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Executive Summary

- Background

In response to the Regional Haze Rule and Best Available Retrofit Technology (BART)
regulations and guidelines, CH2M HILL was requested to perform a BART analysis for
PacifiCorp’s Jim Bridger Unit 1 (hereafter referred to as Jim Bridger 1). A BART analysis has
been conducted for the following criteria pollutants nitrogen oxide (NOy), sulfur dioxide (SOy),
and particulate matter less than 10 micrometers in aerodynamic diameter (PMg). The Jim Bridger
Station consists of four 530-megawatt (MW) units with a total generating capacity of'2,120 MW.

Because the total generating capacity of the Jim Bridger Station exceeds 750 MW, presumptive

BART limits apply to Jim Bridger 1, based on the United States Environmental Protection

~ Agency’s (EPA) guidelines. Best Available Retrofit Technology emissions limits must be

achieved within 5 years affer the State Implementation Plan ( SIP) is aDDroved by the EPA. A -

: comphance date of 2014 was assumed for this analysis..

- In completing the BART analys1s, technology alternatives were 1nvest1gated and potentlal

reductions in NOy, SO, and PM; ¢ emissions rates were identified. The following technology S

-alternatives were investigated, listed below by _poll_utant

"« NO,; emission controls:

_ = ‘Low-NO burners (LNBs) with.over-fire air (OFA)
— Rotating opposed fire air (ROFA) °
— LNBs with selective’ ‘non-catalytic reduc’non (SNCR) system
- LNBs w1th selectwe catalytlc reductlon (SCR) system

T e SO; emission controls

— Optimize current operation. of existing wet sodlum ﬂue gas desulﬁmzanon (FGD) system
— _ Upgrade wet sodium FGD system to achxeve an SO emission rate of 0.10 pound (Ib) per
million British thermal units (MlVIBtu) '
"~ Newdry FGD system "

. PMw emission controls - . -
- Sulfur trioxide (SO3) mjecnon flue gas cond1t1on1ng system on e}nstmg electrostatlc
precipitator (ESP) - .
= - Polishing fabric filter
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BART ANALYSIS FOR JiM BRIDGER UNIT 1

BART Engineering Analysis

The specific steps in a BART engineering analysis are identified in the Code of Federal
Regulations (CFR) at40 CFR 51, Appendix Y, Section IV. The evaluation must include:

e The identification of available, technieally feasible, retrofit control optiotis

"o Consideration of any pollution control equipment in use at the source (which affects the
- availability of options and their impacts)

e The costs of coinplianee with the confrol options
e The remaining useful life of the facility
¢ The energy and non-air quality envmonmental unpacts of comphance

- o The degree of v1s1b111ty nnprovement that may reasonably be anticipated from the use of
BART ’

“The fo llowmg steps are mcorporated into the BARl analysis: -~ “*

‘e Stepl- Identlfy All Avaxlable Retrof t Control Technologles o
o Step2- Ehmmate Technically Infea51b1e Optlons ' a
- The identification of available, technically feasible, retroﬁt control options

= Con51derat1on of any pollution control eqilipment in use at the source_(whmh affects the
apphcablhty of options and their impacts)

. Step 3 — Evaluate Control Effectlveness of Remaining Control Technologles
. Step 4 Evaluate Impacts and Document the Results

. — The costs of comphance with the control. optlons
. — The feinaining useful life of the fac1hty ’
. =" The energy and non-air quahty environmental unpacts of comphance

e Step 5 - Evaluate VlSlblllty Impacts

— The degree of v1s1b1hty improvement that may- reasonably be ant1<:1pated from the use of
BART"

" Separate analyses have been conducted for NOy, SOz, and PMjo emissions. All costs mcluded in
* the BART analyses are in 2006 dollars, and costs have not been escalated 1o the assumed 2014
BART 1mplementatlon date. :

, Coal Charactenstlcs

The main source Qf coal burned at Jim Bridger 1 will be the Bridget Underground Mine.

- . Secondary sources are the Bridger Surface Mine, the Bridger Highwall Mine; the Black Butte

Mine, and the Leucite Hills Mine. These coals are ranked as-sub-bituminous,.but are closer in-
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BART ANALYSIS FOR JIM BRIDGER UNIT 1

characteristics to bituminous coal in many of the parameters influencing NOy formation. These
coals have higher nitrogen content than coals from the Powder River Basin (PRB), which
represent the bulk of sub-bituminous coal used in the U.S. This BART analysis has considered
the higher nitrogen content and different combustion characteristics of PRB coals as compared to
those coals used at Jim Bridger 1, and has evaluated the effect of these qualities on NOy
formation and achievable emission rates.

Recommendations

CH2M HILL recommends installing the following control devices, which include LNBs with
OFA, upgrading the existing FGD system, and operating the existing ESP with an SOs flue gas
conditioning system. This combination of control dev1ces is identified as Scenario 1 throughout
this report.

NOx Emlssmn Control
The BART presumptive NOy lirhit assigned by EPA for tangent1a11y-ﬁred boilers burning

_..,..._._____...__..-.._..,..__sub -bituminous coal is 0.15 Ib per MMB#u. However, as documented in this analysis,the . . . __

. characteristics of the Jim Bridger coals are moré clc;éély ahgned with b1tummous coals, with a
: presumpnve BART NOy limit 0of 0.28 1b per MMBtu

CH2M HILL recomimends the exmtmg LNB with OFA as BART for Jim Bndger 1, based on the
projected significant reduction in NOy emissions, reasonable control costs, and the advantages of
no additional power requirements. or non-air quality env1ronmenta1 impacts. Nitrogen oxide -
reductions are expected to be similar to those realized at Jim Bridger 2. CH2M I—IILL
recommends that the unit be permltted at arate of 0 26 1b per MMBtu :

SOz Emission Control

_ CH2M HILL recomtnends upgrading the emstmg wet sodxum FGD systemas BART for . .
" Jim Bridger 1, based on the significant reduction'in S0, emissions, reasonable control costs, and
the advantages of minimal additional power requirements and minjmal non-air quality
. ‘ertvironmental 1mpacts This upgrade approach will meet the BART presumptwe SOZ limit of
O 15 lb per MMBtu. -

PMm Emlssmn Control

CH2M HILL recommends ﬁnahzmg the perm1tt1ng of the flue gas condltlonmg system fo
enhance the performance of the existing ESP as BART for Jim Bridger 1, based on the
significant reduction in PM)o emissions, reasonable control costs, and the advantages of mlmmal
additional power requxrements and no non-air quality environmental unpacts

JMSEY102007001SLCBAﬁT_J81TOCT200f_FINAI;.DOC L : ’ 7 - £53

AQD Jim Bridger BART
002120



BART ANALYSIS FOR JIM BRIDGER UNIT 1

BART Modeling Analysis

CH2M HILL used the CALPUFF modeling system to assess the visibility impacts of emissions
from Jim Bridger 1 at Class I areas. The Class I areas potentially affected are located more than
50 kilometers, but less than 300 kilometers, from the Jim Bridger Plant.

The Class I areas include the following wilderness ar'eas (WA):

s Bridger WA -
-+ Fitzpatrick WA
o Mt Zirkel WA

Because Jim Bridger 1 will simultaneously control NOy, SO,, and PM;, emissions, four post-
control atmospheric dispersion modeling scenarios were developedto cover the range of
effectiveness for combining the individual NO,, SO,, and PMj, control technologies under-
evaluation. These modeling scenarios and the controls assumed, are as follows: '

e Scenario 1: New LNB thh OFA. modlﬁcatlons upgraded wet FGD system and flue gas

condifioning for enhanced ESP performance. As indicated prevrously, this scenarro -
represents PacifiCorp’s prehmmary BART selection.

e Scenario 2: New LNB with OFA modlﬁcatrons, upgraded wet FGD system, and new
polishing fabric filter.

"o Scenario 3: New LNB w1th OFA modifications and SCR, upgraded wet FGD system, and '
flue gas condmomng for enhanced ESp performance .

e Scenario 4: New LNB with OFA mod1ﬁcatlons and SCR, upgraded wet FGD system, and
new. pohshmg fabric filter. -

- VlSlblllty 1mprovements for all emission control scenarios were analyzed and the results were
compared utlhzmg a least—cost envelope as outlmed in the New Source Review Work.s'hop
Manual'. A

Least cost Envelope Analy5|s

- EPA has adopted the Least-cost Envelope Analysis Methodology as an’ accepted methodology

for selecting the most reasonable, cost-effective controls. Incremental cost-effectiveness
comparisons focus on annualized cost and emission reduction differences between dominant
alternatives. The dominant set of control alternatives is determined by generating what is called
the envelope of least-cost alternatives. This is a graphical plot of total annualized costs for total
emissions reductions for all control alternatives identified in the BART analysis. .o

To evaluate the unpacts of the modeled control scenarios on thé three Class I areas, the total
annualized.cost, cost per deciview (dV) reduction, and cost pert reduction in number of days
above 0.5 dV were analyzed. This report provides a comparison of the average incremental costs

1 EPA, 1990. New Source Review Workshop Manual. Draft. Environmental Protecfion Agency. October, 1990.
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BART ANALYSIS FOR JIM BRIDGER UNIT 1

between relevant scenarios for the three Class I areas; the total annualized cost versus number of
days above 0.5 dV, and the total annualized cost versus 98" percentile delta-deciview (AdV)
reduction.

Results of the least-cost envelope analysis validate the selection of Scenario 1, basedon
incremental cost and visibility improvements. Scenario 2 (LNB with OFA, upgraded wet FGD,
and polishing fabric filter) is eliminated, because it is to the left of the curve formed by the
dominant control alternative scenario, which indicates a scenario with lower improvement and/or
higher costs. Scenario 3 (LNB with OFA and SCR, upgraded wet FGD, and flue gas
conditioning for enhanced ESP performance) is not selected due to very high incremental costs,
on the basis of both a cost per day of improvement and cost per dV reduction. While Scenario 4
(LNB with OFA and SCR, upgraded wet FGD, and polishing fabric filter) provides some
potential visibility advantage over Scenario 1, the projected improvement is less than 0.5 dV,

and the projected costs are excesswe Therefore Scenario 1 represents BART for Jim Brldger 1.

Just—NotlceabIe leferences in Atmospherlc Haze

-—---—ftudieshave-been COuullCLed tha rdemonstrate()ul y-dV-differences-of- approx;mately—r.; 0= e

- 2.0 dV or more are perceptible by the human eye. Deciview changes of less than 1.5 cannot be
distinguished by the average person, ‘Therefore, the modeling.analysis results indicate that only
minimal, if any, observable visibility improvements at the Class I-areas studied would bé -

- - expected under any of the coritrol scenarios. Thus, the results indicate that even though -

PacifiCorp will be spending inany millions of dollars at this single unit, and over $1 billion when -
considering its entire coal fleet, only minimal discernable visibility improvements may resuit.
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1.0 Introduction

Best Available Retrofit Technology (BART) guidelines were established as a result of

U.S. Environmental Protection Agency (EPA) regulations intended to reduce the occurrence of
regional haze in national parks and other Class I protected air quality areas in the United States
(40 Code of Federal Regulations [CFR] Part 51). These guidelines provide guidance for states
when determining which facilities must install additional controls, and the type of controls that
must be used. Facilities eligible for BART installation were built between 1962 and 1977, and
have the potential to emit more than 250 tons per year of visibility-impairing pollutants.

The Wyoming Department of Environmental Quality (WDEQ) BART regulations state that
each source subject to. BART must submit a BART application for.a construction.permit by

-December 15, 2006. PacifiCorp received an extension from the WDEQ to submit the BART -

report for Jim Bridger Unit 1 (hereafter referred to as Jim Bridger 1) by January 12, 2007. The

_BART report that was submitted to WDEQ in January 2007 included a BART analysis, and a~

proposal and justification for BART at the source. This revised report—submitted in - *
October 2007—-—mcorporates ed1tortal rev1s1ons and new model runs since the J anuary 2007
version. :

The State of Wyommg has identified those ehglble m-state faclhtles that are reqmred to reduce
emissions under BART, and will set BART emissions limits for those facilities. This .
information will be included in the State of Wyoming State Implementation Plan (SIP), which
the State has estimated will be formally subimitted to the EPA by early 2008: The EPA. BART

- - guidelines also state that the BART emlssmn limits must-be fully 1mplemented thhm 5 years
- of EPA’s approval of the SIP N

Fwe elements related to BART address the issue: of emlssmns for the 1dent1ﬁed facnh‘nes

Any ex1st1ng pollutlon control technology in-use at the source
 The cost of the contrels -
The remaining useful life of the source - :
. The energy and non-air quality envuonmental impacts of compliance

-.The degree of improvement in- v181b111ty that may reasonably be antlclpated from the use of
such technology )

This report documents the BART analysis that was performed on Jim Bridger 1~ by

CH2M HILL for PacifiCorp: The analysis was performed for the pollutants nltrogen oxide
(NOy), sulfur dioxide (SO,), and parttculate matter less than 10 micrometers in aerodynemlc
diameter (PM0), because they are the primary criteria poilutants that affect visibility.

Section2 of this report provides a descnptlon of the present unit operation, including a -
discussion of coal sources and characteristics. The BART Engineering Analysis is prov1ded in’

' Section 3, by pollutant type: Section 4 provides the methodology and results of the BART
"Modeling Analysis, followed by recommendations in Section 5 and references in Section 6. -

Appendices provnde more detail on the economic analy51s and the 2006 Wyoming BART
Protocol.
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20 Present Unit Operatioﬁ B

The Jim Bridger Station consists of four units with a total getierating capacity of

2,120 megawatts (MW). Jim Bridger 1 is a nominal 530 net MW unit located approximately
35 miles northeast of Rock Springs, Wyoming. Unit 1 is equipped with a tangentially fired,
pulverized-coal boiler with low-NOx burners (LNBs) manufactured by Combustion -
Engineering. The unit was constructed with a Flakt wire frame electrostatic precipitator (ESP).
The unit contains a Babcock & Wilcox wet sodium flue gas desulfurization (FGD) system with
three absorber towers installed in 1990. An Emerson Ovation distributed control system was
installed in 2006.

Jim Bridger 1 was placed in service in 1974 Its current economic deprec1at10n life is through .
2040; however, this analysis is based on a 20-year life for BART control technologies.
Assuming a BART implementation date of 2014, this will result in an approximate remaining

useful life for Jim Bridger 1 of 20 years from the mstallatlon date of any new or modified

‘BART-related equipment. This report does not attempt to quantify any additional life extension -

costs needed to allow the unit and these control devices at Jim Bridger 1 to operate untll 2040

© . Table 2-1 lists additional unit mformatlon and study assumptlons for this analy51s :

The BART presumptive NO, limit for tangential-fired boilers burning sub-bituminous coal is
0.15 pound per million British thermal units (Ib per MMB#tu) and the BART presumptive NOx
limit for burning bituminous coal is 0.28 Ib per MMBtu. The main sources of coal burned at

- ~Jim Bridger 1 are the Bridger Mine and secondarily the Black Butte Mine and Leucite Hills -

Mine. These coals are ranked as sub-bituminous, but are closer in characteristics to bituminous
coal in many of the parameters influencing NOy formation. These coals have higher mtrogen

-, content than coals from the Powder River Basin (PRB), which represent the bulk of

sub-bituminots coal used in the U.S..This BART analysis has considered the higher nitrogen -

- content and the different combustion characteristics of PRB coals, as compared to those coals ~

used at Jim Brldger 1, and has evaluated the effect of these qualities on NO, formation and -

- achievable emission rates. Coal sources ard characteristics are summarized in Table 2-2. The

primary source of coal will be the Bridger Underground Mine, and data on coal from this -

. source were used in the, modeling analysis. For the coal analy31s that is presented in Section 3

thie data from all the coal sources were used

IMS EY102007001SLCIBART_J81_OCT2007_FINALDOC - - N ST e 21.
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BART ANALYSIS FOR JIM BRIDGER UNIT 1

TABLE 21
Unit Operation and Study Assumptions
Jim Bridger 1

General Plant Data
Site Elevation (fest above mean sea level) 6669
Stack Height (feet) 500
Stack Exit ID (feet) /Exit Area (square feet) 24 /452.4
Stack Exit Temperature (degrees Fahrenhei) 140
Stack Exit Velocity (feet per second) 840
Stack Flow (actual cubic feet per minute) 2,281,182

Latitude {degree: minute: second)
Longitude (degree: minute: second)-
Annual Unit Capacity Factor (percentagé)
Net Umt Output (megawatts)

Net Unit Heat Rate (British thermal units (Btu) per kilowatt-
hour)(1 00%load)

*Boﬂer Heat Input (mslllon Bfu{ (MMBF) per hour)(1 00% load)’ ’

Type of Boiler
Boiler qul

Coal Sources

Coal Heating Value (Btu per pound [(b])®

 Coal Sulfur Content (percentage by weight [wt. %])(a’
Coal Ash Content (wt. %)®©

Coal Moisture Content (wt. %)®

Coal Nitrogen Content. (wt. %)@

- Current Nitrogen Oxide (NOX) Comrols

. NOx Emission’ Rate (IblMMBtu)

" Current Sulfur Dioxide (SOz) Controls

SOz Emission Rate (Ib/MMBtu) -

~ Current PMyo™ Controls

PMyo Emission Rate (IbIMMBtu)(°)

. 41:44:07 north

108:47:12 west

90
530

10,400 (as measured
throughput)

6 000 (as measured by continuous
T TTemission monltormg)

by fuel

Tangentlally fired

Coal

" Bridger Mine, Black Butte Mine,

Leucite Hills Mine_

. 9,660
0.58
103, -
. 193
- 0.98

ALow-NOx.burners.

045

"Sodium-based wet scrubber

0.267

Electrostatic Precipitator

0.045

- NOTES: -

(a)CoaI charactenstlcs based on Bndger Underground Mine (primary coal source)
®lppyg refers o particulate matter less than 10 micrometers in aerodynamic diameter
©Based on maximum historic emission rate from 1 999 to 2001, prior to |nsta|lat|on ofthe sulfurtnoxxde

(SOa) injection system.
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3.0 BART Engineering Analysis

This section presents the required BART engineering analysis.

3.1 . Applicability

In comphance with regxonal haze requirements, the State of Wyommg must prepare and submit
visibility SIPs to the EPA for Class I areas. The State has estimated that the formal submiital of
the SIPs will occur by early 2008. The first phase of the regional haze program is the
implementation of BART emission controls on all BART elxglble units, within 5 years after EPA
approval of the SIP. ’

.3.2 ' BART Process

s -->—-‘—"Fhe—spem—ﬁc—step&m—a—BA—R—rengineeringj"n-"-‘xysiSAar"fideﬁﬁﬁéufinfi'fefGFRﬁflprpandixj:-—"—--- e
Section IV. The evaluation must include: * - : :

- .» The Identlﬁcatxon of avallable, techmcally feasxble, retrofit control optlons

* * Consideration of any pollution control equipment in use at the source (which affects the
'avallablhty of optlons and their impacts) .

o The costs of comphance with the control options
e The remalmng useﬁﬂ life of the fac111ty
. '.The energy and non-air. quahty envuonmental 1mpacts of comphance

: K iThe degree of v131b1]1ty mprovement that may reasonably be antlclpated from the use of
BART . - .

" The followmg steps are mcorporated mto the BART ana1y51s
‘s. Step 1 Identxfy All Avallable Retrofit Control Technologles
e Step 2- Ehmmate T echmcally Infea51ble Options
- — The ldentlﬁcatxon of avallable technically feasxble retrofit control options

" Consideration of any pollutlon control equipment in use at the source (which affects the
apphcabxhty of optlons and their impacts) :

‘e ~~S'tep 3 —Evaluate Go'ntro! Eﬂ'eqtfveness of Remaihing 'Cohhhol Technologies -

© IMSEYI0ZOTO0ISLCBART JB1_OCTA007 FINALDOC - - - - . e
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BART ANALYSIS FOR JiM BRIDGER UNIT 1

¢ Step 4 — Evaluate Impacts and Document the Results

— The costs of compliance with the control options
~ The remaining useful life of the facility
— The energy and non-air quality environmental impacts of compliance

e Step 5 — Evaluate Visibility Impacts ‘
 — The deg_ree of visibility improvement that may reasouably be anticipated from BART use

In‘order to minimize costs in the BART analysis, consideration was made of any pollution
control equipment in use at the source, the costs of compliance associated with the control
options, and the energy and non-air quality environmental impacts of compliance using these
existing control devices. In some cases, enhancing the performance of the existing control
equipment was considered, Other scenarios with new control equipment were also developed.

Separate analyses have been conducted for NO;, SOz, and PMg emissions. All costs included in*
the BART analysis are in 2006 dollars, and costs have not been escalated to the assumed 2014
-BART implementation date.

321 BARTNO,Analysis .~

'Nitrogen oxide formation in coal-fired boilers is a complex process that is dependent ona.
number of variables, including operating’ cond1t1ons, equipment design, and coal- characterlshcs

Formation of NOy .

During coal combustion, NOy is formed in three dlfferent ways. The dominant source of NOx
formation is the oxidation of fuel-bound nitrogen (fuel NO,). During combustion, part of the
fuel-bound nitrogen is released from the coal with the volatile matter, and part is retained in the
solid portion (char). The nifrogen chemically bound in the coal is partially oxidized to nitrogen
oxides (nitric'oxide and nitrogen dioxide) and partially reduced to molecular nitrogen (No). A -

. smaller part of NOy formation is de to high temperature fixation of atmosphéric nitrogen in the‘

-‘combustion air (thermal NOy). A very small amount of NO, is called prompt NOx. Prompt NO«
results from an mteracuon of hydrocarbon radicals, mtrogen and oxygen.

‘Ina convent10na1 pulverlzed coal bumer, air is introduced w1th turbulence to promote good
: .mnxmg of fuel and air, which provides stable combustjon. However, not all of the oxygen in the
air is used for combustion. Some of the oxygen combmes with the fuel nitrogen to form NOx

Coal charactenstlcs du'ectly and 51gn1ﬁcantly affect NOx emissions from coal combustior. Coal

. rankmg is a means of classifying coals according to their degree of metamorphism in thie natural
series, from lignite to sub-bituminous to bituminous and on to anthracite. Lower rank coals, such
- as the sub-bituminous coals from the PRB, produce lower NO, emissions than higher rank-
bituminous coals, due to their higher reactivity and lower nitrogen content. The fixed carbon to
volatile matter ratio (fuel ratio), coal oxygen content, and rank are good relative indices of the
reactivity of a coal. Lower rank coals release more- organically bound nitrogen earlier in'the

" combustion process than do higher rank bituminous coals. When.used with LNBs,
sub-bituminous coals create a longer time for the kinetics to promote more stable molecular
mtrogen and hence result in lower NO emlssmns '

© " IMSEYI02007001SLCBART JB1.GCT2007_FINALDOG” - - R R * N
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BART ANALYSIS FOR JIM BRIDGER UNIT 1

Coals from the PRB are classified as sub-bituminous C and demonstrate the high reactivity and
low NOy production characteristics described above. Based on data from the Energy Information
Administration (EIA), PRB coals currently represent 88 percent of total U.S. sub-bituminous
production and 73 percent of western coal production (Energy Information Administration,
2006). Most references to western coal and sub-bituminous coal infer PRB origin and
characteristics. Emissions standards differentiating between bituminous and sub-bituminous
coals are presumed to use PRB coal as the basis for the sub-bituminous standards, due to its
dominant market presence and unique characteristics.

There are a number of western coals that are classified as sub-bituminous, however, they border
on being ranked as bituminous and do not display many of the qualities of PRB coals, including
most of the low NO, forming characteristics. Coals from the Bridger, Black Butte, and Leucite

" Hills mines fall into this category.

As defined by the American Society for Testlng and Materials, the only distinguishing

characteristic that classifies the coals used at Jim Bridger 1 as sub-bituminous rather than -
 bituminous — is that they are “agglomerating” as compared to ¢ ‘non-agglomerating.”

Agglomerating as applied to .coal is “the property of softening when it is heated to above about

e o400 degrees- Celsius-(°C)-in-anon- oxxdlzmg-atr"osphere—and then-a uppear ng as-a coherentmass— - —— oo oo

- . after cooling to room temperature.” Because the agglomerating property of coals is the result of -
particles transforming into a plastic or semi-liquid state when heated, it reflects a change'in
surface area of the particle. Thus, with the application of heat, agglomerating coals would tend to
develop a non-porous surface, while the surface of non-agglomerating coals would become even
more porous with combustion. As shown in Figure 3-1, the increased porosity provides more
particle surface area, resulting in more favorable combustion conditions. This non-agglomerating
property assists in making sub-bituminous coals more amenable to controlling NOy, by allowing -
less air to be introduced during the initial ignition portion of the combustion process. The coals
from the Bridger, Black Butte and Leucite Hills mines just barely fall into the category of

. non-agglomeratmg coals. While each of these coals is considered non-agglomerating, they either
" do not exhibit those properties of non-agglomerating-coals or exhibit them to only a minor =~

- degree. The conditions during combustion of typical non-agglomerating coals that make it easier

to control NO, emissions do not exist during combustion of the Bridger blends of coals.

" JMSEYI02007001SLCIBART_JB1-OCTZ007_FINALDOC - - T T lag
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BART ANALYSIS FOR JIM BRIDGER UNIT 1

FIGURE 3-1

lIlustration of the Effect of Agglomeration on the Speed of Coal Combustion

Jim Bridger 1

NONAGGLOMERATING -

‘AGGLOMERATING

THE EFFECT OF AGGLOMERATING TENDENCY UPON COMBUSTION

" IGNITION

—

l DEVOLATILIZATION |

CHAR

l | , MORE
I . l SURFACE

- AREA/MASS

BURNS
" FASTER

. LESS
SURFACE
AREA/MASS

A4 BURNS—-——
~" SLOWER

|
a
!
|
l .
|
|
|
I
|

AND COMBUSTION

» “Table 3-1 shows' key characterlstlcs of a typical PRB coal .compared to coals from the Brxdger
Mine, Black Butte, .and Leucite HllIS as well as coal from Twentym11e which isa represen’catlve

western bltummous coal
 TABLE31 .
Coal Charactensncs Companson
Jim Br/dger1
_ _Typical ’ : e . .
. . “Powder  Bridger Black . | Leucite . T .
Parameter River -Mine ~ Butte Hills Twentymile
. _Basin . . ; ) )
. *Nitragen (% dry) 1.10 126 1.47 . 1.48 185
omgau%dw) "16.2 13.2 . 134 - 132 719 ¢
Coal rank- SubC - SibB < SubB

SubB _ Bitum. high volatility B
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BART ANALYSIS FOR JIM BRIDGER UNIT 1

As shown in Table 3-1, although Bridger, Black Butte, and Leucite Hills are classified as
sub-bituminous, they all exhibit higher nitrogen content and lower oxygen content than the PRB
coal. The higher nitrogen content is an indication that more nitrogen is available to the
combustion process and higher NOx emissions are likely. Oxygen content can be correlated to
the reactivity of the coal, with more reactive coals generally containing higher levels of oxygen.
More reactive coals tend to produce lower NOx emissions, and they are also more conducive to
reduction of NOy emissions through the use of combustion control measures, such as LNBs and

“ over-fire air (OFA). These characteristics indicate that higher NOy formation is likely with coal
from the Bridger, Black Butte, and Leucite Hills mines, rather than with PRB coal. The Bridger,
Black Butte, and Leucite Hills coals all contain quality characteristics that fall between a typical
PRB coal and Twentymile. Twentymile is a clearly bituminous coal that produces higher NOy, as
has been demonstrated at power plants burning this fuel. .

. Figures 3-2 and 3-3 graphically illustrate the relattonshlp of nitrogen and oxygen content to the
‘BART presumptive NOy limits for the coals listed in Table 3-1. Each chart identifies the °
" presumptive BART limit associated with a typical bituminous and sub-bituminous coal, and
demonstrates how the Jim Bridger coal falls between these two general coal classifications.

e ;—TheBrldGer blend-data- pomt represents-a- combmatxon ef coals from the- Bridge Mme “Black - S e

, Butte, and Leucite Hills that has been used at Jim Bridger 1, and indicates the average NOx
"emission rate achieved during the years 2003 to 2005. The Jim Bndger 2 data point consists of

.’ the same blend of coals as Jim Bridger 1, and represents the NOy emission rate achieved after
installation of Alstom’s current state-of-the-art TFS2000 LNB and OFA system. The long-term
sustainable emission rate for this system is expected to be 0.24 Ib per MMBtu. All four units at
Jim Bridger consist of identical boilers; while there may be some differences in ‘performance
among them, installation of the TFS2000 firing system at.Jim Bridger 1 would likely result in
performance and NOy emission rates comparable to those at Jim Bridger 2.

-Figures 3-2 and 3-3 both demonstrate that for the Jim Brxdger units with the TFS2000 low NOy
-emission system installed and burnlng a combination of the Bridger, Black Butte, and Leucite
Hill coals, the likely NOy emission rate will be-closer to the bituminous end (0. 28) of the BART
presumptive NOy limit range, rather than the BART presumptive NOy limit of 0.15 Ib per .
_~ MMBtu for sub-bituminous coal. All these factors are consistent with the observed sustamable :
rate of 0 24 b per MMBtu. - ’ : )
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BART ANALYSIS FOR JIM I}RIDGER UNIT1
FIGURE 3-2
Plot of Typical Nitrogen Content of Various Coals and Applicable Presumphve BART NOx Limits
Jim Bridger 1
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FIGURE 3- 3 .
Plot of Typical Oxygen Content of Various Coals and: Apphcable Presumptlve BART NOx Limits
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BART ANALYSIS FOR JIM BRIDGER UNIT 1

Coal quality characteristics also impact the design and operation of the boiler and associated
auxiliary equipment. Minor changes in quality can sometimes be accommodated through
operational adjustments or changes to equipment. It is important to note, however, that consistent
variations in quality or assumptions of “average” quality for performance projections can be
problematic. This is particularly troublesome when dealing with performance issues that are very
sensitive to both coal quality and combustion conditions, such as NOy formation. There is
significant variability in the quality of coals burned at Jim Bridger 1. In addition to burning coal
from Black Butte and Leucite Hills, Jim Bridger 1 burns coal supplied from the Bridger Mine
consisting of three sources: underground, surface, and highwall operations. Each of these coal
sources has different quality characterxstlcs as well as inherent variability in composmon of the
coal within the mine. .

Several of the coal quality characteristics and their effect on NOx formation have been prev1ously
discussed. There are some additional considerations that illustrate the complexity of achieving -

- and maintaining consistent low NOy emissions-with pulverlzed coalona shorter term, such as a
30- day rolling average basis.

) Good combustion is based on the “three Ts”: time, temperature’ and turbulence. These . .
- - —--.—parameters- along with-a-“design™ coal-are taken-into-consideration-when-designing a boilerand — -~ — = SE—
' associated ﬁrmg equlpment such as fans, burners, and pulverizers. If a performance requirement,
such as NOy emission hmlts, is subsequently changed conﬂ1ets w1tl1 other performance issues
cai result. - .

Jim Bridger 1 is located at an altitude of 6, 669 feet above sea level. At this elevat1on, )
atmospheric pressure is lower (11.5 pounds per square inch) as compared with sea level pressure
" of 14.7 pounds per square inch. This lower presstire means that less oxygen is available for
combustion for each volume of air. In order to provide adequate oxygen to meet the requirements
for efficient combuistion, larger volumes of air are required: When adjusting air flows and -
distribution to lower NO using LNBs and OFA, original boiler design restrictions again limit the
modifications that can be made and still achieve satisfactory combustion performaice.

T Ancther significant factor in controlling NOx emissions is the fineness of the coal entenng the
~ burners. Fineness is influenced by the grindability index (Hardgrove) of the coal. Finer coal
partlcles promote release of volatiles and assist char burnout due to more surface area exposed to °
_ air. Nitrogen oxide reduction with high volatile coals is improved with greater fineness and with
" proper air staging. The lower rank sub-bituminous coals such as PRB coals are quite friable and -
easy to grind. Coals'with lower Hardgrove Grindability Index values, such as those used at
" Jim Brldger 1, are more difficult to grind and can contribute to higher NOy levels. In addition,
~ coal fineness can deteriorate over time perlods between pulverlzer mamtenance and service as L
-* . pulverizer grinding $urfaces wear.

In Summary, when all the factors of agglomeratlon versus non-agglomeratton mtrogen and
oxygen content of the coals, and the grindability index are taken into account, this analysis

* ‘demonstrates that, for the ¢oal used at Jim Bridger 1, the more apphcable presumptivé BART
limit is 0.28 Ib per MMBtu The BART ana1y31s for NO, emissions from Jim Bndger lis. ﬁxrther
descrlbed below. -
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BART ANALYSIS FOR JIM BRIDGER UNIT 1

Step 1: Identify All Available Retrofit Control Technologies

The first step of the BART process is to evaluate NOx control technologies with practlcal
potential for application to Jim Bridger 1, including those control technologies identified as Best
Available Control Technology (BACT) or lowest achievable emission rate (LAER) by
permitting agencies across the United States. A broad range of information sources have been
reviewed in an effort to 1dent1fy potentially applicable emission control technologies.

Jim Bridger 1 NO, emissions are currently controlled through the use of good combustion
practices and OFA. .

The following potential NO, control technology options were considered:

New/modified LNBs with advanced OFA

Rotating Opposed Fire Air (ROFA) =~

Conventional selective non-catalytic reduction (SNCR) system.
Selective catalytlc reductlon (SCR) system

* Step 2 Ellmmate Technically Infeasmle Optlons

PE N —— ) 2 Jim. Brldoerfl ~-atangential-fired configuration burning sub- bituminous coal, tech,ncal4- I

fe331b111ty will primarily be determined by physical constraints, boiler configuration, and on the
ability to achieve the regulatory presumptive limit (used as a guide) of 0.28 1b per MMBtu of
- NOy. Jim Bridger 1 has an uncontrolled NOy emission rate 0f 0.45 Ib per MMBtu.

-For this BART analysis, information pertaining to LNBs, OFA, SNCR, and SCR were based on
the Multi-Pollutant Control Report (Sargent and Lundy, 2002, hereafter referred to as the S&L
Study). Updated cost estimates for SCR and SNCR were used (Sargent and Lundy, 2006).

" PacifiCorp provided additional emissions data and costs developed by boiler vendors for LNBs
and OFA. Also, CH2M HILL solicited a proposal from Mobotec for their ROFA technology

. With SNCR an amme-based reagent such as. ammonia, or more commonly urea, is mJected 1nto,
- the furnace within 4 temperature range of 1,600 degrees Fahrenheit (°F) to 2,100°F, where it
- reduces NOx to nitrogen and water. Nltrogen oxide reductions of up to 60 percent have been
.achieved, although 15 to-30 percent is more realistic for most apphcatlons ‘Selective non-
_ catalytic reduction is typically applied on smaller units. Adequate reagent dlstrlbutlon inthe -
ﬁn'naces of large units can be problematic..

- Table 3-2 summarizes the control technology optlons evaluated in thlS BART analysis, along
with projected NOy emission rates. All technologles can meet the apphcable presumptive BART
limit of 0.28 Ib per MMBTU ’ .
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BART ANALYSIS FOR JIM BRIDGER UNIT 1

TABLE 3-2

NOx Control Technology Emission Rate Ranking

Jim Bridger 1 .

. . Projected Emission Rate
Technology (pounds per million
British thermal units)

Presumptive Best Available Retroﬁt Technology (BART) Limit 0.28

Low-NOy Burners (LNBs) with Over-fire Air (OFA) ) 0.24
'Rotating Opposed Fire Air (ROFA) -~ 0.22

LNB with OFA and Selective Non-eatalytic Reduction (SNCR) 0.20
- LNB with OFA and Selective .Catatytic Redu_ction (SCR) . o007

- Step 3: Evaluate Control Effectlveness of Remaining Control Technologies

Preliminary vendor proposals, such as those used to, support portlons of this BART analysrs may
be technically feasible and provide expected or guaranteed emission rates; however, the

proposals include inhierent imcertainties. These proposals are usually prepared in a limifed time
frame, may be based on mcomplete information, may contain over-optimistic conclusions, and
- are non-binding. ‘Therefore, emission rate values obtained in such prehmmary proposals must be
‘qualified, and it must be recognized that contractual guarantees are established only after more
detailed analysis has been completed. The following subsections describe the control
“technologies and the control effectiveness evaluated in this BART analysis.

New LNBs with OFA System The mechanism used to lower NO, with LNBs is to stage the
combustion process and provide a fuel-rich condition initially; this i§ so oxygen needed for

. combustion is not diverted to combine with nitrogen and form NO,. Fuel-rich conditions favor
the conversion of fuel nitrogen to N iristead of NO,. Add1t10nal air (or OFA) is then mtroduced
downstream in'a lower temperature zone to-burn out the char. -

Both LNBs and OFA are considered to be a capital cost, eombushon technology retroﬁt For
.-LNB retrofits to units configured with tangential-firing such-as Jim Bridger 1, it is generally
necessary to increase the burner spacing; this prevents interaction of the flames from adjacent
burners and reduces butner zone heat ﬂux These modlﬁcatrons usually requlre boiler waterwall
_ tube replacement : s :

Information provided to CH2M HILL by PacrﬁCorp—based on the S&L Study and data ﬁ'om '

boiler vendors—indicates that new LNB and OFA retrofit at Jim Bridger 1 would result inan .

expected NOy emission rate of 0.24 Tb per MMBtu. PacifiCorp has indicated that this rate

corresponds to a vendor guarantee, not a vendor prediction, and they believe that this emission

rate can be sustained as an average between overhauls. This emission rate represents a significant

.. reduction from the current NOy emission rate, and is below the more apphcable presumptrve
NOy emlss1on rate of 0:28 Ib per MMBtu

ROFA. Mobotec maikets ROFA as an improved second generatxon OFA system Mobotec states -
that “the flue.gas volume of the furnace is set iri rotation by asymmetrically placed air nozzles.
_ Rotatlon is reported to prevent lammar ﬂow, so that the entire volume of the fumace can, be used
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BART ANALYSIS FOR JIM BRIDGER UNIT 1

more effectively for the combustion process. In addition, the swirling action reduces the
maximum temperature of the flames and increases heat absorption. The combustion air is also
mixed more effectively.” A typical ROFA installation will have a booster fan(s) to supply the
high velocity air to the ROFA boxes, and Mobotec would propose two 4,000 to 4,300 Hp fans
for Jim Bridger 1.

Mobotec expects to achieve a NOy emission rate of 0.18 Ib per MMBtu using ROFA technology.
An operating margin of 0.04 b per MMBtu was added to the expected rate due to Mobotec’s

" limited ROFA experience with western sub-bituminous coals. Under the Mobotec proposal,
primarily based on ROFA equipment, the operation of existing LNB and OFA ports will be
analyzed. While a typical installation does not require modification to the existing LNB system,
and the existing OFA ports are not used, results of computational fluid dynamics modeling will
determine the quantity and location of new ROFA ports. The Mobotec proposal includes berit
tube assemblies for OFA port installation. Mobotec does not provide installation services,

because they believe that the Owner can more cost effectively contract for these services. -

- However, they do provide one onsite construction supervisor during installation and startup.

SNCR. Selective non-catalytic reduction is generally utilized to achieve modest NO, reductions.
urea—is injected into the furnace within a temperature range of 1,600°F to 2,100°F, where it
reduces NOy to nitrogen and water. Nltrogen oxide reductions of up to 60 percent have been
achieved, although 20 to 40 percent is more realistic for most apphcatxons ’

Reagent utlhzatlon,» which is a measure of the efficiency with which the reagent reduces NOx,
- can range from 20 to 60 percent, depending on the amount of reduction, unit size, operating

- conditions, and allowable ammonia slip. With low reagent utilization, low temperatures, or

inadequate mixing, ammonia slip occurs, allowing unreacted ammonia to create problenis
downstream. The ammonia may render fly ash unsaleable, react with sulfur to foul heat exchange
. ‘surfaces; and/or create a visible stack plume. Reagent utilization can have a significant impact on
. economics, with higher levels of NO reductlon generally resulting in Iower reagent utlhzatlon
and higher operatmg cost.. ) . :

* Reductions from hlgher baselme concentratlons (mlet NO,) are lower in cost per ton butresult
in higher operating costs, due to greater reagent consumption. To reduce reagent costs, S&L has
assumed that combustion modifications including LNBs and advanced OFA are capable of )

A achlevmg a prOJected NO emission rate of 0.24 Ib per MMBtu ‘A further reduction of 15 percent -

* in NOx emission rates for SNCR would resultin a prOJected emission rate of 0.20 1b per MMBtu.

SCR. SCR works on the same chemical pnnclple as SNCR but-SCR uses a catalyst to promote

the chemical reaction. Ammonia is injected into the flue-gas stream, where it reduces NOy to
nitrogen and water. Unlike the high temperatures required for SNCR, in SCR the reaction takes o
place on the surface of a vanadium/titanium-based catalyst at a temperature range between
580°F to 750°F. Due to the catalyst, the SCR process is more efficient than SNCR and results in
lower NOy emissions. The most common type of SCR is the high-dust conﬁguration where the . - -
catalyst is located downstream from the boiler economizer and upstream of the air heater and any

~ - particulate control equipment. In this location, the SCR is exposed to the full concentration.of fly

ash in the flue gas that is leaving the boiler. The high-dust configuration is assumed for
Jim Bridger l.Ina fulI—scale SCR the flue ducts are routed to a separate large reactor contalmng )
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BART ANALYSIS FOR JIM BRIDGER UNIT 1

" the catalyst. With in-duct SCR, the catalyst is located in the existing gas duct, which may be
expanded in the area of the catalyst to reduce flue gas flow velocity and increase flue gas
residence time. Due to the higher removal rate, a full-scale SCR was used as the basis for
analysis at Jim Bridger 1.

Sargent and Lundy prepared the design conditions and cost estimates for SCR at Jim Bridger 1.

As with SNCR, it is generally more cost effective to reduce NO, emission levels as much as

posmble through combustion modifications, in ofder to minimize the catalyst surface area and

ammonia requlrements of the SCR. The S&L design basis for LNB with OFA and SCR results in

a projected NOy emission rate of 0.07 Ib per MMBtu. Additional catalyst surface was included in
- the SCR design to accommodate the characteristics of the coal used at Jim Bridger 1.

Level of Confidence for Vendor Post-control Emissions Estimates. In order to determine the level
of NO, emissions needed to consistently achieve compliance with an established goal, a review
of typical NOy emissions from coal-fired generating units was completed. As a result of this
review, it was noted that NOy emissions can vary significantly around an average emissions

_ level. This variance can be attributed to many reasons, including coal characteristics, unit load,
boiler operation including excess air, boiler slaggmg, burner equipment condition, coal mill

e -~—~~—--~~»~~~—ﬁneness—and o-forth—- : — S T e e e

The steps utilized for determmmg a level of conﬁdence for the vendor expected value are as .
follows : :

¢ Establish expected NOx em1ssmns value from vendor
‘e Evaluate vendor experience and h1stor1ca1 basis for meeting expected values.

" e Review and evaluate unit physical anid operational characteristics and restrictions. The fewer
* variations there are in- operatlons, coal supply, etc., the more predlctable and less variant the
NO« emlss1ons are. . .

" e Foreach technology expected value there isa correspondmg potent1al for dctual NOx
o }em1ss1ons to-vary-fron this expected value. From the vender information presented, along. -
with-anticipated umt opera’uonal data, an adJustment to the expected value can be made

. Step 4: Evaluate Impacts and Document the Results

This step involves the consideration of energy, envuonmental and econom1c 1mpacts assomated
with each control technology The remammg useful hfe of the plant is also cons1dered durmg the
-evaluation. .

Energy Impacts. Installatlon of LNBS and modification to the existing OFA systems are a0t
_expected to significantly impact the boiler efﬁclency or forced draft fan power usage. Therefore,
‘these technologies will not have energy impacts.

The Mobotec ROFA system requires_ installation and operation of two 4,000 to 4 300 horsepower "
ROFA fans (6,410 kilowatts [kW] total) The SNCR system would reqmre approxunately )
530 kW of" addmonal power.

Selective catalytic reduction retroﬁt impacts the existing flue gas fan systems, due to the
- . additional pressure drop associated with the catalyst, which.is typically a 6- to 8-inch water gage

-JMSlav_fozoqmolSLc\af\RT_Jel;octzooy_ﬂrll\l_.ooc S - S v 1
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increase. Total additional power requirements for SCR installation at Jim Bridger 1 are estimated
at approximately 3,280 kW, based on the S&L Study.

Environmental Impacts. Mobotec has predicted that carbon monoxide (CO) emissions, and
unburned carbon in the ash, commonly referred to as LOI (loss on ignition), would be the same
or lower than prior levels for the ROFA system.

The installation of SNCR and SCR could impact the saleability and disposal of fly ash due to

_ ammonia levels, and could potentially create a visible stack plume, which may negate other
visibility improvements. Other environmental impacts involve the storage of ammonia,
especially if anhydrous ammonia is used, and the transportation of the ammonia to the power
plant site.

Economic Impacts. Costs and schedules for the LNBs and OFA, SNCR, and SCR were furnished
to CH2M HILL by PacifiCorp, developed using S&L.’s internal proprietary database, and

: supplémented (as needed) by vendor-obtained price quotes The relative accuracy of these cost
estimates is stated by S&L to be in the range of plus or minus 20 percent Cost for the ROFA .
system was obtained from Mobotec.

- —AAcompanson of the-technologies-on tllC basis-of costs; design- control- efﬁmencles anc’ﬂcons of” e em
- NOx removed is summarized in Table 3-3; and the first year control costs-are shown in -
Figure 3-4. The complete economic analysis is contained in Appendix A.

. TABLE33"
- NOx Control Cost Comparison. °
) J/mBr/dger1 _ :
L ) . _-LNB with
Low-NOx ) OFAand  LNB with OFA
Bumers - Selective and Selective
_ (LNBs) with. Rotating . - Non-catalytic Catalytic "
.o BRI Over-fire Air  Opposed Fire'  Reduction Reduction
. Factor -~ .(OFA). .. .Air(ROFA) . (SNCR) . - (SCR)
* Total lh'stalled'Capitql Cosis . . $8.7 million- $20.5Tmillion  22.1million ~ $129.6 rillin
Total First Y.éar Fixed and Variable . '$0.1 n-iil_lion‘ $2.6 million ,’$1 5 nillion $3.3 million
Operation and Maintenance Costs - : B C : o . T
Total First Year Annualized Cost - -$0.9 million $4.6 million - $3.6 million $15.6 million -
PowérCon-su.mption (megawatts). -. . o 64 0.5 .- 337 »
Annual Power Usage ' S0 - 508 - 43 - 258
(1,000 megawatt-hours per year) - o . ) . . ) .
Nitrogen Oxide (NO) Design Cantrol 46.7% 511%  556% | 84.4%
Emcmncy . ’ . R . .
,NOxRemovedperYéarﬂan ) 4,967 5,440° . 5913 " 8,987
First Year Average Control Cost : ) p S L
(dolars per ton [$/To n] of NO, Remove d) . $181/(or| . $843_/tor! $613/ton $1,736/ton N
" Incremental Control Cost - T o . C e s
($/Ton of NOx Removed) - o $181/?on $7,797on $2,885/ton_ $3,894Iton
.-'AJM?EY10200{091SLCWART;5B1;OCTM7JINAL.DOC':A ST L T
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BART ANALYSIS FOR JIM BRIDGER UNIT 1

Preliminary BART Selection. PacifiCorp selects LNBs with OFA as BART for Jim Bridger 1
based on its significant reduction in NO, emissions, reasonable control cost, and no additional
power requirements or environmental impacts. This scenario does not meet the EPA

- presumptive limit of 0.15 Ib per MMBtu for sub-bituminous coal, but it does meet an emission
rate that fails between the bituminous coal presumptive limit of 0.28 Ib per MMBtu and the
0.15 b per MMBtu limit for sub-bituminous coal, which, as discussed in the sectlon on coal
quality, is appropriate for this unit.

Step 5: Evaluate Visibility Impacts ~
Please see Section 4, BART Modeling Analysis.

322 BART SO Analysis
- Sulfur dioxide forms in the boiler during the combustion process, and is primarily dependent on
coal sulfur content The BART analysrs for SO, emissions on J im Bnclger 1 is described below.

'Step 1: Identify All Available Retrof t Control Technologles

. __A broad-range-of i informafion-sources-were reviewed, in-an- effortto -identify- poten’rlally—_ U ——

.applicable emission control technologies for SO, at Jim Bridger 1; this included control
technologies identified as BACT or LAER by permitting agencles across the United States

The following potential SOz control technology options were considered:

o Optimize current operation of existing wet sodium FGD syster
- Upgrade wet sodium FGD system to meet SO, emission rate 0f0.10 b per MMBtu -
e New dry FGD system

*. Step 2: Eliminate Technically Infea5|ble Optlons

. Technical fea31b111ty will prlmarrly be based on the regulatory presumptwe limit (used as-a
" guideline) 0f 95 percent reduction in' SO, emissions, or 0.15-1b per MMBtu. Based on the coal
* that Jim Bridger 1 currently burns, the unit would be required to achieve an 87.5 percent SO
removal éfficiency to meet the presumptive limit 0£.0.15 1b per MMBtu.

Table 3-4 sumiharizes the control technology options evaluated in this BART analysis, along
with projected SO, emission rates. Only one technology optlon can meet the apphcable .
presumptlve BART limit of 0 15 Ib per MMBtu. - - :

" MS EYI02007001SLCIBART JB1_OCT2007_FINALDOC + -+~ - - o e T S e
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BART ANALYSIS FOR JIM BRIDGER UNIT 1

TABLE 34

$02 Control Technoldgy Emission Rates

Jim Bridger 1
. Projected Emission Rate
Technology {pounds per million British

. thermal units)
Presumptive Best Available Retrofit Technology (BART) Limit - 0.15
. Upgrade Existing Wet Sodium System . - 0.10
Optimize Existing Wet Sodium System - : 0.20

New Dry Flue Gas Desulfurization System . 0.21

Wet Sodium FGD System. Wet sodium FGD systems operate by treating the flue gas in large .
scrubber vessels with a soda ash solution. The scrubber mixes the flue gas and alkaline reagent
using a series of spray nozzles to distribute the reagent across the scrubber vessel. The sodium
in the reagent reacts with the SO, in the flue gas to form sodmm sulﬁte and SOdIum blsulﬁte
which are removed from the scrubber and disposed.

The wet sodium FGD system at Jim Brldger 1 currently ach1eves approxunately 78 percent
SO; remioval to achieve an SO, outlet emission rate of 0.27 Ib per MMBtu. Optimizing the
existing wet FGD system is projected to achieve an SO, outlet emission rate of 0.20 Ib per
MMBtu (83.3 percent SO, removal). Opt1m12at10n would be accomplished by partially closing
the bypass damper to reduce the routine bypass flue gas flow used to reheat the treated flue gas

" from the scrubbet, relocatmg the opamty monitor, and modlfymg the system to minimize

scaling problems.

Upgradmg the wet FGD system would achleve an SOz outlet emission rate of 0.10 Ib per

. MMBti (91.7 percent SO, removal) Upgrading the system would involve closing the bypass

E damper to eliminate the routine bypass flue gas flow used to reheat the treated flue gas from the -

scrubber, relocating the opacity moriitor, adding new fans, adding a stack liner and drains for -
wet operation, and using a refined soda ash reagent. It is considered to be technically infeasible -

* for the present wet FGD system to achieve a 95 percent SO, removal (0.06 1b per MMBtu) on a.

continuous basis since this hlgh level of removal must be mcorporated into the original de31gn
of the scrubber .

Optlrmzmg the existing wet sodium scrubbing FGD system is prOJected to achleve an outlet ,
emission rate of 0.20 1b per MMBtu, which would not meet the presumptive limit of 0.15 1b per -
MMBtu of SO,. Therefore, this option is eliminated as technically infeasible for this analysis.

_ An upgraded wet sodium scrubbing FGD system is projected to achieve an outlet emission rate -
" 0f 0.10 Ib per MMBtu (91.7 percent SO, removal), which would meet the presumptive limit of

0.15 Ib per MMBtu of SOz for Jim Bridger 1

New Dry FGD System The lime spray dryer typlcally mjects lime sIurry in. the top of the . _
absorber vessel with a rapidly rotating atomizer wheel. The rapid speed of the atomizer wheel -
causes the lime slurry to separate into very fine droplets that intermix with the flue gas. The
SO; in the flue gas reacts with the calciuth in the lime slurry to form dry calcium sulfate

’ partlcles At Jim Bridger 1 this dry partlculate matter would be captured downstream in the

:t - IMSEYIOZOTO0ISLOBARTBI OCTAO7FINALDOC ~~ - - - o - S T e s
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e MlVIBtu

ex1st1ng ESP, along with the fly ash. A lime spray dryer system typleally produces a dry waste
product suitable for landfill disposal.

The dry FGD system with the existing ESP is.projected to achieve 82.5 percent SO, removal at
Jim Bridger 1. This would result in a controlled SO, emission rate of 0.21 [b per MMBtu, based
on an uncontrolled SO, emission rate of 1.20 lb per MMBtu. Therefore, this option cannot meet
the presumptive limit of 0.15 Ib per MMBtu of SO, and is eliminated from further analysis.

Step 3: ' Evaluate Control Effectlveness of Remaining Control Technologles

When evaluating the control effectiveness of SO, reduction technologles, each optlon can be
compared against benchmarks of performance. One such benchmark is the presumptive BART

~ emission limit because Jim Bridger 1 is required to meet this limit. As indicated previously, the

 presumptive limit for 50z 0on a BART-¢eligible coal burning unit is 95 percent removal, or
0.151b per MMBtu. ‘ :

The projected emission rate for an upgraded wet sodium FGD system for Jim Bridger 1 would
be 0.10 Ib per MMBtu. This optlon Would meet the presumpt1ve SO; limit of 0.15 Ib per

Step 4 Evaluate Impacts and Document the Results o

This step involves the consideration of énérgy, énvironmental, and economic 1mpacts
associated with each control technology. The remammg useful life of the plant is also
_considered during the evaluation.

" Energy Impacts Upgrading the e)ustmg wet sodlum FGD system would requlre an add1t10na1

530 kW of power.

"Environmental !mpacts There will be mcremental addltxons to sciubber waste dlsposal and
makeup water requxrements, and a'reduction of the stack gas temperature from 140°F to 120°F

* due to elimination of reheating by'the bypassed ﬂue gas

Economic Impacts. A summary of the costs and amount of SOz removed for the upgraded wet
sodium FGD system is provided in Table 3-5: The complete economic analysis is contamed in
Appendix A.

Preliminary BART Selection. CH2M HILL recommends upgrading the emstmg wet sodium FGD
~ system as BART for Jim Bridger 1, based on significant reduction in SO, emissions (ineeting
" -presumptive limit 0f0.15 Ib per MMBtu), reasonable control costs, and the advantages of

. minimal addmonal power requirements and environmental meacts

Step 5: Evaluate Visibility Impacts :
Please see Section 4, BART Modeling Analysis. = -
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TABLE 35
$02 Control Cost Comparison (Incremental to Existing FGD System)
Jim Bridger 1 .
Factor - Upgraded Wet FGD

Total Installed Capital Costs - $13.0 million
Total First Year Fixed and Variable Operation and $1.3 million
Maintenance Costs . . : -
Total First Year Annualized Cost _ : $2.5 million
Additional Power Consumption (megawatts) . - 0.5
Additional Annual Power Usage : 42
(1,000 megawatt -hours per year) o
incremental Sulfur Dioxide (S0g) Design Control 62.5% (91.7% based on Uncontrolled SO3)
Efficiency ) .

_ !ncremental Tons SOz Removed per Year - ) T ) 3,950
First Year Average Control Cost (dollars per ton 632

" [$/Ton] of SOz Removed) . .

] lncremenial Gontrol Cast - 7T T T e e e e e e e

($/Ton of SO, Removed) ST B

323. BART PM1o AnalySIs

Jim Bridger 1 i is currently equ1pped with an ESP. Electrostatlc preclpltators remove partlculate
_matter (PM) from the flue gas stream by charging fly ash particles.with a very high direct

current voltage, and-attracting these charged particles to grounded collection plates A layer of
collected PM forms on the collecting plates and is removed by periodically rapping the plates
The collected ash particles-drop into hoppers below the precipitator and are removed -
periodically by the ﬂy ash—handhng system. Historically, the ESP at .Tlm Brldger 1 has
controlled PM;o emlssmns to levels below 0:045 1b per MMBtu: -

The BART analy51s for PMj, emissions atJi 1m Bndger lis descrtbed below. For the modehng '

 .analysis in Section 4, PMo was used as an indicator for PM, and PM;, incliides partlculate

matter less than 2.5 micrometers in aerodynam1c dlameter (PMa.5) asa subset

Step 1: ldentlfy All Avallable Retrof t Control Technologles
Two retrofit control technolog1es have been 1dent1ﬁed for additional PM control

+ Flue gas conditioning
. Pohshmg fabric filter (baghouse) downstream of exxstmg ESP.-.

Another available control technology is replacing the existing: ESP with a new fabnc filter.

_ Howeyver, because the environmental benefits that would be achieved by a replacement fabric

filter are also achieved by installing a polishing fabric filter downstream of the existing ESP at

" lower costs, mstallatron ofa full—sme fabric filter was not considered in the anafysis.

© .. IMSEYIOZOTOUISLCIBART_JB1 OCT2OFINALDOC. - S e e 7
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Step 2: Eliminate Techmcally lnfeasmle Options

Flue Gas Conditioning. If the fly ash from coal has high reswtlvrty, such as fly ash from
sub-bituminous coal, the ash is not collected effectively in an ESP. This is because the high
resistivity makes the particles less willing to accept an electrical charge. Adding flue gas
conditioning (FGC), which is typically accomplished by injection of sulfur trioxide (SO3), will
lower the resistivity of the particles so that they will accept more charge and allow the ESP to
collect the ash more effectively. Flue gas conditioning systems can account for large
improvements in collection efficiency for small ESPs. Therefore, the technology is retamed as
technically feasible. :

Polishing Fabric Filter. A pohshmg fabric filter could be added downstream of the e)ustmg ESP
“at Jim Bridger 1. One such technology is licensed by the Electric Power Research Institute, and
referred to as a COHPAC (Compact Hybrid Particulate Collector). The COHPAC collects the
ash that is not collected by the ESP, thus acting as a polishing device. The ESP needs to be kept
in service for the COHPAC fabric filter to operate effectively. - =~ -

The COHPAC fabric filter is about one-half to two-thlrds the size of a full-size f’abrlc ﬁlter

_.-because the COHPAC has a higher air-to-cloth ratio (7 to_9:1), compared to aﬁlesrzepu]se Jet,__..._.___

fabric filter (3.5 to 4:1). This technology is retamed as'technically feasible.”

. Step3: Evaluate Control Effectiveness of Remammg Control Technologles

- Jim Bridger 1

The existing ESP at Jim Bridger 1 is achieving a controlled PM emission rate of 0. 0451b per

MMBtu. Utilizing flue condrtlonmg upstream of the existing ESP is projected to reduce PM
“emissions to approximately 0.030 Ib per MMBtu. Adding a COHPAC fabric filter downstream

of the exrstmg ESP is.projected to reduce PM emissions to approxxmately 0.015'1b per MMBtu.

- The PMlo control technology emission rates are summanzed in Table 3 6.

TABLE 3-6 -
PMso Control Techno!ogy Emnssuon Rates i

- Short-Term Expected PMio® Emission Rate - .

AContr.ol T."“““°’°.9V, {pounds per million British thermal units)

Flue Gas Conditioning R 0.030
Polishing Fabric Fiter S . e . o015
NOTES: T i

@Phyo refers to particulate matter less than 10 mlcrometers in aerodynamlc diameter
Step 4: Evaluate Impacts and Document the Results
This step.involves the consideration of energy, envrronmental and ‘economic impacts

associated with.each control technology. The remaining useful life of the plant is also
considered durmg the evaluatlon :

'Energy Impacts Energy is requrred to overcome the addmonal pressure drop from’ the
COHPAC fabric filter arid associated ductwork. Therefore, a COHPAC retroﬁt will require an -
internal- dlameter fan upgrade and upgrade of the aux111ary power, supply system.

A'COHPAC fabrlc filter at Jim Bridger 1 would reéquire approxunately 3.4 MW of power,
equating to an annual power usage of apprommately 26.7 m11110n kw hours .
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BART ANALYSIS FOR JIM BRIDGER UNIT 1

There is only a small power requirement of approximately 50 kW associated with flue gas

conditioning.

Environmental Impacts. There are no negatxve environmental 1mpacts from the addition of either
a COHPAC polishing fabric filter or FGC system.

Economic Impacts. A summary of the costs and PM removed for COHPAC and FGC is
recorded in Table 3-7, and the first-year control costs for FGC and fabric filters are shown in
Figure 3-5. The ci)mplete economic analysis is contained in Appendix A.

($/Ton of PM Removed) .

TABLE 37
Pho Contral Cost Comparison (Incremental to EX|st|ng ESP)
Jim Bridger 1
Flue Gas
Factor Conditioning’ Polishing Fabric Filter
Total Installed Gapital Costs $0 © $48.4 miliion
Total First Year Fixed and Variable Operatlon and $0.2 million $1.8 million
Maintenance Costs T
Total First Year Annualized Cqét‘ . $0 2 mllllon $6 4 mllllon ’
* Additional Power Corisumption (megéwatts)‘ '0.05 34
‘Additional Annual Power Usage 0.4 " 287 -
" (1,000 megawatt-hours per year)
Incremental Partlculate Matter (PM) DESlgn Control 33.3% 66.7%
Efficiency
Incremental Tons PM.Removed per Yéar 355 710
First Year Average Control Cost ’ . -
(dallars per ton [$/Ton] of PM Removed) 495 . 893
Incremental Control Cost ’ 495 17,452

Prelimiﬁaw' BART Selection. Péci'ﬁCorp selects FGC as BART for Jim Bridger 1 based on its

- Step §: Evaluate Visibility Impacts
Please see Section 4, BART Modelmg Ana1y51s

. IMS EY102007001.S‘L(‘,_\BARTJBLOCTZOOLFINALDOC 2

. significant reduction in PM emissions, reasonable control cost, minimurn addmonal power
- requirements; and no environmental. 1mpacts

g
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40 BART Modeling Analysis

4.1 Model Selection

CH2M HILL used the CALPUFF modeling system to assess the v131b111ty 1mpacts of emissions
from Jim Bridger 1 at nearby Class I areas. The Class I areas potentially affected are located
more than 50 kilometers, but less than 300 kilometers, from the Jlm Bridger 1 facility. The

" Class I areas include the followmg wilderness areas (WA):

-~ o Bridger WA
- o Fitzpatrick WA
e Mt. Zirkel WA

The CALPUFF modeling system includes the CALMET meteorologxcal model, a Gaussian-

R T putt dISpeI'SIOﬂ‘mOdel (CALPUFF) with-algorithnis for-chemical transformation-and—— -~ = = === = ==

deposition, and a post processor capable of calculating’ concentrations, visibility impacts, and

* deposition (CALPOST). The CALPUFF modelmg system was applied in a full, refined mode.
Version numbers of the various programs in the CALPUFF system used by CH2M HILL were
as follows:

: e CALMET Version 5. 53a, Level 040716
e - CALPUFF Version 5.711a, Level 040716
CALPOST Version 5 .'5_1, Level 030709

4.2 CALMET Methodology

421 Dimensions of the Modelmg Domain

. -CH2M HILL used the CALMET model to generate a three-dimensional wind field and other

" meteorological parameters suitable for use by the CALPUFF model. A modeling domain was
established to encompass the Jim Bridger. 1 facility and allow for a 50-kilometer buffér around -
the Class I areas that were within 300 kilometers of the facility. Grid resolution was ~ -

4 kilometer. Figure 4-1 shows the éxtent of the modeling domain. Except when specifically
instructed otherwise by the Wyoming Department of Environmental Quahty—Alr Quality
Division (WDEQ-AQD), CH2M HILL followed the methodology spelled out in the
WDEQ-AQD BART Modehng Protocol, a copy of whlch is included i in thls report as
Appendix B." . .

CH2M HILL used the Lambert Conformal Comc map prOJeotlon for the analysis due to the
" large extent of the domain. The latitude of the projection origin and the longitude of the central
_ meridian were chosen at the approximate center of the domain. Standard parallels were drawn
to represent one-sixth and five-sixths of the north-south extent of the domam to minimize |
dlstomon in the north-south d1rectxon ) . ‘
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BART ANALYSIS FOR JIM BRIDGER UNIT 1

The default technical options listed in TRC Companies, Inc.’s (TRC) current example
CALMET.inp file were used for CALMET. Vertical resolution of the wind field included ten
layers, with vertical face heights as follows (in meters):

. 0,20, 40, 100, 140, 320, 580, 1020, 1480, 2220, 3500

Other user-specified model options were set to values established by WDEQ-AQD, which
appear in Table 3 of Appendix B. Table 4-1 lists the key user-specified options used for this
analysis.

“TABLE 4-1

User-specified CALMET Options
Jim Bridger 1 : -
. CGALMET Input Parameter - Value
CALMET InputGroup2
o Map projection (PMAP) . F— ) T Lambert Conformal
| Gridspacing(OGRIDKM) - . _ .4 oo
Number vertical 'lay'ers'(N'Z) o e . 10
Top of lowest léyer(m) : ' 4 ) o .20
Top of hlghest Iayer (m) - ) e 3500
CALMET Input Group 4 ) 4 | ' i
al;sewatlon mode ( (NOOBS) - _. o : )
"cXLMET |nputGmupé o ' -
* -Prog. Wnd date;ﬁﬁRoe) B ~ _=.~'_ 14
CmuAxy o w
CR®MAX2) - L 50
. Terram influence (TERRAD)- I : - . 15
' ®RO_C- ' s ‘
_ R2) - S 25 ) -
T GALMET Input Group 6 T T ' .

Max mixing ht(ZIMAX) oo .~ 3500 .

422  CALMET Input Data

CH2M HILL ran the CALME‘,T mode] to produce 3 years of analysns 2001 2002, and 2003
WDEQ-AQD provided 12-kilometer resolution Mesoscale Meteorological Model, Version 5 -
(MMS5) meteorological data fields that covered the entire modeling domain for each study year.

These three déta sets wére chosen because they are current and have bee;i evaluated for quality.
‘The MMS5 data were used as input to CALMET as the “initial guess” wind field. The initial
guess wind field was adjusted by CALMET for local terrain and land usé effects to generate a - -

" JMS EY102007001SLCIBART_JB1.0CT2007_FINALDOC T SR SR 43
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__ BART ANALYSIS FOR JIM BRIDGER UNIT 1

Step 1 wind field, and further reﬂned using local surface obsetvations to create a final Step 2
wind field.

Surface data for 2001 through 2003 were obtained from the National Climatic Data Center.
CH2M HILL processed the data from the National Weather Service’s Automated Surface
Observing System network for all stations that are in the domain. The surface data were
obtained in abbreviated DATSAV3 format. A conversion routine available from the TRC Web
site was used to convert the DATSAV3 files to CD-144 format for input into the SMERGE
preprocessor and CALMET.

Land use and terrain data were obtained from the U.S. Geological Survey (USGS). Land use
data were obtained in Composite Theme Grid format from the USGS, and the Level I USGS
land use categories were mapped into the 14 primary CALMET land use categories. Surface
properties such as albedo, Bowen ratio, roughness length, and leaf area index were computed
from the land use values. Terrain data were taken from USGS 1-degree Digital Elevation

- Model data, which primarily derive from USGS 1:250, 000 scale topographic maps. Missing
land use data were filled with values that were assumed appropnate for the mlssmg area.

=== - - —Precipitation daLa were -obtained- from-the] National Climatic-Data-Center. All- avaﬂable data-in—---—---

* fixed-length, TD-3240 format were obtained for the modeling domain. The list of available
- stations that have collected complete data varies by year, but CH2M HILL processed all
. available stations/data within the domain for each year. Precipitation data were prépared with
the PXTRACT/PMERGE processors in preparatlon for use within CALMET.

Upper-air data were - prepared for the CALMET niodel with the READ62 preprocessor for the -
followmg stations: .

Denver, Colorado

Salt Lake City, Utah
Riverton, Wyommg T
Rapxd Clty, South Dakota

* Figure 4-2 shows the locatlons of surface and upper : air statlons w1th1n the MMS modehng
domain. : ) . .

4. 2 3 Valldatlon of CALMET Wmd Field -

C-.. CH2M HILL used the CALDESK data display and analysm system (v2 97, Envn:omodelmg
Ltd.) to view plots of wind vectors and other meteorologmal parameters to evaluate the
- CALMET wind fields. The CALDESK dlsplays were compared to observed weather -
~ conditions, as depicted in surface and upper-air weather maps (Nat10na1 Oceamc and
Atmospheric Adrmmstratlon 2006) .
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- BART ANALYSIS FOR JIM BRIDGER UNIT 1

4.3 CALPUFF Modeling Approach

For the BART control technology visibility improvement modeling, CH2M HILL followed
WDEQ-AQD guidance provided (WDEQ-AQD, 2006).

CH2M HILL drove the CALPUFF model with the meteorological output from CALMET
over the modeling domain described earlier. The CALPUFF model was used to predict
visibility impacts for the pre-control (baseline) scenario for comparison to the predlcted
impacts for post-control scenarios for Jim Bridger 1.

431 Background Ozone and Ammonia

Hourly values of background ozone concentrations were used by CALPUFF for the

calculation of SO, and NO, transformation with the MESOPUEF 1I chemical transformation
-scheme. CH2M HILL obtained hourly ozone data from the followmg stations located w1thm
| the modelmg domain for 2001, 2002, and 2003:

Rocky Mouutam National Park, Colorado

Craters of the Moon National Park ‘Idaho
Highland, Utah

Thunder Basin National Grasslands, Wyoming: .
Yellowstone National Park, Wyoming
Centennial, Wyoming

Pinedale, Wyoming

. For periods of mxssmg hourly ozone data, the chemical transformation telied on'a monthly
default value of 44 parts per billion, Background ammonia was set to 2 parts per billion. Both :
of these background values were taken from the guldance document (WDEQ-AQD 2006)

s 4 3. 2 Stack Parameters

" The stack parameters used for the baseline modelmg refléct those that are in place under the
- current permit for Jim Bridger 1. Post-control stack parameters reflect the anticipated
changes associated with installation of the control technology alternatives that are being

" .. evaluated. The maximum heat input rate of 6,000 MMBtu per hour was used to calculate a

maximum emission rate. Measured velocities and stack ﬂow rates were used in the modehng
fo represent a worst-case situation.

43.3 Emission Rates

~ Pre-conttol emission ‘fates for Jim Bridger 1 reflect peak 24-hour average emissions that may
. occur under the source’s current permit. The emission rates reflect actual emissions undei
* normal operating conditions, as described by the EPA in the Regional Haze Regulations and
Guzdelmes for BestAvazlabZe Retroﬁt Te echnology Determmatzon.s', anal Rule (40 CFR
Part5 1)

CH2M H]LL used avallable continuous emission momtormg data to determine peak 24-hour
.emission rates. Data reflected operations from the most recent 3- to 5-year petiod, unless a
more recent penod was more representatlve Allowable short—term (24-hour or shorter penod)

* - JMS EY102007001SLCIBART_JBY_OCT2007_FINALDOG e T . 48
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BART ANALYSIS FOR JiM BRIDGER UNIT 1

emissions or short-term emission limits were used if continuous emission monitoring data
were not available.

Emissions were modeled for the following pollutants:

s SO,

e NOy

« Coarse particulate. (PMz 5<d1ameter<PM10)
« Fine particulate (diameter<PM, s)

«. Sulfates

Post—control emission rates reflect the effects of the emissions control scenario under
consideration. Modeled pollutants were the same as those listed for the pre-control scenario.

‘434 Post-control Scenarios :
" Four post-conttol modeling scenarios were developed to cover the range of effectiveness for

the combination of the individual NOy, SO, and PM control technologies being evaluated.
The selection of each control device was made based on the engineering analyses described in

Secfion 3 for reasonable technologies that would meet or exceed the presumptlve BAZRT
levels for each pollutant :

. '-' Scenario 1: New LNB with OFA modtﬁcatlons, upgraded wet FGD system, and flue gas -

conditioning for enhanced ESP performance. As indicated previously, th1s scenano
represents CH2M HILL’s prellmmary BART recommendatlon

. 'Scenarlo 2: New LNB ‘with OFA modlﬁcatlons upgraded wet FGD system, ‘and new

pohshmg fabric filter

".e  Scenario 3: New LNB w1th OFA modlﬁcatlons and SCR, upgraded wet FGD system and

flue gas condmomng for, enhanced ESP performance

L. Scenario 4: New LNB with OFA modlﬁcatxons and SCR upgradecl wet FGD system, and '

new pohshmg fabric ﬁlter

The ROFA option and LNB with OFA and SCR opt10n for NOx control were not mcluded in -’
the modeling scenarios because their control effectiveness is between the LNB with OFA

.option and the SCR option. Modelmg of NOy, SO, and PM controls alone was not performed

because any final BART solutlon w111 include a eombmanon of control technologies for NOX,
SOz, and PM. . i

- Table 42 presents the stack parameters and emission rates used for the I im Bridger 1 analysw v

for baseline and post-control modeling. In accordance with the WDEQ BART modeling

- protocol, elemental carbon stack emissions and organic aerosol emissions were not modeled.
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BART ANALYSIS FOR JIM BRIDGER UNIT 1

43.5 Modeling Process

The CALPUFF modeling for the control technology options for Jim Bridger 1 followed this
sequence: .

Model pre-control (baseline) emissions

Model preferred post-control scenario (if applicable)
Determine degree of visibility improvement

Model other control scenarios

Determine degree of visibility improvement

Factor visibility results into the BART five-step evaluatlon

4.3. 6 Receptor Grids

Discrete receptors for the CALPUFF modehng were placed at uniform receptor spacing along
the boundary and in the interior of each area of concern. Class I area receptors were taken’
from the National Park Service database for Class I area modeling receptors. The TRC
COORDS program was used to convert all latitude/longitude coordinates to Lambert -

- - —Conformal- -Gonic-coordinates;- .ncludmg receptefs meteerelcglcal -stations; and source- - - -0 oo oo -

locations. L
44 CALPOST ,
- The CALPOST processor was used to determine 24-hour average visibility results with output'»
specified in deciview (dV) units. Calculations of light extinction were made for each pollutant
" modeled. The sum of all extinction values were used to calcillate the delta-dV (A dV) change-

. relative to natural background. The followmg default hght extinction coefficients for each
" pollutant, as shown below, were used :

Ammomum sulfate . 3.0°

Ammonium nitiate . 3.0 -

PM coarse (PMig) 06 .
"PM fine (PMzs) 10 .

Organic carbon 4,0

. Elemental carbon 10. 0

. “CALPOST visibility Method 6 was used to determme the v1s1b1hty impacts. Monthly relatwe
~ humidity factors [f (RH)] were used in the light extinction calculations to account for the
hygroscopic characteristics of nitrate and sulfate particles. Table 5 of the Wyoming BART

Air Modeling Protocol (Appendix B) lists the monthly S(RH) factors for the Class I areas.

. These values were used for the partlcular Class I area bemg modeled

The natural background conditions as a reference for determmmg the A dV change =

"represented the 20 percent best natural visibility days. The EPA BART guidance document

.provided dV values for the 10 percent best days for each Class I area, but did not provide
individual species concentration data for the 20 percent best background conditions: Species

_ concentrations corresponding to the 20 percent best days were calculated for each Class I area

-~ by scaling back the annual average species concentrations given.in Table 2-1 of Guidance for
: Estzmatmg Natural Vlszbzllty Conditions Under the Regzonal Haze Rule (EPA 2003) A
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BART ANALYSIS FOR JIM BRIDGER UNIT 1

separate scaling factor was derived for each Class I area such that, when multiplied by the
Guidance table annual concentrations, the 20 percent best days dV value. for that area would
be calculated. This procedure was taken from Protocol for BART-Related Visibility
Improvement Modeling Analysis in North Dakota (North Dakota Department of Health,
2005). However; the Wyoming BART Air Modeling Protocol (see Appendix B) provided
natural background concentrations of aerosol components to use in the BART analysis.
Table 4-3 lists the annual average species concéntrations from the BART protocol.

TABLE 4-3 .-
Average Natural Levels of Aerosol Components
Jim Bridger 1 . _ . _
L Average Natural Conc_entration Average Natural Conc_entration
Aerosol Component L ea T for Fitzpatick and Bridger Glaes |
) Wilderness Area ) . - WiIQerness Areas
Ammonium Sulfate - T 0.046 LT T 0.045
Ammonium Nitrate . .00 . ' o '0.038
“-OrganicCafbon ™. ~ .7 U T T)W ol s """:'.""?"T_(Jﬁ"_ T o
_Elemental Carbon L 0008 L 0.008
Soll. -~ . eae0- - o8
. Coarse Mass - . ) A .1.141 ‘ _~ v -7 1136
NOTES: =

: 'Data in thrs table was taken from Table 6 of the Wyommg BART All‘ Modellng Protecol

4.5 Presentatlon of Modelmg Results

'.ThlS sectlon presents ‘the results of the CALPUFF v131b111ty 1mprovement modehng analy81s .
- for-Jim Brldger 1. . L .

_"4 51° V|5|b|l|ty Changes for Basellne vs. Preferred Scenarlo

- CH2M HILL modeled Jim Bridger 1 for the basehne and the post-control scenarios. The post-
- control s scenario included emission rates for SO, NO,, and PMj that would be achieved 1f

BART state-of the—art technology were mstalled on Unit 1

Baseline (and post-control) 98™ percentile results were greater than 0. 5 AdV for the
Bridger, WA, Fitzpatrick, WA, and Mt. Zirkel, WA The gt percentlle results for each -
Class Larea are presented in Table 4-4., )
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5.0 Preliminary Assessment and
Recommendations

As a result of the completed technical and economic evaluations, and consideration of the
modeling analysis for Jim Bridger 1, the preliminary recommended BART controls for NOy,
. 80O,, and PM are as follows: '

- New LNBs and modifications to the OFA system for NOy control
« Upgrade wet sodium FGD for SO, control
« Add flue gas condmomng upstream of emstmg ESPs for PM control

" The above recommendations were 1dent1ﬁed as Scenario 1 for the modelmg ana1y51s
. described in Section 4. Visibility improvements for all émission control scenarios were
- ~ analyzed, and the results are compared below, utilizing a least-cost envelope; as outlined in -
— e —the-New-Source Review Workshop Manual (EPA 1990 hereaﬁerrexerredTo asthe] NaR—"— T T
: ' g : Manual) ) - : T

5.1 Least-cost Envelope AnaIySIs

The total annualized cost, cost per dV reductlon, and cost per reduction in number of days
above 0.5 dV for the scenarios modeled in Section 4 to determine the impact on the three
'Class I areas are listed in Tables 5-1 through 5-3.’A conparison of the incremental costs
~ between relevant scenarios is shown in Tables 5-4 through 5-6. The total; annuahzed cost
. versus number of days above 0.5 dV, and the total annualized cost Versus og™h percentlle AdV
' reductlon are shown in Flgures 5-1to 5-6 for the three Class Iareas. . -

5, 1 1 Analy5|s Methodo!ogy

'_On page B-41 of the NSR Manual, EPA states that “Incremental cost-effectlveness -
comparisons should focus on annualized cost and emission reduction differences between -
_ dominant alternatives. Dominant set of control alternatlves are determined by generating’
what is called the envelope of least-cost alternatives. This is a graphical plot of total
- . annualized costs for a total emissions reductions for all control alternatives 1dent1ﬁed in the s
BACT analysm » '

An analysis of incremental cost effectiveness has been conducted This ana1y51s was |

- performed in the following way. First, the control option scenarios are ranked in ascending
order of annualized total costs as shown in Tables 5-1 through 5-3. The incremental cost-
effectiveness data, expressed per day and per dV, represents a comparison of the different
_scenarios, and is summarized in Tables 5-4 through 5-6 for each of the three ‘wilderness :
“areas. Then the most reasonable smooth curve of least-cost control option scenarios is plotted.
for each analysis. Figures 5-1 through 5-6 present the two analyses (cost per dV reduction
and cost per reduction in number of days above 0.5 dV) for each of the three Class T areas
unpacted by the operatlon of Jiin Bridger 1. 2 -
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BART ANALYSIS FOR JIM BRIDGER UNIT 1

In Figure 5-1, the four scenarios are compared as a graph of total annualized cost versus
number of days above 0.5 dV. EPA states that “In calculating incremental costs, the analySis
should only be conducted for control options that are dominant among all possible options.”
In Figure 5-1, the dominant set of control options, Scenarios 1, 3, and 4, represent the
least-cost envelope depicted by the curvilinear line connecting them. Scenario 2 is an inferior
option and should not be considered in the derivation of incremental cost effectiveness.
Scenario 2 represents an inferior control, because Scenario 1 provides approximately the
same amount of visibility impact reduction for less cost than Scenario 2. The incremental

- cost effectiveness-is determined by the difference in total annual costs between two
contiguous scenarios divided by the difference in emissions reduction.

TABLE 5-1

Jim Br/dger 1

- Control Scenario Resuits for the Bndger Class | Wlldemess Area

Scenario * Controls

o8t

_..Percentile__
T declwew

{dV)-".

Reductxon

Average.
Number of
_Days = ____

~ "Aboave . -

- 0.5dV

(Days)

. Cost per
Total .. __
Annualized
" Cost
(Million$)

- Reduction
 (Million$/dV

Costper -
Reduction in
_dVv________No.ofDays - __
Above 0.5 dV
{ (Million$/Day” ~-".~
Reduced) Reduced)

Base  Current Operation with ~ -
.~ Wet Flue Gas
Desulfurization (FGD),
" and Electrostatic
Precipitator (ESP)

1 Low-NOyx Burners (LNBs})
- with Over-fire Air (OFA),
" ".Upgrade Wet FGD, and
Flue Gas Conditioning .
(FGC) for Enhanced ESP
Performance - .

-2 LNB with OFA, Upgrade

Wet FGD, New Fabric
Filter

3- LNB with OFA and -
. " Selective Catalytic
 Reduction (SCR),
"+ Upgrade Wet FGD, and -
FGC for Enhanced ESP
Performance

4 LNB with OFA and SCR, .
Upgrade Wet FGD, New
Fabnc Filter

000" -

0.44

) 047’

0.63 -

0.65

0.0 .

10.0

10.7

137

14.0

$0.0

$34.

| $08 -

$18.1

. $245

$0.0 - $0.0

$7.7. . %03

S $210- . . $09

$286 . - $1.3

~ $37.8 $1.7

T MSEY102007001SLCIBART JB1_OCT2007_FINALDOC -
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BART ANALYSIS FOR JIM BRIDGER UNIT 1

TABLE 52
Control Scenario Resuilts for the Fitzpatrick Class | Wilderness Area
Jim Bridger 1 .
~ Average . Cost per
98" Number of Costper  Reduction in
Percentile Days Total dv . No. of Days
deciview Above Annualized . Reduction Above 0.5 dV
(dv) 0.5 dv Cost (Million$/dV  (Million$/Day
Scenario Controls Reduction (Days) - -(Milion$) Reduced) Reduced)
Base  Current Operation with Wat 0.00 0.0 $0.0 $0.0 - $0.0
Flue Gas Desulfurization ) :
(FGD) and Electrostatic
. Precipitator (ESP)
1 -~ Low-NOy Burner (LNB) with 0.23 " 5.0 $3.4. $14.6 $0.7
Over-fire Air (OFA), ’ .
Upgrade Wet FGD, and
Flue Gas Conditioning
(FGC) for Enhanced ESP
‘Performance .
T T T T T T T T TINB WIth OFA, Upgrade T 025 T TRy T T U9 8T TUTE39.0 LT T g2 T T T T
L o . . WetFGD, New Fabric Filter . R - .
-3 7 LNB with OFA and 0.34 - 70 - - $18.1 $53.0. $2.6
Selective Catalytic R
Reduction (SCR), Upgrade
Wet FGD, and FGC for
Enhanced ESP-
- Perfomance ) . )
4° LNB with OFA and SCR, 034 7.0 . . $245 $71.0 $3.5
‘Wet FGD, Fabric Filter - - L . . )
1
NS EY102007001SLCIBART_JB1_OCT2007_FIRALDOC. -
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BART ANALYSIS FOR JIM BRIDGER UNIT 1

TABLE 5-3
Control Scenario Results for the Mt. Zirkel Class | Wilderness Area
Jim Bridger 1 ,
: Average Cost per
gg" - Number of Gost per Reduction in
Percentile Days Total dv No. of Days
deciview Above Annualized Reduction Above 0.5 dV
T (dv) 0.5 dv Cost (Million$/dV  (Miltion$/Day "
Scenario Controls Reduction (Days) (Million$) Reduced) Reduced)
Base Current Operation with Wet 0.00 0.0 $0.0 $0.0 $0.0
" Flue Gas Desulfurization .
(FGD) and Electrostatic
Precipitator (ESP).
1 Low-NOx Burner (LNB) with 0.56 17.0 $34 $6.1 $0.2
’ Over-fire Air (OFA), . .
Upgrade Wet FGD, and
" ‘Flue Gas Conditioning
". (FGC) for Enhanced ESP
Performance . .
- 2 LNB with OFA, Upgrade 081 177 $9.8 _9$160 - $06
T T T T T T Wet FGD, New Fabric Filter . . - ) . oL
3 LNB with OFA and “087 213 U $18.1 $20.8 - $0.7
" Selective Catalytic : : : . -
- Reducticn (SCR), Upgrade -
Wet FGD, and FGC for
Enhanced ESP-
Performance ’ .
4 LNB with OFA and SCR '0.88 283 $24.5 $27.8. $0.9
Upgrade Wet.FGD; New : ’ -
Fabric Filter
.TABLE 54 )
~Bridger Class 1 Wildemess Area lncremental Analysm Data
~AMWEM@#1 .
" Inctemental o .
Reduction in e * Incremental
Days Above Incremental dV . Incremental Cost Cost
o . . .0.5 deciview Reductions Effectiveness Effectiveness
Options Compared -. (dV)(Days) (dV) ‘(Million$/Days) {Million$/dV) _
Baseline and Scenario 1 100 044 . $03.° $7.7
Scenario 1 and Scenafio2 - - 0.7 0.03 " $95 $2387
Scenario 1 and Scenario 3 37 0.19 - §40 .$755 -
Scenario 1 and Scenario 4 40 0.21 - $5.3 " $1013
s EY102007001SLCIBART_JB1_0CT2007_FINALDOC ' 84~
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BART ANALYSIS FOR JIM BRIDGER UNIT 1

TABLE 5-5
Fitzpatrick Class | Wilderness Area Incremental Analysns Data
Mn&m@w1
Incremental :
Reduction in . Incremental
Days Above IncrementaldV  Incremental Cost Cost
0.5 deciview Reductions Effectiveness Effectiveness
Options Compared (dV) (Days) (dv) - (Million$/Days) (Million$/dV)
Baseline and Scenario 1 5.0 0.23 $0.7 $14.6
Scenario 1 and Scenario 2 - n/a . - 0.02 n/a $353.7
Scenario 1 and Scenario 3 2.0 0.11 $7.4 $134.9
Scenario 1 and Scenario 4 2.0 0.11 $10.5 - $188.1
TABLE 5-6
Mt. Zirkel Class | Wlldemess Area Incremental Analysrs Data
—Jimt Bﬂdger1 o o T T T e e e e
Incrémental o
Reduction in S Incremental
Days Above Incremental dV  Incremental Cost- .  ~ Cost
’ 0.5 deciview Reductions - Effectiveness ~ Effectiveness
) Options Compared (dV) (Days) (dv) (Million$/Days) (Million$/dV)

- Baseline and Scenario 1 © 170 - 0.56 $0.2 $6.1 -
Scenario 1 and Scenario 2 0.7 - 0.05 $9.5 $128.2,
Scenario 1 and Scenario 3 10.3 031 $1.4 - $47.5
"Scenario 1'and Soengrio4 11.3 - 0.32 $1.9 $65.5 .

JMS EY102007001SLCIBART_JB1_OCT2007_FINALDOC = 55
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BART ANALYSIS FOR JiM BRIDGER UNIT 1

FIGURE 5-1
Least-cost Envelope Bridger. Class | WA Days Reduction
Jim Bridger 1
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BART ANALYSIS FOR JiM BRIDGERUNIT 1

FIGURE 5-3
Least-cost Envelope Fitzpatrick Class | WA Days Reduction
Jim Bridger 1
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BART ANALYSIS FOR JIM BRIDGER UNIT 1

FIGURE 5-5
Least-cost Envelope Mt, Zirke! Class | WA Days Reduction
Jim Bridger 1~
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BART ANALYSIS FOR JIM BRIDGER UNIT 1

5.1.2  Analysis Results

Results of the least-cost analysis, shown in Tables 5-1 through 5-6 and Figures 5-1 through 5-6
on the preceding pages, confirm the selection of Scenario 1, based on incremental cost and
visibility improvements. Scenario 2 is eliminated because it is to the left of the curve formed by

‘the dominant control alternative scenarios, which indicates a scenario with lower improvement

and/or higher costs. Scenario 3 is not selected dug to very high incremental costs on the basis of
both a cost per day of improvement and a cost per dV reduction. While Scenario 4 provides
some potential visibility advantage over Scenario 1, the projected improvement is less than half

-adV, and the projected costs are excessive.

_ Analysis of the results for the Jim Bridger WA Class I Area in Tables 5-1 and 5-4 and

Figures 5-1 and 5-2 illustrates the conclusions stated above. The greatest reduction in 98™
percentile dV and number of days exceeding 0.5.dV is between the Baseline arid Scenario 1.
The average incremental cost effectiveness for Scenario 1 compared to the Baseline for the

. Bridger Wilderness area (Table 5-4) is reasonable at $300,000 per day and $7.7 million per dV.

However, the incremental cost effectiveness for Scenario 3 compared to Scenario 1 is excessive

__at $4 million per day and $75 5 nulhon per dv. Therefore Scenano 1 represents BART for -
'JIII] Bridger 1. . - _ .

52 Recorﬁmendatibns -

521 NO« Emlssmn Control

" The BART presumptive NOx hrmt a331gned by EPA for tangentially-fired boﬂers burmng :

sub-bituminous coal is 0.15 1b per MMBtu. However, as documented in Section 3.2.1, the
characteristics of the Jim Bridger coals are more closely alxgned w1th bituminous coals, with a
presumptlve BART NO limit of 0.28 1b per MMBtu,

. -CH2M HILL recommends the existing Tow-NO; burners w1t11 over—ﬁre air (LNB w1th OFA) as

BART for Jim Bridger 1, based on the projected 31gn1ﬁcant reduiction in NOy emissions, .

. ‘reasonable control costs, and the advantages of no additional power requireiments or non-air
. quality environmental impacts. Nitrogen oxide reductions are expected to be similar tothose
- realized at Jim Bridger 2. CH2M HILL recommends that the unit be penmtted at arate of
0. 26 Ib per MMBtu. .

5 2.2 . ‘SO, Emission Control

: . CH2M HILL recommends upgrading the existing wet sodlum FGD system as BART for
- Jim Bridger 1, based on the significant reduction in SO, emissions, reasonable-control costs,

and the advantages of minimal additional power requirements and minimal non-air quality _
environmental impacts. This upgrade approach will meet the BART presumptlve SOz limit of _
0.15 Ib-per MMBtu. . .

5 2. 3 PMm Emission Control

- CH2MHILL recommends ﬁnahzmg the permlttmg of the FGC system to enhance the
- performance of the ex1stmg ESP as BART for Jim Bndger 1, based on the 51gn1ﬁcant reductlon

JMS EY102007001SLEIBART_JB1_OCT2007_FINALDOC oo R T 1
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BART ANALYSIS FOR JIM BRIDGER UNIT 1

in PM emissions, reasonable control costs, and the advantages of minimal additional power
requirements and no non-air quality environmental impacts.

5.3  Just-Noticeable Differences in Atmospheric Haze

Conclusions reached in the reference document “Just-Noticeable Differences in Atmospheric
Haze” by Dr. Ronald Henry of the University of Southern California (Henry, 2002), state that
only dV differences of approximately 1.5 to 2.0 dV, or more are perceivable by the human eye.
Deciview changes of less than 1.5 cannot be distinguished by the average person. Therefore,
the modeling analysis results indicate that only minimal, if any, observable visibility
improvements at the Class I areas studied would be expected under any of the scenarios. Thus
the results indicate that even though many millions of dollars w111 be spent, only minimal if any
noticeable visibility improvements may result.

Finally, it should be noted that none of the data were corrected for natural obscuration where
water in various forms (fog, clouds, snow or rain) or other naturally caused aerosols obscure
) . the atmosphere. During the period of 2001 through 2003, there were several mega-wildfires o
— - — —— —thatlasted-for many days-and-could have had-a significant-impact-on-background-visibility-in—- -~ —;—- -~
' : - these Class I areas. If natural obscuration weré to reduce the reduction in visibility impacts T v
-modeled for the Jim Bridger 1 facility, the effect would be: to increase the costs per dV
reduction that are presented in this report. e : .
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1.0 INTRODUCTION

The U S. EPA has issued final amendments to the Regional Haze Regulations,

- along with Guidelines for Best Available Retrofit Technology (BART) Determinations. ")

The guidelines address- the methodology for determining which: facilities must apply'

- BART (sources subj ect-to-BART) and the evaluation of control options.

The State of Wyoming. used air quality modehng in accordance with the EPA. .
Guidelines to determine the Wyoming sources which are subject-to-BART. This

‘Protocol defines the specific methodology to be used by those sources for detenmmng

the 1mprovement in v131b1]1ty to be achleved by BART controls

The methodology presented in tlns Pxotocol is consistent W1th EPA gmdance and -

' the Air Quality Division (AQD) determination of subject-to-BART sources. . It is
- —intendedthat -all-Wyoming- sources—that-must-conduct-BART analyses- wﬂlfuse ~this— —+ -
Protocol for their evaluation .of control -technology- visibility improvement. Any :

deviations from. the procedures descnbed herem, must be approved by the Dmsmn pnor

“to mplementaﬁon

o 40 CER Part 51: Regtonal Haze Regtuauons and Guidetines for Best Avaxlable Retroﬁt Technology i
(BA.RT) Defemnnatxons Fmal Raule. 70 Federal Regxster 39103—39172 Iuly 6, 2005 .

'AQD Jim Bridger BART
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2.0 OVERVIEW

Wyoming AQD determined that eight facilities (sources) in the state are subject-
t0-BART. The sources are listed in Table 1. Division modelmg indicated that each of
these sources causes or contributes to visibility impairment in one or more Class I areas.
Each source must conduct a BART analysis to define Best Available Retrofit Technology
(BART) applicable to that source, and quantify the improvement in Class I visibility -
associated with BART controls. This Profocol sets out the procedures -for quantlfymg
visibility improvement. Other aspects of the filll BART analysis are not addressed here.

There are manjr Class I areas within and surrounding Wyoming (See Figure 1).
On the basis of distance from subject-to-BART sources, topography, meteorology, and

- " .prior modeling, the AQD has determined that only five Class I areas need be addressed in .
. BART individual source analyses. These are Badlands and Wind Cave National Parks in

South- Dakota, Mt. Zirkel Wilderness Area in Colorado, and Bridger and Fitzpatrick

"~ Wilderness Areas in Wyoming. Sources in eastern Wyoming have been shown to have -~ o
greatest visibility Impacts at the two South Dakota Class I areas, and westemn Wyoming

soutces have maximum impacts at Bridger.and F1tzpatnck Wilderness Areas, and Mt.
Zirkel. Visibility improvement at these h1ghest Impact areas wﬂl provide the best

_ measure of the effectiveness of BART contmls

Each facﬂlty should cairy out modelmg with the CALPU]:'"F modelmg system for

" the Class 1 areas -specified in Table 2. The AQD will provide meteotological input for

CALMET for the years 2001, 2002; and 2003. The model domain covered by the AQD
meteorological data is centered in southwest ‘Wyoming, and extends roughly from Twin .

. Falls, ID in the west fo the Missoui- Rwer in the east, and. from Denver in the south to
'Helena, MT in the north The domam is shown along wﬂ:h Class I areas, in Flgure 1.

Sources may w1sh to utlhze a sialler domam for CALPUFF modelmg Smaller B

. domiains are acceptable if they provide adequate additional area beyond the specific
~ source and Class I areas being addressed: Figure 1 mcludes a “southwest Wyoming”
" .domain which represents the minimum acceptable area for sources impacting the Bridger: .

and Fitzpatrick Wilderness Aress, and the Mt. Zirkel Wilderness Area, and a “northeast ~

“Wyoming” domain as a mlmmum area for Badlands and Wind Cave Natlonal Paiks -

modelmg

The CALPUI‘F model should be used - wzth each of the three years of
meteorologlcal data to calculate ‘visibility impacts for a bageline (exxstmg emissions)
case, and-for cases reflecting BART controls. The control scenarios are to include -

. " individual scenarios for proposed BART controls for ‘each pollutant (SO;, NOx, and -
- .particilate matter), and a2 combined scenario representing application-of all proposed
- BART controls. If desired, additional modeling may be performed for controls that are

not selected-as BART. This might be dome, for example, to provide data useful in
identifying the control technologies that’ represent BART. However, v131b111ty modeling

' s reqmred only for. the proposed BART controls

AQD Jim Bridger BART
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Table 1. Wyoming Sources Subject-to-BART

..~/'

PacifiCorp

Basin Electric Laramie River Power Plant | Boilers #1,2,3
FMC Corporation Granger Soda Ash Plant Boilers #1,2
FMC Corporation Green River Sodium Plant . | Three boilers
General Chemical Co. Green River Soda Ash - | Two boilers
PacifiCorp -| Dave Johnson Power Plant | Boilers #3,4
PacifiCorp Jim Bridger Power Plant -Boilers #1-4
PacifiCorp Naughton Power Plant Boilers #1,2,3
‘Wyodak Power Plant Boiler ‘

Results of visibility modeling will be presented as a comparison between baseline

-impacts and those calculated for the BART control scenarios. " Quantitative measures of

impact will be the 98" percentile deciview change (Adv) relative to the 20% best days
natural background, and the number of days with deciview change exceeding 0.5 (EPA

---Regional-Haze Regulations—and--Guideliries-for—Best-Available-Retrofit— Technology- -~

(BART) Deterrmnanons, TOFR 39103) Results should be presented for each year

"AQD Jim Bridger BART
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Table 2. Source-Specific Class I Areas to be Addressed

Class I Areas to be Evaluated

Source
Basin Electric. Wind Cave NP; Badlands NP
Laramie River )
FMC Corporation Bridger WA, Fitzpatrick WA
Granger Soda Ash :
FMC Corporation Bridger WA, Fitzpatrick WA.
Sodium Products :
General Chemical Bridger WA, Fitzpatrick WA
Green River Soda Ash _
Pacificorp Wind Cave NP, Badlands NP
.| Dave Johnston ~ o
Pacificorp Bridger WA, Fitzpatrick WA, .
| Jim Bridger Mt. Zirkel WA -
Pacificoip . Bridger WA, Fitzpatrick WA
‘Naughton Plant L
Pacificorp . Wind Cave NP, Badlands NP

| Wyodak

002197
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3.0 EMISSIONS DATA FOR MODELING .- -

CALPUFF model input requires source (stack) — specific emission rates for each
pollutant, and stack parameters (height, diameter, exit gas temperature, and exit gas
-_veloc1ty) Per EPA BART guidance, these parameters must be representative of
maximum actual 24-hour average emitting conditions for baseline (existing) operation,

and maximum proposed 24-hour average emissions for future (BART) operations.

3.1  Baseline Modeling

. Sources are required to utilize representative baseline emission conditions if data
are available; baseline emissions must be documented. Possible sources of emiission data
are stack tests, CEM data, fiiel consumption data, etc. Remember that ernissions should
. represent maximum 24-hour rates. EPA BART guidance states that you should “Use the )
ST ...24-honraverage- actiial emission.rate-from- the highest-emitting- day-of the-meteorologieal —- - — - - -
: E period modeled (for the pre-control scenano) ? . Thus, baselme condmons should
reference data ﬁ'om 2001 through 2003 (or 2004) ' :

As 4 mlmmum, modeled ennssmns must mclude

80, sulfurdioxide

- NOy - oxides of nitrogen :
- PMas . particles with diameter less than 2. 5 pm S
. PM[o.z_s .. - . particles with dlameters greater than 2. Spm but less
S - than or equal to 10 p.m »

If the frac’aon of PM;o in the PMs (finey and PMm 25 (coarse) categones can:not
be determmed all. pamculate matter should be assumed to be PM; 5

.. -In addition, chrect emissions of su]:fate (804) should be included where possable
-Sulfate can be emltted as sulfuric acid (H,S04), sulfur tnox1de (80s), or as sulfdte
compounds emlssmns should be quantxﬁed as the eqmvalent mass of S04 -

: “When test or engmeenng data are not avaﬂable 1o specify SO4 emissions or the
relative fractions of fine and coarse particles, use can be. made of speciation profiles
available from Federal . ~ Land - Managers .+ at ~ the . website

" http://ww2.nature.nps.gov/air/permits/ect/index.cfim. - Profiles are available for a number .
of source type and control technology combinations. The FLM speciation factors are
acceptable 1f data are available for the appropnate source type.

Emssmns of voC (volatlle organic compounds), condensable organics measured
- in stack tests, and elemental carbon components of PMiq do not need:fo_be included for
BART mode]mg The only other pollutant noted in EPA BART guidance is ammonia
(NI—I;) Though ammonia is not beheved to be a s1gmﬁcant conmbutor to v131b1hty

AQD Jim Bridger BART
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impairment in most cases in. Wyoming, it could be important for sources with significant
ammonia emissions — for example from some NOy control systems. Sources that are
expected to emit ammonia (in pre-or post-control conﬁguratlons) should mclude
amtnonia emissions in their model input.

If quantitative baseline emissions data are unavailable and sources believe that the
' maxinum 24-hour emission rates estimated by the Division (presented in the Subject-to-
BART firial report) are representative of bageline conditions for théir facility, they may
“be used for baseline modeling. However, emissions of sulfate and ammonia (if
applicable) should be included based on the best ava.ﬂable test mformanon or speciation
factors from current literature.

s -

32 Post-Control Modeling

- All pollutants described -above should be included for each post-control scenario. -
“~Post~control emissions (maximum 24-hour average) will generaily be the baseline
‘emissions multiplied by-a-control factor appropriate to the- BART control. However,
some. proposed controls may sxmply increasé. the efficiency of existing controls; others -
‘may result in an increase in' emissions of one pollutant while controlling another. These '
factors must all be considered in defining emission rates for post-control modeling, Any
changes in stack parameters resultmg from control apphcaﬁon must also be included.

The required visibility assessment will-include the efféct of each proposed BART
conirol. - For example, if a source.proposes to add a scrubber for SO, control, low NOQ, -
burners for NOy control, and a baghouse for partlculate contr:ol four sets of v151b111ty ..
- - resulis should be developed o . :

Use of SOz control alone .

Use of NOy; control alone - -

Use of particulate conirol alone - -

Use of proposed combmatlon of all three contmls -

.ooob

: l, All pollutants should be modeled in'each CALPUFF model run, but the modeled B
. emissions should reflect only the spec1ﬁc controls or combma’uon of controls addressed
m that un. : o

" Additional modelmg could be necessary in s1tuanons where a faclhty is
comprised of more than one subject-to-BART source, and different BART controls are
_applicable to different sourcés. Excessive modeling  to.-address multiple control
‘combinations is not necessary; however, visibility modeling should quantify the effect of -
BART controls ‘on all affected sources for each pollutant and of all facxhty BART
con&ols combined. .

AQD Jim Bridger BART |
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40 METEOROLOGICAL DATA

Wyoming -AQD will provide MM5 meteorélogical data fields for years 2001,
2002, and 2003 that can be utilized as input to CALMET. The MMS5 output will have 12
kilometer resolution and cover the full domain shown in Figure 1.

Mesoscale meteorological data (MMS) were developed and evaluated as part of
the AQD’s southwest Wyoming NO, increment analysis. Three years of MMS5 data at 36
km resolntion were used to imitialize 12 km MMS5 simulations. The 12km MMS5
- . modeling used identical physics options to the original 36 km runs. CALMMS was then
used .as a preprocessor to produce CALMET — ready MMS5 data input files. Quality
assurance was performed by comparing the original MMS output on the 36km national

. RPO grid to the 12 km MMS5 output and observations.

. The CALMET model (version 5.53a, level 040716) should be used to prepare .
-~ —————meteorological input for-CALPUFF: ~The user may select a domaitrsmaller thanthe -~ '~
.. MMS5 domain for CALMET and CALPUFF modeling if desired. Figure 1 shows
", .minimum domain areas for modeling of western and eastern Wyomiing BART Sources.
" Four kilometer resolutmn should be specified for CALMET output

CALMET processing should use the AQD MMS data and appropnate surface,
upper air, and-precipitation data. Figure-2 shows the locations- of surface and upper air
- stations within the MM5 modél domain. The MMS5 data are used “as the initial guess .
* wind field; this wind field is then adjusted by CALMET for terrain and land use to - )
. generate a step 1 wind field, and. reﬁned usmg surface and upper air data to create the. .
_ __ﬁnal step 2 wind ﬁeld . ’
. Su:face upper air, and prec1p1tat10n data can: be obtamed from the Natlonal
Climatic Data Center. Land use and terrain data are available from the U.S. Geologxcal -
Survey. Data can be. formatted for use in CALMET with standard - conversion and.
processmg programs avallable with the CALMET/ CALPUFF sofcware

Table 3. prowdes a listing of apphcable CALMET mput Vanables for. BART
meteorological processing. The table includes fnputs that ave specific to ‘Wyoming

- BART modeling. Inputs not shown in Table 3 are not relevant to the present apphcatlon
are dependent on the specific model domam of the user, nse model default values, or are
g obvmus from the context. : '

'AQD Jim Bridger BART
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. Table 3. CALMET Control File Inputs

Variable Description Value -
~ Input Group 1
IBYR Year - 2001
} 2002
. 2003
IBTZ Base fime zone . 7
IRTYPE Run type 1
-LCALGRD Compute data fields for CALGRID - T
Triput Group 2 ' ]
PMAP Map projection LCC
~ ~“DGRIDKM Grid spacing (km) o4
NZ Number-of layers 10
ZFACE CelI face heights (m) -0
. _ o o i 20 -
40
100 .
140
320
580
1020
1480
2220
. 3500
. ) Input Group 4 : T
NOOBS ', No observation Mode
' Input Group 5°
IWFCOD - | Model selection variable 1
IFRADJ . [ Froude number adjustment -1
- IKINE Kinematic effects o 0
. -IOBR | Use O’Brien procedure . _ : 0
ISLOPE Slops flow effects 1
JEXTRP | Extrapolate surface wind observatlons -4
ICAILM Extrapolate calm surface winds - 0
BIAS -Biases for weights of surface and upper AllO-
o - | airstations - ceL
RMIN2. - | Minimum distance for extrapolauon -1
IPROG - Use gridded prognostic model output 14
_ ISTEPPG Time Step (hours) . ) 1.
~ LVARY = |Use vatymg radius of mﬂuence - F

10--
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_ Table 3. CALMET Control File Inputs (continued)

Variable Description Value
RMAX1 - | Maximum radius of influence (kn) 30
RMAX 2 Maximum radius of influence (k) 50
RMIN Minimum radivs of influence (km) 0.1
TERRAD Radius of influence for terrain (km) 15
R1 " | Relative weighting of first guess wind field and .5
observations (km) .
R2 _| Relative weighting aloft (km) 25
IDIOPT 1 - Surface temperature 0
IDIOPT 2 Upper air lapse rate 0
ZUPT Lapse rate depth (m) - 200
IDIOPT 3 Average wind coraponents 0
TUPWIND Upper air station -1
ZUPWND (1) Bottom and top of layer for domam . 1, 1000 "L
TZUPWND (2) | scalewinds (m) B N 70 Lt R
IDIOPT4 | Surface wind components . 0 :
IDIOPTS . Upper air wind components =0 -
L ' Input Group 6 _ )
TAVEZI Spatial averaging = . 1
MNMDAYV Max search radius . 1
HAFANG . Half angle for averaging (deg) 30
TLEVZ] Layer of winds in averaging - 1.
ZIMAX | Maximum overland mixing he1ght (m) 3500
. ITPROG ° . | 3D temperature source - - - - -1
IRAD . _ | Interpolation type : - : 1
TRADKM | Radius of influence — temperature (km) 500
NUMTS - | Maximum number of Stations 5
 TAVET - - |-Spatial averaging of temperatures 1
-NFLAGP | Precipitation interpolation : 2 -

RIS

002202
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50 CALPUFF MODEL APPLICATION

The CALPUFF model (version 5.711a, level 040716) will be used to calculate
pollutant concentrations at receptors in each Class I drea. Application of CALPUFF
should, in' general, follow the guidance presented in the Interagency Workgroup on Air
Quality Modeling (IWAQM) Phase 2 report (EPA. — 454/R98-019) and the EPA Regional
Haze Regulations and Guidelines for BART Determinations (70 FR 39103).

Appropriate CALPUFF control file inputs are in Table 4. Note should be taken of
- the basis for several of the recommended CALPUFF inputs.

o Bujlding downwash cffeotg need not be included. Because of the transport.
distances involved and the fact that most sources have tall stacks, building
downwash is unlikely to have -2 mgmﬁcant effect on model—predlcted
concentratlons C

o Puff sphttmg is not 1equ1red The add1t10nal computatxon time necessary for puff -
sphttmg is not Jus’nﬁed for purposes of BART analyses .

o Hourly ozone ﬁles should be used to define background ozone concentratlon
Data are available from the following sites within the model domam.
- Rocky Mountain NP, CO :

‘Cratets of the Moon NP, ID
<. AIRS- —Highland UT '
7" Mountain Thunder, WY
.+ - Yellowstone NP, WY -

- Centegnial, WY .
: _Pmedale WY ’

The background ozone concentratlon shown n Table 4 is used only when hourly .
data are mlssmg ) A ) T

o A constant backgrdund amumonia concentration of 2.0 ppb is specified. This valne
* is based upon monitoring data from nearby states and IWAQM guidance.
Experience “suggests that 2. 0 ppb is conservative in that it is unhkely to

T 'Stgmﬁcantly limit nitrate formatlon inthe model computatlons

. MESOPUFF II chemlcal transformanon rates should be used
& The species to be.thodeled should be the seven identified in CALPUFF 80;,
: SO4, NOy, HNOj, NO;, PMy 5, and PM]st If ammonia (NH3) is emitted it

should be added to the species.list. Tn most cases, alI pollutants modeled will also:
- be em1tted except for HNO; and N03 : :

12
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. Concentration calculations should be made for receptors covering the areas of the
Class I areas being addressed. Receptors in each Class I area will be those designated by
the Federal Land Managers and available fiom the National Park Service website.

Table 4. CALPUFF Contfrol File lnputs

Variable

Grid spacing -

Description Value
Input Group 1
METRUN Control parameter for rurming all periods inmetfile |1 -
IBYR Starting year : 2001
- 2002
: 2003
XBTZ Base time zone - . _ 7 o
NSPEC Number of chemical species modeled - | 7(cr8) -
NSE Number of species emitted , 5 {or 6)
METEM - Meteorological data format . - 11
R —Tﬁl_ﬁﬁt_Gi‘ﬁﬁp_z__ R T T
MGAUSS Vertical distribution in near field 1
MCTADJ Terrain adjustment method 3
MCTSG Subgrid scale complex terrain’ 0
MSLUG Elongated puffs 0
1 MTRANS { Transitional plume tise 1
MTIP = | Stacktip downwash 1
{ MSHEAR “Vertical wind shear |o
MSPLIT - | Puff splitting allowed? 0
I MCHEM | Chemical mechani$m : 1
- MAQCHEM: | Agueous phase tratsformation - 10 .
.MWET-~ . .- | Wet removal - 1
MDRY Dry deposition . |11
"MDISP © . . | Dispersion Coefficients 3
MROUGH | Adjust sigma for roughness 0
MPARTL . . | Partial plume penetration of inversions . 11
| MPDF -| PDF for convettive conditions ' 0
: Input Group 4 T
PMAP Map projection_- LCC
DGRIDEM . 4

13
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Table 4. CALPUFF Control File Inputs (continued)

ZFEACE Cell face heights (m)’ 0
20
40
100
140
320.
580
1020
1480.
- 2220
e ' 3500 -
I - Input Group 6 '
NHILL Numiber of terrain features | 0
| _TnputGroup-7 - s e e e o
Dry GasDepo : Cherical palameters for ‘Defanlts
'dry gas deposition _ ’
. : Input Group 8
' DryPart. Depo. - Size parameters for dry
1 ) particle deposition i
SOy, NO;, PM25 Defaults
PM1O - - 165, 1.0
R Input Group 11 -
I MOZ QOzone Input option - - 1 -
.BCK03 Background “ozone — all |:44.0
: » : months (ppb) , v
BCKINH3 - | Background axmnoma - aII 20 -
to months (ppb) - '
I ' Input Group 12
KMAXZI . | Maximum mlxmg he1ght 3_500
. | (m) )
KMINZIL - | Minimum lmxmg he1ght 50 -
- : ,(m) :
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6.0 © POST PROCESSING

Visibility impacts are calculated from the CALPUFF concentration results using
CALPOST. CAIPOST version 5.51, level 030709 should be used; the output from
CALPOST will provide the highest deciview nnpact on each day from all recepiors -
within each Class I area modeled. A

For some CALPU.FF applicatione such as depositioh calculations, the POSTUTIL
program is used prior to CALPOST. POSTUTIL is also used to repartition total nitrate

* by accounting for ammonia limiting. The ammonia limiting calculation in POSTUTIL

should not be applied for Wyoming BART modeling. If you believe that ammonia
* limiting is appropnate for a specific BART analys1s, justification should be discussed

with the Division pnor to its used.

Visibility calculatlons by CALPOST for BART purposes use Method 6. This .

~ —method requires inptt of monthly relative-humidity-factors; f(RH);, for-each Class T -area: — - -

‘The BPA guidance document provides appropriate data for each area. Table 5 lists
“monthly f(RI-I) factors to use for the Wyoming, Colorado, and South Dakota areas to be
addressed in BART modeling. The factors shown in Table 5 include averages for the -
adjacent Class I areas, and are w1th1n 0.2 units of the Gmdelme table values for the

md1v1dual ClassI aress. : ) )

Natural - background condmons ‘ag a eference for defermmaﬁon of the delta-dv -

- - change due to a source should be representative of the 20% best natural visibility days.

EPA BART guidance provides the 20% best days deciview values for' each Class I area
on an annual basis, but does not prov1de species coricentration data for the 20% best
ibackground eondmons These concentrauons are needed for mput to CALPOST

-A_nnual species concenh‘,aﬁons -correspondlng to »the 20%,best _days were

- calculated for each Class I area to be addressed, by scaling back the annual average S

concenirations given in Guidance for Estimating Natural Visibility Conditions Under the

B Regional Haze Rule (Table 2-1). A separate scaling factor was derived for éach Class I

" area such that, when multiplied by the Guidance table anfmal concentranons the 20%
best days deciview value for that’ared would be calculated. The scaled aerosol .

. concentrations were averaged for the Bridger and Fitzpattick WAs, and for Wind Cave’
and Badlands NPs, because of.their geographical proximity and similer apmual

* background visibility. The 20% best days aerosol ‘concentrations to be used for each -

. month for Wyonmng BART evaluatxons are listed in Table 6

. ..Table 7is.a list” of mputs for CALPOST. These mputs should be. used for all’ L
R BART visibility calculations. 'Output from CALPOST should'be conﬁgured to provide a

- fanked list of the highest delta-deciview values in each Class I area. The 98" percentile
delta-deciview value and the number of values exceedmg 0:5 can then be determmed
directly from the CALPOST output ‘ o :
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Table 5. Monthly f(RE) Factors for Class I Areas’

240

2.10

Month Wind Cave NP " Bridger WA - M. Zirkel WA
Badlands NP Fitzpatrick WA -
January 2.65 2.50 2.20
February 2.65 - 230 2.20
March 2.65 230 - 2.00
- April 2.55 2.10 2.10
May 2.70 © 210 2.20
- June 2.60 1.80 1.80
July 2.30 1.50 1.70
August - 2.30 1.50 1.80
September - 2.20 1.80 2.00
October 2.25 - 2.00 1.90-
November 275 . 2.50 2.10
December ... 2.65.

) .:16__
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Table 6. Natural Background Concentrations of Aerosol Componeuts for 20% Best Days -
for BART Analyses ( ug/m )

Aerosol Wind Cave NP Fitzpatrick WA Mt. Zirkel WA

Component Badlands NP Bridger WA .

Ammonium Sulfate . .047 C 045 .046

Ammonium Nitrate .040 038 . .038

“Organic Carbon. - .186 : 78 179

Elemental Carbon 008 . . .08 .008

Soil - 198 - .189 . 190

Coarse Mass 1.191 : 1.136 ) 1.141

17
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* Table 7. CALPOST Control File Inputs

Variable Description Value
Tnput Group 1
ASPEC Species to Process VISIB
"TLAYER Layer/deposition code 1 -
AB Scaling factors ) 0,0
LBACK Add background concentrations? F
BTZONE Base time zone 7
LVSQ4 Species to be included in extinction’ T
-LVNO3 _- T
LVOC F
LVPMC T
. -. LVPMF T
. LVEC- ST F
" "LVBK Include background? T ,
“ o ——SPECPMC- — | Species name for particulatés — - - -— - ——-—BMI0- —— —|— =
_SPECPMF. | =~ ] L PM25 . - |
BEPMC Extinction efficiencies - - 0.6
. EBEPMF ‘ B 1.0 -
EEPMCBK . 0.6°
EESO4 3.0
BENQ3 - 3.0
EEOC 4.0 -
BESOIL 1.0
EEEC - . R Lo 10.0
- MVISBK . | Visibility caléulation method -~ .6
- RHFAC . Monthly RH adjiistment factors - Table 5
" BKSO4 . . | Background concentrations - Table 6
.. BKNO3 . S L Table 6 -
- BKPMC- . Table 6
BK.OC -- Table 6
~ BKSOIL ° - Table 6
BKEC. .. : 4 _ C Table6 -
BEXTRAY . | Extinction dueto Rayleigh scattering 10.0 - .

18
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7.0 REPORTING

A report on the BART visibility analysis should be submiitied that clearly
compares impacts for post-conh‘ol emigsions to those for baseline emissions. Data for
baseline and BART scenarios should include both the 98" percentile values and the
number of days with delta-deciview values exceeding 0.5. Results should be given for
each model year.

Table 8 is an exami)le of a recommended format for presentation of model input
and model results. The example is for baseline conditions; similar tables should be

‘provided for each conirol scenario (SO,, NOy, and PM10) and for the combination of all

BART controls. Your teport tables need not follow the exact format shown in Table 8;
but the-same information should be provided in a concise and clear form. If additional

" scenarios were modeled or you wish to present supplemental mformatlon, they should be -
) prowded in an appendxx or separate from the spemﬁed final results '

T
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Executive Summary

Background

In response to the Regional Haze Rule and Best Available Retrofit Technology (BART)
regulations and guidelines, CH2M HILL was requested to perform a BART analysis for
PacifiCorp’s Jim Bridger Unit 2 (hereafter referred to as Jim Bridger 2). A Best Available
Retrofit Technology analysis has been conducted for the following criteria pollutants: oxides of

- nitrogen oxide (NOy), sulfur dioxide (SO,), and particulate matter less than 10 micrometers in
aerodynamic diameter (PMj,). The Jim Bridger Station consists of four 530-megawatt (MW)
units with a total generating capacity of 2,120 MW. Because the total generating capagity of the
Jim Bridger Station exceeds 750 MW, presumptive BART limits apply to Jim Brldger 2, based on
the United States Environmental Protection Agency’s (EPA) guidelines. BART emissions limits

_inust be achieved within 5 years after the Statelmplementattonl’lan(SIE)JS approved by the_ IR

EPA. A compliance date of 2014 was assumed for this -analysis.

In completing the BART analysis, technology alternatives were mvestngated and potential.
reductions in NO, SO, and PMjo emissions rates were identified. The following technology
. alternatlves were investigated, listed below by pollutant

NOx emission controls:
- Low-NOy burners (I.NBs) with over-fire air (OFA)
— LNBs with rotating dpposed fire air (ROFA)
- — LNBs with selective non-catalytic reduction (SNCR) system
. LNBs with seleotlve catalyt1c reduction (SCR) system

. SOz eniission controls: : . .
o= Optlmlze current operatlon of emstmg wet sodxum flue gas desulﬁmzatxon (FGD) system

- Upgrade wet sodlum FGD system to achieve an SO, emission rate of 0.10 pound per
‘million British thermal unit (pounds [lbs] per MMBtu)

— New dry FGD system .
. PMw emission controls

—  Sulfur trioxide (SOs) injection flue gas condmomng system on ex1st1ng electrostatlc
precipitator (ESP) -

— Polishing fabric filfer

'JMS EY1020070015LC\BART_JBZ_OCT20l)7_FINALDOG ‘ ES-
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BART ANALYSIS FOR JIM BRIDGER UNIT 2

BART Engineering Analysis

The specific steps in a BART engineering analysis are identified in the Code of Federal
Regulations (CFR) at 40 CFR 51 Appendix Y, Section I'V. The evaluation must include:

e The identification of available, technically feasible, retrofit control options

e Consideration of any pollution control equipment in use at the source (which affects the
availability of options and their impacts)

¢ The costs of compﬁance with the control ,opﬁons
e The reméining useful life of the facility
e The energy and non-air quality envn‘onmental impacts of compliance

e The degree of v151b111ty lmprovement that may reasonably be anticipated from the use of
BART .

Tﬁc? following ﬁef)é' ar—eincorporated"int_o the BARTEnEl?éi’_s?’ R
e Step 1 —Identify All Avg:ﬂable Re&oﬁf Control Techndlbgies '
e Stei) 2- Eﬁmipate Technically Inféééiblé Options , '
" — The idenﬁﬁcaﬁon of ava.ilab[e 'technically feasible, retrofit control optioné

— . Consideration of any pollutlon control equlpment muse at the source (whlch affects the .
apphcablhty of optlons and their nnpacts)

e Step3- Evaluate Control Effectlveness of Remaining Control Technologles _
. _Step 4— Evaluate Impacts and. Document the Results = - .

~ The costs of (_:ompha_nce with the control.options
" — The remaining useful life of the facility :
— Theenergy and non-air quality environmental impacts of compliance

. & Step 5—Evaluate VlSlblhty Impacts

— The degree of v151b111ty unprovement that may reasonably be antlclpated from the use of
BART. .

Sepérate analyses have Been conducted for NOy, SO;, and PMjq emissions. All costs included in
the BART -analyses are in 2006 dollars, and costs have not been escalated to the assumed 2014
BART implementation date.

"Co’al Characteristics. -

The main source of coal burned at Jim Bridger 2 will be the Bridger Underground Mine.
Secondary sources are the Bridger Surface Mine, the Bridger Highwall Mine, the Black Butte
Mine, and the Leucite Hills Mine. These coals are ranked as sub-bituminous, but are closer in

JMS EY102007001SLC\BART_JB2_0CT2007_FINAL.DOC ES-2
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" BART ANALYSIS FOR JIM BRIDGER UNIT 2

characteristics to bituminous coal in many of the parameters influencing NO, formation. These
coals have higher nitrogen content than coals from the Powder River Basin (PRB), which
represent the bulk of sub-bituminous coal use in the United States. This BART analysis has
considered the higher nitrogen content and different combustion characteristics of PRB coals, as
compared with those coals used at Jim Bridger 2, and has evaluated the effect of these qualities
on NOy formation and achievable emission rates.

Recommendations

CH2M HILL recommends inétalling the folloWing control devices, which include LNBs with
OFA, dry FGD system, and the existing ESP. This combination of control devices is identified
as Scenario 1 throughout this report. :

NOx Emission Control

The BART presumptive NOy limit a531gned by EPA for tangentlally fired boﬂers burning
sub-bituminous coal is 0.15 1b per MMBtu. However, as documented in this analysis, the

i . _characteristics of the Jim Bridger 2 coals.are more-closely- ahgned w1th bm_mmo"s_coals witha - .l
. presumptlve BART NOx limit of 0.28 Ib per MMBtu.

. CH2M HILL recommends the existing LNBs with OFA (LNB with an OFA) as BART for
“Jim Bridger 2, based on the projected significant rediiction in NO emissions, reasonable control ~ -

costs, and the-advantages of no additional power requirements or.non-air-quality environmental
impacts. NOy reductions have been realized at Jim Bridger 2. CHZM H[LL recommends that the
unit be perm1tted at a rate of 0.26 Ib per MMBtu.

) SOz Emission Control

CH2M HILL recommends upgradmg the exxstmg wet SOdlle FGD system as BART for
Jim Bridger 2, based on the significant reduction in ‘SO, emissions, reasonable- control costs, and
the advantages of minimal additional power reéquirements and minimal non-air quality -

* environmental impacts. This upgrade approach w111 meet the BART presumptlve SO; limit of

0.15 lb per MMBtu

. PMm Emissmn Control

CH2M HILL recommends ﬁnallzmg the perrmttmg of the ﬂue gas condltlonmg (FGC) system to -
enhance the performance of the existing ESP as BART for Jim Bridger 2, based on the .

. . significant reduction in PM;o emissions, reasonable control costs, and the advantages of minimal

additional power requirements and no non-air quality environmental impacts.

" Control Scenario 1 -

These BART selections, which include mamtammg the existing low NOx burners with OFA,
upgrading the existing FGD system, and operating the existing electrostatic precipitator with an
SO3 FGC system, are identified as Scenario 1 throughout this report.

JMS EY102007001SLCIBART_JB2_0CT2007_FINALDOC ' £53
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BART ANALYSIS FOR JIM BRIDGER UNIT 2

BART Modeling Analysis

CH2M HILL used the CALPUFF modeling system (Gaussian puff dispersion model) to assess
the visibility impacts of emissions from Jim Bridger 2 at Class I areas. The Class I areas
potentially affected are located more than 50 kilometers (km), but less than 300 km, from the
Jim Bridger Plant.

The Class I areas include the following wilderness areas (WAs):

"« Bridger WA

« Fitzpatrick WA
o Mt Zitkel WA

Because Jim Bridger 2 will simultaneously control NOy, SO, and PM;, emissions, four
post-control atmospheric dispersion modeling scenarios were developed to cover the range of
effectiveness for combining the individual NOy, SO, and PM; conirol technologies under

evaluation. These modeling scenarios, and the controls assumed, are as follows:

» Scenario 17 bx13tmg LNB with OF A, upgraded wet FGD system, and FGC 1 for enhanced
.- ESP performance. As indicated previously, this scenario represents CH2M HILL’s
. prelnnmary BART recommendation.

. Scenario2: Ex1stmg LNB with OFA upgraded wet FGD system and new pohshlng fabrlc
- - filter.

. Scenano 3 E}ustlng LNB w1th OFA and SCR, upgraded wet FGD system, and FGC for
" enhanced ESP performance,

« -Scenario 4: Existing LNB with OFA and SCR upgraded wet FGD system, and new

~ - polishing fabric filter.

© Visibility 1mprovements for all erhission control scenarios were ana,lyzed and the results were

compared utilizing a least-cost envelope, as outlmed in the draﬂ EPA 1990 New Source Review -

" Workshop Manual ('N SR Manual)

: Least-cost Envelope Analy5|s

EPA has adopted the least-cost envelope analysrs methodology as an accepted methodology for
selecting the most reasonable, cost-effective controls. Incremental cost-effectiveness
comparisons focus on annualized cost and emission reduction differences between dominant
alternatives. The dominant set of control alternatives is determined by generating what is called
the envelope of least-cost alternatives. This is a graphical plot of total annualized costs for a total
emissions reductions for all control alternatives identified in the BART analysis.

To evaluate the impacts of t_he modeled control scenarios on the three Class I areas, the total
annualized cost, cost per deciview (dV) reduction, and cost per reduction in number of days
above 0.5 dV were analyzed. This report provides a comparison of the average incremental costs
between relevant scenarios for the three Class I areas; the total annualized cost versus number of

JMS EYI02007001SLCIBART_JB2 OCT2007_FINALDOC ‘ ; £s4
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BART ANALYSIS FOR JIM BRIDGER UNIT 2

days above 0.5 dV, and the total annuahzed cost versus 98% percentxle delta-decmew (AdV)
reduction. .

Results of the least-cost envelope analysis validate the selection of Scenario 1, based on
incremental cost and visibility improvements. Scenario 2 (LNB with OFA, upgraded wet FGD,
and polishing fabric filter) is eliminated, because it is to the left of the curve formed by the
dominant control alternative scenario, which indicates a scenario with lower improvement and/or
higher costs. Scenario 3 (LNB with OFA and SCR, upgraded wet FGD, and FGC for enhanced
ESP performance) is not selected due to very high incremental costs, based on cost per day of
improvement-and cost per dV reduction. While Scenario 4 (LINB with OFA and SCR, upgraded
wet FGD, and polishing fabric filter) prov1des some potential visibility advantage over

Scenario 1, the projected improvement is less than half a dV, and the projected costs are

excessive Therefore Scenario 1 represents BART for Jim Bridger 2 '

Just-Notlceable leferences in Atmospheric Haze

Studies have been conducted that demonstrate only dV differences of approxiniately 1 5to .

- = ~=2:0-dV-ormore-are perceptible by-the ‘human-eye: Deciview changes-ofiessthan-1:5cannot be -~~~ -
distinguished by the average peison. Therefore, the modeling analysis results indicate that only
minimal, if any, observable visibility nnprovements at the Class I areas studied would be
expected under any of the control scenarios. Thus, the results indicate that only minimal
discernable visibility improvements may result, even though PamﬁCorp will be spending many
millions of dollars at this single unit, and over a billion dollars when considering its entire fleet -
of coal-fired power plants

JMS EY102007001SLC\BART_JB2_OCT2007_FINAL.DOC i . _- ES-5
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Acronyms and Abbreviations

°C Degrees Celsius

°F ' Degrees Fahrenheit

ASOS - Automated Surface Observing System -
BACT - Best Available Control Technology
BART . . Best Available Retrofit Technology

CALMET = Meteorological Data Preprocessing Program for- CALPUFF
CALPOST  Post-processing Program for Calculating Visibility Impacts
) CALPUFF Gaussian Puff Dlspersmn Model
- CFR Code of Federal Regulatlons

. COHPAC Compact Hybrid Particulate Collecfor :

AV - . Delta Deciview, ChangemDecmewA
DCS-. - ' Distributed Control System ‘
~dV .- Deciview -
E.L«&' . _' Energy Information Admmlstratlon -
EPA _ . United States Environmental Protectlon Agency
ESP " Electrostatic Prec1p1tator :
o f (RH) ) "quat;ve Humidity Factofs
- FGC - - Flue Gas Conditiohing
FGD - - Flue Gas Desulfurlzatlon o
" FuelNOy  Oxidation of Fuel-bourid Nltrogen e
hp Horsepower = - ‘
D e Internal'Diametgi' -.
km - - Kilometer
kW - -Kilowatts . .. B
kW—Hi'. .+ Kilowatt-hour . . _
- LAER - Lowest Achievable Emission Rate
b - Pound(s) - '
. LNB Low-NOy Burﬁer .
LOI. Loss on Ignition o
- MMS5 . Mesoscale Meteorological Model Version5

‘MMBtu = Million British Thermal‘Umts

JMS EY102007001SLC\BART_JB2_OCT2007_FINAL.DOC .

T ""CO‘f T Carbon 1V10110X[(13* S e A '_" Tt T B ey

~ " AQD Jim Bridger BART

002221



NWS National Weather Service
" OFA . Over-fire Air
PM Partxculate Matter
PMjo Particulate Matter less than 10 Micrometers in Aerodynam1c Dlameter
. PM,s5' " Particulate Matter less than 2.5 Micrometers i in Aerodynamlc Diameter
) PRB Powder River Basin - '
.ROFA .. . Rotatmg Opposed Fire Air - .
S&L Study. - Multi-pollutant Control Report dateci October 2002 Tt
.~ 'S&L . . Sargent& Lundy :
. 'SCR . . Selective Catalytic Reduction .
SIP. A State Implementation Plan
" “SNCR Selective Non-catalytic Reductlon System
80, . ) . Sulfur Dioxide -
"~ S0s Sulfur ‘Tr10x1de :
"TRC. ~ TRC Companies, Inc.
(-USGS * - U.S. Geological Survey
WA L Wilderness Area .
' 'WDEQ Wyommg Department of Envnonmental Quahty

: WDEQ—AQD Wyoming Depa.rtment of Envn'onmental Quahty Air Quahty Division

MW
N;
NO

NOy
NP

ACRONYMS AND ABBREVIATIONS (CONTINUED)

Megeiwatt(s)
Nitrogen

Nitric Oxide
Nitrogen Oxide
National Park(s)

NSR Manual New Service Review Workshop Manual (EPA, 1990)
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1.0 Introduction

Best Available Retrofit Technology (BART) guidelines were established as a result of United
States Environmental Protection Agency.(EPA) regulations intended to reduce the occurrence
of regional haze in national parks (NPs) and other Class I protected air quality areas in the
United States (40 CER Part 51)..These guidelines provide guidance for states when determining

‘which facilities must install additional controls, and the type of controls that must be used.

Facilities eligible for BART installation were built between 1962 and 1977, and have the
potential to emit more than 250 tons per year of vrsrblhty—lmpalrmg pollutants. -

- The Wyoming Department of Environmental Quality (WDEQ) BART regulations state that

each source subjectto BART must submit a BART application for a construction permit by
December 15, 2006, PacifiCorp received an extension from the WDEQ to submit the BART.
report for Jim Bridger Unit 2 (hereafier referred to as Jim Bridger 2) by January 12, 2007. The

BART report that was submitted to the WDEQ in January 2007 included a BART analysis, and _

a proposal and justification for BART at the source. This revised report, submitted in October -
2007, incorporates editorial revisions and new model runs sincé the January 2007 version.
The State of Wyoming has identified those eligible in-state facilities that are required to reduce
emissions under BART, and will set BART emissions limits for those facilities. This - -
information will be included in the State of Wyoming State Implementation Plan (SIP), which
thé State has estimated will be forr'nally submitted to the EPA by early 2008. The EPA BART
guidelines also state that the BART emission limits must be fully nnplemented within 5 years ,

of EPA’s approval -of the SIP.

‘Five elements related to BART address the lssue of emrssrons for the 1dent1ﬁed facrhtres '

Any existing pollutron control technology in use at the source
‘The cost of the controls - ) : -

The remaining useful life of the source .
The energy and non-air quality envnonmental 1mpacts of comphance ’
The degree of i 1mprovement in v131b111ty that may reasonably be. antlcrpated from the use of
such technology : .

. This report documents the BART analysrs that was performed on Jlm Brldger 2 by
"CH2M HILL for PacifiCorp. The analysis was performed for the pollutants mtrogen oxide

(NOy), sulfur dioxide (SO;), and partrculate matter less than 10 micrometers in aerodynamrc

* diameter (PM,), because they are the primary criteria pollutants that affect v181b111ty

- Section 2 of this report provrdes a descnptmn of the present umit operatron, mcludmg a

discussion of coal sources and characteristics. The BART Engineering Analysis is provided in

_ - Section 3, by pollutant type. Section 4 provides the methodology and results of the BART
"Modeling Analysis, followed by recomméndations in Section 5 and references in Section 6.

Appendrces provrde more detall on the economic analysrs and the 2006 Wyommg BART
Protocol :
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2.0 Present Unit Operati.on

The Jim Bridger Station consists of four units with a total generating capacity of

2,120 megawatts (MW). Jim Bridger 2 is a nominal 530-net-MW unit located approximately
35 miles northeast of Rock Springs, Wyoming. Unit 2 is equipped with a tangentially fired
pulverized coal boiler. Low-NO, burner (LNB) TFS 2000 LNBs with over-fire air (OFA) were
installed in 2005. The unit was constructed with a Flakt wire frame electrostatic precipitator
(ESP). The unit contains a Babcock & Wilcox wet sodium flue gas desulfurization (FGD)
system with three absorber towers installed in 1986. An Emerson Ovation distributed control
system (DCS) was installed in 2005. '

Jim Bridger 2 was placed in service in 1975. Its current economic depreclatlon life is through
2040; however, this analysis is based on a 20-year life for BART control technologies.”

Assuming a BART implementation date of 2014, this will result in an approximate remaining
_useful life for Jim Bridger2 of 20 years from the installation date of any new or modified
BART-related equipment. This report does not attempt to quantify any additional life extension )
costs needed to-allow the umt and these control devices at Jim Bridger 2 to- operate untll 2040.

Table 2-1 lists additional umt information and study assumptions for this analysis.

The BART presumptive NOy limit for tangentlally fired boilers burning sub-bituminous coal is
0.15 pound pei British thermal unit (Ib per MMBtu) and the BART presumptive NOy limit for = - -

" . burning bituminous coal is 0.28 Ib per MMBtu. The main sources of coal burned at

Jim Bridger 2 are the Brldger Mine, and secondarily, the Black Butte Mine and Leucite Hills
Mine. These coals are ranked as sub-biturhinous, but are closer in characteristics to bituminous

" - coal in many of the parameters influencinig NO formationi. These coals have higher nitro gen -
" content than coals fron the Powder River Basin (PRB), which represent the bulk of -

sub-bituminous coal used in the United States. This BART analysis has considered the higher- -

- nitrogen content and different combustion characteristics of PRB coals, as compared with those
coals used at Jim Bndger 2, and has evaluated the effect of these qualities on NO formation
and achievable emission rates: Coal sources and characteristics are summarized in Table 2-2.

“The primary source of coal will be theé Bridger Underground Miie; and dafa on coal from this

" . source were-used in the modeling analysis. For the coal analysis that is presented in

Sectlon 3.2.1, the data from all the coal sources were used.
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\ -~
BART ANALYSIS FOR JIM BRIDGER UNIT 2
TABLE 2-1 _
Unit Operation and Study Assumptions
Jim Bridger 2

Generai Plant Data

Site Elevation (feet above mean sea level)

Stack Height (feet)

Stack Exit Internal Diameter (feet) /Exit Area (square feet)
Stack Exit Temperature °F (degrees Fahrenheit)

Stack Exit Velocity (fest per second)

Stack Flow (actual cubic feet per minute)

Latitude (degree: minute : seéond)

Léngitude (degree: minuts : second)

Annual Unit Capacity Factor (per_qentage)

Net Unit Output (megawatts).

Net Unit Heat Rate (British thermal unit [Btu]/kllowatt -hour
[KW-Hr1)(100% load) :

Boiler Heat Input (mllllon British thermal umts [MMBtu] per .

" Type of Boiler
Boiler Fuel

" Coal Sources
Coal Heating Value (Btu per pound [Ib]) 2
Coal Sulfur Content (percentage by weight [wt. %])?
Coal Ash Content (wt. %) ® -

- Coal Moisture Content (wt. %)

" Coal Nitragen Content (wt. %)*
Current Nitmgeﬁ Oxide (NO) Coritrals -
NOx Emission Rate (Ib/MMBtu) =
Current Sulfur Oxide (SOz) Controls -
‘80 Emission Rate (Ib/MMBtu) ~ -
Current PMyo Controls

. PMio Emlssmn Rate (lblMMBtu)

6669
500
2474524
140
840
2,281,182
41:44:16.42 north
108:47:10.59 west
90
530

10,400 (as measured by fuel
throughput)

6,000 (as measured by continudus

.emission monitoring)
Tangentially fired .
Coal

Bridger Mine, Black Butte Mine,
Leucite Hills Mine

9,660 .
0.58
103
19.3
098
Low NOx burners-
T 024 .
-Sodium based wet scrubber
0.267
Electrostatic Precipitator

NOTES:

0.074 )

-2 Coal charactenstlcs based on Bndger Underground Mine (pnmary coal source)
- Based on maximum historic emission rate from 1999 = 2001, before mstallatlon of the sulfurtnox:de .

(S03) m]ec'ﬂon system
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3.0 BART Engineering Analysis

This section presents the required BART engineering analysis.

3.1 Applicability

In compliance with regional haze requirements, the State of Wyoming must prepare and submlt
visibility SIPs to the EPA for Class I areas. The State has estimated that the formal submittal of
the SIPs will occur by early 2008. The first phase of the regional haze program is the _
implementation of BART .emission controls on all BART eligible units, w1th1n 5 years after

- EPA approval of the SIP.

3.2 BART Process

The- spemﬁc steps ina BART engmeermg ana1y31s are 1dent1ﬁed in the Code of Federal

Regulations (CFR) at 40 CFR 51 Append1x Y, Section IV "The evaluation must mclude

e 'The 1dent1ﬁcat10n of avallable, techmcally feasrble, retroﬁt eontrol optrons

e Consideration of any pollutlon control equlpment in use-at the source (which affects the )
-availability of options and their nnpacts) .

o “The costs of comphance with the control optlons

. . . The remammg useful life of the fa0111ty

.- -TThe energy and non-air quahty env1ronmental 1mpacts of comphance

"o The degree of VlSlbl]lty 1mprovement that may reasonably be anticipated from the use of

BART »
The followmg steps are mcorporated mto the BART ana1y51s _
.. Step 1 - Identify , All Avallable Retroﬁt Control Technologles :

T e 'Step 2 — Eliminate Techmcally Infeasible Options .

= .The 1dentrficatlon of available, techmcally feasible, retrofit control options

~  Consideration of- any pollutron control equipment in use at the source (whrch affects the
. apphcabﬂlty of options and their impacts) :

. »Step 3-— Evaluate Control Effectiveness of Remammg Control Technologres -

" e Step4- Evaluate Impacts and Document the Results '

— " The costs of compliance with the control options
: = The remaining useful life of the facility
— The energy and non-alr quahty env1ronmental unpacts of comphance

JMSEY102007001SLC\BART_JBZ_0CT2007_FINALDDvC.. . ) . oL Y
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BART ANALYSIS FOR JIM BRIDGER UNIT 2

"o Step 5 —Evaluate VlSlblllty Impacts

~ The degree of visibility nnprovement that may reasonably be anticipated from the use
of BART

In order to minimize costs in the BART analysis, consideration was made.of any pollution
control equipment in use at the source, the costs of compliance associated with the control
options, and the energy and non-air quality environmental impacts of compliance using these
existing control devices. In some cases, enhancing the performance of the existing control
equipment was considered. Other scenarios with new control equipment were also developed.

Separate analyses have been conducted for NOy, SO,, and PMj, emissions. All costs included
in the BART analyses are in 2006 dollars, and costs have not been escalated to the assumed
2014 BAR,T implementation datc :

3.2.1 BART NOy Analysis

- Nitrogen oxide formation in coal-fired boilers is a complex process that is dependent ona

. number of’ vanables, mcludmg operatmg conditions, equlpment dcmgn, and coal characterl.stlcs

Formatlon of NOx
During coal combustion, NO i is formed in three different ways. The dommant source of NOx

."formation is the oxidation of fuel-bound nitrogen (fuel NOy). During- combuistion, part of the

fuel NOy is released from the coal with the volatile matter, and part of it is retained in the solid-

_portion (char). The nitrogen chemically bound in the coal is partially oxidized to nitrogen oxide

and nitrogen dioxide) and partially reduced to molécular nitrogen (N3). A smaller part of NOy

. formation is due to high temperature fixation of atmospheric nitrogen in the combustion air
. (thermal NO,): A very small amount of NOy is called “prompt” NOy. Prompt NOy results from
ani mteractmn of hydrocarbon radicals, n1trogen, and oxygen.

‘Ina conventlonal pulvenzed coal burner, air is mtroduced w1th turbulence to promote good

. m1x1ng of fuel and air, which provides stable combustion. However, not all of the oxygen in the -

* air is used for combustion. Some of the oxygen combines with the fuel nitrogen to form NOx.

. ACoal characterlstlcs d1fect1y and significantly affect NO, emissions from coal combustion, Coal’

_ ranking is a means of classifying coals according to their degree of metamorphism in the
- natural series; from lignite to sub-bituminous to bituminous and on to anthracite. Lower-rank

~ I+ coals; such as the sub-bituminous coals from the PRB, produce lower NOy emissions than

~ higher rank bituminous coals, due to their higher reactivity and lower nitrogen content. The °

fixed carbon to volatile matter ratio (fuel ratio), coal oxygen content,-and rank are good relative

- indices of the reactivity of a coal. Lower-rank coals release more organically bound nitrogen
earlier in the combustion process than do higher rank bituminous coals. When used with LNBs,

sub-bituminous coals create a longer time for the kinetics to promote more stable molecular.’

.. nitrogen and, hence, rcsult in lower NOy emissions.

. Coals from the PRB are classified as sub-bituminous C and demonstrate the hlgh react1v1ty and

low NO, production characteristics described above. Based on data from the Energy.

. Information Administration (EIA), PRB coals currently represent 88 percent of total United -

States sub-bituminous production and 73 percent of western coal production. Most references

‘to western coal and. sub-bltummous coal mfer PRB origin and characteristics. Emissions
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BART ANALYSIS FOR JIM BRIDGER UNIT 2

standards differentiating between bituminous and sub-bituminous coals are presumed to use
. PRB coal as the basis for the sub-b1tummous standards due to their dommant market presence

and unique characteristics.

There are a number of western cbale that are classified as sub-bituminous; however, they
border on being ranked as bituminous and do not display many of the qualities of PRB coals,
including most of the low NOy forming characteristics. Coals from the Bridger, Black Butte,

and Leuc1te Hills Mines fall into this category.

- As defined by the American Society for Testing and Materials, the only distinguishing
characteristic that classifies the coals used at Jim Bridger 2 as sub-bituminous rather than

- bituminous — that is, they are “agglomerating” as compared with “non-agglomerating.”

Agglomerating as applied to coal is “the property of softening when it is heated to above about
400 degrees Celsius.(°C) in a non-oxidizing atmosphere, and then appearing as a coherent mass
after cooling to room temperature.” Because the agglomerating property of coals is the result of -
particles transforming into a plastic or semi-liquid state when heated, it reflects a change in

- surface area of the particle. Thus, with the application of heat, agglomerating coals would tend
to develop a non-porous surface, while the surface of non-agglomerating coals would become

even more porous with combustion. As shown on Figure 3-1, the increased porosity provides

more particle surface area, resulting in more favorable combustion conditions. This non-
agglomerating property‘assxsts in making sub-bituminous coals more amenable.to controlling -
-NOx by allowing less air to be introduced during the initial ignition portion of the combustion’
process. The coals from the Bndger Black Butte and Leucite Hills Mines just barely fall into
the category of non-agglomerating.coals. While each of these coals is-considered non-
agglomerating, they eithér do not exhlblt those properties of non-agglomerating coals or exhibit
them to only a minor degree The conditions durlng combustion of typical non-agglomerating
coals that make it easier to-control NOy emissions do not exxst durmg combustxon ofthe o

Bndger blends of coals

FIGURE 3. 1
" lllustration of the Effect of Agglomeraﬁon on the Speed of Coal Combustxon
.//m Bridger2. - L
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BART ANALYSIS FOR JIM BRIDGER UNIT 2

Table 3-1 shows key characteristics of a typical PRB ckoal compared tvith coals from the
Bridger, Black Butte, and Leucite Hills Mines, as well as coal from Twentymile, which is'a
representatrve western brtummous coal.

TABLE 3-1

Coal Characteristics-Comparison

Jim Bridger 2 .
Typical  Bridger Black Leucite ’

Parameter PRB ~ Mine Butte Hills Twentymile

Nitrogen (% dry) 1.10 1.26 © 147 - 148 1.85

Oxygen (% dry) 16.2 13.2 134 13.2 7.19

Coal rank i~ S : . Bituminous high- - -
Subt.': . Sub B - _Sub B . Sub B ) volatility B

__'As shown in Table 3-1, although Bridger, Black Butte and Leucite Hills coals are classified as - -

sub-bituminous, they all exhibit h1gher mtrogen content and lower oxygen content than the -
PRB coal, The higher nitrogen content is an indication that more nitrogen is available to the
combustion process and higher NOy emissions are likely. Oxygen content can be correlated to
the reactivity of the coal, with more reactive coals generally containing higher levels of oxygen.

More reactive coals tend to produce lower NOy emissions, and are more conducive to reduction
-of NOy emissions through the use of combustion corntrol measurés, such as LNBs and OFA.

These characteristics indicate that higher NO formation is likely with coal from the Bridger,

. Black Butte, and Leucite Hills Mines, rather than with PRB coal. The Bridger, Black Butte, and -

Leucite Hills coals all contain quality characteristics that fall between a typical PRB coal and
Twentymile. Twentymrle is a clearly bituminous coal that produces higher NOX, as has been

: demonstrated at power plants that burn this fuel

T Flgures 32 and 3-3 show the relatronshlp of nitrogen and oxygen content to the BART o
presumptive NOy limits for the coals listed in Table 3-1. Each chart identifies the presumptive .

BART limit associated with a typical bituminous and sub-bituminous coal, and demonstrates °
how the Jim Brldger 2 coal falls between these two general coal classifications.

The Brrdger blend data pomt represents a comblnatron of coals from the Bridger, Black Butte
and Leucite Hills Mines that has been used at Jim Bridger 2, and indicates the average NOy
emission rate achieved during the years 2003 through 2005. The Jim Bridger 2 data point '
represents the NOy emission rate achieved after installation of Alstom’s current state-of the art
TFS2000- LNB and OFA System. T! he Iong-term sustamable emlsswn rate for thls system is
expected to be 0.24 Ib per Ml\/IBtu

.- Figures3-2 and 3-3 both demonstrate that for the Jim: Brrdger 2 upits with the
_TFS2000 low-NOy emission system installed and burnmg a combination of the Bridger, Black
" - Butte, and Leucite Hill coals, the likely NO emission rate (0.28) will be closer to the
* bituminous end of the BART presumptive NOx limit range, rather than the BART presumptive
-NO limit of 0.15 1b per MMBtu for sub:bituminous coal. All these factors are consistent w1th
“the’ observed sustainable rate of 0.24 1b per MMBtu. o
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BART ANALYSIS FOR JIM BRIDGER UNIT 2

FIGURE 3-2
Plot of Typical Nitrogen Content of Various Coals and Appllcable Presumptive BART- NOx Limits
Jim Bridger 2
045
A
Bridger Blend
Y et e e
085 o cm e ]
F ) .
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: e
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L e L LEE
o
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FIGURE 3-3
- Plot of Typical Oxygen Content of Vanous Coals and Apphcable Presumptlve BART NOK Limits
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BART ANALYSIS FOR JiM BRIDGER UNIT 2

Coal quality characteristics also affect the design and operation of the boiler and associated

" auxiliary equipment. Minor changes in quality can sometimes be accommodated through

operational adjustments or changes to equipment. However, consistent variations in quality or
assumptions of “average™ quality for performance projections can be problematic. This is
particularly troublesome when dealing with performance issues that are very sensitive to both
coal quality and combustion conditions, such as NO formation. There is significant variability
in the quality of coals burned at Jim Bridger 2. In addition to burning coal from Black Butte

and Leucite Hills Mines, Jim Bridger 2 burns coal supplied from the Bridger Mine consisting of
three sources: underground, surface, and highwall operations. Each of these coal sources has
different quality characteristics, as well as inherent variability in the composition of coal w1thm
the mine. - : .

Several of the coal quality characteristics and their effect on NOX formation have been

-~ previously discussed. There are some additional considerations that illustrate the complexity of

achieving and maintaining consistent low NOy emissions with pulvenzed coal on a shorter
term, such as a 30-day rolling average basis.

- Good combustion is based on the “three Ts”: time, temperature, and turbulence. These -

parameters, along with a “design” coal, are taken into consideration when designing a boiler

. and associated firing equxpment such as fans, burners, and pulverizers. If a performance -
. requlrement such as NOy eniission limits is subsequently changed conﬂlets with and between.
" other performance issues can result.

Jim Bridger 2 is located at an altitude of 6,669 feet above mean sea level. At this elevation,
atmospheric pressure is lower (11.5 pounds per square inch) as compared with sea level

. pressure of 14.7 pounds per square inch. This lower pressure means that less oxygen is -

available for combustion for each volume of air. In order to prov1de adequate oxygen to meet

the requirements for efficient combustion, larger volumes of air are required. When adjusting_
‘air flows"and distribution to reduce NO, emissions; using low NOy burners and OFA, original

boiler design resrictions again limit the modlﬁcatlons that can be made and’ st111 ach1eve

"~ satisfactory combustion performance

B  Another s1gmﬁcant factor in controllmg NOx ermissions is the ﬁneness of the coal entering the

burners. Fineness is influenced by the grindability index (Hardgrove) of the coal. Finer coal
particles promote release of volatiles and assist char burnout due to more surface area exposed

" o air. Nitrogen oxide reduction with Ingh-volatlle coals is improved with greater fineness and -

with proper air staging. The lower rank sub-bituminous coals such as PRB coals are quite - -
friable and easy to grind. Coals with lower Hardgrove Grindability Index values, such as those
used at Jim Bridger 2, are more difficult to grind and can contribute to higher NOy levels. In
addition, coal fineness can deteriorate over time periods t between pulverlzer maintenance and
service, as pulverizer grinding surfaces undergo wear. '

In summary, when all the factors of agglomeration veisus non-agglomeratlon, rutrogen and

- oxygen content of the coals, and the grindability index are taken into account, this analysis -
" demionstrates that for the coal used at Jim Bridger 2, the more applicable presumptlve BART

limit for NOx emissions is 0.28 Ib per MMBtu. The BART analysxs for NOx emissions ﬂom

. Jim Bndger 2 is further descnbed below
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BART ANALYSIS FOR JIM BRIDGER UNIT 2

Step 1: Identify All Available Retrofit Control Technollogies

The first step of the BART process is to evaluate NOy control technologles with practical
potential for application to Jim Bridger 2, including those control technologies identified as

. Best Available Control Technology (BACT) or lowest achievable emission rate (LAER) by
permitting agencies across the United States. A broad range of information sources have been
reviewed in an effort to identify potentially applicable emission control technologies. NOx

" emissions at Jim Bndger 2 are currently controlled through the use of good combusuon

practices and OFA. -

The following potential NO control technology option's were considered:

New/modified LNB with advanced OFA
Mobotec rotating opposed fire air (ROFA)

- LNB with OFA and conventional selective non-catalytic reduction (SNCR) system
LNB w1th OFA and selecnve eatalytlc reductton (SCR) system

Step 2: Eliminate Technically Infeasible Opnons

For Jim Bridger 2, a tangentially fired configuration burning sub-b1tum1nous coal technlcal
feasibility will primarily be determined by physical constraints, boiler configuration, and the
ability to achieve the regulatory presumptive limit (used as a guide) of 0.28 Ib of NO,( per.

- MMBtu. Jim Bridger 2 has a current NOy em1351on rate of 0.24 1b per MMBtu.”

For this BART analysis, information- pertalmng to LNBs, OFA, SNCR, and SCR were based on-
the Multi-pollutant Control Report dated October 2002 (Sargent & Lundy [S&L], 2002,
hereafter referred to as S&L Study) Updated cost estimates for SCR and SNCR were used.
PacifiCorp provided additional emissions data and costs developed by boiler vendots for LNBs

- and OFA. Also CH2M HILL solicited a proposal from Mobotec for its ROFA technology

Wlth SNCR, an amine- based reagent such as ammonla, or more commonly urea, is mjeetecl

~* into the furnace ‘within a temperature range of 1,600 to.2; 100°F where it reduces NOy to

nitrogen and water. NOx reductions of up to 40 to 60 percent have been achieved, althiough
15to 30 percent is more realistic for most apphcatlons SNCR is typ1cally apphed on smaller .
- units. o

: Table 32 summanzes the control technology optlons evaluated in this BART ana1y51s along
with projected NOy emission rates. All of the evaluated technologies-are prOJected to meet the
applicable presumptlve BART limit of 0.28 Ib per MMBtu.
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BART ANALYSIS FOR JIM BRIDGER UNIT 2

TABLE 3-2 .
NOx Control Technology Projected Emission Rates
Jim Bridger 2
Technology - Projeeted Emission Rate (Ib per MMBtu)
Presumptive BART Limit 0.28
LNB with OFA ' 0.24
ROFA o 0.22
LNB with OFA and SNCR A - - 0.20

LNB with OFAand SCR . ' 007

Step 3: Evaluate Control Effectiveness of'_Remaining Control Technologies

Preliminary vendor proposals, such as thoseé used to support portions of this BART analysis,
~ may be technically feasible and provide expected or guaranteed emission rates; however, the
- _-»_proposa]s include inherent uncertainties.- These- proposals-are usually prepared in-a limited ——".— - ...
- timeframe, may be based on mcomplete information, may contain over-optimistic conclusions, o
" and are non-binding. Therefore, emission rate values obtained in such preliminary proposals.
must be qualified, and it must be recognized that contractual guarantees are established only .
-after more detailed analysis has been completed. The following subsections describe the control
technologies and the control effectiveness evaliiated in this BART analysis. :

LNBs with OFA System. The mechanism used 6 lower NO, with LNBs is to stage the

" combustion process and provide a fuel rich condition initially; this is so oxygen needed for

- combustion is not diverted to combine with nitrogen and form NOy. Fuel-rich conditions favor
the conversion of fuel mtrogen to N, instead of NO,. Additional air (or OFA) is. then mtroduoed
downstream in a lower temperature zone to burn out the char.

Both LNBs and OFA are con51dered to bea capital cost, combustlon technology retrofit. For
LNB retrofits to units configured with tangentral-ﬁrmg such as Jim Bridger 2, it is generally
necessary to increase the burrier spacing; this prevents interaction of the flames from adjacent -
burners and reduces burner zone heat flux. These modifications usually require boiler
waterwall tube replacement However, Jim Brldger 2 has already been modrﬁed with the :
mstallatlon ofa TFS-2000 LNB with OFA system. . . - )

" Information provnded to CH2M HILL by PacifiCorp, based on the S&L Study and data from -
* boiler vendors, indicates that the existing TFS-2000 LNB with and OFA system at o
Jim Bridger 2 could be more finely tuned to result in an expected NOy emission rate of 0.24 Ib
per MMBtu. PagifiCorp has indicated that this rate corresponds.to a vendor guarantee, nota
. vendor prediction, and they believe that this emission rate can be sustained as an average
-..between overhauls. This emission rate represents a significant reduction from the current NOy
-.  emission rate, and is below the more apphcable presumptlve NO, emission rate of 0 28 lb per
‘MMBtu. .

ROFA. Mobotec markets ROFA as an- 1mproved second generation OFA system. Mobotec states
that “the flue gas volume of the furnace is set in rotation by.asymmetrically placed air nozzles.
~ Rotation is reported to prevent laminar flow, so that the entire volume of the furnace can be
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" BART ANALYSIS FOR JIM BRIDGER UNIT 2

used more effectively for the combustion process. In addition, the swirling action reduces the
maximum temperature of the flames and increases heat absorption. The combustion air is also
mixed more effectively ” A typical ROFA installation would have a booster fan(s) to supply the
high velocity air to the ROFA boxes, and Mobotec would propose two 4,000- to 4, 300-
horsepower (hp) fans for Jim Bridger 2.

Mobotec pr_oposes to achieve a NOy emission rate of 0.18 1b per MMBtu using ROFA
technology. An operating margin of 0.04 lb per MMBtu was added to the expected rate due to
. Mobotec’s limited ROFA experience with western sub-bituminous coals. Under the Mobotec
proposal, which is primarily based on ROFA. equipment, the operation of existing LNB and
* OFA ports would be analyzed. While a typical installation does not require modification to the
existing LNB system and the existing OFA ports are not used, results of computational fluid
dynamics modeling would determine the quantity and location of new ROFA ports. The
Mobotec proposal includes bent tube assemblies for OFA port installation.

*Mobotec would not provide mstéllatlon services because the Owner could more cost effectlvely
contract for these services. However, 1t would provide one onsite constructlon supervisor
during installation and startup,

SNCR. Selective non-catalytlc reduction is generally utlhzed to achleve ‘modest NOx reductions
on smaller units. With SNCR, an amine-based reagent such as ammonia, or more commonly
urea, is injected into the furnace within a temperature range of 1,600.to 2,100°F, where it
reduces NOx to nitrogen and water. NOy reductions of up to 60 percent have been achieved,

) although 20 to 40 percent is more realistic for most apphcatlons :

Reagent utilization, whlch is a measure of the efficiency w1th which the reagent reduces NO,
cai range from 20 to 60 percent, dependmg on the amount of reduction, unit size, operating

", conditions, and allowable ammonia slip. With low reagent utilization, low temperatures, or

inadequate mixing, ammonia slip occurs,-allowing unreacteéd ammonia to create problems.

downstream. The ammonia may render fly ash unsaleable, react with sulfur to foul heat .

y exchange surfaces, and/or create a visible stack plume. Reagent utilization can have a’
significant impact on economics, with higher levels of NO reductlon generally resulting i in

lower reagent utlhzatron and }ugher operating cost. :

: Reduc’uons from higher baseline concentrations (inlet NOx) are lower in cost per ton, but result i
in higher operating costs, due to greater reagent consumption. Unit 2 has already had - )
combustion modifications including LNBs and advanced OFA, ¢apable of achieving a“ :
proj jected NOx emission rate of 0.24 Ib per MMBtu.- At a further reduction of 15 percent in NOx

- emission rates for SNCR would result in a projected emission rate of 0.20.1b per MMBtu

- SCR. Selective cata[ytlc reductxon works on the same chemical principle as SNCR, but SCR

uses a catalyst to promote the chemical reaction. Ammonia is injected into the flue gas stream,
where it reduces NO, to nitrogen and water. Unlike the high températures required for SNCR,

in SCR,; the reaction takes place on the surface of a vanadium/titanfum-based catalyst ata :
temperature range between 580 to 750°F. Due to the catalyst, the SCR process is more efficient
than SNCR and results in lower NOy emissions. The most common type of SCR is the high-

dust conﬁguratmn, ‘where the catalyst is located downstream from the boiler economizer, and-
upstream of the air heater and any partlculate control equlpment In this location, the SCR is
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BART ANALYSIS FOR JIM BRIDGER UNIT 2

exposed to the full concentration of fly ashi in the flue gas.that is leaving the boiler. The high-
dust configuration is assumed for Jim Bridger 2.

In a full-scale SCR, the flue ducts are routed to a separate large reactor containing the catalyst.
With in-duct SCR, the catalyst is located in the existing gas duct, which may be expanded in
the area of the catalyst to reduce flue gas flow velocity and increase flue gas residence time.
Due to the higher removal rate, a full-scale SCR was used as the basis for analysis at

_ Jim Bridger 2.

Sargent and Lundy prepared the design conditions and cost estimates for SCR at J' im Bridger-2.
Unit 2 has already had combustion modifications including LNBs and advanced OFA, capable
of achieving a projected NOy emission rate of 0.24 1b per MMBtu. The S&L design basis for
LNB with OFA and SCR results in a projected NOy emission rate of 0.07 1b per MMBtu.
Additional catalyst surface was included in the SCR de51gn to accommodate the characterlsttcs
.of the coal used at Jim Bridger 2. - :

Leve! of Confidence for Vendor Post-control Emissions Estimates In order to determine the level
of NO, emissions needed to consistently achieve comphance with an established goal, a review

— - ———of typlcal NOg emissions-from-coal-fired generating units was- completed Asatesultofthis— - ———— -~

review, it was noted that NOy emissions can vary significantly around an.average emissions
level. Variations may result for many reasons, including coal characterlstlcs, unit load, boiler
. operation mcludmg excess an', ‘boiler slagging, burner equlpment condition, and coal mxll
fineness.

The steps utilized for detenmmng a level of confidence for the vendor expected values are as
follows: ’ .

1. Establish expected NOx emissions value ﬁ'om vendor
2. Evaluate vendor expertence and lnstortcal basis for meetmg expected values.

- 3. Reviewand evaluate unit phy31cal and operatlonal characteristics and téstrictions. The -
" - fewer variations there are in operatlons coal supply, etc the-more predictable and less
variant the NOx emissions.- »

- 4. Foreach technology expected value, there isa correspondmg potent1al for actual NOy
. emissions to vary from this expected value. From the vendor information presented, along
- with anticipated unit operatlonal data,-an adjustment to the expected value can be made

Step 4 Evaluate lmpacts and Document the Results

This step involves the cons1deratlon of energy, environmental, and economic 1mpacts
associated with each control technology The remaining useful life of the plant is also
. considered during the evaluation. . .

Energy Impacts. Installation of LNBs and modificatior to the ex1stn1g OFA systems are not
expected to.significantly affect the boiler efficiency. or forced draﬂ fan power usage. Therefore,
these technologles will not have energy impacts. -
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BART ANALYSIS FOR JIM BRIDGER UNIT-2

“The Mobotec ROFA system would require installation and operation of two 4,000- to 4,300-hp

ROFA fans (6,410 kilowatts [kW] total). The SNCR system would require approximately
530 kW of additional power.

SCR retrofit impacts the existing flue gas fan systems, due to the additional pressure drop
associated with the cata_ly_sti which is typically a 6~ to 8-inch water gage increase. Total
additional power requirements for SCR installation at Jim Bridger 2 are estimated at

. approximately 3,250 kW, based on the S&L Study.

A comparison of the techmologies on ' the basm of costs, de31gn control efficiencies, and tons of

Environmental Impacts. Mobotec has predicted that carbon monoxide {CO) emissions, and
unburned carbon in the ash, commonly referred to as LOI (loss on ignition), would be the same
or lower than prior levels for the ROFA. system.

The installation of SNCR and SCR could affect the saleability and dlsposal of fly ash due to
ammonia levels, and could potentlally create a visible stack plume, which may negate other
visibility improvements. Other environmental impacts involve the storage of ammonia, .
especially if anhydrous ammoma is used, and the transportation of the ammonia to the power
plant site. -

Economic Impacts Costs and schedules for the LNBs and OFA SNCR, and SCRwere -~ - o
furnished to CH2M HILL by PacifiCorp, developed using S&L’s internal proprietary database,

and supplemented (as needed) by vendor-obtained price quotes. The relative accuracy of these
cost estimates is stated by S&L to be in the range of plus or minus 20 percent. Cost for the
ROFA system was obtained from Mobotec. :

NOx removed is summarized in Table 3-3, and the first-year control costs are presented in
Figure 3-4. The. complete economlc analysis is contamed in Appendlx A
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BART ANALYSIS FOR JIM BRIDGER UNIT2

{$/Ton of NOx Removed) - $9/ton

TABLE 3-3 o
NOx Control Cost Comparison
Jim Bridger2
’ Low-NOx
Burners Selective -
(LNBs) with Mohotec Non- Selective
Over-fire Air Rotating Catalytic Catalytic _
{OFA) " Opposed Fire © Reduction Reduction
- Factor (Existing) Air (ROFA) {SNCR) (SCR)
Total Installed Capital Costs . "$0 . $20.5 million  ~13.4 miltion $120.9 million
Total First Year Fixed and Variable ) $0 $2.6 million $1.0 million $3.2 miilion
Operation and Maintenance Costs . o .
Total First Year Annualized Cost $0 $4.6milion  $2.3milion ~ $14.7 million
Power Consumption (megawatts). - 0. 6.4 0.5 . 33
. Annual Power Usage (1,000 million kilowatt-- - 0’ 506 4.2 25.6

hours per year) ) . ’ . -
__-NOx Design_Contro!_Effi mency__ e _00%_. _83% __ __167%_ __ _.__70. 8% . . ..
NOyRemoved per Year (Tons) .-~ . - 0 - 473 946 4,021 -
First Year Average Cantrol Cost JUNNS g ) "
($ /Ton of NOy Removed) . : $0/ton $9,695/ton ‘ $2,389/ton $3,654/ton .
 Incremental Control Cost | $9,695/ton  $2,389/ton $4,044/ton

Preliminary BART Selection. CH2M HILL recommerids selection of the existing LNBs with -
OFA as BART for Jim Bridger 2, based on the projected significant reduction in NOx

- emissions, reasonable control costs, and the advantages of no additional power. requlrements or
non-air quahty environmental impacts, Low-NO, burner with OFA does not meet the EPA -
presumptlve limit of 0.15 Ib per MMBtu for sib-bituminous coal; however, it meets an
emission rate that falls between the presumptive limit of 0.28 Ib per MMBtu for bitaminous
coal and the limit of 0.15 lb per MMBtu for-sub-bituminous coal. As discussed in the section
on coal quality, the recommended technology and the achieved emission rate are deemed
appropnate as BART for NOx emissions from the coals combusted at Jim Brldger 2.

Step 5: Evaluate \IlSlblIlty lmpacts

" See Section 4, BART Modeling Ana_l'ys‘is.
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BART ANALYSIS FOR JIM BRIDGER UNIT 2

- 3.22 BART SO: Analysis

Sulfur dioxide forms in the boiler during the combustion process, and is primarily dependent on
coal sulfur content. The BART analysis for SO, emissions on Jim Bridger 2 is described below.

Step 1: Identify All Available Retrofit Control Technologies

A broad range of information sources were reviewed, in an effort to identify potentially
- applicable emission control technologies for SO, at Jim Bridger 2. This included control
- technologies identified as BACT or LAER by permiiting agencies across the United States. -

The following potentlal SO; control technology options were con31dered

e Optimize current operation of existing wet sodium FGD system
¢ Upgrade wet sodium FGD system to meet SOz emission rate of 0.10 Ib per MMBtu
e New dry FGD system ) )

' Step 2: Eliminate Technically Infeasible Optlons : .
- Technical feasibility will primarily be based on thé regulatory presumptlve limit (used as a

. guideline) of 95 percent reduction in SO, emissions, or 0.15 Ib per MMBtu. Based on the coal
- that Jim Bridger 2 currently burns, the unit would be required to achieve an 87.5 percent SO,

- . removal efficiency to meet the presumptive limit of 0.15 1b per MMBtu.

Table 3-4 summarizes the control technology options evaluated in this BART. analysis, along
with projected SO, emission rates. Only one technology option: can meet the apphcable
presumptlve BART lumt of 0.15 1b per MMBtu. .

TABLE 34

- 802 Control Technology Emlssmn Rates
... Jim Bridger2 - . .
- Presumptive BART Limit S 0.15 -
" Upgrade Existing Wt Sodium System - o0
Optimize Existing WetSodium System -~ .~ 0.20 o

NewDryFGDSysteri . - .. 021

Wet Sodlum FGD System Wet SOdlllm FGD systems operate by treating the flue gas in large
scrubber vessels with a soda ash solution. The scrubber mixes the flue gas and alkaline reagent -
usmg a series of : spray ' nozzles to distribute the reagent across the scrubber vessel. The sodium
in the reagent reacts with the SO, in the flue gas to form sodlum sulﬁte and sodmm bisulfite,

" which are removed from the scrubber and dlsposed

The wet sodium FGD. system at Jim Brldger 2 currently achiéves approximately 78 percent SO,
. - removal to achieve an SO; outlet emission rate of 0.27 Ib per MMBtu. Optimizing the existing

- wet FGD system is- projected to achieve an SO, outlet emission rate of 0.20 b per. . .
MMBtu (83 ¥ percent S0, removal) Opt1m1zat10n would be accomphshed by partlally closmg
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the bypass damper to reduce the routine bypass flue gas flow used to reheat the treated flue gas
from the scrubber, relocating the opacity monitor, and modifying the system to minimize
scaling problems.

Upgrading the wet FGD system is proJected to achieve an SO; outlet emission rate of 0.10 Ib
per MMBtu (91.7 percent SO, removal). Upgrading the system would involve closing the
bypass damper to eliminate the routine bypass flue gas flow used to reheat the treated flue gas
from the scrubber, relocating the opacity monitor, adding new fans, adding a stack liner and
drains for wet operation, and using a refined soda ash reagent. It is considered to be technically
infeasible for the present wet FGD system to achieve a 95 percent SO, removal rate (0.06 Ib per
MMBtu) on a continuous basis because this high level of removal must be incorporated into the
original design of the scrubber. :

Optimizing the existing wet sodium scrubbing FGD system is projected to achieve an outlet
emission rate of 0.20 Ib per MMBtu, which would not meet the presumptive limit of 0.15 1b of

.SO; per MMBtu. Therefore, this option is eliminated as technically infeasible for this analysrs

An upgraded wet sodium scrubbing FGD system is projected to achieve an outlet emission rate

of'0.10 1b.per MMBtu (91.7 percent SO, removal), which would meet the presumptrve limit of __

~0.15 Ib of SO, per MMBtu for Ji im Brldgcr 2.

New Dry FGD System The 11mc spray dryer typically injects hme slurry in the top of the
" absorber vessel with a rapidly rotating atomizer wheel. The rapid speed of the atomizer wheel

causes the lime slurry to separate into very fine droplets that intermix with the flue gas. The .
SO in the flue gas reacts with the calcium in the lime slurry to form diy calcium sulfate -
particles. At Jim Bridger 2, this dry.particulate matter (PM) would be captured downstream in -
the existing ESP, along with the fly ash. A lime spray dryer system typically produces a dry
waste product suitable for landfill drsposal

The dry FGD system with the exrstlng ESPis prOJected to achreve 82.5 percent S0, removal at
Jim Bridger 2. This would result in a controlled SO, emission rate of 0.21 Ib per MMBtu; based

* on an tincontrolled SO, emission rate of 1.20 Ib per MMBtu. Therefore, this option cannot meet

the presumptive limit of 0.15 Ib SOz ‘per MMBtu, and is ellrmnated from further analysis as
technically mfeasrble . P

- Step 3 Evaluate Control Effectlveness of Remammg Control Technologies
- ‘When evaluating the control effectiveness.of SO, réduction technologies, each option: can be

compared against benchmarks of performance. One such benchmark is the presumptive BART

* emission limit-because Jim Bridger 2 is required to meet this limit. As 1nd1cated previously, the
- presumptive limit for SO, 0n a BART-ehgrble coal burmng umt is 95 percent removal or
0.15.1b per MMBtu. : _

~ The projected emission rate for an upgraded wet sodium FGD system for Jim Brrdger 2 would
'be 0.10 Ib per. MMBtu ThlS optlon would meet the presumptlve SO, 11m1t of 0.15 lb per . .

MMBtu
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BART ANALYSIS FOR JIM BRIDGER UNIT 2

Step 4: Evaluate Impacts and Document the Results

This step involves the consideration of energy, environmental, and economic impacts
associated with each control technology. The remaining useful life of the plant is also
considered during the evaluation.

Energy Impacts. Upgrading the emstmg wet sodium FGD sy°tem would require an additional
530 kW of power.

Environmental Impacts. There will be incremental additions to scrubber waste disposal and
- makeup water requirements, and a reduction of the stack gas temperature from 140 to 120°F,
due to elimination of reheating by the bypassed ﬂue gas.

Economic Impacts. A summary of the costs and amount of SO, removed for the ﬁpgraded wet
sodium FGD system is provided in Table 3-5 The complete economic analysis is contained in

Appendlx A.
TABLE 3-5 . o
.. - S0; Control Cost Companson (lncremental to Emstmg Wet FGD System) .- . .
S e meﬂdger2~—— - Ak : T ST e e
Fagtor - .- Upgraded Wet Fiue Gas Desulfurization -
Total Installed Capital Costs' - o N $13.0 million
Total First Year Fixed & Variable Operallon and o $1.3 million
Maintenance Costs . . ) . .
Total First Year Annualized Cost R . : © $2.5 million .
Additional Power Consumption-(megawatt). e 0.5
Additional Annual Power Usage (1000 megawatt-hour - . . : 4 2
per year)’ -
Incremental S0, Desugn Control Eff ctency ' N 62 5% (91 7% based on Uncontrolled SOz)
lncremental Tons SOz Removed per Year " . . 3,950 -
' First Year Average Control Cost (dollars per ton ' 632
[$/Ton] of SO2 Removed) - . -
Incremental Controt Cost ) 632

($/Ton of-SOz Removed)

Preliminary BART Selectlon CH2M HILL recommends upgradmg the emstmg wet sodlum FGD
- system as BART for Jim Bridger 2, based on significant reduction in SO; emissions (meeting
~ presumptive limit of 0.15 Ib per MMBtu), reasonable control costs, and the advantages of
miniial additional power fequirements and. envuonmeutal impacts.

Step 5; Evaluate Visibility Impacts
) See Section 4, BART Modeling Analj/sis; :

3 23 - BART PMqo Analy5|s

Jim Bridger 2 is currently equxpped with an ESP. Electrostatic pre01p1tators remove PM ﬁom
the flue gas stream by chargmg ﬂy ash part1cles w1th a very hxgh direct current voltage and,
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BART ANALYSIS FOR JIM BRIDGERUNIT2

attracting these charged particles to grounded collection plates. A layer of collected PM forms
on the collecting plates and is removed by periodically rapping the plates. The collected ash
particles drop into hoppers below the precipitator and are removed periodically by the fly ash-
handling system. Historically, the ESP at Jim Bridger 2 has controlled PMig em1ss1ons to levels
below 0.074 1b per MMBtu.

The BART analysis for PM;q emissions at Jim Bridger 2 is described below. For the modeling
analysis in Section 4, PM;o was used as an indicator for PM, and PM;, includes particulate
matter less than 2.5 micrometers in aerodynamic diameter (PMs, 5) asa subset.

Step 1: Identify AII Available Retrofit Control Technologies
* The following two retrofit control technologies have been identified for additional PM control:

.+ Flue gas conditioning
« Polishing fabric filter (baghouse) downstream of existing ESP-

- Another available control technology is replacing the existing ESP with a new fabric filter. = -
. _ However, because the environmental benefits that would be achieved by a replacement fabric .
—- - == ———— ———fjlter-are-also-achieved by installing-a-polishing fabric filter- downstream oﬁheemsnngﬁoP at—-
C 3 lower costs, mstallatlon of a full fabric filter was not considered in the analysis.

Step 2: Eliminate Technically Ihfeasible Optlons

Flue Gas Conditioning. If the fly ash from coal has h1gh resxstmty, such as fly ash from
sub-bituminous coal, the ash is not collected effectively in an ESP. This is because the high
resistivity makes the particles less willing to accept an electrical-charge. Adding flue gas -
conditioning (FGC), which is typically accomplished by injection of sulfur trioxide (SOs), will
lower the resistivity of the particles so that they will accept more charge and allow the ESP to
collect the ash more effectively. Flue gas conditioning systems can.account for large

. unprovements in collectlon efﬁcxency for small ESPs

_ Polishing Fabrlc Fllter A pohshmg fabrxc filter could be added downstream of the existing ESP o
at Jim Bridger 2. One such technology is licensed by the Electric Power Research Institute, and }
. referred to as a COHPAC (Compact Hybrid Particulaté Collestor). The COHPAC collects the -
- ash that is not collected by the ESP, thus acting as a polishing device. The ESP needs to be kept
in serv1ce for the COHPAC fabric filter to operate effectlvely . c

The COHPAC fabric filter is about one-half to two-thirds the size of a full size fabric ﬁlter
because the COHPAC has a higher air-to- cloth ratio(7t0 9: 1), compared with a ﬁJ.ll-s1ze pulse
Jet fabric filter (3.5 to 4:1). ’

' Step 3 Evaluate Control Effectiveness of Remammg Control Technologles .

. The existing ESP at Jim Bridger 2 is achieving a controlled PM emission rate 0f 0.074 Ib per
: MMBtu Utilizing FGC upstream of the existing ESP is-projected. to reduce PM emissions to-
-approximately 0.030 1b per MMBtu. Addmg a.COHPAC fabric filter downstream of the
. existing ESP is projectéd to rediice PM emissions to approximately 0.015 1b per MMBtu.

The PMjo control technology emission rates are summarized in Table 3-6. -
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BART ANALYSIS FOR JIM BRIDGER UNIT 2

TABLE 3-6

PMio Control Technology Emission Rates
Jim Bridger 2 )
' - Short-teri Expected PMyo
Control Technology Emission Rate (Ib per MMBtu)
Flue Gas Conditioning . ) 0.030

Polishing Fabric Filter . 0.015

Step 4: Evaluate Impacts and Document the Results

This step involves the consideration of energy, environmental, and economic impacts

associated with each control technology. The remaining useful llfe of the plant is also
‘conSIdered during the evaluation.

- Energy Impacts. Energy is required to overcome the addltlonal pressure-drop from the :
COHPAC fabric filter and associated ductwork. Therefore, a COHPAC retrofit will require an

SR _mte:na_l dlamefer_(_ )_fa_.._upgrade aniupgrade of the. aLmliapvprWPrﬁswplv system.

B s = o) £ 0

A COI-]PAC Fabric filter at Jim Bndger 2 would require apprommately 3.4 MW of power, .
. equating to an annual power usage of approxtmately 26. 5 million kilowatt-hour (kW-Hr).

There i is only a small power reqmrement of approx.1mately 50kW associated with FGC.

: En\nronmental Impacts, Thete are no negative envronmental unpacts from the addition of a’
COHPAC pohshmg fabnc filter or FGC system.

. Economic Impacts. A summary of the costs and PM removed for COHPAC and FGC is
recorded in Table 3-7, and the first-year control costs for FGC and fabric filters are shown on. -
- Flgure 3-5. The complete economlc analysns is contamed in Appendlx A.
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BART ANALYSIS FOR JIM BRIDGER UNIT 2

($/Ton of SO2PM Removed)

TABLE 3-7
PMio Control Gost Comparison
Jim Bridger 2
: Flue Gas : .
" Factor COnditionir_ng Polishing Fabric Filter
Total Installed Capital Costs $0 $48.4 million
Total First Year Fixed and Variable Operations and . $0.2 million $1.8 million
Maintenance Costs .
Total First Year Annualized Cost $0.2 million $ 6.4 million
Additional Power Consumption (megawatts) 0.05 34
Additional Annual Power Usage (million kilowatt- 0.4 26.5
hours per year)
Incremental Particulate Matter (F‘M) DeS|gn Conirol o - :
Efficiency 5?.5 % _ 79.7%
Incremental Tons PM Removed per Year 1,041 1,395
T T First Ye?a‘r‘AVETa‘ge‘Control Cost— et ey LTt
(dollars per ton [$/Ton] of PM Removgd) 169 4,556-
Incremental Control Cost 169

.Preliminary BART Selection. CH2M HILL recommends selection of flue gas conditioning .
"upstream of the existing ESP as BART for Jim Bridger 2, based on the significant reduction in
PM emxssxons, reasonable control costs, and advantages of minimal additional power
requu'ements and no envuonmental impacts.

_Step 5:-Evaluat_e VISlblllly Impacts

See Section 4, BART Modeling Analysis.
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4.0 BART Modeling Analysis

4.1 - Model Selection

CH2M HILL used the CALPUFF modeling system (Gaussian puff dlsperswn model) to assess
the visibility impacts of emissions from Jim Bridger 2 at nearby Class I areas. The.Class I areas
potentially affected are located more than 50 kilometers (km) but less than 300 km from the
Jim Bridger 2 facility. The Class I areas include the following wilderness areas (WASs): -

e Bridger WA |
¢ Fitzpatrick WA
.o Mt Zirkel WA

- The CALPUFF modehng system includes the CALME‘.T meteorological model, CALPUFF

- ~modeling system with-algorithms forchemical- trarsformation and deposition, and a post T T T T

processor capable of calculating concentrations, visibility impacts, and deposition (CALPOST).
-The CALPUFF modehng system was applied in a full, refined mode. Version numbers of the "
various programs in the CALPUFF modeling system used by CH2M HILL were as follows:

e CALMET Version 5.53a, Level 040716
s - CALPUFF Version 5.711a, Level 040716, - -
CALPOST Version 5.51, Level 030709 .

42 CALMET.Methodolegy

421" Dirmensions of the Modeling Domam

.CH2M HILL used the CALMET model to generate a three-dlmensmnal ‘wind ﬁeld and other "
| meteorologlcal parameters suitable for use by the CALPUFF modeling system. A modeling .
domain was established to encompass the Jim Bridger 2 facility and allow for a 50-km buffer
- around the Class I areas that were within 300 km of'the facility. Grid resolution was 4 km.
- "Figure 4-1 shows the extent of the modeling domain. Except when specifically instructed -
- . otherwise by the Wyoming Department of Environmental Quality-Alr Quality Division
(WDEQ-AQD), CH2M HILL followed the methodology spelled out in the WDEQ-AQD.
BART Modeling Protocol, a copy of whlch is mcluded in th1s report as Appendxx B.

CH2M I-]]LL used the Lambert Conformal Conlc map pro_]ec’uon for the analysis beécause of the
large extent of the domain. The latitude of the projection origin and the longitude of the central -
. meridian were chosen at the approximate center of the domain. Standard parallels were drawn
. to represent one-sixth and five-sixths of the north-south. extent of the domain to minimize
- distortion in the north-south direction. :
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BART ANALYSIS FOR JIM BRIDGER UNIT 2

The default technical optibns listed in TRC Companies, Inc.’s (TRC) current examplé
CALMET.inp file were used for CALMET. Vertical resolution of the wind field included
ten layers, with vertical face heights as follows (in meters):

. 0. 20, 40, 100, 140, 320, 580, 1020, 1480, 2220, 3500

Other uscr—spemﬁcd model options were set to values estabhshed by WDEQ-AQD, which
appear in Table 3 of Appendix B. Table 4-1 lists the key user-speclﬁed options used for this
analysis.

TABLE41 o
_User-Specified CALMET Options
Jim Bridger 2 o .
' ~ CALMET Input Parameter L Value
CALMET Input Group2 T
Map projection (PMA?) : E ' - : Lgmben'cdnféqnal:
_ Grid spacing (DGRIDKM). - g e 4
Numbervedcallagers(NZ) . - 1w - TTToTTET
Top of lowest layer(m) R . ) oL -‘_20‘_-
. 'l".o{o of highest layer (m) A . S - 3500
. CALMET nputGroup4 -~ © .0 L
* Observation node (NOOBS) . e T .0
CALMET InputGrowps ~~ * " .- ERET
* Prog. Wind data (IPROG)  ©. - R e
SO RUAXT) o T L a0
(RMAX2) R N 'A _ 50
._Terraln influence (TERRAD) o . . 15
R R
"R . L .. 25
.CALMET Input Group 6 S ) . '. o B ', o
Max mixing ht (ZIMAX) - a : . L 3500 .

422 - CALMET Input Data

- CH2M I-]]LL ran the CALMET model to produce 3 years of analysm 2001 ,2002, and 2003
WDEQ-AQD provided:12-km resolution Mesoscale Meteorological Model, Version 5 (MMS5)
meteorological data fields that covered the entire modeling domain for each study. year.

These three data sets were chosen because they are current and have been evaluated for quahty ‘
The MMS data were uséd as input to CALMET as.the “initial guéss” wind field. The initial
guess wmd ﬁeld was adJusted by. CALMET for local terrain and land use effects to generate a
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BART ANALYSIS FOR JIM BRIOGER UNIT 2

Step 1 wind field, and further refined using local surface observations to create a final Step 2
wind field.

Surface data for 2001through 2003 were obtained from the National Climatic Data Center.
CH2M HILL processed the data from the National Weather Setvice’s Automated Surface
Observing System (ASOS) network for all stations that are in the domain. The surface data
were obtained in abbreviated DATSAV3 format. A conversion routine available from the TRC .
website was used to convert the DATSAV3 files to CD-144 format for input into the SMERGE
“preprocessor and CALMET., -

Land use and tetrain data were obtained from the U.S. Geologlcal Survey (USGS). Land use

data were obtained in Composite Theme Grid format from the USGS, and the Level I USGS

land use categories were mapped into the 14 primary CALMET land use categories. Surface
- properties such as albedo, Bowen ratio, roughness length, and Jeaf area index were computed

. from the land use values. Tetrain data were taken from USGS 1-degree Digital Elevation -

" Model data, which primarily detive from USGS 1:250,000 scale topographic maps. Missing

land use data were filled w1th values that were assumed appropnate for the missing area.

B —— "‘—PreblpuauOu data-were- obtained-fronrthe National Climatic Data Center—Au available dataim— " T

ﬁxed—length, TD-3240 format were obtained for the modeling domain. The list of available.

" stations that have collected complete data varies by year, but CH2M HILL processed all
available stations/data within the domain for each year. Precipitation data were prepared with
the PXTRACT, /PMERGE processors in preparation for use within CALMET

* Upper-air data were prepared for the CALMET model w1th the READ62 preprocessor for the
followmg stations: .

¢ Denver, Colorado- -
- - e SaltLake City, Utah
s Riverton, Wyoming -
) Rapld City, South Dakota

. Figure 4-2 shows the locatlons of surface and upper air statlons w1th1n the MMS modehng
domain. C . .
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BART ANALYSIS FOR JIM BRIDGERUNIT2 ~

423 Validation of CALMET Wind Field

CH2M HILL used the CALDESK data display and analysis system (v2.97, Enviromodeling
Ltd.) to view plots of wind vectors and other meteorological parameters to evaluate the
CALMET wind fields. The CALDESK displays were compared with observed weather
conditions, as depicted in surface and upper-air weather maps from the National Oceanic and
Atmospheric Administration Central Library U.S. Daily Weather Maps Project (National
Oceanic Atmospheric Administration, 2006).

43 CALPUFF Modeling Approach

For the BART control technology visibility improvement modeling, CH2M HILL followed
WDEQ-AQD guidance provided in the docunient titled BART 4ir Modeling
Protocol-Individual Source stzbzltty Assessments for BART Control Analyses (WDEQ-AQD
2006). .

. CH2M HILL drove the CALPUFF model w1th the meteorolog1ca1 output from CALMET over
----——---—the-modeling domain-described-in this repert- The- CALPUFF- -modeling-system-was-used-to—----=- - e
, - predict visibility impacts for the pre-control (baseline) scenario for comparlson to the predlcted ' )
xmpacts for post~control scenamos for Jim Brxdger 2.

431 . - Background Ozone and Ammoma '

" Hourly values-of background ozone concentrat1ons were used by CALPUFF for the calculation
of SO, and NO, transformation with the MESOPUFF II.chemical transformation scheme.
CH2M HILL obtained hourly ozone data from the followmg statlons located within the
modelmg domam for 2001 2002, and 2003 )

Rocky Mountam National Park, Colorado

Craters of the Mooén Natlonal Park, Idaho L

_ Highland, Utah - ) -
Thurider Basin National Grasslands Wyommg
Yellowstone Natlonal Park, Wyommg

. Centennial, Wyommg

: Plnedale WyOmmg

For periods ofmxssmg hourly ozone data the chemical transformatlon rehed ona monthly
default value of 44 parts per billion. Background ammonia was set to 2 parts per billion. Both™
of these background values were taken from the guldance document (WDEQ-AQD 2006)

| 4, 3. 2 Stack Parameters

The stack parameters used for the baseline modelmg reﬂect those that are in place under the
current permit for Jim Bridger 2, except for the NOy, emission rate where 0.24 Ib per MMBtu
. (achieved with the new LNB with OFA system) was used in lieu of the permit limit of 0.45 b’
*.- per MMBtu. Post-control stack parameters reflect the anticipated changes associated with -
installation of the control technology alternatives that are being evaluated. The maximum heat
input rate of 6,000 MMBtu per hour was used to-calculate a maximum emission rate. Measured .
-~velocities and stack flow rates were used in the modeling to represent a worst-case situation.
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BART ANALYSIS FOR JIM BRIDGER UNIT 2

4.3.3 Emission Rates

Pre-control emission rates for Jim Bridger 2 reﬂect peak 24‘hour average emissions that could
occur under the source’s current permit. The emission rates reflect actual emissions under
normal operating conditions, as described by the EPA in the Regional Haze Regulations and
Guidelines for Best dvailable Retrofit Technology Determinations; Final Rule

(40 CFR Part 51). i

CH2M HILL used available continuous emission monitoring data to determine peak 24-hour

- emission rates. Data reflected operations from the most recent 3-to 5-year period, unless a

more recent period was more representatrve Allowable short-term (24-hour or shorter period)
emissions or short-term emrss1on limits were used if continuous emission momtormg data were
not available.

 Emissions were modeled for the following pollutants

SOz
© NOy -

Fine particulate (diameter<PM,, 5)

» Coarse particulate (PMg 5<drameter<PMm)
+ Sulfates

" - Post-control emission rates reflect the effects of the émissions control scenario under

consideration Modeled pollutants were the same as those listed for the pre-control scenario.

434 Post-control Scenarlos
" Four post-control modelmg scenarios were developed to cover the range of effectiveness for

the combination of the individua] NO, SOZ, and PM control technologies being evaluated. The

. selection of each control device was made based-on the.engineering analyses described in _
- Section 3 for reasonable technolog1es that would ‘meet or: exceed the presumptlve BART levels E
“for each pollutant _ : .

¢ Scenario1: Existing LNB with OFA, upgraded wet FGD system, and FGC for enhanced
-~ ESP performarice. As indicated prevrously, this scenario represents CH2M I-HLL’
" preliminary BART recommendatron .

.« Scenario 2: Exrstmg LNB wrth OFA upgraded wet FGD system, and new pohshmg fabrrc o

- filter.

" .e" Scenario 3: Exrstmg LNB with OFA and SCR, upgraded wet FGD system, and ﬂue gas

condltronmg for enhanced ESP performance

. .Scenarm 4: Exrstmg LNB with OFA and SCR upgraded Wet FGD system, and new -
-polrshmg fabric ﬁlter

N The ROFA and SNCR opt1ons for NO, control were not mcluded in the modelmg scenarios

because their control effectiveness is between the existing LNB with OFA option and the
SCR option. ‘Modeling of NOy, SO,, and PM controls alone was not performed because any

: ﬁnal BART solutron erl mclude a combmatlon of control teehnologres for NOX, SOz, and PM.
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BART ANALYSIS FOR JIM BRIDGER UNIT 2

Table 4-2 presents the stack ﬁareimeters and emission rates used for the Jim Bridger 2 analysis
for baseline and post-control modeling. In accordance with the WDEQ BART modeling
protocol, elemental carbon stack emissions and organic aerosol emissions were not modeled.

435 Medeling Process

The CALPUFF modeling system for the control technology optlons for Jim Bridger 2 followed
this sequence:

Model pre-control (baseline) emissions

“Model preferred post-control scenario (if applicable)
Determine degree of visibility improvement

Model other control scenarios

Determine degree of visibility improvement

Factor v151b111ty results into BART five-step evalua’uon

L] L] e » L ] L]

436 Receptor Grids -

" Discrete receptors for the CALPUFF modeling system were placed at uniform receptor spacing

along the boundary and in the interior of each area of concern. Class I area receptors wete taken
from the National Park Service database for Class I area modeling receptors. The

-~ TRC 'COORDS program was used to convert all latitude/longitude coordinates to Lambert

Conformal Conic coordmates mcludmg receptors, meteorological stations, and source
locations. - .
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BART ANALYSIS FOR JIM BRIDGER UNIT 2

44 CALPOST .

The CALPOST processor was used to determine 24-hour average visibility results with output
specified in deciview (dV) units. Calculations of light extinction were made for each pollutant
modeled. The sum of all extinction values were used to calculate the delta-dV (A dV) change
relative to natural background The following default light extinction coefﬁments for each

pollutant were used:

« Ammonium sulfate - '3.0
e Ammonjum nitrate 3.0
» PMcoarse (PMig) - 0.6
¢ PM fine (PMz_s) : 1.0
« Organic carbon 4.0
+ Elemental carbon 10. 0

" CALPOST v1s1b1hty Method 6 was uséd to determine the v1s1b111ty impacts. Monthly relative
humidity factors [f(RH)] were used in the light extinction calculations to account for the

e —hygr OSCOPIC character l’SthS ormtrate and sulfate parucles Table ™3 orm‘e‘W‘yommg BART I Vi

Modehng Protocol (Appendix B) lists the ‘monthly f(RH) factors for the Class I areas. These
.. values were used for the particular Class I area bemg modeled.

The natural background conditions ds a reference for determmmg the A dV change represented
the 20 percent best natural visibility days. The EPA BART guidance document provided dV
values for the 10 percent best days for each Class I area, but did not provide individual species
concentration data for the 20 percent best days. Species concentrations- correspondmg to the
©-20 percent best days were calculated for each Class I area-by scaling back the annual average
* species concentrations given in Table 2-1 of Guidance for Estimating Natural Visibility. '
: Conditions Under the Regional Haze Rule (EPA, 2003). A separate scaling factor was derived
" - . for each Class I area such that, when multlphed by the guidance. tablé annual concentrations, -
‘the 20 percent best days dV value for that area would be calculated. This procedure was taken
' from Protocol for BART-Related Visibility Improvement Modeling Analysis in North Dakota
(Nortti Dakota Department of Health, 2005). The Wyoming BART Air Modeling Protocol (see
Appendix B) provided natural background concentrations of aerosol components to use in the
- BART analysxs Table 4-3 llsts the annual average spe01es concentrations from the BART )
protocol. - S : -
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BART ANALYSIS FOR JiM BRIDGER UNIT 2

TABLE 4-3
Average Natural Levels of Aerosol Components
Jm Bnq'gerz .
Average Natural Concentration Average Natural Concentration
) (micrograms per-cubic meter) - (micrograms per cubic meter)
Aerasal Camponent for Mt. Zirke! Class | for Fitzpatrick and Bridger Class |
. ) Wilderness Area . Wilderness Areas
Ammonium Sulfate . o 0.046 S 0.045
" Ammonium Nifrate - o7 0038 S ) - 0.038
Organic Carbon ’ 0.179 0178
- Elemental Carbon o - 0008 - ~ 0.008
Soil . " - 0.190. . . . ) 0.18%
" ~Coarse Mass ’ - - 1.141 - . 1.136
NOTES: ' ' ' o

Data in this table was taken from Table 6 of the Wyomlng BART Air Modellng Protocol.

- 45 - Presentation of Modellng Results

Th1s section prcsents the results of the CALPUFF v1s1b1hty unprovement modehng ana1y51s for
" Jim Brldger 2. : . )

4.5.1 VISlblllty Changes for Baseline vs. Preferred Scenario

CH2M HILL modeled Jim Bridger 2 for the basehne conditions and post-control scenarios: The
- post-control scenarios included emission rates for NOy, SOz, and PMm that would be achleved
if BART technology were mstalled on Umt 2. .

o Basehne (and post-control)- 98™ percentﬂe results were greater than 0.5. AdV for the Bndger
Fltzpatnek and Mt. erkel WAs. The 98® percentile results for each Class Tarea are presented
in Table 4- 4 . . . ) ,
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5.0 Preliminary Assessment and
Recommendations

As a résult of the completed technical and economic evaluations, and consideration of the
modeling analysis for Jim Bridger 2, the preliminary recommencled BART controls for NO;,
SO,, and PM are as follows:

« " Existing LNBs and OFA system for NO control
» Upgrade the existing wet sodium FGD for SO; control -
.« - Add flue gas conditioning upstream of the e)ustmg ESP for PM control

s 'The above recommendations were identified as Scenarlo 1 for the modehng analysis described -
_in Section 4. Visibility improvements for all emission control scenarios were analyzed, and the

results are compared below, utilizing a least-cost envelope, as outlined in the draft EPA 1990-

New Source Review Workshop Manual (E (EPA; 1990; hereafier referred to as NSR'] Manual)—T he
purpose-of this-analysis is to use an objective, EPA-approved methodology to evaluate and .
make the final recommendation of BART control technology :

5.1 Least-cost Envelope AnaIySIS

For the control scenarios modeled in Section 4, Tables 5 1 ‘through 5-3 list the total annuahzed
~cost, cost per dV reduction, and cost per rechiction in number of days above 0.5 dV for each of
the three Class I areas. A comparison of the incremental results between selected scenarios is
‘provided in Tables 5-4 through 5-6. Figures 5-1 to 5-6 show the total annuallzed cost versus

" number of days above 0.5 dV, and the total annuahzed cost versus: ogh percentlle AdV
‘ reduct1on for the three ClassIareas. - - .

51.1 . Analysis Methodology

. On page B-41 of the New Source Manual, EPA states that “mcremental cost-effectiveness
comparisons should focus on annualized cost and emission reduction differences between: .
- dominant alternatives. Dominant set of control alterriatives are determined by generating what
. is called the envelope of least-cost alternatives. This is a graphical plot of total annualized
- costs for a total emlssxons reductions for all control alternatlves 1dent1ﬁed in the BACT
' analy31s »

An analy51s of mcremental cost efféctiveness has been conducted. ThlS ana1y31s was performed

. in the following way. First, the control option scenarios are ranked in ascending order of’
annuahzed total costs, as shown in Tables 5-1 through 5-3. The incremental cost effectiveness

; data,,expressed per day and per dV, represents a comparison of thie different scenarios, and is’

" - summarized in Tables 5-4 through 5-6 for each of the three wilderness areas. Then the most °

reasonable smooth curve of least-cost control option scenarios is plotted for each analysis. _
Flgures 5-1 through 5-6 present the two analyses (cost per dV reduction and cost per teduction -
. in number of days-above 0.5 dV) for each-of the three Class.I areas affected by the operatlon of
o Jun Br1dger2 :
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- BART ANALYSIS FOR JIM BRIDGER UNIT 2

In Figure 5-1, the four scenarios are compared as a graph of total annualized cost versus

number of days above 0.5 dV. EPA states that “in calculating incremental costs, the analysis

should only be conducted for control options that are dominant among all possible options.” In

Figure 5-1, the dominant set of control options, Scenarios 1, 3 and 4, represent the least-cost
envelope depicted by the curvilinear line connecting them. Scenario 2 is an inferior option and

should not be considered in the derivation of incremental cost effectiveness. Scenario 2

represents inferior controls, because Scenario 1 provides approximately the same amount of
visibility impact reduction for less cost than Scenatio 2. The incremental cost effectiveness is
determined by the difference in total annual costs between two connguous scenarios divided

by the difference in emlSSlons reduction.

TABLE51 -
Control Scenario Results for the Bridger Class 1 Wlldemess Area .
Jin Bﬂdgerz .
Average . Cost per
98"  Number of Cost per Reduction in No. )
e e+ eeo...Percentile . _Days ' Total . dV _ ___ ofDaysAbove _ .
- . deciview - Above  Annualize - Reduction ~ 0.5dV
- . . ) (dv) - 0.5dV. -dCost  (Million$/dV - (Million$/Day
- Scenario- Controls . Reduction (Days) (Million$) - Reduced) - 'Reduced)
Base Current Operation with 0.00 0.0° T $0.0.° -$0.0 - $0.0
Wet Flue Gas :
Desulfurization (FGD),
Electrostatic Precipitator
- (ESP) - .
1 Existing Low-NOx burner 0.14 43 -$2.5 ~ $185 $0.6
: (LNB) with OFA,; . ) . .
upgraded wet FGD
- system, and.Fiue Gas
-... Conditioning (FGC), for
. enhanced ESP
performance . .
2 LNB with OFA, upgraded 0.16 5.0 $8.9 . "$54.8 $1.8 -
-wet FGD system, and ’ : -
new polishing fabric filter - o .
"3 LNB with OFA and SCR, 0.33 8.0° $17.2- $51.6 - $2.1
upgraded wet FGD A - .- o -
“system, FGC for
enhanced ESP. -
performance ..
4 LNB with OFA-and SCR, - 035 | 8.7 $23.5 .. $68.0 $2.7
upgraded wet FGD . : o

system, new polishing

- fabric filter
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BART ANALYSIS FOR JIM BRIDGER UNIT 2

TABLE 5-2
Control Scenario Results for the Fltzpatnck Class | Wildemess Area -
Jim Bridger 2 .
Average Cost per
Number of Costper  Reduction in No.
o8t Days Total dv of Days Above
Percentile Above Annualized Reduction 0.5 dv
) - . dv 05dv Cost (Million$/dV (Million$/Day
Scenario Controls Reduction (Days) {Million$) Reduced) Reduced)
Base . Current Operation with Wet 0.00 0.0 T $0.0 . $0.0 . $0.0
FGD and ESP . o
1 ~ Existing LNB with OFA, ) 0.10 1.7 $2.5 . $25.4 ) $1.5
. upgraded wet FGD system, : ) '

and FGC for enhanced
ESP performance

2 LNBwith OFA, upgraded  0.12 13. $89 - $76.1~ © $6.6
wet FGD syster, and new C - ’ Lo
polishing fabric filter

"3~ LNBwith OFA and SCR, " - 0.21 - 37 S $17.2 $82.6 .- $4.7.
upgraded wet FGD system, T T T ’ )
FGC for enhanced ESP - .
performance

"4 - . INBWithOFAandSCR, * 021 . - 37 235 . T $1116 $6.4
upgraded wet FGD system, .
_new polishing fabric filter .

TABLE53 .
Control Scenario Results for the M. erkel Class I Wlldemess Area
J/mBﬂdgerZ . . _
Average - '~ ° - . Costper
. "Numberof- ~°~ - “Costper. | Reduction in No.
. 98" - °° Days _ .Total. dV . - of Days Above
) -* Percentile . Above Annualized Reduction .” . 0.5dV-
N S - dv . - 05dV - Cost “(Million$/dV (Million$/Day -
Scenario - - _.Contrals - "% Reduction (Days) _(Million$): - Reduced) Reduced) .
Base  CumentOperationwithWet 000 00 $0.0 $0.0 - 7§00
. FGD and ESP - o ) )
1 - Existing LNB with OFA, - 0.12. 53 . $25-  $202 - §05 -
. upgraded wet FGD system, - .
and FGC for enhanced
ESP performance v : L
" 2. LNBwithOFA upgraded * - 0A7 . 60 -  $89 $52.4 ©$15.
' wet FGD system, and new - e . o :
polishing fabric filter. S : ' . _ .
3 . LNBwith OFA and.SCR, . 043 153 . - $17.2 $40.0 R RS
upgraded wet FGD system, - c . - . -
- . FGC for enhanced ESP -
'performance : ) . v ) : . .
4 LNB with OFA and SCR, - 0:44 167 - $285  $533 - $14°
: upgraded wet FGD system, "= . : : . . ; -
- new palishing fabric filter.
| MSEYIUODOOISLCBART B2 OCTAOTFNALDOG - o s
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BART ANALYSIS FOR JIM BRIDGER UNIT 2

TABLE 5-4 .
Bridger Class | Wilderness Area Incremental Analysis Data
Jim Bridger 2
Incremental ’
Reduction in Incremental
Days Above Incremental dV  Incremental Cost Cost
- . 0.5 deciview  Reductions Effectiveness Effectiveness
Options Compared (dVv) (Days) {dV) ’ (Million$/Days) {(Million$/dV)
Baseline and Scenarig.1 43 0.14 = $0.58 $18.5
Scenario 1 and Scenario 2 0.7 0.03 : $9.5 $238.4
Scenario 1 and Scenario 3 ‘ 37 0:20 $4.0 $74.1
Scenario 1 and Scenario 4 ) 43 oo $4.9 $99.8
TABLE 5-5
Fitzpatrick Class | Wildemess Area Incremental Analysxs Data
J/mBﬂdgerZ ) -
Tt T T "7 Tncremental "~ T T T T T
Reductionin B - - Incremental
- Days Above ~ Incremental dV  Incremental Cost Cost -
CoL *- 0.5 deciview Reductions Effectiveness Effectiveness
Options-Compared =~ ° (dV) (Days) avy - (Million$/Days) “(Million$/dV).
Baseline and Scenario. .~ 17 . 0.0 - $180 $25.4
Scenario 1and Scenafio2  ~  NA_ 002 CNA $3532
Scenario 1-and Scenario 3 - - 20 R YT T <. - $134.0
Scenario 1 and.Scenario4 2.0 - S0t - 8105 . $186.8
" TABLE 5-6
Mt. Zirkel Class | Wl!derness Area Incremental Analysis Data
meﬂdgerZ
’ lncremental : . . o ~ .Incremental
. Reduction in Incremental dV  Incremental Cost Cost
) - Days Above Reductions Effectiveness Eifectivenéss
Options Compared- . . 0.5dV (Days) =~ @v) © (Million$/Days) ~  (Million$/dV) .
-Baseling and Scenario1 -7 53 .. 0d2 . §0.47. © $2023
é_cenariq 1andScenario2 - 07 .- 005 . 395 $139.2
Scenario 1 and Scenario3” -~ . 100 .~ - - 031~ ' $15 $48.0 E
Scenario 1"and Scenario 4 S M3 . L0832 . $19 - $66.1
o -
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FIGURE 5-1 . :
Least-cost EnvelopeBridger Class | Wildemess Area Days Reduction
Jim Bridger 2 :
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FIGURE 5-3
Least-cost Envelope Fitzpatrick Class | Wllderness Area Days Reductlon
Jim Bridger 2
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FIGURE 5-5
Least-cost Envelope Mt. Zirkel Class [ Wildemess Area Days Reductlon
Jim Bridger 2
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BART ANALYSIS FOR JIM BRIDGER UNIT 2

'5.1.2 . Analysis Results

Results of the least-cost analysis, shown in Tables 5-1 through 5-6 and Figures 5-1 through 5-6
on the preceding pages; confirm the selection of Scenario 1, based on incremental cost and
visibility improvements. Scenario 2 is eliminated because it is to the left of the curve formed

by the dominant control alternative scenarios, which indicates a scenario with lower
improverhent and/or higher costs. Scenario 3 is not selected due to very high incremental costs -
for both a cost per day of improvement and a cost per dV reduction. While Scenario 4 provides
some potential visibility advantage over Scenario 1, the projected improvement is less than

half a dV,-and the projected costs are excessive.

Analysis of the results for the Jim Bridger Class 1WA in Tables 5-1 and 5-4 and Flgures 5-1-
and 5-2 illustrates the conclusions stated above. The greatest reduction in 98™ percentile dV
and number of days above 0.5 dV is between the baseline and Scenario 1. The incremental cost

. effectiveness for Scenario 1 compared with the baseline for the Bridger WA, for example, is
" reasonable at $580,000-per day and $18.5 million per deciview. However, the incremental cost .

effectiveness for Scenario 3 compared with Scenario 1 is excessive at $4.0 million per day-and

. $71 1 million per deciview. The same conclusions are reached for each of-the 1 three WAs_o A o

studled Therefore Scenarlo 1 represents BART for Jim Brldger 2

52~ Reconnnendaﬂons

. 5 21 NO« Emission Control A : :
- The BART presumptive NO limit a551gned by EPA for tangentrally fired boilers burnmg

sub-bituminous coal is 0.15 1b per MMBtu. However, as documented in Section 3.2.1, the
characteristics of the Jim Bridger coals are more closely ahgned wrth brtumrnous coals, with a
presumptrve BART NOy limit of 0 28 1b per ‘MMBtu: -

* CH2M HILL recommends the exrstmg LNBs with OFA, (LNB Wr’ch OFA) as BART for

Jim Bridger 2; based on the projected significant reduction in NOx emissions, reasonable -

- control costs, and the advantages of no additiorial power requifements or. non-air quality

environmental itnpacts. NO reductions have been realized at Jim Bridger 2. CH2M HILL:

. recommends that. the umt be permrtted at arate of 0. 26 lb per MMBtu

- 522 SOz Emlssmn Control

CH2M HILL recommends upgrading the ex1st1ng wet sodium FGD system as BART for-

- Jim Bridger 2, based on the significant reduction in SO, emissions, reasonable control costs,

and the advantages of minimal additional power. requirements and minimal non-air quality .
environmental unpacts ThlS upgrade approach wrll meet the BART presumptrve SOz limit of .

0. 15 lb perMMBtu

5 2. 3 PMm Emission Control

"+ CH2M HILL recommends ﬁnahzmg the permitting of the FGC system to enhance the =

performance of the existing ESP as BART for Jim Bridger 2; based on the significant reduction
in PMo emissions, reasonable control costs, and the advantages of minimal addrtronal power _
requrrements and no non-air quahty envnonmental unpacts - ‘
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5'3 Just-Noticeable Differences in Atmosphenc Haze

Concluswns reached in the reference document “Just-Noticeable Differences in Atmospheric
Haze” by Dr. Ronald Henry (2002), state that only dV differences of approximately 1.5 to

2.0 dV, or more are perceptible by the human eye. Deciview changes of less than 1.5 cannot be
distinguished by the average person. Therefore, the modeling analysis results indicate that only
minimal, if any, observable visibility improvements at the Class I areas studied would be
expected under any of the scenarios. Thus the results indicate that even though many millions
of dollars will be spent, only minimal, if any, visibility improvements could result.

None of the data were corrected for natural obscuration. Water in various forms (fog, clouds,
snow, or rain) or other naturally caused aerosols can obscure the atmosphere and reduce
visibility. During the period of 2001 through 2003, there were several mega-wildfires that
lasted for many days, with a significant impact on background visibility in these Class 1 areas.
If natural obscuration lessens the achievable reduction in visibility 1mpacts modeled for BART
controls at the Jim Bridger 2 facility, the overall effect would be to increase the costs per dV
reduction that are presented in thls repott. .

) JMSvazoo%omSLC\BART_Jaz_dcr'zoo7_HNALbdq T : R . o -7 5e
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