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Sections 169A and 169Boithe 1990 Clean Air Act Amendments 'require states to improve visibility at 
Class I areas. On July 1, 1999, EPA first published the Regional Haze Rule, which provided specific' 
details regarding the overall' program requirements to improve visibility.- The goal ofthe regionill haze 
program'is to achieve natUral conditions by 2064. ' ' ' , 

, .. 

Section308 ofthe Regional Haze Rule (40 CFR 51) includes discussion on control strategies for 
improving visibility impainnent One ofthes'; strategies is the requirement under 40 CFR 5 1.3 08(e) for 
certain stationary sources to install Best Available Retrofit Technology (BART) to reduce emissions of 
three (3) visibility impairing pollutants, nitrogen oxides (NO,), particulate matter (PM), and sulfur 
dioxide (SO,). EPA published Appendix Y to part 51 - Guidelinesfor BART Determinations Under the 
Regional Haze Rule in the July 6, 2005 Federal Register to provide guidance to regulatory authorities for 
making BART determinations. Chapter 6, Section.9, Best Available Retrofit Technology was adopied ' 
into the Wyoming Air Quality Standards and Regulations'(WAQSR) and became effective on December 
5,2006. The Wyoming Department of Environmental Quality, Air Quality Division (Division) will ' 
determine BART for NO, and PMw for each source subject to BART and include each determination in 
the §308 Wyoming Regional Haze State Implementation Plan (SIP). 

Section 309 of the Regional Haze Rule (40 CFR part 51), Requirements relqted to,the Grand Canyon 
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Visibility Transport Commission, provides states thai are includ~d within the Transport Region ·addressed 
by the Grand Canyon Visibility Transport Commission (Le., Arizona, California, Colorado, Idaho, 
Nevada, New Mexico, Oregon, Utah, and Wyoming) an alternative to the requirements established in 40 
CFR 51.308, This alternative control strategy for improving visibility contains speCial provisions for 
addressing SO, emissions, which include a market iniding program and a provision for a 2018 SO, . 
milestone. Wyoming submitted a §309 Regional Haze SIP to EPA on December 29, 2003, As of the date 
of this analysis, EPA has no!taken action on the SIP, National litigation ·issues related to the Regional 
HazeRule, including BART, required states to submit revisions, 'On November 21, 2008, the State of 
Wyoming submitted revisions to the 2003 §309 Regional Haze SIP submittal. Sources that are subjectto 
BART are required to address SO, emIssions as part of the BART analysis even though the control 
strategy has been identified in the Wyoming §309 Regional Haze SIP. 

On March 5,'2007,in.accordancewiih the reql1.irements ofWAQSR Chapter 6 Section 9(e)(i), Basin 
Electricsubmitted a BART application for the Laramie River Station, 

, On Feb~uary 15, 2008, Basin Electii.c·submitted replacement pages for the BART application based on 
. .revised CALPUFFmocieling conducted to :correct errors in the CALMET windfield di;coveredby' the' 

.' . Division during re"iew ofthe initial modeling submittal. 

On July 28, 2008,Basin Eiectdc sub~itted an additional report with the results of additiona1CALPuFF 
rilOdeling conducted to provide results for each 'ofthethree BART-eligible units separately .. 

On Februaiy'25, 2009, Basin Electricsubmit1eqadditional inf~rmation on the NO, emission rates that 
would be achievableby the BART-eligible units ... 

. . . 

On March 16,2009, Basin Electric submitted a.letter with proposed NO,emission limits forthe BART
eligible units. 

BART ELIGIBILITY DETERMINATION : 

In August of2005 the Wyoming Air-Quality Division (Division) began an internal review of sources that 
could be subjeetto BART. This initial effort followed the rriethods·preBcribed in 40.CFR part 51, 
Appendix Y: Guidelines for BARTDeterminatjons Under the Regional Haze Rule to identifY sources and 
facilities. The rule requires that States identifY and list )3ART-eligible ·sources, which are sources that fall 
within the 26 source categories~ have em~ssion units which were in existence on August.?, 1977 but not in 
operation before August 7,1962 and have the potential to emit more than 250 tons per year (tpy) of any 
visibility impairing pollutant when emissions are aggregated from all eligible emission units at a 
stationary source, Fifty-one (51) sources at fourteen (14) facilities were identified that could be subject to 
BAR.T in Wyoming. . 

The nexfstep.for the· Division was to identify BART-eligible sources that may emit any ait pollutant 
which may-reasonably be_ anti~ipated to cause or contribute_to any impaIrment of visibility, Three 
pollutants are identified by 40 CFR part 51, AppendixY as visibility impairing pollUtants, Theyare 
sulfur dioxide (SO,), nitrogen oxides (NO,), and particulate matter (PM). Particulate niatter with an 
aerodynamic diameter of 10 microns orless (PMIO) was used as an indicator of PM,. 

ill order to determine visibility impairment of each source; a screening.analysis was performed using the-
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CALPUFF model. Sources that emitted over 40 tons of SO, or NO, or. 15 tons of PM 10 were included in 
the screening analysis. Using three years of meteorological data, the screening analysis calculated 
visibility impacts from sources at nearby Class I areas. Sources with modeled 98'h percentile, 24-hour . . 
impact (Le., 8'" highest modeled impact) equal to or greater t1)anO.5 delta deciviews (Adv) above natural 
background conditions were determined to be subject to BART. For additional information.on the 
Division's screening analysis see the Visibility. Improvement Determination: Screening Modeling section 
of this analysis. The three existing'coal-fired boilers at Basin Electric's Laramie River Station were 
determined to be subject to BART. BasinElectiic was notified in a letter dated June 14, 2.006 of the 
Division's finding. . 

DESCR(PTION OF BART ELiGIDLE SOURCES: 

Basin Electric's iaramieRiver Station is comprised ofthree 550 MW (net) dry~bottom;~all-fired boilers 
burning pulverized coal for': total net generating capacity of 1,650 MW. Laramie River Unit 1 was 
placed 'in service in 1980. Ul1it2 commenced service in'1981, and Unit 3 entered.service in 1982 .. AlI 
three units were manufactured by Babcock & Wilcox (B&W).Each unit is equipped. with· early 

.geheration lowNO,·6urners (LNBs) to control emission ofnitrogeri oxides (NO,). Theyare.also 
equipped with cold-side electrostatic precipitators (ESPs) to control particulate matter (PM) emissions. 
To control sulfur dioxide (SO,) emissions, Units I and 2 are equipped 'with wet flue gas desulfurization' 
(WFGD). Unit 3 is equipped with a dry scrubber (DFGD) for So, removal. All three units burn sub
bituminous. coal. Table .. 1 presents the permitted emission limits for the Laramie River Station priorio 
"2005. V'!4ich is consiqere~ the.baseline yearfor)3ART analy~es": . 

. Table 1: Laramie River.Station Units 1 throu h 3 (pre-2005) Emission Limits' 

Unit I 
LNB,ESP, 0.5 (3-hour'). 
WPGD . . 

-

Unit 2 
LNB,ESP, 

0.50-hour') WFGD 
. 

LNB,ESP, 
'. 

U~it3 OS (3-hourb
) 

DFGD 
. . . 

(~) Emissions taken from current Operating Permit 3~ 1 w t 02-1. 
(b) Arithmetic average of three contiguous one-hour periods 

0.2 0.085 (3-hour) 
(2-hour fixed block) . 

0.2 0.085 (3-hour) 
. (2-hour fixed block) 

0.2 0.083 (3-hour) 
(2'hotir fixed block) 

. 

CHAPTER 6, SECTION 9 ~ BEST AVAILABLE RETROFIT TECHNOLOGY (BART): 

A BART determination is an emission limit based on the application of a continuous emission reduction 
tech!,ology for each visibilitY impairing pollutant emitted by a source. It is " ... established, on a case-by
case basis, taking into consideration: (I) the costs of com'pliance, (2) the energy and non-air quality 
environmental impacts of compliance~ (3) any pol1ution equipment in use or in existence at the source, (4) 
the remaining useful life of the source, and (5) the degree of improvement in visibility which may 
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reasonably be anticipated to result from the use of such technology.'" A BART anaiysis is a 
comprehensive evaluation of potential retrofit technologies with respect to the five criteria above. One 
technology and corresponding emission limit is chosen for each pollutant subject to BART review based 
on the evaluation. 

Visibiiity control options presented in the ap·plication for each dfthe emission units were reviewed using 
the methodology prescribed in 40 CFR SI subpart Y, as required in WAQSR Chapter 6 Section 9(c)(i). 
This methodology is comprised of five basic steps: 

Step I: Ide~tifY ale available retrofit co~trol t~chnologies 
Step 2: Eliminate technically infeasible options .. 
Step 3: Evaluate control effectiveness of remaining control technologies 
Step 4,·Evaluate impacts and document the results . 
Step S: Evaluate visibility impacts 

The Division acknowledges that BART is illtended to .identifY retr~fit technology for existing s~urces and 
is not t~e same as the top-down analysis required for new sources 'under the·Prevention Qf Significant . 
Deterioration (PSD) rules known as Best Available Control TechilOlogy(BACT) .. Although BART is not 

. ·the same as BACT, it is possible that BARt may be equivalent to BACT on a case-by-case basis. The 
five steps listed above were appliep to NO" PM, and So, emitted fromthe"Laramie River Station's coal-
fired boilers to determine BART control ineasilres.· . 

PRESUMPTIVE LIMITS FOR SO; AND NOli FROMUTILITY BOILERS 

EPA conducted detailed analyses of retrofit technology available to control NO. and S02 emissions from. 
·coal-fired power plants. These analyses considered unit size, ftiel·type,cost effectiveness, and .existing 

" control~,.to" det~rmine reasonable control levels ba;'led on the application of an emiss-ions reduct.ion 
technology. . . . 

EP Ns presumptive BART S02 limits a~alysis considered coal-fired units with existing S02 controls and 
units without existing.control.Fouf key elements of the analysis were:" ... (1) identification ofall 
potentially BART-eligible EODs [electric·gerierating units], and (2) technical analyses and industry 
res.earch to determine app·licable and appropriate SO; control opti<\ns, (3)economk analysis to determine 
cost effeCtiveness for each potentially BART-eiigible EOU, and ( 4) evaltiation of historicat" emissions and 
forecast emission reduction for each potentially BART-eligible EOU.'" 491 J3ART~eligible coal-fired· 
units were identified and included in the presumptive BART analysis for S02. Based on removal 
efficiencies of90% for spray dry lime dry flue gas desulfurization systems and 9S% for limestone forced 
oxidation wet flue gas desulfurization systems, EPA calculated projected SO, emission reductions and 
cost effectiveness for each unit. Based on the results ofthis analysis, EPA concluded that the majority of· 
identified BART-eligible units greater than 200 MW without existing S02 control can meet the 
presumptive limits at acost of $400 to $2,000 perton of 802 removed. 

A presumptive BART NO, limits analysis was performed using the same491 BART-eligible coal-fired 

1 40 CFR part 51 Appendix Y Guid~lines for BART Deterrninati~ns under the Regional Haze Rule-(70 Federal Register 39163). 
2 Footnote 12 of 40 CFR 51 Appendix Y detjn"es_the intended use of 'aU' by stating" ... you must identify the most stringent 
option and a reasonable set.ofoptions for analysis thatiefiects Ii compreheilsive"list of available technologies." 
3 40 CFRPart 51 Appendix Y Guidelines for BART Detenninations under the Regional Haze Rule (70 Fedenil Register 39133). 
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units identified in the SO, presumptive BART analysis. EPA considered the same four key elements and 
established presumptive NO, limits for EGUs based on coaf type and boiler configuration. For all boiler 
.types, except cyclone, presumptive limits were based on combustion control technology (e.g., low NO, 
burners and ovedire air). Presumptive NO, limits for cyclone boilers are based on the installation of 

· SCR, a post combustion add-on control .. · EPA acknowledged that apprOldmately 25% orthe reviewed 
units could not meet the proposed limits based on current comb\lstion control technology, but that nearly 
all the units could meet the presumptive limits using advanced combustion control technology, such as 
Rotating Opposed Fire Air. National average cost-effectiveness values for presumptive NO, limits 
ranged from $281 to $1,296 per ton removed: 

Based on the results ofthe analyses for preslimptive NO, and SO, limits, EPA established presumptive 
limits for EGUs greater than 200 MWoperating without NO, post combustion controls or existing SO, .. 
controls located at facilities with a generating capacity. greater than 750 MW: 40 CFR part 51 Appendix. 
Y states that the presumptive SO, level for an uncontrolled unit is either 95% controror 0: 15 IbiMMBtu. 
Presumptive NO, ievels for uncontrolled units are listed in Table I of Appendix Y and are classified by 
the boiler burner configuration (unit type) and coal type. NO, emission values range from 0.62 
·lbiMMBtu down to 0.15 IblMMBtu. While Appendix Y establishes presumptive SO,iimits and·says that 
states should require presumptive NO" it also clearly gives states discretion to " •.. determine that an 

· alternative [BART] control level is justified basedon a careful consideratiol) ofthe statutory factors.''' 
The Division's following BART analyses for NO,; SO" and PMlPMlO take into.account each of the five 
statutory factors. . . . .. . 

.. - .. . - . 

Ba.ili Electric;s Laramie River Station·generates a net 550·N,!W from.each oftbree coal-fired uni~. None' 
bfthe units has NO, post-combustion controls. The presumptive NO, emission limit for dry-bottom, 

· wall-fired boilers burning sub-bituminous coal (i.e., each of the three units)·is 0·.23 IbIMMBtu;· . 

NO,: IDENTIFY AVAILABLE RETROFIT CONTROL TECHNOLOGIES 

Basin Electric identified six control technology configurations for control of NO x emissions from Units 1 
through 3: 

• Oveifire Air (OF A) 
• New Low NO, Burners (LNB) 
• Selective Catalytic Reduction (SCR) . 
• Selective Non-Catalytic Reduction (SNCR) 
• SNCRISCR Hybrid 
• Natural Gas Reburn 

1. Overfire Air - OFA is a combustion control technology that reduces NO, emissions by 
controlling the combustion process within the boiler. Within an initial fuel-rich environment that 
is used to favor the conversion of fuel-bound nitrogen to Ni instead of NO x, additional air (or 
OF A) is introduced downstream of the main burner zone to burn out any residual material. By 
injecting the OF A into the lower temperature combustion zone, NO, is less likely to form, while 
burning the residual solid fuel (char). .. 

2. New Low NOJ<.Burners - LNB technologies rely on a combination of fuel staging and combustion 

4 Ibid. (70 Federal Register 39]71) 
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air control to suppress the formation ofthernial NO,. Fuel staging occurs in the very beginning 
of combustion, where the pulverized coal is injected through the burner into the furnace. Careful 
control of the fuel·air mixture leaving the burner can limit the amount of oxygen available to the 
fuel during combustion creating a fuel rich zone that coliverts nitrogen to molecular nitrogen (N,) 
rather than using oxygen in the combustion air to oxidize the nitrogen to NO,. This allows 
complete combustion of the fuel while reduCing both thermal and chemical NO, formation. 

3:' Selective Catalytic Reduction - SCR is a post combustion control technique in which vaporized' 
ammonia is injected into the flue gas upstream of a catalyst. 'NO, entrained in the flue gas is 
reduced to N, and water. When catalyst temperatures are not in the optimal range for the 
reduction reaction or when too much ammonia is injected into the process, unreacted ammonia 
can be released to the atmosphere through the stack. This release is commonly referred to as 
ammonia slip.- . 

4. Selective,Non-Catalytic Reduction" SNCR involves the injection ofa reducing agent such'as 
ammonia 01' urea into the flue gas stream. Rather than rely on a, catalyst, SNCR systems rely on 
.appropriate injection temperatures, proper miXing of the reagent and 'One gas, and prolonged 
retention time. The effective temperature range for SNCR is higher than for SCR" and SNCR 
Systems typically have lower NO,emissiims reducHons than SCR. Also, SNCR systems are more 
prone to ammonia slip than SCR. ' 

.. .. . -

5. SNCRISCR Hybrid A hybrid SNCRISCR systemcomhines the lower costs and higher' 
ammonia slipofSNCR with the, higher NO, reduction potential and lower ammonia slip of SCR., 
During operation, the SNCR system is allowedto inject higher amounts of reagent into the flue 
gas. The increased reagent flow brings about .increaseq NOx reduction! but also causes increased 
ammonia siip which is then consumed by theSCR system. The use ofthe ammonia slip by the 
SCR system can' reduce the size of the required'SCR catalyst. 

'6. Natural Gas Reburn Fuel reburning is. method of fuel staging designed t6 reduce NO, 
emissions. It involves the introduction of a supplemental fllOi intolhe main section of the steam 
generator toproduce reducingconditiimsthat convert NO, to N2• Natural gas reburn requires 
three separatecombllstion zones and sufficient residence time (adequate furnace height). 

In addition to applying these controls technologies separately, they can b'e combined to increase overall 
NO. reduction. Basin Electric evaluated the combined:applicationofOFNLNB and the combined 
'application of OFAILNB with SNCR. ' 

NO,: ELIMINATE TECHNICALLY INFEASmLE OPTIONS 

Natura! Gas Reburn -Basin Electric determined that natural gas reburn is technically infeasible because 
the effectiveness of such a system would be negatively impacted by the.mount of space available in the 
Laramie River Station-furnaces. 
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NO,: EVALUATE EFFECTIVENESS OF REMAINING CONTROL TECHNOLOGIES 

The Division considers the control effectiveness of a proposed control'technology to be equivalent to the . 
permit limit that would be established for that technology if it were chosen as BART. The permit limit is 
based on continuous compliance when the control eq~tipment is well maintaJl'1ed and operated in a-manner 
consistent with good air pollution control practices. In order to demonstrate continuous.compliance with 
the permit limit, it is important to consider that even well maintained and operated equipment will have 
some emissions variability. Complex emission control equipment, such as. LNB with OFA, generally 
have inherent variability that must be considered when establishing the permit limit. Otherwise, the 
source may be out of compliance even though the-equipment is operated arid maint~ined as well as 

·possible. . 

'Basin EI~ctri~ determined that SNCR as the sole control technology ';""uld nolmeet the presumptive 
emission rate of 0.23 IblMMBtu. A preliminary evaluation of an SNCR sysiem for Laramie River Station 
indicated that the controlled 'NO, emissionwould be 0.24.lb/MMBtu. Therefore, SNCR Was not further 

. evaluated as the sale control technology. . .. 

In the initial BART permit applicaiionsubmittedby Basin Electric, the installation of OF A or new LNB 
individually were both listed with a control effectiveness of 0.23 Ibi'MMBiU .. A .combination of OF A with 
new LNB was listed with a control effectiveness' of 0.1 5 IblMMBtu·. Subsequent submittals from Basin 
Electric described that the.O.IS IblMMBtll control effectiveriess was based entirely on computntional fluid 
dyriamics (CFD) modeling that :was conducted in 2004. Th¥ value produced by -t"he- CFD-modeling was 
described as the lowest theoretical NO,level that could be achieved when operating conditions match the 
optimum conditions simulated in the modeling. Additionally, the 2004 CFD modeling included an error 
in the use of sea-level conditions and was described by Basin Electric's contractor (Black & Veatch) as 

. _ representing optimum, steady-state conditions that could riot bemaintnined during normal operation of 
the Laramie River Station boilers. . 

More current CFD modeling perfo';"ed bYReactionEngin~eringat therequest ofB~sin Electricfor the 
Unit 1 OF A project indicated thatthe installation of OFAwith new LNB would rest' It in a control 
effectiveness of 0.18 Ib/MMBtu (± 0.02 IbIMMBtu). As described by Burns & McDonnell on behalf of 
Basin Electric, the results orthe more recent CFD modeling indicate that an appropriate· emissions limit 
for OFA + new LNB that takes into account the norinal operation variability would be '0.23 Ib/MMBtu for 
a 30-day rolling average. '. 

Basin Electric contracted with Black & Veatch to analyze the control effectiveness of other.·control 
technologies, includirig a SNCRISCR Hybrid (Cascade) system, OFA+ newLNB with SNCR; and SCR . 

. Table 2 presents a summary ofthe.effectiveness of the technically feasible control technologies for NO,. 
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Table 2: NO, Emission Rates Per Boiler 

Baseline. 

Overfire Air 

NewLNB 

NewLNB with OFA 
, 

SNCRISCR Hybrid 

New LNB with OFA and SNCR 

SCR 

0.27 ' 

0.23 

0.23 

0.23 

0.20 

0.12 

0.07 

Note: BaselinE! emissions based on continuous emissions 
monitoring (CEM) annual averages for2001-2003-. 

NO,: EVALUATE IMP ACTS ANIl DOCUMENT RESULTS' 

Basin Electric q~antified'ttie_ costs of ap~lyin~ the te~aining NO" co£).11:01 technologit:s by 'cuIl:iid~ring the 
following types of impaci: ' 

• Co's! of ~ompliance . 
• Energy impacts" . .; _ 
• N(:)11-,air" quality -ep.vironmental impacts' 
• RemaininguseftIllife 
• Visibility (described in a later section of the documel1t) , 

Energy imp~cts, such as added auxiliary power consumption or the power ~ssociated with 'additional draft 
systems to overcome resistance to fhle gas' flow, we"re calculated for each control techilOiogy. Non~air 

. quality environmental impacts were also considered, and for this analysis were limited to the costs 
associated with disposal of bypro ducts or waste generated by control technologies. Basin Electric 
anticipates operating the Laramie River Station Units 1-3 indefinitely and did not include life extension 
costs. in the economic analysis. A standard control life of20 years was used to calculate the capital 
recovery factor. 

Basin Electric developed estimates for the cost of compliance, including Total Capital Investment (TCl) 
and annual operation and maintenance (O&M) costs, using the following sources of information: 

• CoafUtility Environmental Cost (CUECost) workbook (Version LO) 
• EPA Air Pollution Control Cost Manual (Sixth Edition) 
• Budgetary quotes from equipment vendors 
• Cost estimates ~om pr.evious design/build proj ects or in~house engineering estj'mates 
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Several different metrics can be considered when evaluating the cost-benefit relationships of different 
emission conirol technologies. In 40 CFR part 51 Appendix Y, two metrics are specifically meniioned: 
cost effectiveness and incremental cost effectiveness. Through,the application of BACT, the Division has 
extensive-_experience using cost effectiveness (Le., dollars per ton of pollirtant removed) to evaluate 
control technolog-ies. Incremental cost effectiveness is also used extensively.l?y the Division when 
comparing emission controls under the BACT process. While the BART proc.,ss and the BACT process 
are not equivalent, control determinations from either process that are based on cost effectiveness and 
incremental cost effectiveness are indicative of the economic costs to control emissions. 

In addition to providing cost effectiveness ~nd jncremental cost effectiven~ss results, Basin Electric 
provided cost information in terms of cost of applying emission controls and the level of visibility 
improvement achieved (Le" dollars per deciviews). While this metric can illustrate the control cost and 
visibility imprbvemimt differences between control options, it is not commonly used to assess the overall 
effectiveness of pollution control equipment. When performing the presumptive BART levels analyses 
for NOx and S02, EPA addressed cost effectiveness and incremental cost effectiveness separate from 
'visibility improvement: EPA did not Use the dollars per deciview metric to compare control' options: , 
Visibility improvements from the application ofth" control measures used'to establish presumptive levels 
were addressed in a separate visibility 'malysis. As discussed in the comprehensive visibility analysis 
,presented later in this analysis, the Division' evaluated the amount of anticipated visibility improvement' 

, gained by thO application of each proposed emission control technology. The Division considered cost 
. effectiveness·and i.ncrementai" cost effectivem~ss in the evaluation of each proposed NOx emission"-c.ontrol. 

Tables 3 through 5 present the eco~omic and environmental costs associated with the~emaining NO, 
contrel technologies for Units I through 3. 
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Table 3: Unit 1 Economic and Environmental Costs for NO Control 

Capital Costs 

Annualized Costs 

NOx Emissions 
(Ib/MMBtu) 
Annual NOx Emission 
(tpy) 
AnnualNOx 
Reduction (tpy) 
Cost per ton-of 
Reduction 
Incremental Costper 
ton ofReduction(l) 

Energy Costs' 

Non-AirQuality Costs, " 

$5,326,000 $IS,631,000 

$625000 $1,3GO,000 

0,23 0.23 

5384 5,384 

936 936 

$668 $1,453 

$140,000· 

$22,096,000 

$1 944000 

0.23 

5,384 

' 936 

$2,077 

. 'W ".',.. ?New",· 
, SNCRlSCR';" LNB!6MC' 

, Hvbrida~aSNc'iC 

$44969,000 $43441 000 

$7429,000 $7365000 

0.20 , 0,12 

4,681 2,809 

1,639 3,511 ' 

$4,534 $2,098 

, $2,105 

$77,000 $77,000 

$123,101,000 

$15,787000 

. 0:07 

i,639 

4,681 

$3,372 

$7;198 

$414,000 

$1,000 
11). Incremental costs for new LNB +- OF A + SNCR calculated relative .to. new LNB + OFA. Incremental costs for SCR -

~(cu(ated relative to newJ.NB:+..Of A + SlfcR. Ine;remental costs -f~i- SNCRlScR H9brid not calculflv.d (t:;onsidered 
an inferior tec;:hoology and oat considered further in this analysis). . 

:;'~:~ 

'·:'~tR:' 

Non-Air Quality Costs 

costs 
calculated relative to new LNB + OFA + SNCR.lncremeotaJ costs for SNCRlSCR Hybrid oot calculated (considered 
an inferior technology and not considered·further in this an.~lysis), 
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costs OFA + SNCR calculated relative to new costs for SCR 
calculated ~elative to new LNB + OF A + SNCR: Incremental -coSts for SNCR/SCR Hybrid not ca1culate~ (co~sidered· 
an inferior tefhnology and not consi~-ered ~rther in this anatysi~). 

The cost effecliven~ss and incremenlal cosl effecliveness oflhe proposed BART lechnologi"s for NO, a;" 
all reasomible. The SNCRISCR Hybrid was eliminaledJrom 'further consideration as an inferior 
lechnology as cOnipared to New 'LNB/OF AlSNCR because of the·higher. cosls/higher emissions 

". associaled wilh Ihe Hybrid option, Basin Eleclric modeled the range of anlicipaledvisibilitY . 
improvement fromthe company~proposed BART coritrols (OF A) by modeling OFAlNew LNB and' 
OFAINew LNB/SCR .. While OFAINew LNB/SNCRwas not individually evalualed in Step:5: Evaluate 
visibility impact, the anticipaled degree of visibility improvement from applying this conlrol option lies 
wilhin Ihe range oiVisibility impacts Ihal were modeled. . . 
. . "" 

The final step in the BART NO, determination process for Laramie River Stalion UnitS'l-3, Slep 5: 
Evaluate visibilitY impacts) "is addressed in a comprehensive visibility analysis covering aU three visibility 
impairing pollulimls and associale control options. The vIsibility analysis follows Steps i -4 for PMIO 

emissions in this application a:nalys~s. . 

SO,: IDENTIFY AVAILABLERETROFlT CONTROL TECHNOLOGIES 

_Basin Electric identified three control te.chnology configuratiqns for reduction of S02 emissions from 
Units I and 2, which are currenlly equipped with back-end WFGD syslems: 

• Elimination of Stack Reheal System 
• Improvements 10 Existing WFGD 
• Sorbent Injection 
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1. Elimination' of Stack Reheat System 'Basin Electric routes a portion of the flue gas on Units 1 
and 2 to a reheat system that decreases the moisture in the flues and avoids damage to the flues, 
which are brick-lined. The elimination of the reheat system would route more of the flue gas 
through the WFGD and reduce SO, emissions, but would place added strain on the scrubber and 
require a new stack with a liquid collection system, 

2. Imgrovements to Existing WFGD - Units 1 and 2 are equipped with dual-loop, counter-flow 
absorber towers. Each unit has five absorber towers.' Current operation of the system meets the 
permitted emission limit of 0.20 Ib/MMBtu. One possible measure to improve the performance 
ofthe system would be the installation of an additional level of perforated tray below the existing 
perforated tray. This tray would serve to increase the contact time between the flue gas and the, 
reagent liquid (LiG ratio) and increase ovenill SO, removal. This technique, however, would 
increase the pressure drop in the scrubber vessel, and would require an upgrade to draft system, 
Another option for enhanced SO, removal is to increase the slurry flow rate i,nto the absorber 
'section of the WFGD by adding an additional spray header. ,The disadvantage ofthis option is 
increased erosion on the vaning system" in the tower, and the need to enhance the reagent. " 
preparation system. A third option for higher SO; removal is to upgrade the capacity of the 
recycle pumps, thus increasing the slurry flow rate. This would ilicrease the LlG ratio. As a ' 
fourth option, an additional absorbedower could be installed tO'allow for the treatrileDt of more' 
flue gas and to increase the LtG ratio byallowinga rebalancing of the flue gas flow rates to a 
lower flow through each tower. A fifth option is the introduction of chemical additives that 
eQhance the S02 capture;rate, Three" additiv"es t~at are-typica~ty "llsed"are dolorriitic]i~e, "dibasic" 

',(DBA) or adipic aCid, and formic acid. Basin Electric chose this option for further evaluation 
, , i)ecause it had the least plant'impacits, outage time, and FGD operationprocedure impacts,' ' 

. " "" - " " 

3. Sorbent Injection - Compone~t; of a reagent injectio~ system typiCally include an air compressor, 
sorbent storage tank, heat traCing, controls, "injection sYstem, inJection p'latform," and slurry pump", 
Furnace and duct injection systems ;equire a wet or dry reagent, and are capable of n~moving"l 0 
to 20 percent of the SO, 'in the flue gas. A dry reagentsuch aspowdered lime is preferred for, ' 
fuma~e injeCtion"systems, For duct-injection systems, a wet reagent s"uch as lit.ne slun), is 
preferred. Use of a Wet reageClt upstream of an existing ESP can help reduce the gas temperature, 

. improve ESP performance, and e.liminate,the need for additionalID fans for draft controL 

Basin Electric identified four control technology configurations" for reduction of-S02 emissions from Unit 
3, which currently uses a DFGDsystem: 

• Fabric Filter Retrofit into Unit 3 ESP Casing 
• Replacement of Dry Scrubber Reactor with New Generation SDA Modules 
• New WFGD System 
• Sorbent Injection 

L Fabric Filter Retrofit into Unit 3 ESP Casing - Enhanced SO, r~moval can be achieved by 
retrofitting a fabric filter system into the existing Unit 3 ESP. Removal of SO, would occur from 
contact ofthe remaining SO, molecules in the flue gas with umeacted lime particles in the fly ash 
cake on the fabric filter bags. With a tYpical Spray Dryer Absorber (SDA) and pulse jet fabric 
filter (PJFF) system, additional SO, removal can be IOta 20 percent. 
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2. Replacement ofUry Scrubber Reactor with New Generation SDA Modules ~ Existing dry 
scrubber equipment on Unit 3 was designed by B& W, and achieves an SO; removal rate of 
approximately 85 percent.. Replacement of the existing four dry scrubber reactors with two SDA 
modules could achieve a.small increase in S(h removal. . 

3. New WFGD System - A new wet FGD system similar to those used on Units I and 2 could be 
iristalled on Unit 3 to replace the existing dry scrubber. Unit 3's dry scrubber would be left in 
place with its internal equipment removed to reduce pressure drop. The Unit 3 ESP would 
remain in operation to remove fly ash, and the location 6fthe new WFGl) would be to the east of 
the existing chimney. A new stack with a liner capable of wei flue gas operation would be 
required. Outage time for the unit would only be required fortie-in with the new system: New 
booster fans would be needed to adjust for additional pressure drop from the scrubber, and the 
limestone reagent preparation system for Uhits I 'and 2 might have to be upgraded to 
accommodate additional material needed for Unit 3. . 

4. Sorbent Injection -:The sorbent injection system desc;ibed earlier for Units 1 and 2 is also a 
possibility for Unit3. 

SOl: ELIMINATE TECHNiCALLY INFEASIBLE OPTIONS 

All of the control techriologiesidentified ior Units 1 and 2 are technically feasible. 
'listed'technologieswere deemed by BasinElectric as technically infeasible: 

For Unit 3, two of the 

New Generation SDA Modules:'Unit 3 'is hlready equipped with a ;ysiem that is essentially an SDA, and 
therefore it is not feasible to :replace the existing system with a similar' system. 

. ... 

Sorbent.Injection - Sorbent injection is not technically feasible fa;Unit 3 because the expected ~6ntrolled . 
emission level yvould .. ~ot meet ~he presumptiye level. . . ... . . 

SO,:· EVALUATE EFFECTIVENESS OF REMAINING CONTROL TECHNOLOGIES 

The Diyision considers the control effectiveness of a proposed contro.! technology to be equivalent to the 
. BAR,T,<\etermined permit limit. rhe limit is based on continuous compliance when th.e control 
equipment is well maintained and· operated in a manner consi$tent with· good air pollution control 
practices. In order to demonstrate continuous compliance with the permit limit it is important to consider 
that even well maintained and operated equipment will have some emissions variability. Complex . 
emission control equipment generally has inherent variability that must be considered when establishing 
the limit. Otherwise, the source will be out of compliance even though the equipment is operated.and 
maintained as well as possible. . 

Tables 6 and 7 present the· effectiveness of the remaining technically feasible control technologies for . 
SO,. . 
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Baseline 

Sorbent Injection 

FGD Chemical Additives 

Elimination of Stack Reheat System 

0.15 

0.15 

0.1~ 

. Baseline emissions based on continuous emissions 
moniioring (CEM) annual averages for2001-2003: 

Baseline 0.17 

Fabric Filter Retrofit into UniO ESP .0.13 

0.06 

on- continuous 
monitoring (CEM) annual averages for 2001-2003. 

so,: EVALUATE IMPACTS AND DOCUMENT RESULTS 

Basin Electric quantified the costs of applying the remaining SO, control technologies at the Laramie 
River Station by considering thefollowinglypes of impact: . . 

• Cost of compliance '. 
• Energy Impacts . 
• Non-air qualitY erivironmental impac~ 
• Remaining useful life 
• Visibility (described in later section of the document) . 

Basin Electric anticipates operating the. Laramie River Station Units 1-3 indefiriitely and did not include 
life extension costs in the economic analysis. A standard control life of20 years was used to calculate the 
capital recovery factor. 

Several different metrics can be considered when evaluating the cost-benefit relationships of different 
emission control technologies. In 40 CFR part 51 Appendix 'l two metrics are specifically mention.ed: 
cost effectiveness and incremental cost effectiveness. Through the application of BACT, the Division has 
extensive experience using cost effectiveness (Le., dollars per ton of pollutant removed) to evaluate 
control technologies. Incremental cost effectiveness is also used extensively by the- Division when 
comparing emission controls under the BACT process. While the BART process and the BACT process 
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are not equivalent, control determinations from either process that are based on cost effectiveness and 
incremental cost effectiveness ar.e indicative of the ecqnomic·costs to control emissions. 

In additipn to provi~ing cost effectiveness and incremental cost effectiveness resi.11ts~ Basin Electric 
provided cost information in terms of cost of applying emission controls and the level of visibility 
improvement achieved (i.e., dollars per deciviews). While this metric can illustrate the control cost and 
visibility improvement differences between control options, it is no(commonlyused to assess the overall 
effectiveness of pollution control equipment. When performing the presumptive BART levels analyses 
for NO, and SO" EPA addressed cost effectiveness and incremental cost effectiveness separate from 
visibility improvement. The dollars per deciview metric was not used to compare control options. 
Visibility improvements from· the application of the control measures used to establish presumptive levels 

. were addressed in a separate visibility analysis. T~e Dil;'ision ·considered cost ~ffectiveness and 

. incremental cost effectiveness in the evalu.tion of each proposed ·emission control. Tables 8 through 10 
present the economic and environment.leosts associated with the remaining SO, control technologies for 
Units I through 3 .. 

·Table 8: Unit 1 Economic and EnVironmental Costs tor SO, Control 

Capital Costs $7,453,UOO $2,363;000 $63,845,000 

Annualized ·Costs 
$906,000 $366,000 $6;664,000 

SO, EmissiOlis(lblMMBtui 0.15 0.15 0.13 

Annual SO, Eniission (!Py) 
3,51 i ... 3,511. 3,043· 

. Annual SO, Reduction (!Py) . 234 234 702 

Cost per"ton.of!teduction $3;871 $1564 $9,490 

$13,453 

Energy Cos.ts $62,000 $6,006 $459,000 

Non-Air Quality Costs 

\II Incremental costs for Eliminate Stack Reheat System relative to PGD 9hemlcai Additives 
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Capital Costs 

Annualized Costs 

so, Eniissions (lb/MMBtu) 

Annual SO, Emission (tpy) 

Annual SO, Reduction (tpy) 

Cost p~r ton of Reduction 

Incremental Cost p'er ton of Reduction(l) 

Energy Costs 

Non-Air Quality Costs 

costs' 

Capital Costs 

Annualized Costs 

so, Emissions (lbIMMBtu) 

Annual SO, Emission (tpy) 

Annual SO, Reduction (tpy) 

Cost per ton ofReduGtion 

Incremental Cost per ton of Reduct.iqn(l) 

Energy Costs 

Non-Air Quality Costs 

~osts 

) 

0.13 
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Several of the technically feasible control options for S02 are not cosi effeciive, including all proposed 
optionofar Unit 3, and the elimination ofthe stack reheat system for Units I and 2. The remaining 
options for Units I and 2, Sorbent Injection and FGD Chemical Additives, were modeled by the applicant 
to determine Class I area visibility improvement. Results of the modeling showed that visibility 
improvement would be insignificant. For example, the predicted visibility improvement at Badlands 
National Park, based on the modeled 98'h percentile result for all three units combined; would be (at most) 

. 0.02 delta deciview. Therefore, none of the proposed coritrol options for S02 were carried forward for 
further analysis. 

PMlPM1D: IDENTIFY A V AILABLERETROFIT CONTROL TECHNOLOGIES 

Basin Electric identified four control technology configurations for .control of PM emissions from Units I 
through 3: . 

• Flue Gas Treatment 
• Existing ESP Perfoqnance Enhancements 
• 'PJFFRetrofit into ESP (Onit 3 only) 

• GE Max-9 Hybrid . • '. 

L Flue Gas Treatment O~e option for flue gas·treatm~nt.~s f1u~ ga; "C6~ditio~ing'" f~r-which flue 
gas is conditioned by ,adding ionic compounds ~ucli as sulfur. trioxide ~md ammonia to)mprove 
-the PM capture rate iI"1 the ESP .. 'MOIsture in the-flue- gas combiiles wit1i the ionic-compounds and 
the mixture is deposited on the surface of the fly ash particles .. fu this way, the conductivity .of 
the fly-ash is increased and the capture rate ofihe ESP is improved. Another option.is in-duct 

. humidification, foi which moisture 'is added to the fluegas.upstream ofthe ESP. This serves to 
reduce the temperature (and volume) of the flue gas;· and a denser flue gas allows for an increase 
in the Specific Collection Area (SeA) of the ESP without Ii physicalmodificationto the ESP. 
The humidification would have to be limited to avoid an outlet temperature that would promote 
the formation of H2S04• Particle agglomeratiori is another optionfol' flue gas treatment. Forthis 
process, the flue gas is pretreated with electrostatic charges upstream of the ESP to promote 
agglomeration of the particles. By agglomeratihg the particles into huger sizes and redllcing the 

. number' of particles to be collected by the·ESP, the' overall removal efficiency of the ESP is 
improve~ .. 

2. Existing ESP Performimce Enhancements' The ESP imparts. an eiectrical charge'to particles in . 
. the flue gas, and the'particles adhere to metal plates inside the precipitator. Rapping on the plates 
~emoves the particles from the plates for disposal. One technology for improving rapping . 
efficiency and preventing re-'entrainment of the fly ash into the flue gas is the use ofa 
computerized rapping system. This has already been implemented at the Laramie River Station. 
Another option for improving the ESP performance is to upgrade the electrical andcontrol . 
system. This type of upgrade can not only enhance the particle collection efficiency, but will also. 
allow the ESP to operate more efficiently and therefore lower the auxiliary power use. This also 
has already been implemented at the Laramie River Station. . 

3. PulSe Jet FabricFilter Retrofit into ESP - Retrofit of a PJFF into the existing Unit 3 ESP casing 
would require several physical modifications to the .system, including the construction of a 
tubesheet to hold the fabric filter bags and the installation of a compressed air system for cleaning 

AQD LRS BART 
000428 



Basin Electric Laramie River Station 
AP~6047 BART Application Analysis 
Page 18 

the bags. A new booster fan system would be required to offset the added pressure drop from the 
filter bags. The additional auxiliary power consumption from the new booster fan would be 
offset by power savings from.not operating the ESP. The PJFF retrofit is a viable option only for 
Unit 3. Units 1 and 2 utilize wet flue gas desulfurization (WFGD), and a PJFF is not feasible for 
use downstreamofa WFGD·system. 

4. GE Max-9 Hybrid - The GE Max-9 Electrostatic Fabric Filter (ESFF) is an electrostatic 
precipitator/pulse-jet baghouse hybrid, using high-voltage discharge electrodes. to charge flue gas 
particles, but with fabric filters instead of collecting plates in the casing. The system can provide 

_ high collection efficiency while operating at a-lower system pressure drop_ Pressure drop is lower 
because particles are charged positively and repel each other on the surface ofthe filter, making 
the dtlst cake very porous. Compressed air pulses are used to clean the filters. 

PMlPM10: ELIivrrNATE TECHNICALLY INFEASIBLE OPTIONS 

Basin Electric identified three of the fou~ potential control technologies for PM astechnicallyinfeasible: 
. . .. 

. Flue GasTreatment: This option would not iitcrease the level of e~issio~s control·to a·higher level than is 
.. currertily" achieved with the existing ESP, and is therefore considered to be technically infeasible. 

. . - .: " . . - . . ." ,.' ..... . 

Existing ESP Performance Enhancement:- Th~ ESP perforrmi.nc~ enhancements, as descr.ibed ~arJier~ are 
already in use at the Laramie River station: . - -. . 

GE Max-9 Hybrid - The GE Ma"'9 Hybrid has been recently installed in a smaller utility boiler, but not· 
with .boiler of the size used at the Laramie River Station: Therefore, the GE Max-9 is not corisidered as 
a technically feasible technology. 

PMlPMLO: EVALUATEJ>FFECTIVENESS OF REMAINING CONTROL TECIDiOLOGIES 

The Division conside;" the control effectiveness of a proposed control technology to be·equivalent to the 
BART,determined permit limit. The Hmit is based on continuous compliance when the control . 
equipment is well1)laintained and operated in a manner consistent with good air pollution control 

. practices,_ In order to deqlOnstrate continuous'compliance with the perin,t lifr!.it; it is import&nt to consi~er 
that even -"yell maintained and dperated equipment will have. some emissions variabiliry. Complex. 
emission control equipment generally has inherent variability that must be considered when establishing 
. the limit. Otherwise, the source will be out of compliance even though the equipment is operated and 
maintained as well as possible. Table 11· presents the control effectiveness associated with the remaining 
technically feasible PM controls. 

Baseline 

Retrofit Fabric Filter into Unit 3 ESP 

0:030 

O.DlS 
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PMIPM1~: EVALUATE IMPACTS AND DOCUMENT RESULTS 

Basin Electric quantified the costs of applying the remaining technologies at the Laramie River Station by 
considering the following types of impact: 

• Cost of compliance 
o Energy Impacts 
II Non-air quality environmental impacts 
• Remaining useful life 
o Visibility (described in latersectionofthe document) 

Basin Electric anticipates operating each ()fthe LaralTlie River Station units indefinitely .nd did not 
include life extension c.osts in the economic analysis. A standard control life of 20 years was used to 
caleul.ie the capital recovery factor. . 

Several diff~rent metrics can be considered when evaluating the cost-benefit relationships of different 
· emission control technologies. In 40 CFR part 5i Appendix Y two metrics ai'e specifically mentioned: 
cost·effe.ctiveness and incremental cost effectiveness. Through the application ofBACT;the Division has 
extensive experience using cost effectiveness (Le., dollars per ton of pollutant removed) to· evaluate 

· control technologies. Ificr~mental cost effectiveness is also used extensivelyby"the Division when·. . 
comparing emission controls under the BACT process. ·While the BART process and the BAcr process 
are not equivalent, control determinations from either process tliat are based o~ cost effectiveness' and 
incremental co.st effectiveness ar~ indicative of the economic costs to control emissions .. 

In addition to providin'g cost effectiveness arid incremental cost effective~ess results, Basin, Electri~ 
· provided cost information in terins of cost of applying emission controls and the level of visibility 

improvement achieved (Le., dollars per deciviews). While thismetric can illustrate the control cost and 
visibility-improvement differences between control options, it is not commonly ilsed to assess the. overall 
effectiveness of pollution control equipment. Wheri performing the presumptive BART levels analyses· 
for NO, and SO,; EPA addressed cost effectiveness and incremental cost ·effectiveness separate from. 

· visibility improvement. The dollars per deciviewmetric was not used to compare control options. 
Visibility improvements from the application of the control measures ,ised to· establish presumptive Ievels 
were addreSsed in a separate visibility analysis. As discuss.ed in the comprehensive visibility analysis 
-pres~nted later in this analYSIS, the Division evaluated the amount of visibility improvement.gained in 
relation to each proposed emission control technology. The Division considered cost effectiveness and
incremental cost effectiveness in the evaluation of each proposed PM ernission control. Table 12 present 
the economic and environmental costs associated with the remaining PM technologies; 
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Annualized Costs-

PM Emissions (Ib/MMBtu) 

Annual PM Emission (tpy) 

Annual PM Reduction,(tpy) 

. Cost per ton of~eduction 

Energy Costs 

0,015 

The remaining technically feasibie PM10 control option for"Unit 3 is notcost effective, and was not carried 
forward for furt~er analysIs. . 

VISIBll,ITY IMPROVEMENT DETERMINATION: ' 

The fifth of,five factors that must be considered for a BART determination analysis, as required by 40 
CFR part 51- Appendix Y, is the degree of Class J area visibility improvementthat would result from the 
installation of the various options forconirol technology, This factor was evaluated for the Basin Electric 
Power Cooperative, (BEPC) Laramie River Station by using an EPA-approved dispersion modeling 
system (CALPUFF) to predict the change in Class I area visibility. The Division had previously , 
determined that the Laramie River Station was subject to BART based on the, results of initiai screening 
modeling that was conducted using current (baseline) emissions from the facility. The screening 
modeling, as well as more refined 'modeling conducted by the applicant, is described in detail below, 

Rocky Mountain National Park (NP) and Rawah Wilderness Area ill Colorado are the closest Class I ' 
areas to the Laramie River Station, as shown in Figure I below. Rawah WA is located approximately 165 
kilometers (km) to the southwest of the station and Rocky Mountain NP is located approximately 185 km' 
to the southwest ofthe station, Wind Cave NP and Badlands NP are located to the northeast 'ofthe 
station, at distances of approximately 190 km and 270 km, respectively, 

Only those Class I areas most likely to be impacted by the Laramie River sources were modeled, as 
determined by source/Class I area locations, distanc~s to each Class I area, and' professional judgment 
considering meteorological and terrain factors. It can be reasonably assumed that areas at greater 
·distances and "in dir~ctions of less frequent plume transport will experience lower impacts than those 
predicted for the two modeled areas, 
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Figure 1 
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. SCREENING MODELING 

To determine if the Laramie River Station would be subjectto BART, the Division conducted CALPUFF 
modeling using three years of meteorological data. These data, from 200 I ,2003, consisted of surface imd 
upper-air observations and gridded output from the Mesoscale Model (MM5). Resolution of the MM5 
data was 36-km for aU three ofthe modeled years. Sources input to the modeling included the potential 
emissions (current operation) from the three coal-fired boilers at the facility. The Division chose to 
model the impacts at Wind Cave NP and Badlands NP for the screening, using the assumption that these 
areas would yield larger impacts than the Colorado Class I areas due to the predominant wind direction. 

Results ofthe modeling showed that the 98'h per~eilti1evalue.for the change invisibility (delta deciview 
[Adv]) was above 0.5 Adv at Wind Cave NP and Badlands NP for all three years of meteorology. As 
defmed in EPA's final BART nile, Ii 98'hpercentile 0.5 Adv impact or more froma given source indicates 
that the source contributes to visibility iinpairment, and therefore is subject to BART. The results ofthe 
screening modeling are shown in Table 13 below. . . 

Tbl 13 R It ftb Cl . I AS· M d r a e : esu so e ass· rea creenme: _ oeme:· 

Tear and Class I Area· 

2001 
WindCaveNP 
BadlandsNP 
2002 . 

Wind CaveNI;' 
Badlands NP . .. 

2003 
Wind CaveNP 

. Badlands NP 
. . 

~dv 7 delta declyl~w . 
NP ~ National Park .. 

REF1NED MODELING . 

. 

Maxi.mum 98'· 
. Modeled Percentile 

. Value (Adv) Valu.(Adv) 

6.27 I ·330 

. 5.50 3.68 
.. 

7.71 ·3.14. 
5.88 2.78 . 

8.52 I . .. 3.21 
5.44 I 2.67 

Because of the results of the Division'·s screening modeling for the L~munie River. Station) BEPC was 
required to conduct a refined BART analysis that included CALPUFF visibility modeling for the facility. 
The modeling approach followed the requirements described in the Division'sBART modeling protocol, 
BART Air Modeling Protocoi - Individual Source Visibility Assessments for BART Control Analyses 
(WDEQ-.AQD, September 2006). ... . 

CALPUFF System 

Predicted visibility impacts from the Laramie River Station were determined with the EPA CALPUFF· 
modeling system, which is the EPA-preferred modeling system for long-range transport. As described in 
the EPA Guideline on Air Quality Models (Appendix Wof 40 CFR Part 51), long-range transport is 
defined as modeling with source-receptor distances greater than 50 km. Because all modeled areas are 
located more than 50 km from ·the sources in question, tbe CALPUFF system was appropriate for use. 
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The CALPUFF modeling system consists of a meteorological data pre-processor (CALMET),an air 
dispersion model (CALPUFF), and post-processor programs (POSTUTIL, CALSUM, CALPOST). The 
CALPUFF model was developed as a non-steady-state air quality modeling system for assessing the 
effects of time- and space-varying meteorological conditions on pollutant"transport, transformation, and 
removal. 

. .' . 

CALMET is a diagnostic wind model that develops hourly wind and tempera!.lfe fields in a three
dimensional, gridded modeling domain. Meteorological inputs '10 CALMET cim include surface and 
upper-air observations from multiple meteorological monitoring stations. Additionally, the CALMET 
model can 1.j.tilize gridded analysis fields from various mesoscale .Q1odels such .as MM5 to better represent 
regional wind flows and complex terrain circulations. Associated two-dimensional fields such as mixing 
height, land use, and surface roughness are.included in the input to the CALMET model. The CALMET 
model allows the user to "weight;' various terrain influence parameters in the vertical and horizontal 
directions by defining the radius of in:puence for surface"and upper~air stations. - . 

CALPUFF is a multi-layer, Lagrangian puff dispersion model. CALPUFF can be driven by the three
dimensional wind fields developed by the CALMET model (refined mode), or by data from a single 
surface and upper-air station in a format consistent with the meteorological files used to drive.steady-state 
dispersion models. All far-field modeling assessments described here. were completed using the 
CALPUFF model in a refined mode.· . . 

CALSuM is a post-pro"cessing program,-"that can.o~erat~" on milltiple-CALPliFF _o~tp~t flies to c~mbine" 
the results for further post-processing. POSTUTIL is ·a.post-processing program ·thafprocesses 
CALPUFF concentrations and wet/dry flux files. The POSTUTIL model operates ort one or more output 
data files fromCALPUFF to sum, scale, andlor compute speCies derived from those that are modeled, and 
outputs selecied species to a file for further post-processing. CALPOST is. post-processing program that 
can read the CALPUFF (or POSTUTIL or CALSUM) output files, .and calculate the impacts to visibility. 

All ofthe·refined CALPUFF modeling''';as conducted with the version of the CALPUFF system that was' 
. recognized as the EPA-approved release at the time of the development of the Division's modeling 
protocol. Version designations ofthe key program's are list"d in the table below. . 

Table 14; Kev l'ro~rams in CALPUFF System 
Pr02ram Version Level 
CALMET 5.53a 040716 
CALPUFF 5.711a 040716 
CALPOST 5.51 030709 

Meteorological Data Processing (CALMET) 

As required by the Division's modeling protocol, the CALMET model was used to construct the initial 
three-dimensional windfield using data from the MM5 model. Surface and upper-air data were also input 
to CALMET to adjust the initial windfield, but because of the relative scarcity of observations in the 
modeling domain, the influence of the observations was limited within CALMET. Because the MM5 data 
were afforded a high degree of influence on the CALMETwindfields, the Division obtained MM5 data 
with l2-km resolution that spanned the years 2001-2003 for use in the analysis. Th'e Division provided 
the BART applicants all of the raw meteorological inputs for the CALMET model Default settings were 
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used in the CALMET input files for most of the technical options. 

The following table lists the key user-defined CALMET settings that were selected. 

a e : ey ser- e mel e mgs T hI 15 K U D fi I CALMET S tt' 
Variable Description Value 

PMAP Map projection LCC (Lambert Conformal' 
Conic) 

DGRIDKM Grid spacing (km) 4 

NZ Number oflayers , 10 

ZFACE Cell face heights (m) 0,20,40, )00, 140,320, 
580,1020,1480,22203400 

RM1N2' Minimum distance for ex:trapo(~tioh -1 

IPROG Use gridded prognostic model output 14 (MM5 data) 

RMAXI . ";Maximuin radius ofi~f1uence (surface" 30 
layer, knn)' , ' , 

RMAX2 Maximum radius ofinfluence (layers 50 
aloft knn) " ' 

TERRAD Radius of influence for terrain'(km) 15 
, Rl "Relative weighting" of first guess wina. 5 

field and observations (knn) ',' 
R2 Relative weighting aloft (knn) " , 25 

Two GALMET windfields were used for the LaramieRiver station BART modeling. The initial ' 
, windfield'was developed byBEPC to model the impacts at Wind Cave NP andBadlands NP, as directed, 

by the Division and as specified in the ,Division' s 'modeling protocol; A second, larger windfield was' 
developed by the Division tomodel the impacts at Raw.h WA and RockY Mountain NP and to model an 
additional control scemirio at Wind Cave NP and Badlands NP. Surface; upj:ier-air, and precipitation data 
for the domains, were incorporated into the CALMET windfields, Figures 2 and 3 below show the 
locations of surface, upper-air, and precipitation stations used for, the two windfields. ' 
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• Precipitation Station . 

aSurface Station 

o Upper-Air Slation 

Lee East (km) 
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'CALPUFF Modeling Setup 

To allow chemical transformations within CALPUFF lising the recommended chemistry 
mechanism (MESOPUFF II), the model required input of background D-zone and ammonia. For 
ozone, hourly data collected from the following stations were used: 

• Rocky Mountain National Park, Colorado (NP) 
• -Craters ofthe Moon National Monument, Idaho 
• Highland, Utah 
.' Th~mder Basin, Wyoming 
• Yellowstone NP, Wyoming 
• Centennial, Wyoming 

_. Pinedale, Wyoming 

_ For any hour that was missing ozone data from all stations, a default value of 44 parts per billion -
" (ppb) was used by tlie model as a 'Substitute. Fot ammonia, a domain-wide background value of2 

ppb viaBused. -

Latitude and iongitnde coordinates for Class I area discr~te rec"ptors were taken from ihe 
National ParkService(NPS) Class I Receptors database and converted'to'lhe appropriate 
Lambert Conformal Conic' coordinates. Figute~ 4-7 show the receptor configurations that were 
used for Rawah W A, Rocky Mountain NP, Badlands NP, and Wind Cave N1>. Receptor spacing 
within Wind Cave NP is approximately 0.7 km in the east-west direction and approximately 0;9 
km in the north-soutb direction. For Rawah WA, Rocky Mountain NP, and Badlands NP; the _ 
receptor spacing is approximately 1.4 km in the east-west direction and' approximately 1.8 km in 
the north-south direction. ' ' 
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Figure 4 
Rece tors for Rawah WA 
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11& Rllceptors . .. .. . 
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· . . . . .. · ..... . .. -. . . 

USfS Boondary Source: 
FS Nalional CllYBrag'l' file: NRJa - ALP group 
Corvallis, OR 
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Sage ClntWjld~mes5 
yJlhin eadlandsllP 

100Ret~plol$ . 
HPS aound~.ySourc:oc 

hlp;I{WNW.nps_go.lgi~n,'ion.l_dala.hlm 

Figure 6 
ReceDtors for Wind Cave NP 

Figure 7 
Rece tors for Badlands NP 

Sage C'if~ Wildeme~$ 6oun~aoy Sou.e~: 
htp:flwNw.nps.qoY{gis{dalajnfo/d •• ,nghau!If hlllll 
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CALPUFF Inputs - Baseline and Control Options 

The first step in the refined modeling analysis wasta perform'visibility modeling for current 
(baseline) operations at the facility. Emissions of NO, and SO, for the baseline runs were 
established based on CEM annual emissions averages for years 2001 to 2003. All particulate 
emissions (PM) were based on an emission rate of 0.03 IblMMBtu and were treated as PM", (fine 
PM) within CALPUFF and CALPOST. Direct emissions of sulfate were based on ihe values 
calculated for the Toxic Release Inventory (TRI) for the years modeled. 

Baseline source release parameters and-emissions· are shown in the table below) followed by 
tables with data for the variolls corttrol options. No attempt was made by the applicant to 
estimate the increase in sidfate emissioris that would result from operation of SCR and 
SNCRISCR hybrid controls; and as a result the visibility improvement for those scenarios 'may be 
qverestimated by some un4etermined amount. . 
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) 

Table 16' Baseline Source Parameters 
'"c"" ',/'. ',,',.' 

, 
B"ttseiine . ".,-: i!" :" , ' , 

"" "".' I.' 

.. 
Coar:Fired Coal-FIred 
'Uniti(Pl) Unit:2(P2) 

' . 
" .. '.'~i;~, Ll'ffl, 

Parameter WFGD ESP WFGD,ESP, 

Heat Input (MMBttl/yr)' 46,814,433 46,557,738 
Base Elevation (m) . 1348 1348 

Stack Height (m) 184.4 184.4 

Stack Diameter (m) 8.69 8.69 
Stack Temperature (K) , 338.7 338.7 
Exil Velociiv (m/s) ',' 21.33 21.03 

SO, Emissions (IblMMBtu) 0.16 0.16 

SO, Emissions (Ipy) .' 3745 3725 

"HSZ0 4 Emissions (tpy)" . 3.06 2.80 

NO, Emissions (IblMMBtu) 0.27 0.27 

NO Emissions (Ipy) , 6320 6285 

PM Fine Emissions (lb/MMBtl!) . ,0,03 , 0.03 

PM Fine Emissions (Ipy) 702 698 

,"). 

Coal-Fired 
Unit 3 IP3) 

.LNB, 
DFGD;ESP 

47,765,529 

1348 

184.40 

8.69 

352.0 

22.25 

0.17 

4060 ' 

0.22 

. 0.27 

6448 

0.03 

716 
Note: BOller heat mput and IblMMBtu emISSIOns for N-Qx and 802 based on contmuous emiSSIons 
monitoring (CEM) alUlUal averages for 2001-2003. 

DFGD - dry flue gas desulfurization 
ESP = electro"static precipitator 
"H2S04 = sulfuric acid" "" 
K= Kelvin 
IblMMBtu = pounds "per million British thermal units 
LNB = low-NOxpurners 
m = meters 
mls = meters per second 
MMBtulyr = million British thermal units per year 
NOx = nitrogen oxides 
PM = particulate matter 
S02 = sulfur diQxide: 
tpy = tons per year " 
WFGD = wet flue gas desulfurization 
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Table 17: Source Parameters and Emissions for B 
. -. -' co'itt~~i Ootion 1: 

NOx C~~'t~ol:'O~~r'fii'e' Air (OFA) 
orNewLNB 

Coal- Coal-
Fired- Fired 
Unit 1 un~: Parameter (Pl\ (P2 

Base Elevation (m) 1348 1348 

Stack Height (m) 184.4 184.4 

Stack Diameter (m) 8.69 8.69 

Stack Te~perature (K) 338.7 338.7 

Exit¥elocity (m/s) 21.33 21.03 

SO Emissions (Ib/MMBtu) 0.16 0.16 

SO, Emissions (tpy) . 3745 3725 

'H2S04 Emissions (mv)' 3.18 3.25 

NO Emissions (lb/MMBtu) 0.23 0.23 

NO Emi;sions (tpy) 5384 5354 . 

PM Fine Emissions (lbIMMBtu) 0.030 0.030 

PM FineEmissions (tOY) .702 698 

H2S04 - sulfurIC aCId 
K=Kelvin . 
IblMMBtu = pounds per million British thermal units 
LNB.= low-NOx burners 
in= meters 
mls = meters.per second 
NOx = nitrogen oxides: 
OF A = overfire air 

. PM = particulate matter 
SCR = selective catalytic reduction 
S02 = sulfur dioxide 
tpy = tons per year 

Coal-
Fired 
Unit 3 
lP31 

1348 

184.4 

8.69 

352.0 

22.25 

0.17 

4060 

0.22' 

0.23 

5493 

0.030 

716 

) 

ARTC ontrol Options 

- Controt: (jp~ion 2 

NO Control: New LNB with OFA 

Coal- Coal-
Fired Fired 

:Unit 1 Unitl 
(Pl\ (P2) 

1348 1348 

184.4 184.4 

8.69 8.69 

338.7 338.7 . 

21.33 21.03. 

0.16' 0.16 

3745 3725 

3.18 3.25 .. 

0.23 0.23 

5384 5354 

0.030 0.030 

702 698 

Coal-
Fired 
Unl13 
(P3) 

1348 

184.4 

8.69 

352.0 

22.25 

0.17 

4060 . 

0.22 

0.23 

5493 

0.030 

716 
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.I 

Table 17 S : Duree p t arame ers an dE .. ~ BART C t lOti ns (cont.) miSSions or on ro 'P1O 

", 'Contr~fbpii6'n 4 
. :>, \,,.': .. ', . 

NO Control: seR . 
Coal .. 'Co~l-

. Fired. Flr~-iJ 
Unltl Unit 2 

Parameter (PI) (P2) 

Base Elevation (m) 1348 1348 

Stack Height (m) 184.4 184.4 

Stack Diameter (m) 8.69 8.69 

Stack Temoerature (K) 338.7 338.7 

Exit Velocity (m/,) 21.33 21.03 

SO Einission, (lb/MMBt.) 0.16 0.16 

S02 Emissions (tpy) 3745. 3725 

H2S04 Emissions (tpy) 3.18 3.25 

'NO Emission, (lb/MMBtu) . 0.07 O.o?· 

NO Emissions (toY) 1639 ·1630 
'PM Fine Emissions 
'(lb/MMBtul 0.030 0.030 

PM Fi~e Emissions (toy) 702 698 

H2S04 - sulfunc aCid 
K=Kelvin . . ' ", 
Ib/MMBtu ::= pounds per million British thermal units 
LNB = low NOx.bumers . 
m = meters 
mls = meters per second 
NOx = nitrogen oxides
OFA = overfire-air 
PM = particulate matter 
SCR = selective catalytic reduction . 

. S02= sulfur dioxide 
tpy = tons per year· 

Coal':' 
Fired 
Unit 3 
(P3) 

1348 

184.4 

8.69 . 

352.0 

22.25 

0.17 

4060 

0.22 

0,07 

1672 

0.030 

716 
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Visibility Post-Processing (CALPOSTl Setup 

The changesin visibility were calculated using Method 6 within the CALPOST post-processor. Method 
6 requires input of monthly relative humidity factors [f(RH)] for each Class I area that is being modeled. 
Monthly f(RR) factors that were used for this analysis are shown in the table below. 

Table 18: Relative Humidity Factors for CALPOS T 
Wind 

CaveNP . -

Rocky and 
MojI~tain Rawah- Badlands 

Month NP WA -Nt> 
January 1.7 2.1 2.65 

February, 1.9 2.1 2.65 
March - 1.9 2.0 2.65 

--

April 2.1 2.1 2.55 

May ,2:3 . 2.3 2.70 

June 2.0 2.0 2.60 

July -1.8 1.8 '. 2.30 

August 2.0 2.0 ", . 2.30. 

September 1.9 2.0 2.20' 

October 1.8 1.9 . 2.25. 

November 1.8 2.1 2.75 

December 1.7 2.0 2.65 

According to the final BART rule, natural background conditions as a reference for determination ofthe 
. modeled Adv change should be representative of the 20 percent best natural visibility days in a given 

Class I area. EPA BART .guidance provides the 20 percent best days deciview values for each Class I . 
area on an annual basis, but does not provide the individual species concentration data required for input 
toCALPOST. 

Species concentrations corresponding to the 20 percent best days were calculated for each Class I area by 
scaling back the annual average (natural background) concentrationsgiven in Table 2-1 of the EPA 
document Guidoneefor Estimating Natural Visibility Conditions Under.the Regional Haze Rule. A 
separate scaling factor was derived for each Class I area such that, when multiplied by the guida(lce table 
annual concentrations, the 20 percent best days deciview values for that particular Class r area would be 
calculated. 

The scaling'procedure is illustrated here for Badlands NP. From Appendix B in the EPA natural visibility 
guidance document, the deciview value for the 20 percent best days at Badlands NP is 2.18 dv. Tp obtain 
the speciated background concentrations representative of the 20 percent best days, the deciview value 
(2.18 dv) was first converted to. light extinction. The relationship between deciviews and light extinction 
is expressed as follows:· .. 

AQD LRS BART 
000446 



Basin Electric Laramie River Station 
AP~6047 BART Application Analysis 
Page 36 

dv= 10 In (b,,.IIO) or b", = 10 exp (dv/lO) .. 
where: b", '" light extinction expressed in inverse meg.meters (Mm-') .. 

Using.this relationship with the known deciview value of2.18, one obtains an equivalent light extinction 
value of 12.44 Mm". Next, the anmial average natural visibility concentrations were .set equal to a total 
extinction value of 12.44 Mm". The relationship between total light extinction and the individual 
components ofthe light extinction is as follows: 

b,,, = (3 )f(RR)[ ammonhim sulfate] +. (3)f(RH)[ ammonium nitrate] + (0.6)[ coarse mass] + (4)[ organic 
carbon] + (l)[soil] + (lO)[elemental carbon] + bmy. 

where: 
• bracketed quantities represent background concentrations in J.lg/m' 
• values 'in parenthesis represent scattering efficiencies . . 
• f(RH) is the relativehumidity adjustment factor (applied to hygroscopic species only) 
• b"y is Iigbt extinction due to Rayleigh scattering{IO Mm-' used for all Class I areas) 

Substituting the annual average natural background concentrations., the average f(RR) for Badlands NP, 
and including a coefficient fQr scaling, one obtains:. . 

. . 

12.44 = (3)(2.55)[0.12]X + (3)(2.55)[0.I]X + (0.6)[3.0]X + (4)[0,47]X + (1)[0.5]X + (lO)[0.02]X +. 10 
. .' .. ' . 

In th~ equation above, X repres~nts ~ scaling factor needed -to co~vert ~he anntial a~e~age ~aturai 
background concentrations to values representative of the 20 percent best days. Solving for X provides a . 
val,ie of 0.402. Table 19 presenis the annual average natural background concentrations, the caiculated· 
scaling factor, and the calculated background concentrations for the 20 percent best days for Badlands 
NP.· . . 

The scaled aerosol concentrations were averaged for Badlands NP and Wind Cave NP because of their 
geographical proximity arid similar imnual background visibility. The 20 percent best days aerosol 
concentrations for the Class I areas in question are· listed in the table below. 

AQD LRS BART 
000447 



I 

Basin Electric Laramie River Station 
APM 6047 BART Application Analysis 
Page 37 

The results of the visibility modeling for.each of the three units for the haseline and contiol scenarios are· 
shown in the tables below: Results for the Colorado Class I areas are presented for thob.seline scenario 
only because the r~sults for this scenario were well below 0.5 lldy. F.or each scenario,. the 9.81h percentile 
!ldv results are reported along with the total number of days for which the predicted impacts exceeded 0.5 
dv" Following the tables are figures that present the results graphically for Wind Cave NP and Badlands 
NP. . . .. 
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SEPC Laramie River Station 
iJnit 1 (550 MW, net) 
Unit 2 (550 MW, net) 
Unit 3 (550 MW, net) 
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(# Days) 10.0 

8.0 

6.0 

4.0 

LO 

0.0 

LR Unitl 

Figure 8 - Modeled BART Impacts: Number of Days > 0.5 delta-dv 
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{Modeling results represent the three-year average of results using 2001-2003 meteorology} 

g Baseline (LNB) 

• Control Option 1 

• Control Option 2 

• Control Option 4 ,_/, 

"\ 
LR Unit3 

••.. j 



8Ei 
';10 
'"r"';u 

(f) 

rn 

~ 

Laramie River Station 
AP-6047:BART Application Analysis 
Page 41 

BEPC laramie River Station 
Unit 1 (550 MW. net] 
Unit 2 (550 MW, net) 
Unit3 (SSO MW, net) 
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Figure 9 - Modeled BART Impacts: 98th Percentile (delta-dv) 
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(Modeling results represent the three-year average of results using 2001-2003 meteorology) 

Ii Baseline (LNB) 

• Control Option 1 

• Control Option 2 

• Control Option 4 

LR Unit3 
• '-I ··J i 

i 



- - -------------'-------~-----.--- ---.- .. _-----------------------,----------'--------

Laramie River Station 
AP-6047 BART Application Analysis 
Page 42 _ -

BART CONCLUSIONS, 

" ! 

After considering: (1) the costs of compliance, (2) the energy and non-air quality environmental impacts 
of compliance, (3) any pollution equipment in use or in existence at the source, (4) the remaining useful 
life of the source, and (5) the degree of improvement in visibility (ali five statutory factors) from each 
proposed control technology, the Division determined BARTror the· three units 'at the Laramie River 
Station. 

New LNB with OF A is determined to be BART for NO, control for Units 1·3 based, in part, on the 
following conclusions: . 

1. Instaliationof new LNB with OF A ";'as cost.effective, with a capitaf cost of$22,096,000 per· unit 
and $2,036-$2,088. perton of NO, removed' based on the average cost effectiveness for each unit 
over a twenty year operational life. . . 

2. Combustion control using LNB with OF A does not require ·iion-air quality environinenial . 
mitigation for the use of chemical reagents (i.e., ammonia or urea) and there is a minimal energy 
impact . 

3 _ Aft~r· careful consideration of the five statu~ory factors;- ~spe~~ail; the· ~~st~ of compiiance and the· 
'existing pollution control equipment, a·NO~ control level of 0.23 IblMMBtuon a30-day rolling 
average, equal to EPA's established presumptive limit.fordry,botiom, wall-fired boilers burning 
sub-bituminous coal, is justified.' ". 

4 .. Visibility impacis were addressed in a comprehensive visibility analysis covering three visibility 
. impairing pollutants and the associated control options, The cumulative visibility improvement . 
. as compared to the baseline across Wind Cave NP andliadlands NP achieved with new LNB 
with OFA at the 30-day limit of 0.23 IblMMBtu (based on the 98th percentile modeled results) 
was 0.14 /ldv from each ofthe three units. The expected visibility improvement over the course 
of a full annual pedod would be even greater due to the annual BART limit that is based on 0.19 
IblMMBtu. 

5. Annual NO, emission reductions from ~ew LNB with OFA ~n Units 1, 2, and 3'ine 1,862-1,910 
tons per unit for a total annual reductionof 5,645 tons, 

LNB with OF A and SCR was not determined to be BART for NO, control for Units 1-3 based, in part, on 
the following conclusions: . ' 

1. The cost of compliance for installing SCR on each unit is significantly higher than the cost for 
LNB with OFA. Additional capital costs for SCR on Units 1-3 are $101,005,000 'per unit. 
Annual operating costs for SCR on Units 1-3 are $4,608,000 per unit. 

2. Additional non-air quality environmental mitigation is required for the use of chemical reagents. 
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3. Operation ofLNB with OFA and SCR is parasitic and requires an estimated 4.8 MW of power 
from each unit. . . 

4. The cumulative visibility improvement for SCR, as' compared to LNB/OFA, across Wind Cave 
NP and Badlands NP (based on the 98'" percentile modeled results) was 0.52-0.54 Advfor each of 
the ,three units. 

The Division considers the installation and operation of the BART-determined NO, controls, new LNB 
with OF A, to meet the statutory requirements of BART. 

Unit-by-unit NO, BART determinations: 

Laramie River Unit 1: NewLNB with OFA and meeting NO, emission limits of 0.23 
Ib/MMBtu(30-day rolling average), 1,348 Ib/hr (30,day rolling average), ' 
and 5,343 tpy (l2-month rolling) as BART for NO,. 

, Laramie River Unit 2: New LNB with OF A and meeting NO, emission limits of 0.23' ' 
IblMMBtu (30-dayrolling average), 1,3481b/hr (3 O-day rolling average), 
and 5,343 tpy (l2-month rolling) as BART for NO,. 

, Laramie River Unit 3: New LNB with OFA 'and meeting NO, emission limits of 0.23 
IbIMMBh) (30-day rolling av.rage), 1,386 lb/hr (30-day rolling average), ' 
and 5,493 tpy (l2-month rolling) as BART for NO,. 

... . . 

Theperformanceiefficiency-based,30-d~; rolling average emission rate of 0.23 Ib/MMBtu is setto. allow 
for continuous compliance with proper' operation ofth" control equipment, while taking into account the 

, normal operational variahilitythat is typic.l for. boiler. The 30-d.y limits that are expressed in terms of 
mass emissions (lblhr) are b.sed on 0.21 Ib/MMBtu. 'Because reduced steam loads' on a boiler can result 
in periods of increased emissions in terms of Ib!MN1Btu but lower emissions in terms of lb/hr, the 
Division has chosen to set the dual30-day Hmits, one set at 0.231blMMBtu and one expressed in lb/hr 
based on O.21IblMMBtu. For the 12-month rolling emission limits, the Division considereli the ability of 
the source to maintain a lower emission rate over a longer time. period and sephe long-term limit 
{expressed in tpy) based on 0.191blMMBtu. ' " " 

PMlPMlO 

Existing ESP is determined to be BART for Units 1-3 for ,PM/PM" based, in part, on the following 
conclusions: .. 

I. The cost of compliance for the sale technically feasible control option, a retrofit fabric filter on 
.the Unit 3. ESP 1 is not reasonable over a twenty year operational life. The cost effectiveness for 
iristalling the retrofit fabric filter is $40,156 per ton ofPMlPMlO removed. No addition.l control 
technologies were deemed to be technically feasible for Units 1 and 2. 
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2. Visibility impacts from the installation of controls on PM/PMlOemissions, in general, are not 
expected to produce significant visibility improvements. In particular for the Laramie River 
Station, Basin Electric modeled the fabric filter retrofit on Unit 3, and the predicted improvement 
in visibility as compared to baseline at Wind Cave NP or Badlands NP was at most 0.07 I\.dv. 

The Divisiori considers the operation of the BART-determined PMlPM IO controls, existing ESP, tei meet 
the statutory requirements of BART. . 

Unit-by-unit PMlPMIO BART determinations: 

Laramie River Unit I: Continuing to use the existing ESP to meet the established· PMlPMIO 
emission limits of 0.030 Ib/MMBlti, 193 lb/hr, and 844 tpy as BART for 
PMlPM

IO
" . . . . 

Laramie River Unit 2: Continuing to use the existing ESP to meet the established PMlPM IO 

emission limits of 0.030 IblMMBtu, 193 lb/hr,and 844 tpy a.BART for 
PM/PM

IO
•· .. .. 

Laramie River Unit3: Continuing to lISe th~ existingE8P to meeltheestablished PMlPM,o 
emission limits of 0.030 iblMMBtu, 198 Iblhr, and 867. tpy as BART for 

.,.. PMlPMIO." . 

SQ,:REGIONAL SO, MILE~TQNE ANn BACKST~P TRADING PROG~ 
Basin Electric'eval,iated SO, control technologies that can achieve a SO, emission rate of 0.15 Ib/MMBtu 
or lower from the coal-fired boilers. Basin Electric proposed BARTcontrcils include using chemical 
additives in the Unit I and 2 WFGD systems. . 

Wyoming is a §309 siate participating in the Region~1 SO,Milestone-.nd Backstcip Tradin~ Program . 
. §308(e)(2) provides States with the option to implement or requireparticipation in an emissions trading 
program or other alternative measure rather.than to require sources subject to BART to install, -qperate, . 
and maintain additional control te.chnology to meet;an established emission limit on a continuous basis, 
However, the alternate program must achieve greater reasonable progress than would be accomplished by 
installing BART. A qemonstration that the alternate program can achieve greater reasonable progress is 
prescribed by §308(e)(2)(i). Since the pollutant of concem is SO" this demonstration has been performed 
under §309 as part of the state implementation plan: §309(d)( 4)(i) requires that the SO, milestones 
established under the plan " ... must be shown to provide for greateHeasonable progress than would be 
achieved by application of BART pursuant to §51.308(e)(2)." 

Wyoming participated in creating a detailed report entitled Demonstration that the SO, Milestones 
Provide Greater Reasonable Progress than· BART covering S02 erriis~ions from all states participating 
in the Regional SO, Milestone and Backstop Trading Progratn. The document was submitted to EPA in 
support ofthe §309 Wyoming·Regional Haze SIP in November of2008 .. 

As part of the §309 program, participating states,including Wyoming; must submit an annual Regional . 
. Sulfur Dioxide Emissions ~nd Milestone Report that compares actual emissions to pre-established 
milestones .. Participating states have been filing these reports since 2003, Each year) states have been 
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able'to demonstrate that actual SO, emissions are well below the milestones, The actual emissions and 
their respective milestones are shown below.: ' 

Table 25: Regional Sulfur Dioxide Emissions and Milestone Report Summary 

, i~~~~~f;~~;,'\i~~tt~~~t~~l~~~;ions " "". 3:f,~~~ii~~~~~;'l;ii" 
2003 330,679 447,383 
2004 337,970 448,259 
2005 304,5'91 446,903 
2006 279,134 420,194 
2007 271,663 420,637 

, In addition to demonstrating successful SO, emission reductions, §309 states have also relied Oi, visibility 
modeling conducted by the WRAP to demonstrate improvement at Class I areas. The complete modeling 
demonstration showing deciview values was included as 'part of the visibility improvement section of the 
§309 SIP, but the SO, portion ofthe demonstration' has been included as Table 26 to underscore the 
improvements associated with SO, reductions.' ' , 

Table 26,' Visibility - Sulfate Extinction Only 
, 20% Worst Visibility Days' 20% Best Visibility Days 

, (Monthly Averaee Mm") ,(MonthlyAveraee Mm") 
2018 2 2018' ' 
Preliminary, Preliminary 

201S' Reasonable 2018' Reasonable ' 
Class'rArea Monitor Bas~,Case :Piogres~,Case, 'B.seCase ' p'~;'gress Cose 
.(CI;;s~· I Ar~'~s Represented)· diii~e 18b) I(PRPlS~j , (B'ase ISb) iPJ.uliSa) 
Bridger, WY , ' 5,2 4.3 1.6 1.3 . O?ri~g~r W A and Fitzpatrick W A) , , 

North Absaroka, WY ' , 4,8 4.5 l.l 1.1 
CNoithAbsaroka WA and Washakie WA) 
Yellowstone, WY ' ' .. 4.3 3,9 1.6 1.4 

, (Yellowstone NP,_Grand Teton NP and Teton WA) 
Badlands, SD 17,8 16,0 3.5 3,1 
Wind Cave, SD 13,0 12.1 2.7 2.5 
Mount Zirkel, CO 4,6 4,.1 1.4 , 1.3 
(Mt. Zirkel W A .nd R.wah W A) 
Rocky Mountain, CO 6,8 6,2 1.3 l.l 
Gates of the Mountains, MT 5.3 5,1 1.0 1.0 
ULBend,MT 9,7 9.6 1.8 1.7 
Craters of the Moon, ID 5.8 5.5 1.5 1.5 
Sawtooth, ID 3.0 2,8 1.2 1.1 
Canyonlands, UT 5.4 4,8 , 2,1 1.9 

i (Canyonlands N1' and Arches NPl 
Capitol Reef, UT 5,7 5.4 1.9 1.8 
1 Represents2018 Base Case gr-owth plus aU established controls as of Dec 2004, 'No BART or S02 Milestone assumptLOns were 

included. 
2'Represents 2018 PrelhtliIiary Reasonable Progress growth estimates and estabHshed:SOzlimits. 
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All Class I areas in the surrounding states show a projected visibility improvement for 2018 with respect 
to S02 on the worst days and no degradation on the best days. More discussion on the visibility 
improvement afthe §309 program can be found in the Wyoming §309 Regional Haze SIP submitted in 
November 2008. . 

Therefore, in accordance with §308(e)(2), Wyoming's §309 Regional Haze SIP, and WAQSR Chapter 6, 
Section 9, Basin Electric will not be required to install the company-proposed BART technology and 
nieet the corresponding achievable emission limit. Instead, Basin Electric is required to participate in the 
Regional S02 Milestone and Backstop Trading Program authorized under Chapter 14 of the W AQSR. 

LONG-TERM STRATEGY FOR REGIONAL HAZE: 

In' this BART analysis, the technology available, the costs of compliance, the energy and nori-air quality 
environmental it:npacts·of compliance, any pollution control equipment in use at the source, the remaining 
useful life ofthe source, and the degree of improvement in visibility which may reasonably be anticipated 
to result from the use of such technology were taken into consideration when determining BART. When 
evaluating the costs of compliance, the Division recognized atime limitation to.install BART-determined 
controls imposed by the Regional Haze Rule. When addressing the required elements, including 
documentation for all required analyses tobe submitted in the State Implementation.Plan, 40 CFR 
S1.308(e)(I)(iv) states: "A requirement that each source subject to BART be reqtiired to install and 
operate BART as' expeditiously as practicable, but in no event later than 5 years after approval of the 
implement~tio!1" p-lan revision~" As a practical measure, the pivision anticipates the requ~ement to install 
the BART_determined controlsto possibly occur as early as 20J5, 

Based on the costs and visibility. Improvement presented by Basin Electric in the BART applications for 
Laramie River-Station·Units i-3, and taking into consideration the logistical challenge of managing 

. multiple pollution control installations within the.regulatory timeframe allotted for BART installations· by 
the Regional HaZe Rule, the Division is requiring the installation of additional controls under the Long
Term Strategy of the Wyoming Regional Haze State Implementation Plan. The Division is requiring 
Basin Electric submit a pennit application to install additional add-on NO, control that includes an 
analysis of: (1) the costs of compliance; (2) the time necessary for compliance; (3) the energy and non-air 
quality environmental impacts of compliance; and (4) the remaining useful-life of existing sources that 
contribute to visibility impairment (Le., the four statutory factors taken into consideration when 

. establishing reasonable progress goals') and the associated visibility impacts from the application of each 
proposed NO, control. Each proposed add-on NO~ control shall achieve an emission rate, on an 
individual unit basis, at or below 0.07 Ib/MMBtu on a 30-day rolling average. Additional add-on controls 
shall be installed and operational on one of the Laramie River Station units by December 31, 2018 and on 
a second Laramie River.Station unit by December 31,2023. 

CHAPTER 6, SECTION 4 - PREVENTION OF SIGNIFICANT DETERIORATION (PSD): 

Basin Electric's Laramie River. Station is a, "major emitting facility" under Chapter 6, Section 4, of the 
Wyoming Air Quality Standards and Regulations because emissions of a criteria pollutant are greater than 
100 tpy for a listed categorical source. Basin Electric should comply with the permitting requirements of 
Chapter 6, Section 4 as they apply to the installation of controls deterniined to meet BART. 

5 40 CPR 51.30~(d)(I)(i)(A). 
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, , , 

CHAPTER 5, BECTION 2 - NEW SOURCE PERFORMANCE STANDARDS (NSPS): 

The installation ofthe controls determined to meet BART will not change New Source Performance 
Standard applicability for the coal-fired boilers at Laramie River Station. -

- - -

CHAPTER 5, SECTION 3 - NATIONAL EMISSION STANDARDS FOR HAZARDOUS AIR 
POLLUTANTS (NESHAPs) AND CHAPTER 6, SECTION 6 .,.HAZARDOUS AIR POLLUTANT 
(HAP) EMISSIONS AND MAXIMUM AVAILABLE CONTROL TECHN:OLOGY(MACT): 

The installation ofthe controls determined to meet BART will not change NESHAPIMACT applicability 
forthe coal-fired boilers atLaramie River Station. -

CHAPTER 6, SECTION :3 - OPERATING PERMIT: 

The Laramie River Station is a major source under Chapter 6, Section 3 of the Wyoming Air Quality 
Standards and Regulations. Operating Permit 3-1-102-2 was issued for the facility on November 15, _ 
2005. In accordance with Chapter 6, Section 3 ofthe Wyoming Air Quality Standards arid Regulations 
(W AQSR), Basin Electric will need to modify their operating permit to include the changes authorized in 
this permitting action. _ - -

CONCLUSION: 

The Division is satisfied that BaSinElectric's Lal'amiii River Station will ~omplYviith all applicable 
Wyoming Air Quality Standards and Regulations. The Division proposes to-issue a BART Air Quality 
Permit for the Laraniie River Station modification io install OF A and neW LNB on Laramie River Station 
Units 1-3 to meet the statutory requirements of BART. Two (2) ofthe three (:i) units must install add-on 
NOx control that achieves ~ emission rate, on an individuaJ unit basis, at or below 0.07 Ib/tyIMBtJI on a ." 
30-day rolling average by December 31, 201S- and December 31, 2023, respectively, under the Long
Term Strategy .cfthe Wyoming §JOS RegiOlial Haze State Implementation Plan. -
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PROPOSED PERMIT CONDITIONS: 

The Division proposes to issue an Air Quality Permit to Basin Electric for the modification ofthe 
Laramie River Station with the following conditions: . 

1. Authorized representatives of the Division of Air Quality be given permission to enter and inspect 
any property, premise 01' place on or at which an air pollution Source is located or is being 
constructed or installed for the purpose of investigating actual or potential sources of air 
pollution, and for determining cQmpliance or non-compliance with any rule~, standards, permits 
or orders. 

2. All substantive commitments and descriptions set forth in the application for this permit, unless 
superseded by a specific condition of this permit, are incorporated herein by this"reference and_ are 
enforceable as conditions of this permit. 

3.. That Basin Electric shall modify their Operating Permit in accordance with Chapter 6, Sectio~' 
9(e)(iv) and Cllapter 6, Section 3 of the WAQSR. . 

4. All notifications, reports and correspondence associated with this permit shall be submitted to the 
Stationary Source Compliance Program Manager, Air Quality Division, 122 West 25th Street, 
Cheyenne, WY 82002' and a copy shall be submitted to the DIStrict Engineer, Air Quality· 
Div}sion, at t4e same address. . 

5. . Effective upon completion ofthe.performance tests to verify the emission.1evels below, as 
required by Condition 6 cfthis permit, emissions from Laramie River Station Units 1 through 3 
shall not exceed the levels below. PM/PM" Ib/hr and tpy limits shall apply during all operating 
periods. i'MiPM" IblMMBtu limits shall apply during all'operating periods except startup. 
Startup begins with the introduction of fuel oil into. the boiler·aod ends no later than the .point in 
time when the e~ectricity generators are put ,online. 

portion 

6. That no later than 90 days after permit issuance PM/PM" performance tests shallli. conducted 
onUnits 1-3 and a written report of the results be submitted, If a maximum design rate is not' 
achieved within 90 days of permit issuance, the Administrator may require testing be done at the 
rate achieved and again when a maximum rate is a,chieved. 
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7. Effective upon cO.mpletion of the initial performance tests to verify the emission levels below, as 
required by Condition 8 of this permit, emissions from Laramie River Station Units 1 through 3 
shaIl not exceed the levels below. The NO, limits shall apply during all operating periods. 

·Eollutant ~. ';': ; Ip~fu:>;:"":':" " :Ib/frr' ":-,',; ,:Wi.·,""';':,;',;,:::! 
Unit 1:1,348 Unitl: 5,343 

NO, 0.23 (30-day rolling) Unit 2: 1,348 ' Unit 2: 5,343 
Unit 3: 1,386 Unit 3: 5,493 
(aIl30-day rolling) (all 12-month rolline) 

8. That initial NO, performance tests be conducted, in accordance with Chapter 6, Section 20) of 
, the W AQSR, within 30 days of achieving a maximum design rate bui not later than 90 days 
following initial start-up, and a written report ofthe results be submitted. If a maximum design 
rate is not achieved within 90 days of start-up, the Administrator may require testing be done at 
the rate achieved and again when a maximum r~te is achieveq . . 

9~ Performance tests sh~Il consist of the following:, 

Coal-fired Boilers (Laramie Riv~r Station Units I through 3): 
, " 

NO, Emissions - Compliance with the NO,30-day rolli~g ",verage shall b~ 
detenrtined using a continuous emissions moriitoring system (CEMS) certified -in 
accordance with 40 CFR part 60., 

PMlPII1IQ Emissions Testing shilll follow 40 CFR 60.46 and EPA Reference 
Test Methods 1-4 and 5. ' 

Testing reqliiredby the WAQSRChapter 6, Section 3 operating permit may be submitted to 
, satisfy the testing required by this condition. ' ' , 

10.' Prior to any performance testing required by this peimit, a test protocol shall be submitted to the 
Division for approval, at least 30 days prior to testing. Notification should be provided to' the 
Division at least 15 days prior to any testing. Results of the lests shall be submitted to this office 
within 45 days of completing the tests. 

II. Basin Electric shall comply with all requirements of the Regional SO, Milestone and Backstop 
Trading Program in accordance with Chapter 14, Sections 2 and 3, ofthe WAQSR. ' 

12. After the installation or upgrade of control equipment, compliance with the limits set forth in this 
permit for the coal-fired boilers (Laramie River Station Units I through 3) shall be determined 
with data from the existing continuous monitoring systems required by 40 CFR Part 75 as 
follows: 

a. Exceedances of the NO, limits shall be defined as follows: 

i. Any 30-day rolling average oHio, emissions which exceeds the Ib/MMBtu 
limits calculated in accordance with the compliance provisions and monitoring 

._------------ --------------------
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requirements of §60,48Da and §60,49Da. The definition of "boiler operating 
day" shall be consistent with the definition as specified in 40 CFR part 60, 
subpartDa. 

ii. Any 30-day ToIling average calculated using valid data (output concentration and 
average hourly volumetric f1owrate) from the existing CEM equipment which 
exceeds the Ib/hr NO, limit established in this permit. Valid data shall meet the 
requirements ofWAQSR, Chapter 5, Section 20) and follow the compliance 
provisions and monitoring requirements of §60,48Da and §60,49Da. The 30-day 
average emission rate shall be calculated as the arithmetic average of hourly 
emissions with valid data during the previous 30-day period. The definition of 
"boiler operating day'! shall be consistent with the definition as specified in· 40 
. CFR part 60, subpart Da. 

iii. Any J2~month rolling emis~ionrate ";'hich exceeds the tPy NO, limit as 
calculated using the following formula:· 

~:;(c); 
E h=l . 

.2,000 

C =. I-hour average.emission rate (ib/hr) for hour "h" calculated using data 
from the CEM equipment required by 40 CFR Part 75. For monitoring 
data not meeting the requirements of WAQSR, Chapter 5, Section 20), 

. BaSIn Electric shall provide substituted data for an emissions unit 
. according to the missing data procedures of 40 CFR, Part 15 during any 
period oftime that there: is not monitoring data . 

. E'" 12-moilth rolling emission rate (tpy). 

b.O Basin·Electric shall comply with. all reporting and record keeping requirements as 
specified in WAQSR, Chapter 5, Section2(g) imd 40 CFR pait 60, subpart D. All excess 
emissions shall be. reported using the procedures arid rep~rting format specified in 
WAQSR, Chapter 5, Section 2(g). . 

13. Compliance with the PMlPMID limits sei forth in this permit for the coal-fired boilers (Laramie 
River Units 1-3) shall be determined ·with data from testing for PM conducted annualiy, or more 
frequently as specified by the Administrator, following 40 CFR 60,46 and EPA Reference Test 
Methods 1-4 and 5. Testing required by the WAQSR Chapter 6, Section 3 operating permit may 
be submitted to satisfy the testing required by this condition. . . . 

14. Records required by this permit shall be maintained for a period of at least five (5) years and shall 
be made available to the Division upon request. 
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15. Basin Electric shall install new low NO, burners with overfire air on Units 1 through 3, in 
accordance with the Division's BART detennination, and conduct the initial performance teSts 
required in Condition 8 no later than December 31, 2012 for Unit 1; December 31, 2013 for Unit 
2; and December 31,2014 for Unit 3. . 

16. Basin Electric shall submit permit applications for the installation of additional add-on NO, 
control on two llnits at the Laramie River Station to the Division no later than six (6) years prior 
to installation, under the Long-Term Strategy of the Wyoming §308 Regional Haze State 
Implementation Plan. It shalI include an analysis of the four statutory factors and the a.ssociated 
visibility impacts from the application of each proposed NO, control and resulting emission 
levels. This. application shall address each add'on NO, control as a system of continuous 
emissions reduction achieving the lowest viable NO, emission, not to exceed a·maximum of 0.07 
IblMMBtu on a 30'day rolling average as measured by a certified CEM. Additional add-on NO, 
control shalI be·inst.lled and operational on one (I) unit by December 31,2018 and on a second 
imit by December 31, 2023. 
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Basin Electric Power Cooperative 
Laramie River Station 
347 Grayrocks Road 

Platte County, Wyoming 
- -

o 0.5 2 Miles 
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