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Lincoln, Nebraska 68509

Dear Ms. Kaderly:

Thank you for inviting us to provide comments on the Best Available Retrofit Technology
(BART) analyses and draft permits provided by the Nebraska Department of Environmental
Quality (NDEQ) for Gerald Gentleman Station (GGS) Units #1 & #2 and Nebraska City Station
(NCS) Unit #1. Our interest in this action stems from our obligation to protect visibility at
Badlands, Wind Cave, and Rocky Mountain National Parks, and Wichita Mountains and Mingo
Wildernesses. We have summarized our major comments in this letter and provide detailed
comments in the enclosure.

GGS is located 300 km from the nearest Class I areas (Badlands) and NCS is located 500 km
from the nearest Class I area (Hercules Glades). The air quality modeling performed to date and
reported in your assessment of BART and the Fact Sheets indicate that the GGS "causes”
visibility impairment at Badlands, Wind Cave, and Rocky Mountain National Parks and Wichita
Mountains Wilderness, and "contributes” to visibility impairment at Mingo and Hercules Glades
Wildemesses. NCS "contributes” to visibility impairment at Hercules Glades Wilderness.

GGS is a greater than 750 megawatt power plant and is therefore subject to EPA’s determination
of presumptive BART emissions limits for sulfur dioxide (SO;) and nitrogen oxides (NOx)
found in Sections I[V.E.4 and IV.E.5, Appendix Y of Part 51 in the Code of Federal Regulations.
NCS has one operating unit and another unit under construction that total more than 750
megawatts. Therefore, the NCS Unit 1 is subject to the same presumptive BART emissions
limits. For GGS, the State's draft permit requires the presumptive NOx limit at Unit 1 and
slightly above presumptive at Unit 2. The State draft permit rejects presumptive limits for SO,
and establishes BART as no control for SO;. For NCS, the State draft permit requires
presumptive NOx limit at Unit 1 and rejects the presumptive limit for SO,, proposing BART for
SO, as no control.

Based on the information we have received from the State, and our knowledge of similar sources
in other states, the emissions control costs are in line with EPA's BART guidance assumptions.
Given the lack of detailed information regarding the methods used by the source’s contractors



when they developed cost estimates, we can not determine if costs at these facilities are
significantly higher (as the sources claim) than those used to develop the EPA presumptive,
Citing costs higher than those cited by EPA due to inflationary pressures does not remove these
sources from being subject to EPA’s established BART controls. To have a limit less stringent
than EPA’s established BART levels, the State would need to establish that the source would
face exceptional costs, due to the source’s configuration or other plant specific features,
compared to the costs of other sources subject to presumptive BART emissions limits. The
current information that we have does not support this position.

Calculation of Visibility Improvement

We believe that it is appropriate to consider both the degree of visibility improvement in a given
Class I area, as well as the cumulative—not average—effects of improving visibility across all of
the Class I areas affected. It is not appropriate to use the same metric to evaluate the effects of
reducing emissions from a BART source that impacts only one Class I area as for a BART
source that impacts multiple Class | areas. The information on costs per unit of improved
visibility for GGC and NCS was based solely on the effect at one Class I area. For GCS similar
improvements would likely occur at Wind Cave NP perhaps halving the dollar per deciview
numbers cited by the source. There are also additional benefits at other Class I areas. There is
not sufficient information for us to apply a complete summing calculation and we would request
that the State conduct such an assessment before taking final action.

In addition, for SO,, it appears that using flue gas desulfurization would achieve an emission rate
substantially below the presumptive rate since the coal used at GGS and NCS has much lower
sulfur content than most utility coal. The decision by the State to set BART at "no control” is
based on the sources' evaluations that visibility improvement gained by installation of FGD for
the costs involved is not in the range of effect and cost that EPA required in development of
BART limits. We find significant problems with the sources' analyses. Two major problems
are the use of the presumptive emission limit to represent the emission that would result from
applicationt of SO, controls at GGS and NCS, and the lack of a clear methodology to estimate
costs equivalent to the methodology provided in the OAQPS Control Cost Manual.

Consideration of Post Combustion NOy Control

Given the modeled importance of nitrate there is also reason to believe that selective non-
catalytic reduction or selective catalytic reduction controls may be just as cost effective as SO,
reductions in improving visibility. However, because of the manner in which the sources'
contractor developed cost effectiveness (focusing on incremental costs alone), it is not possible
to independently compare options for NOx control.

Visibility Improvement Metrics

The BART Guidelines represent an attempt to create a workable approach to estimating visibility
impairment. As such, they require several assumptions, simplifications, and shortcuts about
when visibility is impaired in a Class I area, and how much impairment is occurring. The
Guidelines do not attempt to address the geographic extent of the impairment, but assume that all
Class I areas are created equal, and that there is no difference between widespread impacts in a



Class I area and isolated tmpacts in a Class [ area. To address the problem of geographic extent,
we have been looking at the cumulative impacts of a source on all Class I areas affected, as well
as the cumulative benefits from reducing emissions. While there are certainly more sophisticated
approaches to this problem, we believe that this is the most practical, especially when
considering the modeling techniques and information available. Therefore, until we can develop
a second-level, more refined analysis, we continue to believe that our “simple summing”
approach fills a void left by NDEQ in cases of power plants having significant impacts upon two
or more Class I areas.

Summary

In summary, we do not believe that the information supplied to date adequately supports the
emission limits presented as BART in the draft permits. At this time, we see no reason to
support any conclusion other than presumptive BART, or better, emissions limits for SO, and
NOy being required at both facilities. We look forward to working with NDEQ and EPA as this
process advances. We believe that good communication and sharing of information will help
expedite this consensus, and suggest that you contact Bruce Polkowsky--NPS
(bruce polkowsky(@nps.gov, 303-987-6944), or Tim Allen--FWS (tim_allen@fws.gov, 303-
914-3802) if you have any questions or comments.

Sincergl Sincerely,

Christine L. Shaver Sandra V. Silva

Chief, Air Resources Division Chief, Branch of Air Quality
National Park Service U.S. Fish and Wildlife Service

Enclosure:

National Park Service (NPS) and U.S. Fish and Wildlife Service (FWS) Source-Specific
Comments on Nebraska Department of Environmental Quality Proposed BART Permits with
Appendices :

CC!

Rebecca Weber

Director, Air and Waste Management Division
US EPA Region 7

901 N 5th Street

Kansas City, KS 66101

Mingo Refuge Manager

Wichita Mountains Refuge Manager
Regional Chief, Region 3

Refuge Supervisor, Region 3



National Park Service (NPS) and U.S. Fish and Wildlife Service (FWS)
Source-Specific Comments on Nebraska Department of Environmental
Quality Proposed BART Permits

August 29, 2008

Nebraska Public Power District (NPPD)
Gerald Gentleman Station (GGS) Units #1 and #2

NPPD operates the GGS, which includes two Electric Generating Units (EGUs), near
Sutherland, Nebraska. Modeling analyses have shown that GGS causes visibility
impairment in NPS-administered Badlands National Park (NP), Wind Cave NP, and
Rocky Mountain NP Class I areas and the FWS-administered Wichita Mountains
Wilderness Class I area. GGS also contributes to visibility impairment at the Hercules
Glades (U.S. Forest Service-administered) and Mingo (FWS-administered) Class I areas.
The GGS includes two BART-eligible boilers which burn pulverized Powder River Basin
(PRB) sub-bituminous coal (8,576 Btw/lb; 0.30% sulfur; 4.69% ash in 2001). Historic
emissions, based upon data from EPA’s Clean Airr Markets {CAM) database, are
illustrated in the attached charts (Figures 1.a. — 1.d.).

Unit #1 is a dry-bottom, wall-fired boiler rated at 665 MW (net). Unit #1 is equipped with
a fabric filter to control particulate matter (PM,o). It appears that Low-NO, Burners
(LNB) and Over-Fire Air (OFA) were installed 2005 — 2006 to reduce nitrogen oxides
(NOy) from about (.45 pounds per million Btu (Ib/mmBtu) and 12,000 — 14,000 tons per
year (tpy) to about 0.2 Ib/mmBtu and about 6,000 tpy. There are no controls for sulfur
dioxide (SO2), which typically is emitted at 0.5 — 0.6 Ib/mmBtu and 14,000 - 16,000 tpy.

Unit #2 is a dry-bottom, wall-fired boiler rated at 700 MW (net). Unit #2 is equipped with
a fabric filter to control particulate matter (PM,). There are no controls for SO,, which
typically is emitted at 0.5 — 0.6 lb/mmBtu and 14,000 — 16,000 tpy. There are no controls
for NO, which typically is emitted at 0.30 — 0.35 Ib/mmBtu and 8,000 — 10,000 tpy.

On June 19, 2008, we were notified that NPPD’s BART analyses were available on the
Nebraska Department of Environmental Quality (NDEQ) website. The following are our
comments and questions regarding those documents.

Cost-Effectiveness Metrics

NPPD has presented extensive information to support its contention that costs of
pollution controls are increasing, and that this should be taken into account in these cost
analyses. NPPD appears to have used cost escalation as its rationale to present a mix of
costing techniques that borrow from the OAQPS Control Cost Manual (Cost Manual),
and NPPD’s consultant’s proprietary methods, We agree with NPPD that inflation should
be a factor in these cost analyses. In fact, we included just such a factor in our own
analyses that we discuss later in this document. However, we do not agree that NPPD, or



any source, should be able to pick and choose bits and pieces from among the various
methods for estimating pollution control costs. The BART analysis is based upon
judgments as to the reasonableness of costs and benefits of reducing emissions from a
specific source relative to costs borne by similar sources and the benefits of reducing
emissions at those sources. EPA guidance states:
The basis for equipment cost estimates also should be documented, cither with data
supplied by an equipment vendor (i.e., budget estimales or bids) or by a referenced
source (such as the OAQPS Contrel Cost Manual). In order to maintain and improve
consistency, cost estimates should be based on the QAQPS Control Cost Manual, where
possible.
NPPD should follow this guidance.

Our contention that the Cost Manual should be the primary source for developing cost
analyses that are consistent across the nation and provide a common means for assessing
costs is further supported by this November 7, 2007, statement from EPA Region 8 to the
North Dakota Department of Health:

The SO, and PM cost analyses were completed using the CUECost model. According 10

the BART Guidelines, in order to maintain and improve consistency, cost estimates

should be based on the QAQPS Control Cost Manual. Thexefore, these analyses should

be revised to adhere to the Cost Manual methodology.

We believe that this guidance from EPA reaffirms our comments and that NPPD should
revise its cost analyses to reflect a more consistent use of the Cost Manual.

Much of NPPD'’s argument against installing pollution controls at GGS centers on the
increasing worldwide costs of pollution controls in general. If this argument is carried to
its logical conclusion, then no EGU should be required to install any pollution control
equipment that involves a large capital expenditure. Instead, we believe that pollution
control is an inherent cost of doing business, and that NPPD must show why the GGS
plant would experience uniquely higher costs for pollution controls than would normally
be considered reasonable.

Finally, BART 18 not necessarily the most cost-effective solution. Instead, it represents a
broad consideration of technical, economic, energy, and environmental (including
visibility improvement) factors.

Visibility Improvement Metrics

We continue to believe that it is appropriate to consider both the degree of visibility
improvement in a given Class I area as well as the cumulative effects of improving
visibility across all of the Class I areas affected. It is not appropriate to use the same
metric to evaluate the effects of reducing emissions from a BART source that impacts
only one Class I area as for a BART source that impacts multiple Class I areas. And, it
also is not appropriate to evaluate impacts at one Class I area, while ignoring others that
are similarly significantly impaired. If emissions from GGS are reduced, the benefits will
be spread well beyond only the most-impacted Class I area. The State should consider all
benefits when establishing BART limits. While NPPD presented data describing
improvements to visibility at Badlands NP that would result from the various control
scenarios it investigated, NPPD still has not explained how it incorporated this



information on impacts upon all Class I areas into its BART decision. For example, the
Oregon Department of Environmental Quality (OR DEQ) has recently posted on its
website' a proposal to require under the BART program that the Boardman power plant
install a dry scrubber and Selective Catalytic Reduction (SCR). As part of its BART
determination, OR DEQ evaluated the benefits of various control strategies on all 14 of
the Class I areas within 300 km of the plant. The following is an excerpt from comments
we sent to OR DEQ m January:

The BART Guidelines represent an attempl to create a workable approach to estimating

visibility impairment, As such, they require several assumptions, simplifications, and

shortcuts about when visibility 1s impaired in a Class T area, and how much impairment s

occwrring. The Guidelines do not attempt to address the geographic extent of the

impairment, but assume that all Class I areas are created equal, and that there is no

difference between widespread impacts in a Class I area and isolated impacts in a Class [

arca. To address the problem of geographic extent, we have been looking at the

cumulative impacts of a source on all Class I areas affected, as well as the cumulative

benefits from roducing emissions. While there are certainly more sophisticated

approaches to this problem, we believe that this is the most practical, especially when

considering the modeling techniques and information available. In this case, we applied

this cumulative approach to the Boardman analysis and found that the cumulative impact

from the baseline condition on visibility in the 14 Class T areas is 29.7 dv, with a total of

2,367 “days” of impaired visibility across the 14 Class 1 arecas.

We understand that OR DEQ used a similar approach in its analyses.

NPPD has effectively ignored the other Class [ areas where GGS is also causing or
contributing to visibility impairment. We would be pleased to work with NDEQ to
further develop this approach.

NO, BART?

NPPD has proposed only LNB and OFA as NO, controls (They have already been
instalted on Unit #1.) to meet the presumptive BART limit.

NPPD_has eliminated Selective Non-Catalytic Reduction (SNCR) from consideration

without sufficient justification.

This has occurred on the basis that it is not technically feasible because of high
temperatures measured in a similar boiler. However, it appears from the CAM data
plotted in Figure 1.c. that NO, emissions from the two “similar” boilers at GGS are
significantly different. Therefore, we question not only NPPD’s assumption that it can
eliminate SNCR on the basis of temperature characteristics at a distant boiler, but also
whether it can assume that the two boilers at GGS are so similar that they can be
evaluated in combination, not individually. (This same concern applies to the rest of
NPPD’s analyses of NOx controls.) Thus, NPPD should show, with data specific to the
GGS botlers, that this is the case at the GGS facility also.

NPPD rejected Selective Catalytic Reduction (SCR) as too expensive on a cost-per-ton-
of-pollutant-removed ($/ton) and cost-per-deciview-improvement ($/dv) basis. Table 1

! http://www.deq.state.or.us/ag/aze/pge.htm
* Presumptive BART for these wall-fired boilers burning sub-bituminous coal is 0.23 Ib/mmBtu.



below uses company data and estimates that it would cost about $2,300/ton to improve
visibility by 1.15 dv at Badlands NP. NPPD did not evaluate the cumulative benefits of
improving visibility at the other Class I areas.

Table 1. Nebraska Public Power--

Gerald Gentleman—NPPD estimates LNB+SCR burning PRB sub-bituminous

Unit #1 Source #2

Rating (MW Net) each 665 company report 700
Rating {mmBiu/hr) 7,538 company report 7,538
Current Emissions {tpy) 13,408 | 2001 - 2003CAM data 8,894
Current Emissions (ftymmBtu) 0.46 2001 - 2003CAM data {132
Current Uncontrolled Emissions (1py) 13,408 | 2001 - 2003CAM data 8,394
Cwrent Control Efficiency 47% calculated 0%
Company Cost-benefit Analysis

Future Uncontrolled Emissions (tpy) 15,122 company report 15,122
Controlled Emissions {Ib/mmBitu) . 0.08 company report (.08
QOverall Conirol Efficiency 83% calculated 75%
Controlled emissions (ipy) 2,659 calculated 2,659
Emission Reductions (1py) 12,463 colnpany report 12,463
Capital Cost $ 257,540,500 company report $ 257,540,500
Capital Cost ($/kW) $ 387 calculated 3 368
Q&M Cost

Annnalized Cost 3 28,625,500 company report $ 28,625,500
Cost-Effectiveness ($/ton) $ 2,297 company report $ 2,297

A significant reason for the poor cost-effectiveness of this option is the low (75% - 83%)
NO, control efficiency assumed for a technology that should be able to achieve 90%
control.’ And, NPPD's almost $400/kW capital cost is much higher than the $40 -
$50/kW range estimated for SCR at this facility by EPA's Cost Tool database.

NPPD has underestimated the ability of modern NO, control systems.

NPPD estimates that addition of SCR can reduce NOy by 75% - 83% to 0.08 lb/mmBtu.
SCR has been retrofitted to many wall-fired eastern PC boilers that are now achieving
0.05 Ibt/mmBtu on a 30-day rolling average basis. We have found at least 16 examples
{Please see enclosed Table 2.) in EPA’s Clean Air Markets (CAM) database of boilers
similar to those at GGS that have been retrofitted with SCR and are achieving annual®
emission rates well below NPPD’s “target” for SCR. We were able to find 2006 hourly
emissions in EPA’s CAM database for 14 of those EGUs, and charts showing those
emissions are included in Appendix A. It appears that the majority of those retrofit SCR
systems are able to achieve 0.05 Ib/mmBtu when in use during the eastern ozone season.’

¥ NPPD has combine] these two boilers for its analysis, even though NO, emissions from these boilers
differ substantially, Separate analyses are preferable.

* While it is likely that 30-day rolling average emission rates would be somewhat higher, it is unlikely that
they would exceed the NPPD target.

* For example, we recently received a proposal from a major SCR vendor to install its system on a wall-
fired boiler burning PRB coal and reduce NO, emissions to 0.05 lb/mmBiu.



It is likely that many of these EGUs are burning eastern bituminous coals with higher
fuel-bound nitrogen than that burned at GGS. Because “fuel nitrogen can account for up
to 80 percent of total NO, from coal combustion,”® it should be easier for GGS to achieve
lower NOy emissions than an EGU burning coal with higher fuel-bound nitrogen. If SCR
is capable of reducing emissions below NPPD’s target, then the amount of the reductions
and consequent visibility improvements will increase.

NPPD’s NO, & SCR costs are overestimated.

We applied the procedures described in Section 4, Chapter 2 of the Cost Manual to the
GGS boilers.” Because modern SCR systems are typically designed to achieve 90+%
NOy reductions, we used 0.05 Ib/mmBtu as our target. Using most of the NPPD
information and estimates, we estimated a Total Annual Cost of $12 million, and
produced cost-effectiveness estimates of less than $1,000/ton. (Please see Table 3.

below.)
Table 3. NPS estimates for SCR at
NPPD—Gerald Gentleman LNB+SCR burning PRB sub-bituminous
Unit #1 #2
Rating (MW Gross} each 665 company repart 700
| Rating (mmBtwhr) 7,538 company repott 7,538
Current Emissions (ipy) 13,408 | 2001 - 2003CAM data 8,804
Current Emissions (Ib/mmBitu) 0.46 | 2001 - 2003CAM data .32
Current Uncontrolled Emissions {tpy) 13,408 | 2001 - 2003CAM data 8,894
P‘Junem Control Efficiency 47% calculated 0%
| NPS Cost-benefit Analysis
Future Uncontrolled Emissions (tpy) 15,122 company report 15,122
| Controlled Emissions (Ib/immBru) 0.05 NPS estimate (.05
Overall Control Efficiency 89% calcalated 84%
Controlled emissions (ipy) 1,633 calculated 2,358
Emission Reductions (ipy) 13,489 calculated 12,764
Capital Cost $ 44,424 446 NPS estimaie § 44,424 446
Capital Cost ($/kW) $ 67 calculated $ 63
O&M Cost $ 2,942,821 NPS estimate $ 2,794,842
Annualized Cost $ 12,072,668 NPS estimate $ 11,924,689
Cost-Effectiveness ($/ton) 3 895 NPS estimate $ 934

We estimate that SCR would improve visibility by 1.21 dv at Badlands NP, but we did
not have sufficient data to evaluate the cumulative benefits of improving visibility at the
other Class | areas.

NO, BART Conclusions:

Use of EPA guidance and data results in cost-effectiveness values for combustion
modifications plus SCR of less than $1,000/ton. This cost-effectiveness appears
reasonable, given the magnitude and extent of GGS® impacts upon visibility.

f EPA “Compilation of Air Poliutant Emission Factors” (AP-42), section 1.1.3.3.
" Qur calculations are contained in the attached Excel workbook and in Appendix B.



We submitted similar comments to OR DEQ in January 2008, and OR DEQ responded
by determining that the Boardman power plant should install SCR and achieve 0.07
Ib/mmBtu by July 1, 2017, at a cost of $2,583 per ton of NO, removed. We recommend
that NDEQ consider the actions of OR DEQ and re-evaluate SCR at GGS in that context.

NPPD should re-do its SCR analysis in the format presented by the OAQPS Control Cost
Manual® and model the effects on all Class I areas of reducing NO, to not greater than
0.07 Ib/mmBtu and provide the information to develop the “fifth factor™ in the BART
process. :

SO, BART’

NPPD has proposed no additional controls for BART for SO,. NPPD estimates that wet
and dry scrubbers can only achieve 0.15 1b/mmBtu on a 30-day rolling average, and has
rejected them as too expensive.

NPPD has underestimated the ability of modem SO, control systems.

Unlike the retrofittng of NO, controls that is highly dependent upon the existing boiler
configuration, the SO. controls that could be added at GGS would be completely new,
and should therefore be capable of performing as well as at a greenfield facility.

It is easier to achieve a higher SO, control efficiency on coals with higher inherent,
uncontrolled emissions. And, as uncontrolled emissions increase, controlled emissions
will also tend to increase despite the increasing SO, control efficiency. It follows that it is
harder to achieve a higher control efficiency on a gas stream with a lower inlet SO,
concentration, but easier to achieve a lower outlet concentration. So, if one can achieve
lower emission rate on a “dirtier” gas stream, it would indicate a higher degree of
scrubbing success. All of this must be considered when determining the level of SO,
control that is feasible for a given coal.'®

Inspection of Table 4.a. (below) reveals that wet FGD systems are achieving (e.g.,
Navajo Generating Station, Intermountain Power) or being proposed/permitted at (.04 —
0.09 lb/mmBtu on coals with much higher uncontrolled emissions than currently seen at
GGS. Based upon these data and considering GGS’ cleaner coal quality, we believe that a
new wet FGD at GGS should be able to achieve 0.04 Ib/mmBtu'’ (or lower) on a 30-day
rolling average.

¥ It would be very helpful if NPPD would provide vendor quotes and supporting documentation for major
cost flems.

® EPA’s presumptive SO: BART limit for similar boilers is 95% control or (.15 Ib/mmBtu.

' For the sake of consistency, it is assumed that the SO, emission factor is dependent upon the coal type,
but independent of the boiler type. The natural process of retention of sulfur in the ash is just as
fundamental a characteristic of the coal burned as its sulfur content and its heating value. So, bituminous
coals would emit 95% of their sulfur content as $O», while sub-bituminous coals would emit 87.5%, and
lignites 75%.

"' For example, EPA has proposed to permit the Desert Rock power plant at 0.06 Ib/mmBiu (24-hour
average) despite coal with almost three times the uncontrolled emissions as at GGS.



Table 4.a. Wet Scrubber SO, Rankings (30-day rolling averaging period)

Emissions
SO2 e Coal Quality Capacity or Control
Limits
Facility Name | Unit Siatus Pt ] s _ MW | (WmmBr) | (%)
(Buwib) | (Ib/mmBru)

NPPD-GGS 1&2 | opemting NE | 030 8576 0.555 1365 0.040" 92.8%*
Colstrip 4 operating MT 0.75 8487 1.546 778 0.093 94.4%
Colstrip 4 operaling MT 075 8487 1.546 778 0.091 94.5%
Intermountain | 3 issved oors | 075 | 1o 1.273 950 0.090 92.9%
Navajo 1 operating Az | 053 10919 0.922 803 0.072 92.9%
Navajo ki operating AZ 0.53 10219 0.922 RO3 0.064 03.2%
Sitte-Desert pending EPA | 082 ] 8910 1611 1500 0.060 96.3%
Sithe-Toquop application NV | 14 8215 2.982 750 0.060 98.0%
Mustang application NM | 156 8647 3.157 300 0.060 98.1%
:f::"““““‘“i“ 2 operating ur | oas 11817 0.772 220 0.059 92.4%
Navajo 2 operaling AZ 0.53 10919 0.922 203 0.044 05.5%
FPL-Glades application FL | 198 [ 12324 1,082 2x980 0.040 98.7%
Taylor application FL | 346 | 7475 £.100 800 0.040 99.5%

*Recommended as BART by NPS / FWS

Inspection of Table 4.b. (below) reveals that semi-dry FGD systems are being
proposed/permitted at 0.06 — 0.09 Ib/mmBtu on coals with much higher uncontrolled
emissions than cwrrently used at GGS. Based upon these data and considering GGS® even
cleaner coal quality, we believe that a new semi-dry FGD at GGS should be able to
achieve 0.06 Ib/mmBtu (or lower) on a 30-day rolling average.

Table 4.b. Dry Scrubber $O2 Ranlu'ngrs (30-day rolling averaging period)

Emissions
502 Coal Quality Capacity or Control
Limits

. . Permit

. 1 9
Facility Name Lnit Status & %S (Btwlb) | (Ib/mmBiu) MW {Ih/mmBtu) {7}
EEEE;E;?"’ 182 | operating NE 030 | 8576 0.555 1365 0.060% | 89.2%*
LS Pwr--High 1 | applicaion | co | oes | 8200 1.409 600 0.090 93.6%
EL"‘,‘:"WT&'}N . issued wy | 120 | 7950 2,642 100 0.090 96.6%
fhﬁ:‘;ﬁc draftpermit | NV | 066 | 8200 1.409 3x530 0.089 92.7%

.
g:;. ;:r:fc 7 permit wy | o047 | 7800 1.054 285 0.075 92.9%
Newmom . NV-
oo issusd ooss | 045 | 8400 0.938 200 0.065 93.1%
';\fhpt‘e“;fw draft pormit | NV 0.3 8200 0.640 %530 0.065 £9.8%
11;155.:; ‘:r"H'gh 1 application co 0.46 8200 0.982 600 0.065 93.4%
f};"“ Pacific. application | NV 0.8 8100 1.728 2x750 0.060 96.5%

*Recomniended as BART by NPS/FWS



NPPD’s FGD costs are pverestimated

Dry Scrubber: NPPD has estimated that it would cost over $2,700/ton to control SO;
using a dry scrubber at GGS. While much of this cost is due to extensive baghouse
modifications to accommodate the additional particulate generated in the dry scrubber,
the over-$700 capital cost per kilowatt hour (kWh) appears unusually high, especially
when compared to the $423/kWh that Great River Energy proposes to spend to add a dry
scrubber to its Stanton Unit #1 in North Dakota.

Table 5.a. Gerald Gentleman —

NPPD estimates Dry FGD addition burning PRB sub-bituminous
Unit #1 Source #2

Rating (MW Gross) each 665 company report 700
Rating (mmBtu/hr) 7,538 company report 7,538
Current Emissions {tpy) 16,329 | 2001 - 2003CAM data 15,183
Current Emissions (1h/mm Btu) 0.57 | 2001 - 2003CAM data 0.56
Current Uncontroltled Emissions (tpy) 16,329 | 2001 - 2003CAM data 15,183
Current Conirol Efficiency 0% company report 0%
Company Cost-benefit Analysis

Future Uncontrolled Emissions {tpy) 24,893 company report 24,893
Controlled Emissions (1b/mmBiu) 0.15 company report 0.15
Overall Control Efficiency (FGD) 74% calculated 3%
Controlled emissions (1py) 4,985 calculated 4,985
Emission Reductions (tpy) 19,508 company repori 19,908
Capital Cost $ 490,796,000 company report $ 490,796,000
Capital Cost (8/kW) $ 738 calculated b 701
O&M Cost

Annualized Cost § 54,258,500 company report $ 54,258,500
Cost-Effectiveness ($/ton) $ 2,726 company report 3 2,726

Although we were unable to estimate operating costs, and thus total annual costs and
cost-per-ton, due to a lack of information from NPPD, we were able to estimate capital
costs based upon Section 5 of the Cost Manual.'?

' Qur calculations are contained in the attached Excel workbook and in Appendix C.




Table 5.b. Gerald Gentleman —
NPS cstimates

Dry FGD addition burning PRB sub-bituminous

Unit #1 Source #2

Rating (MW Gross) each 665 company report 700
Rating (mmBiwhr) 7,538 company report 7,538
Current Emissions (tpy) 16,329 | 2001 - 2003CAM data 15,183
Current Emissions (Ib/mmBtu) (.57 | 2001 - 2003CAM data 0.56
Current Uncontrolled Emissions (ipy) 16,329 | 2001 - 2003CAM data 15,183
Current Control Efficiency 0% company report 0%
NPS Cost-benefit Analysis

Future Uncontrolled Emissions (tpy) 24,893 | 2001 - 2003CAM data 24 893
Controlled Entissions (Ib/mmBiu) (.06 calculated 0.06
Overall Control Efficiency (FGD) % NPS estimate 90%
Controlled emissions (ipy) 2,489 calculated 2,489
Emission Reductions (tpy) 22,403 calculated 22,403
Capital Cost $ 261,514,440 calculated $ 261,514,440
Capital Cost ($/kW) % 393 calculated 3 374

Even when we include NPPD’s high costs for ductwork, stack, and baghouse
modifications, our estimates of $374 - $393/kWh appear much more reasonable than
those of NPPD.

We estimate that a 90% reduction in SO, at GGS would improve visibility by 0.88 dv at
Badlands NP, but we did not have sufficient data to evaluate the cumulative benefits of
improving visibility at the other Class I areas.

Wet Scrubber: As shown in Table 6.a. (below), NPPD has estimated that it would cost
over $2,700/ton to control SO; using a wet scrubber at GGS. Once again, NPPD
estimates a capital cost’kWh of over $700. And, again, this appears unusually high,
especially when compared to the $335 - $496/kWh that Basin Electric Power proposes to
spend to add wet scrubbers to its Leland Olds Units #1 & #2 in North Dakota. Also in
North Dakota, Minnkota Power is proposing to add a wet scrubber to its M.R. Young
Unit #1 at a capital cost of $435/kWh.



Table 6.a. GGS —NPPD estimates Wet FGD addition buruing PRB sub-bituminous

Unit #1 Source #2
Rating (MW Gross) each 665 company report 700
Rating (mmBtuhr) 7,538 company report 7,538
Current Emissions {tpy) 16,329 | 2001 - 2003CAM data 15,183
_ Current Emissions (Ib/mmBug) 0.57 | 2001 - 2003CAM data (1,56
Current Uncontrolled Emissions (tpy) 16,329 | 2001 -2003CAM data 15,183
Current Control Efficiency 0% company report 0%
Company Cost-benefit Analysis
Future Uncontrolled Emissions {tpy) 24,893 gompany report 24,893
Controlled Emissions {Ib/mmBiu) 0.15 company report 0.15
Overall Control Efficiency (FGD) 74% calculated 73%
Controlled emissions (ipy) 4,985 calculated 4,985
Emission Reductions (tpy) 19,908 company report 19,908
Capital Cost $ 514,909,500 company report $ 514,909,500
Capital Cost ($/kW) $ 774 calculated $ 736
Q&M Cost
Annualized Cost $ 54,225,000 company report $ 54,225,000
Cost-Effectiveness ($/ton) $ 2,724 colupany report hY 2,724

Although we were again unable to estimate operating costs, and thus total annual costs
and cost-per-ton, due to a lack of information from NPPD, we were able to estimate
capital costs based upon Section 5 of the Cost Manual. "

Table 6.b. GGS —NPS estimates Wet FGD addition burning PRB sub-bituminous

Unit #1 Source #2

Rating (MW Gross) each 665 company report 700
Rating (mmBtwhr) 7,538 gompany report 7,538
Current Emissions (tpy) 16,329 | 2001 - 2003CAM data 15,183
Cwirenl Emissions (Jlb/mmBitu) (.57 | 2001 - 2003CAM data 0.56
Current Uncontrolled Emissions (ipy) 16,329 | 2001 - 2003CAM data 15,183
Current Control Efficiency 0% company repor 0%
NPS Cost-benefit Analysis

Future Uncontrolled Emissions (1py) 24,893 | 2001 - 2003CAM data 24,893
Controlled Emissions (Ib/mmBiu) (.04 NPS estimate 0.04
Overall Control Efficiency (FGD) 93.6% NPS estimate 931.6%
Controlled emissions {tpy) 1,591 NPS estimate 1,591
Emission Reductions {tpy) 23,302 NPS estimate 23,302
Capital Cost $ 257,765,112 NPS estimate $ 257,765,112
Capital Cost (3/kW) $ 388 NPS estimate $ 368

" Our calculations are contained in the attached Excel workbook and in Appendix C.
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Our capital cost estimates of $368 - $388/kWh appear much more reasonable than those
of NPPD.

We estimate that a 93.6% reduction in SO, at GGS would improve visibility by 0.91 dv at
Badlands NP, but we did not have sufficient data to evaluate the cumulative benefits of
improving vistbility at the other Class I areas.

SO, BART Conclusions:

Use of EPA guidance and data results in capital cost estimates that are significantly lower
than those presented by NPPD. NPPD should re-do its scrubbing analyses in the format
presented by the OAQPS Control Cost Manual'® and model the effects on all Class I
areas of reducing SO, to 0.04 — 0.06 Ib/mmBtu to provide the information to develop the
“fifth factor” in the BART process.

We have presented information showing that several EGUs are operating at, or have been
proposed or permitted with much lower SO, limits than evaluated by NPPD. NPPD
should evaluate a SO, limit that reflects the capabilities of modern scrubbers. For
example, we submitted similar comments to OR DEQ in Janvary 2008 and OR DEQ
responded by determining that the Boardman power plant should install a dry scrubber
and achieve 0.12 1b/mmBtu by January 1, 2015, at a cost of $3,055 per ton of SO,
removed. We recommend that NDEQ consider the actions of OR DEQ and re-evaluate
scrubbing at GGS in that context.

"1t would be very helpful if NPPD would provide vendor quotes and supporting documentation for major
cost itcms,
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Omaha Public Power District (OPPD)
Nebraska City Station Unit #1 (NCS)

This facility contains one operating 650 MW coal-fired (Powder River Basin coal) boiler
with a second 660 MW coal-fired boiler currently under construction. It appears that
facility, as now permitted, is considered a 750 MW or greater power plant and is required
to meet the presumptive emission limits for emission umits found in the BART
Guidelines'. The status of the plant capacity should be resolved by communication
between the State and U.S. EPA.

OPPD proposes to meet the NOx presumptive emission Lmit of 0.23 Ib/MMBtu by
installing retrofitted Low Nitrogen Oxide (Low- NO,) combustion control technology *“*as
necessary” to complement the existing overfire air system at an estimated cost of
$166/ton (see OPPD Table 5) and $5.4 million/deciview (see OPPD Table 9). OPPD
proposes no additional NOx, or SO, or PM BART controls. Respectively, the reasons for
no additional controls were excessive cost per deciview for SCR for NOy, excessive cost
per deciview for spray dryer absorber (SDA) scrubber for SO, and “negligible impact”
for particulate matter.

In section 2.1.3, OPPD states that the cost of materials is rising so rapidly that cost
estimates may be too low. It seems that they attempted to reflect this in Appendix A
where project costs are outlined, by adding an arbitrary “contingency” cost of 25% to the
calculated costs. This adjustment was not explained or justified and seemed to
unreasonably expand estimated costs. For example, the OPPD cost estimate for an SDA
scrubber and filter baghouse is $1,759/ton, but without the 25% contingency the cost may
be closer to $1,319/ton. Either cost falls within a reasonable BART range.

Page 7 indicates that cost estimates were developed following guidance provided in the
January 2002 OAQPS Control Cost Manual, using “limited vendor data obtained from
various vendors in 2003 and then “scaled-up” to the present. In an effort to make
OPPD’s results for a SDA scrubber comparable to the universe of other companies’
BART determinations it would be instructive to recalculate the numbers based strictly on
use of the OAQPS Control Cost Manual.

Section 2.2.1 correctly states that all of the flue gas desulfurization technologies can
achieve SO, removal efficiencies of 90 to 95%. However, in costing the selected SO-
control technology, an SDA scrubber, a removal efficiency of only 81.6% was used (see
Table 2). The discrepancy should be explained or a more realistic removal efficiency
should be used. In addition, several regenerative FGD processes are identified in Section
2.2.1, but none were subjected to BART steps 2 (technical feasibility) or 3 (evaluating
control effectiveness). Each of these control technologies must be evaluated.

Section 2.5 evaluates visibility impacts by incrementally adding emission controls to
arrive at an additive deciview impact as each pollutant is added. However, the visibility
improvement of each pollutant control should be evaluated individually so that the cost
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of visibility improvement {e.g., cost per deciview improvement) from a given control
technology can be compared to the universe of similar controls in all other BART
analyses (as OPPD did in Table 10} in an effort to judge reasonableness. OPPD should
evaluate the visibility improvement efficiency of SDA for SO, and SCR for NO,

separately.

Section 3.1 attempts to make a case that certain visibility improvements are “well below
the minimum perceptible dV change™. It is incorrect to dismiss a control strategy on the
basis that the resulting improvement is not perceptible or significant. EPA states in the
preamble to its BART Guidelines® that, “Even though the visibility improvement from an
individual source may not be perceptible, it should still be considered in setting BART
because the contribution to haze may be significant relative to other source contributions
in the Class I areas. Thus, we disagree that the degree of impairment should be
contingent upon perceptibility. Failing to consider less-than-perceptible contributions to
visibility impairment would ignore the CAA’s intent to have BART requirements apply
to sources that contribute to, as well as cause, such impairment.” However, it is
recognized that a minimal deciview change can lead to objective documentation of
excessive cost per deciview of visibility improvement which is a legitimate argument,

Taking into account the results obtained (particularly for a SDA scrubber for SO; control)
by reflecting the above procedural changes in the OPPD BART determination may result
in a reasonable cost per deciview improvement in addition to the already-acceptable cost
per ton for SO; control.

Particulate matter controls were dismissed on the basis of “negligible impact” of PM.
However, relatively inexpensive improvements/upgrades on the existing electrostatic
precipitator should have been considered and only dismissed upon a showing of
excessive cost.

' See 40 CFR Part 51, Appendix Y. The U.S. Environmental Protection Agency finalized it's BART
Guidelines on June 15, 2003, and published the preamble and final rule text in the Federal Register on

July 6, 2005. The rulemaking action added Appendix Y to Part 51, titted “Guidelines for BART
Determinations Under the Regional Haze Rule.” See Section IV.E.5.

* Ibid, sec Preambie, 70FR30129, middle column.
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Figure 1.b. NPPD-Gerald Gentleman S02 Mass
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Figure 1.c. NPPD-Gerald Gentleman NOx Rate
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Figure 1.d. NPPD-Gerald Gentleman NOx Mass
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Tabie 2. 2006 CAM Data

STATE
OH
OH
OH
NC

L
L
™

RR33F

FACILITY NAME
Cardinal
Cardinal
Mismi Ford Generaling Slation
Belews Croeh
Baldwin Energy Complex
Balttwin Enemgy Complex
Allen
Colben
Ghent
Ghant
MIl Cresk
Ml Crewk
Cardinal
Miam| Fort Ganamiing Station
Watarse
Chusapeake Energy Comar
Juhn E Amos
John E Amox
Plsasants Powsr S1aton
Pleasants Powaer Station
East Bend
Mountainear (1301)
D B Wikacn
Widews Craek
Bowen
Bowen
Bowean
Bowan
Ghant
Cliffside
Kaystone
Mantour
Meantour
Kingston
Kingston
Kingston
Kingston
Kingston
Kingston
Kingston
Kingston
Kingston
Chesglerfieid Powar Station
Chesterfiekd Powar Station
Cheglarfield Power Station
Chesapeake Energy Cenler
Wansley (6052)
Wansiey (6052}

GRISPL

CODE  UNITID

2828
2828
2802
8042
882
888
3383
AT
1356
1386
1364
1384
29268
2842
3257
3303
935
935
004
6004
8018
6164
6623
&0
105
3
3
Tas
1356
27
36
3149
3143
M7
3407
3407
3407
3407
3407
3407
3407
3407
I7eT
3747
3797
3803
6052
6052

BB v A = 0a P Ob G e G el G0 s R BT B

o E

1BLR
ZBLR
38LR
4BLR

o b PO L D D N B G R s R e (R e

5
n

UNIT_TYPE_|NFQ

Call burner bofler

Call burnver bodar

Call burner boier

Call burnar boiler

Cyclona boder

Cyclana boiler

Cycione boiler

Dry botam wall-flred botler
Dry bottotn wall-flred boiler
Dry bottom wall-fired boiler
Dry bottom wall-fired boiller
Dry bottom wall-fAired boiler
DOry bottomn waliAirsd boiler
Dry bottorn wali-fired boiler
Ory bottom wallfired boiler
Dry botom wali-fired boiler
Ory bottom wall-fired boller
Ory bottom wali-ftred boller
Dry bottomn waii-fired boiler
Ory bottom watl-fired boiler
{iry battom wall-fired boller
Dry hottom wail-fired boller
Dry bottom waflfired boller
Tangentiaty-fired
Tangentiolly-frad
Tangentially-firac
Tangantially-firad
Tangentisthy-fred
Tangentialty-fred
Tangentwlly-fired
Tangentially-fred
Tangentwally-fred
Tangentiaily-fired
Tanpentially-frad
Tangentially-frad
Tangentially-fred
Tangentially-fred
Tangentially-fired
Tangentially-firad
Tangentialiy-fead
Tangentially-fired
Tangentialiy-fied
Tangenkialiy-firad
Tangentally-frad
Tangentially-fred
Tangentially-fred
Tangentially-fired
Tangenlially-frad

PRIMARY
FUEL
Coal
Cosl
Coal
Coal
Coal
Coal
Coal
Coal
Coal
Coal
Coal
Coal
Coal
Coal
Coat
Coal
Coal
Coal
Ceal
Coal
Conl
Conl
Coal

Coal
Coal
Coal
Coal
Ceal
Coat
Coal
Coal
Coat
Coal
Coal
Coal
Coal

Coal

302 CONTROL

Wel Limastons
‘Wet Limestona

NOX_CONTROL _INFO

Low NOx Cell Burner Selecive Non-catalylic Reduction Setective Celalviic Reduction
Low NOx Celi Burner Selective Calalytic Reduction

Law NCix Cell Bumner Selactve Calalwtic Reduction

Liow NOx Cefl Burner Ovarfira Air Selactive Calalytic Reduction

Overfire Air Sesaclive Calaiyiic Reduction

Overfire Air Seecine Catalytic Reduction

Crverfire Air Selechve Catalyiic Reduction

Low NOx Bumner Technology (Dry only) Selective Catalylc R
Low NOx Bumer Technology w/ Cverfire Air Selective Catalytic Reduct!
Low NDx Bumer Technology w/ Overfire Alr Selsctive Catabytlc Ry

Low NCo Bumer Tachnology {Ury B only) Selective Catalytit Reducti
Low NOw Burner T logy {Ory B only) Sslective Catelytic Redusti
Low NOx Burner Technology {Ory B onky} Selective Catalytic Reducti

Swelective Catalytic Reduciion Low NOw Bumer Twchnology {Dry Botlom enly)

Low NOx Burner Technalogy [Dry B only) Selctive Catalytlc R

Low NOx Burner T4 gy {Dry B oniy) Selective Catalytic R l

Low NOx Burner Tachnology [Dry B only) Selective Catalytic Reducti

Low NOx Burrar Technology (Dry B only) Selective Catalytic Reducti
Waet Lime FGD  Low NOx Burner Technoiogy [Dry B only} Selectiva Catalytlc 7
Wet Lime FGD  Low NOx Burner Technelogy (Dry anly} Saklclive Catalytic R
WatLime FOD  Salactive Catalytic R Owarfire Ar

Low NOx Burras Technology (Dry B only} Selective Catatytic Reductl
Wot L 1y Esluctive Catalytlc Reduction Low NOx Burner Technoiogy (Dry Bottom only}
Wael Limeslone  Low NCw Burner Tachnology wf Separaled OFA Seieclive Catalylic Reduction

Low NOw Burner Technology w Sep OFA Selaclive Catalylic R ion

Low NGx Burner Technology wh 5 OFA Selaclive Catalytic Reduction

Lo NOw Burner Tachnology wi Separaled OFA Seleclive Catalytic Reduction

Lemw NCx Burner Tachnology wi Sep ad OFA Seleclive Catalylic Reduclion
Wal Limestone  Low NOx Burner Technology wf S OF A Selecliva Catalytic i

Low NCGx Bumer Technology w Closed-coupled!Sep t OF A Selaclive Catalylic Reduchon

Lo NOx Burner Technology w Closad-couplediSeperated OF A Seleciive Calaiylic Redudlion
Low NOx Bumer Tachnology w Closed-coupled!S OF A Salecliva Catalylic Raduction
Low NOx Burnar Technology w Closed-coupled/Separated OF A Ssleclive Catalytic Reduction
Selaclive Catalylic Reduclion

Seleclive Catalytic Reduction

Saleclive Catayllc Reduchon

Seleclive Catalylic Reduclion

Low NOx Burner Technology wi Separated OFA Selsctive Calalytic Reguction

Lowe NOx Burner Technaogy wi Separated OF A Salactive Catalyic Reduction

Low NOx Burner Technalogy wi Separated OF A Salective Catalytic Reduction

Low NOx Burner Technology wi Separated OF A Seisctive Catalylic Reduction

Selective Calalytic Reduction

SBeleclive Calalytic Reduclion Cther

Low NCx Burner Technology w' Separated OF A Seleclive Catalylic Reduction

Low NCx Burnes Technology wi Cloesd-co lad OF & Selectiva Catalylic Reduction
Selactive Calalytlc Reduction
Low NOx Burner Technoiogy wi Closed led, aled OF A Selsclive Catalylic Reduction

Lew MO Burner Technology w! Cbsad-eoupled.fSe;araled QOFA Selective Catayiic Reduction

RATE MASS HEATINPUT

NCX NGX

.045 126
D045 134
0.048 393
0.058 459
0.041 262
0.041 206
0.051 740
0.031 186
0.043 538
0.043 180
0.044 n
0.045 345
0.045 135
0.048 264
0.0%0 7a8
0.055 805
0.056 493
0.056 365
0.056 T
0.057 33T
0.057 247
0.058 555
0.058 8%
6.0 73
0.031 01
0.032 208
0.032 353
0.032 295
0.042 102
0.045 136
0.048 344
0.04% 320
0.04% 406
0.052 114
0.062 103
0.052 510
0.052 T46
0.063 268
0.053 116
0.053 118
0.053 122
0.053 180
064 a1
0.654 254
0.065 £77
0.055 435
0.058 798
0.058 425

5,659,992

8,006,564
18,716,545
16,087,057
13,236,566
13,671,684
28,264,079
12,802,812
28,256,121

4,130,727
15,851,184
15,970,085

5,082,828
12,815,986
32,484,788
29,501,356
18,764,984
13,024,438
31,451,836
12,620,473

8,884,727
19,891,473
20,449,998

4,887,571
20,051,368
13,757,234
22,577,145
19,843,875

6,056,137

6,003,102
16,017,671
14,435,985
17,282 517

4,257,135

4,435,192
19,752 267
29,102,510
13,364,017

4,302,810

4372272

4,645 364

131,719
23,017,172

9.742,832
21,181,336
16,635,433
28,102 696
16,403,068



Appendix A

Eastern EGUs with SCR
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Appendix B

NPS Version of OAQPS Cost Manual for SCR for GGS Unit # 1



Given/Assumptions

Fuel High Heating Value {(Btu/ib}

New or Retrofit? — Retrofit
Generation capacity (MW) 665
SCR bypass included? No

8,576

ffrom EIA 2001

Maximum Fuel Caonsumpticn Rate (Ib/hr)

5.5E+05|NPS estimate

JAverage Annual Fuel Consumption (Ib) 5.71E+09]from EJA 2001
Number of SCR Operating Days 365
Plant Capacity Factor 69%|Cost Tool
Uncontrolled NOx Concentration {Ib/mmBtu} 0.46 Jannual average from CAM data

Uncontrolled NOx Emissions {tpy)

15,122

company report

LNB + OFA Total Capital Cost

$ 18,465,000

company report

LNB + OFA Total Annual Cost

$ 1,480,000

company report

LNB outlet = SCR inlet NOx Concentration (Ib/mmBtu)

0.23

presumptive BART

IRequired Controlled NOx Concentration {Ib/mmBtu)

0.05[NPS estimate

Acceptable Ammonia Slip (ppm)

2.0J0AQPS Control Cost Manual

Fuel Volume Flow Rate (f{3/min/mmBtu/br) 547]0AQPS Control Cost Manual
Fuel Heating Value (Btu/Ib) 8,576 {from EIA 2001
Fuel Sulfur Content 0.30%{from EIA 2001
Fuel Ash Content 4.69%]from EIA 2001

Number of SCR reactor chambers

1

QOAQPS Control Cost Manual

ASR

1.05

OAQPS Control Cost Manual

Stored Ammonia Concentration

29%

QAQPS Control Cost Manual

QAQPS Contral Cost Manual

Reagent Molecular Weight {g/male) 17.03
|Reagent Density (Ib/ft3 @ 60F) 56.0

JOAQPS Control Cost Manuai

Reagent Specific Volume (gal/ft3)

7.481

OQAQPS Control Cost Manual

NOx Molecular Weight (g/mole)

46.01

OAQPS Controt Cost Manual

Number of Days of Storage for Ammonia

14

OAQPS Control Cost Manual

Pressure Drop for SCR Ductwaork H20")

3

OAQPS Control Cost Manual

Pressure Drop for each Catalyst Layer (H20™

1

QAQPS Control Cost Manual

QAQPS Control Cost Manual

Temperature at SCR Inlet (degrees F) 650
Equipment Life (years) 20

OAQPS Control Cost Manual

Annual Interest Rate

7%

OAQPS Control Cost Manual

Inflation Since 1998

1.28

fcp

Catalyst Cost, Initial ($/ft3)

240

OAQPS Control Cost Manual

Catalyst Cost, Replacement (/t3)

290

OAQPS Control Cost Manual

Electrical Power Cost (5/kWh)

0.05

QAQPS Control Cost Manual

29% Ammonia Solution Cost ($/1b)

0.101

OAQPS Control Cost Manual

Operating Life of Catalyst (hours)

24,000

OAQPS Control Cost Manual




Uncontrolled NOx emissions (tpy)

(
Boiler Calgulations

23 QB = HVm-dotﬁ,d
QB =

8576 Btuflb *
§,587 mmBtu/hr

2.7 CFppam = actual my,/maximutn mg,,
CFPilant = 5.71E+09 |bfyr/
CFPlant = 100%

2.8 CFgcg = tycr/3635 days
CFSCR =

365 days/
CFSCR = 100%

15,122
LNB Control Efficiency = {Inlet Conc - Outlet Conc)/inlet conc

0.46

651,484 Ibfhr

8760 hriyr/

023 ¢

651,484 Ib/hr

365 days

CFroia1= CFpiant X CFgep
CFTotal

= 100% *
CFTotal =

100%
69% from Given/Assume

2.12 Qlucgas = qﬁlelQ3(460+T);”(460+?000F)n5(-n
ofluegas =

547 ft3/min/(mmBtu/hr)”
gfluegas = 2,924,427 acfm

2.9 Muox = (NOx, — NOxy ) / NOx;,
NNCx =
HNOCx =

0.23 b/mmBtu -
78%

0.23 ib/mmBtu
Modern NOx controls can achieve 90% NOx reduction.

Overall Control Efficiency = (Inlet Conc - Outlet Conc)/Inlet conc

{ 0.48
NOx removed =

13,489 tpy
Controllad NOx emissions (tpy) =

1,633 tpy

5587 mmBtu/hr*(

0.05 IbfmmBtu)/

0.05 )f

460 + 650 Y(

0.46 =

046 = 50%

460 + 700 ) 1

89%



SCR Reagtor Calcutations

2.19 V0l.ugiys = 2.81 X Qp X gy ¥ S1ipag; X NO%gyy X Sgy X Tag/Nicn

Volcatalyst = a8 5587 = 15700
2.2 154, 0.2869 + (LOSB x 1}
Nadj = 0.2869 +{ 1.058 * 078 )
nadj = 1.1t5
2.22 Slip,y, = 1.2835 - (0.0567 x Slip)
Blipad| = 12835 - { 0.057 * 2)
Blipadj = 1170
2.21 N0, = 0.8524 - {0.3208 x NOx;,)
NOxad] = 0.8524 +( 0.321° 0.23)
NOxadj = 0926
2.23 5,4 =0.9636 + (0.0455x §)
Sadj= 09636 +( 0046 ° 03)
Sad) = 0977
224 Ty = 1516 (003937 xT) + (274 x 167 x TV
Tad| = 1516 - { 0.038 * BS0 y+ 274E-05* 422500
Tadj = 1.148
Volcatalyst = 21,244 #3

2.25 Acaalyn = Qiuegs/( 16 fi/sec x 60 sec/mmy)
Acatalyst = 2924427 A 18 * 80}
Acotalyst = 3048 R2

2.26 Ager = 115 % A
ASCR = 115 * 3048
ASCR = 3503 fiz

227 1= w= Agep'
l=w= 532 It

228 Tyayer = VOlcsral_wr"f(h‘Luycrx Acalz]_vst)
nlayer = 21244 3 3046 )
nlayer = 20

2.2% hla_wr = [\”’D]czmlyn'fl(n]a_vel x ’\calal_vsl)] +1
hiayer = 21244 f 3 3046 ) + 1
hlayer = i3

23 Mgt = M ayed + "rmp:y
ntotal = 2+ 1
ntotal = 3

2.31 hser = Re(€) + hyget) + €
hSCR = 3y 7+ 33)+ 9
hSCR = 40 ft



Reagent Calculationg

232 m'dOtreagent = N()xinQquSR"‘lNlIIh(N[neagenT."aI MNOx

m-dotreagenit = 023~ 5587 * 1.05* 78% *
m-dotreagent = 391 Ib/hr

2.33 m-dot.,; = m-dot,eyeen’Caa

m-dotsol = 391/ 0.29
m-dotsol = 1348 Ibthr

234 Qsol = (m'dOtml"f psnl)vsnl

gsol = 1348 * 7.481 / 56
gsol = 180 gph

2.35 Tank Volume = gyt

Tank Volume = 180 * 14 * 24
Tank Volume = 60,496 gal

17.03 4

46.01



irect

2.36 DC = Qp[($3380/MMBtu/hr} + fihser) +ANHarate) + finew) + Kbypass)|(3500/Qg)"** + f{Voleyalye)
LC= 55887 (( $ 3.380 +
2.37 flhscr) = {[8612/(f-mmBtwhr)]hgeq} - $187.9(mmBtw/hr)
f(hSCR) = 6.12* 40 - 187.9
f{hSCR) = $ 57 fmmBtuthr
2.38 f(NHrate) = [($41 1/Ib/hr)(me-dot, e e,/Qp)] - $473(mmBtu/hr)
fiNH3rate) = 411+ 301/ 5587 - 47.3
f{iNH3rate) = $ (19) immBtwhr
2.39 finew) = $0/(mmBtu/hr) for retrofit
finew) = $ -
241 fibypass) = $0/(mmBtwhr) for no bypass
f(bypass) = $ - /mmBtutr
243 f‘[vc’lcam]yst) = Vo}calalymccmitia]
f(Volcatalyst} = 21244 * 240
f(Volcatalyst) = $ 5098619
DC = 5587 * ( $ 3,380 + $ 57 + $(19) + $ - + § - ) 3500/ 1000y 035+ $ 5,098,619

DC= § 34,706,589

Inflation Adjustment = 1.28
DC= § 44 424,446



Indirect ital Cost

Total Direct Capital Costs, A $ 44,424 448
indirect Installation Costs
General Facilities 0.05 A $2,221,222
Engineering and Home Office Fees 0.10 A $4.442,445
Process Contingencies 0.05 A $2,221,222
Total Indirect Installation Costs, B 0.20 A $8,884,889
Project Contingency, C = 0.15 (A+B) $7,996,400
Total Plant CostD = A+B+C $61,305,736
Allowance for Funds During Construction, E = 0 $0
Royalty Allowance, F = 0 $0
Preproduction Cost, G = 0.02 (D+E) $1,226,115
Inventory Capital, H = 0101 /b* 1348 Ibfr* 24 hriday * 14 days = $45,738
Initial Catalyst and Chemicals, | = 3 -
Total Capital Investment TCl = D+G+H +D+E+F+G+HH $62,577,589

Total Capital Investment TCl including LNB + OFA = - $81,042,589



245 DAC = Annual Maintenance Cost + Annual Reagent Cost + Annnal Electricity Cost + Annual Water Cost + Annual Catalyst Cost

2.46 Ammual Maintenance Cost = 0.015 TCI
Annual Maintenance Cost = 0015 " % 62577580
Annuaf Maintenance Cost = $ 938,664

2.47 Annual Reagent Cost = GrrapendC08teapentop
2.47a ty, = CFuB8760hr/yr

tap = 69% - 8760
top = 6044
Annual Reagent Cost = 1348 * G044 - 0101
Annual Reagerd Cost = § 8227 SRF astimate frm table E-1

2.49 Annwal Electricity Cosi = Power (Costocelap
2,48 Power = 0,105Q5[NOx,iNOCFtotal + 0.5(AP e, + NyoruAP,yunr)]

Power = 0.105 * 5587 % 0463 °  T8% °  69% +
Power = 1813 kW

Annual Electnicity Cost = 1613 * 8044 * 0.05

Annual Electricity Cost = § 487 570

2.51 Anrnal Catalyst Replacement Cost = {Catalyst Replacement CosUFWF
2.5 Catalyst Replacement Cost = ngep Volaans Clrpuce Riyer

Catalyst Replacement Cost = 1 21244 * 290 ¢/ 2
Catalyst Replacement Cost = 3 3,080,416

2.52 FWF = i{L[(1+D)'-1]}
2.53 Y = heayuMyear

Y= 24000 ¢ 6044
Y= 4
FWF = 0.07 14 t+  0O7T) 400-
FWF = .23
Annual Catalyst Cost = § 693,796
DAC = H 2,942,821
2.55 CRF =3¢ 1-+)™[¢ 1+i)"-11
CRF = 0.07 1+ 0oT Y 204 1+
CRF = 10844
Indirect Annual Cost = CFR *TCH
Indirect Annual Cost = 00844 * 5§ 81042589
Indirect Annual Cost = § 7,640,047

2.56 Total Annual Cost = Direet Annual Cost + Indirect Annual Cost

Total annual Cost = § 2942821 + § 7,649,847
Total Annual Cost = § 10,592,668 + $ 1,480,000 for LNB+OFA
Total Annual Cost = $ 12,072,668
2.57 NOx Removed = NOxX0 o Qptop
NOx Removed = 046 * 8a% - 5587 * 6044/ 2000
NOx Removed = 13,489 data from CAM

2.58 Cost cffectivencss = TAC/NOx removed
Cost effectiveness = § 855 fton

Cost effectiveness = fdv

05°( 3+ 2° 1)

1)

007 20- 1)

936,000



Appendix B

NPS Version of OAQPS Cost Manual SCR for GGS Unit #2



NFPD - Gerald Gentleman Unit #2

Given/Assumptions

New cr Retrofit? Retrofit

Generation capacity (MW) 700

SCR bypass included? No

Fue!l High Heating Value (Btu/b) 8,576 ffrom ElA 2001
|Maxiraum Fue! Consumption Rate (Ib/hr) 6.5E+05|NPS estimate
|Average Annual Fugl Consumption {Ib} 5. 7T1E+09]from ElA 2001
Number of SCR Operating Days 365

|Plant Capacity Factor 62%}Cost Tool

|uncontrolled NOx Concentration (Ib/mmBtu)

0.32 Jannuai average from CAM data

15,122

company report

Uncontrollad NOx Emissions {tpy}
|LNB + OFA Total Capital Cost

hoad

18,465,000

comgpany report

LNB + OF A Total Annual Cost

$ 1,480,000

company report

SCR inlet NOx Concentration {Ib/mmBi)

0.23}presumptive BART

Required Controlled NOx Concentration {Ib/mmBtu)

0.05|NPS estimate

Acceptable Ammonia Slip {ppm}

2.0

OAQPS Controt Cost Manual

Fuel Volume Flow Rate (ft3/min/mmBtu/hr}

547

QAQPS Control Cost Manual

Fuel Heating Value {Biu/lb)

8,576 Hrom EIA 2001

Fusl Sulfur Content

0.30%]from E1A 2001

Fuel Ash Content

4.69%

from EIA 2001

Number of SCR reactor chambers

1

OAQPS Control Cost Manual

ASR

1.05

OAQPS Control Cost Manual

OAQPS Control Cost Manual

Stored Ammonia Concentration 29%
Reagent Molecular Weight {gfmole) 17.03

OAQPS Controt Cost Manual

|Reagent Density (Ib/t3 @ 60F)

56.0

QAQPS Conirol Cost Manual

Reagent Specific Voiume (gal/ft3)

7.481

QAQPS Control Cost Manual

NOx Molecular Weight (gimole}

48 01J0AQPS Control Cost Manual

INumber of Days of Storage for Ammonia

14]OAQPS Control Cost Manual

Pressure Drop for SCR Ductwork H20O™

3

OAQPS Control Cost Manual

Pressure Drop for each Catalyst Layer (H20"}

1

QAQPS Control Cost Manual

Temperature at SCR Inlet (degrees F)

650

QAQPS Control Cost Manual

Equipment Life (years}

20

CAQPS Control Cost Manual

Annual Interest Rate

7%

QAQPS Control Cost Manual

inflation Since 1998

1.28

CH

OAQPS Control Cost Manual

Catalyst Cost, Initial ($/t3) 240
Catalyst Cost, Replacement ($/ft3j 290

OAQPS Control Cost Manual

Electrical Power Cost ($/kWh}

0.05

CAQPS Control Cost Manual

29% Ammonia Solution Cost ($/b)

0.101

CAQPS Control Cost Manual

Operating Life of Catalyst (hours)

24,000

OAQPS Controt Cost Manual




Uncontrolled NOx amissions {tpy)

15,122
LNB8 Controt Effictency = (Inlet Conc - Qutlet Conc)/inlet conc
{ 0.32 - 0.23 ) 032= 28%
Boiler Calculations
2.3 QB = va"dotﬁw}
QB = 8576 Btuflb * 651,484 |b/hr
QB = 5587 mmBtu/hr
2.7 CFppun = actual mg,/maximum mg,
CFPlant = 5.71E+C9 Ibfyr/ 8760 hriyr/ 651 484 lb/hr
CFPlant = 100%
2.8 CFSCR - tS(R;?’GS days
CFSCR = 365 days/ 365 days
CFSCR = 100%
CFrom= CFppan X CFscr
CFTotal = 100% * 100%
CFTotal = 62% from Given/Assume

2.12 Qruegas = AaeiQn(460+TH(460+700F)ngcn
gfluegas = 547 f3/minf{mmBtu/hr)* £587 mmBtu/hre{
gfluegas = 2,924 427 acfm

460 +
2.9 Tinox = (NOxy, — NOXyy} / NOxy,
RNOx =

650 ¥( 460 + 700 ) 1
(
nNNOx =

0.23 Ip/mmBtu - 0.05 Ib/mmBtu)/
78%

0.23 Ib/mmBtu
Modern NOx controls can achieve 90% NOx reduction.
Overall Control Efficiency = (Inlet Cong - Qutlet Conc)/inlet conc

{ 0.32
NOx removed =

0.05 )/ 032= 84%
12,764 tpy
Controlled NOx emissions (tpy) =

2,358 tpy



SCR Reactor Calculations

2.19 Vo‘calalyst =28l X QB X 'r[adJ X Shpadj X NOx_,dJ X Sudj X Td'dja"rNgcg

Volcatalyst = 281" 5587 = 15700
nadj = 0.2869 +{ 1.058 * 0.78 )
nadj = 1.115
2.22 Slip,g;= 1.2835 — (0.0567 x Slip)
Slipadj = 1.2835 - ( 0.057 * 2)
Slipadj = 1.170
2.21 NOx,4 = 0.8524 + (0.3208 x NOx;,)
NOxadj = 0.8524 + 0.321* 0.23)
NOxadj = 0.926
2.23 S,5= 0.9636 + (0.0455 x S)
Sadj = 0.9636 + ( 0.046 * 0.3)
Sadj= 0.977
2.24 Tg= 15.16 — (0.03937 x T) + (2.74 x 107 x T°)
Tadj = 15.16 - { 0.039 * 650 )+ 2.74E-05 *
Tadj = 1.146
Volcatalyst = 21,244 #3

2.25 Agualyst — Qfiucgas’( 16 ft/sec x 60 sec/min)
Acatalyst= 2924427 J( 16 * 60 )
Acatalyst = 3046 ft2

2.26 Agcr = 115 x A cytalyst
ASCR = t.15 * 3046
ASCR = 3503 ft2

2.2? I =W - ASCR 12
l=w= 59.2 ft

2.28 nlayer = VO]camlysr/ (h,hyer x Acatalyst)
nlayer = 21244 /( 31°* 3046 )
nlayer = 20

229 hlaycr = [VOicatalyst, (nla)fer X Acamlyst)] +1
hlayer = 21244 {( 3+ 3046 ) +
hlayer = 33

23 A l-ll.a).rer + nempty
niotal = 2+ 1
ntotal = 3

2.31 hgep = Diori(C1 + hpgyel) + €2
hSCR = 3% 7+ 33)+
hSCR = 40 ft

422500



Reagent Calculation

2.32 m‘dOt'reagcm = NOXinQB ASR‘]NOX Nlreagent"Jr MNOx

m-dotreagent = 0.23*
m-dotreagent = 391 b/hr

2.33 m-doty,; = m-d0t,eagent' Ceal

m-dotsol = 391/
m-dotsol = 1348 Ibfhr

234 Geot — (m'dOtvol’( psol)vsol
gsol = 1348 *
gsol = 180 gph

2.35 Tank Volume = gt

Tank Volume = 180 *
Tank Volume = 60,496 gal

5587 * 1.05* 78% "

0.29
7.481/ 56
14> 24

17.03 ¢/

46.01



Direct Capital Cost

236

DC =

DC =
DC =

DC = Qp[($3380/MMBtu/hn) + fhgcz) +ANHarate) + finew) + Rbypass)(3500/Qp)" " + V0 qalye)

5587 {( $ 3,380 +
2.37 flhyer) = {[$612Af-mmBtuwhr)ihgeg) - $187.9/(mmBw/hr)
fihSCR) = 612" 40 - 1879
flhSCR) = $ 57 mmBtuhr
2.38 f{NHjrate) = [(§411/Ib/hr}m-dot,,,gen/Qp)] - $473/(mmBtu/hr)
fiNH3rate) = 411+ 391 4 5587 - 47.3
fiNH3rate) = k) {19) /mmBtwhr
2.39 flnew) = $0/(mmBtwhr) for retrofit
flnew) = $ -
241 fibypass) = $0/(mmBtwhr) for no bypass
f(bypass) = $ - immBtuhr
2.43 f(VOIcamlyst) = vo}calalmccmitia]
f(volcatatyst) = 21244 * 240
HVolcatalyst) = $ 5008619

5587 * ( $ 3,380 + $ 57 + $ (19) +
$ 34,706,599

1.28

Inflatton Adjustment =
$ 44,424 446

DC=

$ -

)*{ 3500/

1000

035+ % 5098619



Indirect Capital Cost

Total Direct Capital Costs, A
Indirect Installation Costs
General Facilities
Engineering and Home Office Fees
Process Contingencies
Total Indirect Instaltation Costs, B
Project Contingency, C =
Total Plant CostD =

Allowance for Funds During Construction, E =

Royaity Allowance, F =

Preproduction Cost, G =

Inventory Capital, H =

Initial Catalyst and Chemicals, | =
Total Capital Investment TC| = D+G+H

Total Capital Investment TCI including LNB + OFA =

$ 44,424,448

0.05 A $2,221,222

010 A $4,442 445

0.05 A $2,221,222

020 A $8,884,889

0.15 (A+B) $7,996,400

A+B+C $61,305,736

0 $0

0 $0

0.02 (D+E) $1,226,115

24 hriday * 14 days = $45,738
$ -

+D+E+F+G+H+| $62,577,589

$81,042,589



245

DAC = Annual Maintenance Cost + Annual Reagent Cost + Annual Electricity Cost + Annual Water Cost + Annual Catalyst Cost

2.46 Annuat Maintepance Cost =0.015 TCI
Annual Maintenance Cost = 0015 § 62577580
Annual Maintenance Cost = $ 938,664

2.47 Annual Reagent Cost = QrrapeniCo8Tpagenttop

2472 ty, = CFoua8760hTAT

top = 62% - 8760
top = 431
Annyal Reagent Cost = 1348 * 5431 * 0101
Annual Reagent Cost = § 738.319 SRP estimaia frm table E-1 -]

2.49 Annual Electricity Cost = Power (Coslepeqytop
2.48 Power = 0.HEQ[NOx,nNOsCFtotal + 0.5(AP jo0 + BiomAP guyss)]

Powet = 0105 * SSB7 Y 0321 78%* 8%+ O05°*( 3+ 2 1§
Power = 1558 kW

Annual Electricty Cost = 1556 * 5431 * 0.05

Annual Electricty Cost= ¥ 423,063

2.51 Annval Catalyst Replacement Cost = (Catalyst Replacernent Cost)FWF
2.5 Catalyst Replacement Cost = nge VolegeainCCrepce Riayer
Catalyst Replacement Cost = 1 21244 200/ 2
Catalyst Replacemant Cost = & 3,080,418

2.52 FWE = ({L[(1+) -1}
253Y = hala]yil'rhyear

Y= 24000 { 54
Y= 4
FWF = 0.07 % 14 1+ 0O7)* 4.00- 13
FWF = 0.23
Annual Caalyst Cost= § 693,796
DAC = H 2,794,842
2.55 CRF = {1+ [(1+1)"-1]
CRF = 0.07 4 1+ 007 2044 1+ 007 20- 1)
CRF = 0.0944
Ingirect Annual Cost = CFR * TCI
Ingiract Annual Cost = 00944 § 81042589
indirect Annual Cost = § 7,649,847

2.56 Total Annual Cost = Direct Aunual Cost + Inditeet Annwal Cost

Total Annual Cost= § 2704842 + § 7.640,847
Total Annual Cost = § 10,444 688 + § 1.480,000 for LNB+OFA
Total Annwal Cost = § 11.4924 689

2.7 NOx Removed = NOXNxoxQptan
NOx Ramoved = g2 84% * 5587 * B4 2000
NOX Removed = 12,764 daka from CAM

2.58 Cost effectiveness = TACNOx removed
Cost effectreness = § 934 fton

Cost effectivensss = § 6179528 /aov

936,000



Appendix C

Gerald Gentleman Dry Scrubber



Gerald Gentleman #1 Dry Scrubber

GivenfAssumed

Flow rate {acfm)

Flue Gas Temperature (degrees F)

Uncontrolled S0O2 emissions (TPY)

24,893

2001 - 2003CAM data

Maintenance Labor Cost {$/hr)

Waste generation (Ib/hr)

Absorber + $48,377,000 Jcompany report
ductwork $48,404,000 Jcompany report
baghouse modifications $13,284,000 Jcompany report
Retrofit factor 1.0|NPS estimate
S02 Control efficiency 90%NPS estimate
Controi System Pressure Drop In. wc)

Operating Hours per Year 8760INPS estimate
Operating Hours per Shift 8INPS estimate
Operating Shifts per Year 1095|NPS estimate
Operating Labor Cost {$/hr) 40.60 |company report

company report

Waste disposal cost ($/ton) 5.00
Solvent usage (gpm)
Solvent cost ($/kgal) 1.00

company report

Chemical usage {Ib/hr)

Chemical cost ($/ton)

95.00 fcompany report

Electrical Cost ($/kWh)

Fan-Motor Efficiency (%}

Equipment Life (yr)

15

Interest Rate {%)

7.00%

OAQPS Control Cost Manua!

QAQPS Control Cost Manual



Gerald Gentleman #1 Dry Scrubber

Capital Cost factors for Gas Absorbers—~OAQPS Control Cost Manual, Chap 9

Cost Item Factor Cost
Direct Costs
Purchased equipment costs
Absorber + auxiliary equipment, EC A $110,065,000
Instrumentation Q.10 A

Sales taxes 0.03 A $3,301,950
Freight 0.05 A $5,503,250
Purchased equipment cost, PEC B= 1.18 A $118,870,200

Direct installation costs

Foundations & supports 0128 $14,264,424
Handling & erection 040 B $47,548,080
Electrical 001 B $1,188,702
Piping : 0.30B $35,661,060]
Insulation 0.01B $1,188,702
Painting 0.01B $1,188,702
Direct installation costs x 1 x 085B $101,038,670
Site preparation As required, SP

Buildings As required, Bldg.

Total Direct Costs, DC  1.85 B+SP+Bldg $219,909,870
Indirect Costs (installation)

Engineering 0.10 B $11,887,020
Construction and field expenses o108 $11,887,020
Contractor fees 010B $11,887,020}
Start-up 0.01B $1,188,702
Performance test 0.01B $1,188,702
Contingencies 0.03B $3,566,106!
Total Indirect Costs, IC 0.35B $41,604,570

Total Capital investment =DC + IC 2.20 B+SP+Bldg $261,514,440




Gerald Gentleman #1 Dry Scrubber

Annual Cost factors for Gas Absorbers--OAQPS Control Cost Manual, Chap 5

Cost ltem Factor Cost
Direct Annual Costs, DC
Operating labor

Operator 0.5 hr/shift $22,229

Supervisor 15% of operator $3,334
Operating materials

Solvent 0gpm* $ 1.00 /kgal = $0F

Chemicals 0 Ib/hr * $ 95.00 fton = $0
Wastewater Disposal 0 Ib/hr * $ 5.00 /ton = $0
Maintenance

Labor 0.5 hrishift $0

Material 100.00% of maintenance $0
Electricity All electricity equal to:

fan 0.000181 * 0 acfm® 0 in.wec*

8760 hriyr * 0 unit cost =
pump $0
Total DC $25,563
Indirect Annual Costs, IC
Overhead 60% of total labor and material costs $15,338
Administrative charges 2% of Total Capital Investment $5,230,289
Property tax 1% of Total Capitat Investment $2,615,144
Insurance 1% of Total Capital Investment .$2,615,144
Capital recovery 0.1088 * Total Capital Investment $28,712,880
Total IC $39,188,795

Total Annual Cost DC+IC $39,214,358




Gerald Gentleman #1 Dry Scrubber

S02
Unc¢ontrolled emissions (TPY) 24,893
Control efficiency (%) 0%
Emission reduction (TPY) 22,403
Controlled emissions (TPY) 2,489
Total annualized cost {($/yr) $39,214,358
Cost/ton removed (3/T) $1,750}




Appendix C

Gerald Gentleman Wet Scrubber



Gerald Gentleman #1 Wet Scrubber

Given/Assumed

Flow rate {acfm)

Flue Gas Temperature (degrees F)

Uncontrolled S0O2 emissions (TPY) 24,893 |2001 - 2003CAM data
Absorber + $62,436,000 fcompany report
ductwark $46,051,000 Jcompany report
Retrofit factor 1.0JNPS estimate
S0O2 Control efficiency 93.6%|NPS estimate
Control System Pressure Drop In. wc)

Operating Hours per Year 87B0INPS estimate
Operating Hours per Shift 8INPS estimate
Operating Shifts per Year 1095|NPS estimate
Operating Labor Cost ($/hr} 40.60 jcompany report
Maintenance Labor Cost ($/hr)

Waste generation (Ib/hr)

Waste disposal cost ($/ton) 5.00 Jcompany report
Solvent usage {gpm)

Solvent cost ($/kgal) 1.00 Jcompany report
Chemical usage (Ib/hr)

Chemical cost ($/ton) 26.00 Jecompany report

Electrical Cost ($/kWhj

Fan-Motor Efficiency (%)

Equipment Life (yr)

15

OAQPS Control Cost Manual

Interest Rate (%)

7.00%JOAQPS Control Cost Manual




Gerald Gentleman #1 Wet Scrubber

Capital Cost factors for Gas Absorbers--OAQPS Control Cost Manual, Chap 9

Cost Item Factor Cost
Direct Costs
Purchased equipment costs
Absorber + auxiliary equipment, EC A $108,487.000]
Instrumentation 010 A

Sales taxes 0.03 A $3.254,610
Freight 0.05 A $5,424,350|
Purchased equipment cost, PEC B= 1.18 A $117,165,960

Direct installation costs

Foundations & supports 012B $14,059,915
Handling & erection 040 B $46,866,384
Electrical 001 B $1.171,660
Piping 0.30B $35,149,788
Insulation co1 B $1,171.660
Painting 0.01B $1,171,660}
Direct installation costs x 1 x 085B $99,591,066
Site preparation As required, SP

Buildings As required, Bldg.

Total Direct Costs, DC  1.85 B+SP+Bldg $216,757,026
Indirect Costs (installation)

Engineering 0.10 B $11.716,596
Construction and field expenses 010 B $11,716,596
Contractor fees 0108 $11,716,596
Start-up 001 B $1.171,660
Performance test 0.0t B $1.171,660
Contingencies 0.03 B $3,514,979
Total indirect Costs, IC 0.35 B $41,008,086

Total Capital Investment = DC + IC 2.20 B+5P+Bldg $257,765,112




Gerald Gentleman #1 Wet Scrubber

Annual Cost factors for Gas Absorbers--OAQPS Control Cost Manual, Chap 5
{Cost Item Factor Cost
IDirect Annual Costs, DC
Operating labor
Operator 0.5 hr/shift $22,229r
Supervisor 15% of operator $3,334
Operating materials
Solvent 0 gpm* 5 1.00 /kgal = $0
Chemicals 0 Ibshr * $ 26.00 fton = 30
Wastewater Disposal 0 Ib/he * $ 5.00 ffon= $0
Maintenance
Labor 0.5 hr/shift $0
Material 100.00% of maintenance 50|
Electricity All electricity equal to;
fan 0.000181 * 0 acfm” 0 in.wc*
8760 hrfyr * 0 unit cost =
pump $0
Total DC $25,563
Indirect Annual Costs, IC
Overhead 60% of total labor and material costs $15,338
Adminisirative charges 2% of Total Capital Investment $5,155,302
Property tax 1% of Total Capital Investment $2,577.651
Insurance 1% of Total Capital Investment $2,577.651
Capital recovery 0.1098 * Totat Capital Investment $28,301,224
Total IC $38,627,166
Total Annual Cost OC+IC $38,652,729




Gerald Gentleman #1 Wet Scrubber

502
Uncontrolled emissions (TPY) 24,893
Control efficiency (%) 94%
Emission reduction (TPY) 23,302
Controlied emissions (TPY) 1,591
Total annualized cost {$/yr) $38,652,729}
Costiton removed ($/T) $1,659}






