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NAME OF FIRM: = . - Basin Blectric Power Cooperative
NAME OF FACILITY: Laramie River Station
FACILITY LOCATION: 347 Grayrocks Road

. : : ) - Platte County (Wheatland) Wyommg

" UTM Zone 13, NAD 27: -
509,900 m E; 4,661,675 m N

TYPE OF OPERATION I o Eléf;j.tric Powei Qtjqérating _.S'tatim.l.
' 'R]]SPONS]BLE OFFICIAL: ) j MrrRt)Bert'Eri-ks'én-v. "
MAILING ADDRESS:_ S - _1717 East Interstate Avenue
' : e I Bismarck, North Dakota 58503
, ,-'iTELE?HQNENUi\ABﬁ;R:’ R (701)355 5654 o
._ REVIEWERS: .:_ o ., o - Cole 'Anderson, Air Quality-Bttginéet :

. Josh Nall, Air Quality Modeler

PURPOSE OF APPLICATION

_Sectmns 169A and 169B of the 1990 Clean Air Act Amendments reqture states to Improve visibility at
Class I areas. On July 1, 1999, EPA first published the Regional Haze Rule, which provided specific’
details regardmg the overall program requirements to improve wsnblhty The goal of the regxonal haze
© program isto ach1eve natural conditions by 2064 '

Section 308 of the Regional Haze Rute (40 CFR 51 1ncludes dlscussmn on eontrol strategles for -
improving visibility impairment. One of these strategies is the requirement under 40 CFR 51.308(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 (80,). EPA published Appendix Y to part 51 - Guidelines for BART Determinations Under the
Regional Haze Rule in the July 6, 2005 Federal Register to provide ghidance to regulatory authorities for
‘making BART determinations. Chapter 6, Section 9, Best Available Retrofit Téchnology was adopted -
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
determme BART for NO, and PM, 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), Requireﬁzent.s' related to.the Grand Canyon - .
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Visibility I}‘anspdrt Commission, provides states that are included within the Transport Region addressed
by the Grand Canyon Visibility Transport Commission (i.., Atizona, California, Colorado, Idaho,
Nevada, New Mexico, Oregon, Ytah, and Wyoming) an aiternatwe to the requirements established i in 40
CFR 51.308. This alterriative control strategy for i Jmprovmg visibility contains special provisions for
addressing SO, emissions, which include a market trading program and a provision for a 2018 SO; .
milestone, Wyoming subsmitted a §309 Regional Haze SIP to EPA on December 29, 2003, As of'the date

- of this analysis, EPA hag not taken action on the SIP. National litigation issues related to the Regional

Haze Ruls, 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 subject to

. BART are required to address S0, emissions as part-of the BART analysis even though the control

strategy has been 1dent1ﬁed in the Wyoming §309 Regional Haze SIP.

On March 5;2007, in accrdance with the reql.urements of WAQSR Chapter 6 Section 9(8)(1), Basin
Elecmc submltted a BART apphcatlon for the Laramie River Stat:on

L On Fabruary 15 2008, Basm Electr:c submltted replacement pages for the BART apphcatlon based on

revised CALPUFF. modelmg conducted to correct errors in the CALMET windfield discovered- by the -

-* . Division durmg rewew of the mltlal modellng submlttal

On July 28, 2008 Basin Electric subm1tted an addltlonal report with the results of additional CALPUFF

’ modelmg conducted to prov:de results for each of the three BART ehglble units separately

On February 25, 2009, Basin Electric Subrmitted addmonal mformatmn on the NO ermss:on rates that

_ would be’ achievable by the BART—ehglble umts

On March 16 2009 Basm Elec’mc submltted a Tetter with proposed NO emission llmlts for the BART-
ehglble units.- S R ]

- BART ELIGIB]LITY DETERMlNATION

In August of 2005 the Wyoming Alr Quah’cy Division (Dw:smnj began an mternél review of sdﬁrces that
could be subject to BART. This initial effort followed the methods prescribed in 40 CFR part 51,
Appendix Y: Guidelines for BART Determmatmns Under the Regzonal Haze Rule to identify somces and

* facilities. The rule requires that States 1dent1fy and list BART—ehglble sources, which are sources that fall

within the 26 source categories, have emission units which were in existence on Au gust 7, 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 emissien units at a
statlonary source. Fifty-one (5 1) sources at fourteen (14) facilities were identified that couid be subject to
BART in Wyommg ' . :

The next step.for the Division' was t0 identify BART-eligible sources that may emit any air pollutant
which may reasonably be anticipated to cause or contribute to any impairment of visibility. Three
pollutants are identified by 40 CFR part 51, Appendix'Y as visibility impairing pollutants. They are
sulfur dioxide (SO3), nitrogen oxides (NO,), and particulate matter (PM). Particulate matter with an
aerodynamic diameter of 10 microns or less (PMiq) was used as an indicator of PM. )

In order to determine visibility imﬁairment of each source, a screening analysis was performed using the
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CALPUFF model. Sources that emitted over 40 tons of 50; or NO, or, 15 tons of PM,, were included in
the screening analysis. Using three years of meteorologicdl data, the screening analysis calculated )
visibility impacts from sources at nearby Class T areas. Sources with modeled 98" percentile, 24-hour
impact (i.e., 8" highest modeled impact) equal to or greater than 0.5 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. Basin Electric was notified in a letter dated June 14, 2006 of the
DlVlSlOl’l s finding,

DESCR]PTION OF BART ELIGIBL]?. SOURCES

Basin Electric’s Laramxe Rlver Station is comprised of three 55 0 MW (net) dry—bottom wall fired bollers

' —burnmg pulverlzed coal for a total net génerating capaclty of 1,650 MW, Laramie River Unit 1 was
plated in service in 1980. Unit 2 commenced service in' 1981, and Unit 3 entered-service in 1982. All
three units were manufactured by Babeock & Wilcox (B&W) -Each unit is equlpped with-early

. generation low NO,-burners (LNBs) to control emission of nitrogen oxides (NO,). They are also
equipped with- cold-side electrostatic precipitators (ESPs) to control particulate matter (PM) emissions.
To control sulfur dioxide (SO;) emissions, Units 1 and 2 are equipped with wet flue gas desulfurization”
{WFEGD). Unit 3 is equipped with a dry scrubber (DFGD) for SO, removal. All three units burn sub-
bituminous coal. Table.1 presents the permitied emission limits for the Laramic Rlver Statmn prlorto .
2005, which is con31dered the baselme year for BART analyses. -

Table 1: Laramle Rlver Statmn Umts 1 throu_gh 3 (Pre-2005) Emlssmn ants

: I _ | (db/¥vB1) @-—._1 *(lbeMBtu) @
Unit 1 | LB ESP, | _'0.5_-.(3'-;10&")., | ?zzhom,ﬁxe mo.cik) 0.085 (Ghow)
nit2 - \[f%%]f S_?’ 05 '(’;:"-“‘3“’-{-6) 3 1 ?22h0ur fixed blo'c_k).' 6;'03;5',(-3'5‘;“).'
iy (BB oshon |92 ) o G

@ Emissions taken from current Operating Permit 3-1-102-1,
® Arithmetic average of three contiguous one-hour periods

CHAPTER 6, SECTION 9 BEST AVAILABLE RETROFIT TECI{N OLO GY. (BART)

A BART determination is an emission limit based on the application of a contmuous emission reduction
technology for each visibility impairing poilutant emitted by a source. Ttis “...established, on a case-by- .
case basis, taking into consideration: (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 which may -
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reasonably be anticipated to resuit from the use of such technology. =l A BART analy51s isa
comprehensive evaluation of potentm[ retrofit technologies with respect to the five criteria above. One
technology and corresponding emission Ilmlt is chosen for each pollutant subject to BART review based
on the evaluation. :

Visibility control options presented in the ep'phcatlon for each ofthe emission units were reviewed using
the methodology prescribed in 40 CFR 51 subpart Y, as required in WAQSR Chapter 6 Section 9(0)(1)
This methodology is comprised of five basic steps:

- Step 1: Identify all? available retrofit control technologies
Step 2: Eliminate technically infeasible optlons :
Step 3: Evaluate control effectiveness of remaining control technologles
" Step 4i Evaluate impscts and document the results
Step 5: Evaluate visibility- meacts

The Division acknowledges that BART is mtended to identity retrofit technology for existing sources dnd
is not the same as the top-down analysis required for new sources under the Prevention of Slgmﬁcant '
Deterioration (PSD) rules known as Best Available Control Technology {BACT).. Although BART isnot

“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 applied to NQy, PM, and 50z crmtted from the Taramie River Station’s coal-
fired bollers to determlne BART control measires. Do :

PRESU'MPTIVE LIMITS E OR 801 AN]J NOx FROM UTILITY BOILERS

EPA conducted detalled analyses of retroﬁt technology avatlable to control NO and SO, emissions from,
coal-fired power plants, These analyses considered unit size, fuel type cost effectiveness, and existing

- controlsto determine reasonable control levels based on the appllcatlon of an emtssmns reduction
technology : S

EPA’S presumptwc BART SOZ llmlts analy51s conmdered coal-fired units with existing SO, controls and .
~ units without existing control. Four key-elements of the anatysis were; “..,(1) identification of all
potentially BART-eligible EGUs [electric-generating units], and (2) techmcel arialyses and industry
research to determine appllcable and appropriate SO, control opticns, (3)- economic analysis to determine
cost effectiveness for each potentially BART-¢ligible EGU, and (4) evaluation of historical emissions and
forecast emission reduction for each potentially BART—cl1g1ble EGU.” 491 BART-ellg1ble coal-fired
‘units were identified and included in the presumptive BART analysis for SO;. Based on removal
efficiencies of 90% for spray dry lime dry flue gas desulfurization systems and 95% for limestone forced
oxidation wet flue gas desuifurization systems, EPA calculated projected SO, emission reductions and
cost effectiveness for each unit, Based on the results of this analysis, EPA concluded that the majority of”
identified BART-eligible units greater than 200 MW without existing SOz control can meet the
presumptwe limits at a cost of $400 to $2, 000 per ton of 802 removed .

A presumptwe BART NG, l1m1ts analysis was pcrfmmed usmg the same 491 BART ellglble ‘coal- ﬁrcd

! 40 CFR part 51 Appendix Y Guidelines for BART Determinations under the Regional Haze Rule (70 Federal Register 35163).

2 Footnote 12 of 40 CFR 51 Appendix Y defines the intended use of ‘all’ by stating “...you must identify the most sttingent
option and a reasonable set of options for analysis that reflects 4 comprehensive list of available technologies.™

% 40 CFR Pait 51 Appendix Y Guidelines for BART Determinations under the Regional Haze Rule (70 Federdl 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 coal type and boiler configuration. For all boiler
types, except cyclone, presumptive [imits were based on combustion control technology (e.g., low NO,

_burners and oveifire air). Presumptive NO limits for cyclone boilers are based on the installation of
SCR, a post combustion add-on conirol, EPA acknowledged that approximately 25% of the reviewed
-units could not meet the proposed limits based on current combustion control technology, but that nearly
all the units could mest the presumptive lirmits using advanced combustion control technology, such as
Rotating Opposed Fire Air. National average cost-effectiveness values for presumptive NOx limnits -
ranged from $281 to $1, 296 per ton removed;

Based on the results of the analyse‘s for presumptive NO, and SO, limits, EPA established presumptive
limits for EGUs greater than 200 MW operating 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 presurnptive SO, level for an uncontrolled unit is either 95% control or 0.15 lb/MMBtu.
Presumptive NO, levels for uncontrolled units are listed in Table 1 of Appendix Y and aré classified by
the boiler burner configuration (unit type) and coal type. NO, emission values range from 0.62 S
Ib/MMB down to 0.15 [b/MMBtu. While Appendix Y establishes presumptlve S0, limits and says that
states should require presumptive NO,, it also clearly gives states discretion to ;.. determine that an

" alternative [BART] contro} level is _]ustlﬁed based on a careful consideration. of the statutory factars, "
The Division®s fo[lowmg BART analyses for NO,, SOZ, and PM/PMw take into. account each of the five,
statutory factors : ,

-Basm E[ectr:c 5 Laramle River Sta‘uon generates anet 550 MW from each of three coal fired units. Nonc
of the units has NO; post-combustion controls. The presumptive NO, emission limit for dry-bottom
. wall—fired bmlers burmng sub—bltummous coal (i.e, each of the three uruts) 18 0.23 lb/MMBtu

.NO!E IDENTIFY AVAILABLE RETROFIT CONTROL TECHNOLOGIES '

Basin Electnc. 1dent1ﬁed six control technology configurations for control of NO emissions from Unlts 1
through 3:

¢ Overfire Air (OFA)
. s . New Low NO, Burners (LNB)
» Selecfive Catalytic Reduction (SCR)
e Selective Non-Catalytic Reductwn (SNCR)
» SNCR/SCR Hybrid
« Natural Gas Reburn

1. Qverfire 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 fusl-bound nitrogen to Ny instead of NO,, additional air (or
OFA) is introduced dowhstream of the main burner zone to burn out any residual material. By
injecting the OFA into the lowsr temperature combustion zone, NOy is less likely to form, while
‘burning the residual sclid fuel {char).

2. New Low NO, Bumers LNB technologies re]y on a combination of fuel stagmg and combustion

- Ibid. (70 Federal Register 39171)
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air control to.suppress the formation of thermal 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 creatmg a fuel rich zone that conveﬂs nitrogen to molecular nitrogen (N)
rather than using oxygen in the combustion air to oxidize the nitrogento NO,. This allows
complete combustion of the fuei while reducmg both thermal and chemlcal NOx formation.

' Selecnve Catalytic Reductlon SCR is & post combustlon control techmque in which vapor;zed

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

ammoma shp

Selective Non-Catalytic Reduction - SNCR involves the injedtio'n' of a reducing agent such as
ammonia or urea into the flue gas stream. Rather than rely on a catalyst, SNCR systems rely on

) appropnate injection temperatures, proper mixing of the reagent and flue gas, and prolonged

retention time. The effective temperature range for SNCR is higher than for SCR, and SNCR

- systems typlcally have lower NO, emissions reductlons than SCR.. Also, SNCR systems are more

prone to ammonia Sllp than SCR.

- SNCRJ'SCR Hybrid — A hybrid ?NCR/%(‘R t;ystem comblnee the lower costs. ancl hlgher

ammonia slip of SNCR with the h;gher NO, reduction potential and lower ammonia slip of SCR..
During operation, the SNCR system is allowed to inject higher amounts of reagent into the flue

~gas. The increased reagent flow brings abont increased NOy reduction, but also causes increased

ammonia shp which is then consumed by the SCR system. The use of the ammonia slip by the
SCR system can reduce the 51ze of the requ:red SCR catalyst ‘

Natural Gas Reburn — Fuel reburning is a method of fue] sfaging designed to reduce NO,
emissions. It involves the introduction of a supplemental fuel into the main sectioh of the steam
generator to produce reducing conditions that convert NOyto N;,- Natural gas reburn requites
three separate combustion zones and sufficient residence time (adequate furnace height).

Tn addition to applying these controls technologies sepafately, they can be combinéd o increase overall
NO, reduction. Basin Electric evaluated the combined. apphcatlon -of OFA/LNB and the combined
-application of OFA/LNE with SNCR.

NO,: ELIMINATE TECHNICALLY INFEAS]'BLE OPTIONS

Natural Gas Reburn Basin Electnc determmed that natural gas rebum is techmcally mfeas1ble because
the effectiveness of such a system would be negatively 1mpacted by the amourit of space available in the
Laramie River Station furnaces. :

AQD LRS BART
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NO,: EVALUATE EFFECTIV-ENESS 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 comphance when the control equipment is well maintained and operated in 2 manner
consistent with good air pollution control practices. In order to demonstrate continuous-compliance with
the permit limi, 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 compllance even though the. eqmpment is operated and mamtalned as well as

E -possible.

‘Basin Electric determined that SNCR as the sole control technblogy would not: meet the presumptive

emission rate of 0.23 [b/MMBtu, A prchmmary evaluation of an SNCR system for Laramie River Station
indicated that the controlled NO emission would be 0 24 lb/MMBtu Therefore SNCR was not further

o '_ evaluated as thc sole control technology

In the initial BART permit apphcatlon submitted by Basin Electnc the mstallatlcm of OFA or new LNB
individually were both listed with a contro! effectiveness of 0.23 Ib/MMBt, . A combination of OFA with
new LNB was listed with a coritrol effectiveness of 0,15 [b/MMBtu. Subsequent submittals from Basin
Electric described that the.0.15 To/MMBtu contro) effectiveness was based entirely on computational fluid - -
dynamies (CFD)) modeling that ‘was conducted in 2004. The value produced by the CFD modeling was

“described as the fowest theoretical NO, level that could be achieved when operating conditions match the

Optlmum conditjons simulated in the modeling. Additionally, the 2004 CFD riodeling 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 be mamtamed during normal operauon of

the Laramle R:ver Statmn bmlers

More cuirent CFD modelmg performed by Reactlon Engmeanng at the request of Basm Electric for the
Unit 1 OFA project indicated that the installation of OFA with new LNB would result in a contro]l
effectiveness of 0,18 Ib/MMBtu ( 0.02 iv/MMBtu). As described by Burns & McDonnell on behalf of

Basin Electric, the results of the more recent CFD modeling indicate that an appropnate emissions limit

for OFA + new LNB that takes into account the normal operatlon var1ab1hty would be 0.23 Ib/MMBtu for
a30-day rolling average. ' : . .

Basin Electric contracted with Black & Véatch to analyze the contro] effectiveness of other_'cohtrol_ :
technologies, including a SNCR/SCR Hybrid (Cascade) system, OFA+ new LNB with SNCR, and SCR.

. Table 2 presents a summary of the effectiveness of the technically feasibie contro! technologies for NO,.

"AQD LRS BART
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Table 2: NO, Emiission Rates Per Boiler _

_ Baseline : o o 0.27 :
Overfire Air ' 023
NewLNB - 0.23
New LNB with OFA.  ~ -~ 0.23
SNCR/SCRHybrid ol a0
New LNB with OFA and SNCR 02
N Y

' Note Basélme emissions based on éontmuous emissions
momtormg (CEM) amug] averages for, 2001-2003

' NOE EVALUATE IMPACTS AND DOCUN[ENT RESULTS

Basin Electnc quantlﬁed the costs of applymg the ¢ remalmng NO control technblo gws by wnudermg the
- following types of impact: . .

Cost of comphance S
Energy impacts
Non-axr quality env1ronmental 1mpacts
N Remammg useful life )
Visibility (described in a later section of the document)

Energy impacts, such as added auxiliary power consumption or the power assoc:ated w1th addttional draft
systems to overcome resistance to flue gas flow, were calculated for each control fechnolegy. Non-air
. quality environmental impacts were also considered, and for this analysis were limited to the costs
associated with disposal of byproducts or waste generated by control teclinologies. Basin Electric
antlclpates operatmg the Laramie River Station Units 1-3 indefi initely and did not include life extension
. costs fn the economic analysis. A standard control life of 20 years was used to calculate the capital
recovery factor :

Basin Electric developed estimates for the cost of comphance mcludmg Total Capltal Investment (TCI)
and annual operatlon and maintenance (O&M) eosts, using the fo[lowmg sources of 1nformatmn

Coal Utility Enwronmental Cost (CUECost) workbook (Version 1.0)

EPA Air Pollution Control Cost Manual (Sixth Edition)

Budgetary quotes from equipment vendors

Cost estimates from previous. des1gw’bulld proJ ects or in-house engineering est!mates

AQD LRS BART
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Several different metrics can be considered when evaluating the cost-benefit relationships of different
emission control technologies. In 40 CFR part 51 Appendix Y, two metrics are specifically mentioned:
cost effectiveness and incremental cost effectivencss. Through.the application of BACT, the Division has
" extensive experience using cost effectiveness (i.e., dollars per ton of poliitant 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
are not equivalent, control determinations from either process that are based on cost sffectiveness and
mcromcntal cost effectlveness are indicative of the economic costs to control emlssmns

In addition fo provldlng cost offectiveness and incremental cost effectweness results, Basin Electric
provided cost information in terms of cost of applying emission conirols 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 not commonly used 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 incrémental cost effectiveness separate from
yisibility improvement. EPA did not use the dollars per deciview metric 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. As discussed in the comprehensiveé visibility analysis -
presented later in this analysis, the Division evaluated the amount of anticipated visibility improvement -

* gained by the application of each proposed emission control technology. The Division considered cost

_ effoctwenoss and mcremootal cost ¢ffectiveness in the evaluation of each proposed NO, emission: oontrol

Tables 3 through 5 present the economic and env1ronmental costs assomated w1th the remammg NO
control technologles for Units 1 thtough 3.

AQD LRS BART
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Table 3: Unit 1 Economic and Env:ronmental Custs for NO,, Control

Parsimioter”. oFA" ™ [REWLNE: | witl OFA- “and SNCR SCR
Capital Costs $5,326,000 | $15,631,000 | $22,096,000 | $44,969,000 | $43,441,000 | $123,101,000
Annualized Costs $625.000 | $1,360,000 | §1,944,000 |  $7.420,000 |  §7,365,000 | $15,787,000
NO, Emissions I - - : .
(b/MMBHw) 0.23 0.23 0.23 0.20 012 0.07
Annual NO, Emission i - BE . -
(tpy) - 5384 5,384 5,384 4,681 | 2,809 |. {639
I Annual NOy - T . _ : o
Reduction (tpy) 936 936 936 1,639 3,511 4,681
Cost per ton-of - o - o : ' . ‘
Reduction $668 $1453 $2,077) . $4,534 | $2,008 $3372 |
Incremental Cost g:er ; : - K ] - ,
ton of Reductlon , — - - - f$2,.1[)5 ' $7,198
Energy Costs $140,000 - ~| - smo00| $77000| 414,000
Non—Alr ‘Quality CostsA o . _ 3 . S $1 000
O Incremeéntal costs for new LNB + OFA + SNCR calcutated relative to.new LNB + OFA Incrcmcnta[ costs for SCR -

calculated relative to new LNB: + OFA + SNCR. Incremental costs for SNCR/SCR. Hybrid not calculat!'d (cunmdered
an inferior technulogy and not censuiered furthcr in this analys1s)

il

Table 4: Unit 2 'Ecunomic.and Environmental Costs for NO, Control

5
Capital Costs $5326,000 | $15,631,000 | $22,096,000 | $44,969,000 | $43,441,000 | $123,101.000
Annualized Costs 5625000 |- $1,360,000 |  $1.944000 | $7420,000 | $7,365000 | $15,787,000
NO, Emissions . ] _ ' L SO e
ib/MMBin) - 423 0.23 0.23 020 | - 012 0:07 |
Annual NO, Emission | R . . : (

(tpy) 3,354 5,354 5,354 4,656 7793 1,630
Annual NO, T ' ‘ :

{ Reduction.(tpy) 931 931 931 1,630 3,492 - 4,656
Cost per ton of ) | . : T :

Reduction $671 $1,461 $2,088 | $4,559 | . $2,109|. - $3,391

1 Incremental Cost per ’ - ' L
ton of Reduction' o - - e $2,117 $7,242
Energy Costs $140,000 - - $77,000 $77,000 | - $414,000
Non-Air Quality Costs o _ . - N $1,000

[8]

Incremental costs for new L'NB + OFA + SNCR calculated relativé to new LNB + OFA Incremental costs for SCR

calculated relative to new LNB + OFA + SNCR. Incrementa) costs for SNCR/SCR. Hybrld not calcu]atecl (consmered
an inferior technolugy and not considered further in this analysis),

AQD LRS BART
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Table 5: Unit 3 Economic and Enwronmental Costs for NO, Control

- New-
: LNB/OFA
OFA ew]___.N'B e w1th OFA’ -_Hybiid: " and SNCR _ CR.

Capital Costs 55,326,000 | $15,631,000 | $22,006000| $44,969,000 | $43,441,000 | $123,101,000

Annualized Cosfs, $625,000 | $1,360,000 | $1,044,000 |  $7,429,000 | _ $7,365,000 | _$15,787,000

NO, Emissions I ’ ’ i -

(Ib/MMBiw) , 0.23 023 023 0.20 L 0.12 0.07

Annual NO, Emission |- - S .

py). ' . 5493 | - 5493 - 5,493 4,777 | 2,866 1,672

Annual NOy o o e ,

Reduction (ipy) 955 | - 955 955 1,672 3,582 4,771

Cost per ton of 1 - ' ‘ .

Reduction _ $654 . $i.424 . $2,036. . $4,444 $2,056 $3,305
| Incremental Cost et - ' - : "
) ton of Reductlon - - - - $2,064 57,054

Energy Costs 140,000 - -l $77,000 . STI.000 $414,000

Non-Air Quality Costs" . . _ . . $1,000

U Incremental costs for new LNB + OFA + SNCR calculated relat:vo to new LNB + ‘OFA. Incremental costs for SCR
calculated relative to new LNB + OFA + SNCR. Incremental costs for SNCR/SCR Hybrld not calculated (considered-
an infetior technology and not considered further in thls analysis), - .

"The oost effectlveness and moremental cost effeotlveness of the proposed BART teohnologles for NO are
all reasonable. The SNCR/SCR Hybrld was eliminated from further consideration as an inferior _
technology as compared to New LNB/OFA/SNCR becavse of the higher. costs/highier emissions N

. associated with the Hybrid option. Basin Electric modeled the range of anticipated visibility
improvement from the company:propiosed BART controls (OFA) by modeling OFA/New LNB and

" OFA/New LNB/SCR. While OFA/New LNB/SNCR was not individually evaluated in Step 5: Evaluate
visibility impact, the antjcipated degree of visibility 1mprovement from applying this control optmn l1es
within the range of v1sxb111ty 1mpacts that were modeled.

The final step in the BART NO, doterm:natlon process for Laramie River Station Units 1-3, Step 5:
Evaluate visibility impacs, is addressed in a comprehensive visibility analysis covering all three VlSlblllty
1mpa.1rmg pollutants and associate controt options. The VlSlbll[Ty analysis follows Steps 1-4 for PMo

o emlSSIDI’iS in this application analyms . .

- 80 ]J)ENTIFY AV'AILABLE RETROFIT CONTROI; TECHN( !LO GIES

‘Basin Electric identified three oontroE technology conﬁguratlons for reduction of SO, emlsswns from
Units | and 2, which are currentiy equipped with back-end WFGD systems:

» Elimination of Stack Reheat System
. Improvements to E}ﬂstmg WFGD
s  Sorbent InJ ection :

AQD LRS BART
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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-tined, The elimination of the reheat system would route more of the flue gas
through the WEGD and reduce SO, emissions, but would place added stram on the scrubber and
require a new stack with a liquid collection system.

Improvements to EXISTZ! ng 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 fimit of 0.20 Io/MMBtu. One possible measure to improve the performance
of the 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 (L/G ratio) and increase overall $O; 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 80, removal is to increase the slurty flow rate into the absorber

‘section of the WFGD by adding an additional spray header, - The disadvantage of this 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 increase the L/G ratio. Asa -
fourth option, an additional absorber tower could be installed to allow for the treatment of more
flue gas and to increase the L/G ratio by allowing a rebalancing of the flue gas flow rates to a

. lower flow through each tower, A fifiki option is the introduction of chemical additives that

enhance the SO, capture rate. Three additives that are fypically used are d_olom'itie lime, dibasic

--(DBA) or adipic acid, and formic acid, Basin Electtic chose this option for further evaluation

o because it had the least plant 1mpacts outage tlme and FGD operatlon procedure |mpacts

Sorbent In]ectio Components ofa reagent m_}ectlon system typlca!ly include an air compressor

_ sorbent storage tank, heat tracing, controls, injection system, injection platform, and slutry pump.
" Furnace and duct injection systems require a wet or dry reagent, and are capable of removing 10
- to 20 percent of the SO, 'in the flue gas. ‘A dry reagent such as powdered lime is preferred for.
* furnace injection.systems. For duct injection systems, a wet reagent such as lime slurry is
* preferred. Use of a wet reagent upstream of an existing ESP can help.teduce the gas temperature,
- improve ESP performance, and eliminatethe need.for additional ID fans for drafc contro‘l.

Basin Eleotric identified four control technology conﬁguratlons for reduction of: 802 emissions from Unit
3, which currenﬂy uses a DFGD system:

"Fabrie Filter Rstrofit info Unit 3 ESP Casing . | o
‘Replacement of Dry Scrubber Reactor with New Generation SDA Modules

New WEGD System
Sorbent Injection

Fabric Filter Refrofit into Unit 3 ESP Casing — Enhanced 80, removal can be achieved by
retrofitting a fabric filter system into the existing Unit 3 ESP. Removal of 3O; would occur from.
contact of the remaining SO, molecules in the flue gas with unreacted lime particles in the fly ash-
<cake on the fabric filter bags. With a typical Spray Dryer Absorber (SDAY and pulse jet fabric
filter (PJFF) system, additional SO, removal can be 10 to 20 percent,

AQD LRS BART
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2. Replacement of Dry 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 wrth two SDA
modules could achieve a.small i mcrease in 502 rerioval.

3. New WFGD System — A new wet FGD system similar to those used on Unrts 1 and 2 could be
installed 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 of the new WFGT would be to the east of
the existing chimney, A new stack with a liner capable of wet flue gas operation would be
réquired. Qutage time for the unit would only be required for tie-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 1-and 2 inight have to be upgraded to
accommodate additronal materidl needed for Unit 3.

4, Sorbent Injectio The sorbent mJectmn system descnbed earlier for Units 1 and 2 is also a
: possrbllrty for Un1t3 : .

SO; ELIMINATE TECHNICALLY INFEASIBLE OPTIONS

All of the conirol technologles 1dent1ﬁed for Units 1 and 2 are techmcaliy feaslble For Unit 3, two ef the
. 'hsted technalo gles were deemed by Basm Electric as techmca]ly mfea31b1e : '

New Generatron SDA Modules: Un1t3 is already equlpped with a system that is essentlally an SDA, a.nd
therefore it is not feasrble 0 replace the ex15t1ng system with a. s1mllar system :

Sorbént. Injection — Sorbent injection is not techmca[ly feamble for Umt 3 because the expected ccntrolled .
" emission level would not meet the presumptwe lovel. s

V SOa_ EVALUATE EFFECTIV'ENESS OF REMAIN]:NG CONTROL TECHNOLOGIES

The Dmsrcn considers the ccntrol effectweness ofa prcposed control technology to be equrvalent to the

" BART-determined permit fimit. The limit is based on continuous compliance whei the control
* equipment is well maintained and'operated in a manner ¢onsistent with good air pollution control -
practices. In order to demonstrate continuous compliance with the permrt 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 establishirg
the limit. Otherwise, the source will be out of comphance even thcugh the equrpment is operated and
maintained as well as possible.

. Tables 6 and 7 present the-effectiveness of the remammg techmcally feasible contro] technologies for -
SOz ’

AQD LRS BART
000424



Basin Electric Larami¢ River Station
AP-5047 BART Application Analysis
Page 14

Table 6: Units I and 2 SO, Emission Rates Per Boiler

Coird] Techioloys. " .o | (b/MMBH)
Baseline - ' 016
Sorbent Injection - ' Sl 0ls
FGD Chemical Additives -~ 0.15
Elimination of Stack Reheat System . | .. 0.13- ;

“'Note: Baseline emissions based on continuous emissions
monitoring (CEM) annual averages for 2001-2003.

Table 7:

Unit 3 50, E_mission Rates’

1Ok

Baseling 2 - C 6,17

' Fabru: Filter Retroﬁt into Unit 3 ESP "-" 0..13
NewWrGD - 006'

" Note: Baseline emissions based on: contmuous emissions
- momtormg (CEM) annual averages for 2001 2003

80,: EVALUATE ]'MPACTS AND DOCUMENT RESULTS

‘Basin Elecfric quantlﬁed the costs of applying the remaining 8O, control technologles atthe Laramie
~ River Station by consuiermg the’ fo]lowmg types of lmpact

Cost of compl:ance

Energy Impacts

Non-air quality enwronmental 1mpacts

Remaining useful life -

s Visibility (described in later section of the document) -

Basin Electric anticipates operating the.Laramie River Station Units 1-3 indefinitely and did not include
life extension costs in the econoinic analysm A standard control life of 20 years was used to caiculate the
capital recovery factor.

Several different metrics can be considered when evaluating the cost-benefit relationships of different
emission contro! technologies. In 40 CFR part 51 Appendix Y two metrics are specifically mentioned:
cost effectiveness and incremental cost effectiveness. Through the application of BACT, the Division has
extensive experience using cost effectiveness (i.e., 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

" AQD LRS BART
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are not equivalent, control determinations from either process that are based on cost.effectiveness and
incremental cost effectiveness are indicative of the eccmomic'costs to contro‘l emissions.

In addition to prowdmg cost effectiveness and moremantal cost effectweness resilts, Basin Electrlc
provided cost information in terms of cost of applying emission controls and the leval of visibility
improvement achieved {i.e., dollars per deciviews). While this metric can illustrate the control cost and
visibility improvement: dlffcrences 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 NO, and SO, EPA addressed cost effectiveness and incremental cost effectivenéss 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 lfevels
“were addressed in a separate visibility analysis, The Division considered cost effectiveness and
" incremental cost effectiveness in the evaluation of each proposed emission control. Tables 8 through 10
present the economic and environmental costs assoc1ated with the remammg SO: control technologies for
nits 1 through 3. -

Table 8: Umt 1 Economxc and Envxronmental Costs i'or SO; Control

"Parameter. - Inj Addmves il R%ﬁéat'sjfstem‘
C"i’“.al__c"“s | saasspio | s2363000] 563,845,.00.0‘
Annualized Costs ~ 5906000 | §366,000 | - $6:564,000
SO, Emissions (Ib/MMBt) sl el o

i Ai_mual SO, Emission (fpy) 3,511 3,511 C 3,043
'rApnual 50, Reductioﬁ {tpy) . - 234 " —'23 4- ' 10
Cost peron of Reduction szem | sissal 59,490
Incremental Cost per tdnrp_fRéduction(ljv ‘ - RN o 2 $13'}.453

| Energy Costs 862000 | 36000 | $456,000
Non-Air Quality Costs SR L CE |

M Incrementat costs for Eliminate Stack Reheat System relative to FGD Chemical Additives
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Table 9: Unit 2 Economic and Environmental Costs for $0; Control

Capital Costs $7453,000 | $2363,000 | $63,845,000
Annualized Cos's _$906000 | $366,000 6,664,000

| SO, Emissions (/MMBtu) 01| s o3
Antual SO; Emission (tpy) sasz| . a4m. 3,026
Annual 8O, Reduction (tpy) 233 213 | " 6os
Cost pér ton of Reduction $3;392 $1,572 . $9,542
Tneremental Cost per ton of R_eductipn(l) : B . '$13;-527 .
Energy Costs $62,000 56000 | . 459,000,
Non-Air Quality Costs o LoD -

O Incremental costs for Eliminate Stack Reheat System rélative-to FGD Chemieal Additives

Table 1:0: Unit.3 Economic and Environmental L.‘usts' for SO, Control

i',. : g r | Fabgie Filt
Pardmeter: . - tcosts)E | gén;-costs):.-- il NBWWFGD
Capitél Costs $19t-1,805_?,000‘ $134,934,000 '$240,777,000
Annualized Costs $19,585,000 | $14:376.000 | 31,243,000

| 80: Emissions {(lb/MMBtu) - ' ' 0_13- | 0.13 . o 0.06
Annual Sb_; Emission (tpy) 3,105 3)i05 1,433
Annual 80; Reduction (tpy) - '955 - ; 953 2,627
Cost pcrtbn of Reduetion . $20,501 '$15,049 | $11,893
Increméntal Cost per ton of Reduction™ | - §10,089
Energy Costs © $242,000 $243,000 - $3,858,000
Non-Air Quality Costs a - $715,000 [

(Y Tncremental costs for new WEFGD for Unit 3 relative to Rabric Filter Retrofit
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Several of the technically feasible control options for SO, are not cost effective, including all proposed
options for Unit 3, and the elimination of the stack reheat system for Units 1 and 2. The remaining
options for Units 1 and 2, Sorbent Injection and FGD Chemical Additives, were modeled by the applicant
to determine Class Larea 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" percentile result for all three units combined; would be (at most)

- 0.02 delta deciview. Therefore none of the proposed control optlons for SO; were carried forward for

further ana]ysns

PM/PMm. IDENTIFY AVA]LABLE RETROFIT CONTROL TECENOLOGIES

Basin E‘.Eectnc identified four control technology conﬂguratmns for controi of PM emissions from Umts 1

through 3;

s  Flue Gas Treatment

_»  Existing ESP Performance Enhancementb
» PIFF Retrofit into ESP (Umt 3 on]y)
e GE Max-9 Hybrld B

1. Flue Gas Treatment — One opt:on for flue gas’ treatment is flire gas condltlonmg for which flue
. gas is conditioned by adding ionic compounds such as sulfur trioxide and ammonia to improve
the PM caplure rate in the ESP. Moisture in theflue gas combines with the jofic-compounds and.
. the mixture is deposited on the surface of the fly ash particles: In this way, the conductivity of
~ the fly ash is increased and the capture rate of the ESP-is 1mproved Another option. is in-duct -
. hum[drﬂcatlon for which moisture is added to the flue gas.upstréam of the 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 (SCA) of the ESP withoutd physical modification to the ESP.
The humidification would have to be limited to avoid an outlet temperature that would promote
the formatlon of H;8Q4. Particle agglomeration is another option for flue gas treatment Forthis
process, the flue gas is pretreated with électrostatic charges upstream of the ESP to promote
agglomeration of the particles. By agglomerating the particles into laiger sizes and reducing the
"number of particles to be cnllected by the ESP, the: overall removal efficiency of the ESP is
mproved ) : . .

2. E*ﬂstmg ESP Performance Eghancements The ESP 1mpa1“ts an electncal chatge to particles in -

- the flue gas, and theparticles adhere to metal plates inside the prectpltator Rappmg on the plates -

" removes the particles from the plates for disposdl. One technology for i 1mpr0v1ng rapping
efficiency and preventmg re-entrainment of the fly ash into the flue gas is the use of a
computerized rapping system. This has already been implemented at the Larandie River Station.
Another option for improving the ESP performance is to.upgrade the electrical and control

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 aux111ary power use, Thrs also
has already been 1mp!emented at the Laram1e River Statron

3. Pulse Jet Fabric Filter Retrofit into ESP — Retrofit of a PIFF 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

" AQDLRSBART
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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 fai would be
offset by power savings from not operating the ESP. The PIFF retroftt is a viable option only for
Unit 3. Units 1 and 2 wtilize wet flue gas desulfurlzatlon {WFGD), and a PJFF is not feasible for
use downstream ofa 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 collscting plates in the casing. The system can provide

. high collection efficiency while operating af a lower system pressure drop. Pressure drop is lower
because particles are charged positively and repel each other on the surface of the filter, making
the dust cake very porous. Compressed air pulses are used 1o clean the filters,

PM/PM: ELIMINATE TECHNICALLY INFEASIELE OPTIONS

Basin Electric identified three of the feuf potential control technelegles for PM as technically ,infeasihle: :

~ Flue Gas'Tnﬁeétr‘nent: This option would not fiicrease the fevel of emissions control to a'higher level than is -
: .curreriﬂy' achieved with the existing ESP and is therefore considered to be technically infeasiBle. :

Ex1stmg ESP Performance Enhancement The ESP performanee enhancements as descnbed earher are .-
already in use at the Laram1e River Statlon

" GE Max-9 H){brld The GE Max-9 Hybrid has been recently installed in a smaller utility boiler, but not -
with a boiler of the size used at the Laramie River Stat1on ‘Therefore, the GE Max-9 is not considered as
a tech.mcally feasible teehnnlogy

PM/PM EVALUATE EFFECT IVENESS OF REMAIN]NG CONTROL TECHNOLOGIES
“The Dmsnon considers the control effeetweness ofa pmposed control technology to be ‘equivalent to the

BART-détermined permit limit. The limit is based on contintious compliance when the control
“equipment is well maintained and operated in a manner consistent with good air pollution controf

"+ practices. In order to demonstrate continuous compliance with the per'mit limit; it is important to consider

 that even well maintained and operated equipment will have some emissions varlablhty 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 thotigh the equipment is operated and

maintained as well as possible. Table 11 presents the control effectiveness associated with the remaining
technically feasible PM controls.

Tal)le 171

Baselme ’ _ ‘ 0,030

Retrofit Fabric Filter into Unit 3 ESP 0,015
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PM/PM,} E‘./ALUATE IMPACTS AND DOCUMENT RESULTS

Basin Electric quantified the.costs of applymg the remammg technologles at the Laramle River Statlon by
considering the following types of 1mpact :

e Costof compliancc

¢ Energy Impacts

= Non-ait quality environmental 1mpacts
‘e Remaining useful life :
* Visibility (described in later section of the document) .

Basin Electri¢ anficipates uperating each of the Laramie River Station units. indefinitely and did not
include life extension costs in the economic ana[ysns A standard control life of 20 years was usecl to
calculate the capital 1 recovery factor.”

~ Several different metrics cani be cons ldered when evaluatmg the cost—beneﬁt relationships of different

"emission control technologies. In 40 CFR part 51 Appendix Y two metrics are specifically mentioned:

costeffectivenéss and incremental cost effectiveness. Through the application of BACT, the Division has

* extensive experience using cost effectiveness (i.¢., dollars per ton of pollutant removed) to- evaluate

“control techno]ogies Incremental cost effectweness is also used extensively by the Division when -

comparing emission controls under the BACT process, While the BART process and the BACT procéss
are not equivalent, conirol- determinations from either process that are based on cost effectivencss and
incremental cost effectiveness are indicative of the economic costs o control emissions.

In addition to providing cost effectiveness and incremental cost effectiveness results, 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 differénces between control options, it is not commonly used to assess the overall
effectiveness of pollution cont_:jo[ 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 uséd to establish presumptive levels
were addressed in a separate v151b111ty analysis. As discussed in the comprehenswe visibility analysis

“presented later in this analysis, the Division évaluated 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 emission control. Table 12 present
the economic and environmental costs associated with the remaining PM technologies.
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Table 12: Unit 3 Economic and Enwronmental Costs for PM Cnntrnl
Capital COS_tS L $194,809,000 $134,934,000
Annualized Costs - - $19,585,000 © $14,376,000
PM Emissions (Ib/MMBtu) 0015 0.015
Annwal PM Emission (t_p_y) 158 358
| Annual PM Reduction (tpy) s | 458
Cost pef ton OfI_{edlIétiofl ‘$54707 ) 240.156
| Enery Costs '$242,000 | 5243 000

" The remalnmg techmcally feamb[e PMw control option for Un(t Jis not cost effectlve and was not carrled
forwaid for funher ana[ys1s : .

VISIBILITY IMPROV'EMENT DETERMINATION

The fifth of five factors that must be cons1dered for a BART determination analysm as requlred by 40
CFR part 51 - Appenchx Y, is the degree of Class T area visibility improvement that would result from the
installation of the various options for control technology. This factor was ovaluated for the Basin Electric
Power Cooperative (BEPC) Laramie River Station by using an EPA-apptoved dispersion modeling
system (CALPUFF) to predict the change in-Class | area visibility. The Division had previously
determined that the Laramie River Station was subject to BART based on the results of initial sereening
modeling that was conducted using current (baseline) emissions from the facility. The screening
mode[mg, as well as more refined modeling conducted by the apphcant is descrlbed in detall below.

Rocky Mountain Natlonai Park (NP) and Rawah Wllderness Area in Color ado are the closest Class I )
areas to the Laramie River Station, as shown in Figure 1 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 of the station. Wind Cave NP and Badlands NP are located to the northeast of the
station, at distances of approximately 190 km and 270 km, respectively,

‘Orily those Class I areas most likely fo be impacted by the Laramie River sources were modeled, as
determined by source/Class T area locations, distances to each Class | area, and professional judgment
considering metecrological and terrain factors. It can be reasonably assumed that areas at greater
distances and in directions of less frequent plume transport will experience lower impacts than those
predicted for the two modeled areas.
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Figure 1
Laramie River Station and Class I Areas
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'SCREENING MODELING

To.determine if the Laramie River Station would be subject to BART, the Division conducted CALPUFF
modeling using three years of meteorological data. These data, from 2001-2003, consisted of surface and
upper-air observations and gridded owtput from the Mesoscale Model (MM5), Resolution of the MMS5
data was 36-km for all three of the modeled years. Sources input fo 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 1mpacts than the Colorado Class I areas due to the predommant Wmd direction.

Resuits of the modeling showed that the 98"‘ percentlle value for the change in v1s1b111ty (delta déciview
[Adv]) was above 0.5 Adv at Wind Cave NP and Badlands NP for all thrée years of meteorology. As

' defined in EPA’s final BART rile, 4 98" percentile 0.5 Adv impact or more from-a given sourcs indicates
" that the sburce contributes to visibility impairment, and therefore is subject to BART. The results of the

screening modeimg are shown n Table 13 beiow -

Table 13; Results of the Class I Area Screemng Modeling -

I Maximum | 98"
“Year and C]ass.IArea . - Modeled | Percentile
e © ... | .Value (Adv) | Value (Ady)
1 2001 B . B R
Wind Cave NP L - 6,27 © 330
Badlands NP - B -5,50 T . 3.68
1 2002 L
Wind Cave NP - - A7, b 314
Badlands NP™ - - | " 5.8% 278
2003 . I
Wind Cave NP - . R 852 . F - 321 .
1 Badlands NP -~ = - . 5.44 1. 267 - -

Adv = delta deciview .
NP = NatwnalPark

REFINED MODELING

Because of the results of the Division’s sereening modeling for the Laramie River Station, BEPC was
required to conduct a refined BART analysis that included CALPUFF visibility madeling for the facility.
The modeling approach followed the requirements described in the Division’s BART modeling protocol,
BART Air Modeling Protocol - Individual Saurce stzbzhty Asse.ssmems Jor BART Control Analyses -
(WDEQ-AQD, September 2006)

CALPUFF System

Predicted visibility impacts from the Laramie River Station were determ.ined with the EPA CALPUFIF
modeling system, which is the EP A-preferred medeling system for long-range transport. As described in

the EPA Guideline on Air Quality Models (Appendix W of 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, the 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 (CALPUFE), 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 tlme- arnd space-varying meteorological condltlons on pollutant transport, transformation, and
removal.

CALMET is a diagnostic wind model that develops hourly wind and temperature fields in a three-
dimensional, gridded modeling domain. Meteorological inputs to CALMET can inclnde surface and
upper-air observations from mukiple meteorological monitoring stations. Additionally, the CALMET
model can utilize gridded analysis fields from various mesoscale models such as MMS5 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
d1rectlons by deﬁmng the radius of influence for surface and upper-air stat[ons

CALPUFF is a multi- layer Lagrangian. puff dispersion model. CALPUFF can be drlven by the three- -
dimensional wind ﬁelds developed by the CALMET mode! {refined mode), or by data from 4 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 descr1bed here were comp[eted using the
‘CALPUFF model ina reﬁned mode '

i CALSUM isa post-processmg program that can. operate on mllltlp[e CALPUFF‘ output f les to oombme
the results for further post-processing. POSTUTIL is a. post~processmg program that processes

" CALPUFF concentrations and wet/dry flux files, The POSTUTIL model operates ori one or more output
* data files from CALPUFF 1o sum, scale, and/or compute species derived from those that are modeled, and
outputs selected species to a file for further post-processing. CALPOST is a post-processing program that

" can read the CALPUFF (or POSTUTIL or CALSUM) output files, and caleulate the impacts to visibility.

Al of the refinéd CALPUFF modeling'vtfas 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 modellng
protocol Version deszgnattons of the key programs are l1sted in the table below.

Table 14; Key Programs in CALPUFF System

Program Version | Level

CALMET 5.53a | c40716
CALPUFF 5711a | 040716
CALPOST 5.51 - | 030709

Meteorological Data Processing { CALMET}

As required by the Division’s modelmg protocol, the CALMET model was uged to construct the initial
three-dimensional windfield using data from the MM35 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 MMS3 data
were afforded a high degree of influénce on the CALMET windfislds, the Division obtained MMS5 data
with 12-km resolution that spanned the years 2001-2003 for use in the analysis. The Division provided
the BART applicants all of the raw meteorological inputs for the CALMET model Default settings were

" AQD LRS BART
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used in the CALMET input files for most of the-tec'hnical options.
The fo[lowmg table Ilsts the key user-defined CALMET settmgs that were selected

Table 15; Key User-Defined CALMET Settmg_s

Variable Description Value
PMAP Map projection ' LCC (Lambert Conformal-
- o ) Conic)
DGRIDKM | Grid spacing (km) _ o -4
NZ Number of layers - e T
ZFACE | Cell face heights(m} . -~~~ | 0,20, 40, 100, 140, 320,
. : ’ 7 Co 580 1020 14380, 2220, 3400
RMIN2 - | Minimum distance for extrapolation ‘ -1
IPROG ~ | Use gridded prognostic model output .| - 14 (M5 data‘)
. RMAX 1 | Maximum radius of influence (surface , § . - 30
L layer, km) ) R
RMAX 2 | Maximum radius of mﬂuence (layers o ~ 50
| aloft, km) - .
TERRAD | Radius of influence for terram (km) - <15,
"R1 . ! Relative weighting of first guess wind - - ) 5
. ficld and observations (km) ~ .~ - L
R2 - Relative weighting‘ aloft (k’m) N e _2_5

Two CALMET wmdﬁeids were used for the Laramle River statlon BART modelmg The initial -

- windfield was developed by BEPC to model the impacts at Wind-Cave NP and Badlands NP, as directed
by the Division and as specified in the Division’s modeling pratocol, - A second, larger windfield was -
developed by the Division to model the impacts at Rawah WA and Rocky Mountain NP and to model an
additional control scenario at Wind Cave NP and Badlands NP. Surface, upper-air, and precipitation data
for the domains were meorporated into the CALMET windfields. Figures?2 and 3 below show the’

' locatlons of surfaee upper—a:r, and preclprcatlon statlons used for the twe wmdfields

 AQD LRS BART
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Figure 2: Observations Input to CALMET (BEPC Windfield)
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'‘CALPUFF Modeling Setup

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

Rocky Mountain National Park, Colorado (NP)
"Craters of the Moon National Monument, Idaho
Highland, Utah
‘Thunder Basin, Wyoming
Yellowstone NP, Wyoming

s Centennial, Wyoming
..+ ‘Pinedale, Wyommg

. For any hour that was missing ozone data from all statlons a default value of 44 parts per billion -
" {ppb) was used by the model as a substitute, For ammnma, a doma1n—w1de background value of 2
_ ppb was used. -

Lantude and longltude coordinates for Class I'area dlscrete receptors were taken from the -
-Natmnal Park Service (NPS) Class I Receptors database and converted 10 the appropriate
Lambert Conformal Conic cootdinates. Figures 4-7 show the receptor configurations that were
used for Rawah WA, Rocky Mountain NP, Badlands NP, and Wind Cave NP. Receptor spacing
~ within Wind Cave NP is approxxmately 0.7 km in the east-west direction and approximately 0.9
~ km'in the north- south direction. For Rawah WA, Rocky Mountain NP, and Badlands NP; the .

receptor spacing is approx1mately 1.4 km in the sast-west direction and approx:mate[y 1 8kmin
the north-south dxrecmon : .
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Figure 4
Receptors for Rawah WA

Rawah Wildemess

118 Receptorg

UJSFS Boundary Source:
F S National Coveraye fite; NRIS - ALP group)
Corvalis, OR

Augusl 27,203
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Figure 5
Receptors for Rocky Mountain NP
ocky Mountain NP
07 Receptors
NPS Boundary Source:

hitp:#wew .nps.gov/gis/mational_data.htm
August 7, 2003
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Figure 6
Receptors for Wind Cave NP
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. Figure 7
Receptors for Badlands NP
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CALPUFE Inputs — Baseline and Control Options

The first step in the refined modeling analysis was to perform visibility modeling for current
(baseline) operations at the facility. Emissions of NO, and SO, for the basgline runs were
established based on CEM anrinal emissions averages for years 2001 to 2003, All particulate
emissions (PM) were based en an emission rate of 0.03 Ib/MMBtu and were treated as PM, 5 (fine
- PM) within CALPUFF and CALPOST. Direct emissions of sulfate were based on the values
calculated for the Toxic Release Inventory (TR} for the years modeled.

Baseline source release parameters and emissions are shown in the table below, followed by
tables with data for the various control options. No attempt was made by the applicant to
estimate the increase in sulfate emissions that would result from operation of SCR and
SNCR/SCR hybrid controls, and as a result the visibility 1mprovement for those scenarios may be
overestimated by some undetermmed amount.
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Table 16 Baseilne Source Parameters
: Base]me
- CoaI-F:red Cea!:ji‘ired C_!.oa,l-Firedl
Unit f(P1) | Unit2 @®2) | Unit3 @3)
. | 1B, INB, | “INB,
Parameter WFGD, ESP | WFGD, ESP. | DEGD, ESP
Heat Input (MMBtu/yr) 46,814,433 46,557,738 47,765,529
Base Elevation (m) 1348 1348 1348
Stack Height (m) 184.4 184.4 184.40
Stack Diameter {(m) 8.69 8.69 8.69
Stack Temperature (K) 338.7 © 338.7 3520
Ex1tVeioclty (mfs) - 21.33 21.03 - 2225
S0, Bmissions (Ib/MMBtu) 0.16 C 0,16 _ 0.17
SO, Emissions (tpy) 3745 3725 4060 .
'HS,0, Emissions (ipy). - 3.06 . 2.80 022
|| NO, Emissions (Ib/MMBtu) 027 0.27. 027
NO, Emissions (tpy). : 6320 - 6285 .- | . .' 6448
| PM Fine Emissions (lbll\dMBtu) _0.03 003 0.03
PM Fine Emissions (ipy) 702 | 698 716

‘Note; Boiler heat input and Ib/MMBtu emissions for NO, and 80, based on continuous emissions
momtormg (CEM) annual avereges for 2001 -2003.

DEGD = dry flue gas desulfurization
ESP = electrostatic precipitator
"H;30,= sulfuric acid -

K =Kelvin

Ib/MMBtu = pounds per million British thermal units

LNB = low-NO, burners
m = meters )
m/s = meters per second

MMBtu/yr = million British thermal units per yeéar

NO, = nitrogen oxides

FPIv] = particulate matter

SOy = sulfur dioxide

tpy = fons per year - :

WFGD = wet flue gas desulfurization

"AQD LRS BART
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Table 17: Snurce Parameters and Emissions for BART Control Optlons
) Contrul Optmn 1 Control Optwn 2
NO, Control. Ovéiiive Alr (OFA)
or New L.NB NQ, Control: New LNB with OFA
Conl- | Cosi- Coal- Coal- Coal- Coal-
Fired Fived Fired Fired Fired ‘Fired
B Unit 1 Unit 2 Unit 3 Unit 1 Unit2 Unit3
Parameter 7 1) P2 ®3) 1) 2) _(P3)
| Base Blevation {m) 1348 1348 | . 1348 1348 1343 1348
Stack Height {m) 184.4 1844 | - 1844 184.4 184.4 184.4
Stack Diameter (m) 8.69 860 | 86 | 869 860 .| 8.0
Stack Temperature (K) 3387 | 3387 | 3520 - | 3387 338.7 352.0
Exit Velogity (mis) 2133 [ 2103 2225 | 2133 21.03. 22.25
80, Emissions {Ib/MMBtu) 0.16 016 017 | 016 0.16 017
S0, Emissions (tpy} . 3745 0| 3725 | 4060 .| 3ms 3725 4060 .
"H,80, Emissions (ipy) 3.18 325 .| - 022 3,18 325 | o022 -
NO, Emissions (Ib/MMBtu) 023 | 023 023 - | 023 0.23 0.23
NO, Emissions (ipy) 5384 | s3s4 .| 5493 5384 - 5354 5493
PM Fine Emissions (Ib/MMBtu) | 0.030 | 0030 .| 0030 . | 0.030.°| 0.030 0.030
PM Fine Emissions (tpy) 702 | eos. |- me L g0z | 698 716
H80,= sulfuric acid : - -
K = Kelvin

I/MMBtu = poﬁnds per million British thermal units

LNB = low NO, burners
fn = meters .
ny's = meters per secorid
NO,= nritrogen oxides’
OFA = overfire air
. PM = particulate matter -

SCR = selective catalytic reduction

80, = sulfur dioxide
{py = tons per year

AQD LRS BART
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Cunt ¢ I'Optmn 4

NO, Contrul SCR

Hp804= sulfuric acid -

K =Kelvin

1o/MMBt = puunds pt‘.r million British therma] umts .

- LNB = low NO, bumers
m = meters
m/s = meters per second
NO, = nitrogen oxides-
OFA = overfire air-
PM = pariiculate matter

SCR = selective catalytic reduction .

. 80,=sulfur dioxide - -
tpy = tons per year’

C‘oa]— ' Coal- Conl-
- Fired . Flred Fired
: : * Unitl th 2 Unit 3
Parameter [0 N) {P2) {P3})
Base Elevation (m) 1348 1348 1_348
|t Stack Height {m) 184.4 184.4 184.4
Stack Diameter {(m) 8.69 ~ B8.69 _ 868"
Stack Temperature (K) 3387 338.7 352,09
Exit Velocity (m/s} 21.33 21.03 2225
$0, Emissions (Ib/MMBtu) 016 . 0.16 017 -
50, Emi:_ss'lons {ipy) 37_'45. 3725 4060
H,80, Emissions {tpy) 318 "1 325 0.22
“NOQ, Bmissions {Ib/MMBiw) . 0.07 0.07- 0,07
.NO, Emissions (tpy) 1639 1630 1672
PM Fine Emissions N T
(Ib/MMBtu) 0.030 I 0,030 i 0.030
PM Fine Emissions {tpy) Co02 | 7608 7i6 -

Table 17: Source Parameters and Emlssmns for BART Control Optmns (cont)
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Visibilit\{ Post-Processing (CALPOST) Setup

The changes'in 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.
Menthly f(RH) factors that were used for this analysis are shown in the table below.

Tab]e 13: Relative Hum:dlty Factors for CALPOST

Wind
i i . CaveNP
- Rocky : _apd
- | Moimtain | Rawah -| Badlands
Month NP _ WA | -NP
January 1.7 21 | 2.5
Bebruary | . 1.9 | 21 | - 265
March 19 7 20 | 265
| April - 21 | 21 .| 2ss
| May - o230 23 270
June - | 2.0 - 20 -] 280
July - . 18 |0 18 ) 230
August | 2.0 _."”zn':', ‘230,
September 1.9 20 2200 |
October - § 1.8 1.9 1| 225
November 18 121 ) 275
December | - 1.7 | 2.0: | . 265

Accordihg to the final BART rule, natural background conditions as a reference for determination of the
- 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 |

area on an annual basis, but does not prowde the individual species concentratlcm data requlred for 1nput
to CALPOST :

Species concentrations ¢orresponding to the 20 percent best days were calculated for each Class 1 area by
scaling back the annual average (natural background) concentrations given in Table 2-1 of the EPA
document Guidance for Estimating Natural Visibility Conditions Under the Regional Haze Rule, A,
separate scaling factor was derived for each Class 1 area such that, when multiplied by the guidance table

annual cohcentrations, the 20 percent best days deciview values for that particular Class I 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. To obtain
the speciated background concentrations representative of the 20 percent best days, the deciview value
{2.18 dv) was first converted to 11ght extinction. The relationship between decwlews and light extinction
is expressed as follows:

AQD LRS BART
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dv =10 In (bey/10) or by = 10 exp (dv/ 10) '
where: be, = light extinction expressed in inverse megameters (Mm’ ).

Usmg this relatzonshlp with the known déciview value of 2.18, one obtains an equivalent Hght extmctlon
value of 12.44 Mm™. Next, the annual average natural visibility concentrations were set equal to a total
extinction value of 12.44 Mim™, The relationship between total light extinction and the individual
components of the light extinction is as follows: S

bex (3)f(RH)[ammomum sulfate] + (3)f(RH)[ammomum nitrate] -+ (0, 6)[coarse mass] + (4)[orgamc
carbon] + (l)[sm]] + (10)[elemental carbon] + bmy

where: . :
o bracketed quantities represent background concentrations in pg/m®
_» values in parenthesis represent scattering efficiencies : :
. f(RH) is the relative humidity adjustment factor (appl ied to hygroscoplc spccles only)
. ,a,, is light extinction due to Raylel gh scaﬁermg (10 Mm™ used for all Class [ areas) -

Substituting the annual average natural background concentratlons the average f(RI-I) for Badlands NP,
and mcludmg a coefﬁment for scaling, one obtalns . .

12.44 = (3)(2 55)[0. 121X +(3)(E. 55)[0 X+ (0.6)[3.01X + (@0, 47]X + (1)[0 S]X +(1oyo. oz]x 10

In the equa’ﬂon a‘oove X represents a scalmg factor needed to convert ’[he armual average natural
- background concentrations to values representative of the 20 percent best days. Solving for X prowdes a
value of (.402. Table 19 presents the annual average natural background concentrations, the calculated -
. scaling factor, and the calculated background conce;ntratmns for the 20 percent best days for Badlands

Ammenium Sulfate 0.12 : 0402 - . 0048 .
Ammonium Nitrate 0.10 0.402 : 0.040
Qrganic Cartbon - 0.47 . 0.402 B 0.189
Elemental Carbon . 002- . - . 0.402 o 0.008
Soil 0.50 -, 0,402 . K 0.201
Coarse Mass ' 3.00 . (402 o 1.205

The scaled aerosol concentrations were averaged for Badlands NP and Wind Cave NP because of their
-geographical proximity and similar annual background visibility. The20 percent best days aerusol
concentratlons for the Class ] areas in qiestion are. hsted in the table below

" AQD LRS BART
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Table 20: Natural Backeground Aerosol Concentratmns (ug/m )

3 ‘o punén ; Rawah dlands:
" Ammonium Sulfate - 0.045 0.047
Ammonium Nitrate - 0.038 0.040
Organic Carbon - | - 0.178 T0177 |- 0.186
" Elemental Carbon 0.008 ' . 0.008 0.008 .
Soil 770189 0.189 0.108
Coarse Mass - 1.135 {1 1132 1. 1-'91 -

The results of the visibility modehng for. each of the thres umts for the baseline and controi scenarios are -
shown in the tables below.” Results for the Colorado Class [ areas are presented for the baseline scenario
only becanss the results for this scenario were well below 0.5 Ady. For each scenario, the 98" percentile
Ady results are reported along with the total number of days for which the predicted lmpacts exceeded 0.5

dv. Following the tables are ﬁgures that present the results graphlcally for Wll‘ld Cave NP and Badlands
NP, ,
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River Station .

Table 21; CALPUFF Visibility Modeling Results for Laramie River Unit 1

2 Class 1. Are: / (A (AdV):
Baseline — LNB, Wet FGD, ESP ) )
Badlands NP 0.643 14 0841 17 0.599 . 9 0.694 13 .
Wind Cave NP _0.732 17 0.700 16 0,542 -9 0.658 14
Post-Control Scenario 1 — OFA _ : ,
Badlands NP 0.574 12 . 0.761 16 0.532 9. 0.622 12
Wind Cave NP 0.662 15. " 0619 11 0.496 7 (.592 11
Post-Control Scenario 2 -- OFA + New LNB o
Badlands NP 0.574 12 0,761 16 0.532 9 0.622 - 12
Wind Cave NP 0.662 15 0.619 11 0,496 7 0.592 11
Post-Control Scenario4—SCR - -, K o ' o ’
Badlands NP 0.322 4 - -] 0402 4. 0.303 5 0,342 4
Wind Cave NP 0.378 3 - 0320 1 0.307 3 0335 2

Trible 22: CALPUFF Visibility Modeling Results for Laramie

dassiATea s i (Ady)a
Baseline — LNB, Wet FGD, ESP - ) . :
Badiands NP 0.642 . 14 0.842 17 0.594 . - 10 0.693 - 14
Wind Cave NP. | 0725 17 0.699 16 0.546 9 0.657 14
‘Post-Contrdd Sconario 1 — OFA ' - ) . ' : o
Badlands NP 0.573 12 . 0.762 16 1,530 9 0.622 12
Wind Cave NP 0.658 .15 0.615 11 0.498 7 0.590 11
Post-Control Scenario 2 — OFA + New LNB ' ,
Badlands NP 0.573 12 0.762 16 0.530 9 0.622 12
Wind Cave NP 0.658 15 0.615 11 0.498 7 10.590 11
Post-Control Scenario 4 — SCR . ) .
Badlands NP 0320 4 0.399 . .4 0.302 5 0.340 4
Wind Cave NP 0.384 3 0,319 1. 0310 '3 0.338 2

* AQD LRS BART
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_ Table _23' CALPUF_F Visibility Modeling Results for Laramie River Unit 3

- “Table 24: CALPUFY Visibility Modeling Results for Laramic River Station:

Rocky Mountain National Park & Rawah WA (Baseline Scenario)

“Cla s [T A ) A
Baseline - LNB, Wet FGD, ESP
Badlands NP 0.639 14 0.886 18 0.630 8 0718 13
Wind Cave NP 0.680 17 0.717 16 0,553 10 0.650 14
Post-Controf Scenario 1 — OFA ' o - .
Badlands NP 0,572 11 0.803 17 0,561 8 0.645 i2
Wind Cave NP 0.609 14 . | -0.643 13 - 0.502 8 0,585 12
Post-Control Scenario 2 — OFA + New LNB ' L
Badlands NP 0.572 - 13 0.803 17 . 0.561 - 3 ©0.645 12
Wind Cave NP 0,609 14 . 0.643 13 . 0502 8 0.585-" 12
Post-Control Scenario 4 — SCR. ) - D . '
Badlands NP 0336 .| 4 0,446 4 0323 4. 0,368 4 .
|l Wind Cave NP 0.381 4 0.348 2 0.297 3 - 0.342 3

AQD LRS BART
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Rawah WA 0,308 3 0.425 2. 0.340 4
Rocky Min, NP 0414 6 0.447 7 0.441 5 0.434 6
Unit2 ik ' I "

Rawah WA _ 0.309 - 3 0.422 7. 0279 2 0.337 4
Rocky Mtn. NP 0.415 6 0.455 7 0.437 5 0.436 6
Unit 3

Rawah WA 0.295 3 0.440 6 0.301 2 0.345 4
Rocky Min, NP 0.433 7 0,481 7 0.448 4 0.454 6
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Figure § — Modeled BART Impacts: Number of Days > 0.5 delta-dv

(# Days)
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{Madeling results represent the three-year average of results using 2001-2003 meteorology}
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Figure 9 — Modeled BART Impacts: 98” Percentile (delta-dv)

(del-dv)
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{Modeling results represent the three-year average of results using 2001-2003 meteorology)
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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 (all five statutory factors) from each
proposed control technology, the Division determined BART- for the-three umts at the Laramie River

Station.

NO,

Neéw LNB with OFA is detormined to be BART for NO, control for Umts 1-3 based, in part, on the
followmg conclusions:

L.

Tustallation of new LNB with OFA was cost. effectxvé 'w1th a céipltai' cost of $22 096,000 per-unit
and $2,036-32,088 per ton of NO, removed based on the average cost effectweness for each unit
overa twenty year opetational life. -

Combustlon control using LNB with OFA does not requlre non-air quality env1ronmenta!

. mitigation for the use of chemwal reagents (1 8., ammonia or urea) and there isa mmlmal energy -

1mpact

A'ﬂer' careful consideration of the five statutory factors; espeéiaiiy the costs of compliance and the-

‘existing pollution control equipmetit, a NO, control level of 0.23 1/MMBtu on a 30-day rolling

average, equal to EPA’s established presumptwe 11m1t for dry -bottorm, wall—ﬂred boilers burning
sub-bituminous coal, is Jusuf ed. :

~ Visibility impacts were addressed i m a corﬁprehéﬁsive ﬁsibility analysis covering three visibility
“impairing pollutants and the associated control options: The cumulative visibility improvement
.as compared fo the baseline across Wind Cave NP and Badlands NP achieved with new LNB

with OFA at the 30-day limit of 0.23 Ib/MMBtu (based on the 98™ percentile modeled results)
was 0.14 Adv from each of the three units, The expected visibility improvement over the course

of a full annual period would be even greater due to the annual BART limit that is based on 0.19
Ib/MVIBtu. .

) Annual NO, emission reducnons from new LNB with OFA on Units 1, 2 and 3 are 1,862-1,910

tons per. unit for a total annual reduction of 5,645 tons;

LNB with OFA and SCR was not determined to be BART for NO control for Umts 1-3 based Ain part, on
the following conclusions: .

1.

The cost of comphance for installing SCR on each unit is 31gmﬁcant1y hlgher thafi the cost for
LNE 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.

Additional non-air quality environmental mitigation is required for the use of chemical reagents.
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3. Operation of LNB w1th OFA, and SCR is parasitic and requlrcs an estimated 4.8 MW of power
- from each unit.

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

The Division considers the installation and operation of the BART-determmed NO cotitrols, new LNB
with OFA, to meet the statutory requirements of BART.

Unit—by—l_mit NO, BART dete;minations:

" Laramie River Unit1: New LNB with OFA and meeting NO, émission limits of 0.3 -
) : - Ib/MMBtu (30-day rolling average), 1,348 lb/hr (30-day rollmg average), -
' and 5,343 tpy (12-month rolling) as BART for NO,.

' Laramie River Unit 2: | New LNB with OFA and meeting NO emission limits of 0.23 -
' ) - Ib/MMBtu (30-day.rolling average), 1,348 lb/ar (30-day rolling average) 7
and 5,343 tpy (12-month rollmg} as BART for NO.. :

_ Laramie River Unit3: New LNB with OFA and meetlng NO, emission limits of 0.23
- Ib/MMBtu (30-day rolling average); 1,386 Ib/hr (30-day rolling average), )
and 5 493 tpy (12-month rollmg) as BART for NOX

The. performance/efﬁmency—based 30- day rollmg average emission rate of 0.23 Ib/MMBu is sot to allow
for continuous compliance with propcr operation of the control equipment, while taking into account the

- normal operatlonal variability that is typical for a boiler. The 30-day limits that are expressed in terms of
- mass emissions ({b/hr) are based on 0.21 Ib/MMBtu. Because reduced steam loads on a boiler can result

" in periods of increased emissions in terms of lbeMBtu but lower emissions in terms of fo/hr, the
Division has chosen to set the dual 30-day limits, one set at 0,23 1b/MMBtu and-one cxpressed in lb/hr
based on 0.21 Ib/MMBtu, For the 12-month rolling emission limits, the Division considered the ability of
the source to maintain a lower emission rate over a longer time perxod and set the long—term limit

- (expressed in tpy) based on 0.19 ib;‘MMBtu

- PM/PMm

Ex1stmg ESP is determined te be BART for Units 1-3 for PM/PM,O based in part, on the following
conclusions:

1. The cost of compliance for the sole technically feasible control option, a retrofit fabric filter on
- thie Unit 3 ESP, is not reasonable over a twenty year operational life. The cost effectiveness for
installing the retrofit fabric filter is $40,156 per ton of PM/PM,removed. No additional control
technologies were desmed to be technically feasible for Units 1 and 2.

"AQDLRS BART =
000454



Laramie River Station
AP-6047 BART Application Analysxs
Page 44

2. Visibility impacts from the installation of controls on PM/PM;, emissions, 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 Adv.

The Division considers the operation of the BART-determined PM/PM,, controls, existing ESP, to mest
the statutory requirements of BART. .

Unit-by-unit PM/PM,;; BART determinations:

Lararﬁ_ie River Unit 1- Continuing to use the existing B3P to meet the astablishéd PM/PMy,
- emission limits of 0. 030 Ib/MMBtu, 193 Ib/hr, and 844 tpy as BART for
PM/PM;O

Laramie River Unit2: Continuving to use the existing ESP to meet the established PM/PMm
' - emission limits of (.030 1b/1\alMBtu 193 Ibfhr, and 844 tpy as BART for o
PM/PMm

Laramie River Unit 3:' Contmumg to tise the ex1stmg ESP to meat the. establ:shed PM/PM.O -
. -emission llmlts of 0.030 lbeMBtu 198 lb/hr and 867 tpy as BART for
PM/PM.

K SOz, REGIONAL SOg NDLESTON'E AN]) BACKSTOP TRADING PROGR.AM

Basm Electric’ evaluated 50, control technologles that can achleve a SOz emission rate of 0.15 lb/MMBtu '
or lower from tlie coal-fired boilers. Basin Electric proposed BART controls include usmg chemlcal
additives in the Unit | and 2 WFGD systems,

Wyoming is a §309 s‘tate pamc1pat1ng in the Regional SO, Milestone and Backstop Trading Program.
§308(e)(2) provides States with the option to implement or require participation in an emissions trading

program or other alternative measure rather than to require sources subject to BART to insiall, operate, -

and maintain additional control technolegy to meet:an established emission limit on a continuous basis.

However, the alternate program must achieve greater reasonable progress than would be accomplished by -
. instafling BART. A demonstration that the alternate program can achieve greater reasonable progress is

prescribed by §308(e)(2)(i). Since the pollutant of concern is 80;, 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 greater reasonable progress than would be
achieved by application of BART pursuant to §351 308(e)(2) ¥

Wyoming participated in creating a defailed report entitled Demonstration that the SO; Milestones
- Provide Greater Reasonable Progress than BART covering SO, emissions from all states participating
in the Regional SO, Milestone and Backstop Trading Prograin. The document was submitted to EPA in
support of the §309 Wyoming: Regmnal Haze SIP in November of 2008.

As part of the §309 program, participating states, including Wyoming, must submit an annual Regional -
Sulfur Dioxide Emissions and 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 demonsirate that actual SO, emissions are weli below the mllestones The actual emissions and.
their respective milestones are shown below;

Table 25' Regional Sulfur Dioxide Emlssmns and Mllestone Report Summary

2003 330,679 447 383
2004 337,970 - 448,259
2005 304,591. 446,903
2006 279,134 420,194
2007 273,663 420,637

In addltlon to demonsirating successful SO; emission reductmns §309 states have also relied on ViSlblIlty
modeling conducted by the WRAP to demonstrate improvement at Class [ 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 of the demonstration has been. included as Table 26 to underscore the
_lmprovements assoclated w1th SOz reductions.

TabIe 26 VlSlblhty Sulfate Extmctmn Only

20% Worst Vistbility ])ays 20% Best Visibility Days
: (Monthly Average, Mm” ) ] (Monthly -Average, Mm )

2018 ° 2018°
: Preliminary : Prellmmary
20181 Reasonable .20181 Reasonable

Class T:Area Momtor Base ‘Case - Progress Case. | Base Case. - . Progress Case
(Class T Areas Represented) (Base 18b) '(PRP182) (Base 181]) (PRPISa)
Bridger, WY _ . : :

" (Bridger WA and Fitzpatrick WA) -2, 4.3 1.6 K l-'3

North Absaroka, WY ‘e : )
(North Absaroka WA and Washakie WA) 4'8 ) 45 1 1 1 ‘.1
Yellowstone, WY : : , o

" (Yellowstone NP Grand Teton NP and Teton WA)_ 4.3 3.9 L6 14

Badlands, SD. 17.8 16:0 3.5 3.1
Wind Cave, SD 13.0 12.1 2.7 25 ‘
Mownt Zirkel, CO o -

(Mt. Zirkel WA and Rawah WA) 4.6 4.1 L4 L3

Rocky Mountain, CO 6.3 6.2 i3 1.1
Gaies of the Mouniains, MT 5.3 5.1 1.0 1.0

UL Bend, MT _ 9.7 0.6 1.8 1.7
Craters of the Moon, ID 5.8 3.5 1.5 1.5
Sawtooth, ID 3.0 2.8 1.2 1.1
Canyonlands, UT .

{Canyonlands NP and Arches NP) 34 . 4.8 2.1 , 1.9
Capitol Reef, UT 5.7 54 1.9 1.8

T Represents 2018 Base Case growth plus alf established controls as of Dec 2004. No BART ar 80, Mllcstonc assumptmns were

included.

* Represents 2018 Preliminary Reasonable Progress growth estimates and established S0, limits.

AQD LRS BART
000456




Laramie River Station
AP-6047 BART Apphcatlon Analysis
Page 46

All Class I areas in the surrounding states show a projected visibility improvement for 2018 with respect
to SO, on the worst days and no degradation on the best days. More discussion on the visibility
improvement of the §309 program can be found in the Wyommg §309 Reglonal Haze STP submltted 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
meet the corresponding achievable emission limit. Instead, Basin Electric is required to participate in the
Reglonal SO; Milestone and Backstop Trading Program authorized under Chapter 14 of the WAQSR

LONGuTERM STRATEGY FOR REGIONAL HAZE

In'this BART analysls the technology avallable, the costs of comphance the energy and non-air quallty
environmental impacts of compliance, any pollutien control equipment in use at the source, the remaining
useful life of the source, and the degree of improvement in visibility which may reasonably be anticipated
to result from thewse of such technoiogy were taken into consideration when determining BART. When
evaluating the costs of compliance, the Division recognized a time limitation to install BART-determined

. controls imposed by the Regional Haze Rule. When addressing the required elements, including

documentation for all required analyses to be submitted in the State Implementation Plan, 40 CFR .

51 308(6)( 1)(iv) states: “A requirement that each source subject to BART be reqmred to install and .
operate BART as expedltlousiy as practicable, but in no event later than 5 years after approval of the
1mplementat10n plan revision.” As a practical measure, the Division anticipates the reqmrement to install
the BART-determined contmls to possxbly oceur as early as 2015

. Based on the costs and v151b111ty improvement presented by Basin Electric in the BART app'hcatloils for-

Laramie River Station Units 1-3, and taking into consideration the logistical challenge of managing -

" multiple po[lutmn confrol mstailatmns within the regulatory timefrate allotted for BART installations by L

the Regional Haze Rule, the Divisicn 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 permit application to install additional add-on NO, control that includes an
analysis oft-(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

- coniribute to visibility 1mpa1rment (i.e., the four statutory factors taken into consideration when
. establishing reasonable progress goals’ ) and the associated visibility impacts from the application of each

proposed NOy control, Each proposed add-on NO; control shall achieve an emission rats, on an

* individual unit basis, at or below 0.07 lb/MMBtu on a 30-day rolling average. Additional add-on controls

shall bé installed and operational on-one of the Laramie River Station units by Decembar 31,2018 and on
] 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 determiined to meet BART,

3 40 CFR 51.308(S)(D(I)(A).
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CHAPTER 5, SECTION 2 ~ NEW SOURCE PERFORMANCE STANDARDS (NSPS):

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

CHAPTER 5, SECTION 3 — NA’_I‘IONAL EMISSION STANDARDS FOR HAZARDOUS AIR
POLLUTANTS (NESHAPs) AND CHAPTER 6, SECTION 6 - HAZARDOUS ATIR POLLUTANT
(HAP) EMISSIONS AND MAXII\IUM AVAILABLE CONTROL TECHNOLOGY (MACT):

The installation of the controls determined to meet BART will not change NESHAPMACT apphcab1hty
for-the coal-fired boilers at Laramie River Station.

' CHAPTER 6, SECTION 3 — OPERATING PERMIT:

The Laramie River Station is a major source under Chapter 6, Section 3 of the Wybming Air Quality
Standards and Regulations. Operating Permit 3-1-102-2 was issued for the facility on November 15,
2005. In dccordance with Chapter 6, Section 3 of the Wyoming Air Quality Standards and Regulations
(WAQSR), Basin Electric w:ll need to modlfy the.xr operatmg permlt to mclude the changes authorized in -
this permitting achon S

CONCLUSION

The Division is Satlsﬂed that Basin Electrlc 5 La1 amie Rwer Statlon wxll comply with all apphcable )
Wyoming Air Quality Standards and Regulations, The Division proposes to-issue a BART Air Quality .
Permit for the Laramie River Station modification to install OFA and new LNB on Laramie River Station
Units 1-3 to meet the statutory requlrements of BART. Two (2) of the three (3) units must install add-on.
NO, control that achieves arl emission rate, on an individual unit basis, at or below 0.07 I/MMBt ona
30-day rolling average by December 31, 2018 and December 31, 2023, reSpectwely, under the Long-.

Term Strategy of the Wyoming §308 Regxonal Haze State Implementatmn Plan.
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PROPOSED'PERMIT CONDITIONS:

The Division proposes to issue an Air Quality Permif to Basin Electric for the mod1ﬁcatmn of the
Latamie River Station with the fol!owmg conditions:

1.

Authorized repre_sentgtives of the Division of Air Quality be given permission to enter and inspect
any property, premise ot place on or at which an air pollution source is located or is bcing _

- constructed or instatled for the purpose of investigating actual or potential sources of air

pollution, and for determmmg compllance Qr non- compl:ance w:th any rules, standards, permits
or orders. -

All substantive commitments.and descriptions set forth in the application for this permit, unless ~
superseded by a specific condition of this permlt are incorporated herem by this reference and are
enforceable as conditions of this permit. :

‘That Basin Electric shall modify their Operatmg Permit in accordance w1th Chapter 8, Scctlon
9(c)(1v) and Chaptcr 6, Scctlon 3 of the WAQSR. )

All notlficatmns reports and corrcspondcnce asscclated with this penmt shall be submltted to the -
Stationary Source Compllance Program Manager, Air Quality Division, 122 West 25th Street,
Cheyenne, WY 82002 and a copy shall be submlttcd to the Dlstnct Engmccr A1r Quahty

Division, at the same address. .

: Effective upon completion of the performance tests to \'rerify the eftiission levels below, as

required by Condition 6 of this permit, emissions from Laramie River Station Units 1 through 3
shall not exceed the levels below. PM/PMq [b/hr and tpy limits shall apply during all operating .
periods. PM/PM,, Ib/MMBty limits shall apply during all operating periods except startup.
Starfup begins with the tntroduction of fuel oil into.the boiler and ends no later than the point in
time when the electncﬂ.y generators are put onltne

n BE ~ Unit1:193 . - | Unit 1:844
PM/PM® . | 0.030 . o | Unit2: 193 - Unit 2: 844
| Unit3: 198 . Unit 3: 867

“® Filterable portion only

That no later than 90 days after permit issuance PM/PM, performance tests shall be conducted -
ont Units 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 thc
rate achieved and again when a maximum rate is achieved.
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7.

Effective upon completion 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
shall not exceed the levels below. The NO l_imits shall apply during all operating periods.

|_(all 30-day rolling)

Pollutant -~ || Ib/MMBAU: Ibhe - gy
Umtl 1348 Unit1; 5, 343
. it2: . Unit 2: 5,3

(all 12-month rolling)

That initial NO, performance tests be conducted, in accordance with Chapter 6, Section 2(j) of
_the WAQSR, within 30 days of achieving a maximum design rafe but not later than 90 days
foilowing initial start-up, and a written report of the results be submitted. If a maximum design
rate is not achieved within 90 days of start-up, the Administrator may requxre testmg be done : A
the rate achieved and again when a maximum rate is achieved. .

' Performance tests shall con51st of the followmg

- Coal- ﬁrcd Boilers (Laramie Rwer Station Units 1 through 3)

NOQ, Emissicns — Compliance w1th the NO, 30-day roIhng average shall he
determiined using a continuous emissions momtormg system (CEMS) cert1ﬁed in

accordance with 40 CFR part 60.:

PM/PME. Emlssmns — Testing shall follow 40 CFR 60.46 and EPA Reference

Test Methods 1-4 and 5.

Testing reqmred by the WAQSR Chapter 6, Section 3 operatmg permlt may be submltted to
- satlsfy the testing required by this condition,

0.~

11.

12.

a.

Prior to any performance testing required by this permit, atest protocol shall be submltted fo the
Division for appraval, at least 30 days prior to testing. Notification should be prcmded to the
Division at least 15 days prior to any testing. Resulis of the tests shall be submltted 1o this office
within 45 days of completing the tests.” .

Trading Program in accordance with Chapter 14, Sections 2 and 3, of the WAQSR.

. Basin Electric shall comply with all requirements of the Regional SO, Milestone and Backstop

After the installation or upgrade of control equipment, compliance with the limits set forth in ﬂ'llS
permit for the coal-fired boilers (Laramie River Station Units 1 through 3) shall be determined

_ with data from the emstmg contmuous monitaring systems required by 40 CER Pait 75 as
follows: . -

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

i

Any 30-day rolling average of NO, emissions which exceeds the 16/MMBtu
limits caleulated in accordance with the compliance provisions and monitoring
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requiremerits of §60.48Da and §60.49Da. The definition of “boiler operating
day” shall be consistent with the definition as speclﬁed in 40 CFR part 60,
subpart Da. :

if. Any 30-day rolling average calculated vsing valid data {output concentration.and
" average hourly volumetric flowrate) from the existing CEM equipment which

éxceeds the lb/hr NO, limit established in this permit. Valid data shall meet the
requirements of WAQSR, Chapter 5, Section 2(j) 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 con51stent with the deﬁmnon as specified in 40 -
.CFR part 60 subpart Da.

iti, Any. 12—month rolling emission ratc whlch exceeds the tpy NO, limit as
calculated usmg the following formula

IZ(C);‘,

A=l oy
R T 2,000

) 'thr'é: S

C= 1-hour average emission rate '(lb/h‘r) for hour “h” calculated vsing data -
' - from the CEM equipment required by 40 CFR Part 75. For monitoring
data not meeting the requirements of WAQSR, Chapter 5, Section 2(j),
" -Basin Electric shall provide substituted data’ for an emissions unit
" according to the missing data procedures of 40 CFR, Part 75 durmg any
'perlod of time that there is not monltormg data.

TB= 12—month rolling emlssmn-rate (tpy).

b Basin Electric shall comply with-all reporting and record keeping requirements as
 specified in WAQSR, Chapter 5, Section 2(g) and 40 CFR part 60, subpart D. All excess
emissions shall be reported using the procedures and reportmg format spec:ﬁed in
WAQSR, Chapter 5, Section 2(g)

13.  Compliance with the PWPMm limits set forth in this permit for the coal-fired boilers (Laraimie
River Units 1-3) shall be determined with data from testing for PM conducted annually, 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 operatmg permlt may
be submitted to satisfy the testing required by this condition. _

14, Records required by this permit shall be maintained for a permd of at least five (5) years and shall
be made avallable to the Dtvrsxon 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 determination, 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. Bagin Electric shall subm’it permit applications for the installation of additional add-on NOy
control on two units at the Laramie River Station to the Division no latet than six (6) years ptior
to installation, under the Long-Term Strategy of the Wyoming §308 Regional Haze State
Implementation Plan, It shall include an analysis of the four statutory factors and the associated
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
Ib/MMBitu on a 30-day rolling average as measured by a certified CEM. Additional add-on NO
control shall beinstalled and operational on one (1) unit by December 31, 2018 and on a second .
unit by December 31, 2023. .
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