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BEPC Laramie River Executive Summary 

Executive Summary 

The Wyoming Department of Environmental Quality (DEQ) identified Basin 

Electric Power Cooperative's (BEPC's) Laramie River Station (LRS) as a Best Available 

Retrofit Technology (BART) eligible source that required a BART engineering and 

modeling analysis for reducing visibility impacts in accordance with the Environmental 

Protection Agency's (EPA's) Guidelines for BART Determinations under the Regional 

Haze Rules (40 CFR Part 51, Appendix Y). A BART review was required to identify the 

best control technology for the reduction of nitrogen oxides (NOx), sulfur dioxide (S02), 

and particulate matter (PM) emissions. LRS consists of three units: Units i; 2, and 3. 

Prior to performing the BART engineering analysis, a detailed set of design 

criteria was established for LRS. The design basis was established from information 

coIlected during the site visit, supplied plant operating .data;.performed combustion 

calculations, and industry standard engineering assumptions Illad~ for·.~his ~alysis (refer 

to Appendix A for specific details). A summary 9f th;bperationiil:' characteristics is 
:-. ' " 

shown in Table 1-1. The economic design criteria. established for the BART engineering 

analysis were used when estimating the cost of control of the identified technically 

feasible control technologies and when performing thej!l1paCt analysis to determine the 

cost-effectiveness of these technologies: • Dah\:iifor th~':~conomic design criteria were 

developed with BEPC to best represent the actual opci'ational costs for LRS. A summary 

of the economic design criteria is.shown inTable 2-2. 

The design basis was .then usedto.~tablish the anticipated emissions reduction 

for each applicable tecl:ri:t6Ioh: which is also caIled the control effectiveness. The 

control effectiveness for each applic~ble technology is shown in Tables 5-1 through 5-3. 

Under the BART rule, presumptive levels of emissions are prescribed as 

emissions targets for BART-eligible units. For LRS, the presumptive NO. limit is 0.23 

IblMBtuand for SQ"!itis.0·.15 IblMBtu. The NOx presumptive limit was established 

based on the type of coal burned and the boiler design. In addition to these presumptive 

limits, the BART analysis evaluates control technologies that are required as Best 

Available Control Technology (BACT). PM does not have a prescribed presumptive 

limit. 

The BART review utilizes a five-step process to determine the BART selected 

technologies. In Step 1 of the BART methodology, available retrofit emissions control 

technologies that may be practically implemented at the LRS site are identified for NO., 

S02, and PM. From this list of available technologies, technically feasible control 

technologies are identified in Step 2. A control technology is technically feasible if it is 
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BEPC Laramie River Executive Summary 

determined to have been successfully implemented at a similar facility andlor is 

commercially available. The technologies that were considered technically feasible in 

accordance with Step 2 included the following: 

• NO.: 
Overfue Air (OF A) System. 

New Low NO. Burner (LNB). 

Selective Noncatalytic Reduction/Selective Catalytic Reduction 

(SNCRISCR) Hybrid (Cascade). 

New LNB with OFA. 

New LNB with OF A and SNCR. 

SCR. 

e S02 (for Units 1 and 2): 

Sorbent Injection. 

Flue Gas Desulfurization (FGD) Chdhical'Additives. 
~J.' -"",,' ,_ '. 

Elimination of Stack Reheat System. • 

• S02 (for Unit 3): 

• PM: 

Fabric Filter Retrofit into Uhit 3 Electrostatic Precipitator (ESP) 
Casing. 
New Wet (W) FOlD fortJI!it,3,. 

Existing ESP. 

'>--' L.: -

In Step 3, the characterlstiCs811dJeatures of the technically feasible control 
technologies are determined,·\lIl.d'the estirrt~ted control effectiveness of the technology as 

applied to LRS was deteinjiriM. Also evaluated in this step are the retrofit requirements 
for the control technology at the existing plant site; these are determined by considering 
the current configUration of the equipment and the situation at the plant site. Control 
effectiveness is a;m<::asure of the emissions reduction expected after the implementation 
of the c6~iroCteclfuology/ The design parameters and control effectiveness for each 
control tecimology are summarized into the design concept definition sheets contained in 
AppendixB. 

For Step 4 of the BART review process, cost-effectiveness is evaluated. An 
impact analysis fur each technically feasible control technology was performed for this 
purpose. The impact analysis considers such issues as the cost of compliance, energy 
impacts, non-air quality impact, and the remaining useful life. Upon completion of the 
impact analysis for each control technology, the cost-effectiveness can be calculated. 
Cost-effectiveness is categorized as average cost-effectiveness and incremental cost
effectiveness. Summary tables of the technically feasible control technology and its 
impact analysis (for the three units) can be seen in Tables ES-l through ES-3. 
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Table ES-I 
Impact Analysis and Cost-Effectiveness Results (LRS I) 

All Feasible Technoloales 
ND~ Control Tschnologles 

Ov&riire Air (OFA) System 
New LNB 
SNCRISCR Hybrid (Cascade) 
New LNB with OFA 
New LNB with OFAand SNCR 
Selective Catalytic Reduction {SCRj 

Iso~ Control Technologies 
Sorbent Injection 
FGD Chemical Additives; 
Eliminate Stack Reheat System 

INotes: 

1. Dominant controls are shown in bold 

1

2. All costs are in 2008$ 
3, Incremen~1 costs are based on: 

a) New LNB with OFA incremental cost relative to OFA 
b) SCR Incremental cost relative to New LNB with OFA 

Emission 
Performance 

Level 
Ib/mmBtu 

0.23 
0,23 
0.20 
0.15 
0.12 
0.07 

0.15 
0.15 
0.13 

c) Eliminate Stack Reheat System Incremental cost relative to FGD Chemical Additives 

145423-080212 

Expected 
Emission 

Rate 
I 

10,761,320 
10,767,320 
9,362,867 
7,022.165 
5,617,732 
3,277,010 

7,(J22,165 
7,022,165 
6,085,676 

,( 

",:.". 

Expe01ed 
Emission 

Rate 
'toni' 

5,384 
5,384 
4,681 
3,511 
2,609 
1,639 

3,511 
'3,511 
3,(J43 

-, Exoeoled Emission 
Reductions 
(tons/vear: 

.36 ." 
1,639 
2,809 
3,511 
4,681 

2", 

1<'-;-:1,'//' ~--:~ 

Capital 
Costs 
1,000$' 

'AMueitU:d Cost Cost 
!, Total , Incremental 

cOst.'; '~ ,~ffecliveness Effectiveness 
1,OOO$)·: ,,,:,., ($Iton) ($/ton 

4,983 
14,595 
42,004 

;i~~~~'[r' 
/".,99,229,'" 

If,:! ~iiP" 

"/ ., <;;)?i,1~ 
t 596 '<q'),jiBis7 
I ' '~,.:"': .,~. 

('.;1.1~70 1~~~.6 ... / 
q.HO 4,~?9J 
1,.~19",. ,,,.,,~~8 

1~~~;';;;:: ,;:~:::~:,~~~~~ 
", 

I~!~.,:,~j$" I ):-:~ 
\:,:J!~53 " ,. 906 

·;'~;~~,~:,t.·.i' ;::' 366 
63'846 1",: ,,'. ,: '6 664 
,' ..... 'l." ,..' , 

3,871 
1,564 ,,...0 

.0""'. 

... 
6,100 

13,453 

Energy 
Impacts 
1,(J00$: 

140 

77 

77 
414 

.2 
6 .. , 

Non-Air 
Im_ 
1.000$ 

ES·3 

) 
.~_/ 

J 
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Table ES-2 
bnpact Analysis and Cost-Effectiveness Results (LRS 2) 

All Feasible Technoloaies 
INO" Control Technologies 

Overflre Air (OFA) System 
NewLNB 
SNCRISCR Hybrid (Cascade) 
New LNB with OFA 
New lNB with OFA and SNCR 
Selective Catalytic Reduction (SCR) 

IS02 Control TechnologiGs 
Sorbent Injection 
FGD Chemical Additives 
Eliminate Stack Reheat System 

INotes: 

1

1. Dominant controls are shown In bold 
2. All costs are In 200~ 
3. Incremental costs are based on: 

a) New LNB with OFA incremental coat relatiVe to OFA 
b) SCR incremental cost relatNa to New lNB with OFA 

Emission 
Performance 

level 
'Ib/mmBtu' 

0,23 
0.23 
0.20 
0.15 
0.12 
0.07 

0.15 
0.15 
0,13 

c) Eliminate Stack Reheat System incremental cost relative to FGD Chemical Additives 

145423-080212 

Expected 
Emission 

R,ts 
I 

10,708,280 
10,708,280 
9,311,548 
6.983,661 
5,586,929 
3,259,042 

6,983,661 
6,983,661 
6,052,506 

l,:.'i,'> 

Expected 
Emission 

',to 
'tonM' 

6,364 
5,354 
4,656 
3,492 
2,793 
1,630 

3,49Z 
3,492 
3,026 

Expo""" 
Emission 

Reducti~lns 
'tDmi/v~arl 

931 
931 

1,630 
2,793 
3,492 
4,656 

233 

r:i ;;' ,23.~t".;;. 
.,,",' 698 

Capital 
Costs 
1,00' 

Total I 110
"""'''''1 'Annu~iiieq Cost Cost 

Cas( .,> ,!pfectiveness Effdveness 
'1,000$) :",: ':.C>. (Slten) ($/ton' 

-" '~'~iP'_' 4,983 ~.' \596 ",~:~~~".. -7 
14,595 \,1\pO 1',~~,,( 
42,004 \7.HO 4,~~~/ 

=~:~":F ',;- j,:~> ',: ,::c:t:2~~~ 
/99,22~,+" 1~,in:· .. : ;1."~).i,844 

I',' ".'~t' i\ 

'~\!' '., 
\i~:,:1~3 I '906 
1~~~Bi :r: , l:' 

, """'i,_" , 

3,892 
1,572 
9,542 

G57 

6,133 

13,527 

Energy 
Impacts 
'1,000$' 

140 

77 

77 
414 

" , 
45' 

Nan-Air 
Impacts 
1.000$ 

ES-4 

"'\ 
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Table ES-3 
Impact Analysis and Cost-Effectiveness Results (LRS 3) 

AU Feasible Technologies 
INO~ Control Technologies 

Dverflre Air (OPA) System 
NewLNB 
SNCRfSCR Hybrid (Cascade) 
New LNB with OFA 
New LNBwiUl OFAand SNCR 
Selective Catalytic Reduction (SCR) 

1502 Control Technologies 
FF Retrofit into Unit 3 ESP Casing: peak rate forloss gen. costs 
FF Retrofit Into Unit 3 ESP Casing: non-peak rate for loss gen. costs 
New WFGD for Unit 3 

INotes! 

11. Dominantcontruls are shown in bold 
12. All costs are in 2006$ 
3. Incremental costs are based on: 

a) New LNB with OFA incremental cost rela(~ to OFA 
b) SCR incremental cost ralaUlie toNew LNB with OFA 

Emission 
Performance 

L"",' 
:bfmmBtu 

023 
0.23 
0.20 
0.15 
0.12 
0.07 

0,13 
0,13 
0,06 

c) New WFGD for Unit 3 incremental cost relatille to FF Retrofit Into Unit 3 ESP Casing 
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Expeclod 
Emission 

Rat. , 
10,986,072 
10,986,072 
9,553,106 
7,164,829 
5,731,863 
3,343,687 

6,209,519 
6,209,519 
2,865,932 

..•. ; 

Expected 
EmisoiOll 

Rat. 
ten! 

5,493 
5,493 
4,777 
s,saz 
2,866 
1,672. 

3,105 
3,105 
1,433 

ExplOlcted 
Emission 

ReducUons 
te" a, 

.55 
955 

1,672 
,,866 
3,582 
4,777 

.55 

,~;',)';2~:;;~' 

Capital 
Costs 

1,OOOS' 

4,983 
14,595 
42,004 
20"~~;,,:,, 
!1p;5~1? 

r~i99,229'5'.! 
!~ .dl'" 

,'" 

(Tola', I I'""""'·"" .Annu~l~g Cost Cost 
Cost. Effec!1l1eness Effectilleness 

'1.000S"" .,::;.,. ($Iton) ($/ton' 

, .. '~$k~~, 
.; ,596 '<:i',624 
b1;270 '1\'329::; 
\7:'1.1.0 4,?~:},/ 
11819.", Ji3& 640 
j;06fl., ,,:;:r :;]~~r1'i'971 
13,2-iW:::~,i: ;:;W!",Z,772 5,978 
\\ 

',19:1,.809 .19,565 
i;{;,4" I };, 
'134~9:M,"" "'; 14,376 
240;7:lt:!::;" :':'~ :-31,243 

20,501 
16,049 
11,893 10,089 

;'~' 

Energy 
Impacts 
1MO$: 

140 

77 

77 
414 

242 
243 

3,858 

Non-Air 
Impacts 
1.000: 

715 
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BEPC Laramie River Executive Summary 

Also performed in this step is the identification of the most cost-effective control 

technologies; these are detennined by plotting the total annual cost versus the expected 

emissions reduction. The "least-cost envelope," as shown on Figures 6-1 to 6-3, 

identifies the most cost-effective control technologies for each pollutant. In summary, 

the most cost-effective control technologies, also recognized as the dominant control 

technologies under the guidelines of 40 CFR Part 51, are as follows: 

• NO,: 
OFASystem. 

New LNB with OFA. 

SCR. 

• S02 (Units 1 and 2): 

FGD Chemical Additives. 

Elimination of Stack Reheat System. 

• S02 (Unit 3 only): ~, 

Fabric Filter Retrofit into Unit 3 Es:f0~ing . 
New WFGD for Unit 3. 

. ~--

• PM: 
Existing ESP, 

The control effectiveness infOmiatl~ri'w"as th~lttjfs~d as one of the factors for 

consideration (along with the cost-~ffectivenes§;' "6xisting plant condition, retrofit 

difficulty of the control technology, and operational impacts of the new control 

technologies) to determine the~orttro( technology for visibility modeling so that the .... . .--', 

recommended BART coriti:olxscenario coUld be identified. Therefore, to meet the 
.';" -

presumptive level of ennssions, the most cost-effective control technologies were 

selected as ·the recommended .BART control scenario. The following is a list of the 

selected'c~ntro1teclmologies: .' 

..}iox: 
"OFA System. 

• S02 (Units 1 and 2): 

FGD Chemical Additives. 

• PM: 
Existing ESP. 

Step 5 of the BART review process, visibility modeling, was performed next 

(refer to Appendix C for data on the stack outlet conditions). Visibility models were built 

for the existing emissions case (exemption modeling) and for the recommended control 

scenario selected, based on the results of the impact analyses. The visibility modeling 

) was performed on a basis of a modeling protocol that was approved by the Wyoming 

145423-080212 ES-6 
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DEQ (Appendix E). The model was completed using meteorological data from the years 

2001 to 2003. For each control technology modeled, the visibility data was analyzed for 

the 98th percentile modeled visibility and the number of days per year that the 

0.5 deciview (dv) extinction criteria in each federal Class I area is exceeded. Two federal 

Class I areas were modeled: Badlands National Park and Wind Cave National Park. 

The improvement in visibility for the recommended BART control scenario is 0.2 

dv for all 3 years modeled. This corresponds to the number of days exceeding the 0.5 dv 

extinction criteria, ranging from 30 to 45 days. A summary of these analyses are 

presented in Tables ES-4 and ES-S. 

:,' 

Table ES-4 , 

Recommended BART Control Visibility Modeling Rbsults 
.... " ' 

" 

2001 2002 --2003 
,-

n 

98th 98th No. of 98th No;'Of No. of 
Percentile Days Percentile, '>Day;(':, ' Per_centile Days 

Value Exceeding, Value, E"ceeding Value Exceeding 
Class I Area (dv) 0.5 dv (dv) . '··O.s'dv' (dv) 0.5 dv 

Badlands 1.810 45 J>756 30 1.380 33 
" ----- ---,-----

Wind Cave 1.613 41 
) 

2.137:> '33 1.525 34 /,-; 
':. 

Table ES-5 
.. Visibility Improvement 

, •• 2001 2002 2003 ----
'" . Wind Wind Wind 

Badlands Cave Badlands Cave Badlands Cave 
Class I;Area ; (dv). (dv) (dv) (dv) (dv) (dv) 

Baseline "' ,~~:! '. 2.008 1.812 1.981 2.376 1.539 1.722 

Reconunende,i" 1.810 1.613 1.756 2.137 1.380 1.525 
Bart Contrel 

Visibility 0.198 0.199 0.225 0.239 0.159 0.197 
Improvement 

Based on the total annualized cost (TAC) for the recommended BART control 

scenario and the average visibility improvement at all federal Class I areas for the years 

modeled, the cost-effectiveness for visibility improvement equates to 11.2 million $/dv. 
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7.0 Visibility Impacts (Step 5) 

Visibility impact was the fifth step considered in the engineering analysis required 

under the US EPA BART guidelines. This step addressed the degree of improvement in 

visibility which may reasonably be anticipated to result from the use of the "best control 

technology" for sources subject to BART. This was achieved by a two-step process. A 

model run consisting of pre-BART controls was run to establish a baseline. Then model 

runs were conducted based on the control technologies established during the engineering 

analysis. The model results were then tabulated for the pre- and post,~ntrol scenarios 

over the time period of meteorology modeled. The difference in the IIlaidi:rillins for each 

receptor, or area, is the expected degree of improvement in visibility. The following 

sections discuss in greater detail the modeling methodology. 

7.1 Introduction 
The objective of this modeling analysis was to.evalu~te visibility impacts for the 

control technologies selected using the :fu:st four steps of the BART'arialysis as discussed 

in the previous sections for BEPC's LRSUnits 1, 2,:arict3.These units were identified as 

BART -eligible sources by the Wyoming DEQin June 2006. under the Regional Haze and 

BART Rule guidelines. 

The air dispersion modeling anaiyses presented in this report were conducted in. 

accordance with the Wyoming DEQ BART Air Modeling Protocol Individual Source 

Visibility Assessments for BART 'Co~froIAnalyses (Wyoming DEQ BART Modeling 

Protocol), dated Septemb~r 2.0P6: 
''f J 

7.2 Source Description 
The LRS is located insQutheast Wyoming near Wheatland, Wyoming, within 

PlatteCO:unty, along the -Latanue River. It has three sources that are BART eligible, 

Units 1,2, and 3. All three units at LRS are B&W subcritical, opposed-wall boilers that 

operate on balanced draft. The units are designed for operation on low-sulfur 

subbituroinous coal and are equipped with LNB and a cold-side ESP for NO, and 

particulate control, respectively. LRS Units I and 2 are also equipped with WFGD 

systems while LRS Unit 3 is equipped with a dry scrubber for S02 removal. The plant 

currently burns PRE coal from Wyoming. 

145423-080212 7·1 
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7.3 Location of Sources Versus Relevant Class I Areas 
As noted in the BART Rule, BART detenninations are based on the totality of 

circumstance in a given situation such as the distance of a source from a Class I area, the 

type and amount of pollutants, etc. There are many Class I areas within and surrounding 

Wyoming, but Wyoming DEQ has detennined that only five federal Class I areas 

potentially need to be addressed for BART individual source analysis. Furthermore, in a 

letter dated June 14, 2006, Wyoming DEQ identified only two Class I areas that LRS was 

to assess in its BART analysis. These two mandatory federal Class I areas are Wind 

Cave National Park and Badlands National Park, located 193 km and 271 km from LRS, 

respectively. Figure 7·1 provides the locations of these Class I areas with respect to the 

LRS facility. 

Badlands NP 

" ~ Wind 
r.av. NP 

+ 
Laramie River station 

Figure 7·1 
LRS with Respect to Class I Areas 
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7.4 Model Processing 
The CALPUFF Modeling System is the recommended model to conduct BART 

visibility impact analyses. The CALPUFF Modeling System includes three main 

components: CALMET, CALPUFF, CALPOST and a large set of preprocessing 

programs designed to interface with the model to process standard, routinely available 

meteorological and geophysical data sets. In the simplest terms, CALMET is a 

meteorological model that develops hourly wind and temperature fields on a three

dimensional gridded modeling domain. Associated fields such as mixing height, surface 

characteristics, and dispersion properties are also included in the file produced by 

CALMET. CALPUFF is a transport and dispersion model that advects "puffs" or 

material emitted from modeled sources, simulating the dispersion and chemical 

transformation process along the way. In doing so, it typically uses. the fields generated 

by CALMET, or as an option, it may use simpler non-gridded'meteorologica]data much 

like existing plume models. Temporal and spatial variations iflitlie mlli:eoroiogical fields 

selected are explicitly incorporated in the resulting· distribution of-p'uffs throughout a 

simulation period. The primary output files frou't· CAI;PUFF-1ohtain either hourly 

concentrations or hourly deposition flUxes evaluated at 'selected receptor locations. 

CALPOST is used to process these files!lir4c produce tab~jations that summarize the 
,-- .<. '.,.-'" 

rcsults of the simulation. When perfornfing v;sibility-r.!la.ted modeling, CALPOST uses 

concentrations from CALPUFF to compute extinction coefficients and related measures 

of visibility, reporting these for a24 hour averaging period at selected locations. 

All files necessary to conduCt the modeling were provided by Wyoming DEQ via 

an external hard drive on,December 14, 2006. The files provided were to include all the 
"i ~ 

necessary meteorological. .and geophysical data to ron the CALPUFF Modeling System, 

along with sample input files. 

The versions of theCALPUFF Modeling System (CALMET/CALPUFF/ 

CALPOST) progrllms and the preprocessors (TERRELlCTGPROCIMAKEGEO) thllt 

were used'Jor the modeling are listed in Table 7-1. In most cases, the regnlatory versions 

of the programs aodpreprocessors were used. The regulatory versions are provided by 

TRC's Atmospheric Studies Group on its Web site http://www.src.com.However.inll 

few instances, due to !mown computing code issues or limitations in the regulatory 

version, edits were made to an executable or an alternative version was used. Those 

instances are discussed, as appropriate, throughout the following sections. 
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Table 7-1 
Model Versions 

Suggested LRS Analyses 

Program Version Level Version Level 

TERREL(a) 3.3 030402 3.3 030402 

CTGPROC(b) 2.4 030402 2.66 060202 

MAKEGEO 2.2 030402 2.2 q3.o402 

CALMET(c) 5.53a 040716 5.53a 0407J6 

CALPUFF 5.711a 051130 5.711a ' 051130 

APPEND 2.2 030402 2.2 ", ,030402, 

5:51" 
, 

CALPOST 5.51 030709 ·030709 , 

;. ." -i' 

(a)Code was edited as discussed in Subsecti()u7;5.5, , 

(b)Alternative version was used as discussed in Subsectlo!l7:S.5. 
(c)Code was edited as discussed ill Subsection.7;5. 7. 

7.4.1 ModelIng Domaln,;;:-

It was discovered while evalu~tirlg the da;;;;pt6vided by the Wyoming DEQ that 

the modeling domain did not contain adequate coverage for the LRS BART modeling 

analyses. The modeling domain expected in the provided data was 'the NE Wyoming 
; -

Domain, Figure 1 of the Wyo!!,ing OEQ BART ModelingProtocol provided in Appendix 

E, Section 1, ,and illustrated'6~ FigW'e 7-2. Figure 7-3 shows an ellhanced view of the NE 

Wyoming domain. However, as shown on Figure 7-4, the Wyoming DEQ modeling 

domain' was not large enough to incorporate the LRS sources. Additionally, the receptors 

at the applicable,C]!I§sJ areas, Wind Cave and Badlauds, were not in the correct location. 

As a resUlt,Black & Veatch created a new modeling domain of sufficient size to 

incorporate the LRS 'sources and the Class I area receptors. The modeling domain was 

created sufficiently large to include the LRS sources, as well as the receptors at the 

relevant Class I areas with at least a 150 Ian buffer in each direction as shown on Figure 

7-5. The map projection used the Lambert Conformal Conic (LCC), and the coordinate 

system was NWS-84 6,370 Ian radius global sphere. A grid resolution of 4 Ian was used 

in the refined modeling. 
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The origin coordinate of the new domain is Latitude 43.0 N, Longitude 103.5 W 
and was assigned as the 0, 0 reference point of the domain. The southwest comer of the 
modeling domain is Latitude 40.28 N, Longitude 107.24 W, which translates to -318.00 
Ian (X) and -296.00 (Y) in LCC coordinates. The domain measured 636 Ian in the east
west (X) direction by 592 Ian in the north-sonth (Y) direction. At a refined grid spacing 
of4 Ian, the number of X grid cells is 159 and the number of the Y grid cells is 148. 

7.5 Geophysical and Meteorological Data 
Using the new domain characteristics and the raw files provided by the Wyoming 

DEQ, the necessary geophysical preprocessors: TERREL, CTGPROC,' and MAKEGEO, 
as well as the CALMET meteorological processor were run. The fqllov;,;iJ"g"subsections 
describe the geophysical and meteorological data that was used for the modeling. 

7.5.1 Mesoscale Model Data 

Permsylvania State University in conjunction ~tb:. the National Center for 

Atmospheric Research (NCAR) Assessment Laboiator/~ave,deVeloped mesoscale 
meteorological data sets of prognostic wind fields, or "gu~ss" 'fields, for the United 
States. The hourly meteorological variables used to Create these data sets are extensive 
and are used to initialize the modeling domllin:'\¥,ith meteorological data. The Wyoming 
DEQ provided MM5 meteorological dai~ fields'fur,the"years 2001, 2002, and 2003 that 

were utilized as input into CALMET. The MM5.Qutput was at 12 Ian resolution and 
covered the full domain shown on Figure 7-2 (Figure 1 of the Wyoming DEQ BART 
Modeling Protocol in Appendix E, Section'I) 

The MM5 data sets, used to simulate atmospheric variables within the modeling 
domain in CALMET, although advanced, lack the fine detail of specific temporal and 
spatial meteor~logical vanables and geophysical data, These variables were processed 
into the appropriate format and introduced into the CALMET model through the 
utilization: of additional data files obtained from numerous sources. These ancillary data 
files are des~ribedin more detail in the following subsections. 

7.5.2 Surface Data Station and Processing 

The surface station data for the CALPUFF analysis consisted of data from the 

National Weather Service (NWS) stations or Federal Aviation Administration (FAA) 
Flight Service stations within the CALMET domain. Figure 7-6 provides an illustration 
of the location of the surface stations used. The surface station parameters included wind 
speed, wind direction, cloud ceiling height, opaque cloud cover, dry-bulb temperature, 
relative humidity, station pressure, and a precipitation code that was based on current 
weather conditions. 
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The surface station data was provided by the Wyoming OEQ for use in the 

modeling analyses. The data was processed ,vith the CALMET preprocessor utility 

program, SMERGE, to create one surface file (SURF.OAT) for each year modeled. The 

SURF.DAT files provided were acceptable for use with the new modeling domain; 

therefore, no reprocessing of the surface data was required. 

7.5.3 Upper Air Data Station and Processing 

The upper air data for the CALPUFF analysis consisted of data from NWS 

stations within and around the CALMET domain. Figure 7-7 pro~des an illustration of 

the location ofthe surface stations used. The upper air station parameters in~luded wind 

speed, wind direction, temperature, and atmospheric pressure at several soundirig levels. 

The upper air data was provided by the Wyoming DEQ for"use in th~ tnodeling 

analyses. The data was processed with the CALMET preprocessor utility program, 

READ62, to create one upper air file for each station processed. Th.~· upper air files 

provided were acceptable for use with the newmodclkg domilin; therefore, no 

reprocessing of the upper air data was required. 
,;,:.- \ 

7.5.4 Precipitation Data Stations aniJ.Proces~ing 
Precipitation data was processed··frci~·k~t~tvlorlt'~1'hourly precipitation data files 

collected from NWS precipitation rec6rding sf~tion:; within the CALMET domain. 

Figure 7-8 provides an illustration of the location of the precipitation stations used. 

The precipitation data was pro.~ded by the Wyoming DEQ for use in the 

modeling analyses. The data.wa? processed with the CALMET preprocessor utility 

programs PXTRACT ana PMERGE to create one precipitation file (pRECIP.DAT) for 

each year111ocleled. The PRECIP.DAT files provided were acceptable for use with the 

new modeling domain; therefore, no reprocessing of the precipitation data was required. 

7.5.5 GeoPl1y;ical D~ta ProceSSing (Terrain and Land Use) 

TERREL is a preprocessor program that extracts and reformats Digital Elevation 

Model (DEM) terrain data according to the domain and resolution selected. The 

regulatory version of TERREL (Version 2.4 Level 030402) is limited to 100 input terrain 

data files in one run of TERREL. Black & Veatch recompiled the executable with the 

use of a Lahay FORTRAN compiler to accept 1,000 input terrain data files. This allowed 

for the use of the TERREL input file provided by the Wyoming DEQ, which included all 

the 1 degree OEMs for the entire Uuited States, allowing the program to select the DEMs 

needed for the new domain characteristics. All the Wyoming DEQ provided 1 degree 
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DEMs were used except for the Craig-E.DEM. The provided file was corrupt and caused 

a processing error when run through TERREL. Black & Veatch downloaded the DEM 

file from the United States Geological Survey (USGS) Web site. This new USGS file 

was not corrupt and allowed TERREL to run to completion creating a TERREL.DAT file 

that was used as an input file in the MAKEGEO preprocessor described in 

Subsection 7.5.6. Figure 7-9 depicts the terrain elevations in the domain. The updated 

code and program executable are included on the DVD in Appendix E, Section 5. 

CTGPROC is a preprocessor program that reads compressed USGS Land Use and 

Land Cover (LULC) data in Composite Theme Grid (CTG) format. . The regulatory 

version of CTGPROC (Version 2.4 Level 030402) reads a LULC data fil"" an~ determines 

fractional land use for each grid cell in a user-specified gridded domain. '. I:i:' the domain 

requires multiple files, CTGPROC is applied iteratively (continuationoptionlto build the 

land use grid incrementally. To more efficiently process the LULCfiles, Black & Veatch 

used the VISTAS version of CTGPROC (Version 2.66 r,;,vel'oti0202). This version 

allows for multiple LULC files to be entered in on J:J:te CJ'GPROC rim. Based on the 

aforementioned new modeling domain characteristics, '3'5 UjLC files were required. The 

Wyoming DEQ provided all the LULCfiles necessal:Y"totun CTGPROC; however, the 

Craig LULC was missing requiring the file to be re:.downloaded from the USGS Web 

site. The 35 LULC files were entered intO i£.e,VIST ASyer~ion of CTGPROC and run to 

completion creating the LU.DAT file that is u~;ii'asan input file in the MAKEGEO 

preprocessor described in Subsection 7.5,6. Figure 7-10 shows the land use of the 

domain. The aforementioned files are included on the DVD in Appendix E, Section 6. 

7.5.6 MAKEGEO 

MAKEGEO creates the geophysical data file (GEO.DAT) for CALMET. Using 

the fractionallalld use data from CTGPROC (LU.DAT), it calculates the dominant land 

use for each cell and computes weighted surface parameters. It may also remap land use 

categoriesifdesired. Terrain data can be obtained from TERREL or provided in a file of 

similar format (TERREL.DAT). The regulatory version of MAKEGEO (Version 2.2 

Level 030402) was used for these analyses. No changes were required to the processor. 

The TERREL.DAT and LU.DAT created from the aforementioned TERREL and 

CTGPROC preprocessors were used as input for MAKEGEO. MAKEGEO created the 

GEO.DAT file that was used as an input file in the CALMET model. 
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7.5.7 CALMEr 

The regulatory version of CALMET (Version 5.53a Level 040716) was used to 

obtain the necessary control infonnation and meteorological inputs from a number of 

different input files. The control file (CALMET.INP) contains the data that defines a 

particular model run, such as starting date and time, horizontal and vertical grid data, and 

model option flags. Geophysical data, including terrain elevations, land use, and surface 

characteristics are read from a fonnatted data file called GEO.DAT. The regulatory 

version, as provided, limits the prognostic data (MM5) to a modeling domain of 100 X 

grid cells, 100 Y grid cells, and 32 vertical layers. The MM5 IDes provided by the 

Wyoming DEQ for the analyses had a maximum of 125 X grid cell~,101 X grid cells, 

and 34 vertical layers. Black & Veatch recompiled the CALMET executable with the use 

of a Lahay FORTRAN compiler. The acceptable MM5 file limits were changed to 130 X 

grid cells, 105 Y grid cells, and 35 vertical layers. No other changes were made to the 

executable. With these changes, CALMET processed:"the .provided MM5 data to 

completion. CALMET was run on a once daily basis clue tbits limit of one MM5 file per 

run; thus, 365 separate CALMET files were run for 2001 and20()2.and 364 for 2003. The 

updated code and program executable are inc1udedin theDVD in Appendix E, Section 6. 

The selection of the specific variables used in CALMET is provided in Appendix E, 

Section 1. 
~-O_'._ 

7.6 CALPUFF 
The CALPUFF Modeling System is recommended as the preferred modeling 

approach for use in BAR1irlitlYses. CALPliFF and its meteorological model, CALMET, 

are designed to handle thecbmpletities posed by complex terrain, large source-receptor 

distances, chemical transfonnatiqn and deposition, as well as other issues related to 

Class I visibility ilnpacts. TheCALPUFF Modeling System has been adopted by the EPA 

as a Guideline Model for source-receptor distances greater than 50 km, and for use on a 
. - . _. . 

case-by-casebasis in complex flow situations for shorter distances (68 FR 18440-18482). 

CALPUFF is recommended for Class I impact assessments by the Federal Land 

Managers Workgroup (FLAG 2000) and the Interagency Workgroup on Air Quality 

Modeling (IWAQM) (EPA 1998). The final BART guidance recommends CALPUFF as 

"the best modeling application available for predicting a single source's contribution to 

visibility impainnent" (70 FR 39122). 

CALPUFF is a non-steady-state, Lagrangian, puff transport and dispersion model 

that advects Gaussian puffs of multiple pollutants from modeled sources. CALPUFF's 

algorithms have been designed to be applicable on spatial scales from a few tens of 

) meters to hundreds of kilometers from a source. It includes algorithms for near-field 
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effects such as building downwash, stack tip downwash, and transitional plume rise as 

well as processes important in the far-field such as chemical transformation, wet 

deposition, and dry deposition. CALPUFF contains an option to allow puff splitting in 

the horizontal and vertical directions, which extends the distance range of the model. The 

primary outputs from CALPUFF are hourly concentrations and hourly deposition fluxes 

evaluated at user-specified receptor locations. 

The regulatory version of CALPUFF (Version 5.711a Level 051130), which was 

used to calculate the hourly concentrations at each receptor from LRS Units 1, 2, and 3, is 

limited to 12 CALMET.DAT files in one CALPUFF run. As a result, 31 CALPUFF 

input files were created for each year. Each file contained 12 daily CALMET.DAT files, 

except for the last one which contained the remaining 5 days for 20()) and' 2002 and 

4 days for 2003. The CALPUFF postprocessor APPEND was then used create a single 

yearly concentration file for use in CALPOST. 

7.6.1 CALPUFF Domain and Variables 

The CALPUFF computational dOlnain was the same .i;;'thatusoo in CALMET and 

explained in Subsection 7.4.1. The selection of the specific variables used in CALPUFF 

is provided in Appendix E, Section 2. 

7.6.2 Receptors 

The CALPUFF analyses 'used ,an array of discrete receptors with receptor 

elevations for the Class I areas; whi,ch',J.,ere created and distributed by the NPS. 

Specifically, the array consistesl'ofreceptors spaced to cover the extent of each Class I 

area. Receptor elevations were included in the same NPS-provided receptor files. The 

Class I receptor files pro'vided by the Wyoming DEQ for Wind Cave and Badlands were 

not properly located for use with'the new modeling domain. New Class I receptor files 

based on the new modeling domain for Wind Cave and Badlands were obtained from the 

NPS Class I conversion program in the LCC coordinate system. Appendix E, Section 4 

provides illustrations ofthe receptors to be used in the modeling analysis for each Class I 

area. 

7.6.3 Downwash 

Because the modeling conducted for BART is concerned with long-range 

transport, not localized impacts, data about building heights and widths that are used to 

calculate building induced downwash were not included in the modeling analyses. Stack 

tip downwash is a phenomenon different from building induced downwash and is, 

) additionally, a regulatory default option (i.e., in order to torn stack tip downwash off, the 
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user must also change the variable to skip regulatory checks of the model). Therefore, 
stack tip downwash was used for this analysis. 

7.6.4 Ozone Concentrations 

Background ozone concentrations are important for the photochemical conversion 

of S02 and NO, to sulfates (S04) and nitrates (N03), respectively. CALPUFF allows the 

use of a single background ozone value, monthly background ozone values, or spatial, 

hourly ozone data from one or more ozone monitoring stations (the preferred method) to 

represent the background ozone concentrations within the domain. ,.\ . ":, 

The hourly ozone concentrations files that were used by the WydtWhg DEQ in the 

initial screening analysis were also used for this refined BART evaluati'~~:"These hourly 

ozone data files were provided by the Wyoming DEQ. In addition'to the hOUrly'bzone 

data, the recommended monthly average background ozone.valu",of44"part~per billion 

(Ppb) was used in this refined modeling for times wherrhowiy ozone'dak were not 

available. ;tTt',v/i~ 
__ . -__ . v,,, <c_ 

-'"." l-_:.; 

7.6.5 Ammonia Concentrations,'> 

As recommend by the Wyoming DEQ B..\RTModeJing Protocol, a constant of 
2 ppb was used for the backgrOlllld ammoniiL0c§ricentr~ii(jffi}' 

.;f.'~ .. , 'd~,?"':. '" 
,~--, ~". 

7.6.6 Unit-Specific Source Data 

As previously presented in Sections 3.0 through 6.0 of this report, various 

emissions control strategiesanii:techn~io·gi.;s have been evaluated for use at Units 1, 2, 

and 3. The baseline emi§sions 'for 'tj'0, and S02 were established based on CEM annual 

emissions, averages fo/ye~s 206i to 2003. PM emissions are based on current 

operatio~l experi¢nce. For modeling purposes, all PM emissions were assumed to be 

PM2." 

As,specifled ui the Wyoming DEQ BART Modeling Protocol, direct emissions of 

sulfate (S04}.should pe included where possible. The emissions can be from test data, 

engineering data, or the relative fraction of fine and course particles obtained by using 

speciation profiles available from the Federal Land Managers on its Web site 

http://www2.nature.nps.goviairiperrnitsiectiindex.cfin. Source specific S04 emissions 

were available for the LRS BART sources. S04 emissions calculated for the Toxic 

Release Inventory (TRI) for the period being modeled (2001, 2002, and 2003) were 

modeled for the analyses. The calculated S04 emission rates were entered directly into 

the CALPUFF model. 

145423-080212 7-17 

AQD LRS BART 
000190 



) 

) 

\ 

BEPC Laramie River Visibility Impacts (Step 5) 

The control technologies evaluated as part of this study were analyzed to 

determine resulting visibility impacts at the nearby Class I areas. The analysis was 

conducted by beginning with the baseline scenario and modifying the scenario by 

adjusting only one pollutant while keeping the remainder of the scenario consistent with 

the baseline scenario. To simplify the process, all three units were assumed to operate 

simultaneously at a specific emission control level. 

As specified in Section 6.0, for the recommended BART control scenario, the 

least-cost dominant NO, and S02 controls to achieve the presumptive limits on a facility

wide basis versus a unit-by-unit basis were modeled. PM lO emissionS were also included 

based on the previously outlined methodology. The aforementioned approach consisted 

of OF A system operation on all three units for NO, control, DBA addition on Units 1 

and 2, and the use of existing ESPs for PM control. 

Due to the use of low-sulfur fuel, it was conservatively'assumed that the BART 

controls would not affect the S04 emissions. Therefore, the.fuaxilIJUin' S()4 emission 

rates used in the baseline modeling for each year, and,: umt wer.i' modeled for the 

recommended BART control scenarios. However, it 'should lieJlOted that in the case of 

NOx, the SCR and SNCRISCR Hybrid control scenarios contain catalyst technology that 

will increase the oxidation of S02 to S03 and increase' H2S04. While this increase was 

not assessed, it would be expected that)hei~"U}ting i1n.p~cts from these cases could be 

greater than the results indicated in'thls repori:ahd thus reduce the overall visibility 

improvement. The baseline and .BART control scenario stack parameters and emissions 

are presented in Appendix C, and the location of the stacks, stack height, and the S04 

emissions for 2001 to 2003 .used in the aoalysis are presented in Table 7-2. A summary 

of the modeling scenario~ has been included as Tables 7-3 and 7-4. 

7.7 CAL POST 
CALPOST (Version 5:51 Level 030709) is used to process the CALPUFF outputs 

by producing tabuiatiotis summarizing the results of the simulations, identifying, for 

example, the 'highest and second highest hourly average concentrations at each receptor. 

When performing visibility-related modeling, CALPOST uses concentrations from 

CALPUFF to cOmpute light extinction and related measures of visibility (haze index in 

dvs), reporting these for a 24 hour averaging time. The selections of the specific variables 

nsed in CALPOST are provided in Appendix E, Section 3. 
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Table 7-2 
CALPUFF Modeling Stack Parameters and SO. Emissions 

Baseline 

Stack Location(a) 

LCC LCC Stack Base Stack 
804 Emission Rate(c) 

East North Height"') Elevatian(b) Diameter(b) (tpy) 

Unit(~ (Jan) (Jan) (m) (m) (m) 2001 2002 2003 

IRS I -113.865 -98.200 184.40 1348 8.69 3:06 
~. ,", 

3.18 2.88 

IRS 2 -113.863 -98.112 184.40 1348 8.69 2.80,,,',, --",3;25 3.24 

IRS 3 -113.862 -98.025 184.40 1348 8.69 0.22 0.19· 0.17 

(')Stack Coordinates in Lambert format included in the CALPUFF modeling. , 
(b)Stackparameters from engineering analysis. .<.:" C '." ",' -

(c)H2S04 emission rate is the TRl reported values for the specific year. ttftesc'specific\values for each unit 
were used in the baseline scenario modeling. The modeling for the futl.ire.-"90ll'trol sce_~arios used the 
maximmn2001 to 2003 TRI reported value for Units 1,2, aud 3~f:3.18, 3,25, aud 0.22 tpy, respectively. 
(d}Al1particulate emissions were assumed to be PM1.S1 and the" ~ss10nrate IS based on 0.030 IblMBtu. 
Additionally, the fraction ofPMlO and PM2.S weninot detenii.1ned;_ theie~ore, as recommended in the 
Wyoming DEQ BART Modeling Protocol, all PM wasassunled to be PM,.,. .. '." '¥F'" 

" 
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Table 7-3 
Technically Feasible Control Options(') 

Unit 1 Unit 2 Unit 3 
Pollutant Pollutant Pollutant 
Emissions Emissions Emissions 

Rate Control Rate Control Rate Control 
Scenario (IblMBtu) Option (IblMBtu) Option (lblMBtu) Option 

NO, 

1 0.23 1 and 2 0.23 1 and 2 0.23 1 and 2 

2 0.20 3 0.20 3 0.20'>' :c, 3 

3 0.15 4 0.15 4 OtI5 4 

4 0.12 5 0.12 5 0;12 ; 5 

0.07 6 O.o? 6 0:07) 
.. 

6 5 

Particulate J.); 
.. 

,. 
,T-

6 0.030 Baseline 0.030 <:Baseline: . 

0>030 Baseline 

7 0.030 Baseline '.0.030 Baseline 0.G15Io) SOz Option 1 

Sq, 
8~) 0.15 2 and 3 0.15":· 'icand'3 0.17 Baseline . ,Of, 'of' 

9 0.13 1 
'.~ , 

0.13 
: , 

"c/" 1 0.13(0) 1 ··c 

10 0.15 2 am! 3" 0.15 2and3 0.06 2 

11 0.13 1 0~13 1 0.06 2 

(a)Control options are. summar,iZ~~ k-APP~pdix c .. F-O~ control options that yield the same emissions level, 
it was assumed that the rniniirlal,differenc~& in temperature and stack velocity would not affect results. 
Therefore, to_.simplify the analysi,s. the 1o_west temperature and stack velocity was used for the applicable 
scenarios . . 
(b"rbis scenario represents a statiClI1:average control option for S02. 
(e) 1'hi& sce:nario ev8l~tes the ad~tion of a fabric filter on Unit 3, which in addition to controlling" 
paiiiculaie to·O.0151blMBtu, controls SO, to 0.13 IblMBtu as a co-benefit. 
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Table 7-4 
Recommended Control Option(') 

Unit 1 Pollutant Unit 2 Pollutant Unit 3 Pollutant 
Emissions Rate Control Emissions Rate Control Emissions Rate Control 

(IblMBtu) Option (IblMBtu) Option (lblMBtu) Option 

NO, 

0.23 1 0.23 1 0.23 1 

Particulate 

0.030 Baseline 0.030 Baseline 0.030, Baseline 
" 

SO, 

0.15 2 0.15, 2 0.17 Baseline 

(a1Control options are summarized in Appendix C. For control options:tli~t' YIeld the sailie emissions level, 
it was assumed that the minimal differences in temperature and stack velocity would .. not affect results. 
Therefore, to simplify the analysis, the lowest temperature and s~ck veloCIty was ~ed for the applicable 
scenarios. _ -', " - . -_,.' '0-
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7.7.1 Light Extinction 

Light extinction must be computed in order to calculate visibility. CALPOST has 

seven methods for computing light extinction. This BART refined analysis used 

Method 6, which computes extinction from speciated PM with monthly Class I area· 

specific relative humidity adjustment factors. Relative humidity is an important factor in 

determining light extinction (and therefore visibility) because sulfate and nitrate aerosols, 

which absorb moisture from the air, have greater extinction efficiencies with greater 

relative humidity. This BART analysis applied relative humidity correction factors 

(f{RH)s), obtained from the Wyoming DEQ BART Modeling Protocol, to sulfate and 

nitrate concentrations outputs from CALPUFF. The f(RH) values fo.! the Class I areas 

that were assessed are provided in Table 7-5. The default Rayleigh scatier value (brny) of 

10 Mm-l was also used. The light extinction equation is provided below. As 

recommended by the Wyoming DEQ BART Modeling Protocol, organic carbon (OC) 
and elemental carbon CEC) were not included in the analyses. 

bex, = 3 * f\RH) • [(NH.),SO.] + 3* f(RH) *r:NI4NO,j+ 4*[Cli::] + 1 * [PMd 
+ 0.6*[PM,] + 10' [EC] + b",y .... 

. ,.:.,-, .. 
Tablii 7-5 

Monthly Relativ'; Ffijmidity FaCto~s 
--- , ',,;-,', . -.;:;; , 

Class IAre. Jan Feb Mar Apr M.y Jun .Jnl Aug Sep Oct Nov Dec 

WindC.ve 2.65 2.65 2.65 .2:55 2,70 2.60 2.30 2.30 2.20 2.25 2.75 2.65 

BadlandS 2.65 2.65 2,65 . 2.55 2.70 2.60 2.30 2.30 2.20 2.25 2.75 2.65 

7.7.2 Natural Background 

The 'nauiral background concentration of aerosol concentrations was obtained 

from the Wyoming DEQ BART Modeling Protocol and is included in Table 7-6. 

7.8 Modeling Results 
Based in the air dispersion modeling methodology outlined in the previous 

sections, the CALPUFF modeled visibility impacts from Units 1, 2, and 3 were 

determined. Visibility impairment is based on the 98th percentile modeled value. Over 

an annual period, this implies the 8th highest 24 hour value. An external hard drive of all 

electronic modeling files has been provided separately to WDEQ. 
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BEPC Laramie River Visibility Impacts (Step 5) 

Table 7-6 
Natural Background Concentrations of Aerosol Components 

for 20 Percent Best Days (llgim3
) 

Aerosol Component Wind Cave Badlands 

Ammonium Sulfate 0.047 0.047 

Ammonium Nitrate 0.040 0.040 

Organic Carbon Mass 0.186 0.186 

EC 0.008 0.008 

Soil 0.198 0.198 

Coarse Mass 1.191 1.191 

7.8.1 Baseline 

The results of the baseline modeling are presented.·inTable 177. The baseline 

impacts are used to establish a comparison for the recommfmdedBART control impacts. 

As Table 7-7 illustrates, the combined visibility impacts for the LRS BART sources 

exceed the recommended guideline value of 05dv,subjecting the units to the 

aforementioned BART engineering and refined:modeling analysis. 
-' '.':"-- '. -'. 

Table 7-7 
Baseline Visibility Modeling Results 

2.001 ' ...•.. 2.0.02 2003 . 
98th No. of Days 98th No. of Days 98th No. of Days 

Percentile Exceeding Percentile Exceeiling Percentile Exceeding 
Class I Area Value (dv) a.Sdv Value (dv) 0.5 dv Value (dv) 0.5 dv 

Badlands 2.008 49 1.981 34 1.539 37 

Wind Cave 1.812 46 2.376 34 1.722 37 

7.8.2 BART Technology Controls 

The results of the modeling for the analyzed technology control scenarios and 

recommended BART emissions control options are presented in Tables 7-8 and 7-9 for 

Badlands and Wind Cave, respectively. The improvement in visibility as a result of the 

BART controls is summarized in Tables 7-10 and 7-11. As shown in the tables, the 

BART controls improved the visibility impacts at the two Class I areas, on average, 

approximately 0.2 dv with a maximum improvement for the recommended control 

ethnology for either area of 0.24 dv. 
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BEl, .aramie River 

Scenario 

NO,-I 

NOx -2 

NOx -3 

NOx -4 

NOx -5 

Particulate - 6 

Particulate - 7 

Table 7-8 
BART Control Visibility Modeling Results 

For Badlands 

2001 2002 2003 (-l 

98 lli 

Percentile 
Value (dv) 

1.834 

1.686 

1.423 

1.263 

LlOI 

2,009 

No, of 
Days 

Exceeding 
0.5 dv 

46 

45 

38 

34 

27 

49 

98th 

Percentile 
Value (dv) 

No,of 
Days 

Exceeding 
0.5 dv 

,~': ,:'" ",N6. ci:r., 
9stb ,,42i&.: :"';'1'" 'Days ..... 

Perceohle . Exoeeding .' ",~. , , 
Value Q:Jyy O.5d,v 

1.770 30i;.I':1.403\;~~!I!1li: ~4' 
1.599 'I·) 27 (i'"I .. ' .lj'o1"1:, ""' '< .", ". !','., ,,,,,,,,<:,~~ 33 

}:,,\;~ ~; 

1.309 ,3,'1>., .}J3Q:J 29 
.. ",." I ' I 134 I'" 24'·i.;). 1'042 . .'," ,,,;:;:,':::). . 28 

I' -'r 0,955 \\ 21 ".;: 0,882 25 

b~'8't"L 34 1.539 37 

1.948 47 I.c",J:940'''f',L,t~3 1.491 34 

so, - 8 1.987 48 i?'I);Y96q 33 1.519 37 

so, -9 1.881",.,,1.. 46 ',t .. )?' L893\ 30 

, "'1' -, I'" /. SO, -10 1._,921'<, .... 45\ri%;~q::F7 29 

SO, - 11 28 

Recommended 30 

145423-080212 

1.531 

1.420 

1.499 

1.380 

33 

32 

33 

33 

~~~;;!~>, . 
t,~:,':.' 

"~I ' 
: ":A.verage 
.>Impact 

(dv) 

1.669 

1.529 

1.290 

Ll46 

0,979 

1.843 

1.794 

1.822 

1.768 

1.739 

1.730 

1.649 

Visibility Impacts (St, ,) 

Maximum 
Impact 

(dv) 

1.834 

1.686 

1.423 

1.263 

LlOI 

2,009 

1.948 

1.987 

1.893 

1.921 

1.851 

1.810 
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BEl, . .aramie River 

Scenario 

NO,-1 

NO,-2 

NO,-3 

NO,-4 

NO,-5 

Particulate - 6 

Particulate - 7 

SO,-8 

SO,-9 

SO,- 10 

so, - II 

Table 7-9 
BART Control Visibility Modeling Results 

For Wind Cave 

2001 

98'" 
Percentile 
V.lue (dv) 

1.628 

No. of 
Days 

Exceeding 
0.5 dv 

41 

2002 

98'" 
Percentile 
Value (dv) 

2.166 

No. of 
Days 

Exceeding 
0.5 dv 

33 

2003 :". ." .... ; <~~~:"»~,\, 
Nd.'of A'" 

98 th D" Yf::Eage 
, "" a~.·" ,Impact 

Percenti~.e"; ,. "',BX:~g 
V.lue f4v) ii" OSljv . (dv) 

1 54(j\~0 
,",' ~~~t~[', ~4:;l 1.778 

1.492 41 2.006 "".",' ''l''I':'' 33dl 1'.400 <::::".,·-31 1.633 

1.285 37 1.735 29 \. 
,~'i,. 

,:,.1;16S''\-i;':® 29 1.395 

1.141 32 1.571 )Z.~~~ ,-1.022':>-' '. . 26 1.245 

0.947 24 1.199·1"< 22'~';';;>-
y' \":'; '~~',::, 

" 
"" />.896 18 1.014 

1.813 46 2.376 'i,\, 34\ :'," 1.723 37 1.971 

1.772 42 ,1i31.91. ,\;\ 34 1.688 34 1.923 

1.800 46 ,/~I;i.\~l+~~g }48 ·'·~:'''~'':·:~,34 1.705 34 1.951 

1.779 43 
,,:;>'-

~¢J!."t'2.25?, 34 1.649 35 1.895 

1.697 .. ·"'''h. 41 ~I:;- 2.183) 33 1.597 34 1.826 

1.j3i;~"I·\ 43 "I~;gg:16() 34 1.731 35 1.876 

Recommended l,i.6p li./;' 41 ,." 2.137 33 1.525 34 1.758 

"j 
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Visibility Impacts (Stl .. A 

Maximum 
Impact 

(dv) 

2.166 

2.006 

1.735 

1.571 

1.199 

2.376 

2.310 

2.348 

2.257 

2.183 

2.160 

2.137 
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SEPC Laramie River 

Table 7-10 
Visibility Improvement 

Badlands 

2001 2002 2003 
Improvements Improvements Improvements 

Scenario (dv) (dv) (dv) 

NO,-1 0.174 0.211 0.136 

NO,-2 0.322 0.382 0.238 

NO,-3 0.585 0.672 0.400 

NO,-4 0.745 0.847 0.497 

NO,-S 0.907 1.026 0.657 

Particulate - 6 N1 N1 N1 

Particulate - 7 0.060 0.041 0.048 

802 -8 0.021 0.021 0.20 

802 -9 0.127 0.088 . 0.008 . c'" 

802 -10 0.087 0.104 0.119" 

) S02-11 0.169 0.130 /j 0;'~0.040 ." 
'o? .. ,~""., 

",. 
'0.159 Recommended 0.198 0.215\, 

Notes: 
NI = No Improvement 

~ _ c __ 

) 

145423-080212 

.- --....) 

Visibility Impacts (Step 5) 

Average 
Improvement 

(dv) 

0.174 

0.314 
'. 

0.552 

0.696· 

0.863 

N1 .. 
.>' 0.050 .' 

. 0,021 . 

0.074 

0.103 

0.113 

0.194 

/ 

Maximum 
Improvement 

(dv) 

0.211 

0.382 

0.672 

0.847 

1.026 

N1 

0.060 

0.021 

0.127 

0.119 

0.169 

0.225 
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SEPC Laramie River Visibility Impacts (Step 5) 

Table 7-11 
Visibility Improvement 

Wind Cave 

2001 2002 2003 Average Maximum 
Improvements Improvements Improvements Improvements Improvements 

Scenario (dv) (dv) (dv) (dv) (dv) 

NOx-1 0.184 0.210 0.182 0.192 0.210 

NOx-2 0.320 0.370 0.322 0.337 0.370 

NOx-3 0.527 0.641 0.557 0.575 , >" . 0.641 

NOx- 4 0.671 0.805 0.700 0.725 .0.805 

NOx-5 0.865 1.177 0.826 0.956 1.177 

Particulate - 6 NI NI NI Nr NI 

Particulate - 7 0.040 0.066 0.034 ' .("0.047; 0.066 

SO,- 8 0.012 0.D28 0.017 . 0,019 0.028 . 

SO,-9 0.033 0.119 Q.073 0.075 0.119 

SO, - 10 0.115 0.193 0.125 
.. 

0.144 0.193 

SO, -11 0.076 0.216 ," .1·~:;tL NI ' .... ;:' '" 0.094 0.216 

Recommended 0.199 

Notes: 

NI = No Improveinent 

... ;.'" ..•.. . :0 _ ~ 

. ',-,--- .-:...,: " 
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BEPC Laramie River Visibility Impacts (Step 5) 

7.9 Visibility Improvement Cost-Effectiveness 
The visibility improvement cost-effectiveness defined in Subsection 1.2.5 was 

detennined according to the TAC for all the evaluated scenarios as indicated in 

Table 7-12. The maximum modeled visibility impacts at the affected federal Class I 

areas were used to determine the visibility improvement cost-effectiveness in $/deciview 

($/dv). 
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BE,.. .aramie River Visibility Impacts (St, J) 

Table 7·12 
Visibility Improvement Cost·Effectiveness 

~ 
Control Option Badlands Badlands":::" .~:'~ .... Wind Cave Wind Cave 

Maximum Maximqin' '"''';I<~ i;'i(l;.J:" Maximum Maximum 
TAC Improvements Improvements "~rliprovements Improvements 

Scenario Unit 1 Unit 2 Unit 3 (1,000$) (dv) (I,OoO$/dv) '\;',(~v) (I,OOO$ldv) 

NOli. .... ,t~,':',:; .. ,,, \ ... ~. A:~:: 
1 1 1 1 1,788 0.211 >.,,;;.c':l.8)~74·<: :' .. :.,1;,':;" 0 .. 210 8,514 

2 2 2 3,810 0.211;!, ,f" 18,05?\ 0.210 18,143 

2 3 3 3 21,330 0..382. '~~ 55,83'11 0.370 57,649 

3 4 4 4 5,457 ,O:67:!."'\ ~8,121 0.641 8,513 

4 5 5 5 2i;180 ii'Q,847 .. , ~ 25,006 0.805 26,311 

5 6 6 6 39,723 /0',1':026"5/ 38,716 1.177 33,749 

parti'{;aiit~: ~","'"'"'' : 
",," .... ' .",\, '-.. ' ... "" 

6 Base I Base I Base /Q\ ""-,': \":NI .', NA NI ~ NA 

7 I Base I Bas. I I (SO,) 19,5~5~.,p60 326,417 0.066 I 296,742 

d~ >;"" \~o, " 
8 2 2 Base ·'·';·'.:7.~,?":,;;J, 0.021 34,857 0.028 26,143 

3 3 :dEf~g¥;}~:> 1,812·"··~:~ 0.021 86,286 0.028 64,713 

9 I 1 {! .Ii" \i\ 32,913 0.127 259,157 0.119 276,580 

10 2 •. ':',~f. \\;:2 .' : 31,975 0.119 268,697 0.193 165,674 

3 c' ;. •· .... ,..;1 .\ ~ " 33,055 0.119 277,773 0,193 171,269 

Ill".. ~;,," 2' 44,571 0.169 263,734 0,216 206,347 
--...-' 

Recommended I (NOS" "" lJl'i0;j '.. )':.(!'10.) 2,520 0.225 11,200 0.239 10,544 
Base (PM) "., J~~e (PM) Base (PM) 

5 (SD,)"}'(~P2) Blllle (SO,) 
Notes: 'c,.",,,,:,. 
NI - No Improvement "'i, :.:": 
NA-NotApplicable ie::' .. ~~_~~_~~_ 
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BEPC Laramie River Conclusion 

8.0 Conclusion 

After completing all five steps of the BART analysis, a BART control scenario 

for all three units at LRS was selected and evaluated for the visibility improvement at 

affected federal Class I areas. The visibility improvement modeling is summarized in 

Section 7.0 of this report. 

The recommended BART control scenario was based on the ability of the 

evaluated control technologies to meet the prescribed presumptive emissions limits; this 

evaluation was performed as described in Sections 3.0 through 6.0 Of this report. The 

recommended BART control scenario for LRS consists of installing an OF A system for 

all three nnits and using FGD chemical additives in the Unit 1 and 2 WFGD system: The 

control scenario also includes utilizing the existing ESP to control particulate matter 

emissions. The S02 control technology selection was based on averaging S02 reductions 

across all the units at the LRS, as allowed in the BAlter _EPA and Wyoming DEQ 

guidelines. 

This control scenario was determined to be the most cost'effective solution, which 

would allow LRS to meet the BART presumptive emissions limits for NO, and S02. 

The visibility improvements mOc:l~l';a for the . BART control scenarios, as 

described in Section 7.0, indicate an;~verage:vis(bilitY improvement for all control 

technologies of 0.3 dv at both affected federal Class! areas through the years 2001 to 

2003. The low visibility improveirtent value is attributed to the low modeled baseline 

visibility impact, which reflects the near'BART presumptive level emissions currently at 

LRS. The maximum irriprovement is attributed to a costly SCR control technology 

scenario for each unit,.which exceeds the targeted NOx presumptive limit of 0.23 

IblMBtu. 

Based on the visibility improvement modeled and the total annual cost evaluated 

in the impactanalySls stage (Step 4), the cost-effectiveness for visibility improvement, 

which was-defined as annual cost per improvement in visibility (S/dv), was determined 

for LRS. The total -annual cost for the implementation of the recommended control 

technologies to meet the presumptive emissions levels is approximately 2.5 million $/yr. 

The maximnm modeled visibility improvements for the recommended control scenario at 

each federal Class I area through the 2001 to 2003 time period is 0.2 dv. From this 

analysis, the cost-effectiveness for visibility improvement at LRS is 11.2 million $/dv. 
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