.15 30 0.16 24
6/21/2019 00:00 24 24 96.44 30 96.37 24 0.15 30 0.16 24
6/22/2019 00:00 18 24 96.45 30 96.93 11 0.14 30 0.13 10
6/23/2019 00:00 24 24 96.44 30 96.28 24 0.15 30 0.16 24
6/24/2019 00:00 24 24 96.45 30 96.31 24 0.15 30 0.16 24
6/25/2019 00:00 24 24 96.44 30 96.36 24 0.15 30 0.16 24
6/26/2019 00:00 24 24 96.44 30 96.32 24 0.15 30 0.16 24
6/27/2019 00:00 24 24 96.44 30 96.3 24 0.15 30 0.16 24
6/28/2019 00:00 24 24 96.44 30 96.45 24 0.15 30 0.16 24
6/29/2019 00:00 24 24 96.45 30 96.39 24 0.15 30 0.16 24
6/30/2019 00:00 24 24 96.45 30 96.48 22 0.15 30 0.15 22
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7/1/2019 00:00 24 24 96.45 30 96.35 24 0.15 30 0.16 24
7/2/2019 00:00 24 24 96.46 30 96.43 24 0.15 30 0.16 24
7/3/2019 00:00 24 24 96.46 30 96.31 24 0.15 30 0.16 24
7/4/2019 00:00 24 24 96.46 30 96.39 24 0.15 30 0.16 24
7/5/2019 00:00 24 24 96.46 30 96.37 24 0.15 30 0.16 24
7/6/2019 00:00 24 24 96.45 30 96.37 24 0.15 30 0.16 24
7/7/2019 00:00 24 24 96.45 30 96.36 24 0.15 30 0.15 24
7/8/2019 00:00 24 24 96.45 30 96.48 24 0.15 30 0.15 24
7/9/2019 00:00 24 24 96.45 30 96.42 24 0.15 30 0.16 24

7/10/2019 00:00 24 24 96.45 30 96.42 24 0.15 30 0.16 24
7/11/2019 00:00 24 24 96.45 30 96.41 24 0.15 30 0.16 24
7/12/2019 00:00 24 24 96.45 30 96.53 24 0.15 30 0.15 24
7/13/2019 00:00 24 24 96.46 30 96.43 24 0.15 30 0.16 24
7/14/2019 00:00 24 24 96.46 30 96.37 24 0.15 30 0.16 24
7/15/2019 00:00 24 24 96.46 30 96.57 24 0.16 30 0.15 24
7/16/2019 00:00 24 24 96.47 30 96.48 24 0.16 30 0.16 24
7/17/2019 00:00 24 24 96.47 30 96.37 24 0.16 30 0.16 24
7/18/2019 00:00 24 24 96.41 30 96.35 24 0.16 30 0.16 24
7/19/2019 00:00 24 24 96.41 30 96.4 24 0.16 30 0.16 24
7/20/2019 00:00 24 24 96.42 30 96.45 24 0.16 30 0.16 24
7/21/2019 00:00 24 24 96.42 30 96.45 24 0.16 30 0.15 24
7/22/2019 00:00 24 24 96.4 30 96.38 24 0.16 30 0.15 24
7/23/2019 00:00 24 24 96.4 30 96.34 24 0.16 30 0.16 24
7/24/2019 00:00 24 24 96.4 30 96.37 24 0.16 30 0.16 24
7/25/2019 00:00 24 24 96.4 30 96.37 24 0.16 30 0.16 24
7/26/2019 00:00 23 24 96.41 30 96.37 23 0.16 30 0.14 23
7/27/2019 00:00 0 24 96.41 30 0 Off 0 0.16 30 0 Off 0
7/28/2019 00:00 0 24 96.41 30 0 Off 0 0.16 30 0 Off 0
7/29/2019 00:00 0 24 96.41 30 0 Off 0 0.16 30 0 Off 0
7/30/2019 00:00 0 24 96.41 30 0 Off 0 0.16 30 0 Off 0
7/31/2019 00:00 0 24 96.41 30 0 Off 0 0.16 30 0 Off 0
8/1/2019 00:00 0 24 96.41 30 0 Off 0 0.16 30 0 Off 0
8/2/2019 00:00 0 24 96.41 30 0 Off 0 0.16 30 0 Off 0
8/3/2019 00:00 0 24 96.41 30 0 Off 0 0.16 30 0 Off 0
8/4/2019 00:00 0 24 96.41 30 0 Off 0 0.16 30 0 Off 0
8/5/2019 00:00 0 24 96.41 30 0 Off 0 0.16 30 0 Off 0
8/6/2019 00:00 20 24 96.44 30 97.42 10 0.16 30 0.1 10
8/7/2019 00:00 24 24 96.45 30 96.66 24 0.15 30 0.14 24
8/8/2019 00:00 24 24 96.45 30 96.43 24 0.15 30 0.15 24
8/9/2019 00:00 24 24 96.45 30 96.3 24 0.15 30 0.16 24

8/10/2019 00:00 24 24 96.44 30 96.26 24 0.16 30 0.17 24
8/11/2019 00:00 24 24 96.44 30 96.34 24 0.15 30 0.14 24
8/12/2019 00:00 24 24 96.44 30 96.4 24 0.15 30 0.15 24
8/13/2019 00:00 24 24 96.44 30 96.47 24 0.15 30 0.14 24
8/14/2019 00:00 24 24 96.43 30 95.79 24 0.15 30 0.17 24
8/15/2019 00:00 24 24 96.42 30 96.06 24 0.15 30 0.15 24
8/16/2019 00:00 24 24 96.4 30 95.87 24 0.15 30 0.17 24
8/17/2019 00:00 24 24 96.39 30 96.18 24 0.15 30 0.16 24
8/18/2019 00:00 24 24 96.39 30 96.53 24 0.15 30 0.15 24
8/19/2019 00:00 24 24 96.39 30 96.43 24 0.15 30 0.14 24
8/20/2019 00:00 24 24 96.4 30 96.64 24 0.15 30 0.14 24
8/21/2019 00:00 24 24 96.4 30 96.41 24 0.15 30 0.15 24
8/22/2019 00:00 24 24 96.4 30 96.56 24 0.15 30 0.13 24
8/23/2019 00:00 24 24 96.4 30 96.46 24 0.15 30 0.14 24
8/24/2019 00:00 24 24 96.4 30 96.48 24 0.15 30 0.13 24
8/25/2019 00:00 24 24 96.4 30 96.41 24 0.15 30 0.15 24
8/26/2019 00:00 23 24 96.4 30 96.42 23 0.15 30 0.15 23
8/27/2019 00:00 0 24 96.4 30 0 Off 0 0.15 30 0 Off 0
8/28/2019 00:00 0 24 96.4 30 0 Off 0 0.15 30 0 Off 0
8/29/2019 00:00 0 24 96.4 30 0 Off 0 0.15 30 0 Off 0
8/30/2019 00:00 0 24 96.4 30 0 Off 0 0.15 30 0 Off 0
8/31/2019 00:00 0 24 96.4 30 0 Off 0 0.15 30 0 Off 0
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9/1/2019 00:00 0 24 96.4 30 0 Off 0 0.15 30 0 Off 0
9/2/2019 00:00 0 24 96.4 30 0 Off 0 0.15 30 0 Off 0
9/3/2019 00:00 0 24 96.4 30 0 Off 0 0.15 30 0 Off 0
9/4/2019 00:00 7 24 96.4 30 0 Off 0 0.15 30 0 Off 0
9/5/2019 00:00 24 24 96.43 30 97.21 24 0.15 30 0.11 24
9/6/2019 00:00 24 24 96.43 30 96.52 24 0.15 30 0.14 24
9/7/2019 00:00 24 24 96.43 30 96.5 24 0.15 30 0.14 24
9/8/2019 00:00 24 24 96.43 30 96.41 24 0.15 30 0.14 24
9/9/2019 00:00 24 24 96.44 30 96.48 24 0.15 30 0.14 24

9/10/2019 00:00 24 24 96.44 30 96.54 24 0.14 30 0.13 24
9/11/2019 00:00 24 24 96.45 30 96.51 24 0.14 30 0.14 24
9/12/2019 00:00 24 24 96.46 30 96.62 24 0.14 30 0.14 24
9/13/2019 00:00 24 24 96.46 30 96.41 23 0.14 30 0.15 23
9/14/2019 00:00 24 24 96.43 30 96.45 24 0.14 30 0.15 24
9/15/2019 00:00 24 24 96.41 30 96.28 24 0.14 30 0.14 24
9/16/2019 00:00 24 24 96.41 30 96.46 24 0.14 30 0.15 24
9/17/2019 00:00 24 24 96.42 30 96.44 24 0.14 30 0.15 24
9/18/2019 00:00 24 24 96.43 30 96.7 24 0.14 30 0.14 24
9/19/2019 00:00 9 24 96.44 30 96.55 9 0.14 30 0.15 8
9/20/2019 00:00 0 24 96.44 30 0 Off 0 0.14 30 0 Off 0
9/21/2019 00:00 0 24 96.44 30 0 Off 0 0.14 30 0 Off 0
9/22/2019 00:00 24 24 96.48 30 97.56 16 0.14 30 0.1 16
9/23/2019 00:00 24 24 96.49 30 96.9 24 0.14 30 0.13 24
9/24/2019 00:00 24 24 96.51 30 96.37 24 0.14 30 0.15 24
9/25/2019 00:00 24 24 96.52 30 96.39 24 0.14 30 0.15 24
9/26/2019 00:00 24 24 96.54 30 96.51 24 0.14 30 0.14 24
9/27/2019 00:00 24 24 96.55 30 96.48 24 0.14 30 0.15 24
9/28/2019 00:00 24 24 96.55 30 96.47 24 0.14 30 0.15 24
9/29/2019 00:00 24 24 96.55 30 96.43 24 0.14 30 0.15 24
9/30/2019 00:00 24 24 96.55 30 96.53 24 0.14 30 0.14 24
10/1/2019 00:00 24 24 96.55 30 96.54 24 0.14 30 0.14 24
10/2/2019 00:00 24 24 96.55 30 96.58 24 0.14 30 0.14 24
10/3/2019 00:00 24 24 96.55 30 96.4 24 0.14 30 0.15 24
10/4/2019 00:00 24 24 96.55 30 96.48 24 0.14 30 0.15 24
10/5/2019 00:00 24 24 96.55 30 96.44 24 0.14 30 0.15 24
10/6/2019 00:00 24 24 96.57 30 96.87 24 0.14 30 0.13 24
10/7/2019 00:00 24 24 96.54 30 96.48 24 0.14 30 0.15 24
10/8/2019 00:00 24 24 96.54 30 96.48 24 0.14 30 0.14 24
10/9/2019 00:00 24 24 96.55 30 96.61 24 0.14 30 0.14 24

10/10/2019 00:00 24 24 96.55 30 96.57 24 0.14 30 0.15 24
10/11/2019 00:00 24 24 96.55 30 96.48 24 0.14 30 0.16 24
10/12/2019 00:00 24 24 96.55 30 96.46 23 0.14 30 0.16 23
10/13/2019 00:00 24 24 96.55 30 96.45 24 0.14 30 0.15 24
10/14/2019 00:00 24 24 96.54 30 96.39 24 0.15 30 0.16 24
10/15/2019 00:00 24 24 96.54 30 96.39 24 0.15 30 0.14 24
10/16/2019 00:00 8 24 96.53 30 96.32 8 0.14 30 0.15 7
10/17/2019 00:00 0 24 96.53 30 0 Off 0 0.14 30 0 Off 0
10/18/2019 00:00 0 24 96.53 30 0 Off 0 0.14 30 0 Off 0
10/19/2019 00:00 0 24 96.53 30 0 Off 0 0.14 30 0 Off 0
10/20/2019 00:00 0 24 96.53 30 0 Off 0 0.14 30 0 Off 0
10/21/2019 00:00 0 24 96.53 30 0 Off 0 0.14 30 0 Off 0
10/22/2019 00:00 0 24 96.53 30 0 Off 0 0.14 30 0 Off 0
10/23/2019 00:00 0 24 96.53 30 0 Off 0 0.14 30 0 Off 0
10/24/2019 00:00 0 24 96.53 30 0 Off 0 0.14 30 0 Off 0
10/25/2019 00:00 0 24 96.53 30 0 Off 0 0.14 30 0 Off 0
10/26/2019 00:00 0 24 96.53 30 0 Off 0 0.14 30 0 Off 0
10/27/2019 00:00 0 24 96.53 30 0 Off 0 0.14 30 0 Off 0
10/28/2019 00:00 0 24 96.53 30 0 Off 0 0.14 30 0 Off 0
10/29/2019 00:00 0 24 96.53 30 0 Off 0 0.14 30 0 Off 0
10/30/2019 00:00 0 24 96.53 30 0 Off 0 0.14 30 0 Off 0
10/31/2019 00:00 16 24 95.22 30 56.97 7 0.14 30 0.01 4
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Qual Data Report 
Bowen - Daily / 30-Day - Unit 4 FGD - Daily / 30-Day

Location: 317 Covered Bridge Rd, Cartersville, GA 30120
Report Period: 1/1/2019 to 12/31/2019

11/1/2019 00:00 24 24 95.25 30 97.38 24 0.14 30 0.11 24
11/2/2019 00:00 24 24 95.26 30 96.7 24 0.14 30 0.13 24
11/3/2019 00:00 24 24 95.25 30 96.39 24 0.14 30 0.16 24
11/4/2019 00:00 24 24 95.27 30 97.02 24 0.14 30 0.13 24
11/5/2019 00:00 24 24 95.26 30 97.25 24 0.14 30 0.13 24
11/6/2019 00:00 24 24 95.27 30 97.27 24 0.14 30 0.12 24
11/7/2019 00:00 24 24 95.3 30 97.28 24 0.14 30 0.11 24
11/8/2019 00:00 24 24 95.33 30 97.3 24 0.14 30 0.11 24
11/9/2019 00:00 24 24 95.36 30 97.28 24 0.14 30 0.12 24

11/10/2019 00:00 24 24 95.38 30 97.28 24 0.14 30 0.12 24
11/11/2019 00:00 24 24 95.4 30 97.01 24 0.14 30 0.13 24
11/12/2019 00:00 24 24 95.43 30 97.43 24 0.14 30 0.11 24
11/13/2019 00:00 24 24 95.46 30 97.42 24 0.13 30 0.11 24
11/14/2019 00:00 24 24 95.49 30 97.36 24 0.13 30 0.11 24
11/15/2019 00:00 24 24 95.52 30 97.43 24 0.13 30 0.11 24
11/16/2019 00:00 24 24 95.55 30 97.31 24 0.13 30 0.11 24
11/17/2019 00:00 24 24 95.58 30 97.27 24 0.13 30 0.12 24
11/18/2019 00:00 24 24 95.6 30 97.27 24 0.13 30 0.12 24
11/19/2019 00:00 24 24 95.62 30 97.27 24 0.13 30 0.12 24
11/20/2019 00:00 24 24 95.64 30 97.24 24 0.13 30 0.12 24
11/21/2019 00:00 24 24 95.67 30 97.27 24 0.13 30 0.12 24
11/22/2019 00:00 24 24 95.69 30 97.26 22 0.13 30 0.12 22
11/23/2019 00:00 24 24 95.71 30 97.29 24 0.12 30 0.12 24
11/24/2019 00:00 24 24 95.74 30 97.22 24 0.12 30 0.12 24
11/25/2019 00:00 24 24 95.77 30 97.47 24 0.12 30 0.11 24
11/26/2019 00:00 24 24 95.8 30 97.26 24 0.12 30 0.12 24
11/27/2019 00:00 24 24 95.83 30 97.3 24 0.12 30 0.12 24
11/28/2019 00:00 24 24 95.86 30 97.26 24 0.12 30 0.12 24
11/29/2019 00:00 24 24 95.89 30 97.27 24 0.12 30 0.12 24
11/30/2019 00:00 24 24 97.23 30 97.28 24 0.12 30 0.12 24
12/1/2019 00:00 24 24 97.22 30 96.93 24 0.12 30 0.12 24
12/2/2019 00:00 24 24 97.21 30 96.34 24 0.12 30 0.15 24
12/3/2019 00:00 24 24 97.2 30 96.26 24 0.12 30 0.16 24
12/4/2019 00:00 24 24 97.18 30 96.33 24 0.12 30 0.17 24
12/5/2019 00:00 24 24 97.15 30 96.3 24 0.12 30 0.16 24
12/6/2019 00:00 24 24 97.12 30 96.31 24 0.12 30 0.16 24
12/7/2019 00:00 24 24 97.08 30 96.29 24 0.13 30 0.17 24
12/8/2019 00:00 24 24 97.05 30 96.27 24 0.13 30 0.17 24
12/9/2019 00:00 24 24 97.02 30 96.31 24 0.13 30 0.16 24

12/10/2019 00:00 24 24 96.98 30 96.31 24 0.13 30 0.16 24
12/11/2019 00:00 24 24 96.96 30 96.37 24 0.13 30 0.16 24
12/12/2019 00:00 24 24 96.93 30 96.32 24 0.13 30 0.17 24
12/13/2019 00:00 24 24 96.89 30 96.39 24 0.14 30 0.17 24
12/14/2019 00:00 24 24 96.86 30 96.3 24 0.14 30 0.16 24
12/15/2019 00:00 24 24 96.82 30 96.28 24 0.14 30 0.16 24
12/16/2019 00:00 24 24 96.78 30 96.29 24 0.14 30 0.17 24
12/17/2019 00:00 24 24 96.75 30 96.2 24 0.14 30 0.17 24
12/18/2019 00:00 24 24 96.72 30 96.44 24 0.14 30 0.15 24
12/19/2019 00:00 24 24 96.69 30 96.48 24 0.14 30 0.15 24
12/20/2019 00:00 24 24 96.67 30 96.43 24 0.15 30 0.14 24
12/21/2019 00:00 24 24 96.64 30 96.35 24 0.15 30 0.15 24
12/22/2019 00:00 24 24 96.61 30 96.36 24 0.15 30 0.16 24
12/23/2019 00:00 24 24 96.58 30 96.44 24 0.15 30 0.14 24
12/24/2019 00:00 24 24 96.55 30 96.43 22 0.15 30 0.14 24
12/25/2019 00:00 24 24 96.51 30 96.3 24 0.15 30 0.15 24
12/26/2019 00:00 24 24 96.48 30 96.27 24 0.15 30 0.16 24
12/27/2019 00:00 24 24 96.45 30 96.29 24 0.15 30 0.17 24
12/28/2019 00:00 24 24 96.42 30 96.32 24 0.15 30 0.16 24
12/29/2019 00:00 24 24 96.38 30 96.33 24 0.16 30 0.16 24
12/30/2019 00:00 24 24 96.35 30 96.37 24 0.16 30 0.16 24

12/31/2019 00:00 1 24 96.34 30 96.61 1 0.16 30 0 Off 0

Average with Op > 0 hours 96.4 0.14
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Type Unit Name Ownership

Retail Capacity 

(MW)

In-Service 

Year

Retirement 

Year*

(Mix Study)

Nuclear HATCH 1 50.1% 438.9 1975 2035

HATCH 2 50.1% 442.4 1979 2038

VOGTLE 1 50.7% 538.6 1987 2047

VOGTLE 2 50.7% 539.5 1989 2049

VOGTLE 3 45.7% 503.6 2021 CTO

VOGTLE 4 45.7% 503.6 2022 CTO

Coal BOWEN 1 100.0% 724.0 1971 CTO

BOWEN 2 100.0% 724.0 1972 CTO

BOWEN 3 100.0% 892.0 1974 CTO

BOWEN 4 100.0% 892.0 1975 CTO

SCHERER 1 8.4% 72.2 1982 CTO

SCHERER 2 8.4% 72.2 1984 CTO

SCHERER 3 75.0% 503.7 1987 CTO

WANSLEY 1 53.5% 466.5 1976 CTO

WANSLEY 2 53.5% 466.5 1978 CTO

Combined Cycle MCDONOUGH 4 100.0% 821.0 2012 CTO

MCDONOUGH 5 100.0% 823.0 2012 CTO

MCDONOUGH 6 100.0% 826.0 2012 CTO

MCINTOSH 10 100.0% 661.0 2005 CTO

MCINTOSH 11 100.0% 657.6 2005 CTO

Oil/Gas Steam GASTON 1 GAS 50.0% 114.5 2015 CTO

GASTON 2 GAS 50.0% 115.4 2015 CTO

GASTON 3 GAS 50.0% 114.5 2016 CTO

GASTON 4 GAS 50.0% 115.2 2015 CTO

YATES 6 GAS 100.0% 322.7 2015 CTO

YATES 7 GAS 100.0% 325.7 2015 CTO

Combustion Turbine BOULEVARD 1 100.0% 14.0 1970 CTO

GASTON A 50.0% 7.7 1970 CTO

MCDONOUGH 3A 100.0% - 1971 CTO

MCDONOUGH 3B 100.0% - 1971 CTO

MCINTOSH 1 100.0% 82.2 1995 CTO

MCINTOSH 2 100.0% 82.2 1995 CTO

MCINTOSH 3 100.0% 82.2 1994 CTO

MCINTOSH 4 100.0% 82.2 1994 CTO

MCINTOSH 5 100.0% 82.2 1994 CTO

MCINTOSH 6 100.0% 82.2 1994 CTO

MCINTOSH 7 100.0% 82.2 1994 CTO

MCINTOSH 8 100.0% 82.2 1994 CTO

MCMANUS 3A 100.0% 44.4 1972 CTO

MCMANUS 3B 100.0% 44.4 1972 CTO

MCMANUS 3C 100.0% 44.4 1972 CTO

MCMANUS 4A 100.0% 44.4 1972 CTO

2019 Resource Ledger - Base Case Existing & Committed Generating Unit Data

Georgia Power Company

* CTO denotes that for thermal units remaining available, the units would continue to operate throughout the planning period.
**Solar reflects Support Capacity Adjustment per the RCB Framework and summer combustion turbine equivalence. 

.



EPA Air Markets Program Data (AMPD) Query for Plant Bowen, All Programs, Monitoring Location, 2019.  Available at https://ampd.epa.gov/ampd/ 

State  Facility Name
 Facility ID 
(ORISPL)

 Stack/Unit/Pipe 
ID  Associated Units  Year  Program(s)  Operating Time  SO2 (tons)

 Avg. NOx Rate 
(lb/MMBtu)  NOx (tons)

 CO2 
(short tons)

 Heat Input 
(MMBtu)

GA Bowen 703 1BLR 2019 ARP, CSNOX, CSOSG1, CSSO2G2, MATS 6,864 37,995,213
GA Bowen 703 2BLR 2019 ARP, CSNOX, CSOSG1, CSSO2G2, MATS 5,038 24,257,186
GA Bowen 703 3BLR 2019 ARP, CSNOX, CSOSG1, CSSO2G2, MATS 3,218 20,413,399
GA Bowen 703 4BLR 2019 ARP, CSNOX, CSOSG1, CSSO2G2, MATS 5,643 36,206,972
GA Bowen 703 MS1BYP  1BLR 2019 0
GA Bowen 703 MS1FGD  1BLR 2019 6,864 3,026 0 1,994 3,898,309 37,995,217
GA Bowen 703 MS2BYP  2BLR 2019 0
GA Bowen 703 MS2FGD  2BLR 2019 5,038 1,778 0 1,029 2,488,784 24,257,188
GA Bowen 703 MS3BYP  3BLR 2019 0
GA Bowen 703 MS3FGD  3BLR 2019 3,218 1,749 0 874 2,094,415 20,413,398
GA Bowen 703 MS4BYP  4BLR 2019 0
GA Bowen 703 MS4FGD  4BLR 2019 5,643 2,678 0 1,835 3,714,830 36,206,975

Plant Bowen Annual Totals 20,763 9,231 0 5,732 12,196,339 118,872,778



U.S. Department of Energy, The Energy Information Administration (EIA)
EIA-923 Monthly Generating Unit Net Generation Time Series File, 2019 Final
Sources: EIA-923 and EIA-860 Reports

Plant Id

Combined Heat 
And

 Power Plant Plant Name Operator Name Operator Id Plant State Census Region NERC Region NAICS Code Sector Number Sector Name Generator Id
Net Generation
Year To Date YEAR

703 N Bowen Georgia Power Co 7140 GA SAT SERC 22 1 Electric Utility 1 3,342,955 2019
703 N Bowen Georgia Power Co 7140 GA SAT SERC 22 1 Electric Utility 2 2,342,644 2019
703 N Bowen Georgia Power Co 7140 GA SAT SERC 22 1 Electric Utility 3 1,873,360 2019
703 N Bowen Georgia Power Co 7140 GA SAT SERC 22 1 Electric Utility 4 3,428,128 2019

Plant Bowen 2019 Total 10,987,087

  
(MWh)



U.S. Department of Energy, The U.S. Energy Information Administration (EIA)
Annual Environmental Information, Schedule 8. Part C. FGD Operation and Maintenance Expenditures, 2019 Final
Sources: Form EIA-923, Power Plant Operations Report

Year Plant ID FGD Unit ID

FGD Feed Materials And
 Chemicals Costs 
(thousand dollars)

2019 703 1S 6,165
2019 703 2S 3,562
2019 703 3S 3,018
2019 703 4S 5,385

Total Costs 18,130
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DISCLAIMER

This report wasprepared as an account of work sponsored by an agency of the United

States Government. Neither the United States Government nor any agencies thereof, nor any of

its employees makes any warranty, expressed or implied, or assumes any legal liability or

responsibility for the accuracy, completeness, or usefulness of any information, apparatus,

product, or process disclosed or represents that its use would not infringe on privately owned

rights. Reference herein to any specific commercial product, process, or service by trade name,

trademark, manufacturer, or otherwise does not necessarily constitute or imply endorsement,

recommendation, or favoring by the United States Government or any agency thereof. The views

and opinions of authors expressed herein do not necessarily state or reflect those of the United

States Government or any agency thereof.
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EXECUTIVE SUMMARY

Nitric oxide (and nitrous oxide) emissions from coal-fired utilities depend primarily on

how the coal is burned and to a lesser extent on the nitrogen content of the coal itself, even

though most of the NOX produced originates from coal nitrogen. With a combination of tight,

computerized combustion control, including controlling temperatures and the use of 1ow-NOX

burners utilities should be able to meet the Clean Air Act Title IV NOX limits. For tangentially

fired boilers the limits are 0.45 lbhnrn Btu (Phase I) and 0.40 Ib/mm Btu (Phase II). For dry-

bottom, wall-fried boilers the limits are 0.50 lbhnrn Btu (Phase 1) and 0.46 lbhmn BTU (Phase

II). Compliance for phase I is January 1996; compliance for phase II is January 2000. Emission

limits for these laws and regulations are expressed as equivalent NOZ even though nitric oxide

(NO), and to a much lesser extent nitrous oxide (NzO), are the chemical species actually emitted.

Local and regional regulatory agencies may place more stringent limits on utility NOX emissions

than the Title IV standards in an effort to meet ambient air quality standards, especially in ozone

nonattainment areas.

Powder River Basin (PRB) coal offers an advantage for utilities meeting NOX limitations

because it is a more reactive coal and when burned in a utility boiler fitted with 1ow-NOX burner

technology can produce 20% less NOX than burning an eastern bituminous coal. While this may

not seem like a major improvement, because the U.S. Environmental Protection Agency (EPA)

has set Phase H limits near what 1ow-NOX burner and tight combustion control is technically

capable of achieving, any improvement will help. This is providing, however, that the furnace is

clean and well maintained, as a dirty furnace with slag buildup will result in higher burning

temperatures and increased NOX. Burning PRB coal can result in more furnace slag buildup than

when burning eastern coals. This buildup is not easily removed with soot blowers; frequent

cleaning with waterlances is required.

Nevertheless, in laboratory and in pilot plant demonstrations using more reactive,

subbituminous coals NOX emissions have been lower than those from bituminous coals. NOX

emissions lower than those from eastern coals have also been demonstrated in power plants

burning PRB coal. The greater reactivity is related to the higher quatemary nitrogen functionally

(compared with pyridinic and pyrolic nitrogen functionality) of subbiturninous coal (including

PRB coal), which produces less NOX when burned in 1ow-NOX burners. The term “quatemary”

does not mean a four-ring structure but refers to what is believed to be a six-ring structure

containing nitrogen with oxygen as part of the ring. This report reviews laboratory and pilot plant

work on NOX emissions related to coal nitrogen structure, as well as the experience of utility with

NOX emissions burning PRB coal.

v



U.S. Department of Energy, The U.S. Energy Information Administration (EIA)
Annual Environmental Information, Schedule 8. Part B. Financial Information, 2019 Final
Sources: Form EIA-923, Power Plant Operations Report

Year Plant ID
Fly Ash

Revenues
Bottom Ash
Revenues

Fly/Bottom Ash 
Intermingled

Revenues
FGD Byproducts

Revenues
Other Byproducts

Revenues
Total

Revenues
2019 703 3,777 85 . 2,951 . 6,813



U.S. Department of Energy, The Energy Information Administration (EIA)
EIA-923 Monthly Generation and Fuel Consumption Time Series File, 2019 Final
Sources: EIA-923 and EIA-860 Reports

Plant Id Plant Name Operator Name Operator Id Plant State Census 
Region

NERC 
Region NAICS Code EIA Sector 

Number Sector Name Reported
Fuel Type Code

AER
Fuel Type Code

Physical
Unit Label

Total Fuel 
Consumption

Quantity

Electric Fuel 
Consumption

Quantity

Total Fuel 
Consumption

MMBtu

Elec Fuel Consumption
MMBtu

Net Generation
(Megawatthours) YEAR

703 Bowen Georgia Power Co 7140 GA SAT SERC 22 1 Electric Utility BIT COL short tons 4,515,728 4,515,728 107,997,958 107,997,958 10,962,860 2019
703 Bowen Georgia Power Co 7140 GA SAT SERC 22 1 Electric Utility DFO DFO barrels 41,156 41,156 239,404 239,404 24,227 2019

Plant Bowen Total 10,987,087

Year-To-Date



Year SO2 (Tons)
1990 255,406
1991 279,419
1992 265,810
1993 262,399
1994 274,689
1995 160,653
1996 157,173
1997 154,063
1998 145,151
1999 140,060
2000 155,374
2001 154,082
2002 160,535
2003 164,884
2004 165,914
2005 186,470
2006 206,442
2007 196,841
2008 148,149
2009 54,811
2010 7,618
2011 5,888
2012 3,119
2013 3,511
2014 7,204
2015 8,104
2016 10,453
2017 9,451
2018 10,169
2019 9,231

Plant Bowen Units 1-4 Historical Annual SO2 Emissions, 
as submitted for Emissions Inventory Reporting



0

0.2

0.4

0.6

0.8

1

1.2

0

50,000

100,000

150,000

200,000

250,000

300,000

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

An
nu

al
 G

en
er

at
io

n 
M

W
h

An
nu

al
 S

O
2 

to
ns



Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=uawm20

Journal of the Air & Waste Management Association

ISSN: 1096-2247 (Print) 2162-2906 (Online) Journal homepage: https://www.tandfonline.com/loi/uawm20

Supply Curves for Using Powder River Basin Coal
to Reduce Sulfur Emissions

Shreekant B. Malvadkar , Dennis Smith & Gilbert V. McGurl

To cite this article: Shreekant B. Malvadkar , Dennis Smith & Gilbert V. McGurl (2004) Supply
Curves for Using Powder River Basin Coal to Reduce Sulfur Emissions, Journal of the Air & Waste
Management Association, 54:6, 741-749, DOI: 10.1080/10473289.2004.10470946

To link to this article:  https://doi.org/10.1080/10473289.2004.10470946

Published online: 22 Feb 2012.

Submit your article to this journal 

Article views: 158

View related articles 

Citing articles: 1 View citing articles 

https://www.tandfonline.com/action/journalInformation?journalCode=uawm20
https://www.tandfonline.com/loi/uawm20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/10473289.2004.10470946
https://doi.org/10.1080/10473289.2004.10470946
https://www.tandfonline.com/action/authorSubmission?journalCode=uawm20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=uawm20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/10473289.2004.10470946
https://www.tandfonline.com/doi/mlt/10.1080/10473289.2004.10470946
https://www.tandfonline.com/doi/citedby/10.1080/10473289.2004.10470946#tabModule
https://www.tandfonline.com/doi/citedby/10.1080/10473289.2004.10470946#tabModule


Supply Curves for Using Powder River Basin Coal to Reduce
Sulfur Emissions

Shreekant B. Malvadkar
National Energy Technology Laboratory, U.S. Department of Energy, Morgantown, West Virginia

Dennis Smith
U.S. Department of Energy, Washington, DC

Gilbert V. McGurl
National Energy Technology Laboratory, U.S. Department of Energy, Pittsburgh, Pennsylvania

ABSTRACT
Supply curves were prepared for coal-fired power plants in
the contiguous United States switching to Wyoming’s
Powder River Basin (PRB) low-sulfur coal. Up to 625
plants, representing �44% of the nameplate capacity of
all coal-fired plants, could switch. If all switched, more
than $8.8 billion additional capital would be required and
the cost of electricity would increase by up to $5.9 billion
per year, depending on levels of plant derating. Coal
switching would result in sulfur dioxide (SO2) emissions
reduction of 4.5 million t/yr. Increase in cost of electricity
would be in the range of 0.31–0.73 cents per kilowatt-
hour. Average cost of S emissions reduction could be as
high as $1298 per t of SO2. Up to 367 plants, or 59% of
selected plants with 32% of 44% nameplate capacity,
could have marginal cost in excess of $1000 per t of SO2.
Up to 73 plants would appear to benefit from both a
lowering of the annual cost and a lowering of SO2 emis-
sions by switching to the PRB coal.

INTRODUCTION
On February 14, 2002, President George W. Bush an-
nounced the Clear Skies Initiative, the goal being to dras-
tically reduce emissions of sulfur oxides (SOx) by 73%,
nitrogen oxides (NOx) by 67%, and mercury (Hg) by 69%

from the nation’s utility power plants. The initiative is to
be implemented in two stages, the first by 2010 and the
second by 2018. The targets of allowable emissions are
provided in Table 1. To comply with the simultaneous
emission reductions of all three pollutants, each plant
management will need to view the plant as an integrated
unit and consider tradeoffs, capital requirements, tech-
nology reliability issues, and other issues pertinent to its
operation.

The Clear Skies Initiative emphasizes the proven
market-based approach. Individual power plants have lat-
itude in implementation approaches to meet the initia-
tive’s targets, assuming they are legislatively mandated.
For example, to reduce sulfur (S) emissions, a plant may
switch or blend coal to reduce S in their coal supply,
switch fuel from coal to natural gas or oil, trade allow-
ances, retire units, undertake boiler retrofit, install and
operate flue gas desulfurization equipment, or use a com-
bination of these options.

Historically, S emission caps have led to more use of
low-S coal by power plants.1 (Even some mineshaft power
plants have switched from local high-S coal to low-S
coal.2) This study, therefore, focuses on incremental SOx

emissions reduction costs incurred by coal-fired power
plants that switch to Wyoming Powder River Basin (PRB)
coal. Even within the option of coal switching, there are
many sub-options available (e.g., using different types of
coal, using different mines, or importing foreign coal).

SCOPE OF THE STUDY
This study involves 1155 utility coal power plants in the
contiguous United States. The study derives costs associ-
ated with switching to the Wyoming PRB low-S coal,
including the mine-shaft coal cost, coal transportation
cost, additional capital cost, and operating and mainte-
nance (O&M) costs that result from coal switching. The

IMPLICATIONS
A full-scale switch to Wyoming’s PRB low-sulfur coal would
not meet the proposed targets of SO2 allowable emissions
for 2010 and 2018 (4.5 and 3 million t/yr, respectively) under
the Clear Skies Initiative. The emphasis of the Initiative on a
proven market-based approach would make it likely that
25–59% of plants would not opt for this approach because
of their high marginal cost effectiveness depending on their
deratings.
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study calculates costs in terms of $/t SO2 emissions re-

duced for each power plant. In these calculations, all unit

and actual costs are adjusted for inflation by employing

the Gross Domestic Product Implicit Price Deflator to the

fourth quarter of 2000.

Because the analysis is incremental, the annual deliv-

ered coal cost before the switchover is subtracted out.

Secondly, all the computed annual costs are assigned to

the decrement in annual SO2 emissions resulting from the

switchover to the PRB coal. These calculated costs ($/t

SO2) are then ranked in ascending order and are plotted

along with the cumulative annual cost versus cumulative

SO2 emissions to generate the supply curves. The plant

derating effect of coal switching is incorporated in the

study parametrically as outlined later, which resulted in

generation of a series of supply curves.

Mineshaft Coal Cost
The mineshaft coal cost ($/t) to the utilities buying the

coal is clearly determined by market forces. For example,

Tom Throop,3 Director of the Equality State Policy Center,

stated on September 20, 2001, that the average mineshaft

price for southern PRB coal in July 2001 was $11.06/t. He

also projected that it would settle well above the average

of $4.50 for the previous year. An October 2000 Energy

Information Agency (EIA) report4 states that the PRB coal

averaged $5.67 per short t (1997 dollars). EIA’s Wyoming

coal statistics show a mineshaft cost of $5.38 per t5 (1999

dollars). EIA, in its coal news and markets report for the

week of October 12, 2003, reports that PRB prices, at $6.70

per short t, now stand 47% below the peak average price

of $12.75 reached in May 2001.6 For this study, a value of

$5.50 per short t (2000 dollars) is employed on the basis of

EIA’s data contained in Form 423.7

BTU Content of the PRB Coal
An average value of 8697 higher heating value (HHV)

BTUs/lb of the PRB coal is employed for this study. This

average value is the weighted average of the high heating

values of all the PRB coal consumed.7 In calculating tons

of the PRB coal to be used by the power plants, thermal

input to the boilers is assumed to remain the same as
before the coal switchover.

Sulfur Content of the PRB Coal
An average value of 0.311 lb S/100 lb coal (0.358 lb per
million HHV BTUs at 8697 HHV BTUs/lb of PRB coal) is
employed for this study. This average value is the
weighted average of all the PRB coal consumed.7

Railroad Transportation Distances
Although the PRB is a large area, for this study all coal is
assumed to originate from Gillette, WY. Also, all coal is
assumed to be transported by railroad from the mine-
shafts to the power plants. However, some power plants
may not have direct access to a railroad and part of their
coal transportation may need to be by truck or barge for
economic or logistical reasons. Many plants located on
the lower Ohio River, Tennessee River, and Mississippi
River do receive coal by barges. National statistics of the
Association of American Railroads show that in 2000
�65% of coal was delivered by railroads, 13% by inland
waterways, 11% by trucks, and 9% by conveyor belts,
slurry pipelines, and tramways.8

Of the four major American railroad companies (Bur-
lington North Santa Fe [BNSF], Union Pacific, Norfolk
Southern Railway System, and CSX Transportation), only
BNSF and Union Pacific currently serve the PRB and, of
these two, only BNSF has a Web site with a feature that
provides distances from one station to another within its
network. Canadian National railroad also jointly provides
coals to power plants in Illinois, Kentucky, Michigan, and
Mississippi.9 (According to R. Bonskowski of EIA,10 “the
Surface Transportation Board has recently approved Da-
kota, Minnesota & Eastern railroad’s environmental re-
view, with a few changes. If no major lawsuits interfere,
by 2007 or 2008, the DM&E could begin hauling coal out
of the PRB to Chicago and upper Midwest destinations or
interchanges.”)

For the power plants that are not on the BNSF net-
work, a combination of railroad distance to the nearest
BNSF station and distance by highway from that station
to the power plant is used to estimate the railroad dis-
tance. For the power plants in the eastern states, the
nearest BNSF stations considered are Chicago, IL; St.
Louis, MO; Memphis, TN; and Birmingham, AL. For the
power plants in the western states, the nearest BNSF sta-
tions considered are Grand Junction, CO; Dallas, TX; and
Albuquerque, NM.

Unit Cost of Coal Transportation
The unit cost of coal transportation would be expected to
be market-driven and would partly depend on the length
of the contract (number of years), the quantity of coal

Table 1. Target emissions reduction under the Clear Skies Initiative.

Pollutant
Current

Emissions
Year 2010
Emissions

Year 2018
Emissions

SO2 (t/yr) 11 � 106 4.5 � 106 3 � 106

NOx (t/yr) 5 � 106 2.1 � 106 1.7 �106

Hg (t/yr) 48 26 15
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hauled per year, the availability of the track, ownership or
lease arrangement of coal cars, number of transfer points,
and so on. A plot of shipping cost ($/t) versus shipment
distance was prepared and showed a significant scatter (R2

� 0.4388). The scatter may be partly attributed to the
shipment quantity per trip and for variations in contract
agreements. According to an EIA report of October 2000,
the average rate per ton-mile for contract low-S coal ship-
ment in 1997 was 11.6 mills (1.16 cents). This is the value
employed for this study.

Capital Cost Requirement for Coal Switching
Information collected from various case studies shows
that when a utility power plant switches from high-S to
low-S coal, capital investment is needed. This investment
is for equipment items needed to (1) reduce fire and
explosion hazards through dust control and fire protec-
tion; (2) modify pulverizers, coal handling, and ash han-
dling; and (3) install electrostatic precipitators and so on.

Of the six case studies described in a March 1994 EIA
report,11 the capital investment ranged from $31.6 to
118.6 per kilowatt (1992 dollars) for switchover to lower S
western coal. For this study, an average value of $56 per
kilowatt (1992 dollars) is used and it is applied for only
those plants that are currently using bituminous coal. In
applying this factor, derating is assumed to be 0% and the
nameplate capacity was employed to determine the cap-
ital cost requirement.

Levelized Carrying Charge Fraction of the
Capital Investment

This item is applicable only for those plants that are
currently using bituminous coal. A value of 0.127 is used
for the constant dollar basis levelization factor L20 (i.e., to
spread the investment over 20 years, as given by EPRI’s
1993 Technical Assessment Guide [Table 6.10]).12 The
choice of 20 years is appropriate because the capital in-
vestment is for existing plants, many of which are quite
old.

O&M Cost Increases Resulting from Coal
Switching

This item is applicable only for those plants that are
currently using bituminous coal. No data could be located
for the O&M costs pertaining specifically to required new
capital equipment items. However, the EIA Web site13

states that the nonfuel cost was �4 mills (0.4 cents) per
kilowatt-hour (kWh) in 1997.

For this study, incremental O&M costs resulting from
coal switching is arbitrarily set at 0.2 mills (0.02 cents)/
kWh, which is an increase of 5%. Derating of 0% is as-
sumed when computing this cost increase for all the de-
rating cases.

Derating Considerations
The March 1994 EIA report shows that the six case studies
involving switchover to the western coal led to the power
plant being derated to a maximum extent of 15%, al-
though some plants showed no derating. Clearly, this is
plant-specific and partly depends on the age, configura-
tion, and over-design factor of the plant.

For the purpose of this study, derating is considered
through parametric analysis. Derating is assumed to
be 0, 5, 10, or 15% for the same thermal input as before
the switchover. They are applied only to plants that
are currently using bituminous coal, because operations
of plants that currently use (higher-S) lignite or sub-
bituminous coal would probably not encounter major
problems or derating because of coal switchover. For each
level of derating, lost revenues are computed at 30 mills
(or 3 cents)/kWh. They are attributed to the coal switch-
over and assigned to the cost of reduction in SO2 emis-
sions. For each of the derating levels, separate supply
curves were generated.

Coal Switching Criteria
Coal power plants in the contiguous United States that (1)
have flue gas desulfurization unit(s), (2) currently use
Wyoming coal, or (3) would emit more SOx than they do
now if they switch to the PRB coal were deemed unsuit-
able for switching to the PRB coal. Of the 1155 coal power
plants in the contiguous states, 625 plants were identified
as being suitable for coal switching.

Among the noncandidate plants, there are 224 plants
that have some S emission control equipment. These
plants would lower their S emissions further by switching
to PRB coal and also would gain benefit by lowering the
chemicals and raw materials needed to operate this equip-
ment. However, such plants were not considered for coal
switching, because additional SO2 emissions reduction for
these plants from coal switching would be relatively
small.

The Delivered Coal Cost before the Switchover
The delivered coal cost before the switchover for each
plant was obtained from the Federal Energy Regulatory
Commission (FERC) database F-423.14 These costs are the
actual delivered coal costs reported by the regulated
power plants to the FERC.15

DISCUSSION AND CONCLUSIONS
A complete switchover to the PRB coal by all the selected
625 power plants in the contiguous United States, keep-
ing thermal energy input the same as before the switcho-
ver, will require a supply of 462 million t of PRB coal per
year in addition to the 307 million t of the PRB coal per
year supplied in 2000. The total of 769 million t per year
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is substantially higher than the current throughput and
shipment of the PRB coal resources. EIA projects16 that no
more than 559 million t per year PRB coal would be
available by 2020.

This additional demand has implications to the trans-
portation infrastructure, mining operations, adequacy of
trained personnel supply, security, and so on. It probably
also has a negative impact on the global climate change
efforts.

According to Hill & Associates, Inc.,17 a management
consultant company specializing in coal supply studies,
the PRB production capacity was 394 million t per year in
2001 and was projected to expand to 428 million t per
year in 2002, which is less than 56% of that required after
the total switchover. The introduction of the recently
approved DM&E railroad’s proposed operation by 2007 or
2008 would partly alleviate projected future PRB coal
transportation problems.

EIA-compiled statistical data18 show that, over the
period of 1977–1992, there was �77% decline in the
annual capital expenditures by the western coal mining
industry. As of 1999, according to an article in the August
2000 issue of Railway Age,19 only two of 10 PRB mines
had made investments for adequate load-out to ensure
that the trains are not held up at mineheads during load-
ing. (Even these investments by the two mines may be
inadequate under the scenario of total switchover to the
PRB coal, because the daily loading rate would have to be
increased by a factor of 1.8.) An estimate is that perhaps 3
times as many railroad cars may be needed to transport
this much coal from the PRB; but this may not be a major
problem, because railroad cars currently supplying coals
from other regions can be diverted for shipment from the
PRB region. (The need for extra railroad cars is partly
because the distances between the PRB area and the power
plants are considerably longer, which results in a longer
time to make the round trips to deliver the coal to various
power plants.)

Lawrence H. Kaufman, contributing editor of Railway
Age, states that the PRB of Wyoming and Montana has
250–300 years of coal supply at current rate of use.19

According to congressional testimony given in October
2001 by Ryan Tew,20 a representative of Peabody Energy
Corporation and National Mining Association, current
economically recoverable PRB coal reserves were reported
to be 60 billion t. On this basis, the total switchover to
PRB coal would exhaust the PRB reserves in �78 years.
Assessment based on the EIA’s data18 is less optimistic.
EIA projected that the ratio of western regional coal re-
serves to annual production rate in 1997 was �27 years.
According to the EIA data, only 451 million t of PRB coal
was produced in 1997. A total switchover, with a needed
production rate of 769 million t per year, would exhaust

the PRB reserves in less than 16 years. Because of the wide
range estimated for the number of years PRB reserves
would last, this issue needs further scrutiny.

A net reduction in SO2 emissions of �4.52 million t
of per year is projected if total switchover can be imple-
mented. This reduction does not meet the 2010 or 2018
target of the Clear Skies Initiative. Therefore, additional
measures would have to be implemented beyond the coal
switchover to meet these targets.

This study does not consider (1) the impact of switch-
ing to PRB coal on other pollutant emissions, including
those of ash, NOx, and Hg, or (2) operational difficulties
encountered (e.g., grindability of the coal), resulting from
the switch. The low-S advantage of the PRB coal narrows
when assessed in terms of SO2 emissions per MWh in
generated electricity, as a result of its lower HHV BTU
content. This is partly and indirectly accounted for in this
study by considering different derating levels.

For 160 of the 625 candidate coal power plants, even
without considering SO2 emissions reduction, switching
to PRB coal is found to lower annual delivered coal cost
for the same thermal energy input as before the switch.
This is the case despite the fact that the differences in the
HHV BTU values of two coal sources (the PRB coal source
versus the current coal source) result in power plants
having to buy more PRB coal.

Total capital investment of more than $8.8 billion is
estimated for the candidate plants in the contiguous
United States that currently employ bituminous coal, or
�$15 million per plant ($66/kW nameplate capacity).
Among the selected 625 plants, many have low operating
factors and are old. They may choose not to switch to PRB
coal, particularly if coal switching would entail their hav-
ing to invest additional capital. Their inclusion in the
analysis thus leads to an upper limit of S emissions reduc-
tion through the switchover. If the 23 plants that are
more than 55 years old are omitted, �20,700 t of SO2

emissions reduction per year will not be attained. But this
would lower the capital requirement by $52 million and
the annual additional cost by as much as $23 million. The
average operating factor for all coal power plants is �67%.
If, therefore, the 57 plants that have operating factors of
less than 30% are omitted, �46,800 t SO2 emissions re-
duction per year will not be attained. But this would lower
the capital requirement by $139 million and the annual
additional cost by as much as $35 million.

Most power plants incur additional annual costs to
reduce SO2 emissions and have positive values of $/t SO2

for their coal switchover. However, some power plants
were found to get the double benefit of lower S emissions
and lower annual cost resulting from the switchover to
the PRB coal. These plants thus have negative values of $/t
SO2 emissions reduced. There may, however, be technical,
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logistical, or legal reasons for their not switching to PRB

coal. For example, a particular plant may have types of

furnaces and boilers that are not well suited for PRB coal,

it may be located at a mineshaft mouth, or it may have a

long-term coal purchase contract with its current coal

supplier. According to Dr. C. Romero21 of the Energy

Research Center of Lehigh University, the increase in rate

of furnace slagging and rate of convective pass plugging is

caused by the increased PRB content in the feed coal

blend. This is the result of ash interactions and the for-

mation of low fusion temperature slags. Furnaces de-

signed for bituminous coal are known to be more prone to

slagging when blends of bituminous coal and PRB coal are

fired. Other operational difficulties resulting from mill

capacity limitations and coal pipe plugging are also ob-

served when blends are employed.

Of the selected power plants, there are 20 plants with

nameplate capacity of 5121 MW (1.6% of nameplate ca-

pacities of all coal-fired power plants) located in the west-

ern states that currently employ sub-bituminous, lignite

coal, or low-S bituminous coal. Some of them, for exam-

ple, those in North Dakota and Texas, are mine-mouth

power plants. Although, in recent years, even mine-

mouth plants have begun to supplement or wholly re-

place their coal supply with low-S coal to meet more

stringent clean air laws,22 if these 20 plants choose not to

switch to the PRB coal, 194,000 t of SO2 per year emis-

sions reduction will not be attained, but it would lower

capital requirement by $104 million and annual cost by

up to $14 million, depending on the derating level.

Figures 1–4 provide for the four levels of derating the

supply curves for marginal cost ($/t SO2) and cumulative

annual cost increases versus cumulative SO2 emissions

that result from coal switchover by the selected 625 power

plants. The range is quite wide, from �$49,395 to

�$1,886,631/t of SO2. Large negative and positive values

of $/t SO2 are for plants in which S emission reductions

are very small. The minima seen in the curves for cumu-

lative annual costs are caused by the negative additional

annual costs for few plants in each of the derating cases.

Rankings of different power plants are not the same in all

the curves. For example, a plant ranked as having the 10th

lowest $/t SO2 for 0% derating may not have the same

ranking for other levels of derating for the reasons cited

later.

The wide range of impact that coal switching has on

power plants is the consequence of differences between

power plants in terms of (1) their locations with respect to

the Wyoming PRB region, (2) the prices currently being

paid by the plants for delivered coal, (3) the BTU values

and S contents of their current coal supplies, (4) whether

the plants need retrofit capitals, and (5) the level of

derating.

Although total switchover to the Wyoming PRB coal

does not meet the objectives of the Clear Skies Initiative,

this study still provides valuable information on the total

increased annual cost, total capital investment, range of

and average marginal cost ($/t SO2 emissions reduction),

and increased cost of electricity (cents/kWh) for the four

cases of derating. These are given in Table 2. Clear trends

Figure 1. Coal switching supply curve for coal power plants (0% derating).
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are observed. The total capital investment of more than

$8.8 billion for the 625 coal power plants in the contig-

uous United States is independent of the derating level,

because it is based on the nameplate capacities of plants.

On the other hand, the total increased annual cost is

linearly dependent on the derating level. As a result, the

average, minimum, and maximum marginal cost values

($/t SO2) increase with the derating level. Increased cost

of electricity ranges from 0.31 to 0.73 cents/kWh.

When the target emissions of the Clear Skies Initia-

tive are legislated, the annual aggregate S emission caps

will be much lower for 2010 and 2018 than they are now.

(It is also possible that combo caps involving all three

pollutants will be introduced.) This will increase the S

Figure 2. Coal switching supply curve for coal power plants (5% derating).

Figure 3. Coal swithching supply curve for coal power plants (10% derating).
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allowance cost from the current value of �$200 per t SO2.
Figure 5 is a histogram of the number of plants versus
their marginal costs. At low levels of derating, most plants
cluster around the low end of marginal cost effectiveness.
At high levels of derating, most plants cluster around the
high end of marginal cost effectiveness. The projected
range of average marginal costs is quite wide, from $548
to $1298 per t SO2, depending on the derating level. These
average marginal cost values are considerably higher than
the current price for trading allowances.

Plants with large marginal cost effectiveness are those in
which S emission reductions are very small. Such plants are
unlikely to opt for the coal switchover option. The number
of plants that doubly benefit from coal switching (i.e., re-
duced S emissions and reduced cost of operation) decreases
when level of derating increases from 0 to 15%. At 0%
derating, 74 plants would benefit from both lowering of
annual cost and lowering of SO2 emissions. A higher derat-
ing level means more loss of revenue and, hence, increased
annual cost attributable to SO2 emis-
sions reduction, reducing the number
of such plants from 74 to 24 at 15%
derating.

Figure 6 is a histogram of SO2

emissions reduction attained versus
the plants’ marginal cost effective-
ness. At low levels of derating, large
fractions of emissions reduction clus-
ter around the low end of marginal
cost effectiveness, and at high lev-
els of derating, large fractions of

emissions reduction cluster around the high end of mar-

ginal cost effectiveness.

Figure 7 is a histogram of the impacted nameplate

capacity versus the plants’ marginal cost effectiveness.

Overall, such a coal switchover impacts 44% of the total

nameplate capacity of all coal-fired power plants. At 15%

derating, 367 plants, or 59% of the selected plants with a

32% out of 44% nameplate capacity, would have mar-

ginal cost in excess of $1000 per t SO2.

In Figures 5–7, the number of plants with less than

�$1000/t SO2 marginal cost, their combined SO2 emis-

sions reduction and their combined nameplate capacity

do not appear to vary much with level of derating as

compared with those for other ranges of marginal cost

effectiveness. This is because the majority of the plants

with less than �$1000/t SO2 marginal cost employ lignite

or sub-bituminous coal, while 95% of the selected 625

plants employ bituminous coal.

Table 2. Cost information for switchover to the Wyoming PRB coal.

0% 5% 10% 15%

Derating Derating Derating Derating

Total Capital Investment (Million $) 8836

Total Increased Annual Cost (Million $/yr) 2467 3596 4725 5855

Minimum Marginal Cost Effectiveness ($/t SO2) �49,395 �49,395 �49,395 �49,395

Maximum Marginal Cost Effectiveness ($/t SO2) 844,493 1,191,872 1,539,252 1,886,631

Average Marginal Cost Effectiveness ($/t SO2) 548 797 1048 1298

Increase in Cost of Electricity (cents/kWh) 0.31 0.45 0.59 0.73

Figure 4. Coal switching supply curve for coal power plants (15% derating).
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The data clearly show that for any individual power
plant, the level of derating and the resultant loss of reve-
nues have a major impact on the plant’s SO2 emissions
reduction cost ($/t SO2). While the reductions in S emis-
sions for individual plants are independent of derating
level, revenue losses are linearly dependent on the derat-
ing level. The impact of derating level for some plants
may even range from negative values of $/t SO2 (lowering
of the cost) to positive (actual increase in cost). Therefore,

many plants would have the incentive to mitigate the
consequences of a coal switchover by undertaking retro-
fitting the plant to minimize the derating level. However,
for many plants with very large positive marginal cost ($/t
SO2), switching to the PRB coal will remain nonviable.
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Technical Appendix B (Trade Secret) 
Technical Appendix B includes trade secret information, beginning with the Cost Effectiveness 
Calculation spreadsheet.  In addition to the documentation provided in public Technical Appendix A, 
documentation supporting the calculations are organized by Table & Footnote number.  Documents 
labeled B5 support information in the analysis report. 

List of Technical Appendix B documents 
Plant Bowen Regional Haze Analysis Cost Effectiveness Calculations  

B1.3-1a Capacity Penalty Calculations based on 2019 IRP Information 

B1.3-1b 2019 IRP Capacity Planning Documentation 

B2.1-2 Delivered Fuel Cost Estimates for PRB and CAPP Coals 

B2.1-2a CSX Transportation Contract Language 

B2.1-2b CSX Transportation Pricelist Information 

B3.3-1 2019 Plant Bowen Environmental Commodities Costs 

B3.3-9a Powder Activated Carbon Vendor Quote 

B3.3-9b Plant McIntosh Unit 1 Non-Baghouse PAC Usage and Cost Calculation 

B3.3-9c Plant Scherer Unit 1 Baghouse PAC Usage and Cost Calculation 

B3.4-6 Plant Bowen 2014 MATS Optimization Testing Information for Hydrated Lime 

B5.2a Plant Scherer Fuel Handling Capital Project Vendor Quote  

B5.2b Plant Scherer Dust Suppression Capital Project Vendor Quote 

 

 

 

  



Plant Bowen Regional Haze Analysis Supporting Calculations

Table A1.1. Cost Effectiveness of Coal Switching to PRB Coal and CAPP Coal

Calculation Values PRB Coal CAPP Coal

Total Annual Costs ($)1
48,059,482$                                    69,911,996$                               

Total Annual SO2 Emissions Reduction (tons)2
7,482                                                5,199                                           

Cost Effectiveness ($/ton SO2 reduced)3
6,424$                                             13,447$                                       

2. Total Annual SO2 Emissions Reduction calculations provided in Table A2.3.

3. Cost Effectiveness ($/ton SO2 reduced) = Total Annual Costs ($) / Total Annual SO2 Emissions Reduction (tons)

Table A1.2. Financial Amortization Values

Timeframe (years)1
30

Real Interest Rate (%)2
6.04%

1. A 30-year timeframe was selected using the most conservative equipment lifetime methodology provided in the EPA Control Cost Manual, which also aligns with the unit retirement planning timeframes used during Georgia Power’s IRP evaluations.  

Table A1.3. Annual Cost Data: Delta compared to 2019 Bowen Baseline

Cost Estimation (in Million $) 2019 Bowen Baseline PRB Coal CAPP Coal

Capacity Penalty Cost Delta1
-$                                                  709.0$                                         -$                                               

Total Annualized Indirect Costs Delta2,3
-$                                                 51.7$                                           -$                                               

Annual Fixed O&M Cost Delta4 
-$                                                  1.1$                                             -$                                               

Annual VOM Cost Delta5
-$                                                  (8.9)$                                            (16.8)$                                            

Annual Fuel Cost Delta6
-$                                                  1.2$                                             86.8$                                             

Total Annual Direct Costs Delta7,8
-$                                                 (6.6)$                                            70.0$                                             

Annual Ash & Gypsum Sales Delta9
-$                                                  (3.0)$                                            0.1$                                               

Total Annual Recovery Credits Delta10,11
-$                                                 (3.0)$                                            0.1$                                               

Total Annual Costs Delta11
-$                                                 48.1$                                           69.9$                                             

1. Capacity penalty cost is a total net present value (NPV) associated with 27% derate of unit capacities on PRB Coal compared to 2019 Bowen Baseline operations on IB coal.  See Technical Appendix Document A1.3-1 for calculations.

2. Total Annualized Indirect Costs are the annual payment calculation of any indirect cost NPVs using the financial factors established in Table A1.2.

4. See Table A3.5 for Fixed O&M Cost Calculations.

6. See Table A3.1 for Delivered Fuel Cost Calculations.

7.  Total Annual Direct Costs are the sum of the deltas calculated for all direct costs included in this analysis: fixed O&M, VOM, and fuel costs.

9. See Tables A4.1 through A4.3 for Ash & Gypsum Sales Calculations.

12.  Total Annual Costs Delta = Indirect Costs Delta + Direct Costs Delta - Recovery Credits Delta, per the EPA Control Cost Manual Chapter 2.

1. Total Annual Costs calculated according to the EPA Control Cost Manual Chapter 2 pg. 12: "Total Cost (TC) refers to costs that are incurred yearly. TC has three elements: direct costs (DC), indirect costs (IC), and 

      recovery credits (RC), which are related by the following equation: TC = DC + IC − RC."  See Tables A1.2 and A1.3 for cost calculation details.

3. EPA Control Cost Manual Chapter 2, at 21: "Annualization involves establishing an annual 'payment' sufficient to finance the investment for its entire life, using the formula:

      PM T = NPV*(i/1-(1+i)-n) where PMT is the equivalent uniform payment amount over the life of the control equipment, n, at an interest rate, i."

5. See Table A3.2 through A3.4 for Variable O&M (VOM) Cost Calculations.  EPA Control Cost Manual Chapter 2, at 12: "Variable costs are those that vary with some measure of productivity - generally the company’s productive output. But    

      for our purposes, the proper metric may be the quantity of exhaust gas processed by the control system per unit time."

8. EPA Control Cost Manual Chapter 2, at 12: "Direct costs include costs for raw materials (reagents or adsorbers), utilities (steam, electricity, process and cooling water), waste treatment and disposal, maintenance materials (greases and other 

      lubricants, gaskets, and seals), replacement parts, and operating, supervisory, and maintenance labor."

11. EPA Control Cost Manual Chapter 2, at 13-14: "Finally, direct and indirect annual costs can be offset by recovery credits, taken for materials or energy recovered by the control system, which may be sold, recycled to the process, or   

         reused elsewhere at the site."

10. Total Annual Recovery Credits are equal to the total losses or gains associated with switching to each coal type.  A negative delta represents a loss in sales which will add to the total costs, while a positive delta represents a gain in 

         sales which will reduce the total costs.

2. Firm-specific real interest rate based on Georgia Power 2019 Rate Case Short Order, according to EPA Control Cost Manual Chapter 2, at 16.  Real interest rates do not account for inflation.  

      See Technical Appendix Document A1.2 for supporting documentation.



Table A2.1. SO2 Emissions Rates -  2019 Actuals for IB Coal, Estimations for PRB Coal and CAPP Coal

Estimation Values 2019 Bowen Baseline1 PRB Coal2 CAPP Coal2

Heat Content (Btu/lb) 12,002 8,800 12,000

Sulfur Content (%) 2.6% 0.4% 1.1%

Uncontrolled SO2 Rate (lb/MMBtu)3
4.40 0.80 1.83

FGD Removal Rate (%)
4

96.3% 96.3% 96.3%

Controlled SO2 Rate (lb/MMBtu)
5

0.16 0.03 0.07

2. Heat Content and Sulfur Content based on Southern Company Fuels Procurement information from coal cost estimation. See Technical Appendix Document A2.1-2.

3. Uncontrolled SO2 Rate (lb/MMBtu) for PRB & CAPP Coals assumes coal sulfur converted to SO2 = Sulfur Content / Heat Content * 2 * 10^6.  

4. 2019 average actual FGD SO2 removal rate from Plant Bowen CEMS Data and used for all coal types. See Technical Appendix Document 2.1-4.

5. Controlled SO2 Rate (lb/MMBtu) = Uncontrolled SO2 Rate * (1 - FGD Removal Rate)

Table A2.2. Plant Capacity Derate Estimation for PRB Coal

Coal Type Heat Content (Btu/lb)
Max Annual Capacity for 

Units 1-4 (MWh)1,2

2019 Bowen Baseline 12,002 28,312,320

PRB Coal 8,800 20,758,908

Unit Capacity Derate3

1. Maximum Annual Capacity for Units 1-4, 2019 Bowen Baseline = (Total Max Planning Unit Capacities of 724 MW each for Units 1 & 2 and 892 MW each for Units 3 & 4) * 8,760 hours/year. See Technical Appendix Document A2.2-1.

2. Maximum Annual Capacity for Units 1-4, PRB Coal = 2019 Bowen Baseline Max Annual Capacity * (100 - 27% Derate).

Table A2.3. Annual Operational & SO2 Emissions Data - 2019 Actuals for IB Coal, Estimations for PRB Coal and CAPP Coal

Calculation Values 2019 Bowen Baseline PRB Coal CAPP Coal

Annual Heat Input (MMBtu)
1 118,872,778 118,872,778 118,872,778

Projected SO2 Rates (lb/MMBtu)
4

0.16 0.03 0.07

Annual SO2 Emissions (tons)5
9,231 1,749 4,032

Annual SO2 Emissions Reduction (tons)

compared to 2019 Bowen Baseline
6 - 7,482 5,199

Percent SO2 Emissions Reduction 

from 2019 Bowen Baseline
7 - 81% 56%

1. 2019 Bowen Baseline actual heat input is available from EPA's Air Market Programs Data database and used as equal annual baseline for all coal types. See Technical Appendix Document A2.3-1. Available at https://ampd.epa.gov/ampd/

2. 2019 Bowen Baseline generation is actual total MWh for Plant Bowen Units 1-4 from EIA 923 Schedule 2-5 Page 4.  See Technical Appendix Document A3.2-1. Available at https://www.eia.gov/electricity/data/eia923/ 

3. PRB and CAPP Coal annual generation calculated based on equal 2019 Baseline heat input and associated heat rates for each coal type.

4. Projected SO2 Rates from Table A2.1. above.

5. 2019 Bowen Baseline actual SO2 emissions available from EPA's Air Market Programs Data database.  See Technical Appendix Document A2.3-1.  Available at https://ampd.epa.gov/ampd/

6. Annual SO2 Emissions Reduction =  Actual Annual SO2 tons from 2019 Bowen Baseline - Calculated Annual SO2 tons for PRB or CAPP Coal.  For example for PRB Coal, Annual SO2 Reduction = 9,231 - 1,749 = 7,482 tons.

7. Percent SO2 Emissions Reduction = Annual SO2 Emissions Reduction for each coal type / 2019 Bowen Baseline Annual SO2 Emissions * 100%

3. The unit capacity reduction, or derate, from switching to PRB coal is estimated as the ratio of the heat contents for PRB Coal to 2019 Bowen Baseline IB coal: 

      (PRB Coal heat content - 2019 Bowen Baseline heat content)/ 2019 Bowen Baseline heat content.

-27%

1. 2019 Actual Information for heat content and sulfur content from EIA 923 Schedule 2-5 Page 5.  See Technical Appendix Document A2.1-1. Available at: https://www.eia.gov/electricity/data/eia923/

     Plant Bowen also receives Northern Appalachian (NAPP) bituminous coal, which has similar heat and sulfur content to IB coal.  This 2019 actual cost accounts for NAPP costs.



Table A3.1. Plant Bowen Delivered Fuel Costs

Coal Type

Delivered Coal Cost 

($/MMBtu)1,2

Annual Heat Input 

(MMBtu)3

Calculated Annual 

Delivered Coal Cost4

Delivered Coal Cost Delta 

from Baseline5

2019 Bowen Baseline (IB Coal) 2.87$                                     118,872,778 341,164,873$              Baseline

PRB Coal 2.88$                                     118,872,778 342,353,601$              1,188,727.78$                    

CAPP Coal 3.60$                                     118,872,778 427,942,001$              86,777,127.94$                  

2. Estimated PRB and CAPP coal delivered fuel cost to Plant Bowen using 2019 market prices & transportation cost estimates from Southern Company Fuels Procurement. See Technical Appendix Document B2.1-2.

3. 2019 Bowen Baseline actual heat input is available from EPA's Air Market Programs Data database and used as equal annual baseline for all coal types. See Technical Appendix Document A2.3-1. Available at https://ampd.epa.gov/ampd/

4. Annual Delivered Coal Costs ($) calculated as Delivered Coal Cost ($/MMBtu) * Annual Heat Input (MMBtu)

5. Delivered Coal Cost Delta ($) calculated as Annual Cost of PRB or CAPP Coal - Annual Delivered Cost of 2019 Bowen Baseline.

Table A3.2. Summary of Variable O&M (VOM) Costs Compared to 2019 Bowen Baseline

Environmental Commodities 2019 Bowen Baseline PRB Coal CAPP Coal

Limestone Adjustment Baseline (14,851,769)$                  (10,574,539)$               

Hydrated Lime Adjustment Baseline REDACTED REDACTED

Ammonia Adjustment Baseline REDACTED REDACTED

Fuel Additive Adjustment Baseline REDACTED REDACTED

Activated Carbon Adjustment Baseline REDACTED REDACTED

Total Adjustment3
Baseline (8,915,480)$                    (16,782,219)$               

1. 2019 Bowen Baseline generation is actual total MWh for Plant Bowen Units 1-4 from EIA 923 Schedule 2-5 Page 4.  See Technical Appendix Document A2.3-2. Available at https://www.eia.gov/electricity/data/eia923/ 

2. PRB and CAPP Coal annual generation calculated based on equal 2019 Baseline heat input and associated heat rates for each coal type.

3. All environmental commodities cost adjustments calculated in Tables A3.3 and A3.4 below.

4. VOM Rate Delta ($/MWh) = Total Adjustment ($) / Annual Generation for each coal type (MWh).

5. Total Annual VOM Delta ($) = VOM Rate Delta ($/MWh) * Annual Generation for each coal type (MWh).

1. Weighted average actual Plant Bowen coal fuel cost ($/MMBtu) from 2019 EIA 923 Schedule 2-5 Page 5. See Technical Appendix Document A2.1-1. Available at: https://www.eia.gov/electricity/data/eia923/

     Plant Bowen also receives Northern Appalachian (NAPP) bituminous coal, which has similar heat and sulfur content to IB coal.  This 2019 actual cost accounts for NAPP costs.



Table A3.3. Environmental Commodities Adjustments for PRB Coal

Environmental Commodities

2019 Bowen Baseline 

Actual Annual Costs1,2
 Adjustment Factor for 

PRB Coal 

Adjusted Costs for 

PRB Coal3

PRB Coal Delta 

from Baseline4

Limestone5
18,129,939$                        18% 3,278,170$                   (14,851,769)$                      

Hydrated Lime6
REDACTED 0% REDACTED REDACTED

Ammonia
7

REDACTED 80% REDACTED REDACTED

Fuel Additive8
REDACTED 150% REDACTED REDACTED

Activated Carbon Injection
9

REDACTED N/A REDACTED REDACTED

1. 2019 Actual commodities costs from Georgia Power financial tracking SOFIA system. See Technical Appendix Document B3.3-1.

2. 2019 Actual limestone spend also available from EIA 923 Schedule 8C as FGD Feed Materials and Chemicals Costs.  See Technical Appendix Document A3.3-2. Available at: https://www.eia.gov/electricity/data/eia923/

3. Adjusted Costs = 2019 Bowen Baseline Cost * Adjustment Factor

4. Delta from Baseline = Adjusted Cost - 2019 Bowen Baseline Cost

5. Applied 82% limestone reduction based on difference in uncontrolled SO2 emissions from coal sulfur contents, 0.4% PRB Coal compared to 2.6% for 2019 Bowen Baseline from Table A2.1.

6. No hydrated lime needed on PRB Coal.

Table A3.4. Environmental Commodities Adjustments for CAPP Coal

Environmental Commodities

2019 Bowen Baseline 

Actual Annual Costs1,2
 Adjustment Factor for 

CAPP Coal 

Adjusted Costs for 

CAPP Coal3

CAPP Coal Delta 

from Baseline4

Limestone
5

18,129,939$                        42% 7,555,400$                   (10,574,539)$                      

Hydrated Lime6
REDACTED 37% REDACTED REDACTED

Ammonia
7

REDACTED 100% REDACTED REDACTED

Fuel Additive8
REDACTED 0% REDACTED REDACTED

Activated Carbon Injection9
REDACTED 100% REDACTED REDACTED

1. 2019 Actual commodities costs from Georgia Power financial tracking SOFIA system. See Technical Appendix Document B3.3-1.

2. 2019 Actual limestone spend also available from EIA 923 Schedule 8C as FGD Feed Materials and Chemicals Costs.  See Technical Appendix Document A3.3-2. Available at: https://www.eia.gov/electricity/data/eia923/

3. Adjusted Costs = 2019 Bowen Baseline Cost * Adjustment Factor

4. Delta from Baseline = Adjusted Cost - 2019 Bowen Baseline Cost

5. Applied 42% limestone reduction based on difference in uncontrolled SO2 emissions from coal sulfur contents, 1.1% CAPP Coal compared to 2.6% for 2019 Bowen Baseline from Table A2.1.

6. Derived from 2014 Plant Bowen MATS optimization testing. See Technical Appendix Document B3.4-6.

7. No ammonia reduction since both fuels are bituminous.

8. No additive needed for CAPP Coal.

9. No change in activated carbon injection (ACI) since both fuels are bituminous.

Table A3.5. Fixed O&M Costs Compared to 2019 Bowen Baseline

Fixed O&M Cost Type 2019 Bowen Baseline PRB Coal CAPP Coal

Additional Employees
1

Baseline 20 N/A

Additional Labor Costs2
Baseline 1,080,000$                      N/A

1. PRB Coal assumed to require 20 additional full-time employee equivalents for additional fuel handling needs. No change in employees for CAPP Coal.

2. Labor costs calculated for $27 per hour for 2000 hours per year.

8. Additional fuel additive cost based on additional coal tons on PRB for equal baseline heat input of 118,872,778 MMBtu and PRB heat content of 

      8,800 Btu/lb = 6,754,135 tons PRB coal / 4,515,728 tons 2019 Bowen Baseline coal = 150%.  

9. Activated carbon injection costs for PRB coal calculated based on vendor cost quote and historical usage data for Plant McIntosh Unit 1 for Bowen Units 1 & 2 with no baghouses and 

      for Plant Scherer Unit 1 for Bowen Units 3 & 4 with baghouses.

7. Applied 20% ammonia reduction on PRB Coal from Eastern Bituminous from pg. v of U.S. Department of Energy report by Nordin & Merriam (April 1997) entitled, "Nox Emissions 

      Produced with Combustion of Powder River Basin Coal in a Utility Boiler."  See Technical Appendix Document A3.3-7.



Table A4.1. Ash & Gypsum Sales Information

Sales Type

2019 Bowen Baseline1

PRB Coal 

Adjustment 

Factor2

PRB Coal 

Sales Estimate3

CAPP Coal 

Adjustment Factor2

CAPP Coal

Sales Estimate3

Fly ash 3,777,000$                       0.83 3,142,929$               1.43 5,408,631$                     

Bottom ash 85,000$                             1.26 107,406$                  1.63 138,625$                        

Total ash 3,862,000$                       0.91 3,250,334$               1.47 5,547,256$                     

Gypsum  $                       2,951,000 0.20 585,161$                  0.46  $                    1,348,657 

Total Ash & Gypsum Sales 6,813,000$                       3,835,495$               6,895,913$                     

Sales Delta compared to Baseline - (2,977,505)$              82,913$                          

1. 2019 Bowen Baseline fly ash, bottom ash, and gypsum sales from EIA 923 Schedule 8B. See Technical Appendix Document A4.1-1. Available at https://www.eia.gov/electricity/data/eia923/

2. Coal Adjustment Factors calculated in Tables A4.2. and A4.3. below based on characteristics of each coal type (heat content, ash content, sulfur content) to determine the ratio of ash or gypsum for coal type compared to the 2019 Bowen Baseline.

3. Sales Estimates for each coal type = 2019 Bowen Baseline Sales * Adjustment Factor

Table A4.2. Ash Sales Adjustment Factors

Coal Type

Annual Heat Input 

(MMBtu)1

Heat Content 

(Btu/lb)2

Annual Coal Usage 

(tons)3 Expected % Ash

Total Ash Produced 

(tons)4

Total Ash Ratio

 compared to 2019 

Bowen Baseline

Fly Ash Produced 

(tons)5

Fly Ash Ratio 

compared to 2019 

Bowen Baseline

Bottom Ash Produced 

(tons)5

Bottom Ash Ratio 

compared to 2019 

Bowen Baseline

2019 Bowen Baseline 118,872,778 N/A 4,515,728 8% 371,193 Baseline 304,378 Baseline 66,815 Baseline

PRB Coal 118,872,778 8,800 6,754,135 5% 337,707 0.91 253,280 0.83 84,427 1.26

CAPP Coal 118,872,778 12,000 4,953,032 11% 544,834 1.47 435,867 1.43 108,967 1.63

1. 2019 Bowen Baseline actual heat input is available from EPA's Air Market Programs Data database and used as equal annual baseline for all coal types. See Technical Appendix Document A2.3-1. Available at https://ampd.epa.gov/ampd/

2. Heat Content for PRB & CAPP Coals based on Southern Company Fuels Procurement information from coal cost estimation. See Technical Appendix Document A2.1-2.

4. Total Ash Produced = Annual Coal tons * Expected % Ash for each coal type.  Average ash % for PRB and CAPP coals estimated from 2019 EIA 923 data.

5. IB Coal ash is 82% fly ash and 18% bottom ash.  PRB Coal ash is 75% fly ash and 25% bottom ash.  CAPP Coal ash is 80% fly ash and 20% bottom ash.  These percentages are applied to the Total Ash Produced to estimate fly ash and bottom ash production.

Table A4.3. Gypsum Sales Adjustment Factors

Coal Type Annual Coal Usage (tons)

Sulfur Content  

(%)1,2 Scrubber Factor3 Gypsum Factor4

Total Gypsum Produced 

(tons)5

Total Gypsum Ratio

 compared to 2019 

Bowen Baseline

2019 Bowen Baseline 4,515,728 2.6 0.037 1.6 689,213 Baseline

PRB Coal 6,754,135 0.4 0.037 1.6 136,666 0.20

CAPP Coal 4,953,032 1.1 0.037 1.6 314,982 0.46

1. 2019 Bowen Baseline coal tons and sulfur content from EIA 923 Schedule 2-5 Page 1 and Page 5, respectively. See Technical Appendix Documents A4.2-3 and A2.1-1. Available at https://www.eia.gov/electricity/data/eia923/

2. Sulfur Content for PRB & CAPP Coals based on Southern Company Fuels Procurement information from coal cost estimation. See Technical Appendix Document A2.1-2.

3. Scrubber factor accounts for FGD SO2 removal rate to reflect amount of gypsum to be produced and is equal to 1 - FGD Removal Rate.  2019 Bowen Baseline FGD Removal rate of 96.3% used from Table A2.1.

4. Gypsum factor is equal to the chemical balance of limestone to gypsum (100 g/mol / 64 g/mol).

5. Total Gypsum Produced = Annual Coal Usage * Sulfur Content * Scrubber Factor * Gypsum Factor

3. Annual coal tons for PRB and CAPP calculated from the equal baseline Annual Heat Input / Heat Content of each coal type.  2019 Bowen Baseline coal tons and ash content from EIA 923 Schedule 2-5 Page 1 and Page 5, respectively.  See Technical Appendix Documents A4.2-3 and A2.1-1. 

      Available at https://www.eia.gov/electricity/data/eia923/
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Due to the voluminous nature of these attachments, Technical Appendix B supporting documents are 
redacted in their entirety for the purpose of the public disclosure version of this submittal. 
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