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IN THE MATTER OF A PERMIT APPLICATION (AP-3546) FROM BASIN ELECTRIC .
POWER COOPERATIVE TO-CONSTRUCT A 385 MW PULVERIZED COAL FIRED
' ELECTRIC GENERATING FACILITY TO BE KNOWN AS DRY FORK STATION

L INTRODUCTION

* The Air Quality DlVlSlOI’l received a pexm:t apphcatlon from Basin Electric Power Cooperatwe to.
construct a coal fired electric power generating station adjacent to the Dry Fork Mine on nghway 59,
approximately 7 miles north northeast of Gillette, Campbell County, Wyoming. The proposed facility

" includes one pulverized coal (PC) boiler rated at 422 MW (gross) and 385 MW (net) with associated
material handlingand auxiliary equipment. The maximum design heat input for the PC boiler is 3,801

- MMBtwhr. The design valuss used for coal from Dry Fork Mine include a heat value of 8,045 Btu/lb

(7,800 Btu/lb minimum to 8,300 Btw/lb max1mum) and 4 sulfur confent of 0.33% (0.25% minimumto - .

0.47% maximum). Material handling will include coal, lime, fly ash, bottom ash, and.waste product from

the flue gas desulfurization (FGD) system. A11x1lxary equipment szI include an 8.36 MMBtu/hr In[et

" ‘Gas Heater, a 360 hp Fire Pump; and a 2377, hp Emergency Generator.

The Dmsmn comoleted its analysxs of the apphcatlon and advertised its proposed decision to issue a .
permit in the Gillette News-Record on February 26, 2007 giving opportunity for public comment and a
public hearing on the matter. A public hearing was held on June 28, 2007 at the Canipbell County '
_ Lzbrary in Gll}ette Wyommg and the pubhc comment period was extended through the hearmg

Ny 'The Dmsxon recewed 31 comment Ietters on the proposed permlt during the pub ic comment perxod 1) a o
. ‘March 16, 2007 Jetter from Beitha Ward, 2) a Maroh 19, 2007 letter from Ester Johansson Murray; 3)a

- 'March 20, 2007 letter from Jared Schwab 4) a March 21,:2007 letter from ‘Albert Bitner; 5) a March 21

2007 letter from Jane Eakin; 6) a March23; 2007 letter from Johr Osgood; 7)a March 23, 2007 letter
7 from William Young; 8) a March 24, 2007 letter from David Svendsen; 9) a March 26, 2007 letter from

‘Arlene Bryant; 10) a March 26, 2007 letter from-Martha Dubois; 11) a March 26, 2007 lettex from Kristin
Yannone; 12) a March 22, 2007 letter from EPA Region VIII; 13) a March.28, 2007 letter from Phil ~
- Round; 14)-a March 28, 2007 letter from the National Park Service; 15) a March 28, 2007 lettér with -
attachments from PRBRC et al. (Powder River Basin Resource Council, Wyoming Chapter of Sierra
Club, Wyoming Wilderness Association, Wyoming Outdoor Counetl, Biodiversity Conservation
" Alliance, Western Resource Advocates; and Natural Resources Defense Council }; 16) a March 28,2007
letter from Basin Electric; 17) - an April 30, 2007 letter from Albert Bitner; 18) an April 30, 2007 letter
. from Bertha Ward; 19) a May 4, 2007 letter from Phil Round; 20) a May 11, 2007 letter from Albert
- Bitner; 21) a May 11, 2007 letter from Ester Johansson Murray; 22) a May 21 2007 letter from Jared
" Schwab; 23) a June 4, 2007 letter from Phil Round; 24) a June 5, 2007 letter from Karla Oksanen; 25) a
June 28, 2007 letter from the Northern Cheyenne Tribe; 26) a June 28, 2007 letter from the Campbeli
County Commissioners; 27) a June 28, 2007 letter from the National Park Service; 28) a June 28, 2007
letter from Roy Liedske; 29) a June 28, 2007 letter from Kevin F. Lind; 30) a June 28, 2007 letter from
the Powder River Basin Resource Council; 31) a June 28, 2007 letter with attachments from Basin
Electric; and 32) written transcrlpt of the testimony of James K. Miller presented at the public hearmg on
June 28, 2007. Oral testimony was presented at the public hearing by James K. Miller (Basin Electric
Power Cooperatwe) Rich Pullen (Wyoming Municipal Power), Steve Thomas (Wyoming Chapter of
" Sierra Club), Jill Morrison (Powder River. Basin Resource: Council), Karla Oksanen (Campbell County
.Resident), Jim Margudant (South Dakota Chapter of Sierra Cl ub), Wayne Gilbert {South Dakota Chapter

of Sierra Club), Kevin Lind (Powder River Basm Resource. Council), and Ryan Munz (Wyoming
Resident).

Due to the number of public comments with sjrnilar concerns, the Division grouped individual comments
and developed nine surumary comments and responses. The comments from EPA, PRBRC et al., NPS,
‘and Basin Electric were addressed individually. The comments and responses are presented on the
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following pages. The Division also received positive comments supporting this project. The Division
appreciates these comments but they are not included in this document as no response is required.
Similarly, a number of general comments not requesting or requiring a response were not included.

I. ANALYSIS OF PUBLIC COMMENTS:

1) -Control of Mercury Emlssmns - Comments were recelved regarding the need to contl ol
" met cury emissions using the best control rnethods available.

Resgons,e ~ Mércury emissions are llmlted by’ federal New Source Performance Standards .
(NSPS) to 0.000090 pounds per megawatt-hour. In-addition, the permit requires installation and
peratlon of Best Available Control Technology (BACT) Mercury controls for power plants are

an emerging technology and the BACT emission level will be detérmined based on the results of
a one year mercury optimization study to be performed at this facility. The permit requires a
mercury control system to be installed and a one year mercury opttmlzatlon study to commence

- -within 90 days of initial startup of the boiler. The target emission level for this study is 20x 10

© (0.000020) pounds per megawatt—hour ‘The final BACT emission limit will be established based ,
on the results of the study. Also see the responses to PRBRC et al. #7¢.2, NPS #Se, and Basm ’
Electric #3.

2) Carbon Dioxide Seguestratlo Comments were recewed regalclmg sequestratlon of carbon
dioxide. _ : :

Response ~Wyo. Stat, § 35~ 11-213(a) curretitly p1ohxb1ts the Department of Environmental
Quahty (DEQ) or the Environmental Quality Council (EQC) from proposing or promulgating .
rules or regulatlons to reduce emlssmns as called f01 by the Kyoto Plotocol The Kyoto Protocol

(I-IFCS), Perfluorocar bons (PFCs), and Sulphux Heaafluorrde (SF6) e1mss1ons Smce Wyo. Stat,
§ 35-11-213 prohibits the regulation of CO3, no CO, sequestration requirements have been
established under this permit.

3)

(EACT) Comments'wele received requestmg the use of MACT for all pollutants

Response The pr oposed pe1 m1t establlshes emission hmlts usmg the top down Best Available
Control Technology (BACT) process. Through the BACT process, all technically. feasible
control options were evaluated and the most effective controls that are economically reasonable
were selected. The emission limits in the proposed permit are among the most stringent limits of
any recently permitted PC boiler. BACT and MACT are required under different regulatory

programs and the Division®s BACT limits are typically more stringent than MACT limits as
- discussed below, .

State and federal regulations require Best Available Control Technology (BACT) for all
pollutants regulated under the Prevention of Significant Deterioration (PSD) rules with potential
emissions above the PSD significance thresholds, BACT was evaluated for NOy, SO,, PM/PMq,
CO, VOC, H,S0O,, fluorides, mercury, and beryllium because the potential emissions for each of
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these pollutants are above PSD s1gmﬁcance thresholds. BACT is also requ1red for other
pollutants under WAQSR Chapter 6, Sectlon Z.

Maxrmum Avarlable Control Techno ogy (MACT) is reqmred for air pollution sources regulated
under the National Emission Standards for Hazardous Air Pollutants (NESHAPS). Coal- and Oil-
Fired Electric Utility Steam Generating Units are not regulated under NESHAPS and MACT -

" standards do not apply. Several smaller emission units at the proposed facility are subject to
MACT standards. The 2377 hp diesel emergency generator is subject to NESHAPS Subpart ,

. ZZZZ but does not have to meet any MACT emission limits because it is for emergency use only.
The 8.36 MMBtu/hr inlet gas heater is subject to NESHAPS Subpart DDDDD but does not have
to meet MACT emission limits due to its small size. The 134 MMBtu/hr auxiliary boiler is
subject to NESHAPS Subpart DDDDD and this subpart [imits CO emissions to 400 ppm and -
requires 2 Continuous Emissions Monitor (CEM) to monitor CO-emissions. CO is used asa
surrogate to mdlcate that HAP emlssrons are controlled adequately

L A[l of these emlssmn units-were subject to BACT review and the DWlSIOH s BACT emission -
" limits are typically more stringent than MACT limits. 'In this permit, the Division’s CO BACT .
" limit for the auxiliary boiler is 0.08 Ib/MMBtu which corresponds to approximately 100 ppm.
This is con51derab1y more, strmgent than the 400 ppm MACT 11m1t in NESHAPS Subpart
: 'DDDDD o , :

' A ;- Control of Sulfur Dloxxde Emlssxons - Comments were recezved regardmg the need to control B

L = sulfur dxoxxde (SOz) emissions."

Resgons A top down BACT analysts was performed for SO; and the proposed perm1t 11m1ted :
‘emissions to 0.08-Ib/MMBtu using a dry lime scrubber. . ‘The analysis was based on the use of a:

~ lime spray dryer absorber (SDA). Since that time, Basin Electric has proposed to use a different
type of dry lime scrubber known asa 01rculatu1g dry scrubber (CDS). Although this technology
is somewhat more effective at. controlling SO, emissions, there have previously been technical
 issues that preciuded use of this technology. Basin recently informed the Division that the
technical issues have been resolved and agreed to use this technology. The Division requested
Basin to submit a new BACT analysis for the CDS unit and Basin proposed an emission limit of

0.070 Ib/MMBtu, 12 month rolling average. A revised BACT analysis is included as Attachment

© Ato this document This limit s among the lowest SO, emission limits for any PC. boiler. Also
see the responses to PRBRC et al comment #7c.1 and NPS comment #3a.

5 Alternate Technologies — Comments were recexved stating that the Division should evaluate
other altematlves such as wmd power, solar ene1 £ and conser vatlon

Response — The Division d1d not requrre Basin Electrlc to evaluate alternate technologies in this
permit application. Page B.13 of the draft 1990' New Source Review Workshop Manual states,
"Historically, EPA. has not considered the BACT requirements as a means to redefine the source
when considering available control alternatives. For example, applicants proposing to construct a
coal-fired electric generator, have not been required by EPA as part of a BACT analysis to
consider building a natural gas-fired electric turbire although the turbine may be inherently less
polluting per unit product (in this case electricity)." The July 20, 1992 Order Denying Review for
Hawailan Commercial & Sugar Company (PSD appeal No. 92-1) states, "EPA’s PSD permit
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6)

7

5

conditions xegulatlons do not mandate that the permitting authoxlty redefine the source in order to
reduce emissions."

Cooling Water — One comment was received concerning the use of cooling water and notes that
the analysis does not address how the plant will bccooled

' Respons The Alir Quahty Dlwsxon does not regulate the use of cooling Watel The analysis

does, however, address BACT for PM, emissions due to drift loss from the auxiliary cooling
tower. The primary cooling tower will be an ajrcooled condenser and will not use water. The
auxiliary coolinig tower is a wet cooling tower with a flowrate of 17,000 gallons per minute, The
drift eliminators used in this tower will have a drift loss of 0.0005% resultmg in a loss of 42. 5

-gallons per minute when the auxiliary tower is in use.

Light Pollution — One comment was receiyed,conceming measures to eliminate night time light
pollution.

_ Resgons nght pollutlon is outsuie the An Quahty Dmslon s regulatory authorlty

Envxronmental Impact Statement (EIS) Comments. were 1ece1ved that an air quahty permlt

should not be issued until the Federal EIS is completed.

Response — The DEQ/AQD regulates Wyoming’s air resources pursuant to and.in accordance
with its State Implementation Plan (SIP) (40 CFR § 52.2620 et seq.), Wyoming’s Environmental
Quality Act (WEQA)(Wyo. Stat. Ann. § 35-11-101 et seq.), and the Wyoming Air Quality
Standards and Regulations (WAQSR).- The requirements for and preparation of Environmental

. Impact Statements (EIS) are prescribed by the National Env1ronmental Policy Act of 1969 (42
- U.S.C. §§ 4321-47) (NEPA). The NEPA estabhshes procedm es that federal agencies must.

9

follow, not the Wyoming DEQ/AQD. The DEQ/AQD has regulatory authority over Wyoming’s
air quality program. The DEQ/AQD air quality program prescribes permitting requirements. See
Wyo. Stat. Ann. § 35-11-801 and WAQSR Ch. 6. The DEQ/AQD’s permitting lequuements and
process are separate and independent from the federal NEPA process and do not require an EIS.
The DEQ issues permits “upon proof by the apphcan‘c that the procedures of this act [WEQA] and

. the rules and regulations promulgated hereunder have been complied with.” The DEQ/AQD has

determined that Basin has complied with the WEQA and DEQ/AQD permitting 1equ1rements and
is therefore 1 1ssumg a permit to Basin.

Northern Cheyenne Indian Reservation (NCIR) - Comment was received requesting that the
Department meet face-to-face with the NCIR and Mr. Bill Powers,

Response — The request for the face-to-face meeting was made during the June 28, 2007 public

hearing, As outlined by Dave Finley at the outset of the public hearing , the record on the

proposed permit closed at the end of the hearing and any comments received prior to and during
the hearing were considered in the final decision. While the Division understands the NCIR’s
concerns, the Division cannot meet-the NCIR after the public comment period has closed without
giving opportunity for further comments from all interested parties, The Division is willing to
meet with the NCIR, but will not consider comments from a meeting in the final decision.

. ‘Written comments received from the NCIR were considered in the final decision.
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o . ANALYSIS OF COMMENTS FROM EPA:

The Division provxdes the following responses fo the comments in EPA’s Maz ch 26 2007 letter

1] Condition 9 - BACT limits for PSD pollutants — EPA commented that the draft perrmt does -
not- set BACT emission hmlts for sulfurlc acid miist (H—;SO4) ﬂuox 1de and VOC.

‘ Respcms —The ﬂnal pemut includes emlssxon limits of 0. 0025 lb/MMBw HZSO4, 2. 62 lb/hr ‘
. fluorides, and 00037 [b/MMBtu VOC. The analysis for the proposed permit concluded that these -
levels represent BACT for fluorides and VOC and tliat an estimated emission rate of 0.0025
[b/MMBtu represents BACT for H;SOy4. The proposed permit already contained testing -
- requlrements for H,S0, and ﬂuonde and testmg requxrements were added for- VOC in the final
: perrmt .

2. Condl’aon 9 BACT limit for ammonia — EPA commented tha‘c the draft permlt does not set
N BACT emission hmxts for ammonia (NH3) S :

N Resgonse - The ﬁnal perrmt mcludes a 10 pprn (19 6 Ib/h:) lumt for ammonia. The analy51s for - |
" 'the proposed permit concluded that this level represents BACT The pzoposed penmt alreadv S
E -.contamed testmg requu'ements for ammoma o : ‘ .

3) Hours Hmit for Auxxharv Boxler and Inlet Gas Heater - EPA commented that emissions for
© " the auxiliary boiler and inlet gas heater are calculated based on 2000 hours and 2500 hours, o
respectively, but the permit does not limit the hours of operation.- EPA also noted that the page L
16 and 17 of the analysxs state that. both heaters are Iunlted to 2000 hours each. :

Resgons The final permtt limits opera‘uon of the aux1lxary boxler to 2000 hours per year and
: .the inlet gas heater to 2500 hours per year. Emissions from the inlet gas heater were calculated -
using 2500 hours as noted and the reference to 200 hours onpage 17isa typographxcal etror. .

4)  BACT limits vs. NSPS - EPA commented that comparmg Ib/hr hmlts for SO; and NOX isnota
valid demonstration that the BACT limits are at least as stringent as the NSPS limits because, at
low boiler load, the facility could be in comphance w1th the Ib/hr hrmts but exceed the NSPS

© . I/MW-hr limits. , :

'R'esgohse ~The permit, as proposed, includes both the BACT Iimits.and the NSPS limits of 1.0
1b/MW-hr NOx and 1.4 Ib/MW-hr SO,: The NSPS limits are based-on a 30 day rolling average.

5) . BACT limit avefaging period for SO, and NOx — EPA commented that the 12 month rolling :
averages for the SO, and NOx Ib/MMBtu limits are too lengthy an aveéraging period to fepresent
BACT and to be consistent with EPA’s policy on limiting potent1a1 to emit.

Response —EPA’s June 13 1989 Guidance on Limiting Potential to Emit in New Source

Permitting states that, “EPA recognizes that in some rare situations, it is not reasonable to hold 2

source to a one month limit. In these cases, a limit spanning a longer time is appropriate if it is 2
" rolling limit. However, the limit should not exceed an annual limit rolled on &'monthly basis.”
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The final permit limits SO, to 0.070 Ib/MMBtu and NOx to 0.05 Ib/MMBtu, both annual limits
rolled on a monthly basis. The SO, limit is among the lowest and the NOx limit is the lowest
limit we are aware of for a PC boiler. Using a 30 day or shorter averaging time would necessitate
an increase in the emission limits in order to account for short term variations and operation at
lower loads, The control equipment will experience some variation in short term emission rates
due to factors such as load changes, fuel properties, and maintenance activities. It is also not
reasonable to expect the control equipment to operate at the sarhe control efﬁmency at low loads
as at maximum load because flow rates and temperatures are both reduced at lower loads. It is

-the Division’s intent that the lower emission limits and longer averaging per 1od will result in

lower annual emissions. and this is the goal of the BACT process,

EPA’s June 13, 1989 Guidance on Lzmztzng Potential to Ewit i in New Sow ce Pe/ mitting also
states that, “a federally enforceable permit containing short term emission limits (e.g. lbs per
hour) would be sufficient to limit potential to emit, pxov1ded that such limits reflect the operation
of the control eqmpment and the permit includes requirements to install, maintain, and operate a

_continuous emission monitoring (CEM) system.” The proposed permit contains Ib/hr.limits for

SO, and NOy, requires CEMs, and determines comphance with CEM data. The Ib/ht' limits are

‘based on the maximum heat input of 3 801 MMBtu/hr and 0. 05 1Ib/MMBtu for NOX and 0.075

Ib/MMBtu for SO,.

Averagmg perlods in tables — EPA commented that. the PM and CO emission hmlts in condition
9 do not include the averaging times.

Response: The averagmg tunes for the PM/PMm and lb/MMBtu CO limits are specn" ied by the
performance test requirements in Condition 12. The 1b/MMBty and Jb/hr PM/PM, limits are

"~ based on the average of three 120-mihute tests per 40. CFR 60.50 Da:. The Ib/MMBtu-CO limit is

7)

8)

based on the average of three 1-hour tests as specified-in Condition 12. The Ib/hr CO limit was
revised to a 30 day average using a CEM to demonstrate compliance as discussed in the response
to comment #7 below.

Continuous Emission Monitors (CEMSs) for PM and CO - EPA recommehded'tﬁat the
Division require a PM CEMs and a CO CEMs,

Response — There are no regulations requiring CEMs for PM and CO and the Division is not
electing to require them. Howevet, the permit application states that Basin plans to install a CEM
for CO. Upon further discussions, Basin agreed to certify the CEM and use it to demonstrate
compliance with the 570.2 Ib/hr emission limit on a 30 day rolling average. Condition 9 was
revised to indicate that the 570.2 Ib/hr limit is on a 30 day rolling average. The 0.15 lb/MMBtu
limit is still based on the average of three 1-hour reference method tests. Condition 15 was
revised to require a CEM to demonstf'ate compliance with the {b/hr CO emission limit,

NSPS vs. PSD limits - EPA commented that the permit includes NSPS limits and states that
these limits are not required under PSD. EPA stated that a condition should be added that BACT
limits are separate from NSPS requirements and the PSD lequnements must be met regardless of

compliance with the NSPS,
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~ Response — The proposed perndit addresses PSD requirements as well as Wyoming’s Chapter 6

- 9)

Section 2 permitting requirements. There is nothing in the permit that implies that compliance

- with the NSPS requirements lessens the obligation to comply with PSD'BACT limits and the 4
‘_Dlvzswn does not con51der it necessary to add 4 condition stating this. .~ .

N SPS exemptlons vs. PSD limits — EPA commented that conditions 12(A) (C), and (D) mclude
citations of the NSPS which contain exempt periods when determining compliance. EPA stated
that PSD does not afford these exemptions and the permit should make thlS clear.

Response — Conditions 12(A), (C) and (D) spec1fy that the mma'l performance tests are to be

~ performed in accordance with the NSPS testing tequirements. This means that the initial -

. performance tests will be pérformed during periods of notmal operation rather than periods of .

startup, shutdown, and malfunction. This does not exempt the facility from compliance w1th the

“ BACT limits during those periods, rather it ensures that the test data is obtained during periods

representatlve of normal operation: There are no legulatory requirements that initial performance

testing be performed durmg perlods of startup, shutdown, or malfunction. The Administrator has
the ability, however; to require testing at any time, compliance i is in question per 35 11 1 }0(3)(\'10 S

- . .ofthe Wyommg Env1ronmenta Qua 1ty Act

0

' Performance testmg ~EPA commented that Condmon 7 requlres performance tes’ung, “within

- 30 days of achieving maximum. de51gn rate but not later than 90 days following initial start-up in .
_ accordance with Chapter 6, Section 2(j) of the WAQSR. ' If maximum design production rate is’

11)

~not achieved within 90 days of’ start-up, the Administrator may require testing at the raté achieved -
~and again when maximum rate is achieved.” EPA stated that the word “may” is ambiguous end L

the: permlt is unclear whether performance testing is, in fact requ1red w1thm 90 days

Resgonse The first part of Condmon 7 Wthh states “Performance tests shall be conducted

* wvithin 30 days of achieving maximum design rate but not later than 90 days following initial .
' start-up,” is clear that-an initial performance test has to be conducted within 90 days of startup.
. The second part of this condition, which states “If maximum design production rate is not

achieved within 90 days of start-up, the Administrator may require testing at the rate achieved -
and again when maximum rate is achxeved » allows the Administrator the discretion to require a -
second test if the mmal performance test is not conducted at the maximum, des1gn rate.

Equivalent test methods - EPA commented that COI’ldIthl’lS 13(B) arld 13(E) require testin g for
fluoride and sulfuric acid mist and specify testing using EPA test methods or equivalent methods. .
EPA recommended that the conditions be reworded to state ‘or equivalent EPA approved test

. methods

Response — Condition 13 requlres testing to determine emission rates for pollutants f01 which no
limits are established and includes the provision to use equivalent methods. Condition 12
requires testing to.verify comphance with emission limits and does not include provisions to use

‘equivalent methods unless they are equivalen: EPA approved test methods. Emission limits were

not established for fluoride and sulfuric acid mist in the proposed permit but are included in the
final permit as discussed in comment #1 above. Because emission limits are now included, the
testing requirements for fluoride and sulfuric acid mist were moved to condition 12 and specify
testing using EPA approved test methods.
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Modeling Analysis for CO — EPA commented that a CO emission rate of 557 lb/hr was used to

model compliance with the NAAQS/WAAQS but the potential emissions are shown as 570.2

lb/hr and that the application should disclose whether startup emissions were considered.

Response — Potential CO emissions durin.g normal operation are 570.2 lb/hr based on 3,801
MMBtu/hr and the 0.15 [b/MMBtu emission I1mxf The Division ran the model at 570.2 Ib/hr and
the maximum Impacts increased from 22.1 pg/m’, 8 hom average and 108.6 pg/m 1 hour
average to 22.6 p.g/m 8 hour average and 111.2 pg/m’, 1 hour average. These values are still
well below both the NAAQS/WAAQS and PSD Class II Significant Impact Levels (SILs). Basin
estimated worst case CO emissions during cold startup to be 1112.1 1b/hr for a one hour period
during the 8" hour of cold startup. , Basin modeled a 24 hour cold start emissions profile including
this value for each of the 365 days of the 2002 meteorological data set. Maximum impacts were
still well below both the NAAQS/WAAQS and PSD Class IT SILs. Basin subsequenﬂy agreed to
use a CEM to demonstrate compliance withi the 570.2 {b/hr CO limit and agreed to comply with
the limit at all times including startup and shutdown. Although there may still be higher hourly

emissions during startup and.shutdown, the Ib/hr CO {imit is based on a 30 day rolhng average

13)

Basin Electric’s agreement to comply with the emission hml’cs at all times apphes not only to CO
but to all pollutants. Condition 9 was revised to indicate that emission limits apply at'all times
including startup and shutdown . ‘

Modeling Analysns for SO, ~ EPA noted that a 3 hour SO, emission limit of 380 Ib/hr and a 30
day rolling SO,-emission limit of 304.1 1b/hr is proposed and commented that the application
should document how the 3 hour limit was calculated and disclose whether startup conditions
were considered. -

R.es‘po_nse — The 3 hour SO; limit of 380 Ib/hr is based on mazimum heat input 16 the boiler of

3,801 MMBtu/hr and a worst case short term emission estimate of 0.1 Ib/MMBtu. This limit was

established. to show comphance with Wyoming’s 3 hour SO, ambient standard and does account
for waorst case SO, emissions durmg cold startup. Note that the final permit requires Basin

Electric to comply with the emission limits 2t all times including startup and shutdown as

discussed in the previous response.

- ANALYSIS OF COMMENTS FROM POWDER RIVER BASIN RESOURCE COUNCIL,

WYOMING CHAPTER OF SIERRA CLUB, WYOMING WILDERNESS
ASSOCIATION, WYOMING OUTDOOR COUNCIL, BIODIVERSITY
CONSERVATION ALLIANCE, WESTERN RESOURCE ADVOCATES, AND
NATURAL RESOURCES DEFENSE COUNCIL:

The Division provides the following responses to the comments in the March 28, 2007 letter from
PRBRC et al.

b

Public Notlce Requirements — PRBRC et al. commented that the Division failed to meet public
notice requirements by not including the degree of increment consumption in all locations.
PRBRC et al. stated that the Division identified the degree of increment consumption for SO, at
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the location with the greatest impact, did not identify the degree of increment consumption for
"NOx or PMyy, and did not identify the degree of increment consumption in-Class I areas.

Respense — The February 26, 2007 peblic notice did not include Dr y'Fork Station’s covntributiovn

- 1o increment consumption near the plant for NOx, PMig, 3 hour SO, and annual SO, because

modeled concentrations were below the PSD Class II Significant Impact Levels (SILs). The
public notice included the 24-hour SOZ mcrement consumptlou near the plant

The February 26, 2007 public notice dld not include Dry Fork Station’s contmbutlon to.increment

. consumption in Class I areas (Wind Cave NP, Badlands NP, and the Northern Cheyenne Indjan
- Reservation) because modeled concentrations were below the proposed EPA. Class I SILs for

NOx, PMj, 3 hour.SO, and annual SO, and the proposed facility did not contribute 51gn1ﬁcantly

. to any of the modeled 24-hour SOz exceedances at the Northem Cheyerme IndLan Reservatlon

A public hearmg was scheduled for June 28, 2007 and the pubhc cornment penod was extended

through the hearing. The public notice for the hearing included the antlmpated degree of -
increment consumption for all pollutants and averaging periods near the facility and .at Wind

| ' Cave National Park Badlands Natlonal Park, and Northern Cheyenne Indian Reservatlon .

. CO; and other Greenhouse Gases - PRBRC et al commented that the Dmsnon falled to

address CO, and other greenhouse gases and the collateral impacts of competing BACT

5technolog1es (1 e IGCC) mcludmg water use; hazardous waste and endangered spemes ,

Respons BACT (Best Avallable Control Techno ogy) means “an emlssmn hmltatxon o
- (including a visible emission standard) based on the maximum degree of reduction of each

pollutant subject to regulation under [the WAQSR or the Federal Clean Air Act] which would be' .

- emitted from or which results for [sic] any- proposed major. stanonary source or major -

‘modification which the Administrator, on a case-by-case basis, takmg into account energy, -

" environmental, and economic impacts and other costs, determines is achievable for such source or

modification through application 6r production processes and available methods, systems, and

techmques, including fuel cleaning or treatment or innovative fuel combustion techmques for
control of such pollutant.” 6 WAQSR § 4(a).

Wyoming follows EPA’s top down” BACT process. The top—down process ranks all available
control technologies in-descending order of control effectiveness. The most stringent or “top” -
alternative is established as BACT unless the applicant demonstrates to the satisfaction of the
Division that technical considerations, or energy, environmental, or economic impacts and other
costs justify the conclusion that the most stringent technology is not “achievable.” Tf 2
technology is eliminated, then the next most stringent alternative is considered until BACT i is
reached. See New Source Review Workshop Marnual, EPA (Draft-Oct. 1990).

The Division considers collateral impacts only when comparing two technically and ‘
economically feasible control options designed to control regulated NSR pollutants.. “Regulated
NSR pollutant” means: (i) any pollutant for which 2 national ambient air quality standard has
been promulgated and any constituents or precursors for such pollutants identified by the EPA
Administrator; (ii) any pollutant that is subject to any standard promulgated under section 111 of
the Federal Clean Air Act; (iif) any Class I or II substance subject to a standerd promulgated .
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under or established by Title VI of the-Federal Clean Air Act; or, (iv) any pollutant that otherwise
is subject to regulation under the Federal Clean Air Act, except that any or all hazardous air
pollutants either listed in section 112 of the Federal Clean Air Act or added to the list pursuant to
section 112(b)(2) of the Federal Clean A.ir Act, which have riot been delisted pursuant to section
112(b)(3) of the Federal Clean Air Act, are riot “regulated NSR pollutants” unless the listed
hazardous air pollutant is also regulated as a constituent or precursor of a general poliutant listed
under section 108 of the Federal Clean Air Act. 6 WAQSR § 4(a). As discussed in the response
to public comment #2, CO, and other greenhouse gases do not meet the definition of “regulated
NSR pollutants™ at this time. Basin Electric did consider collateral impacts for the fea31ble
control options evaluated for a PC boiler.

Future CO; Regu!aﬁoh - PRBRC et al. commented that the Division must b‘onsi,der collateral
costs of future CO, regulgtion in the BACT analysis. : _

Response — It is not feasible to consider speculative future costs in the BACT process. The
Division notes, however, that IGCC does not inherently include CO, capture and PC technelogy
does hot preclude it.. It is possible to-capture CO, emissions with add-on control technology from
either type-of” facxhty should CO, become a negulated pollytant in the future Also see the
response to pubhc comment #2. : .

IGCC PRBRC et al, commented that the Dmsxon must cons1dex apphca‘clon of produc‘clon
processes and available methods, systems, and techniques to lower airborne contaminants (i.e.
IGCC)

Response The end result of the BACT pxocess is an emission. hmxtatxon for each regulated NSR

. pollutant; The BACT pracess is conducted on a case-by-case, site and source specific mannet,

evaluating energy, environmental, and economic impacts and other costs of permit conditions to
be imposed to ensure the proposed facility uses emission control systems that represent BACT.
BACT may involve the application of production processes and available methods, systems, and
techniques, including fuel cleaning or treatment or innovative fuel combustion techniques to
control emissions. See 6 WAQSR § 4(a). The permit conditions to be imposed on the facility are
not intended to redefine the facility, but are imposed on the facility proposed or defined by the
applicant. The Division’s BACT review distinguishes elements inherent to the proposed facility

- for reasons independent ffom air quality permitting from those elements that may be changed to

achieve emission reductions without requiring a redefinition of the proposed faeility. Although
the Division may request an applicant to consider other types of facilities, the BACT process does
not require the Division to redefine the Facility. :

Basin’s Dry Fork Station permit application was for a mine-mouth coal fired electric power
generating station, including one PC boiler rated at 385 MW (net). The scope of the BACT
analysis and the range of control measures considered is driven by the definition of the proposed
facility. The particular inherent design characteristics of the proposed facility are an important
part:of BACT. The permit conditions evaluated and imposed by the Division are a result of the

~ BAGT process for such a facility, not a redefined facility. A PC boiler combusts coal — coal is

the fuel. IGCC is a fundamentally different process and technology than a PC boiler, Lequiring
the conversion of coal to a synthetic gas for combustion in a gas turbine — the synthetlc gas is the

- fuel.
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Although the Division is not required to cormder teohnologles that would redefine the source and,
therefore, did not require Basin Electric to consider IGCC in its BACT analysis, Basin ‘
nevertheless evaluated IGCC as drsoussed in the response to comment #5 below.

IGCC - PRBRC et al. commented that IGCC is an avai able technology ancl must be evaluated as
part part of BACT.

Response — _As disoussed alﬁotfe? IGCC is a fundamentally different technology than a P.C boiler |

- and the BACT process does not require the Division to redefine the source. Consequently, the

Division did not specify that IGCC be included as part of the BACT analysis. Although not

' required for BACT, Basin Electric did evaluate alternate technologies for generating electricity in
- 22005 document entitled, “Coal Power Plant Technology Evaluation for Dry Fork Station,”

November 1, 2005, prepared for Basm Electrlc by CH2M HILL. ThlS dooument is included in-

o : AttaohmentB

" The evaluatlon n Attachment B concludes that 1GCC plants are not proven to meet the o
“availability and capacity requirements necessary for a baseload unit. Basin Electric requires a

minimum availability of 90% and a minimum capacity factor of 85% in order to meet projected "

-~ electrical demand. Of the four coal based IGCC plants.in the world, none have-achievéd these

levels of operation. Addrtlonally, of the four IGCC plants in existence, none are greater than 300 ”

MW, none burn sitb-bituminous coal,-and none are at high altitude. Basin Electric was, therefore

" unable to-obtain an acceptable performance guarantee for an IGCC plant

o

Supe rcntlcal B01ler PRBRC et al oommented that the Dlvrsron falled to evaluate a -
' 'supercrltxcal or. ultra—supercritrcal borler " - , o : '

Response A superormcal borler requrres a completelv drfferent borler a.nd turbine desrgrx As-

previousty discussed, the BACT process does not require the Division to redefine the source.-
Consequently, the Division did not specify that superc1 itical or ultra—supercrrtrcal borlers be

included as part of the BACT analysis.

In the August 30 2007 Fmal Statement of Basis for the Deseret Power Electrro Cooperatrve
- Bonanza Power Plant, EPA Region VI stated that, “The use of supercrztloal pressure in a power
. plant affects the design of all components within thie plant cycle, boiler, turbine, pumps, etc. The.

steam cycle is based on available turbine designs. The boiler and other equipment are designed to

.meet the steam cycle defined by the turbine.” Nevertheless, Region VIII concluded that itis .

appropriate to consider supercritical technology, as.a technology transfer control OpthI‘l under
step one of the top-down BACT analysis. While the Division recognizes that 2 reviewing agency
is not precluded from considering a technology that redefines the source, the Division is not
required to consider such technologies as discussed in the response to comment #4 above. EPA
Region VIII also recognized that the smallest supercritical preesure steam turbines available are

" for power plants in the range of 500 MW.

Although not required for BACT, Basin Electric evaluated both suberitical and supercritical PC
boilers in 2 2005 docurnent entitled, “Coal Power Plant Technology Evaluation for Dry Fork
Station,” November 1, 2005, prepared for Basin Electric by CH2M HILL. This document |
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discusses the efficiency improvements with supercritical boilers and indicates that improvements

_ in the net heat rate (Btu/MW) of 2.0 to 3.0% are typical for PC boilers above 500 MW but less for

smaller boilers. Addxtlonally, this unit is designed to operate at hlgher temperature and pressure
than older subcritical units resulting in an improvement in the net heat rate of approxxmately 2%.
As a result, Basin Electric estimates less than 0.5% difference between the net heat rate for this

- unit.and a supelcrmcal boiler. Additionally, a supercritical turbine in this size range would be a

7a)

one of a kind application requiring significant up front design and engineering costs. '
Alternatively, a larger than necessary . high pressure turbine element could be used but this would
further diminish any improvements in efﬁcxency The document concludes thata supercrltlcal
boiler is not appropriate for a boiler of this size.

Averagmg Tlme —PRBRC et al, commented that the averaging tlmes for BACT. 1nmts must be
equal or shorter than the averagmg per iods for NAAQS and PSD 1ncrement

Resgonse - The averagmg periods for both NAAQS and PSD mcrement are: annual for NOy;

8-hour and 1-hour for CO; annual, 24-hour, and 3-hour for SO,; and annual and 24-hour for

 PM,o. There is an annual limit for NOx, a 3-hour hrmt for SOy, and & 6-hour limit for PM (three

Tb)

Te.l)

120  minute tests). These are all equal or less than the, averagmg times for NAAQS and PSD
increment. The. Ib/MMBtu limit for CO is a 3-hour limit which is less than the aver agmg period
for the 8-hour standard but longer than the 1-hour standard. A shorter averagmg time 1is not
necessary for CO. The maximum -Hour concentrations modeled for startup conditions, with an
emission rate -almost double the 3-hour limit (1112.1 Ib/hr.vs, 570.2 Ib/hr), were still below the
PSD Class II Significant Impact Levels (SILs). Addmonally, EPA’s reference method to
determine comphance with the Ibo/MMBtu CO emission limit is based on the average of three 1-
hour tests, : :

NOx Limit—PRBRC et al, commented that the limits for NOy don’t reflect the maximum
reduction that could be achleved The comment stated that a NOx emission level of 0, 015 .
I5/MMBtu could be met assuming an emission rate from the boiler of 0,15 [b/MMBtu using low
NOx.burners and overfire air and an SCR control efficiency of 90%:

Response — The Division believes that the NOy limits do reflect the maximum reductions that
can be achieved on a continuous basis. The 0.05 Ib/MMBtu limit is the lowest BACT limit of
which the Division is aware and is equxvalent to recent Lowest Achievable Emission Rate

'(LAER) emission limits set in non-attainment areas.  There are technical igsues with trying to

achieve a lower emission level mcludmg additional. ammonia slip, deactlvatlon of the catalyst and
pluggage of the downstream air heater due to ammonium sulfate and ammonium bisulfate,
additional sulfuric acid mist emissions, and increased partictilate matter emissions as discussed on
page 8 of the analysis. The Division concluded that achieving emission levels below 0.05
Ib/MMBtu on a continuous basis is not technically feasible at this time,

SO, lelt PRBRC et al. commented that the limits for SO, don’t reflect the maximum
reduction that could be achieved because the Newmont Nevada TS power plant permit has a
lower SO, emission limit. The comment also stated that spray dl'yer absorbers can generally
achieve greater than 90% SO, removal and that the Division must set a requirement for removal
efficiency due to the variability in coal sulfur content.
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Resgonse.— The Division believes that the SO, limits do reflect the maxirntim reductions that can
be achieved on a continuous basis. As discussed in the response to Public Comment #4 and NPS

- comnment #5a, the final pefmit limits SO, emissions t0.0.070 Ib/MMBtu, 12 month rolling . -

average, based on a circulating dry scrubber (CDS). With the exception of the 0.065 Ib/MMBtu
limit for the Newmont Nevada TS power plant, 0.070 Ib/MMBtu is the lowest BACT limit of

_ which the Division is aware. The Newmont Nevada TS power plant has not been constructed and

Basin Electric evaluated the control efficiencies necessary to meet these permit limits over the

" range of coal properties expected for the TS power plant. Basin Electric concluded that the spray

dryer absorber (SDA) would have to operate at a level equal to or greater than its techmcal

_capabilities in oxder to meet the 0.065 lb/MMBtu limit.

" The D1v1snon agrees that a spray dryer absorber (SDA) can generally achieve greater- than 90%

SO, removal. In fact, the proposed permit with a 0.08 [b/MMBtu emission limit would requlre ‘
the SDA to achieve an average control efficiency of 92.4% based on an uncontrolied emission
rate of 1:055 1b/MMBtu (based on 0.47% sulfur content, 7800 Btu/Ib, and the AP-42 emission
factor) : The final permit limit is 0,070 lo/MMBtu using a circulating dry scrubber (CDS) as

' rprevrousiy d1scussed Thrs results in an average control efﬁcxency of 93 A%,

“Thiere is'no requrrement 10 seta removal efﬁc:ency in addltlon to an emlssxons limitation. The

- PSD regukatrons define BACT as 4n emissions limitation based on the maximum degree of
- reduction that is achievable and reasonable. " The permit contains such an emissions limitation.
~The actual control efficiency will vary with coal sulfur content. Coritrol. efﬁmenmes are hlgher

with higher sulfur content coal. When burning coal with 2 low sulfur content, the control .

- equ1pment is'not capable of achieving the same removal efﬁcrency even though lb/MMBtu
' emissions may be less. . : .

e2) -
' "BACT analysis and don’t reﬂect the maximum. reduction that could be achieved, The comment

Hg lelt PRBRC et al. commented that the hmrts for Hg should be based on a top down |

went on to say that the permit should requrre at feast 90% control efficiency resultmg inan
emissions limitation betiveen 6. 26><10 and 10. 02><1<f6 Ib/MW-hr.

Resgonse A top down BACT analysis for Mercury is not: reqmred under the PSD regulatlons
However a BACT ana1y51s was performed under WAQSR Chapter 6, Sectmn 2. .

Mercury control is an evolvmg technoiogy and control efﬁc1enores are srte spec1ﬁc dependmg on-
coal properties and control devices used for other pollutants. The permrt requ1res Basin Electric
to install a mercury. control system within 90 deys of startup and perform a one yeart optimization .-

study with a target level of 20x107 Ib/MW-hr. The target level is to ensure that Basin Electric

" evaluates levels specified in other recent permits. The Division will reopen the permit and

establish a final BACT emission limit based on the maxinum reductions that can be achieved
consrdermg technical feasibility and cost. The final emission limit may be higher or lower than
20%107 (0.000020) [b/MW-hr. See also the responses to Public Comment #1, NPS comment #5¢,

“and Basin Electric comment #3.

BACT Limits for VOC Sulfuric Acid MlstLand Ammonia ~ PRBRC et al. commented that

the Division must impose BACT limits for these pollutants.
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Response — The final permit includes BACT emission limits of 0.0037 1b/MMBtu for VOC,
0.0025 1b/MMBtu for sulfuric acid mist, and 10 ppm (19.6 lb/hr) for ammonia. Also see the
responses to EPA comments #1 and #2 above,

Visible. E'mlssion Limit _ PRBRC et al. commented that the Division failed to propose a viéible
¢mission limit reflective of BACT and that Continuous Opacxty Monitors (COMs) are required to

ensure continuous comphance

8)

Response — WAQSR Chapter 3,~ Section 2 limits opacity to 20% and this limit is included in the
permit. As stated by PRBRC, the definition of BACT contains the phrase “including a visible
emission standard.” 1t is the Division’s position that this phrase allows but does not require an
opaelty limit other than the 20% limit. Opacity cannot be directly correlated to partlculate
emissions, Therefore, it is ot feasible to perform a BACT analysis on visible emissions and any
limit other than 20% would be arbitrary. Basin Eléctric is planning to, install COMs in order to
comply with NSPS Subpart Da. This subpart requu'es either COMs or PM Continuous Emission
Monitors (CEMS) . _ ) .

Condensible PMyq — PRBRC et ‘al commented that fhe‘DivisiOII must impese a limit on t_otal

. PMm (ﬁlterable + condenmble) or must model at an uncontrolled rate

Respnnse There are no methods to control condens1ble PMiq, and therefore it is not fea51ble to
perform & BACT analysis or set emission limits on the total condensibles. Testing will be
required for the Dry Fork Project for both filterable and condensible PM,p, and the Division will

-assess the need for additional modeling baséd on the test results. The Division is imposing a

0.0025 Ib/MMBtu limit on HySO, emissions as discussed in the responses to EPA comment# 1
and Basin Electric comment #1. The Division is also imposing & 2.62 Ibfhr limit on fluoride
emissions. Thesetwo pollutants comprise nearly 65% of the condensible P from the Dry Fork

~ boiler, as estimated by Basin-Electric. Also see the responses to NPS comments #5¢ and'7.

9

10)

PM,.s — PRBRC et al. commented that the Division must .ad:dress PMys.

Response — The memo referred to in the comments (Interim Iniplementation of NSR
Requirements for PM; 5) states that it is administratively impractical to implement PSD
permitting for PM, s at-this time and PM), should be used as a surrogate until appropr iate
monitoring and modeling tools are available for PMys. The memo states that; .in the interim, the
significance level for PM, 5 is 15 tpy of PMjo. The Division is following the guidance in this
miemo and PMo emissions are addressed in the analysis. Note that on September 21, 2007, the
EPA propos‘ed PSD rules for PM; 5 in 72 Fed. Reg. 54112, 54138-39,

Design Parameters — PRBRC et al commented that ’che proposed permit fails to include any
conditions legaldmg the design of the source and states that the permit must |den1:1fy the type of
boiler, maximum heat input, generating capacity, control equipment, and emission lumta’cxons that
leﬂect BACT. :

Response ~ Condition 2 of the proposed permit states that the substantive commitments and
descriptions set forth in the application are enforceable conditions of the permit. The pr oposed
permit contains emission limitations that reflect BACT.
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1la) ~24-Hour 507 Increment — PRBRC etal. commented that Basin Electric’s Class I area. SOZ
" modeling analysis predicted violations of the 24-hour SO; increment at the Northern Cheyenne
. Indian Reservation and the Division cannot issue the permit because Dry Fork would contnbute
to violations of the SO, increments at the Northern Cheyenne Indian Reservation Class I area.

Response — Wyoming’s PSD regulations require the Division review major source facility
applications to ensure that emissions from the proposed facility will not cause or contribute to an
exceedance of ambient air quality standards or violation of any. PSD air quality increment. 6
WAQSR §§ 2and 4. An “increment” is the maximum allowable increases in the concentration
of a particular poliutant above a baseline. 6 WAQSR § 4(b)(i)(A)(T). Wyommg has increments’
for PM, SO-, and NOx. 6 WAQSR § 4, Table 1. The allowable level of mcremental ehange in
amblent air quahty is more stungent in Class 1 than CIass II areas. _ '

' Analyzmg whether a proposed facility will lxkely cause or contrlbute toa v1olatxon of the PSD

- allowable increment is-conducted by computer modeling and proceeds in stages. See 40 C.F R.
part 51, App. W. Air Quality regu latory agencies may exempt de minimis situations ‘when, the -

 burdens of regulation yield a gain of trivial or no value.” See Alabama Power v. Costle, 636 F.2d

323, 360-61 (D.C.Cir. 1979). In 1996, EPA’ proposed the use of Significant Impact Levels (SILs) " S

asa screening tool to determine whether a proposed facility would cauise or. contributetoa - -
" - violation of a Class I increment. ' See 61 Fed. Reg. 38,249;38291-92 (July 23, 1996). Although
- . EPA has not finalized these regulatlons EPA, Wyoming and other states use the Class I SILs
’ -_routmely in permitting actions. See Groce v. Dep’t of Envil. Prot., 921 A.2d 567 (PA. Commw.
~ Ct. 2007) (upholding Pennsylvania’s use of EPA’s proposed Class I SILs), Refinement of .’
. Increment Modeling Procedures (Proposed Rul e) 72. Fed. Reg. 31372, 31377-78 (June 6,
~ 2007)(describing EPA guidance and recognizing that current-modeling practice includes
- comparing model results to significant impact levels); PSD rulés for PM, s (Proposed Rule), 72 .
.. - Fed. Reg, 54112, 54138-39 (Sept 21 2007)(settmg forth EPA gu1dance and legal basxs for use of
A .SILs) R :

~ Since 1996, the Division has relied on the EPA proposed Class I SILs as a screening tool to
evaluate the air quality impact of proposed facilities on PSD increment. The Division has found
-the SILs to be a practical means of defining “significant” and “contribution.” Requiring the
applicant demonstrate that projected emissions will not cause significant deterioration recognizes
that some level of non-zero emission is permissible. The Division recognizes that merely because
- a computer model can generate an extremely small number does not make it significant — the key
is whether the number indicates s1gn1f1cant air quality impacts or de minimis impacts. If the
modeled impacts are de minimis, i.e. less than the SIL, the permit applicant is generally not
~ required to conduct 2 cumulative modeling analysis. However, if the modeled impacts are greater
than the SIL, the Division requires a more extensive, time-consuming and costly cumulative
modeling analysis to demonstrate that the proposed facility will not cause or contribute to an
increment violation. The use of SILs provides the Division with 2 reasonable method to evaluate -
the proposed facility’s impact on the allowable PSD increment.

 Basin Electric’s permit application utilized the EPA proposed Class 1 SILs to demonstrate that its
proposed facility would not contribute significantly to any of the modeled SO, increment
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violations at the Northern Cheyenne Indian Reservation (NCIR) at those receptors and time
perxods which the CALPUFF model predicted would occur,

The Dms:on compared the results of Basin’s modeling analys1s to the Class I SILs and
determined that no additional modeling was necessary. The Division’s analysis concluded that
the Dry Fork project does not contribute significantly to any of the modeled SO, increment
violations atthe NCIR. Because the Dry Fork facility would not cause or contribute to a violation

of the SO; increment-at the NCIR the Divisi'on,may.issue the permit :

Compnient — PRBRC ¢t al. also commented that the Class I SO, 1norement analys1s did not

- includé all SO, sources and that Basin Eléctriconly modeled the 90" percentile maximum 3-hour

and 24-hour SO, émission rates from Colstrip Urniits 3 and 4, ratheu than the maximum 3-hour and
24-hour average emission rates. : :

- Response — In the initial Class I modeling analyses of Dry Fork SO, impacts at Northern
* Cheyenne Indian Reservation (NCIR), the mode] predicted SO, impact from Dry Fork-was .

-greater thaii the 3-hour and 24-hour Class I'SILs for SO; at NCIR. -As a result, the Division
‘Tequired Basin Elec’crxc to conduct cumulative. SOz Class I 3=hour and 24<hour mcrement

oonsumptxon analyses at NCIR

For the cumulatwe analySIS, the appllcant modeled SO, emission sources locatecl w1thm 2300 km
radius of the NCIR, which is considered-as the practical limit for CALPUFF in the current EPA
guidance-docuiment; Guiideling on Air Quality Models. The emissions inventory modeled
included sourcés located in southern-Montana, northern Wyoming, and.southwest North Dakota,
The orily source in North Daketa located within 360 km of the NCIR was included in the |
analysis; the Gascoyne.Generating Station, a coal:fired power plant, Sources iri Montana include
Colstrip Units 3 and 4; Rocky Mountain Power (Hardm), Rocky Mountain Ethanol, Colstnp
Energy Limited Partnership, and’ Roundup Power Project Units 1 and 2. Wyoniing sources
include WYGEN Units 1, 2, and 3, Nei] Simpson Units 1 and 2, Two Elk Unit 1, and the
proposed KFx Ft Union plant, One Wyoming source was not included in the cumulative SO,
increrhent consumption aralysis at the NCIR; thé Neil Simpson Unit 1 source, a coal-fired power
plant in Wyoming that was constructed in. 1969, prior to the major source baselirie date for SO, of

January 6, 1975. Additionally, four small sources of SO, were identified in South Dakota.

* . However, because these sources have low SO; emissions and the large distance between these

souices and the NCIR,-these sources-of SO; were not included in the cumulative Class Larea
incremernt. consumptmn analysis,

Initially, Basin Electric modeled all SO, sources using allowable short-term 802 emission rates,
except for Units 3 and 4 at the Colstrip power plant in Montana, which were, modeled at the 90"
percentile of actual emissions, based on actual emissions data from 2003 and 2004, The Division

* required Basin Electric to miodel all sources at the respective short-term SO, permitted emission

rates, and the revised SO, increment analyses submitted have included the two sources at the

- Colstrip facility modeled at the permitted 3-hour and 24-hour emission rates. Modeling the short-

term permitted SO, emission rates for Colstrip Units 3 and 4, as submitted in the permit
application, and subsequent revisions, does yié¢ld prechcted SO, concentrations that are greater
than the 24-hour Class I SO, increment of 5 ug/m®, for both 2002 and 2003.
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In their response to this comment, Basin Electric submitted a revised cumulative SO, increment

. consumption analysis for the NCIR using revised SO, emission rates for the Colstrip facility -

12)

Units 3 and 4, based on the annual average SO, emission rates obtained from the USEPA Clean

Alir Markets web page. Basin Electric states in their response that modeling the revised SO,
emission rates for Colstrip Units 3 and 4, alone, and in combination with the other SO, sources.
modeled, the highest 24-hour SO, concentration at the Northern Cheyenne Indxan Reservation did
not exceed the Class I SO, mcrement of 5 ug/m

Soﬂs and Vegetatlon PRBRC etal. commented that a complete analysxs is reqmred for the

- impact on soils and vegetatlon

Response A soils.and vegetatlon analysm was. prepared by CH2M HILL and dlscussed in

~ section 7.8.2-of the November 2005 application. As discussed in the analysis; oats and barley.
" were identified by the applicant 2s sensitive vegetation in the near vxcxmty of the proposed Dry

Fork power plant. A modeling analysis was performed to evaluate 3-hour foliar effects of NO,

- and SO, on oats. Results of this analysxs show the individual NO, and 802 1mpacts are. below 8% '
" of the reference concentratton known to cause fohar m_]ury to. oats :

A June 20 2007 document “Dry Fork Statlon Azr Quahty Impacts to Smls and Vegetatlon” L
" provides additional information and is included as Attachment-C. This document discusses thata -

specific search was made for information regarding soils and vegetation in the area and
documents that, for sensitive species, modeled concentrations. of poliutants known tc be

o potentially harmful were compared with concentrattons at whlch harm m1 ght occut.. The ana[y31s .

‘ concluded that there would be no harm.

- Thls document also d1scusses endancrered species and notes that the only endangered spectes :

identified as potentially occurring in the area, the Ute ladles -tresses orchid, was not found durmg o

- a site survey.. It further states that multlple threats were 1dentzﬁed fm the’ spec;1es but none related'
toair quality. . : -

V.o

ANALYSIS OF COMNEENTS FROM THE NATIONAL PARK SERVICE

- The Division provxdes the fo[lowmg responses to the comments in the March 28, 2007 letter- from 'd
' Nattonal Park Service (NPS) : S

D

'Notification Requirements — The NPS commented that 40 CFR52. 21(p)(1) requires all

information to be submitted to the FLM within 30 days of receipt and at least 60 days prior to

‘hearing. The NPS further commented that the Division did not provide the public notice,

analysis, and draft permit conditions until publication of the public notice and that the Federal
Land Manager (FLM) should have been provided the opportunity to submit a visibility analysis
within 30 days of the Dmsmn s preliminary determination and before announcing the public

. hearing.

Response ~ The provisions of 40 CFR § 52.21 only apply to major stationary sources proposing
to construct on Indian Reservations in Wyoming or that received their DEQ/AQD permit prior
to September 6,1979. 40 CFR § 52.2630(b). The permit review notice requirements for all
other major stattonary sources proposmg o construCL in Wyommo are located in Chapte1 6 of
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the Wyoming Air Quality Standards and Regulations (WAQSR). The Basin Dry Fork Station
application is for a new major stationary source, so the requirements of Chapter 6 of the
WAQSR apply. ~

Wlthm thirty days of 1ecelvmg notice of a PSD permxt appllcatxon for a proposed facility which
may affect visibility in a Federal Class I area, the Division must notify the FLM., 6 WAQSR §
2(n)(ii). On June 30, 2005, in advance of receiving a formal permit application, the Division
began the process of notifying the FLMs of this potential new major source when the Division
sent-a Class I Modeling Protoco! to the NPS; followed by a pre-application meeting on August 4,
2005 attended by the NPS. On September 22, 2005, the Division also sent the NPS a copy of the
revised Class I Area modeling plotoool outlmlng the amblent air impact analyses to be conducted
for the project. ; .

W’ithin thixty days of receiving a major stationary source permit application ,subject to PSD
requirements, but not {ater than sixty days beforethe Division’s public notice of its proposed
decision, the Division is requited to. provide-written notice to FL.Ms whose Class I areas may be
affected by emissians from the proposed facility, 6 WAQSR § 2(n).- This notice mcludes
information relevant to the-permit application including “an analysis of the ant101pated 1mpacts on
air quality and visibility” in the Federal Class Tarea. The Division received Basin’s Dry Fork

- Permit Application on November 10, 2005 and sent a copy to the NPS on November 14, 2005,

Basin's application included an analysns of apticipated impacts on air qual_lty and visibility. -

Additionally, no later than sixty days after the Division’s- completeness determination, the
Division must reach and publish its proposed decision approving, condttlonally approving, or
denying the permit application. 6 WAQSR § 2(g). The rules also require the Division send its
proposed decision and ana1y31s to specific persons, including FLMs whose lands may be -
significantly affected by emissions from the propoesed facility, and make: the proposed decision

and analysis available for a thirty day public comment period and an opportunity for the public to

2)

request a hearing. 6 WAQSR § 2(m). On August 18, 2006, the Division notified the NPS that
Basin’s application was complete and also sent additional information the Division had received
from Basin on March 3, June 14, July 12, and July 14, 2006. The Division provided its proposed
decision and analysis to the NPS on February 22, 2007. The public comment period started on
February 27, 2007 and was originally scheduled to end on March 28, 2007 but was continued
until the conclusion of the June 28, 2007 public hearing. The Division concludes that it has ,
provided the NPS with the opportunity to submit a visibility analysis both prior to and during the
four month public comment period, The Division notes that the NPS provided to the Division a
visibility analysis ori March 28,2007 and a revised visibility analysxs on June 28, 2007 and the
Division does not need to re-open the comment period.

Impact on Wind Cave NP ~ The NPS commented that the proposed Dry Fork project emissions
would significantly impact visibility at Wind Cave NP, and the results of the Dry Fork visibility
analysis indicate the need for further review. The NPS commented that the visibility analysis

_ should be revised to reflect ‘che higher estimates provxded by the National Park Service.

Response — The NPS has developed methods to estimate emission rates for each specie that
comprises PM,o emissions from coal-fired boilers.” The NPS references AP-42 (Table 1.1-5 and
Table 1.1-6) as the basis for estimating their total condensable, organic condensable fractign, and
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inorganic condensable fraction of PM,, emissions. The emission factors in AP-42 have ratings, -

" which reflect the quality of the data, as well.as the quantity of data that were used to develop.the

emission factors. The rating scale spans the values of A-E. A rating of A is considered by EPA
to be excellent, in that the data used to develop the emission factor were based on high quality
source test data from randomly chosen facilities in the industry to minimize variability, whereas a
rating of E-is considered by EPA to be poor, in that the data used to develop the emission factor
were developed from C and D rated test data from very few facilities, and there may be reason to
suspect that the selected facilities tested do not represent a random sample of the mdustry, and the
emission factor data may contain variability within the source category population. The emission -
factor rating for the total PMq condensable emissions calculated by the NPS for pulverlzed-coal
fired boilers has a rating of E, and the ernission factor ratmgs for the organic condensable
fraction, and the inorganic condensable fraction of PM), emissions from pulvenzed—coal fired '.

- . boilers were l1sted as ND wh1ch means no-data were avallable

Basm Electric calculated PMIO condensable ermission rates based on'vendor-specxﬁc PMy
“emission factors, which were derived from coal analyses using actual coal samples. Thisis -
. “consistent with the, Division’s- pOlle of. usmg vendor guarantees as a primary source of data to -
* cal lculate emissions and using AP-42 when no hxgher quality data is-available. Large differences -
. exist between the condensable PM;g emission rates calculated by the NPS and Basin Electric due -
- . to the different emission factors used in those calculat:ons w1th the AP-42 emission factors
* .. yielding much higher PMm condensable emissions. Testing will be reqmred for the Dry Fork
.- Project for both filterable and condensible PM; and the Division will assess the need for - ~
. addmonal modehng based on the test results Also see the response to NPS comment #8

Basm Electnc conducted rewsed CALPUFF v131b1llty modeli ing for the pro_]ect based on the final
. emission rates for NO,(0.05 Ib/MMBtu), S0, (0.10-1b/MMBtu, 3-hour avg.), and HS0, (0.0025

1b/MMBtu).- At the request.of the Division, the modeling was conducted using three methods =~
within the CALPOST program: Method 2, Method 6, and a modified Method 6 that used: aerosol :

- background concentrations and relative humidity functions from the Division’s BART modeling -
protocol and a 8™ percentile cutoff for the results. The results of the revised modeling, which. |
- reflect all three years of méteorological data that were modeled are presented in the table below
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. ‘ CALPOST
' . CALPOST CALPOST Method 6
Class I Area ~Method 2 Method 6 (modified)
Wind Cave NP (2001-2003) '
Days > 3% . 6 . 1 0.
Days > 10% 0 - 0 0
Maximum % - 8.0 52 3.5
Badlands NP (2001-2003) -
Days > 5% 0. 0 - - 0
Days > 10% 0 0 0
‘Maximum % 4.9 4.9, 2.4
NCIR (2001-2003 C
Days > 5% 5 2 0
Days > 10% - 1. ! 0 '
| Maximum % 30.0 12.2 . 2.7

' NCIR Northern Cheyenne Indian ReServa‘uon

3)

..Response —

4)

. Respons

5a)

IGCC The NPS commented that the analysis should consxdex IGCC
See the responses t'o_ PRBRC et al,.commen’cs #4 and 5.

Superecritical Boiler ~ The NP$ commented that the analysis should consider supercritical and
ultr a-supercrltlcal boilers.

See the response to PRBRC et al comrnent #6

SO; Control The NPS commented that SO; is contl olled better at othex faClhtlSS usmg dry
FGD such as Newmont Nevada and at several proposed facilities using wet FGD.

Response — The NPS compared the control efficiency of the dry FGD system at Dry Fork Station
to three facilities burning low sulfur coal (Newmont Nevada, LS Power-White Pines, and LS
Power-High Plains) and three facilities using high sulfur coal (Sithe-Desert Rock, Sierra Pacific-
Ely, and FPL-Glades). The comparison to the three units burning high sulfur coal is not relevant
because FGD units are more efficient with higher sulfur loading as discussed in the response to
PRBRC et al. comment 7c.1. The emission limit in the final permit is 0.070 Ib/MMBtu as
discussed in the responses to public comment 4 and PRBRC et al. comment 7c¢.1. This results in
an annual average control efficiency of 93.4%, which is equivalent to LS Power-High Plains and
higher than that for Newmont Nevada (93.1%) and LS Power-White Pines (93.2%).

The NPS commented that the three facilities using high sulfur coal are controlled with wet FGD
and have lower Ib/MMBtu emission limits. The Division agrees that wet FGD provides better
control for higher sulfur coals. An EPA report, Controlling SO, Emissions: A Review of
Technologies, concludes that control efficiencies for wet and dry FGD are essentially identical for
facilities using low sulfur Powder River Basin coal. This is consistent with discussions the
Division has had with FGD vendors and other electric utilities. Additionally, the three facilities
burning high sulfur coal are all 750 MW units or larger and use a supercritical boiler. This results
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5b)

in a higher efficiency and lower Ib/MMBtu emissions. As discussed in the response to PRBRC et
al. comment 6, Basin Electric evaluated a supercritical boiler and determined that it is not
appropriate for a boiler of this size. :

Ib/MW-hr NOy Emissions —The NPS commented that Ib/MW-hr NOx emissions are higher

. than Florida Powe1 and Lxght s Glades Power Plant due to the hxgher efﬁmency of the Glades .

boilers.

, Resgons - The 0.05 lb/MMBtu NOy hrmt for Dry Fork Statlon is the lowest lb/MMBtu Iumt
- the Division is aware of for a PC boiler. The boilers that were proposed for the Glades project are
. somewhat more efficient as they are much | arger (980 MW) supercritical boilers. The Division

notes that the Florida Public Service Commission rejected the Glades project on June 5, 2007

: because they drd not consrder it economlcally feasrbl

*As discussed in the response to PR_BRC et al. comments 4 and 6,a supez cr1t1ca[ borlel reqmres a -

completely different boiler and turbine design and the BACT process does not require the

Division to redefine the source. Although not reqmred for BACT, Basin Electric evaluated a o ‘
"'-supercnucal boilér, as discussed inthe response to PRBRC et al. comment 6, and determmed that L

- itisnot approprxate for a bo1ler of this size.

| B lSC).. :

‘PMm Emlssxon lelts The NPS commented that there is no llmlt proposed for condensrble o

- PMug and they are.aware of three projects. (Srthe s Desert Rock NM, Sithe’s Toqoup NV, and .

North American Power Group s Two Elk expansmn) thh lower proposed em15s1on hrmts for

. Ailterable PMIo <

‘ Resgons - As dlscussed in the responses to PRBRC etal. comment 8 and NPS comment 7

there are no methods to control condensible PMm, and therefore it is not feasible to perform a
BACT analysis or set emission limits for condensible PMjo. Ambient air quality modeling was -
performed including condensible PMm and testing is requlred The D[VXSIOH w1ll assess the need E

. for addrtlonal modehng based on the test results

0.012 lb/MMBtu is the lowest demonstrated ﬁlterable PMm lrmlt of whlch the Dmsron is aware.

- The proposed permit for Sithe’s Desert Rock NM facility does contain a proposed filterable PMo -
-+ emission limit of 0.010 lb/MMBtu. Likewise, the application for Sithe’s Togoup NV facility
- . proposes a filterable PM;, emission limit of 0.010 Ib/MMBtu. North. American Power Group’s

Two Elk expansion project originally proposed a filterable PM, emission limit of 0.012
lb/MMBtu and is now requestmg a filterable PMIO emission lumt of 0.015 Ib/MMBtu.

The DIVISLOH reqmred Basin Electrlc to-evaluate ﬁlterable PMo emission limits of 0.010

. 1b/MMBtu and.0.012 Ib/MMBtu. The Division considered the incremental cost.of $30,77.1/ton

between these two levels to be excessive and determined that 0.012 1b/MMBtu is BACT for this
proposed facility. The incremental cost is high because there is only a 34 ton per year difference
in potential emissions between these two options and the increase in total annualized cost is
$1,050,000 due to the use of specialty ﬁlter bags such as P-84 polvxmlde or teflon in order to”
meet the Jower emission limit.
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5d)

5e)

H>S0, limit — The NPS commented that the H,S0; limit should be lowex ed to neﬂec’c the degree
of coritrol achieved by a dry scrubber at Newmont NV,

Response — The H,SO, limit for Newmont, NV is 0.001 Ib/MMBtu. As discussed in the
response to Basin Electric comment 1, Basin Electric concluded that this level is below the
practical analytical detection limit of EPA Reference Method 8 and 8A for a coal fired boiler.
The limit in the final permit remains at 0.0025 1b/MMBtu HZSO4 '

Hg Limit — The NPS commented that the Hg limit should be iowel ed to r eflect the degree of
control achxeved by a dry serubber at Newmont NV,

Respo‘ns'e' The Hg limit for Newmont NV is 20x10° 1b/MW-1n As discussed in the response
to PRBRC et al. comment 7¢.2, mercury control is an evolving technology and control
efficiencies are site specific dependmg on coal properties and contro! devices used for other
pollutants. The permit requires Basin Electric to install a mercury control system within 90 days
of startup and perform a-one year optimization study with a target level of 20x10° Ib/MW-hr.

. The target level is to ensure that Basin Electric. evaluates levels. spemﬁed in other recent permits.
© The Division:will reopen the pétmit.and establish a final BACT emission limit based on the

6)

7

maxirmum reductions that can be achieved conmdermg techmnical feasibility and cost. The final
emission limit may be higher or lower than 20%10°8 lb/MW hr,

CEM for PM - The NPS recommended a Contmuous messnons Momtor (CEM) for PM.

Response-— As discussed in the re_sponse-to EPA comment #7, there are no regul_at;on_s requiring
a CEM for PM and the Division is not electing to require one. NSPS Subpart Da requires either a
Continuous Opagity Monitor (COM) or Costinuous Emission Monitor (CEM) for PM. Basin
Elec’mc is planning to install 2 COM in order to comply with NSPS Subpar't Da.

Total PM,, for Modelmg The NPS commented that Wyoming modeled 63.8 lb/hx total PM1o
while the application lists 75.7 Ib/hr. .

Response — The Division modeled & total PM, emission rate of 64.6 Ib/hr for the far field
analyses (i.e. CALPUFF), which reflects an H,SO, emission rate of 0.0025 1o/MMBtu. The
difference between the total PM,q emission rate modeled (64.6 1b/hr) and the value reported by

NPS (63.8 Ib/hir) is due to the. molecular weight adjustments the mode! makes for sulfates. The

near-field modehng analyses are based on thie higher value of 75.7 Ib/hr, which is leﬂeotwe ofa
higher H,S0, emission rate of 0.0045 Ib/MMBHu.

The total PMyo emission rate is the sum of the filterable and condensible components. The
filterable portion is discussed in the response to NPS comment 5c and the condensible portion is
discussed in the response to PRBRC et al. comment #8, The Division has imposed limits on
filterable PM,o0f 0.012 Ib/MMBtu and 45,6 Ib/hr. Testing will be required for the Dry Fork
Project for both filterable and condensible PM,q, and the Division w1ll assess the need for

additional modehng based on the test results
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8)

Cumulatwe Visibility Analysis— Tlie NPS commented that cumulative visibility anal ys1s
should be performed for Wind. Cave and Badlands national parks, based on the results of the
CALPUFF visibility analysis.

Response — The Division’s regulations for requiring the applicant to conduct a visibility analysis
of the proposed project impacts at designated Class I areas adopt those in the PSD Rule by

~ reference, which does not require a cumulative visibility analysis to be performed for the

proposed new source or modification. Only the visibility impacts.from the proposed new source

-or modification must be assessed as required under current Federal regulations, and the Wyoming

Air Quality Standards and Regulations (WAQSR). Specifically, under WAQSR Chapter 6,
Section 4, (b)(()(B)(I) and 40 CFR Part 51.166 (0)(1), it states that “the owner or operator shall

. provide an analysis of the impairment to visibility, soils and vegetation that would occur as a_

result of the facility or modification and general commercial, residential, industrial, and other -
growth associated with the facility or modification”. The applicant has complied with the

. regulations cited above by assessmg visibility 1mpacts fr om the proposed source. Also see the
L response to NPS comment #2. : . :

9

 Sulfur Deposition at Wind Cave.NP The NPS cbnirhehted that the estimated arlmuel‘ sulfur

deposition (0.008 kg/ha/yr) is greater than the Deposition Analysis Thresho d (DAT) at Wind

~Cave Natlonal Park and further analy51s should be performed

' '--Res )onse — Chapter 6 Sec’uon 4(b)(1){B)(I) of the WAQSR dCSCI‘leS that an appheant for a PSD
* ‘permit should provide an analysis of the impact to soils and vegetation as a result of the source or:

modification.. Basin Electric (BEP) satisfied this requirement by submitting an analysis of the

* deposition impacts from the Dry Fork Project alone. The results of the analysis for annual o
" nitrogen deposition at Wind Cave and Badlands national parks were less than 50% of the NPS’s -

Deposition Analysis Threshold (DAT), and the Dwxsmn did not require any further analysis for - .
nitrogen deposition. The results submitted by BEP for annual sulfur deposition at Wind Cave
were obtained with an emission rate reflective of the short-term (3-hour) permit limit for SO,.
Because the deposition DAT was established on the basis of long-term (annual) deposition rates,
the.Division performed a fevised analysis with the long-term (3 0-day) Dry Fork permlt limit of
285.1 Ib/hr. The modeled result for annual sulfur deposition with this reduced emission rate was-

0.006 kg/ha/yr, which exceeds the established DAT of 0.005 kg/halyr, but by a smaller amount

. than the conservative amount initially reported by BEP.

o

. 24-hour Limits for V1s1b111tv The NPS commented that the perrmt should include NOx and

PMy, lumts consistent with the 24- hour emissions modeled in the visibility analysis.

Response There is no regulatory basxs for settmg short term emission limits, specific to

* visibility protection, as there are no.established standards for visibility. As discussed in the

response to PRBRC et al. comment 7b, the NOx limit of 0.05 lb/MMBtu 12-month rolling
average, is the lowest BACT limit of which the Division is aware and is equivalent to recent
Lowest Achievable Emission Rate (LAER) emission limits set in non-attainment areas. Usinga
shorter averaging time would necessitate an increase in the emission limit in order to account for

. short term variations and operation at lower loads as discussed in the response to EPA comment

#5. Additionally, setting a short term emission limit would not chancre actual short term emission
rates
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As discussed in the response to EPA comment 6 and PRBRC et al, comment 7a, the [b/MMBtu
and Ib/hr PM/PM ¢ limits are 6-hour limits based on the average of three 120-minute tests per 40
CFR 60.50 Da. Additionally, the 380.1 Ib/hr SO, limit is a 3-hour average based on 0.1
Ib/MMBtu and this value was used for the visibility analysis. These avexagmg periods are less

‘ than the 24-hour period used in the v1s:bxhty analy51s and shorter aver raging periods are riot

11) -

12)

necessary

Sulfur and Nltrogen Deposmon at Devils Tower - The NPS commented that sulfur and -
nitrogen deposition.should be provided for Devil’s Tower

Response - A deposition analysis at Devxls Tower National Monument was not pr oposed by the
applicant in the modeling protocol for the Dry Fork Power Plant submitted by BEP in August,
2005. Inthe August 4,2005 meeting in Cheyenne, the NPS provided verbal comments and’
suggested revisions to the CALPUFF modeling protocol Appendxx A of the revised modeling
protocol contained a summary of the NPS suggested revisions to the protocol, in which the
applicant agreed to model criteria pollutant impacts and visibility at Devils Tower National
Monument. The revised protocol was sentto the National Patks Service on September 22, 2005,
and no comments from the NPS were recexved by the Division regarding : any revisions to the
protocol. Therefore, deposition impacts were not assessed at Devils Tower National Monument.

- Reasonable Progress for Visibility — The NPS expressed concern about cumulatxve impacts on

visibility from development in the Powder River Basin and around Wind Cave National Park and
stated that; under the Regional Haze Rule (RHR), states are to make “reasonable progress”
toward the goal of natural visibility by 2064. The NPS commented that they believe it is

-appropriate for the Division to show how issuance of this permit, in con_]unetlon with other

growth in the area, will allow the stafe to meet the ¢ neasonable prog1 ess™ obligafion,

Response — The State of Wyommg is currently wokag on a state lmplementatxon plan (SIP) to
address the requirements of the regional haze rule. Much of the work that has already been
completed toward this effort has been accomplxshed through participation in the Western
Regional Air Partnership (WRAP) The WRAP is a collaborative effort of tribal governments,
state governments.and various Federal agencies, mcludmg the National Park Service, to
implement the Grand Canyon Visibility Transport-Commission’s 1ecommendat10ns and to
develop the technical and policy tools needed by western states and tribes to comply with the U.S.
EPA’s regional haze regulations, The WRAP has not ignored the impact of new power
generation on visibility.in western Class T areas. In 2003, Wyoming and four other western states
working through the WRAP, submitted the Nation’s first Regional Haze SIPs to mest the
requirements of 40 CFR 51.309 which capped SO, emissions, including those from new growth,
through the first planning period ending in 2018, Therefore, in addition to the NSR BACT
review, SO, emissions from new EGUs in the State must fit under the multi-state CAP.
Controlling SO, emissions from major pomt sources, primarily electric generating units (EGUs),
marks a sxgmﬁcant achievement toward improving visibility, With respect to NOy emissions, the
contribution to vxsxbxllty impairment at most western Class I areas on the worst days is relatively
small (5+10%). Projected new source growth of EGUs has been included in all visibility
modehng efforts. Mobile sources are the largest source of NOy emissions (2/3) in the West and
these emissions will decrease dramatically through 2018 as a result of existing and proposed
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Federal fuel and engine standards for on-road and non-road \/ehicles/equiprr_xenf (including
locomotives and commercial marine). The State and WRAP will continue to assess the NOx
contribution from EGUs, but the focus in this first SIP has been to reduce NOx from existing -

. EGUs through the application of BART (Best Available Retrofit Technology). WRAP estlmates

that western states will reduce NOx levels from coal-fired EGUs by 36% by 2018 from 1998
levels. Another critical part to controlling NOy frém western EGUs is to address two. major tribal
sources (Navajo and Four Corners), which together emit about 20% of all EGU NOy in the
western power grid: It is EPA’s responsibility to address BART from these sources. Addressing
the requirements of the Regional Haze Rule is a fong-term commitment since the rule directs
states to reach natural conditions by 2064. The State will continue to work collaboratively with

“other states, tribal governments and varrous Federal agencies to comp]y with the rule..

VL

' ANALYSIS OF COMMENTS FROM BASIN ELECTRIC

© .. The D1vxs1on provides the followmg responses to the comments in the March 28,2007 letter from Basin =
~ :Eiectnc Power Cooperatwe . . . g

HzSO4 lelt Basin Electrlc comrnented that ‘che proposed 0. 0025 lb/MMBtu ermssmn limit for - '

H7SO4 is equwalent to the practxcal analytical detection limit . of approx1mately l ppmv @ 3% 0, -
) for EPA Reference Method 8/8A. Basin stated that vendors are not willing to guarantee H,S0; ...

emissions below. approx1mately 1102 ppmv @ 3% Oz due to the hmltatlons of the reference ‘

: method tests.

: 'Respons The analy51s for the proposed permlt concluded that an estrmated emission rate of

0.0025 1b/MMBtu represents BACT for H,SO;. Basin Electric subsequently proposed a limit of |

- 0.0045 1b/MMBtu due to the limitations of the reference method test discussed above.. After. .
* further discussions, Basin Electric.determined that they should be able to demonstrate compliance
with the 0.0025 1b/MMBtu liniit by increasing the sample time f01 Method 8/ 8A The ﬁnal
* permit [imit remains 0.0025 lb/MMBtu

.80, Monitoring — Basin Electric commerrted that NS‘PS‘Subpart Da or[ly reouires SO, emiss-i‘on"s

to be monitored at the outlet of the control device because the Dry- Fork boiler will meet the -
numerical limit provisions of 40 CFR 60.43Da(i). The Division’s analysis for the proposed
permlt states that Subpart Da requxres both inlet and outlet momtormg -

'Resgons The D1v151on agrees wrth Basin’s comment that only SO, outlet momtormg is

3)

requlred in accordance w1th 40 CFR 60. 49Da(b)(2)

~ Hg Control System — Basin Electric requested that the Division delere Condition IO(B) requiring

a Hg control system within 90 days of startup because it is inconsistent with condition 10(4)
which requires a one year mercury optimization study.

Response — It is the Division’s intent for Basin Electric to install and operate a mercury control

system within 90 days of startup. It was the Division’s expectation that this would be a carbon
injection system or another comparable control device. The Division did riot specify the type of
control system due to the possibility that new or irhproved controls will be developed in the
interim. Beasin Electric is now indicating that the circulating dry scrubber (CDS) to be installed
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for SO, control may achieve up to 70 ~ 80% mercury control. Additionally, Basin Electric
indicated that they will install a skid mounted bromine or chiorine injection system and a Skld
mounted carbon injection system w1thm 90 days of startup

If Basin Electric can submlt documentatlon to substantlate that the CDS unit is expected to.

- achieve significant mercury control above and beyond what a lime spray.dryer absorber (SDA)

VIL

would-achieve, the Division will consider whether or not the CDS unit will fulfill the intent of the
requirement to install 2 mercury control system within 90 days of startup. . Skid mounted systems
will fulfill the intent of this requirement as long as they are operated to control mercury emissions
rather than only used for testing purposes. - : :

Part (A) of this condition requires a pxotocol for the optimization study to be submitted to the
Division for review and approval prior to commencement of the study. Regardless.of the control
efficiency achieved with the CDS unit, it is the Division’s expectatnon that Basin Electric will
evaluate carbon injection as part of the optlmlzatlon study as a minimum. The Division will
reopen the permit and establish a final BACT emission limit based on the maximum reductions
that can be achieved consxdermg technical feasibility and cost. The final em1ssmn limit may be
hxgher or lower than 20x10° b/MW- hr.. : :

DECISION:

On the basis of comments received during the public comment period, an analysis of those comments, and
representations made by Basin Electric Power Cooperative in the application, the Department of
Environmental Quality has determined that the permit application filed by Basin Electric Power
Cooperatwe comphes with. all applicable Wyoming Air Quality Standards and Regulations and that a
permit will be issued to, Basm Electric Power Cooperative allowing construction of Dty Fork Station as
descrxbed in- the apphcatton All of the conditions proposed in the. D1v1310n s analysis wxll be included in
the penmt with the following changes and additions: :

1)

The 12 month rolling average SO, emission limit in condition 9 was changed'from 0.08 to 0.070
Ib/MMBtu, The 30 day rolling average SO, emission limit was,changed from 304.1 lb/hr (based

* on 3,801 MMBtu/hr and 0,08 1b/MMBtu) to 285.1 Ib/hr (based on 3,801 MMBtu/hr and 0.075

2)

3)
4)

5)

lb/MMBtu) The tpy emission limit was changed from 1331.8 tpy to 1165 4 tpy (based on 0.070
1b/VIMBtu).

Emission limits were added to condition 9 for H,S804 (0.0025 lb/MMBtu 17.1 lb/hr 74.9 tpy),
hydr ogen fluoride (2.62 Ib/hr, 11.5 tpy), VOC (0.0037 Ib/MMBtu, 14.1 Ib/hr, 61.6 tpy), and
ammonia (10 ppm, 19.6 Ib/hr, 85.8 tpy).

The lb/hr CO limit in condition 9 was changed toA & 30 day rolling average.

Requirements for a CO CEM were added to condition 14,

Compliance pl'dvidions for Ib/hr CO emissions using CEM data were added to condition 15.
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6) ' Testing requirements for fluoride and sulfuric.acid mist were moved from condition 13 to
condition 12 and the provision allowing “equivalent methods was changed to “equivalent EPA
Reference Methods »o . : : ; : .

7) . .Condition 9 was rcwsed to mdlcate that the emxssmn llmxts at)ply at all tlmes mcludmg startup
and shutdown - 5 ~

Dated this 15" day of October, 2007

Dav1dA Fl‘niey e y
Administrator ' ‘
' ‘Wyoming Air Quality Division .

: f‘éL // ﬂ;{)’u{L—————‘

Johny Corra
Dir ct - ' N a
Wy mmcr Department of Env1ronmental Quahty -
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Attachment A
Revised SO, BACT Analysis -

Basm Electric evaluated the followmg emission conirol teohnolocrxes

1.. Wet Flue Gas Desulfurization (FGD) ~ For wet FGD SO, is reacted WIth a limestone or lime slurry to
- produce calcium sulfite or calcium sulfate (vypsum) Forced oxidation is commonly used to assure
. that only calcium suifate is produced. Wet FGD can provide a better control efficiency but uses more -
- water than dry FGD and has a visible moisture plume. Wet FGD results. in higher emissions of
particulate matter compared to dry FGD because the particulate removal device must be upstream of
the wet FGD.- Wet FGD also has lower removal efficiencies for acid gases and may result in hxgher
mercury emissions.

| 2. Spray Drvel/Absorber { Dry FGD) ~Ina spray dryer/absorbel SOZ is reacted with a Ca(OH)z sturry
" to produce caleium sulfate (gypsum). The calcium sulfate is captured downstream in the fabric filter.
‘Significantly less water is used compared to wet FGD and there is typlcally no v131ble moxsture
. plume. : ' .

3. Circulating Dry Scrubber (CDS) - Ina CDS unit, SO, is reacted thh dry Ca(OH)7 to produce calcmmf
“sulfite or calcium sulfate (gypsum). CDS units are. expected to achieve a slightly higher SO, removal .
~ efficiency than spray. dryer/absorbers The Division originally did not consider a CDS unit because
" there are only two units operating in the.United States and both have experienced problems with
' *.severe corrosion, high lime consumption (appr oximately twice that for a spray dryex/absorber), and .
" high energy costs (approximately 1/3 higher than a spray dryer/absorber) ‘Basin has since informed
‘ 5'_“the Dmsron that the techmcal issues have been resolved and agreed to con31der this technology

"Basm Electrxc evaluated dry FGD and wet FGD at several emission levels. and ougmally proposed dry
FGD with an emissionlimit of.0,10 It/MMBtu, 30 day rolling average, and 380.1 Ib/hr, 3 hour block L
. (based on 0:10 Ib/MMBtu). .As w1’ch NOx, Basin Electric evaluated the variability in actual 30 day rollmg

© average emission levéls at two facilities and added two standard dewatlons This equatedtoa 23% - -
*_margin of safety added to the 0. 073 [b/MMBtu actual emissions for an emlss1on level of 0.09 lb/MMBtu
Basm Electnc then proposed 0.10 lb/MMBtu o

“A'review of recently 1ssued PSD permxts mdlcates tl1at Newmont Nevada Energy Investment’s TS Power
. Plant uses SDA and has the lowest SO, emission limit for a PC boiler bummg sub-bituminous coal. The
TS Power Plant has different emission limits depending on the sulfur content of the coal combusted.
When combusting coal with a sulfur content less than 0.45%, the boiler is limited to 0.065 lb/MMBtu :
(24-hour rolling averawe) and 91% removal efficiency.. When combusting coal with a sulfur content.
greater than or equal to 0.45%, the boiler is limited to 0.09 Io/MMBtu (24-hour rolling average) and 95%
removal efficiency. The design coal for Basin Electric’s proposed facility contains 0.33% sulfur with -
sulfur contents ranging from 0:25% to 0.47%. At the upper end of sulfur content for Basin Electric’s
proposed facility (0.47%), a 95% removal efficiency results in 0.06 |b/MMBtu. Therefore, the TS Power
plant would be limited to no more than 0.065 Ib/MMBtu (24-hour rolling average) when combusting coal
with sulfur contents equivalent to those for Basin Electric’s proposed facility. As a result of this finding,
the Division requested Basin Electrlc to evaluate lower exmssxon levels. :

Basin Electric provided an analyszs of cost effectiveness for wet FGD with em1ss1on limits of 0.07, 0.08,
and 0.09 [b/MMBtu and for SDA with emission limits 0f 0.09 and 0.10 Ib/MMBtu. As prev1ously
discussed, Basin Electric added a 23% margin to the 0.073 1b/MMBtu design target emission level for
SDA to derive an emission limit of 0.09 Ib/MMBtu. Similarly, they added a 28.6% margin to the 0.054
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Ib/MMBtu design target for wet FGD to derive an emission limit of 0.07 Ib/MMBtu. Therefore, the
Division used the economic information provided but-divided the proposed emission limits by 123% for
SDA and 129.6% for wet FGD so that the analysis is based on design target levels as with NOy. The
results are shown in the following table. The emissions reduction is the difference between an
uncontrolled baseline emission rate of 0.82 [b/MMBtu and the design target level emission rate using wet
FGD or SDA. The average cost effectiveness is the total annualized cost for the option, including capital
cost and annual operating and maintenarice costs, divided by the emissions reduction. The Division
considers the average cost éffectiveness to be reasonable for all opticns.

1 | SDA @0.081 Ib/MMBtu 12303 ' 143 = 1,159
2. | SDA@0.073 I/MMBtu~ 12436 | 155 L 1,246
3 | WetFGD @ 0.060 Ib/MMBtu | . 12503 117 YE
4 [ WetFGD @0.062 I/MMBtu | 12619 19.0 1,504

1 5 {Wet FGD @ 0.054 [b/MMBtu 12753 203 1,595

Emission rates derived by dividing proposed emission limits by 123% for SDA and 129.6% for wet

In addition to averagé cost effectiveness, the draft 1990 New Source Review Woi ksﬁop'M'aﬁual provides
amethod to evaluate incremental cost effectiveness between dominant Sptions known as the least cost”
envelope. For this method, a plot of annual emissions reduction vs. total annualized cost is produced and
the dominant control options are indicated by fitting a curve or line through the lower and right most
points as shown below. Points above and to the left of the line are considered inferior controls becatise
points on the line provide more emissions reduction for less money.

K
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.

. Least Cast Envelope for SO,

: B B - S Case g
20.0 , - : . ‘// .
19.0 — vca;/;*; -

8.0 + Case 3

17.0

S . ' / ~ase 2
‘ : r@

“Total Annualized Cost (Million $)

D R L S S S =
‘12209 12300 0 - 12400 r. 12500 ) 1’2500‘ o 12700 12800
- I Annual Emsssmns Reducnon (tpy} P ¢

The dommant options are Cases 1 (SDA @ 0. 081 lb/MMBtu), 2 (SDA @ 0. 073 lb/MMBtu), and 5 (Wet
FGD @ 0.054 1b/MMBtu). The iricremental cost effectiveness for the dominant optxons is calculated in
the fol lowing table. The incremental emissions reduction and mcremental increase in total annualized
cost is'the difference in these values for each option from the previous table. The incremental cost
' effectiveness is the mcremental increase in total annuahzed cost divided by the mcremental emissions
 reduction. : : :

Incremental Cost Effectxveness between Dommant O tlons for SO

g G AR ARAERe sy A

Cases | and 2 ) 133 o 1.2 : 9,296
“Cases2and5 316 48 15299

The average cost effectiveness values for all three dominant options are teasonable but the Division
considers an incremental cost effectiveness of $15,299/ton excessive when combined with the negative
environmental impacts of wet FGD discussed previously (higher water usage, visible moisture plume,
higher PM emissions, iower removal efficiency for acid gases, and possibly higher mercury emissions).
Therefore, the incremental cost effectiveness is considered Leasonable for SDA w1th a design tar get
emlssmn level of 0.073 Ib/MMBtu.

“As with NOX, it was necessary to determine a reasonable margin between the design target emission level

and an emission limit at this point in the review. Further discussions with Basin Electnc indicated that
are several issues that necessitate a margin of safety as discussed below:
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1) Basin Electric stated that the lowest emission guarantee available for SDA is 94% removal with a
floor of 0.08 Ibt/MMBtu (regardless of SO, loading). With an SO, loading of 1.33 Ib/MMBtu, 94%
rémoval resulis in an emission level of 0.08 1b/MMBtu. Basin stated that vendors will guarantee 94%
removal with SO, loadings above 1.33 Ib/MMBtu but will not guarantee less than 0.08 Ib/MMBtu
(equivalent to an SO, concentration of approximately 40 ppm, @ 3% O2) with lower SO, loadings.
Basin Electric originally established a performance target (i.e. design target) of 0.073 [b/MMBtu
based on an SO, loading of 1.21 Ibt/MMBtu and 94% removal but subsequeritly [earned that 0.073
Ib/MMBtu is below the floor of 0.08 Ib/MMBtu for an emission guarantee.

2) Injecting additional lime slurry and/or operating the system at an outlet temperature approaching
saturation may increase SO, removal but the slurry feed rate is limited by the requirement to operate
~ the SDA above saturation temperature and produce a dry by-product. Operating the SDA at or below -
the design limit increases the potential for opefating issues including wall wetting, scalmg, plugging,
and operational problems with the downstream fabnc filter,

As a result of these discussions, Basin Electric agreed to an annual average emission limit of 0.08
lo/MMBtu with a 30 day rolling average limit of 304.1 Ib/hr-(based on 3,801 MMBtu/hr and 0.08
Ib/MMBtu). As with NOx, a [b/hr limit for the 30 day averaging period provides more ﬂex1bllxty and

. allows the facility to come back into compliance quickly by lowering power output. Emlssmns in
lb/MMBtu do not necessarily decrease with power outpit.

Subsequent to the public comment period, Basin Electric indicated that the technical issues with
Circulating Dry Scrubbers (CDS) have been resolved and agreed to consider this technology as previousty
discussed. Basin provided a revised BACT analysis fot CD$ indicating that CDS should be able to
achieve a higher control efficiency than SDA because higher reactant injection rates and Ca/S ratios can
be used without the operational problems discussed above for SDA. Addmonally, a smaller margin of
safety is necessary with CDS because there is less of an issué with short term emission. splkes Periodic.

" maintenance thust performed on the reactant atomizer nozzles for SDA and short term erissions increase
during this tine Because-iridividual nozzles ar¢'taken out of service. There are no atdmizer nozzles for -
CDS. The: expected gains in- efﬁciency aite partially offset by the limited experience and operating listory
of this technology. Basin’s revised BACT analysis stated that the costs for CDS are similar to those for

e-SPA-Based-on these considerations, Basin proposed CDS with an emission limit of 0.070 Ib/MMBtu,:12 -

month rolling average as BACT. This is among the lowest SO, emission limits for any PC boiler and the

Division concludes that CDS with emissicn limits of 0,070 Ib/MMBtu, 12 ménth lol ling aver age and

285.1 lb/hr, 30 day average, represents BACT f01 50, .
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| Attéchmént B — “Coal Power Plant Technology
Evaluation for Dry Fork Station,” November 1, 2005
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Executive Summary

Background

In December 2004, Basin Electric armounced plans to bulld a 250 MW (net) coal~ based
generauon resource in Northeast Wyoming. Basin Electrlc s goal for this new generation
resource is to build a high quality; environmentally sound, cost-effective generatlon facﬂlty

Basin Electric and its ¢consulting engineers conducted extensive reviews of the current o
progress being made in alternative coal-based technologies, mcludmo' the proven pulverized
~ coal (PC) and circulating fluidized bed (CFB) boilers, and the demonstra’aon integrated -
gasification combined cycle (IGCC) power plants. As a result of this feview, Basin Electric -
. ‘and consultants have determined that the project can meet or exceed all of the project goals -
. by utilizing the latest generation of air pollution control (APC) tectmology with a PC boiler:.
A PC unit with state of the art emission control equrpment offers performance tha.t exceeds
 the proven capab:lltLes of CFB or IGCC systems. -

©In May 2005, based on 2 rev1sed load forecast for Basm Electrlc s member cooperatlves, the
* annual average net plant output for the proposed coal unit was increased to 350 MW (net). -

- The technology comparison at this rating is virtually identical to the 250 MW deszgn case. .

The plant was named the Dry Fork Station in Augus’t 2005 N : _

-,‘Tlus concep’cual level technology evalua’uon was conducted to! address the advanta.ges and '

'”'-hzmtaﬁons of PC, CFB and IGCC coal-based power generation technologres for thenew Dry . |

o Fork Station. The evaluation addresses the capability of éach technology to-fulfill the need.of |

" the project based on techmcal envuonmental rehablhty commercial, and. economic-
- evaluation crltena : S , . ‘

The basis-of thls evaluatxon isa coal fueled power plan’c tha’t will be mine mouth usmg PC
~ CFB or IGCC technology. The facility would be base loaded with a minimum 85 percent

. capacity factor and 90 percent availability. While not part of the current proposal, the
possibility does exist for the future expansion of the site with 2 second unit.. The current
onlme operatxonal date for the facﬂl‘cy is January 2011

Basin Hlectric desires to 1denthy the most pradent power genera’don technolo gy for tlus new
coal-fired power plant, That identification process is oulded by these desn:ed charac‘censtrcs
for the proposed generation:

» 'Baseload Capacrty ,
e Environmental Compliance
"o High Reliability and Availability '
. Corrmercmlly Available and Proven Technolovy
» Cost Effective :

Coal-based power generatton technology selected for this project must be capable of meetmg
the desired characteristics listed above.
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Technical Evaluation

The main incentive for IGCC development has beeri that units may be able to achieve higher
thermal efficiencies than PC plants, be able to match the environmental performance of
gas-fired plants, and potentially provide a more cost-effective means of removing CO,
should that become a future regulatory requirement. However, the thermal efficiencies of
new PC plants using superheated steam have also increased as has their envirohmental

performance. The coal plant teghnology configurations selected for evaluauon are shown in
Table BS-1. ’

The PC configuration selected uses a convenhonal Iugh dust/high temperature SCR system
. for NO control, and a Circulating Dry Scrubber (CDS) FGD system for SO, control.

The CFB configutation selected uses a Selective Noh—Cataiyﬁc RediticHon (SNCR) system for
NOx control, and llmestone addition in the boﬂer with a downstream CDS FGD system for
SO; comtrol. ' S

The two IGCC conf1gura’nons selected for evaluauon representa conventlonal IGCC umt and

an ultra-low emissions IGCC unit. The conventional IGCC unit uses an amine gas treatment

system to reduce HaS to approximately 25 ppmv in the syngas sent to the combustion turbine

~ generators (CTGs) for SO» control, and water m]ectlon ot mtrogen dﬂutxon w1th 10W~NOx
buzners in the CTGS for NOx control. '

The ultr.a—,low emissions IGCC it uses a Selexcl gas treatment system to reduce Ho5 to

approximately 10 ppmv in the syngas sent to the CTGs for SO; control, water injection with

low-NOx burners in the CTGs and an SCR system for NOx con‘crol and a catalytlc ox1dat10n
: catalyst (Cat-Ox) system for CO-control.

TABLE ES-1. - . '
Coal Plant Technology Evaluatlon Cnterla
Basin Electric Dry Fork Station Technology Evaluaz‘lon

o Criteria.__oc s PG ..,.C.EBNWQ..,.,.‘_-...“,C;omi‘enti.oné'l..m‘ﬂ,.l.w,.“.'UItramew% .
. - ‘ ' ‘ . 1GCC Emission IGCC
Net Plant Output (MW) 250MW - | 250MW . | 250MW | 250MW
Net Plant Heat Rate 10,512 _ 10,872 . 11450 oo 111382
(Btu/kW-Hr) . |
AnnuaI'P-l'ant‘Capacity : . B85% Coal © 85% Goal | 15% Nafural Gas, | 15% 'NatiivralAGas,
Factor (%) : a ‘ a - . [ 70% Coal - " '70% Coal
S0, Control System CDS FGD CaCOs in Boiler Amme Syngas : Selexo! Syngas
and CDS FGD Treatment for HoS | Treatment for HeS
Removal - .Removal
NO, Control System LNB and SCR SNCR LNB and Water LNB, Water
' Injection Injection and SCR
CO Control System Combustion Combustion 1| . Combustio‘n E Cat-Ox.-
Controls Controls _ Controls

"Notes: CDS FGD.~ Circulating Dry Scrubber Flue Gas Desulfurization System; LNB ~ Low NOx Burners; SCR -
Selective Catalytic Reduction; SNCR - Selective Non-Catalytic Reduction; Cai-Ox ~ Catalytic Oxidation

2
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Enwronmentai Evaluation

A PC boiler combined with appropriate APC technolooy of_fers simflar emission rates toa
CFB boiler for SOz, NO, particulate matter, mercury and other hazardous air pollutants
(HAPs). A PC boiler based plant with the latest generation of proven APC technology offers
lower SOz and NOy emission rates as cornpared to the two U.S. demonstration IGCC plants at
- the Public Service of Ind1ana (PSI) Wabash Rlver and Tampa Eleci:nc Company (TECO) Polk
stations. - : '

" Future IGCC plants have the potential of offermg Iowér SO; and NI Ox emission rates, butata

. significantly higher total plant capital cost and project risk compared to a PC unit along with - -

the uncertainties associated with the use of this developing integration of technologies -
(including costly poor plant availability for a number of years). Table ES-2 compares the
proposed Dry Fork Station PC emission rates with the current annual emission rates from -
existing CFB commen:lal plants and from eustmg U.S. IGCC demonstration plants.

. TABLEES2
. Comparison of Coal Combustion. Technoiogy Emission Rates
Basin Electric Dry Fork Station Technology Evaluation,

Emission Rates for Coal Qor'nbusti'on Technojogies (Lb/MMBtu)

e . CFB(ExistingUsS.- ~  IGCC (Existing U.S.
Poliutant ~ .PC(Potential BACT) =~ Commercial Plants) Demonstration Plants)* -
80, - .. -0t . oM - 017 -

N« .- o070 aoe 0.08"
PMg~ oote - . oote | oot
co - . o018 _' o 015 . 0045

Voo . 00037 o 00037 .. -0.0021

Notes : : :
* Pl Energy Wabash R|ver Statxon and TECO Polk Power Statson Exxstmg lGCC Demons’tratxon Plants.
x> PMqo includes ﬂlterable and condensable porhons .

, Rellablllty Evaluatlon

. Both PC and CFB technolocnes have demonstrated hlgh rehablhty IGCC technolovy has ‘

. demonstrated very low rehablhty in the early years of plant operation. Higher reliability has
been recently demonstrated after design and operation changes were made to the facilities,
however, the. ava:lab:h’fy of IGCC units: 15 s’u]l much lower than PC and CFB units.

‘ The PC and CFB technolo gies are cap able of ac}uevmg a 90 percent annual avaﬂabﬂlty, an 85
percent annual capacity factor and are suitable for baseload capacity. The IGCC technology

. has only demonstrated a 70 percent annual availability and 70 percent capacity factor. Using

an IGCC for a baseload unit would require natural gas as a backup fuel for the combustion
turbine combined cycle section of the plant or duphcate spare equipment. The gasification
islands in the four IGCC demonstration plants have generally only been able to achieve up to
70 percent capacity factors, even after 10 years of operation. The annual availability and
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capacity factor data for the two U.S, IGCC Demonstration Plants are compared against the
expected annual availability and capacity factor for a new PC unit in Figures ES-1 and ES-2.
The availability for the last three years of data reported for the Polk IGCC unit (2001 to 2003)
is caleulated to be 73 percent. The availability for the three years of data reported for the
Wabash River IGCC unit (1997 to 1999) is calculated to be 48 percent. The capacity factor for
the last three years of data reported for the Polk and Wabash River IGCC units (1999 to 2001)
is calculated to be 70 percent and 38 percent, respectively.

Figure ES-1

U.5 |IGCC Demonstration Plant Annual Availability
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Figure ES-Z

U.8. 1GCC Demo Units - Annual Capacity Factors
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Commerc:al Evaluatlon

- Basin Electric received. proposals from only three of the six IGCC technology Ieaders in -

response to an IGCC Feasibility Study Request for, Proposal (RFP).in February 2005. All

 three of the proposals received were deemed unresponsive; they did not specify the terms
and conditions which would be proposed for this type of commercial offering and did not

-~ describe the financial backing which could be offered for such guarantees and Warrantxes, as

specified in the RFP.” All parties required further studies, additional money, and more time

to get to a point where some of the performance and commercial mformatlon requested '

would be available, ' : :

There is'a lack of acceptable performance warranties/ guarantees for commercial IGCC
offerings. The reliability of the technology is-an important factor given that this plantis -
intended for baseload generation and represents approximately 10 percent of the Basin
Electric generation portfolic. In the business of building large scale generation resources, it is
standard practice for suppliers to offer plant performance guarantees that are specific and
precise in nature and are a direct reflection of their confidence that the plants will perform as
desired. The providers of IGCC technology were unwilling to provide such assurances,
greatly increasing the risk and potential future costs should this option be chosen and fail to -
perform.to expectations. This is'a clear indication of how much more development this
technology requires before it can be considered to fill the role of reliable, large-scale
generation. ’
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While IGCC technology holds much future promise, it is still an emerging technology,
especially for the lower ranked sub-bituminous coal typical of the Powder River Basin of
Wyoming. For future development of this new and promising technology in Wyoming,
Basin Electric would be open to considering a partnership with state or federal agencies to
- help mltlgate the risk for their membershlp

Economic Evaluatlon

A PCboiler is expected to have 4 slightly lower cost compared to a CFB b01ler However, no
CFB boilers have been built and operated at the 350 MW net size required for the Basin
Electric pro]ect For a CFB based design, the project would have to use a botler size thatis not
yet proven, or use two CFB boilers at 50 percent size which Would result inan approxm'late
 plant cost increase of 20 percent ' S

- IGCC plants are most competl’ave in capltal and busba cos’c witht conventional PC plants
based on high heating value/high sulfur content eastern bituminous coal or petrolenm coke
- fuels, plant elevations near sea level and a plant size of at least 500 to 600 MW. The Basin
Electric Dry Fork Station project will be a nominal 350 MW (fiet) plant at an elevation of 4,250
feet with low heating value/low sulfur Powder River Basin (PRB) coal fuel. An IGCC plant
for this project wouild incur a significant capital and operating cost penalty dueé to the small
pla;nt size arid lower rank high moisture fuel, and a significant power outptit derating for the
*plant gas turbines due to the hlgh plent elevation. Based upon available data, an IGCC unit
for the NE Wyoming project would be approximately 50 percent higher in-capital cost and
approximately twice the busbar cost of electricity (COE) generated compared to a PC unit.

The first year busbar COR for the four evaluated technology cases are compared in Figure
ES-3.

Conclusnons and Recommendations

PC technology i8 capable of fulf:tl]mg Basm Electrlc s need forn new ge.nera’non, and 15 '
recommended for the NE Wyommg Power Project.

~CHB technolos gy meets Basin Electric's need; however, it la.cks demonstra’ced long-term
operating expenence on PRB coal.

IGCC technology is judged not capable of fulfilling the need for new genera,non IGCC does
not meet the requirement for a high level of reliability and long-term, cost-effective, and
competitive generation of power. In addition to higher capital costs, there are problem areas,
discussed in this report, that have not demonistrated acceptable reliability. Current
approaches to improving reliability in these aréas result in less efficient and/or higher
capital cost facilities, negatively impacting the cost-effectiveness.

* DOE has a Clean Coal Technology program with the goal of prov1d1ng clean coal
power-generaﬁon alternatives which includes improving the cost—compe’uuveness of IGCC.
However, the current DOE time frame (by 2015) does not support Basin Electric's 2011 needs.

IGCC offers the potential for a more cost effective means of CO» temoval as compared to PC
and CFB techniologiés should such removal become a requirement in the future. However, at
this time, it is only speculative as to if such requirements will be enacted, when they will be
enacted, and what they will consist of and apply to if enacted. The risk of installing a more

]
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costly technology, that has not been proven to be reliable and for which strong commercial
performance guarantees aré not available, is far too great for Basin Electric to take on for such
speculative purposes.
|  Figure ES-3

" Coal Plant Technology - Busbar Cost: of Electricity -

400

Busbar Cost ($/MW-Hr)

100

.D.O.‘.

pC,.- . .. - " CFB . . Gonventional IGCC - . " -"Ultra-Low Emission IGC"C;_:'
B o Coal Plant Techriclogy ) B

(® First Year Debt Service EFixed O&M Cost BINon-Fuel Variable Cost O Coaj Cost ENatural Gas Cost |
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SECTION L0

introductlon

In December 2004, Basin Electric Power Cooperative (BEPC) announced plans to build a 250
MW (net) coal-based generation resource in Northeast Wyoming, Basin Electric’s goal for
this new generation resource-is to buﬂd a hlgh quah’cy envuonmentally sound, cost-effective
generatlon facﬂlty : .

CE2M HILL was J:equested by Basm Hlectric to evaluate coal combustton technologles for
the NE Wyoming Power Project. This investigation was initiated in July 2004 as part of the
Technology Assessment Study, and continues today as an ongoing mvesttgaﬁon

The facility, now named the Dry Fork Station, would be base loaded with a minimum 185

- percent capacity factor and 90 percent availability. The currently targeted online operational
date for the unit is January, 2011. This evaluation compares the Pulverized Coal (PC),

- Circulating Fluid-Bed (CFB), and Integrated Gasification Combined Cycle (IGCC)

- technologies based on the capability of each: technology to fulfill the need of the project based
. on techmcal envmonmen’cal rehabﬂlty, commermal and economic evalua’aon c:rlterla

| The evaluation was gitided by these desired characteristics for the proposed_ generation:

¢  Baseload Capacity

* Environmental Compliance

» High Reliability and Availability .

e Commercially . Avallable and Proven Technology
. Cost Effective-

~~This teport compares the technical applicability, environmental capability, plant reliability
and availability, commercial availability, and cost of PC, CFB and IGCC coal-based power
generation technologies for a new Basin Electric 250 MW Powder River Basin (PRB)
coal-based power plant project in northeast Wyoming. This study evaluates four technology
options based on the selected plant site; one PC case, one CFB case, and two IGCC cases

* (conventional IGCC and ultra-low emissions IGCC). Basin Electric does not consider the
BACT requirement as a process that should be used to define an emission source. However,
an equivalent “Top-Down” BACT Analysis was performed based on the four evaluated
cases.

1.1 Preliminary Technology Assessment

A preliminary conceptual level technology assessment was conducted to address the
“advantages and limitations of PC, CFB and IGCC coal-based power generation technologies
for a new BEPC 250 MW PRB coal-based power plant project in northeast Wyoming, The
technology assessment did not address the specifics at each of the candidate plant sites, but
instead focused on the general characteristics of the three technologies under assessment.
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The assessment- addressed the capability of each technology to Fulsdl the need of the project
based on technical, environmental, cozm'nerc’lal economic, and re g[ﬂatory and political
evaluation criteria. : ,

The assessment concluded that the PC technology was capable of fulfﬂlmg Basin Electrlc s

need for néw generation, and was recommended for the NE Wyoming Power Project. ltwas. -

determined that the CFB technology met Basin Elec‘crlc s need, however, it Iacked

~ demonstrated long—term operating experlence on PRB coal:

The IGCC technolo gy was judged not capable of fulfﬂlmg the need for new generaton ,
IGCC did not meet the requirement for a high level of rehablhty and long-te:rm, cost—effectwe,
and compe’a’ave generatlon of power. .

1.2 Technology Evaluatlon

In May 2005, based ona rev1sed load forecast for Basin Electrlc 3 member cooperatlves, the

' average annual net plant output for.the new coal unit was increased to 350 MW net. This
~ evaluation has been conducted based on the 250 MW net plant output to mairttain ‘
o consmtency with previous PC and: CFB plant designs and cost estimates developed for this .
" plantsize, Section10 of this report discusses the impact on plant de51gn, heat rate and cost .
- due to the plant size mcrease from 250 MW to 350 MW net plant output S
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SECTION 2.0

Design Basis

The design basis in ﬂns study for the proposed Dry Fork S’catLon is descrlbed in the following
sections.

2.1 GENERAL AND SITE CRITERIA
Plant Location: Near Gﬂlette, Wyommg |
Elevation: | 4,250 ft. above mean sea level
Annual Average Ambient Temperature 44°F
| Amblent Air Des:tgn Tempera’cure o
Surmner Desigh: . - 100°F DB, 62QF WB

" Condeniser Coohng. Water System: s _Dly Alr CooIed Condenser :

- Auxiliary Coo]iﬁg Wa’cer Sys.’cem:. | Cooling Tower w/Plate & Frame HX
Water Supply: Well Water
Housing: Indoor Steam Turbine Generator

Allowance for Puture Expansion

Design Life: . S e years
. 2.2 PLANT PERFORMANCE CRITERIA
Net Electrical Output, Design: : 250 MWe (100°F @ design condenser presstre)
Net Elecrical Output, Max: 275 MWe (44°F and below)
Schedule Milestones: | _ |
Start Construction Date: Ma:cch 2007
COD Date: January 2011
Plant Loading Profile: Base loaded
Capacity Factor 85%
Availability Factor 90%
Primary Fuel: ‘Powder River Basin (PRB) Coal (see Table 2-1)
- Backup Fuel for Start-up: Natural Gas

1 |
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TABLE 21
Dry Fork Mine Estimated Coal-Quality

Basin Electric Dry Fork Station Technology Evaluation

Estimated Coal Quality '

'’ Parameters

“Target ‘Minimum

Maximum:

Heating Valle (BTUILD)
Moisturs (%)

Ash (%)

SO2 (Lb/MMBH
Volatile Matter (%) *.

' ‘Fixed Carbon (%)

. Carbon (%) N

; 'HydrogeAn: (%)
iiNitr'ogen %)
‘ Chlofine (%) |
S'plfur (%j. o
Oxygen (%)

" As Received Proximate ‘Analysis -
8,045 ' 7,800
32.06 305
a77 . a2
' | 0.60 -
28,05
364

082
3012
33.05 |
- AsReceived Ultimate Andlysis |
w22 s

a2 - o . Ta2e8

072 .. 085
ot oo <0
ass. < . - pes

o1er T 10ss.
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33.8
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. 34.14
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SECTION 3.0

Combustion Technology Description

This study evaluates four technology options based on the selected plant site:

o Pulverized Coal (PC)

o Circulating Fluid Bed (CFB)

o Conventional Integrated Gasification Combined Cycle (IGCC)

o Ultia-Low Emissions Integrated Gasification Combined Cycle (IGCC)

3.1 Pulverized Coal Process Description

PC plants represent the most mature of coal-based power generation technologles
considered in this assessment. Modern PC plants generally range in size from 80 MW to
1,300 MW and can use coal from various sources. Units operate at close to atmospheric
pressure, simplifying the passage of matetialsthrough the plant, reducing vessel
construction cost, and allowing ensite fabrication of boilers, A typxcal process flow diagram
fora PC unit is: shown in Figure 3-1.

Figure 3-1

Pulverized Coal Unit Process Flow Diagram

Steam Turblne
. Generator

Coal | Electricity
Bunker Y

Feed Water Water
Pump  Deaarator

. Feeder k&

Alr-Cooled
Condenser

Cendanata
Recelver and Pumps

Pulverizer Ty

ey Coal ‘

D 3:::;1 ; "Hydrated i‘ lyAéh 3 Solds.
— 5 water Lime ane ol
e é:t:a Gas

— Ash PULVERIZED COAL BOILER

The concept of burning coal that has been pulverized into a fine powder stems from the fact
that if the coal is made fine enough, it will burn almost as easily and efficiently as a gas.

12
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Crushed coal from the silos is fed into the pulverizers along with air preheated to about-

580°F. The hot air dries the fine coal powder and conveys it to the burners in the boiler. The.
burners mix the powdered coal in the air suspension with additional pre-heated combustion
air and forces it out of nozzles similar in action to fuel being atomized by fuel injectors.

Combustion takes place at temperatur-es from 2400-3100°F, depending largely on coal rank.

_ Steam is generated, driving a steam turbine-generator. Particle residence time in the boiler is .
. typically 2-5 seconds, and the particles must be small enough for complete burnout to have

taken place during this time. Steam generated in the boiler is conveyed to the steam turbine

- generator, which converts the steam thermal energy into mechanical energy. The turbme
- ‘then drives the generator to produce electrmty

'The boiler produces combustion gases, which must be treated before exiting the exhaust

stack to remove fly ash, NO,-and SO,. The pollution control equipment includes either &
fabric filter or ESP for particulate control (£ly ash), Selective Catalytic Reduction (SCR) for
removal of NOy, and a Flue Gas Desulfurization (FGD) system for removal of SO. o

' Limestone is required as the reagent for the most common wet FGD process, limestone .
 forced oxidation desulfurization. A spray dryer FGD process, which is more commonly used
‘on lower sulfur western coal, uses lime as the reagent and provides significant savingsin - -
“water consump’non over wet FGD systems A hme or limestone storage and handhng
~ system isa requn'ed. deswn comlderatton Wlth this system.

a .'..3 2 Clrculatmg Flundlzed Bed Process Descnptton

- ~ The’ CFB fuel dehvery sys’cem is similar to that of a PC unit, but somewhat sm:xphﬁed o
- produce a coarser material. The plant fuel handling system unloads the fuel, stacks out the -

fuel, crushes or otherwise prepares the fuel for combustlon, and reclaims the fuel as requlred

The fuel is usually fed to the CFB by gravimetric feeders, The bed ma.terxal is composed of
fuel, ash, sand, and the sulfur removal reagent (typically limestone), also referred to as_ .

sorbent. In, the CFB the fuel is combusted to produce steam. Steam i$ conveyed to the steam
turbine generator, which converts the steam thermal energy into mechanical energy. The

‘turbine then drives the generator to produce elecmcffy A typlcal process flow dlagram fora

CFB unit 1s shown in Flgure 3-2

CFB combustton temperatures of 1,500 to 1 600°F are 51g-mf1ca.nﬂy lower than a conventional . .
PC boiler of up to 3,000°F which results in lower NO emissions and reduction of slagging

. .and fouling concerns characteristic of PC units. In contrast to 2 PC plant, sulfur dioxide can. .
~ be partially removed durmg the combustion process by adding limestone to the fluidized

bed.

' Circulaﬁnv beds use a high ﬂuidizinc velocity, so the particles are constantly held in the flue

gases, and pass through the main combus’non chamber and into a particle separation device

_ such as a cyclone, from which the larger particles are extracted and returned to the

combustion chamber. Individual par’ncles may recycle anywhere from 10 to 50 times,
depending on their size, and how quickly the char burns away. Combustion conditions are
relatively uniform through the combustor, although the bed is somewhat denser near the
bottom of the combustlon chamber. There is a great deal of mixing, and resadence time - -
durmg one pass is very short.
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Figure 3-2
Qrculatmg Fluid Bed Unit Process Flow Diagram
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CFBs are designed for ‘Ehe particular coal to be used The method is principally of value for
low grade, high ash coals which are difficult to pulverize, and which may have var1ab1e
cormbustion characteristics, It is also suitable for co-fiting coal with low grade fuels,
incliding sonie Waste miaterigls. The advantage of fuel flexibility often mentioned in

' conhection with CFB units can be misleading; the combustion portion of the process is
inherently more fléxible thari PC, but material handling systems must be desighed to handle
larger quantities assoc1ated with lower qua]l’cy fuels, Once the umtls built, it will operate
“most eff1c1ent1y with whatéver design fuel is spec1f1ed '

The design must take into account ash quantities, and ash properties, Wl'ule combus’aon
temperatures are low enough to allow much of the mineral matter to retain its original
propetties, particle surface temperatures can be as much as 350°F above the nominal bed
temperature. If any softering takes place 6n the surface of either the mineral matter or the
sorbent, then there is a risk of agglomeration or of fouling.

The CFB produces combustion gases, which must be treated before exiting the exhaust stack
to remove fly ash and sulfur dioxides. NOjy emissions can be mitigated through use of
selective non-catalytic reduction (SNCR) using ammonia injectiori, usually in the upper area
of the ¢combustor. The pollution control equipment external to the CFB includes either a
fabric filter (baghotise) or electrostatic precipitator for particulate control (fly ash). A
polishing FGD syster méy be required for additional remcval of sulfur dioxides to achieve
similar emission levels to PC units with FGD systems. Limestone is required as the reagent
for the most common wet FGD process, limestone forced oxidation desu]ﬁlrlzahon, and also
as sorbent for the fluidized bed. A spray dryer FGD process, another option for low SO2

14
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' concentration flue gas streams, uses lime as the reagent. A limestone storage and handling

system is a required design consideration for CFB units. A lime storage and handling system:
would also be required if a lime spray dryer is used for the polishing FGD system.

3.316¢C Proéess Descriptibn

IGCC for use in coal-based power generation reacts coal with steam and oxygen or air at high
temperature to produce a gaseous mixture consisting primarily of hydrogen and carbon
monoxide: The gaseous mixture requires cooling and cleanup to remove contaminants and
pollutants to produce a synthesis gas suitable for use in the combustion turbine portior of a
combined cycle unit. The cormbined cycle portion of the plant is similar to a conventional
combined cycle. The most significant differences in the combined cycle are modifications to
the combustion turbine to allow use of a 200 to 400 Btu/SCF gas and use of steam produced

. via heat recovery from the raw gas in addition to that from the combustion turbine exhaust
(FIRSG). Specifics of a plant design are influenced by the gasification process and matching -

coal supply, degree of heat recovery, and methods to clean up the gas A ’typlcal process ﬂow

dlagram for an IGCC umt is shown in Figure 3-3.

o ' : Flgure 33 : g
Integrated Gas.lﬁcatxon Combmed Cycle Process Flow Dlagram

Coal Handling

Heat ; Exhaut o
: B B Recovery
: . ol Steam
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—3 Condensate
—~z Fuel Gas
—a Air
—3 Exhaust Gas

INTEGRATED GASIFICATION COMBINED CYCLE

Gas Turbine

‘é”l’o Stack Air

Coal gasification takes place in the presence of a controlled ‘'shortage’.of éir / oxygen, thus
maintaining reducing conditions. The process is carried out in an enclosed pressurized
reactor, and the product is a mixture of CO, Hz and CO; (called synthesis gas, syngas or fuel

. gas). The sulfur present in the fuel mainly forms HaS but there is also a small amount of

carbonyl sulfide (COS). The HyS can be more readily removed than COS in gascleanup
processes; therefore, a hydrolysis process is typically used to convert COS to IS, Although
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no NOy is formed during gasification, some is formed when the fuel gas or syngas is
subsequently burned in the combustion turbines. The product gas is cleaned and then
burned with air, generating combustion products at high temperature and pressure.

Three basic gasifier designs are possible, with fixed beds (not normally used for power
generation), fluidized beds and entrained flow." Fixed bed units typically use lump coal,
fluidized bed units use a feed of 3-6 mm size, and entrained flow gasifiers typically usea
pulvetized coal slurry feed.

* Thé IGCC dermionstration plants that have'been built use different process de31gns, and are
testing the practicalities and economics of differerit degrees of integration. In all IGCC plants,
there is & requifement for a series of large heat exchangers to cool the syfigas to tetriperatures
at which it can'be cleaned. In such exchangers, solids deposition, fouling and corrosion may

take place. Cutrently, cooling the syngas is required for conventional cleaning, and it is
subsequently reheated before combustion. At Puertollano, quenching is used to cool the -
sytigas. ‘This is a simple, but rélatively inefficient procedure, however, it avoids deposition
‘problems, as the ash present is rapidly cooled to a solid non-sticky form. The cold gas
cleaning processes used are variants of well proven natural gas sweetenmg processes to
temove acid meurmes and any sulfur present.

. The syngasis p‘rodgc_gdj at ternpérattires up to 2000°F (i e'ntﬁa:ine;i flow gasifiers), while the
- gas clean up systems which are being assessed, operate at a maximum temperature of

- 900-1100°F. Large heat exchangers are required, and there is the possibility of solids

deposition in these exchiangers which réduces heat transfer. It seerns that unléss it is possible
to develop hot gas cleaning as a teliable procedure, the comparative economics of IGCC will
remain unattractive, -

3.3.1 Conventlonal lGCC

A Conventional IGCC unit uses chemical absorptton Wlth an amine process such as an
MDEA (methyldiethanolamine) gas trestment system to remove H2S from the syngas and a
sulfur plant to convert the H2S to elemental sulfur for sale or disposal. The syngas . .

combustion turbmes use Water m]ectlon and Iow-NOx burners to control NOx emlssmns

3.3.2 Ultra—Low Em:ssnons IGCC

An Ultra-Low IGCC unit uses physmal absorptlon Wlth a process sich as a Selexol or Rectisol
(methanol solvent) gas treatment system to remove H2S ffom the syngas and a sulfur plant
to convert the H2S to elemental sulfur for sale or disposal: The syngas comibustion turbines
use water injection or nitrogen ditution, low-NOx'butners and downstream SCRto control
NOx emissions and a downstream catalync ox1da’aon catalyst (Cat-Ox) to control CO
ernissions. :
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SECTION 4.0

‘Technical Evalua’uon

This section contains an evaluatton of the techmcal capability of the PC CFB and IGCC
technolog1es :

4.1 Pulvenzed Coal

‘ Pulvenzed coal has been used for larve ut1].1ty units for over 50 years The technology has
evolved in areas such as distributed control systems ¢ and ezmssmns control to improve its -
performance : -

" 4.1.1 Development Hlstory I Current Status

Presen‘dy, pulverized coal power is still based on the same methods started over 100 years L :
ago, but improvements in all areas have brought coal power to be an inexpensive power -

~ source used widely today. There are thousands of units around the wozld, accounting for . -

- well over 90 percent of the coal-fired generatlon capacity. PCunits can be used to fire a wide - |
o _'Varlety of coals, although it is not alwavs appropnate for those Wlth a hlgh ash content.

| " .' vSubcntlcal PC

The typical coal units of ..50 MW and above that have been built in the U. S since 1960 are
- subcritical PC:designis using a 2400 psig/1000°F/ 1000°F single reheat steam power cycle .

providing a net plant efficiency (HHV)' of approximately 36 percent based on a bituminous

R -coal fuel Occasmnally a 2400 psw/ 1050°F / 1050°F steam cycle has been employed

) Supercntlcal PC.

. A typical commercial supercrmcal rC de51gn uses a 3500 psig/ 1050°F /1050°F single reheat - |
~ steam power cycle providing a net plant efficiency (HHYV) of approximately 39 percent..

In Continental Europe, once—’chrough boilers have been traditional, which do not require
differentials between water and steam phases to operate. Due to high fuel prices in Europe,

it was therefore logical for steam pressures to continue to be mc:reased above 2400 psig inthe .

quest for greater unit efficiency. In Japan, the Mindstry of Trade and Industry encouraged a
relatively early and universal change to supercritical steam conditions, and virtually all
steam boiler/turbine units above 350 MW operating in Japan use supercrmcal steamn
conditions. : :

While the majority of coal-fired units in the U.5. have used subcritical drumboﬂers,
~ significant number of supercritical units have also been built. Early supercritical units
experienced various reliability problems. Between the first commercial demonstration of the

1 Net Plant Efficiency (HHV) is defined as the net electncai output of the plant divided by the higher heatlng vaiue fuel
consumption of the plant. .
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supercritical technology by AEP in 1956, and the mid-1970s, substantial experience was
accumulated. Some of that experience was disappointing. However, most of the
supercritical units built in that period continue to operate today, and many now have good

“availability records. Ameren, an electric utility provider in Missouri and Illinois contintes to
operate 1000 MW supercritical units built in 1966 and 1968. American Electric Power (AEP),
an electrical utility provider to 11 states based in Columbus, Ohio, has units of 600, 800 and
1300 MW that entered service between 1968 and 1990.

4.1.2 Efficiency
A Basin Electric 250 MW PC unit would use a subcritical steam cycle design. The additional
capital cost for a supercritical steam cycle is typically only justified by the efficiency

improvernent for PC units of 350 MW and larger. There is also a minimium 350 MW size
limitation due to the first stage design of the steam turbine.

4.1.3 Operating History w/PRB Coal

Most of the PRB coal used for electricity generation is burned in PC plants. PC units
experienced many problems during the initial use of PRB coals, but experience has resulted
in development of PCboiler designs to successfully burn PRB coa]s PC de31gns for PRB coal
are based on the specific characteristics of the fuél such as momture content ash composmon
and softenmg temperature, and sulfur content ' : :

4, 1 ! PC Conﬂguratlon Selected for Evaluatlon

The PC configuration selected for evaluation uses a conventional high dust/high
temperature SCR system for NOx control and a Circulating Dry Scrubber (CDS) FGD system
for SO2 control.

4. 2 Circulatmg Flund Bed

_. CFB power plants have demonstrated technical fea51b111ty mn commerc1a1 u’a]lty applications
for about 20 years. The technology has evolved during that time to improve its technical
performance.

424 Development History | Current Status

Study of the fluidized bed coal combustion concept began ini the early 1960s. The orlgmal
goal was to develop a compact "package" coal boilet that could be pre-assembled at the
factory and shipped to a plant site (a lower cost alternative to the costly onsite assembly of
conventional boilers). In the mid-1960s, it was realized that a fluidized bed boiler not only
represented a potentially lower.cost, more efficient way to burn coal, but also a much cleaner
technology. The same turbulent, or "fluidizing," mixing of the coal to improve combustion
also provided a way to inject sulfur-absorbing limestone to clean the coal while it burned. A
500-kilowatt fluidized bed coal combustor test plant was built in Alexandria, V1rgmla,

1965. It provided much of the des1gn data for a 30-megawatt prototype unit at the
Monongahela Power Company's Rivesville, West Virginia, plant built in the mid-1970s.

18
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“The fizst commercially successful ﬂmd.tzed bed was an mdustrzal—sme atmosphenc unit
(equivalent to a IO-megawa’ct combustor) built with federal furids on the campus of
Georgetown University in1979. The Georgetown unit still operates today.

‘The technology progressed.into larger scale uhhty applications due, in large part, to Federal :
- partnership programs with mdustry The Colorado-Ute Electric Association proj jectin Nucla,
CO (now operated by Tri-State Generation and Transmission Association, Inc., of Denver) -
was one of the early demonstrations in the Clean Coal Technology Program. From this
project came significant design improvements in utility-scale atmospheric fluidized bed
technology, and as a result, commerc1al confidence in ﬂ:us advanced, Iow—po]lu’ang
combustion system picked up considerably.

In 1996, ]acksonvﬂle Electric Authonty (JEA) chose to replace two older oil and gas ﬁred
. units at their Notthside Station with aimosphenc fluidized bed combustion technology.
DOE contributed more than $74 million to the project as one of the original pro;ects underits
Clean Coal Technology Program. The federal funding went to install one of the two

~ combustors: JEA repowered the second steam turbine using the new technology with its -

. own fundmg On October 14, 2002, the utility declared the new technology to be fully .
o operational. The two 300 MW fluidized bed systems at the Northside Station became fully |
" operational in October, 2002 At the time they went into operatlon, tney Were ’che largest
‘ 'ﬂuldlzed bed combustors ever mstalled in a power plant ' : .

4.2, 2 Efﬂmency : : : .
In the 100-200 MW e range, the ﬂlermal efﬁc1ency of CFB units may be lower &1an ’cha’c for

. equivalent size PC units by a few percentage poinits, depending on coal quality. In CFB, the -

| h heat losses from the cyclone(s) are comlderable This results in.reduced thermal efficiency,
- and even with ash heat recovery systems, there ténd to be highheat losses associated with -

- the temoval of both ash and spent sorbent from the system. . The use of a low grade coal with

'. variable characteristics tends to result in lower efficiency, and the addition of sorbent.and
“subsequent removal with the ash results in heat losses. Tt is projected that a 250 MW CFB .
- uru’c for the BEPC Dry Fork project Would have an efflmency similar to a PC umt :

423 Operatmg History WIPRB Coal

- The ma]orlty of existing utzhty CFB units butn bltummous coal, anthraate coal Waste or .
lignite coal: The operating history of utility CFB boilers burning PRB or other types of
subbituminous coal is limited. CFB techniology typically has an economic advantage only

- when used with high ash and /or l’ugh sulfur fuels. Therefore, bituminous coal, petroleum
coke, coal waste, hgmte and biomass fuels are the typical apphca’aons for CPB technology

The two JEA 300 MW CFB demonstration units are de51gned to burn both bﬁmmnous coal
~and petroleum coke. There is a minimuin coal ash content versus coal sulfur coritent
specification for these units: The Iowest spec1f1ed coal sulfur content of 0.50 wt. percent
cotresponds to a minimum coal ash coritent of 12 wt. percent. Most of the PRB coals
proposed for the Basin Electric Dry Fork project contain between 0.30 to 0.50 wt. percen’c :
sulfur and between 4.0 to 8.0 wt. percent ash. The Dry Fork Mine coal averages
approximately 0.33 wt. percent sulfur and 4.77 wt. percent ash. Therefore, none of these PRB
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,. coals Would be an acceptable fuel for the IEA CFB units based on sulfur and ash content
urless they were blended with a higher sulfur and/or ash fuel.

PRB coals may also ha_ve a tendency to produce small particle size (fine) fly ash that makes it
more difficult to maihtain the required bed volume in a CFB unit. Therefore, additional

quantities of inerts such as sand and limestone may be required for a CFB unit burning low )
sulfur/low ash PRB coals.

A joint Colorado Springs Utilities / Foster Wheeler 150 MW Advanced CFB demonstratton
project at the Ray D. Nixon Power Plant south of Colorado Springs was proposed and
accepted by DOE NETL in 2002 as part of the federal Clean Coal Power Initiative (CCPI)
" DOE agreed to a $30 million cost share of the $301.5 million project. The next generation CFB
unit Would be-designed to burn PRB coal and PRB blended with coal waste, bromass and
- petroleum coke. However, Colorado Springs Utilities and Foster Wheeler cancelled and

- . withdrew from the CCPI pro]ect in 2003 '

424 CFB Conflguratlon Selected for Evaluatlon .

: . The CFB confrguratton selected for evaluation usesa Selecttve Non—Catalytlc Reductvon
. {SNCR) system for NOx control and a CDS FGD system for SOZ control.

N ‘4 3 Integrated Gasmcatlon Combmed Cycle

el has been demonstrated ina few commercral-scale facﬂ_tttes A variety of coals have _.
~ been gas;fred the resulting gases havé been cleaned tp to allow use’in combustion turbmes, L
.7 - and electricity has been generated. However, the capital cost and performance in a number

" of areas havenot been as attractive as planned. The troublesome areas for IGCC have
included hlgh-temperature heat' recovery and hot gas cleanup

An unportant part of achieving an attractive heat rate is generation of ]:ugh pressure and
' temperature stear: from the high-temperature raw gas generated by gasifying coal. The

- temperature of the raw gas is dependent on the gasrflcatton process and the coal. Slagging.

. .gasifiers, such as the Texaco process, typlcally generate gases in the 2500 to 2800°F range.
These high-temperature gases containing corrosive compounds, such as H,S, create'a very
demanding environment for the generation of high pressure and temperature steam. The

' alternative of not recovering the heat in the raw gas, such as direct quenching of the gas
results in lower efficiencies.

It is also attractive from an efficiency perspective to provide clean gas to the combustion
_turbine at an elevated temperature without cooling and reheating, hence the desire to use hot

gas cleaniup. Again, this demanding service has not been reliably demonstrated ina

commercial application, resulting in less efficient approaches being used for current plants.

The main incentive for IGCC development has been that units may be able to achieve higher
thermal efficiencies than PC plants, and be able to maich the environmental performance of
gas-fired plants, However, the thermal efficiencies of new PC plants using superheated
steam have also increased as has their environmental performance.
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4.3.1 Development History / Current Status -

IGCC has been under development since the 1980s. A number of demonstration units,
around 250 MWe size are’being opetated in the USA and Europe. Table 4-1 at the end of this
section lists the commercial scale IGCC plarits that have been built and their current status.
Most of the IGCC units have used entrained flow gasifiers and are oxygen blown, but one
unsuccessful demonstration unit (Pinion Pine IGCC) was based on an air-blown fluidized
bed gasifier. The two plants currently operating in the U.S. are the 262 MW PSI/Global
Energy Wabash River IGCC in Indiana and the 250 MW Tampa Electric Polk IGCC in Florida.
The 253 MWe unit at Buggenum in The Netherlands, statted up in 1993 The largest unit is
located at Puertollano in Spam with a. capacfcy of 318 MW '

All of the current coal-fueled IGCC demonstration plants are sub51d1zed The US. plants are
part of the DOE Clean Coal Program, and the Buropean plarits are part of the Thermie
Programme. The DOE has partially funded the design and construction of the U.S. plants, as
well as the operating costs for the first few years. The Wabash River plant was a repowering

project, but from the point of view of demonstrating the viability of various systems, it is
effectively a new plant, even though tied to an existing steam turbine. The Cool Water arid
Louisiana Gasification Technology Inc (LGTI) projects were the first commercial-scale IGCC
‘projects constructed iri the United States, and were constructed with guaranteed price
support from the U.S. Syntthetic Fuels Corporation; both pro]ects were shut down once the

- duration of the price guarantee peuod expited. - . :

4.3.2 Operating History wIPRB Coal

The only commercial size IGCC demonstration plant that has operated with PRB coal fuel
was the 160 MWe Dow Chemical Louisiana Gasification Technology, Inc. (LGTI) plantin
Plaquemine, LA. This plant used an oxygen blown E-Gas entrained ﬂow gasifier and is
reported to have opera’ced successfu]ly from 1987 to 1995 The plant is now shutdown

The Power Systems Development Facﬂrcy (PSDEF), located Tiear Wﬂsonvﬂle Alabama, isa
_ large advanced coal-fired power system pilot plant. Itis ajoint project of DOE NETL,

Souttieit Comipaity atid other industiial partcipants: cI'I:xe"]'.-{ahlou_r’l:on‘“KBR*’]."rarxspor’c
Reactor was modified from a combustor to coal gasifier operation in 1999, ‘The initial

gasification tests have concentrated on PRB coals because their high reactivity and volatiles
“were found to enhance gasmcatlon The highest syngas heating values were ach1eved Wlth
'PRB coal, since PRB coal is more reactive than bituminous coals.

Southern Company, Orlando Utilities Commlssmn, and Kellogg Brown and Root, were
recently selected by DOE NETL for co-funding in the Round-2 Clean Coal Power Initiative
(CCPY) solicitation, They propose to construct and demonstrate operation of a 285 MW
coal-based transport gasifier plant in Orange County, Flofida. The proposed facility would
gasify sub-bituminous coal in an air-blown integrated gasification combined cycle power
plant based on the KBR Transport Gasifier. Southern Company estimated the total cost for
the project at $557 million ($1954/ MW) and requested $235 million of DOE funds to support
the proj ect. :

2
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4,33 Efﬁcxency

The driving force behind the development of IGCC is to ackieve hlgh fhermal eff1c1enc1es
together with low levels of emissions. It is hoped to reach efficiencies of over 40 percent, and
possibly as high as 45 percent with IGCC. Higher efficiencies are possible when high gas
inlet temperatures to the gas turbine can be achieved. At the moment, the gas cleamng stages
for particulates and sulfur removal can only be carried outat relatlvely low temperatures,

: Wthh restricts the overall efﬁc1ency obtainable.

| 4.341GCC Conf:guratlons Selected for Evaluatlon

The two IGCC configurations selected for evaluation represent a COnVEnflOIlal IGCC unit and
an ultra—low exmssmns IGCC unit. : : :

The conventtonal IGCC unit uses an MDEA gas treatment system to reduce H2S to
approximately 25 ppmv in the syngas sent to the combustion turbine generators (CTGs) for -

- 502 control, and Water mJectwn wzth low—NOx burners in the CTGs for NOx control.

The ultra-low en:uss1ons IGCC umt uses a Selexol gas treatment system to reduce FI25 to |

' 4appro>amate1y 10 ppmyv in the syngas sent to the CTGs for SO2 control, water injection with ,
low-NOx burners in the CIGs and an SCR system for NOx control and a catalytlc oxidation -
o i'catalyst (Cat-Ox) system for CO control : S '
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TABLE 4-1

Commercial Scale IGCG Power Plants

Basin Electric Dry Fork Station Technology Evaluation

Plant Name Plant Net Feedstock Gasifier Design Gas éleanup_ Powerisland  NetPlant  Operation Status
Location Output : A - . - Heat Rate '
(MWe) . (BtulkWhy)
Texaco Cool Daggett, GA 96 lowS &High S 02 Blown Texaco Cold H2S and GE_7FE CTG . . 11,300 (HHV 1984-1988 -
Water Bituminous Coal Entrained Flow Ash Removalr /STG Basis) (shutdown)
(2500°F, 600 Psig) : :
Dow Chemical / Plaquemine, 160 Subbituminous 02 Blown E-Gas Cold i?lZS.<and West. 501 10,500 (HHY  1987-1995
Destec LGTI LA PRB Coal Entrained Flow Ash Removal CTE/STG - Basis) (shutdown)
(2700°F, 400 Psig) s L . -
Sierra Pacific Tracy 107 Low SWestern  Air Blown Pressurized  Hot H?S.and'- - GEG6FACTG 8,390 (HHV  1998-2000 (never
Pinon Pine - Station, Biturninous Coal  KRW fluid bed Ash Removal /STG Basis) successfully
Reno, NV (1800°F, 325 Psig) o g . started-up)
Tampa Electric Polk County, 250 High S Bit. Coal  O2 Blown Chevron- Cold H2S and GE7FACTG 9,650 (HHV 1996-Present
Polk Plant FL. & Pefroleum Texace Entrained Flow Ash Removal I1STG ‘Basis) . :
Coke (2500°F, 375 Psig) S . o
PSI / Global WestTere 262  High SBit. Coal 02 Blown E-Gas ColdH25and GE7FACTG ~ 8900 (HHV 1995-Présent
Energy Wabash Haute, IN & Petroleum _Entrained Flow Ash Remioval  FSTG h Basis)
River Coke (2600°F, 400 Psig) C ' .
NUON/Demcolec  Buggenum, 253  Bituminous Goal 02 Blown Shell ColdH2S and  Siemens - 8240 (HHV  1994-Present
/ The Entrained Flow Ash -R'er’ﬁbv al V84.2 CTGT Basis) :
Willem-Alexander  Netherlands (2600°F, 400 Psig) S -STG
ELCOGAS / Puertollano, ~ 318  50%/50% Coal  O2 Blown Prenflo ColdH2Sard ~Slemens - 8230 (HHV  1998-Present
Puertoliano Spain . & Petroleum - Entrained Flow Ash Removal, - Y94-3CTG/ -“Basis) ' ’
Coke Mix (2900°F, 400 Psig) e

23
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SECTION 5.0

Envnronmental Evaluatlon

. ‘Environmental impacts associated with PC units include air emissions, water / wastewater

discharge issues, and solid waste disposal. Impacts are minimized by utilizing air pollution .
control eqmpment wastewater prefzeatmen’c controls and the potential reuse of ash. ‘

Environmental impacts associated with a CFB coal unit mclude air emissions, "

" water/ wastewater discharge issues, and solid waste disposal. Impacis are minimized by
~ utilizing air poltution control equipment, wastewater pretrestment controls, and the

potential reuse of ash. A CFB design does have the advantage of burning a wider range of
fuels including waste materials such as petroletum coke or renewable biomass:

- The overall envnonmental lmpacts from an IGCC unit would be bei'ween those of a natural

gas—fu:ed combuistion turbine-combined cycle unit and a PC unit. Environmental impacts -

' Would mclude air emlssmns, Water / wastewater dlscharge, and solld waste dlsposal

5, 1 Air Emlssmns

| ‘E.Pulverlzed Coal

.+ A PC unit for the Dry Fork Sta‘clon wﬂl use low-NOx burners and SCR for NOx control cDs -
" FGD for SO, control, and a fabric filter for particulate control. There would be PMig - o

emissions from coal, ash, and lime material handlmg operations. There would also be- other )
sources of air emissions from miscellaneous support equipment such as diesel or nai:u:al
gas—f]red emergency generators, fire pumps, and the installation of a natural gas-fired -

auxiliary boiler. A case-by-case, maximum achievable control technology (MACT) analysm N 4

would be required for trace metals in the coal, organics, and acid gases.

-Circulating Fluid Bed -

Combustion takes place at temperatures from 1500-1600°F, resultmg in reduced NO,
formation compared with a PCunit. While the air emissions exiting a CFB boiler (especially
NO, SOz, and CO) are lower than a conventional PC boiler, the final stack emissions would

~ be similar based on the use of add-on control equipment. Current BACT would require
SNCR for NOx control, limestone injection in the furnace for SO, control, and a fabric filter

for particulate control. A pohshmg CDS FGD system would also be requzred for additional
SO, control.

There would be PMao emissions from coal, ash, lime and limestone material handling

: opera‘aons There would also be other sources of air emissions from miscellaneous support

equiprrient, such as diesel or natural gas-fired emergency generators; fire pumps, and the
installation of a natural gas-fired auxﬂlary boiler. A case-by-case MACT analysis would be

© required for trace metals in the coal, organics, and acid gases.
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Integrated Gasification Combined Cycle

An IGCC plant has the potential for reduced emissions of SO,, NOy, Hg and particulates
compared to levels produced by conventional PC and CFB units. SOz removal up to 98 to 99
percent and Hg removal of approximately 90 percent is possible in the gas treatment system
downstream of the gasifier. Particulates will be removed to levels approaching natural gas
fired combustion turbines. NOy emissions from the gas turbines should be similar to
erf)issiohs from natural gas fired combustion turbines. Based on a BACT analysis, additional
corittols may be required including SCR for NOx reduction and catalytic oxidation for CO
reduction,

There would be PMio emissions from coal and ash material handling operations. There
would also be other sources of air emissions from the IGCC process from the syngas/natural
gas-fired auxiliary boiler used to dry the PRB coal, flaring of treated or unireated syngas
during plant startups, shutdown and upsets, and from miscellarieouts support equipment
such as diesél or natural gas emergency géneratots and fire pumps.

The reported anmual SO2 and NOx emission rates for the two U.S. IGCC demonstration
plants are shown in Figures 5-1 and 5-2.

Figure 5-1

U.8. IGCC Demo Units - Annual 02 Emission Rates
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Figure 5-2

U.8. IGCC Demo Units - Annual NOx Emission Rates
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Table 5-1 compares the proposed Dry Fork Station PC emission. rates with the current annual

‘emission rates from existing CFB commerual plants and from ex:s’ang U S.IGCC
) demonstra’oon plants.

-TABLE 51

Comparlson of Coal Combustion Tecnnology Emlssnor Rates
Basin Electric Dry Fork Station Technology Evaluation -

Emission Rates for Coal Combustion Technologies (LblMMBtiJ)

CFB (Existing U.S. IGCC (Existing U.S.

‘Pol]utant pC (Potential BACT) . Commercial Plants) . .Demaonstration Plants)*
sO: o10 ' 0o 0.17
 NOx . 0.07 ' 0.9 o 0.09
PMg™  ooe 0.01¢ . ~0.01
co 0.15 . AR '10.15 e - 0.045
voo 0.0037 oosr . oozt

Notes:
* PS8! Energy Wabash River Station and TECQO Polk Power Staiion Existing IGCC Demonstration Plants
**PM1o includes filterable and condensabie portions.
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5.2' Water/Wastewater

Pulverized Coal

Liquid wastes would include boiler feed water (BFW) blowdown, auxiliary cooling tower
blowdown, and chiemicals associated with water treatment. Dry cooling and zero liquid
discharge systems will be used to reduce overall water consumption and discharge. A
groundwater protection permit will be required if evaporation ponds are included in the

- plant design. Stormwater dischaige permits and stormwater pollution prevention plans
(SWPPP) would be required. Spﬂl Preven’aon, Control and Countermeasures (SPCC) plans
may also be required. _ . L .

Clrculatmg Fluid Bed

Similar to a PC plant, CFB plant liquid wastes would include BFW blodeWn, auxiliary
cooling tower blowdown, and chemicals associated with water treatment, Dry cocling and
zero liquid discharge systems will be used to reduce overall water consumption and
‘discharge. A groundwater protection permit will be reqmred if evaporation ponds are
:included in the plant design. Stormwater discharge petmits and stormwater pollu’aon _
~ prevention plans (SWPPP) would be required. Spill Preventlon, Control and
- Cotintermeasures (SPCC) plans may also be requ:red :

Integrated .Gaslflcatlon C_ombm_ed Cycle

An IGCC unit for the Dry Fork project would have two primary liquid effluents. The first is
blowdown from the BFW purification system, although the blowdown will be less compared
to-a PC or CFB unit since the stéam cycle in an IGCC plant typically produces less than 40
percent of the plant's power: However; BFW makeup.may be the same as, or even larges,
than & PC or CFB based plant of comparable output, even if it is well designed, operated:and
mairitained. A coal gasification process may consume significant quantities of BEW in tap
purges, pump seals, intermittent equipment flushes, syngas saturation for NOy control, and

~direct-steam-injectioninte-the-gasifier-as-a-reactant-and,/-or-temperature MOCErato L mmme . -

The second liquid effluent from ar IGCC plant is process water blowdown. This pr ocess
water blowdown is typically high in dissolved solids and gases along with the various ionic
species washed from the syngas such as sulfide, chloride, ammonium and cyanide. The
Wabash River IGCC plant installed an add-on mechanical yapor recompression (MVR)
systemn in 2001 to better control arsenic; eyanide and selenium in the wastewater stream.

As with the PC and CFB power units, dry cooling and zero liquid discharge systems will be
used to reduce overall water consumption and discharge. The Tampa Electric Polk IGCC
plant treats process water blowdown with ammonia stripping, vapor compression
concentration, and crystallization to completely eliminate process water discharge.

Liquid wastes would also include auxiliary cooling tower blowdown and chemicals
associated with water treatment. A groundwater protection permit will be required if
evaporation ponds are included in the plant design. Stormwater discharge permits and
stormwater pollution prevention plans (SWPFPP) Would be required. Spﬂl Prevention,
Control, and Countermeasures (SPCC) plans may also be required.

2
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5.3 Solid Waste
Pulverized Coal .
Solid wastes include bottom ash from the boiler, and combmed dry FGD a_nd fly ash solid |

waste from the fabric fllter Dlsposal of these Wastes isa ma]or factor in plan’c design and cost .- -

conmderaﬁons

Circulating Fluid Bed

Solid wastes include boiler bed ash, and combmed dry FGD and ﬂy ash solid waste from. the
fabric filter. Since limestone is injected into the CFB boiler for SO2 removal, there will be

+ additional Ca0, CaSOs and CaCOs present in the bed and fly ash. There may be 2 high free -

- lime content, and leachates will be strongly alkaline. Carbon-in-ash levels are higherin CFB .

- .residues that in those from PC units. As with PC fired units, disposal of ﬂ'lese wastes is a '
major factor in plant de51g-n and cost considerations.

g Integrated Gasnficatlon Combined Cycle

IGCC power: generaﬁon has demonstrated reduced envuonmental zmpact compared. to PC -
and CFB plants in terms of solid waste quantities and the potential for leaching of toxic -

- substances irito the soil and groundwater. The largest solid waste stream produced byan . .
. IGCC using an entrained bed gasifier is slag. This type of gasifier operates above the fusion -

ternperature of the coal ash, producing a black, glassy, sand-like slag material thatis a

. potentially marketable byproduct. Leachability data obtained from different entrained-bed - ]
. gasifiers has shown that this gasifier slag is highly non-leachable. The slagmay be'suitable -
- for the cement mdustry asphalt productLon, construction backfill and landfﬂl cover

operations.

| - Most gasﬁlca’aon proéesses also producé a smaller amount of char (unreacted fuel) and/or | o
fly ash that is'entrained in the syngas. This material is typically captured and recycled tothe - -

gasifier to maintain high carbon conversion efficiency and to convert the fly ash into slag to

‘ eliminate fly ash disposal.

‘The other large volume byproduct produced by IGCC plants is elemental sulfur of sulfuric -
-acid, both of which can be sold to help offset plant operating costs. This contrasts with a PC -
' or CFB unit with a dry or semi-dry lime EGD System, which recovers sulfur as dry spent S

sorbent mixed with the fly ash. Spent sorbent and {ly ash must typically be dlsposed of as
waste materials in an appropriate landfill.
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SECTION 6.0

Reliability Evaluation

6.1 Annual Availability and Capacity Factors

Both PC and CFB technologies are considered to be mature and are used for baseload power
plants. The overall plant availability of well maintained baseload PC and CFB units is
approximately 90 percent. All four of the demonstration IGCC plants experienced very low

‘availability during their early years of operation. The availability improved after design and
operation changes were made to each facility, however, their current annual availability is
still lower than what can be achieved with PC and CFB units.

Capacity factor measures the amount of electricity actually produced compared with the
maximum output achievable. The overall plant capacity factor for well maintained baseload -
PC and CFB units is approximately 85 percent. All four of the demonstration IGCC plants
continue to experience low capacity factors compared to baseload PC and CFB units. The
reported annual availability and capacity factors for the two U.S. IGCC demonstration plants
are shown in Figures 6-1 and 6-2. Data for some years was not available.

Figure 6-1

U,8 1GCC Demonstration Plant Annual Availability
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Figure 6-2

U.S. IGCC Demo Units - Annual Capacity Factors
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62 TECO Polk Power Statlon IGCC

The Polk 1GCC. Power Plant began commercnal operaﬁon in Sep’cember 1996. Key avaﬂabﬂl’cy
factors reported by Tampa Electric are summarized i in Table 6-1. Availability is defined by
Tampa Electric in their published papers and reports as the percent of time durmg each

- period that the unit was in service or in reserve shutdown. -

TABLEG-1 = A S S

TECO Polk Power Staion IGCC Avax ability ‘ SRR L
"Year ‘ All" Separatlon Unit Gasxﬁcatlon Istand - . Combined Cycle Total Plant
’ (ASU) . . e ‘ Power Block '
1986 . NA* U NA .. NA S 8%
1997 NA CoNAC L e as%
1998 NA S NA I, o 7% 60%
1998 . NA NA 92% S 69%
2000 - NA g NA 87% - - - . 88%
2000 NA - NA o1% - 85%
- 2002 . e8%. % . 9a% - 7%
2003 . es% ' 78% - 80% . 78%

* N/A = Not Available

Source: Presentation at the '2003 Gasification Technoxogles Conference entitled “Solk Power Station — 7%
Commercial Yaar of Operation” by John McDaniel and Mark Hornick.
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6.3 PS| Wabash River Power Station [clo'e

The Wabash River 262 MW 1Gec Power Plant began commercial operation in late 1995. Key
IGCC plant availability and ga51f1cat10n island forced outage rates reported by PSI are
. stimmarized in Table 6-2..

TABLE 6~ 2
.PS| Wabash River IGCC Avallabllity and Gasffication Island Forced Outage Rats
Basin Elgetric Dry Fork Statlon Technology Evaluation

Year : B ' ' A_va‘llablhty o - ' '-F.ovl‘c‘:.ed Outage Rate
o " Gastfication ls@an‘d‘- " ‘thé.IAPla__nt . Gasification Island

1997 NIA¥ 4 T NA
1ee8 CoNA 60 L NA

eee - - NA 4 N

2000 788 . NA 1

2001 726 . oNm . m
2002 BT NAL e

2003 74 CoNA o 115

* N/A — Not Available . _

* Egtimated on partial year data _ '

Source: Presentailon at the 2002.and 2003 Gasliication Technologies Conferences entitled “Operating
Experience at the Wabash River Repowering Project’ by Clifton Keeler,

6.4 NUON Buggenum Power Statlon IGCC

The Buggenum IGCC Power Plant started opera’aon in 1994, I’c isa 250 MW plan’c 1ocated in
the Netherlands. Key availability factors reported by NUON are summarized in Tables 6-3.

-~Inradditionto burmng coal, other types of fuel are being explored including wood, sewage

sludge, coffee, rice and chicken litter, with varying degrees of success.

TABLE 63 - ' ,
NUON Buggenum Power Station IGCC Availability
Basin Electric Dry Fork Station Teshnology. Evaluetion

Year . Gasification Island » Combined Cycle PoWer Block
1999 . 45 N/A
2000 50 N/A
2001 N/A* v N/A
2002 67.3 89.3
2003 64.6 94.8

* N/A ~ Not Available
Source: Presentation at the 2000 and 2003 Gasification Technologies Conference entitied "Operating
Experience at the William Alexander Centrale” by J.Th.G.M. Eurlings and Carlo Wolters, respectively.

1
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6.5 Elcogas PuertoHano Power Station IGCC

The Puertollano 335 MW IGCC Power Plant had its first 100 hou:s of continuous operation in
August 1999. Key availability and forced outage rates reported by Elcogas are summanzed
in Tables 6-4 and 6-3. ‘ ,

" TABLE 6+4 ‘
Elcogas Pyertollano Power Station 1GCC Avarlabrlrty
Basin Electric Dry Fork Station Technology Evaluation

H“{ear Air Separation  Gasification - "~ Combined Total Plant Comments
" Unit (ASU) Island Cycle Power o L
‘ - ‘ Block
2000 875 . . 688 . ... 708  NA
2001 . NAT o TEe o sse 59.6
2002 . 914 - 749 .~ 85 . . ' 837

2003 o887 . 87 - . . 643 . 519

- A Not Avaiiable ~ -

> lnc!udes ASU and ASR - ‘ oo S S
: Source Presentatrons at the 200‘1 and 2003 Gasrﬁcatlon Technologres Conference by Ignacro Mendez—V1go.

- TABLEGS ' | ‘
*".Elcogas:Puertollano Power Statlon IGCC Forced Outage_ Rate
- Basin Efestric Dry Fork Station Technology E_va uation -

_Year = AirSeparation  Gasification ~ Combined. -  Total Plant ‘Comments
Unit(AsU) - Island " - Cycle Power - ' . .
- o . Block - ,
2000, .. At4 38 - . 3. . NA
2000 o NAYC T 287 7 U 134 | 369
2002 0 23 147 .33 25

o003 . Csd . 78 T B4 28

- * N/A - NotAvariabIe

' Source Presentatlons atthe 2001 and 2003 Gasifi catron Tec:hnologres Conference by lgnamo Mendez—ngo.‘.
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SECTION 7.0

| Commercral Avallabllrty

PC techmology is available commercially, with a long history of being the technology of -
choice for large base-load utility units. The CFB techniology is also available commercially,
but the largest CFB units in operation are approximately 300 MW in size. The CFB boiler
suppliers indicate a willingness to provide larger units with full commetcial guarantees.

Current and near-term IGCC plants miist be viewed as still under development, and not yet-
delivering the cost and performance to be economically attractive. Current IGCC plants are
providing good information about the technology, but not demonstratmg the necessary cost
of electricity to expect the technology to be available commercially in t1me frame to support
Basin Electric's needs.

741 NumberlQuaIrty of Suppllers

Both PC and CFB based coal-fired power plant technologles are offered conmermaﬂy ona
turnkey basis by some of the larger suppliers such as Bechtel and Mitsubishi. In addition,

“engineering/boiler vendor/ contractor consortiums will also offer these types of plants on a
turnkey basis. In contrast, IGCC plants are still considered to be high risk ventures and are
not currently offered on a turnkey basis. A General Electric and Bechtel partnership is
developing a 600 MW standard design based on the ChevronTexaco entrained bed gasifier
with an eastern bituminous coal fuel. A ConocoPhillips and Fluor partnership is also
developing a 600 MW standard design based the E-Gas entrained bed gasifier with ari
eastern bituminous coal fuel. Both consortiums plan to offer turnkey systéms in the future
based on the standard plant designs. There are no turnkey IGCC systems available for a 250
MW IGCC plan’c based on PRB coal fuel ' 4

7.2 Avallabrlrty of Process Performance and Emrssron
Guarantees

PC and CFB units are available commercially with strong, financially backed process,
performance and ‘emission guarantees oh a ’curnkey basis; or from the individuial equipment
suppliers. These types of project guarantees are not currently available for IGCC plants on a
turnkey basis due to their early development status and limited commercial experience.

7.3 Availability of Financing Alternatives

Project finéncing is available for both PC and CFB based power plants. The lack of adequate
developmental and project financing has been a major challenge to the deployment of IGCC
power plants. The significant underlying causes include the following items:

e Perceived low rate of ax?aﬂabﬂity at IGCC projects in early years of operation resulting in
substantially lower NPVs for that period.
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Uncertain capital funding heeds of IGCC projects.
Lack of guarantees for overall performance of the IGCC power units by plant designers,
equipment suppliers and construction companies.
Perceived need to fihance IGCC power plants with government subszd_les _
‘ Technical and business risk related to IGCC plant development. (Note that members of
the John F. Kennedy School of Government of Harvard University, acknowledgmg that
risk is a barrier to IGCC plant development have recently proposed a "3Party Covenant"
whereby the Federal Government provides loan guarantees which allow lower cost - ‘
. financing, state public utility commissions provide guarantees that output can be sold
© even if it is not the lowest-cost resource, and equity mvestors prov1de pro]ect fmancmg
based on the federal and state guarantees).
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SECTION 8.0

Economic Evaluation

8.1 Economic Criteria - |
The major economic criteria used for Kthe_ cost evaluation of the PC, CFB, Conventional IGCC

ahd Ultra~Low Emission IGCC cases are listed in Table 8-1,

TABLE 81
Coal Plant Economic Evaluafion Criteria
Basin Electric Dry Fork Station Technology Evaluation

Criteria PC CFB Conventional Ultra-Low - Comments
’ . IGCC Emission IGCC
Net Plant Output (MW) 273 MW 273 MW 2713 MW 273 MW Annual Average
Net Plant Heat Rate 10,500 10,800 10,500 ‘ 10,500 Annual Average
. (Btu/kW-Hr)

Annual Plant Capacity | 85% Coal 85% Coal 15% Natural 15% Natural

Factor (%) (Gas, 70% Coal | Gas, 70% Coal

Interest Rate (%) 6.0% - 8.0% 8.0% 8.0% Higher rate for
1GCC due to risk

Discount Rate (%) . 6.0% . 6.0%  6.0% 6.0% ' '

Capital Cost Redovew 1 42 years4 42 ye.ars 1~ 42vyears » 42 years

‘Period (Years) ' : - _

Plant Economic Life 42 years 42 years 42 years 42 years

| Years).. ' '

Fixed O&M Cost 38,33 34.50 50.00 52.50

($/kW-YT)

Non-Fuel Variable 0.0027 0.0025 0.0020 0.0021

O&M Costs ($/kW-Hr) o

Coal Cost ($MMBtu) 0.35 .. 035 0.35 0.35

Natural Gas Cost : 7.50 7.50 7.50 7.50

($/MMBtu) '

8.2 Econ'omic Analysis Summary

The ovefnight capital costs and life cycle economic analysis for the PC, CFB, Conventional
IGCC and Ultra-Low Emission IGCC cases is shown in Table 8-2. The net present value
(NPV) for the PC, CFB, Conventional IGCC and Ultra-Low Emission IGCC cases was
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calculated based on the 6.0 percent dlsc:oum rate and axmual cash ﬂows for a plant economic
Iife of 42 years.

TABLE 82 _ .
Economic Analysis Summary for Combustion Technology Options
~ Basin Electric Dry Fork Station Technology Evaluation

-

Costs S L : Cost ($ Million)
. . " PC - CFB Conventiona | Ultra-Low -
- o | IGCC | Emission
, ‘ o - | ece
CAPITAL COST - T N a7 | 720 756
FIRST YEAR O&M COST o ) - S o
Fixed O8M Cost - 107 98 . 139 146
Non-Fuel Variable Cost | 1 ss |- 82 a1 | a4
CoalCost = | ' | 76 | 78 | 85 | 65
Natural Gas Cost o F oo | oo 247 | 247
TOTAL FIRST YEAR OPERATING COST | . 238 . 226 483 | 802
FIRST YEAR DEBT SERVICE . M7 | 328 8000 | .30
TOTAL FIRST YEAR COST | 556 | 553 | 1082 | 1134
'Net Present Value (NPV) "~ | eet - es0 | 1,982 ‘» 2,046
, . ' ' incremental Controt Cost | ‘_ |
Total Pollutant Emissions (Tons/Yr) | ' . '3,657 3,981 : 1,491 '8014'
incremental Pollutants Removed (Tons) | .. Base -324 2,166 ' ..2,853
| Incremental. Fzrs’tYear Control Cost ($/T on . Base et 1 ' 24,767 . ' 32Q,1,73
| Poliutants Removed) - I o U

,* Based on 802, NOx Cco, VOC and PM pollutants removed. -

The total f1rst year cost for the PC case is $55 6 Mﬂhon versus $55.3 Mﬂhon for the CFB case.
The higher CFB Unit anrmal debt service is offset to a greater degree by the lower annual

" fixed O&M and non-fuel variable cost compared to a PC Unit. The total first year cost for the.
- Conventional IGCC and Ultra-Low Emission IGCC cases are $109 2 Million and $113 1
Mﬂhon, respectively.

"The NPV for the PC case is $961 Mﬂllon versus $950 Million for the CFB case over the 42 year
plant economic life. The NPV for the Conventionial IGCC and Ultra-Low Emission IGCC
cases is $1.98 Bﬂhon and $2.05 Billion, respectively.

The largest life cycle cost driver for all of the four cases is the debt service for the capital cost
of the plant. The annual debt service cost was calculated based on financing 100 percent of
the plant capital cost for 42 years at an annual interest rate of 6.0 percent for the PC and CFB
cases and. 8.0 percent for the IGCC casés. The interestrate for the IGCC casesis th’hEI dueto
the greater project risk for an IGCC plant.
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Besides capital cost and annual debt service, the other large cost differential between the
PC/CFB cases and the two IGCC cases is the natural gas usage. Both PC and CFB are mature
technologies that can meet the 85 percent annual capacity factor for the project. IGCC
technology has not demonstrated over 70 percent annual capacity factor, and must use
natural gas as a secondary fuel for the gas turbines to make up the 15 percent annual capacity
factor difference (to meet the 85 percent annual capacity factor for the project).

A comparison of the first year busbar cost of electricity for the four technology cases is shown
in Figure 8-1.

Figure 8-1

Coal Plant Technology - Busbar Cost of Electricity
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SECTION 8.0

'Equwalent BACT Analy3|s

Basin Electric does not-consider the Best Available Control Technology (BACT) requirement
as a process that should be used to define or re-define a proposed emission source. Rather, -
the BACT process should be used to identify the emission control technologies availableto”
reduce emissions from the source as defined by the proponent. The BACT process, coupled
‘with PSD increment and ambient air quality modeling, will ensure that emissions from the
proposed facility will be minimized and the proposed fac111ty will not cause or COntrlbute to
any violation of an amb1ent air quahty standard. :

' Notmnthstandtng Basin’s objection to usmg the BACT process to define the proposed :
- emission source;.an equivalent “Top-Down ” BACT Analysis was performed based onthe -~
- three compet:ng electricity generating technolog1es Basin Electric will follow, to the extent -
. possible, the 5-step top—down BACT evaluation process described in the NSR manual to
* evaluate the environmental, energy and economic impacts associated with PC,CFBand’ :
, 1GCC generating technologies. The BACT analyses for sulfur dioxide (SOz), nltrogen oxides
- (NOy), particulate matter (PM) carbon monox1de (CO) and volattle organic compounds T
(VOC) air pollutants will be based on BACT air polluﬁon control eqmpment uttllzed for each

o type of combustton technology

9.1 Pollutlon Controls B | |
The proposed new unit Wﬂl be equ:tpped Wlth controls to ].umt the emlssmns of SO:, NOX, PM |

. CoandvOC.

'9 1.1 Sulfur Dioxide and Related Compounds

Emissions of sulfur d1ox1de and other sulfur compounds wﬂl be controlled on the new umt

- with theuse of pulverlzed—coal PC) bozler and a dirculating dry scrubber (CDS) flue gas

. desulfurization (FGD) system. The FGD system will have a design SOz emission rateof -
0.10 Ib/ MMBtu, which corresponds to an SO, removal effmency 0f91.3 percent at the design
© maximum coal sulfur content of 0.47 wt. percent. :

Ina CDSFGD system, water is m]ected into the ﬂue Uas prlor to the inlet venturi of the -

. absorber vessel to-reduce the flue gas temperature to apprommately 35°F above the adiabatic
approach to the saturation point. Pebble sized lime (calcium oxide) reagent is hydrated with
- water to form hydrated lime (calcium hydroxide) powder. The hydrated lime is mixed with
' recycle solids. captured in the downstream fabric fﬂter and injected into the absorber vessel to
remove SO2.

The solids are recycled between the CDS absorber and fabric filter to provide a long
residence time for reagent particles to react with SO2 in the fiue gas. The solids bleed stream
consists of a dry calcium sulfite, calcium sulfate and fly ash byproduct. The collected dry
solids will be conveyed pneumatically to a storage silo and trucked to a landfill disposal site
or potentially reused. '
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9.1.2 Nitrogen Oxides

NOx is formed in the PC boiler in the combustion process, particularly when the peak
combustion temperatures in the flame exceed 2,500° F, The emissions of NOy from the new
unit will be imited through the use of Low NOy Burners (LNB) with Overfire Air (OFA) and
Selective Catalytic Reduction (SCR). LNB with OFA control the formation of NO, by staging
the combustion of the coal to keep the peak flame temperature below the threshold for NOx
formation, The burner initially introduces the coalinto the boiler with less air than is needed
for complete combustion. The flame is then directed toward an area where additional
'combustlon air is mtroduced from ove1—f1re air por ts allowing fmal combus’aon of the fuel.

A selec‘ave catalytic reduction unit will also be installed on The new unit to further reduce
- the NO, emissions. The proposed SCR is designed for high dust loading applications and
will be located external from the boiler. The SCR system uses a catélyst and a reductant
(ammonia gas, NHs) to dissociate NOy into nitrogen gas and water vapor. The catalytlc

process reactions for this NOy removal are as follows: ’
4NO + 4NHs + Oz 4N; + 6Hz0, and
© INO+ 4NHp+ 05> 3N, + 6H20

The optxmum temperature Wmdow for this-catalytic reactlon is between apprommately

575 and 750 °F. Therefore, the SCR reaction chamber will be located between the boiler
economizer outlet and air heater flue-gas inlet. Thé system will be desighed to use ammonia
as the reducing agent. The anhydrous ammonia will be transported to and stored onsite.
Gaseous ammonia will be released from the aqueous ammonia and injected into Unit 3
through injectiori pipes, nozzles, and a mixing grid that will be located upstream of the -
SCR reaction chamber. A diluted mixture of ammonia gas in air will be dispersed through
_injection nozzles into the flue-gas stream. The ammoma/ flue-gas. mixture then enters the

~ reactor where the catalyﬁc reaction occurs. -

The SCR system will be des1gned to achleve a contro]led NOx emlssmn rate of 0.07
lb/ MMBtu (30 day average).

"'9 1.3 Pamcula’ce Matter and PMw

PM and PMio will be céntrolled at the new unit by a fabric filter. The fabric filters operates by
passing the particle-laden flue gas through & series of fabric bags. The bags accunulate a
filter cake that removes the particles from the flue gas, and the cleaned flue gas passes out of
the fabric filter, The fabric fllters will have a particulate removal efficiency of greater than

99 percent.

. The fabric filter system will consist of a number of parallel banks of filter compartments
located downstream of the air preheaters and the flue gas desulfurization system and
upstream of the induced draft fans, Individual filter compartments consist of a bottom
collection hopper, a collector housing, and an upper plenum. A group of cylindrical filter
bags, each covering a cylindrical wire cage retainer, hang from a tubesheet, which separates
‘the upper plenum from the collector housmg

Particle-laden flue gas from the boiler entets the collect01 housing, just above the bottom
collection hopper. The flue gas stream travels up through the collector housing where

)
DEQ/AQD 004225



particles collect on the outside of the cylindrical filter bags. 'Ihe filtered flue gas then fravels
up through the inside of the cylindrical filter bags, through the tubesheet, and out through
the upper plenum. Particulate matter captured on the filter bags will form a filter cake. The |

~ filter cake increases both the filtration efficiency of the cloth and its resistance to gas flow.

- Fabric filtration is a constant-emission device. Pressure drop across the filters, inlet
-parttculate loading, or chanores in gas volumes may change the rate-of fllter cake buﬂdup, but

will not change the final emission rate. Actual performance of a fabric filter depends on
specific items, such as air / cloth ratio, permeabﬂlty of the filter cake, the loading and nature.
of the particulate (e g. uregu.lar—shaped or spherical), and parucle size dlstnbutxon '

The filter bags must be cleaned routmely to remove accumulated filter cake The cleamng

- frequency.of the individual compartments will depend, in part, on the inlet grain loading
and the flow resistance of the filter cake formed. Itis anticipated that the fabric filter system - -

will be designed as a pulse jet-type system. Ina pulse jet—type system, gas flow through an
isolated compartment is stopped and pulses of compressed air are blown down into the .
inside of each bag causing the filter bag to puff and fracturing the filter cake. The fﬂter cake

- falls into the collection hopper for transport to the ﬂyash—hand]mcr system.

Fabric filter system de51gn mvolves mlet loading rates, ﬂyash characterzstlcs, the selectlon of,

| * the cleanmg mechamsm, and selectton ofa smtable fxlter fabnc and fm15h

9.1.4 Carbon Monox1de and Volatlle Orgamc Compounds |
CO and non-methane VOCs are formed from the mcomplete combustlon of the coal in. the

" boiler. The formation of CO and VOCs is limited by controllinig the combustion of the fuel -
~and prov1dmg adequate oxygen for complete combustion; Thus, good combustlon control is

the techmque to be used to. lJ.mlt CO and VOC emissions.-

;9.2'_Combustion Tech'nologieS' L o

9.2.1 Pulverlzed Coal Technology

Pulverized coal (PC) plants represent the most mature of coal based power generatLon
technologies considered in this assessment. Modern PC plants generally range in size from .

- 80 MW t0 1,300 MW and can use coal from various sources. Units operate at close to
‘atmospheric pressure, simplifying the- passage of materials through the plant, reducmg
* vessel constructlon cost, and allowing onsite fabrication of boﬂers

The concept of burning coal that has been pulverized into a fine powder stems from the fact
that if the coal is made fine eriough, it will burn almost as easily and efficiently as a gas.
Crushed coal from the silos is fed into the pulverizers along with air preheated to about
580°F. The hot air dries the fine coal powder and conveys it to the burners in the boiler. The .
burners mix the powdered coal in the air suspension with additional pre-heated combustion
air and force it out of nozzles similar in action to fuel being atomized by fuel injectors.

Combustion takes place at temperatures from 2400-3100°F, depending largely on coal rank.
Steam is generated, driving a steam turbine-generator. Particle residence time in the boiler is
typically 2-5 seconds, and the particles must be smiall enough for complete burnout to have
teken place during this time. Steam generated in the boiler is conveyed to the steam turbine
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genera’cor, which converts the steam thermal energy into mechamcal energy. The turbine
then drives the genera’cor to produce electr1c1ty

‘Most PC boﬂers operate with what is called a dry bottom. Combustion ’cemperatures Wlth
subbituminous coal are held at 2400-2900°F. Most of the ash passes out with the flue gases as
fine solid particles to be collected in a Fabric Filter (baghouse) before the stack.

The boiler produces combustion gases, which must be treated before exmng the exhaust
stack to remove fly ash, NOy, and SOz. The pollution control equipment iricludes a fabric
fitter for particulate control (fly.ash), LINB with OFA and SCR for removal of NOy, and a
cmculatmg dry FGD system for removal of SOa. :

9.3 ‘Circula‘ting Fluidized Bed Technology

Ina cn:culatmg flmdlzed bed (CFB) boiler, the coal is burned in a bed of hot combusuble
particles suspended by an upward flow of combustion air. The CFB fuel delivery system is
similar to that of a PC unit, but somewhat snnphﬁed to produce a coarser material, The plant
 fuel handling system unloads the fuel, stacks out the fuel, crushes or otherwise prepares the
fuel for combustion, and reclaims the fuel as required. The fuel is usually fed to the CFB by
gravimetric feeders. The CFB units use a refractoty-liried combustor bottom section with
fiuidized nozzles onrthe floorabove the wmd bok; an tipper combustor section;. and a
‘convective boiler section.

The bed material is composed of fuel, ash sand, and the sulfur removal 1eagen‘c (typ1ca11y

' limestone), also refeired to as sorbent. In the CFB the fuel is combusted to produce steam.
Steam is conveyed to the steam turbine generator, which converts the steam thermal energy
into mechanical enetgy: The turbine then drives the generator to. produce electrlc;tty

CFB combustion temperatures of 1, 500 to 1, 600°F are SIgruflcan’cly lower than a convenﬁonal
PC boiler of up to 3,000°F which results in lower NOX emissions and reduction of slaggmg
* and fouling concerns characteristic of PC units. In contrast to a PC plant, sulfur dioxide can

. be partially removed during the combustion process | by addmg llmes’cone to the fluidized
bed.

CFBs are demgned for the partmular coal to be used. The method is prmc1pally of value for
low grade, high ash coals which afe difficult to pulverize, and which may have variable
combustion characteristics. It is also siritdble for co-firing coal with low grade fuels,
includifig some waste materials. The advantage of fuel ﬂex1bﬂ1ty often mentioned in
connection with CFB units can be misleading; the combustion portion of the process is

. inherently more flexible than PC, but material handling systems must be designed to handle
larger quantities associated with lower quality fuels. Once the umt is built, it will operate
‘most efficiently with whatever design fuel is specified.

The design must take irito account ash quantities, and ash properties. While combustion
temperatures are low eriough to allow much of the mineral matter to retain its original

' properties, par’acle surface temperatures can be as much as 350°F above the nominal bed
temperature. If any softening takes place on the surface of either the mineral matter or the
sorbent, then there is a risk of agglomeration or of fouling.

41
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The CFB produces combustion gases, which must be treated before exiting the exhaust stack
to remove fly ash and sulfur dioxides. NO, emissions can be mitigated through useof
selective non-catalytic reduction (SNCR) using ammonia injection, usually in the upper area
of the combustor. The pollution control equipment external to the CFB includes a fabric filter

~ (baghouse) for particulate control (fly ash). A polishing FGD system may be required for
additional removal of sulfur dioxides to achieve similar emission levels to PC units with FGD
systems. Limestone is required as sorbent for the fluidized bed. A limestone storage and -

' hand]mg system is a required design consideration for CFB units. .

CFB units have been built and operated up t0 300 MW in size. Therefore, the NE Wyommg
~ project would require one new boiler larger than previously demonstrated CFB boilers, or
two 50 percent size CFB boﬂers to achieve 350 MW net output

9.4 lntegrated Gasn‘lcatlon Comblned Cycle (IGCC) Technology

In’cegrated gasification combined cycle (IGCC) is a developing techmolo gy that has potential
application for electric generation in the United States. When fully developed, it may allow

. electricity produd:ton from coal at greater efficiencies and lower environmental impacts than

traditional coal-fired power plants, and with the poten’ual to- co—produce other products, such
. as hydrogen for fueling of vehicles, carbon dioxide for tertiary oil production or chemicals’
) produc’clon, and sulfuric acid or elemeéntal sulfur. Continued research of IGCC should be a
 top priority of the United States; with specific research areas mcludmg the reliability and -
availability of the integrated gasification/ generation systems, unprovements to emission N
controls including mercury removal and ef_ﬁc1ency mprovemen’cs such as hot gas cleamng B

techniques. .' '

IGCC systems combme elemen’cs common to chermcal plants a.nd power plants Because '
chemical process engineering training and experience are required to develop and operatean

- 1GCC plant, it requires expertise typically not found in utility companies. Major components - - '

‘of a typical IGCC plant include coal hand]mg and processing, cryogenic oxygen plant(s),
pressurized gasification systems, “syngas” quench and cooling systems, syngas scrubbers
with carbonyl sulfide hydrolysis systems and equipment to flash or otherwise separate F1,S °

 off the scrubbing liquid, either a sulfuric acid plant or a Claus sulfur plant, combustion
turbines, heat recovery steam generators (HRSG), and steam turbine(s):

Atleast five types of gasification technologies currently exist.2 These include d:cy—ash moving
bed, slagging moving bed, dry ash fluidized bed, agglomerating fluidized bed, and slagging
entramed—ﬂow gasifiers. Oxygen for the partial oxidation of the coal can be supplied through
either oxygen from an air separation unit (cryogenic oxygen plant) or through compressed
air. The compressed air for either the oxygen plant or for direct feed to the gasifiers can be
supplied either through dedicated air compressors or by bleeding a portion of the air from
the compression section of the gas turbine. Many choices of gas cleanup systems are

~ available. Fuel utilization efficiency improvements can be achieved by feeding steam.

- produced by cooling the raw syngas into the HRSG or stearn tirbine, although this
complicates the startup, shutdown, and operauon of the facility and creates maj or challenges

2 *Mgjor Environmental Aspects of Gasification-Based Power Generation Technolcgies - Final Report”, Unites States
Department of Energy, Office of Fossil Energy, Nationa! Energy Technology Laberatory, December 2002.
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in the ability of the facility to adjust total electrical output to follow demand load. There are
no.clear “best” choices among these many technology selections.

At this time, IGCC technology is not fully developed and it is not ’cechmcally fea51b1e in the
context of a BACT analysis. According to George Rudins, United States Department of
Energy (DOE) deputy assistant secretary for coal, “Right now, there is not a single company
producmg a turnkey IGCC power plant, so you have components sold by different
cotripanies, and that increases the challenge.”3 Therefore, at this time, the burden is on the
owner and engineer of the facility to integrate the gasification, oxygen, gas cleaning, and gas
combiistion systems, which substantially increases the complexity and risk of IGCC plant
developanent, Representatives of DOE, the utility industry, and environmental groups
generally agree that tax credits or.other économic incentives will be required to offset the
technological and financial risks associated with development of commercial IGCC plants.

Becausé the burden for techriblogical development fasts on the project developer, the

“technology cannot truly be considered commercially available. The EPA states that,

“ A control technigite is considered available, withiri the context presented above, if it has
rediched the licensing and commercial sales state of development. “4 While various types of

- gasifiers, gas cleaning unit processes, and- combistion turbines are cormmiercidlly available,
 thete are no vendors offeting commercial sales of complete IGCC package systems. |

Furthermore, EPA statés that, “Veridor guarantées may provide an ifidication of commetcial
availability and the technical feasibility of a control technique and could cofiribute toa
determination of technical feasibility or technical 1nfea51b111ty "5 Basin Electric is not aware of
any vendors offering guarantees on' the air emissions from either the combustion turbine or
tail gas incinerator components of an IGCC system consuming sub-bituminous coal; this

problem is a function of the fact that developers must mtegrate systems offered by different
vendors. :

Bagin Electric is aware that General Electrlc (GE) has. recently purchased Chevton/ Texaco 5

IGCC technology, and is in the process of developing a standard plant design for an IGCC

system with Bechtel. This has not yet been accomphshed and the level of uncertamty

“tegatding specifics of the plant design remains high. Firm pricing for sichia system isnot yet

available,

A case in point regarding the technolog—ical and commercial terms challenges is the recen’c
Pinon Pine project in Storey County, Nevada. Innovative concepts incorporated in the design
of this plant included wse of Kellogg KRW air-blown gasifiers as ati alternative 10
oxygen-blown gasifiers, and use of hot gas cleanup technology. The project was funded

50 pércent by the DOE, and benefited from the technological expertise of the DOE. Despite
the expertisé available to the project, the plaht never achieved steady state operation, and as
such, environmental and economic performance of the project could not be evaluated.
Eighteen unsuccessful attempts were made to start up the gasification system; each
subsequent startip attempt was not begun until the cause of the previous malfunction was

3 *Coal - Can it ever be clean”, Chemical & Engineering News, February 23, 2004,
4 EPA, New Source Review Workshop Manual, October 1990, Page B.18.
5 New Source Review Workshop Manual, Page B.20. .
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resolved.p Technical problems with the system included failure of HRSG components,
unacceptable temperature ramps in the gasifiers, which caused failures in gasifier refractory,
a fire in the particulate removal system, and multiple other problems with the particulate
removal system. While many lessons were learned from development of the plant, and these
lessons may lead to improved plant design in the future, the plant certainly could not be
considered a technologlcal success.

~ Only two commercial IGCC plants are currently in operation in the United, States. These are
the Wabash River project in central Indiana and Tampa Electric Company’s Polk Power =
Project in Florida. Both projects were co-funded by the DOE as demonstration projects. As . -
these projects involved development of technology, substantial modifications were made to -
both projects after initial construction. There has never been a commercial IGCC plant in the |
United States that was not either co-funded by DOE or otherwise prowded financial
incentives for the purpose of technology demonstration.

Furthermore, little operatmg experience exists regardmg IGCC plan’rs consunung ,
sub-bituminous coal. None of the four commercial-scale IGCC. plants currently operating i in

. the world consume sub-bituminous coal; all four consume either bituminous coal or

- pefroleum coke. 7 One commercial-scale IGCC plant, the Dow Chemical/ Destec LGTI project,

" . was previously operated on sub-bituminous coal; however this project was supported mth
' guaranteed product price support offered by Dow Chemical and the U.S. Synthetic Fuels

- Corporation, and was prompily shut down when the price support expired.? Naﬁonal

- . Enetgy Technology Laboratory (NETL) also notes that, “The following developments will be

* key to the long term commercialization of gasification technologies and mtegra’cron of this . .

L environmentally superior solid fuels technology into the existing mix of power plants. ; [ﬁfth - B

. of eight bullets] Additional optimization work for the lower rank, sub-bituminous and

lignite coals.”® It is clear that the majority of operating. experience for coal-based IGCC plan’ce _‘ :

is with bituminous coals and that further study is required to prove the technical and .
' economic feasibility of IGCC opera’aon with sub-bitumirious coals, and in the context of -

- _pubhshed cost data, it would be xrrespon51b1e to assume that an IGCC plant consuming

sub—bm;rmmous coal could match the performance of an IGCC plant consuming bmm:unous
«coal .

o " A Pebruary 2004 paper by members of the Iohn E. Kennedy School of Government at

Harvard University proposes inmovative financing mechanisms for IGCC projects. Thls
' proposal is driven in part by the fact that, due to the increased risks presented by IGCC
‘projects, the cost of capital hinders IGCC plant development. The study notes that, “The
overnight capital cost of IGCCis currently 20 to 25 percen’c higher than [pulverized coal]

systems and commercial reliability has not been proven.” 1° The paper further acknowledges 4

that due to risk, private investors are unlikely to develop IGCC projects and state public
utili’cy commissions (FUCs) are unh'kely or unable to ‘shift the burden for these costs to the

6 Pro;ect Fact Sheet ~ Pinon Pine IGCC Power Project, United States Department.of Energy Office of Fossil Energy,
http://www netl.doe.gov/cctc/factsheets/pinon/pinondemo.himl, July 2004,

7 “Major Environmental Aspscts...”, Page 1-25.
8 “Mzjor Environmental Aspects...”, Page 1-18.

8 'Gasification Piant Cost and Performance Optrmlzatlon u.s. Department of Energy National Energy Technology Laboratory
Revised August 2003, Page £S-3.

10 Rosenberg, Willilam G., Dwight C. Alpern, and Michae! R. Walker, "Financing IGCC - 3Party Covenant,” BSCEAWorkmg
Paper 2004-01, Energy Technology innovation Project, Belfer Center for Science and Internafional Affairs, Page 1.
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ratepayer. Therefore, a “3 Party Covenant” between the federal governmerit, state PUCs, and
equity investors is proposed to ensure a revenue stream for an IGCC project (L.e., to ensure
- that facility offtake can be sold even if it is not the lowest cost generation resource) and to
- devélop financing at lower interest costs than for typical generation projects, thus mitigating
business risk and higher cost of capital. If such innovative measures are required to spur
 successful development of IGCC projects, for a utility that is required by law to develop new
~ projects to meet customer demand yet satisfy PUC requirements for financial responsibility,
it seerms imprudent to consider “forcing” the utility to select IGCC via the BACT process.

- In fact, the Public Service Commission of Wisconsin (PSCW) recently came to a very similar
conclusioh, Wisconsin Energy Corporation (WE Energy) proposed construction of two new
PC generating units and one IGCC unit at its Elm Road pioject south of Milwaukee. PSCW
reviewed the project withiri the cotitext of its statitoty mandate to consider concerns -
regarding engineering, economics; saféty, reliability, environmental impakcts, interference
with local land use plans, and impact on wholesale competition. PSCW concluded that the
IGCC project was not an acceptable risk or fmanc1a1 burden for its ratepayers and denied WE
Energy’s request to develop it.

In its November 10,2003, dec1s1on, the PSCW made the followmg fmdmg

”5 The two SCPC [supercrltlcal pulverlzed coal] units ate, reasonable and in
the public interest after considering alternative sources of supply, individual
hardships, engineering, economiic, saféty, reliability, and environmental

-~ factors. The IGCC unit does not meet this standard:”

: The proposed new unitisa PC umt similar to those approved by the PSCW.

None of the commerc1al systems constructed to date have operated at the almost 5,000-foot
altitude of the proposed new umit, This altitude will result in de-rating of the,combustion
turbines, and would thus require a larger combined cycle component of the IGCC system to
produce the same otttput as a system constructed at lower elevation. This would further
degrade IGCC economics at the NE Wyoming Project.

RO

The longer time required for startup/shutdown, and 1nf1ex1b1hty of system output for
load-following, of an IGCC system vetsus a PC system creates additional challenges for
utilities. Startups have reportedly required up to 70 hours, and flaring of treated and

untreated syngas during these startups can create substantial- addltlonal air emissions, which
~ arenot typlcally included in IGCC emission estimates.

IGCC systems also have relatively low avaﬂabﬂlty, due in large part to frequent maintenance

required for gasifier refractory repair. This credites the need for redundant gasifier systems,
or burning pipeline natural gas as a backup fuel Wthh further i increases the system capital
and: Operating costs and operating complexity.

IGCC is thus a generation method, which is fu.ndamentally different from. that of the
proposed project in terms of technology, costs, and buisiness risk. BACT has not historically
been used as a means of redefining the emission source. EPA regiilations and policy
guidance make it clear that BACT determinations are intended to consider alternative

- emission control technologles, not to redefine the entire source.

DEQ/AQD 004231



‘9,5 BACT Determination
This section presents the BACT analysis.

9.5.1 Applicability

The requirement to conduct a BACT analysis and determination is set forth in
section 164(a)(4) of the Clean Air Actand infederal regulations 40 CFR 52.21(j).

9.5.2 Top-Down BACT Process

EPA has developed a process for conducting BACT analyses Tlus method is referred to as
the “top-down” method. The steps to conducting a “top-down” analy51s are listed in EPA’s
. “New Source Review Workshop Manual,” Draft October 1990 The steps are the followmg

Step 1 - Identify All Con’crol Technolog1es o

Step 2 - Eliminate Tec}uucally Infeasible Options: IR
Step 3 - Rank Remaining Control Technologies by Control Effecttveness ‘
Step 4 - Evaluate Most Effective Controls and Document Results

Step 5 - Select BACT : -

A Each of these steps has been conducted for the SOz, NO,(, PM Co. and VOC pollutants ancl is L
' described below . . 3

9:5.3 80, NOy, PMm, GO and voc Analys;s

' The BACT analysis for Sulfur Dioxide, Nltrogen O><1des, Par’ucula’ce Matter, Carbon . |
, .Monox1de and Volatﬂe Orgamc Compounds is presented below ‘

19531 Step 1 Identlfy All Control (Combustlon) Technologles

- The first step is to 1dent1fy all available combustion technologies.” Mos’c recent PSD perml’t .
applications submitted to the applicable permitting agencies proposing to construct a coal -

" combustion steam electric generating unit have defmed the source as a pulvenzed coal-fired

© (PC) unit. In'a majority of the PSD permit reviews, the permitting agency applied the -

- top-down BACT for emission controls based on the source as defined by the apphcant de.
PC unit). State permitting agencies in Wisconsin, West V1rg'1n1a and Wyoming have not
requn?ed CFBand / or IGCC technologies to be con51dered in recent BACT determinations.

Combustion technology mformatxon related to ’chls type of BACT Analy51s is not available
- from the EPA RACT/BACT/LAER Clearinghouse (RBLC) database accessible on the.
Internet. However, recent similar BACT determinations have evaluated the following
potential combustion technology emission reduction options:

e Pulverized Coal (PC); |
. Circulating Fluidized Bed (CFB);
» Integrated Gasification Combmed Cycle 1GCC).
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9.5.3.2 Step 2 - Eliminate Technically Infeasible Options

9.5.3.2.1 PC Option

The PC with FGD option is technically feasible for use in red.ucmg emissions from The new
unit. Most of the PRB coal used for electricity generation is burned in PC plants. PC units
experienced many problems during the initial use of PRB coals, but experience has resulted
in development of PC boiler designs to successfully burn PRB coals. PC designs for PRB coal
are based on the specific characteristics of the fuel such as moisture content, ash composition
and softening temperature, and sulfur content.

9.5.3.2.2 CFB Option ' ‘

'The majority of existing utihty CFB units buin bituminous coal, anthracite coal waste or
lignite coal. The operating history of utility CFB boilers burning PRB or other types of
subbituminous coal is limited. CFB technology typically has an economic advantage only
when used with high ash and/ or high sulfur fuels, "I'herefore, high sulfur bituminous, high
sulfur petroleum coke, high ash coal waste, high ash lignite and other hlgh ash biomass fuels
are the typical apphcahons for CFB technology

PRB coals may have a tendency to produce small particle size (fme) fly ash that makes it
more difficult to maintain the required bed volume in a CFB unit. Therefore, additional
quantities of inerts such as sand and hmestone may be requu’ed for a CFB umt burnmg low
sulfur /16w ash’ PRB coals; -

Ajoint Colorado Springs U’fﬂmes / Foster Wheeler 150 MW Advanced CFB demonstration
project at the Ray D. Nixon Power Plant south of Colorado Springs was. proposed and.
accepted by DOE NETL in 2002 as part of the federal Clean Coal Power Initiative (CCPI).
DOE agréed to a $30 million cost share of the $301.5 fnillion projéct. The next generation CFB
unit would be designed to burn PRB coal arid PRB biended with coal waste, biomriass and
petroleum coke. However, Colorado Springs Utilities and Foster Wheeler cancelled and
mmdrew from the CCPI projéct i n 2003 ‘

The CFB optiori is probably ‘cechmcally feas1ble for use in reducmg SO» e:rmssmns from the

T UTTHEW TIEE, bt it is not considered the best application for PRB coal.

0.5.3.2.316CC Optlon '

The only commercial size IGCC demonstration plant that has operated with PRB coal fuel
was the Dow Chiemical Louisiana Gasification Technology, In. (LGTI) plant in Plaguemine,
LA. This plant uséd an oxygen blown E-Gas entrained flow gasifier and is reported to have
~operated successfully from. 1987 to 1995. The plant is now shutdown.

The Power Systems Developmen’c Facility (PSDF), located near Wilsoniville, Alabama, isa
large advanced coal-fired power system pilot plant!!. It is a joint project of DOE NETL,
Southern Company and other industrial participants. The Haliburton KBR Transport Reactor
was modified from a combister to coal gasifier operation in 1999. The initial gasification tests
have concentrated on PRB coals because their high reactivity and volatiles were found to
enhance gasification. The highest syngas heating values were achieved with PRB coal, since
PRB coal is more reactive than bituminous coals.

11 Ref. 10.
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Southern Company, Orlando Utilities Commission, and Kellogg Brown and Root, recently
submitted a proposal to DOE NETL for the Round 2 Clean Coal Power Initiative (CCPI)
solicitation'2. They propose to construct and demonstrate operation of a 285 MW coal-based
transport gasifier plant in Orange County, Florida. The proposed fac1h’cy would gasify
sub-bituminous coal in an air-blown integrated gasification combined cycle power plant

. based on the KBR Transport Gasifier. Southern Company estimated the total cost for the
project at $557 million ($1954 / MW) and has requested $235 million of DOE funds to support

. the project. .

.- The IGCC op’aon is probably techruca]ly feasible for use in reducmg SOz, NO, PM COand ..
- VOC emissions from the new unit, but it is not considered the best application for PRB coal.

9.5.3.3 Step 3~ Rank Remaining Control Technologies by Control Effectiveness -
~ Emission rates for each of the combustion teclm,ologieé are provide& mn Table.9-1;'
TABLE 9 1

Comparison of Coal Combistion Technology Potenttal BACT Emlssmn Rates -
Bas:n Electnc D:y Fork Sfaz‘lon Technology Eva/uaflon

messxon Rates for’ Coal Combustton Technologles (LbIMMBtu)

" Polutant ~ . PC (Potermax BACT). _ CFB (Potential BACT) IGCC (Potential BACT)
s, . et w0 o s
NO. ,_fgo'.o'7 :ﬁ'. o 007
BMe Coots "oo1'9 S oot
co o ods - mas . o

voc - . 00037 . o003 .+ Doos

-' 9 5.3.4 Step 4 - Evaluate Most Effectlve Controls and Document Results

This step involves the consideration of energy, envmonmental and economic Impacts
assoc1ated with each control technology :

Most of the PRB coal used for electrlcfcy generatton isburned in pulverlzed coal (PC) plan‘cs. ‘
PC units experienced many problems during the initial use of PRB coals, but experience has
resulted in development of PC boiler des1gns to successfully burn PRB coals. PC designs.for -
. PRB coal are based on the specific characteristics of the fuel such as moisture content, ash
composition and softening temperature, and sulfur content.

CFB technology is an alternative combustion technique that could be comldered for this
power plant application. However, the proposed new unit emission rates are consistent with
emission rates ac]:uevable with CFB boilers.

12 Ref 11,
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IGCC is a promising technology, which presents the opportunity for electric generation at
lowet emissions of criteria air pollutants than conventional coal technology However, at this
timne, significant technical uncertainty exists; at least one recent project ended in failure. No
Vendors offer complete IGCC packages, and as a result project owners must m’:egra’ce the
many components of the IGCC systern and must develop projects with no emission
guatantees from vendors. At the cutrent titne, in order for IGCC projects to satisfy the
financial and risk criteria required to obtain PUC approval o pass projects costs onto .
ratepayers, tax credits, innovative financing, or other financial incentives are required.

. Anincremental cost analysis has been prepared for PC versus CFB technology and PC versus
IGCC technalogy. A summary of the results is shown in Table 9-2. The detailed cost analysis
is provided in Appendix E. The incremental cost difference between PC and CFB is $987 per
additional ton of pollutant removed.- CEB technology remioves less overall tons of pollutants
while having a slightly lower total annualized cost. The incremental cost difference between
PC and IGCC is $24,767 per additional ton of pollutant removed. Basin Electric believes that
the high additional cost of IGCC combustion technology is not warranted for this project
based on the use of low sulfur coal and the limited additional tons of pollutants removed.

TABLE 9-2
Comparison of Goal Combustion Technoiogy Economics:
Basin Electric Dry Fork Station Technology Evaluaf/qn

Costs ($)
Factor L PC CFB [clelo]
Total Installed Capital Costs : - $482,000,000 - §$497,000,000 § 720,000,000
Total Fixea & Variable O&M Costs $ 23;900._000_ $ 22,600,000 ‘$ 49,300,000
Total Annuahzed Cost .. $85800,000 . $55300,000 $ 109,200,000
Incremental Annuahzed Cost leference pC ' . $ (300,000) $ 53,700,000
versus CFB, and PC versus IGCC
i lncrem;ntal Tons Po!lutants Removed PC - (324) 2,166
versus CFB, and PC versus IGCC. ' . ; S .
Incremental Cost Effectiveness per Ton of- A S : 987 24,767

Additional Pollutant Removed:
PC versus CF’B, and PC versus IGCC

9.5.3.5 Step 5 Select BACT

The final step in the top—down BACT analy51s process is to select BACT Based on a review of
the technical feasibility, potential controlled emission rates and economic xmpacts of PC, CFB
and IGCC combustion technologles, the PC-based plant de51gn represents BACT for the
proposed new tmnit,
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SECTION 10. O

Impact of Plant Size lncrease

* In December 2004, Basin Electric Power Cooperative (BEPC) armounced plans to build a 250
MW (net) coal-based generation resource in Northeast Wyoming. In May 2005, based on a
revised load forecast for Basin Electric’s member cooperatives, the net plant output for the

new coal unit was increased to 350 MW net. The technology comparison at this rating is
virtually 1dent1ca1 to the 250 MW de51gn case.

| Impact on Plant DeS|gn and Heat Rate

A 250 MW net IGCC plant would most hkely use two 7EA gas turbmes and 2 small amount -
of duct firing, of syngas in the HRSGs to genérate the required export power to the grid based -
on the PRB coal fuel and the plant elevatxon of 4,250 feet. The gasifier would be sized to :
supply syngas to the Awdliary Boiler for drying the high moisture PRB coal syngas tothe .
gas turbines, and syngas for duc’c—ﬁrmg in the HRSGs. - o S

A 350 MW net IGCC plant would most llkely use two 7FA gas turbmes and a larger amount |

of duct firing of syngas in the HIRSGs to generate the required export power to the grid. The

B larger 7FA gas turbines used in the 350 MW plant are higher efficiency compared to the

- smaller 7EA gas turbines, however, this will probably be offset by the larger amount of .
-+ .- syngas used for duct-firing in the larger power plant. ‘Duct-firing lowers the overall plant. =
. efficiency of a gas turbine combined cycle power plant, Therefore, itis expected that the net. o

plant heat rate will be comparable for the 250 MW and 350 MW plant sizes.

} 'lmpact on Cost

The larger 350. MW IGCC plant is expected to have some cost savmgs ona $ / kW mstalled
.capital cost basis due to economy of scale. However, this economy of scale cost savings will |
" be matched by the similar economy of scale cost savmgs achieved by a PC or CFB unit when -
gomg from a 250 to 350 MW plant size.- '
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SECTION 11.0

Conclusions and Recommendatlons

111 Baseload -GapaC-ity'

PC and CFB technologies are capable of achieving an 85 percent anriual capacity factor, and
are suitable for baseload capacity. The IGCC technology is only capable of achieving an 85
percerit annual capacity factor for a baseload uriit by adding redundant back-up systéms or
using natural gas as a backup fuel for the combustion turbme combined cycle part of the
plan‘c - .

11.2 CommerCi'ally Available and Proven Technology .
PCand APC tec]:mology is commercially available and proven for PRB doal, The C'FB
tec]:mology has been commercially demonstrated for bltummous, low sodiurh hgmte arid

anthracite waste coals, however, long term commercml operatlon Wlth PRB c:oal has notbeen
demonstra’ced : o

IGCC technology is still und.er development. A11 four commercml demionstration units that
are operating in the U.S. and Europe were subsidized with government funding, Six of the
thirteen second tound Clean Coal Power Initiative (CCPI) proposals that were réceived and
announced by DOE NETL ixi July 2004, wete for deronstration IGCC plarits to receive
‘government cost sharmg13 The goal of the DOE CCPI program is 10 assist industry with
development of new clean coal power technologles Tt is anticipated that IGCC will niot be
developed for full commercial use before the 2015 t1me perlod '

-14.3-High-Reliability—————— S

Both PC and CFB technologies have demonstrated high reha.blh’cy IGCC technology has
demonstrated very low reliability ini the early years of plant operation. Improved reliability
has been recently demonstrated after design and operation changes were made to the
facilities, however, the availability of IGCC units is still much lower than PC and CFB units.

11.4 Cost Effective

PC technology is the most cost effective for a new 250 MW PRB coal power plant in
Northeast Wyoming. A PC unit will have the lowest capital and operating & maintenance
cost of all three technologies evaluated. The CFB technology would have a slightly higher
capital cost, but lower operating and maintenance cost compared to a PCunit. The IGCC

- technology would have a much higher capital, operating and maintenance cost compared to
both the PC and CFB technologies.

13 Ref. 11.
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11 5 Summary

PC technology is capable of fulfilling Basm Elecmc s need for new genera‘aon, andis

~ recommended for the Basin Electric Dry Fork Station Project. CFB technology meets Basin
_ Electric's need, however, it lacks demonstrated long-term operating experience on PRB coal
and in the final analysm would be more costly.

* IGCC technology is also judged not capable of fu]ﬁlhng the need for new oenera’aon IGCC
does not meet the requirement for a high level of reliability and long-’cerm, cost-effective, and

' . competitive generation of power. In addition to higher capital costs, there are problem areas, .

discussed previously, that have not demonstrated acceptable availability and reliability. The
current approaches to improving reliability in these areas result in less efficient facilities, '
‘negatively impacting the cost-effectiveness.. DOE has a Clean Coal Technology program
with the goal of providing clean coal power-generation alternatives which includes
- improving the cost-competitiveness of IGCC. However, the current DOE tlme frame by
- 2015) does not support Basm Electrlc s 2011 needs .

GCC offers the potential for a more cost effec’uve means of COz removal as compared- to PC
and CFB technolo gies.should such removal become a reqmrement in the futire. However, af
this time, it is only speculahve as to if such requirements will be enacted, when they will be.
- enacted, and what they will consist of and. apply to if enacted: The risk of installing a more
costly technology, that has riot been proven to be reliable and forwhich strong.commercial -

. performance guarantees arenot avajlable, is far too creat for Basm Elecmc to ’cake on for suc:h» B

R _ speaﬂanve purposes

116 Contmumg Actlvmes

,Planned conference attendance

~ Basin Electric plans to attend the 2005 Gasﬁlca’uon Tec.'hnologies Counc:l annual conference
. in October, 2005, in San Franmsco, CA. : ,

. Canadian Clean Power Coall’uon

Basin Electric has been WorkJng closely with other hamte and sub-bituminous users in the
~ Canadian Clean Power Coalition (CCPC) on IGCC teckmology and advanced “conventional”
- technologies such as oxy fuel firing and advanced amine scrubbing systems for low rarik .
. coals. The CCPC has funded feasibility studies from ConocoPhillips/Fluoz, Shell and Future
Energy. Basm Electric will monifor and review the results of these studies. |

Wllsonvnle PDSF

Basin Electric has been supporting the EPRI / Southem Company PDSF testing in
Wilsonville, Alabama. Basin Electric Wﬂl monitor and review the results of ’chls teshng

Future mvestlgattons

Basin Electric and their engineering consultants continue to review the ongoing performance
of the four IGCC demonstration plants and monitor the status of commercial IGCC offerings.
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Basin Electric Power Cooperative — Dry Fork Station, AP-3546
Decision

~ Attachment C - “Dry Fork Station Air Quality
Impacts to Soils and Vegetation,” June 20, 2007
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"TECHNICAL ME‘NORANDUM ' ‘ CHZMHILL

Dry Fork Station A1r Quahty Impac’cs to Soﬂs and
Vegeta’czon |

PREPARED FOR: Basin Electric Power Cooperative

PREPAREDBY: . . - . CH2MHILL
DATE: - June?20,2007 -
In’croducﬁon

The followmg review of analyses of air quahty mpacts on soils and vegeta’non from the Dry .

- Fork Station was prepared for Basin Electric Power Cooperative in light of comments on -

" that topic filed with the Wyoming Department of Environmental Quality, Air Quallty
Divisior, by the Powder River Basin Resource Council and o’chel envuonmen’ral
_ orgamzaﬁons (Envnonmen’cal Coah’uon) R -

Impacts to soils and vegeta’uon were evaluated in sectlon 7 8.2 of the Basm Electric Dry Fork - .,
" Station Air Construction Permit Apphca’aon, November 2005 (Permit Application). This”

analysis is included under the "Adch’aonal Analyses reqmred under PSD rules (40 CFR ‘ B

o 5L166(0)):

The owner or oper czfm shall pravzde an cmalyszs of the zmpazrment 10 mszbllziy, sozZs and Uegetatzon o
that would occur as a result of the source or modification and general commercial, residential, .
industrial, and other growth associated with the source or modification. The owner or operator need
not provide ar analysis of the impact on vegetation having no significant commercial o recreational -
value. Wyoming Air Quality Standards-and Regulations, Chap. 6, §4 (b)(i)(B) (D C

The Dry Fork Statlon ana1y51s considered soils as well as native and commercial vegetation

within the project area. No sensitive soils or native vegetation were identified, and ocats and

" barley were the only crop species identified as sensitive, An evaluation of impacts on the

sensmve crop species showed that potential concentrations of NOx were well below the
injury thresholds determined by EPA criteria documentation (USEPA 1993).

- Comments filed by the Environmental Coalition allege the permit application failed to

. iInclude a site-specific inventory of soils and vegetation (including threatened or endangered
species), that reliance on the EPA’s 1980 Screening Levels is inadequate, and that there was a .
failure to analyze the impact of all pollutants, The comments rely heavily on the EPA- '
Environmental Appeals Board's decision in the Indeck Elwood case in Tllinois, :

This memorandum summarizes the scils and vegetation analysis performed for the PSD
application, including dispersion modeling results and specific inventories, and also
discusses additional information regarding air quality impacts on soils' and vegetation.

Dry Fork Station Air Pollutant Impact Analysis

General dispersion modelmg results are presented in sections 7.7.2 ‘EhIOLgh 7.7.6 of the PSD
application.
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DRY FORK STATION AIR QUALITY IMPACTS TO SQILS AND VEGETATICH

Conservative preliminary air pollutant dlspersmn modeling showed that Cless II mpacts
for the following polluta;n‘cs were below federal s1gmf1cance levels: '

+ CO
° NO:
s PMy

This same modeling estimated that concentrations of the following pollu'cants would be far
below the federal monitoring de minimis levels:

o Lead

e Mercury
e  Beryllium
’ Fluondes

In addmon, this modehng détermined that ambient concentrations of the following
poliutants would be well below the Wyommg Ambient Air Quahty Standeu ds (WAAQS):

. Fluorides

Because the preliminary impact analysis determined that 24-hout 80 impacts may be above
 the federal significance levels, a full-impact analysis was conducted for this pollutant that
itictuded other 5O seiurces within a 50 km radius of the proposed Dry Fork Station location.
This full-impact analysis determined that the itpacts would be well below the Class Il PSD
increment and the WAAQS. Dry Fork Permit Application at7. 7.6

Regarding ozone impacts, as discussed in section 7.8.4 of the Dry Fork PSD application,
there are curreritly no. approved regulatory modelmg methods for de’cerrmnmg ozone -
'mmpacts for PBD Soutees. o : E :

The PSD apphcahon (sec’uon 7 9 also mcluded a T1e1 Ihuman 1151< evaluation that was
performed for 67 hazardous air pollutants (FLAPs). This evaluaﬁon inclvided cancer, chronic,

- and acute risks, Although the dlSpEl siori modeling, exposure, and risk assumptions ina
Tier I evaluation are quité conserVauve, no rlsks were 1dentrf1ed

Analysis of Vegetation Impacts. -

The Environments] Coalition contends that “there was no site specific iriventory of soils or
vegetation performed as part of the permit application,”. and infers that the Basin Electric
relied blindly on the EPA’s 1980 Screening Procedure. - These a}legat:tons are false, and

.~ mischaracterize the analysis that was done. EPA's 1980 Scr eening Procedure was hot
utilized atall. As stated in the Dry Fork Permit Application at §7.8.2, a specific search was
done for information regarding vegetation in the vicinity of the Diy Fork Station, relying
both on the latest U.S. Department of Agriculture census and on the Wyoming GAP
Arnalysis of land cover for Campbell County, Wyoming. USDA, 1979; Wyoming GAP, 2005.
Based on these data, it was deteriiined that of the species identified, only cats and barley
have been identified as sensitive species that occur in this area. Because photosynthesis is
inhibited in alfalfa and foliar injury to oats occurs at exposures to NOx and/ or SOx above
certain levels, levels where possible damage occurs was compared with modeled
concentrations and the modeled concentrations were far below levels that might adversely
affect these species,
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DRY FORK STATION AIR QUALITY IMPACTS TO SOILS AND VEGETATION

This analysis is fully consistent with the EPA’s Draft New Source Review Manual, October
1990 (NSR Manual), which states that an inventory should be done for all vegetation with
commercial or recreational value, and that such information may be available from
conservation groups, government agencies and universities. “For most types of soils and
" Vegetation, ambient concentrations of criteria pollutants below the secondary national
ambient air quality standards (NAAQS) will not result in harmful effects. However, there
are sensitive species (e.g., soybeans and alfalfa) which may be harmed by long-term
.exposure to low ambient air. concentrations of regulated pollutants for which there are no
NAAQS.” NSR Manual at D.5.

The NSR Manual appr oach was followed for the Dry Fork analysis. Ambient polhitant
concentrations were modeled to be far below the levels of secondary NAAQS, indicating
most species will be protected, and for sensitive species additional analysis was done to

-compare poten‘aally harmful pollu’cant levels to modeled concentrations.

The Environmental Coah’aon appeals o argue that 1mpacts ofa long list of pollutants on
each and every species must be evaluated. The NSR Manual, however, notes that modeling
"comphance with secondary- ambient standards is adequate for most species. As to sensitive -
species, further analysis was ‘done for pollutants that are known to have potential adverse
effects. The Envir onmental Coalition has identified no instance in which the Dry Fork

' analysis failed to analyze the impacts on-a sensitive plant species of a pollutant known or

- suspected to have poss1b1y harmfu] effects, And modeling predicted that concentrations of
. almost all pollutants Wﬂl be below de minimis modelmg or. mom’cormg 1evels -

. The Emvn onmen’cal Coah’uon also contends that, because Tio sﬁe—spemﬁc mventory of
vegetatiorl was performed, “it is impossible to know whether any endangered, ’chreatened
- or sensitive species are located in or around the plant site.” In fact, we do know whether
endangered fhreatened or sensitive species are present. -In addition to the anelysis reported
_ in the Dry Fork Permit Application, further inventories of the plant communities of the ,
'proposed power plant sites and the two transmission line route alternatives were conduicted .
by EDAW iri 2005 and 2006, the results of which are summarized in the Dry Fork Station
Project Overview and Environmental Evaluation (EDAW, 2006) These inventories mcluded
. federally listed endangered and ’chreatened species and BLM sensitive species for Campbell
- and Sheridan Counties, obtained from the U.5. Fish and Wildlife Service.

' In the USFWS letter, the Ute ladies'-tresses orchid (Spiranthes diluvialis) was named as the
only listed or BLM sensifive plant species that potentially could occur within the proposed
‘and alternative power plant and transmission line project areas. The following discussion
sumumarizes the results of studies regarding Ute ladies’ -’rresses, including the occurrence of
this S'oec1es in Campbell or Sheridan Counties.

Ute ladies’-tresses populations are found on seasonally mundated river floodplains typically
occurring on clayey-sand beds, sandy point bars, or thin alluvium over large cobbles, and
soils had to be sufficiently stable and moist in the summer flowering season to support Ute
ladles ~tresses orchid occurrences (Fertig et al. 2005). Based on the lack of suitable habitat,

te ladles -fresses or chid would not occur on the proposed or alternative power plant sites.

_ The Ute Iadies’-resses orchid was not observed during field surveys ‘of the proposed or
alterative transmission line corridors conducted in June 2006. Potential habitat for the orchid
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is lithited within the transmission line corridors. Most of the creeks are ephemeral, and this
orchid is found primarily along perennial waterways within floodplains. Of the
transmission lirie corridors that were evaluated, potential Ute ladies’-tresses orchid habitat
was identified along se gments X and W (Little Badger Creek) and segment B (Rawhlde
Creek)

Known populations of Ute ladies'-tresses in Wyoming have been found in Goshen County
in the Horse watershed, and in Converse, Laramie, and Niobrara Counties in the Antelope
and Niobrara headwaters watersheds. Note that these watersheds are all tributary to the
North Platte River or the Cheyenne River, both of which flow east out of Wyoming. The
Dry Creek Station is located in.the Powder River Basin, which is tributary to the . _
Yellowstone River to the north, and no Ute ladies’-tresses populations are known from
anywhere in this miajor drainiage basin, All Ute lacies’-tresses populations in Montana occur
far to the west along tributaries to the Missouri Rivey in the southwestern part of the state
(Fertig 2000).

Multiple existing and. poten’qal threats 0 U’ce ladles -tresses have been 1den’af1ed (Fertig et
al 2005) but none of these s related to.air quahty . :

‘ Surveys conducted at the nealby Thundex Basm Naﬁonal Grassland (T BNG) and the
Medicine Bow National Forest (MBNF) durmg 1998 also fourid no Ute ladies'-tresses. The
Final Envnonmental Tmpact Statement (EIS) for the Revised Land and Resource
Management Plan for the MBNF (USES 2003) lists Ute ladies'-tresses as “extremsly raie or
not present.” There are currently no known popilations of any USFWS- -designated
threatehed or endangered plant species on the TBNG or the MBNF, although a single
cendidate plant species (slender moonwort, Boirychium lineare) is known from the MBNF,
Aiv quality i not cited asa potential theeat to the slender moonwort. The EIS cites “nutrient

-etitichment” as a potenfial threat to one wefland plant species (lesser bladderwort, - -
Utricularia minor) designated as a “Regional Forester's Sensitive Species.” Al’chough some

‘nutrient entichment of wetlands could result from air pollution, this impact.is more

' "ﬁ'rédé“ﬁinmﬂy attributed 0 runoff from fertilized agricultural lands into surface waters.

| Analys1s of Soﬂs Impacts

The Environmental Coalition also asserts there was no 51te~spec1f1c soils xnven’cory In fact,
as discussed in the Permit Application, the Soil Survey for Campbell County, Wyoming,
performed by the Soil Conservation Service of the U S. Department of Agriculture, was -
consulted to determine soil types presentin the area, and whether such soils are sensitive.
Additional soils data are reported i the Dry Fork environmental evaluation by EDAW
(2006). Other sources were consulted which observe that soils in the non-tountainous
regions of Wyoming are typically alkaline and would not be sensitive to acidic deposition or
impacts from the Dry Fork project. Consistent with the NSR Matwal, this soils inventory
fulfills the regulatory requirement. No sensitive soils having been identified, no further
modeling or evaluation was needed,
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Indeck-EIwood Power Planit

The Environmental Coalition quotes at length from the dec151on of the EPA Environmental
Appeals Board (EAB) in Indeck-Elwood to argue that the EPA’s 1980 Screenirig Procedure is

: madequate However, the soils and vegetation evaluation for the Dry Fork Station did not

rely on the 1980 Screening Procadure, but rather on the process called for in the NSR
Manual, which was cited with approval in Indeck-Elwood. PSD Appeal No. 03-04 at 4546,
Also, the Indeck-Elwood facility was to be developed in an industrial park that is :
immediately adjacent to the Midewin National Tallgrass Prairie (MNTP) in [linois, in which
listed and sensitive plant species were located, and, unlike the case at Dry Fork, both federal

and state agencies had commented that air emissions from the Indeck Elwood faczhty would '

adversely lmpact or jeopardlze hsted or sensitive species

Summary

Cont-ary to the assertion of the Environmental Coa]mon, s1’ce-specxf1c mventones of soils

and vegetation were conducted, and impacts-on sensitive species were evaluated. The
evaluation was not done in accordance with the EPA’s 1980 Screening Procedure criticized
by the Environmental Coalition, but rather in accordance with the NSR Manual. The
analysis described in the Permit Application was Supplemen‘ced by additional soils and

. vegetation analyses which are reported in the environmental evaluation and brleﬂy

‘monitoring levels. No sensitive soils or threatened or endangered or sensitive ve getatxon .
- have been identified that Wovld expenence advelse mpacts from the 'Dry Fork Station air

summarized herein. Modeled levels of all pollutants are below secondary ambient air.
quality standards, and almost a1l modeled levels are below de rinimis modeling or - -

pollutant. emissions
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