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[Ammonia Scrubber (NH3 FGD) 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039
O&M - Labor
(0&M - Scheduled Outage S =B = 1B =B = 1B =B ~_ |5 1,481,658 |5 1,481,658 [$ ~ |5 1481658 3 ~ |5 2,963,316 |5 ~_ |5 2963316 51,481,658 |$ — |5 2963316 |5 1,481,658 |S —_[5 2963316
l0&M - Base Non-Labor 3 |3 B =B T |5 246,943 |5 246,943 |5 634,096 |5 634,096 |5 246043 |5 634996 |5 246943 |5 1,269,992 |5 246,943 |5 1,269,992 |5 634,996 |5 246,943 |5 1,260,992 |5 634,996 | 5 246,943 | 5 1,269,992
[Total 0&M Costs 3 - s - s - s — [S_ 246943 [S_ 246943 |5 2,116,654 [S 2,116,654 |5 246943 | S 2,116,654 S 246,943 |5 4,233,308 |5 246,943 |S 4,233,308 |5 2116654 | S 246,943 | S 4,233,308 |5 2,116,654 |5 246,943 |$ 4,233,308
Capital - Direct Unit S 458,608 |5 458,608 |5 2,116,654 |5 2,116,654 |5 458,608 |5 2,116,654 |5 458,608 |5 4,233,308 |5 458,608 |5 4,233,308 |5 2,116,654 |5 458,608 |5 4,233,308 |5 2,116,654 |5 _ 458,608 |5 4,233,308
(Capital - Construction 379,223,650 | 5 68,296,250 | 5 81,955,500 | S 43,709,600 | S 11,650,000
[Total Capital Costs S 79,223,650 | 5 68,296,250 | 5 81,955,500 | S 43,709,600 | S 12,108,608 |5 458,608 |5 2,116,654 |5 2,116,654 |5 458,608 | 5 2,116,654 |5 458,608 | S 4,233,308 |5 458,608 |5 4,233,308 |5 2,116,654 |5 458,608 | S 4,233,308 |S 2,116,654 |S 458,608 |5 4,233,308
|20 Yr Total |$ 79,223,650 | $ 68,296,250 | $ 81,955,500 | $ 43,709,600 | $ 12,355,551 |$ 705,551 | $ 4,233,308 | $ 4,233,308 |$ 705551 |$ 4,233,308 |$ 705551 |$ 8466616 |$ 705551 |$ 8,466,616 |$ 4,233,308 |$ 705551 |$ 8466616 |$ 4,233,308 |$ 705551 |$ 8,466,616
Limestone Forced Oxidation (LSFO) 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 72031 7032 7033 7034 7035 7036 7037 7038 7039
[0&M - Labor
(0&M - Scheduled Outage $2,210,135] 52,210,135 52,210,135 4,420,270 $4,420,270] 52,210,135 $4,420,270] 52,210,135 54,420,270
0&M - Base Non-Labor $368,356 $368,356 $947,201 $947,201 $368,356 $947,201 $368,356| 51,894,402 $368,356]  $1,894,402 $947,201 $368,356]  $1,894,402 $947,201 $368,356]  $1,894,402
[Total 0&m Costs 50 50 S0 S0 $368,356 $368,356]  $3,157,336] _ $3,157,336 $368,356] _ $3,157,336 $368,356] _ $6,314,672 $368,356  $6,314,672|  $3,157,336 $368,356|  $6,314,672|  $3,157,336 $368,356 _ $6,314,672
Capital - Direct Unit $684,089 $684,089| _ $3,157,336] 53,157,336 $684,089] _ $3,157,336 $684,089| _ $6,314,672 $684,089| _ $6,314,672|  $3,157,336 $684,089| 96,314,672  $3,157,336 $684,089| 36,314,672
Capital - Construction $42,487,800] $84,975,600] $169,951,200| $127,463,400
[Total Capital Costs $42,487,800] $84,975,600] $169,951,200| $127,463,400 $684,089 $684,089]  $3,157,336] _ $3,157,336 $684,089] _ $3,157,336 $684,089| _ $6,314,672 $684,089|  $6,314,672|  $3,157,336 $684,089]  $6,314,672|  $3,157,336 $684,089| _ $6,314,672
|20 Yr Total | $42,487,800] $84,975,600] $169,951,200] $127,463,400]  $1,052,445] $1,052,445] $6,314,672] $6,314,672] $1,052,445] $6314,672] $1,052,445] $12,629,344| $1,052,445| $12,629,344] $6,314,672] $1,052,445| $12,629,344| $6314,672] $1,052,445] $12,629,344
[Wet Lime Inhibited Oxidation (WLIO FGD) 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 7036 2037 2038 2039
[0&M - Labor
(0&M - Scheduled Outage S - |s B - |3 - |3 - |3 ~ |5 1,654,587 |5 1,654,587 |5 —[S 1654587 5 — 5 33091745 — |5 3309174 |5 1,654,587 |5 — |5 3309174 |5 1,654,587 |5 —_|S 3,309,174
0&M - Base Non-Labor S - |3 -3 =B T |5 275764 |5 275764 |5 709,109 | § 709,109 | S 275,764 |5 709,100 |5 275,764 |S 1,418,217 |5 275,764 |5 1,418,217 |5 709,109 |5 _ 275,764 |5 1,418,217 |5 709,109 |5 275,764 | 5 1,418,017
[Total 0&M Costs S - s - I3 = 1B " |5 275,764 |5 275,764 |5 2,363,696 |5 2,363,696 | S 275,764 | S 2,363,696 |5 275,764 |5 4,727,391 |5 275,764 |5 4,727,391 |5 2,363,696 |5 275,764 |5 4,727,391 |5 2,363,696 |5 275,764 |5 4,727,391
Capital - Direct Unit S 512,134 |5 512,134 |5 2,363,696 | 5 2,363,606 | 5 512,134 | 5 2,363,696 | 5 512,134 |5 4,727,391 | S 512,134 | 4,727,391 |5 2,363,696 |5 512,134 |5 4,727,391 |5 2,363,696 |5 512,134 |5 4,727,391
Capital - Construction 3 44,892,339 | 5 74,820,585 | 108,832,641 | § 77,883,435 | $ 11,650,000
[Total Capital Costs S 44,892,339 | 5 74,820,585 | 5 108,832,641 | S 77,883,435 | 5 12,162,134 |5 512,134 |5 2,363,696 | 5 2,363,696 | 5 512,134 | 5 2,363,696 | 5 512,134 |5 4,727,391 |$ 512,134 |$ 4,727,391 |5 2,363,696 |5 512,134 | S 4,727,391 |5 2,363,696 |5 512,134 |5 4,727,391
[Bovr Total S 44,892,339 |5 74,820,585 | § 108,832,641 | 5 77,883,435 | 5 12,437,800 | 787,899 |5 4,727,391 | 54,727,301 | 787,899 |5 4,727,391 |5 787,809 |5 0,454,782 |5 _ 787,899 |5 0,454,782 |5 4,727,309 |5 787,899 |5 9,454,782 | 4,727,391 |5 787,899 |5 9,454,782
[Circulating Dry Scrubber (CDS FGD) 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039
[O&M - Labor
(0&M - Scheduled Outage 3 - 1B - 1B - 1B |3 |3 ~ |3 1,402,148 |5 1,402,148 | S ~ |5 1,402,148 |5 ~ |5 2,804,29 |3 ~ |5 2,804,296 |5 1,402,148 | S ~|S 2,804,296 |5 1,402,148 | S ~ |5 2,804,296
0&M - Base Non-Labor 3 =B =B =B T |5 233,601 |5 233,691 |5 600,021 |5 600,021 |5 233,691 |S 600021 |5 233,691 | 1,201,841 |5 233,691 |5 1,001,841 |5 600,921 |5 233,601 |5 1,201,841 |5 600,921 | 5 233,691 | 5 1,201,841
[Total 0&M Costs 3 - 1B - 1B - 1B ~ |5 233,691 |5 233,691 |5 2,003,069 |$ 2,003,069 |$ 233,691 |S 2,003,069 |S 233,691 | 4,006,138 |5 233,691 |5 4,006,138 |5 2,003,069 |5 233,691 |5 4,006,138 |5 2,003,069 |5 233,691 |5 4,006,138
Capital - Direct Unit 433,098 | § 433,098 | S 2,003,069 | S 2,003,069 | S 433,998 |5 2,003,069 |5 433,998 |3 4,006,138 |3 433,998 |5 4,006,138 |5 2,003,060 | 5 433,998 | 5 4,006,138 | 52,003,060 |5 433,998 |5 4,006,138
Capital - Construction 3 63,067,324 | 5 70,050,438 | 577,166,904 | § 46,706,335 | $ 11,650,000
[Total Capital Costs $ 63,967,324 | $ 70,059,438 | S 77,166,904 | S 46,706,335 [ S 12,083,998 [S 433,998 [S 2,003,069 | S 2,003,069 | S 433,998 |§ 2,003,069 |§ 433,998 |§ 4,006,138 |$ 433,998 [$ 4,006,138 [$ 2,003,069 [$ 433,998 [ 4,006,138 [S 2,003,069 [S 433,998 [S 4,006,138
oY ol 3 63,067,324 | § 70,059,438 | 577,166,004 | § 46,706,335 | 5 12,317,690 | 5__ 667,690 | 54,006,138 | 54,006,138 | 3__ 667,690 | 54,006,138 |3 667,690 | 58,012,275 |3 667,690 |5 8,012,275 | 3_4006,138 | 5 _ 667,690 | 35,012,275 | 5 4,006,138 |5 667,690 | 5 8,012,275
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1.0 EXECUTIVE SUMMARY

Vectren has retained Burns & McDonnell Engineering Company, Inc. (BMcD) to evaluate retrofitting
new wet limestone forced oxidation (WLSFO) flue gas desulfurization (FGD) system scrubbers for the
two coal units at the A.B. Brown Generating Station (ABB). BMcD was tasked with developing a
screening level estimate of the cost to replace the existing scrubbers with new scrubbers that meet current
emissions regulations and allow for potential new more restrictive emission limits. This sectional report
(the “Report”) has been prepared to present results and assumptions of the scrubber replacement cost
estimate, as well as a high-level assessment of the environmental permitting impacts of replacing the

existing scrubbers.

In 2019, Vectren has retained BMcD to provide an all-inclusive cost estimate in 2019 dollars including all

ancillary equipment required for a retrofit of this type.

1.1 Replacement Cost Estimate

The FGD technology evaluated by BMcD as a potential replacement for the existing FGD system at A.B.
Brown is the wet limestone, forced-oxidation (LSFO) technology. This technology uses limestone
(CaCO0;3) to remove sulfur dioxide (SO.) from the flue gas. In the process, excess oxidation air is added to

the absorber reaction tank to create a gypsum (CaSO4¢2H,0) byproduct.

The wet LSFO technology is an FGD technology that is commonly used to achieve high SO, removal
rates on coal-fired boilers burning high-sulfur coal. It is available from several suppliers and has a long
track record of high SO, removal rates. The LSFO technology is also reliable with low frequency of

outages caused by the scrubber system.

Budgetary quotes for a new wet LSFO FGD system were received in 2017 from seven FGD system
suppliers: Amec Foster Wheeler, Andritz, Babcock & Wilcox, Babcock Power, GE Power, Marsulex and
Mitsubishi Hitachi were escalated to 2019 dollars, averaged and included in the overall capital cost

estimate.

The capital cost estimate for the replacement FGD system is summarized in Table 1-1. The total direct
cost listed includes the absorber, limestone preparation equipment, and gypsum dewatering equipment
included in the budgetary quotations received from various FGD system suppliers. BMcD developed an

estimate of the balance of plant (BOP) costs based on costs from past projects.

Vectren 1-1 Burns & McDonnell
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Table 1-1: Capital Cost Estimate Summary (2019 Dollars)

Area Cost
Total Direct Cost $263,808,600
Indirect Cost $67,095,900
Contingency $66,178,000
EPC Fee $27,795,500
Total Project Cost $424.,878,000

A high-level environmental evaluation was conducted to determine the potential air permitting
requirements applicable to a scrubber replacement project. An important air permitting issue for this
scrubber replacement project will be the potential for Prevention of Significant Deterioration (PSD)
review. If PSD is triggered for any pollutant, then a Best Available Control Technology (BACT) analysis
is required for all new project sources for pollutants that are subject to PSD. In addition, air dispersion
modeling is required for PSD pollutants to show compliance with the National Ambient Air Quality
Standards (NAAQS) and PSD Increments (Class I and Class II). Based on the preliminary emissions
analyses for the scrubber replacement project, a minor source (state) air permit may be required to permit
the new installation of the new emission sources required for the wet scrubbers. It is unlikely that a major
PSD air permit would be required, therefore no BACT analysis or air dispersion modeling is required by
federal requirements. A good assumption for the timeframe to obtain a state air construction permit for

the project would be approximately 6 to 9 months.

1.2 Limitations and Qualifications

Estimates and projections prepared by BMcD relating to performance, construction costs, and operating
and maintenance costs are based on experience, qualifications, and judgment as a professional consultant.
BMcD has no control over weather, cost and availability of labor, material and equipment, labor
productivity, construction contractor’s procedures and methods, unavoidable delays, construction
contractor’s method of determining prices, economic conditions, government regulations and laws
(including interpretation thereof), competitive bidding and market conditions or other factors affecting
such estimates or projections. Actual rates, costs, performance, schedules, etc., may vary from the data

provided.

Vectren 1-2 Burns & McDonnell
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2.0 INTRODUCTION

21 Background

The A. B. Brown Generating Station is a four-unit, 650 MW power generating facility located on the
northern bank of the Ohio river in Posey County, Indiana, 5 miles southwest of Evansville. Units 1 and 2
are coal-fired each with a nominal capacity of 265 MW, while Units 3 and 4 are gas turbines. Bituminous
coal with dry sulfur content around 3.5% is used as the primary fuel for Units 1 and 2. In 1979, Unit 1
initiated operation with a FGD scrubber to help reduce sulfur dioxide emissions. In 1986 Unit 2 was
completed also with a FGD scrubber, both of which scrubbers are still in operation. From 2001 to 2005,
Vectren installed selective catalytic reduction (SCR) devices on four of the five coal-fired units, to reduce
nitrogen oxide emissions. In 2004, Vectren replaced an existing electrostatic precipitator at Unit 1 with a
fabric filter. Sodium bisulfite (SBS) solution injection before the SCR was added in 2014 to remove SO3

and enhance mercury removal.

Vectren retained Burns & McDonnell to develop a screening level FEP-1 (£50%) estimate of the cost to
replace the existing scrubbers with new WLSFO scrubbers that meet current emissions regulations. For
the new scrubbers, Burns & McDonnell performed a high level assessment of the potential environmental

permitting impacts of the replacement.

Vectren 2-1 Burns & McDonnell
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3.0 REPLACEMENT COST ESTIMATE

3.1  Replacement Selection

BMcD and Vectren agreed that BMcD would estimate the wet LSFO technology as a potential
replacement for the current FGD system at A.B. Brown. The wet LSFO technology uses limestone
(CaCO03) to remove sulfur dioxide (SO,) from the flue gas. In the process, excess oxidation air is added to

the absorber reaction tank to create a gypsum (CaSO4¢2H,0) byproduct.

The wet LSFO technology is available from several suppliers and has a long track record of high SO,
removal rates on coal fired boilers burning high-sulfur coal. The LSFO technology is also reliable with
low frequency of outages caused by the scrubber system. The gypsum is a byproduct that can be
dewatered relatively easily, so it can be handled and disposed of in a dry state. The wet technology also
has the benefit of removing mercury in the oxidized form, especially for boilers firing bituminous coal

that use selective catalytic reduction (SCR) systems.

It is BMcD’s understanding that Vectren is evaluating differences between wet LSFO and other scrubber

technologies by conducting similar cost estimate efforts with others on alternative technologies.

3.2 Description of Replacement

The wet LSFO technology evaluated in this study consists of two absorber towers (one per unit). This
study assumes that a single limestone preparation system and single gypsum dewatering system would be
shared by both units. In order to minimize unit outage time, this evaluation assumes that the new absorber
for Unit 1 would be built to the north of the unit. A new stack would be constructed for Unit 1. The Unit 1
thickener would be demolished, and the new absorber for Unit 2 would be built in that location. The
outlet from the new Unit 2 absorber would then tie into the original Unit 1 stack. A general arrangement

drawing of the new absorber layout has been provided in Appendix C.

In order to minimize the amount of absorber bleed, the Unit 1 and 2 absorbers are assumed to be
constructed of flake-glass lined carbon steel or Stebbins tile lined, either of which can handle high
chloride levels (up to 50,000 mg/L). The quotes originally received for the FGD equipment in 2017 varied
on materials of construction with both flake-glass lined carbon steel and Stebbins tile proposed. Both
materials are commonly used in FGD retrofit projects, though BMcD understands that Vectren has had
issues with flake-glass lining systems failure in the past. Pricing varied as well with neither coating being

a clearly higher cost choice; as such the cost estimate provided will accommodate either material choice.

Vectren 3-1 Burns & McDonnell
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The absorber inlet (interface of wet and dry flue gas) and outlet ducts would be constructed of C276

(Hastelloy) as this environment is very corrosive. Each absorber would include the following:

e  Slurry recycle pumps, piping and spray headers

e Mist eliminators and a mist eliminator wash water tank and associated pumps
e Absorber bleed pumps

e Oxidation air blowers and injection lances

e Process water tank

e Piping, valves and instrumentation

The limestone storage and handling system to be shared by the new Unit 1 and 2 FGD systems would
consist of a truck unloading system, a limestone bulk storage pile, a reclaim conveyor, and two limestone
day bins with weigh feeders. The shared limestone preparation system would consist of two ball mills, a
mill product tank, mill product pumps, a ball mill slurry classifier, a limestone slurry storage tank, and
limestone feed pumps. A limestone pile canopy is included in the estimate. The canopy will allow for up

to 7 days of covered limestone storage.

Each unit would have a dedicated primary dewatering system consisting of a hydroclone, hydroclone
underflow tank, and hydroclone underflow pumps. The secondary gypsum dewatering system to be
shared by the new Unit 1 and 2 FGD systems would consist of a vacuum filter feed tank, filter feed
pumps, two rotary drum-type vacuum filters, a reclaim (filtrate) water tank, and reclaim pumps. A
gypsum canopy is included in the estimate. The canopy will allow for up to 3 days of covered gypsum

storage.

The estimate is based on producing saleable quality gypsum; typically that limits scrubber chloride
concentrations to approximately 20,000 mg/L due to cake washing constraints. If chlorides are held to
20,000 mg/L within the scrubber loop a bleed stream of 55 gallons per minute (gpm) will be required for
each Unit. The estimate included wastewater treatment equipment for this purge stream consisting of
physical/chemical treatment, falling film evaporator and a crystallizer to comply with the current
published version of the Effluent Limitation Guidelines (ELG) which require zero discharge for new FGD
waste streams. As there is no discharge of FGD wastewater there is no need for specialized Selenium
treatment over and above the thermal system. The wastewater treatment system is sized only for the FGD

purge stream, it will not treat flow from general plant drains or leachate collection.

The estimate also includes a FGD outage storage tank. The tank is approximately the same size as the

absorber reaction tank and will be constructed of similar materials of construction (Stebbins tile or flake

Vectren 3-2 Burns & McDonnell
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glass lined carbon steel). The tank will allow Vectren to empty the reaction tank during a Unit outage for
absorber inspection activities. The FGD bleed pumps will transfer slurry from the absorber to this tank.
New transfer pumps are included in the estimate to transfer the slurry back to the FGD vessel once outage

activities are complete.
A Process Flow Diagram (PFD) for the replacement FGD system is provided in Appendix B.

3.3 Electrical System Evaluation

BMcD evaluated the existing electrical distribution system for AB Brown Units 1 and 2 to determine if
upgrades would be required for the additional loads from the new wet LSFO FGD system and its
associated ancillary equipment. It was determined that the existing system does not have sufficient
capacity for the new auxiliary loads associated with the FGD upgrade. Therefore the estimate includes the
following new electrical equipment: two new transformers, new PCM building, new switchgear (4160V

and 480V), new MCC'’s and additional miscellaneous panels.

3.4 Conceptual Design Basis

The design basis for the wet LSFO system is shown in Table 4-1. The design coal assumed for this study,
based on 2014, 2015 and 2016 coal data provided by Vectren, is provided in Table 4-2.

Table 3-1: Design Basis

Parameter Unit 1 Unit 2
Gross MW 265 265
Heat Rate (Btu/kWh) 10,500 10,400
Annual Capacity Factor 70% 70%
Excess Air 20% 20%
Air Heater Leakage 5% 5%
Air Heater Outlet Temperature (°F) 325 325
Air Heater Outlet Pressure (inH,0) -8.0 -8.0
Target SO, Removal >98% >98%
Coal HHV (Btu/Ib) 11,143 11,143
Coal sulfur content (%S by weight) 3.75% 3.75%
Inlet SO, Loading (Ib SO,/mmBtu) 6.7 6.7
Flue Gas at Scrubber Inlet (Ib/hr) 2,898,000 | 2,870,000
Flue Gas at Scrubber Inlet (afcm) 922,000 913,000
PM limit (Ib PM/mmBtu) 0.03 0.03
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Table 3-2: Design Coal Analysis

Proximate Analysis (wt%, as rec'd)
Moisture 11.8
Volatile Matter 35.0
Fixed Carbon 45.0
Ash 8.1

Ultimate Analysis (wt%, as rec'd)
Moisture 11.8
Carbon 62.8
Hydrogen 4.0
Nitrogen 1.1
Chlorine 0.1
Sulfur 3.8
Ash 8.1
Oxygen 7.7
HHV (Btu/Ib) 11,143

3.5 Estimating Methodology

Budgetary quotes for a new wet LSFO FGD system were requested from seven FGD system suppliers:
Amec Foster Wheeler, Andritz, Babcock & Wilcox, Babcock Power, GE Power, Marsulex and Mitsubishi
Hitachi. Many of these quotes included the cost of the limestone preparation and gypsum dewatering
equipment. For quotes that did not include this equipment, budgetary quotes on limestone preparation and
gypsum dewatering equipment from other projects was added in. An average of the budgetary quotes

provided by the system suppliers was assumed for the FGD supply cost.

Direct costs were factored based on costs from past, similar projects. Indirect costs, including engineering

and start-up, were also factored based on past, similar projects.
BMcD developed an estimate of the following balance of plant (BOP) direct costs based:

e Equipment installation

e Civil and foundation work

e New chimney for Unit 1

e Demolition of the Unit 1 thickener
e Concrete

o Steel

e Ductwork and insulation

e Buildings (pump houses, limestone preparation enclosure and gypsum dewatering enclosure)

Vectren 3-4 Burns & McDonnell
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e Limestone and Gypsum pile canopies

o  Wastewater Treatment Equipment (falling film evaporator and crystallizer)

e Piping outside of the absorber islands

e Electrical (new transformers, PCM, switchgear, MCC’s and miscellaneous panels)

e Instrumentation and controls

3.51 Estimate Assumptions

The assumptions below govern the overall approach of the cost estimate:

e All estimates are screening-level in nature, do not reflect guaranteed costs, and are not intended
for budgetary purposes.

e Assumes contracting philosophy is Engineer, Procure, Construct (EPC) approach.

e All information is preliminary and should not be used for construction purposes.

e Assumes project engineering starts January 1, 2020 with both scrubbers in operation by January
2024.

e All capital cost and O&M estimates are stated in 2019 US dollars (USD). Escalation is excluded.

e Fuel and power consumed during construction, startup, and/or testing are included.

e Piling is included under heavily loaded foundations.

e All foundations are new; no re-use of existing foundations.

e Adequate water supply is assumed to be available from existing raw water supplies.

o This estimate assumes that the integrity of the tie-in points is sufficient.

e This estimate assumes that there are no significant underground utilities that would have to be re-
routed.

e Removal of hazardous materials is not included.

o Emissions estimates are based on a preliminary review of BACT requirements and provide a
basis for the assumed air pollution control equipment included in the capital and O&M costs.

e No new induced draft (ID) fans or booster fans are included in the capital cost estimate. BMcD
reviewed the fan curves provided by Vectren and determined there was sufficient capacity to
handle the pressure drop through the new FGD system.

e ABB Unit 2 boiler structural improvements were included as this work would be completed
during the scrubber tie-in outage.

e This estimate does not include provisions for either Mercury control or SO3 control. Vectren can

continue using the existing system for each following conversion to the wet LSFO technology.
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3.6 Project Indirect Costs

The following project indirect costs are included in capital cost estimates:

e Performance testing and CEMS/stack emissions testing

e Pre-operational testing, startup, startup management and calibration
e Construction/startup technical service

e Engineering

e Freight

e  Startup spare parts

3.7 Owner Costs

Allowances for the following Owner’s costs are not included in the pricing estimates:

e Project development

e Owner’s operational personnel

e Owner’s project management

e Owner’s engineering

e Owner’s startup engineering and training
e Legal fees

e Permitting/licensing

e Construction power, temporary utilities, startup consumables
e  Site security

e Operating spare parts

e Political concessions

e Builder’s risk insurance

e Owner’s Contingency

e Allowance for Funds Used During Construction (AFUDC).

Vectren 3-6 Burns & McDonnell
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3.8 Cost Estimate Exclusions

In addition to Owner’s costs noted above, the following costs are also excluded from all estimates:

e Escalation

e Sales tax

e Property tax and property insurance
e Utility demand costs

e Salvage values

3.8.1 Capital Costs

The FEP-1 capital cost estimate for the replacement FGD system is summarized in Table 4-3. The total
direct cost listed includes the absorber, limestone preparation and gypsum dewatering equipment included
in the budgetary quotations received from various FGD system suppliers, as well as BOP Direct Costs

including material and installation labor.

Table 3-3: Capital Cost Estimate Summary (2019 Dollars)

Area Cost
Total Direct Cost $263,808,600
Indirect Cost $67,095,900
Contingency $66,178,000
EPC Fee $27,795,500
Total Project Cost $424,878,000

3.8.2 O&M Costs

The scrubber replacement evaluation included a qualitative estimate of the impact of replacing the FGD
systems on O&M costs. The major O&M costs associated with FGD systems include reagent, power,
waste disposal, and operating and maintenance labor. Auxiliary power loads for the new wet LSFO
system are estimated to be 10.2 MW, note this does not include power associated with the existing ID
fans. Given that the pressure drop between the existing FGD system and replacement FGD system is not

expected to be significantly different the impact on ID fan operations should be minimal.

Both the existing and replacement FGD systems include FGD byproduct dewatering with the use of
vacuum filters. Because both systems will handle the dry byproduct in a similar manner, there is not
expected to be a significant difference in waste disposal costs. The gypsum cake at 90% solids (saleable

quality) generated by the new Unit 1 and 2 FGD systems is estimated to be 0.1 ton/MWhrg.
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The number of operators required to operate the replacement FGD system is expected to be similar to that
of the existing FGD system. Additional operators and maintenance staff will likely be needed for the
wastewater treatment equipment; up to 5 additional full-time equivalents. No significant impact to

operating labor cost is expected as a result of replacing the FGD system.

The existing FGD system uses two reagents, lime and soda ash (sodium carbonate, Na,CO3). The
replacement scrubber will use limestone as a reagent. A detailed evaluation of reagent usage and annual
costs was not conducted as part of this evaluation, however, limestone is a less expensive commodity.
Annual reagent costs are expected to be lower for the replacement FGD system compared to the existing
FGD system. The limestone used in the new Unit 1 and 2 FGD systems is estimated to be consumed at
0.06 ton/MWhrg. Maintenance labor and material costs are expected to be lower for the replacement FGD

system compared to the existing FGD system.
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40 CONCLUSIONS AND RECOMMENDATIONS

Burns & McDonnell recommends that Vectren consider the information presented in this report when
considering the economic viability of a new FGD system. Burns & McDonnell estimates that new
scrubbers will cost an order-of-magnitude of $425 million (in 2019 dollars). This includes electrical

system upgrades and all BOP considerations.

Vectren 4-1 Burns & McDonnell
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APPENDIX A - LIST OF DOCUMENTATION PROVIDED BY VECTREN

Capital & O&M Costs

Chimney Inspections

Coal Data

Drawings

a.
b.

General Arrangement

Lime System

c. SBS Injection System
d. Scrubber

e. Soda Ash System
Emissions

FGD Power and Chemical Usage

ID Fan Info
Outage Cost Info — 2013

Scrubber Condition Reports

12. Site Water Balance
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A. INTRODUCTION

Three | Design (Three | Engineering) has been performing engineering and surveying
support work in the A.B. Brown FGD Systems and for the A.B. Brown plant facility since
the early 1980’s. During the last four decades, we have worked with Vectren engineers,
maintenance personnel, production personnel, contractors, and consultants, to upgrade
FGD systems and plant systems, improve equipment accessibility, improve equipment
handling systems, remediate Vectren safety items, and remediate corrosion damaged
systems and structures. A very brief list of FGD system engineering support work is
included below.

Re-design and replace entire lime slaking system

Re-design and replace lime conveying system

Design and add ball mill system

Design and add clarifier tank

Re-design and replace unit no. 2 north and south absorber inlet ducts

Re-design and replace unit no. 1 north and south absorber outlet ducts

Re-design and replace unit no. 1 thickener tank rake drive support bridge

Reinforce unit no. 2 thickener tank rake drive support bridge

Re-design and replace unit no. 1 belt filter system

Re-design and replace unit no. 2 belt filter system

Re-design and replace unit no. 1 north and south absorber outlet duct support

structures

Reinforce unit no. 2 north and south absorber outlet duct support structures.

e Re-design and replace unit no. 1 rotary filter building and belt filter building siding
and roofing systems (and support systems) and reinforce floor support steel and
roof support steel

e Re-design and replace unit no. 2 regeneration building siding and roofing

systems (and support systems) and reinforce floor support steel and roof support

steel

Re-design and replace unit no. 1 lime mixing tank and foundation

Re-design and replace unit no. 2 lime mixing tank and foundation

Re-design and replace unit no. 1 and 2 belt filter building ventilation systems

Yearly unit no. 1 and unit no. 2 FGD system corrosion remediation projects

Based on experience with the A.B. Brown FGD Systems, Vectren asked Three | Design
to help identify and organize the A.B. Brown FGD System Operation, Maintenance, and
Remediation needs over the next ten years.
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B. OBJECTIVE

The objective of this study was to identify systems, areas, and items that require regular
or ongoing maintenance and/or remediation, based on historical information. This study
also included identifying systems, areas, and items that are not continuous or ongoing
remediation items but are expected to require maintenance and/or remediation within
the next ten years. This study includes developing a ten-year project schedule for the
maintenance and/or remediation, for each FGD system.

There are structures that required significant ongoing corrosion remediation work, and
these structures were re-assessed in 2019. The 2019 assessment items included the
four absorber vessels and the two thickener tanks.

After the work items were assembled into a ten-year project schedule (for each FGD
system), budget pricing was developed for each year, as described below.
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C. SCOPE OF WORK FOR FGD REFURBISHMENT STUDY

The following is a brief summary of the process that occurred and the information that
was used to develop the budget pricing for Vectren’s ten-year FGD plan.

Ten-year Plan - O&M Budget Pricing

The pricing provided was based on historical Vectren O&M information (provided by
Vectren), for fiscal years 2011 thru 2018. Based on discussions with Vectren
mechanical maintenance and electrical maintenance, the operating and maintenance
expenses (2011 thru 2018) should be representative of the O&M expenses during the
next ten years excluding overheads, Vectren labor, etc.

Ten-year Plan - Capital Budget Pricing

The pricing provided was based on historical Vectren capital information (provided by
Vectren and Vectren’s contractors), for fiscal years 2011 thru 2017. The ten-year
projected costs are in 2019 dollars and exclude overheads Vectren labor, etc.

For the ten-year capital budget pricing Three | Design identified a list of projects for the
first five years (2020 thru 2024). This list includes corrosion remediation items that are
part of the most recent Vectren FGD system corrosion review projects (2015 thru 2018),
items Vectren has included in their five-year corrosion remediation plan, and corrosion
damaged items identified during recent FGD system corrosion review (2019 corrosion
review during this project). In addition to corrosion remediation work, the capital project
list includes replacing the absorber mist eliminators and adding mist eliminator wash
systems in three absorbers (new mist eliminators and a mist eliminator wash system
was installed in the Unit No. 2 south absorber at the end of 2015).

For the period 2025 thru 2026 the capital plan remained consistent with the previous 5-
year period. During the period 2027-2029, the capital plan includes reductions
consistent with an assumed unit retirement for study purpose at the end of 2029.
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D. ESTIMATING METHODOLOGY

D.1. OEM Equipment Estimates

O&M Budget Pricing

The FGD Refurbishment Study consisted of eight years of Vectren O&M History (2011
thru 2018) and adjusting the historical information relative to current costs (2019 costs).
The O&M budget pricing process also included meeting with A.B. Brown mechanical
maintenance and electrical maintenance, to identify if current predictive maintenance
and preventative maintenance approaches differ than the practices that were in place
from 2011 to 2018. Adjustments were made to the budget pricing for 2020 thru 2029 to
account for these practices.

Capital Budget Pricing

The FGD Refurbishment Study consisted of taking seven years of capital history (2011
thru 2017) and adjusting the historical information relative to current costs (2019 costs).
Most historical information was provided by the contractor who performed the capital
projects in the FGD system during this time. For projects performed by other
contractors, this information was provided by the Vectren project managers for each
project.

The capital budget pricing process also included reviewing the 2015 FGD system
structural corrosion review manuals and field reviewing the equipment and structures in
the FGD systems, to identify changes in performance, and to develop a list of capital
projects for the 2020 to 2029 system life.

The capital budget pricing process also included performing a 2019 FGD system
structural corrosion assessment of the absorber vessels and thickener tanks.

Once the FGD system reviews were complete, and the capital project list developed for
2020 thru 2029, this information was provided to Sterling Industrial, LLC a mechanical &
electrical contractor familiar with the plant to develop budget pricing. Three | Design
continually met with the Sterling Industrial throughout the process and provided
additional concept information.

Budget pricing for 2020 thru 2029 was also compared to historical data and the age and
condition of the structures and equipment in the FGD system. Changes were made to
be consistent with historical data, which is generally an accurate representation of what
is required to maintain these systems based on the age and condition of the structures
and equipment in the FGD systems.
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D.2. Balance of Plant Equipment Estimates
The descriptions below include references to previous work, previous projects, and
previous capital budgets and T&M budget pricing.

The items and work described below are included in the estimates.
All estimates are 2019 dollars.

All estimates exclude overheads, escalation, and Vectren labor.
CCR compliance work was not included in this review.

Lime Silo

Exterior Walls

A corrosion remediation design package was created and bid in 2015. This work has
not been completed at the time of this study and is included in the estimates going
forward to avoid more extensive structural corrosion remediation work. An allowance
for continual minor corrosion remediation is included each year to maintain the
structure.

Roof System & Equipment

The roof system and roof mounted equipment was replaced in 2015. An allowance is
included in each year for minor corrosion remediation work to maintain the systems and
avoid major corrosion remediation in the future.

Ladders and Landings

The ladders and landings were replaced in 2015. An allowance is included in each year
for minor corrosion remediation work to maintain the systems and avoid major corrosion
remediation in the future.

Internal Walls

The internal walls were inspected, and minor repairs were made in 2015. An allowance
is included in each year for minor corrosion remediation work to maintain the systems
and avoid major corrosion remediation in the future.



Petitioner's Exhibit No. 5 (Public)
Attachment MAR-2
Cause No. 45564 CenterPoint Indiana South - Page 1504 of 1721

Lime Conveyors

Ongoing Hapman conveyor equipment and conveyor tube maintenance is required, due
to abrasion and wear. Regular maintenance costs and conveyor replacement costs are
included in the estimate.

Lime Slaking Tank

The lime slaking tank has been replaced including the tank, foundations, platforms, and
handrail systems in 1999. Regular corrosion remediation work is to be expected going
forward due to the corrosive environment.

Ball Mill
The ball mill has been replaced including the primary equipment, foundations, platforms,
stairs, and handrail systems in 1999 Regular corrosion remediation work is expected

going forward due to the corrosive environment.

Lime Slurry Storage Tank

The lime slurry storage tank has been replaced including the tank, equipment,
foundations, platforms, stairs, and handrail systems in 1996. Regular corrosion
remediation work is to be expected going forward due to the corrosive environment.

Corrosion remediation work on the spiral stair to the top of the tank, the landing at the
top of the tank, and the stair and the walkway to the belt filter building is included in the
estimate.

Lime Slaking Building

The lime slaking building has been replaced including the building, framing, roofing,
siding, equipment, foundations, doors, roofing, and siding in 1996. Regular corrosion
remediation work is to be expected going forward due to the corrosive environment.
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Unit No. 1 North and South Absorbers

Shell Disc & Donut, Internal Structural Repairs & Flake-glass Coating

Developed scope of work based on historical outage upgrades and repairs. Estimate
includes necessary improvements and repairs based on outage schedule going forward.

Anchor Bolts and Anchor Chairs

Extensive corrosion remediation repairs were performed in 2011-2012 on the bottom of
the absorbers. Based on the significant ongoing corrosion damage around the base of
the absorbers these repairs will need to be performed in the future and this scope is
included in the estimate.

Shell Plate

Shell replacement work was performed in 2011-2012. Based on assessment of the
large number of external cover plates currently located on the absorbers, this work
should be performed in 2020, and in 2025. This scope has been included in the
estimate. See Corrosion Review Reports for vessel structural stability associated with
external cover plates, and horizontal planes in the vessel shell that are perforated from
corrosion damage.

External Stiffeners

Repairs will be needed on the external stiffeners in the next ten years. This scope is
included in the estimate. The external shell stiffening work that was performed in 2011-
2012 was used to develop this estimate.

Mist Eliminators, Mist Eliminator Supports, & Mist Eliminator Wash Piping

Replacement of the mist eliminators, mist eliminator supports, & mist eliminator wash
piping in the north and south absorbers including the dome stiffeners, access opening in
dome (and framing), access platform at dome opening, and jib crane for handling mist
eliminator equipment, etc. is included in the estimate.

Access Platforms, Walkways, Stairs, and Ladders

Corrosion remediation is an ongoing process on these structures and this process is
expected to continue, based on the corrosive environment. This scope is included in
the estimate.
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Ultrasonic Thickness Testing (Corrosion Remediation)

Vectren hired Three | Design to perform ultrasonic thickness testing, temporary patch
plate location work, and corrosion review work on these vessels in 2019. In order to
manage risk on these structures, Vectren should continue the current structural shell
replacement process of removing damaged shell and installing new shell. This type of
repair is outage work and should be performed during every outage, to replace all
temporary patch plates with new in-line shell plate. This scope is included in the
estimate.

In conjunction with the approach to managing risk, it is recommended that the bottom of
each vessel be completely replaced. The original designer of the vessels specified the
bottom of these vessels be insulated. Absorber liquid from vessel leaks and leaking
expansion joint leaks filled the insulation area and held the corrosive liquid against the
outside surface of the vessels. Significant metal loss occurred before Vectren
understood how much damage occurred and permanently removed the insulation
system.

For budgeting purposes and the replacement schedule, the vessel replacement could
occur in three consecutive outages (one third of the vessel, each outage). This
approach is included in the estimate.

Unit No. 1 North and South Absorber Inlet Duct

The north absorber inlet duct and nozzle has an excessive amount of liquid leaking, and
this liquid is causing damage to the base of the absorber and adjacent structures. The
north absorber inlet duct and nozzle needs to be repaired or replaced in 2020. This
scope had been included in the estimate.

This work should also be performed on the south absorber inlet duct, so this structure
doesn’t cause damage to the base of the absorber or adjacent structures. This scope
has been included in the estimate.

In the past, the outlet duct expansion joints have leaked onto the top of the inlet ducts
and saturated the inlet duct insulation and caused significant damage to the insulation,
cladding, duct shell, duct stiffeners, and duct supports. Vectren has made modifications
in this area including fiberglass cladding on the areas under the expansion joints,
however, if this area is saturated with scrubber liquor in the future, the resulting
corrosion remediation costs have not been addressed in this ten-year estimate.

Unit No. 1 North and South Absorber Outlet Duct

The coated carbon steel elbow on the south absorber outlet duct system was replaced
with a stainless steel duct elbow in 2018. This approach is planned and included in the
estimate for the north absorber.
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Significant corrosion remediation and shell plating work was performed on the north and
south absorber outlet ducts and the breech ducts previously. This work is included in
each outage estimate for the next ten years.

Unit No. 1 North and South Absorber Inlet Duct Support Structures

These structures were repaired within the last two years, but minor corrosion
remediation work will be required to maintain them. This scope is included in the
estimate. If the duct work is not maintained additional corrosion remediation work on the
support structures will be required.

Unit No. 1 North and South Absorber Outlet Duct Support Structures

These structures have been replaced within the last two years, so only minimal work
should be required to maintain them. This scope is included in the estimate. If the
expansion joints are not maintained, additional corrosion remediation work will be
required.

Unit No. 1 North and South Absorber Access Platforms, Stairs, Ladders, etc.

These structures have been replaced within the last two years, so only minimal work
should be required to maintain them. This scope is included in the estimate. If the
expansion joints are not maintained, additional corrosion remediation work will be
required.

Unit No. 1 North and South Absorber Recirc. Pump Buildings

These buildings were replaced in 2013 and these structures are performing relatively
well. Minor corrosion remediation work is included in each year, to avoid major
corrosion remediation work in the future.

Unit No. 1 North and South Absorber Recirc. Pumps Concrete Foundations

There is cracking in the concrete and exposed reinforcing steel on the pump concrete
foundations. Pump concrete foundation replacement work is included for all four
concrete foundations.

Unit No. 1 North and South Absorber Bleed Piping

This 10” diameter piping system is mostly the original FMC fiberglass piping. Most of
this piping is outside and exposed to UV rays (outside surfaces) and harsh chemicals
on the inside surfaces. Replacement of this piping system is included in the estimate.
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Unit No. 1 North and South Absorber Regeneration Return Piping

This 14” diameter piping system was replaced in 1997 and 2013. This piping system
probably won’t need to be completely replaced before 2030 but will require minor
corrosion remediation work. This scope is included in the estimate.

Unit No. 1 North and South Absorber Regeneration Return Valve Access Platform

Replace access platforms in 2019 or 2020. T&M Budget Pricing was developed in
2018. This scope is included in the estimate.

Unit No. 1 Alley Pipe Supports

All Supports in the Unit No. 1 Alley need to be replaced (FMC Corporation drawings
00246-608-1 thru 00246-608-3). The columns will be in new locations, so the columns
can be installed before any existing structures are removed (so the existing utilities can
be supported from the existing pipe support system and then transferred to the new
support system, without excessive false-work). This scope is included in the estimate.

Unit No. 1 Alley Underground Drain Piping and Manholes

Vectren has performed ongoing corrosion remediation work on the underground piping
and manholes. This work will need to continue, and this scope is included in the
estimate.

Unit No. 1 Thickener Tank

Thickener Tank Rim

Replace top 2’-6” of rim. This work will be similar to the rim replacement work that was
performed in 2008/2009, however, a new rim angle will need to be added to the entire
perimeter and the angle will need to continue through the vertical structural tee shell
stiffeners. Rim angle to be 4"x4”x3/8”. This scope is included in the estimate.

Thickener Tank Vertical Shell Stiffeners

The bottom portion of nearly every vertical structural tee’s is missing. Install all new
vertical structural tee’s on shell. Match the existing member size. The new vertical
structural tee’s will be placed mid-way between the existing vertical structural tee’s. The
damaged tee’s will be abandoned in place. This scope is included in the estimate.
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Thickener Tank Bridge

Entire bridge needs to be sand blasted and painted. As with previous projects, due to
the amount of visual corrosion damage, this process will include a significant amount of
structural discovery work/structural repairs. This scope is included in the estimate.

Thickener Tank Bridge Utility Supports, Rake Canopy, and Handrail System

Entire system needs to be sand blasted and painted. As with previous projects, due to
the amount of visual corrosion damage, include a significant amount of structural
discovery work/structural repairs. This scope is included in the estimate.

Thickener Tank Shell and Floor Plate

Internal corrosion remediation was performed on the thickener tank shell and floor
plates in 2010. This type of work will need to be performed, at least once, during the
next ten years. This scope is included in the estimate.

The outside surface of the thickener tank shell (and all shell stiffeners) should be sand
blasted and coated. This scope is included in the estimate.

Thickener Tank Launder, Regeneration Return Nozzles, and Emergency Overflow

On-going corrosion remediation work is performed on these items and this repair
process should continue. Most of this work requires emptying the tank (or at least
lowering the liquid level). Liquid level adjustments are by Vectren. This scope is
included in the estimate.

Ultrasonic Thickness Testing (Corrosion Remediation)

Vectren hired Three | Design to perform ultrasonic thickness testing, temporary patch
plate location work, and corrosion review work on this tank in 2019. In order to manage
risk in this million-gallon capacity tank, it was suggested that the tank be completely
replaced. This remediation is appropriate. Over the last forty years, Vectren has
performed a significant amount of temporary reinforcing and temporary patch plate
repairs on this tank (floor cover plates, shell cover plates, corner reinforcement, partial
shell replacement, etc.). The bottom portion of the vertical stiffeners, horizontal
stiffening ring, and exterior floor to shell weld are also significantly damaged.

For budgeting purposes and the replacement schedule, the tank replacement is to occur
in three consecutive outages (one third of the tank, each outage). This scope is
included in the estimate.
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Unit No. 1 Lime Mixing Tank

The lime mixing tank was completely replaced in 2013. The lime mixing tank is
inspected by Vectren during each outage and the re-designed tank is performing much
better than the previous tank. Based on the corrosive environment, the history of this
system, and the ten-year period, corrosion damage is expected, and corrosion
remediation needed. This scope is included in the estimate.

Unit No. 1 Soda Ash Tank

The access platform and perimeter handrail system on top of the tank will need to be
replaced within the ten-year time frame. This scope is included in the estimate.

Unit No. 1 Old Rotary Filter Building

Structural Steel and Floor Support Steel

Major corrosion remediation work has been performed in this building over the last ten
years. The corrosion remediation work over the next ten years should be less than the
previous ten years, however, corrosion damage is expected, and corrosion remediation
needed each year, to avoid major corrosion remediation work. This scope is included in
the estimate.

Trench Drain System

The trench drain that runs north and south adjacent to the vacuum pump is showing
significant signs of differential settlement and the old truck bay concrete foundation is
cracked and shifted, which has caused a shift and cracking in the block wall that sits on
the concrete foundation. This trench drain system should be replaced. The old truck
bay concrete foundation and block wall should be repaired. This scope is included in
the estimate.

First Floor Stair

Based on the corrosive environment and the history of this system, corrosion damage is
expected, and corrosion remediation needed within the ten-year time frame. This scope
is included in the estimate.

Second Floor Stair Tower

This abandoned corrosion damaged stair tower should be removed and the utilities
attached to the stair tower should be re-supported. This scope is included in the
estimate.



Petitioner's Exhibit No. 5 (Public)
Attachment MAR-2
Cause No. 45564 CenterPoint Indiana South - Page 1511 of 1721

Chemical Sump

The grating, grating support steel and handrail system have been repaired numerous
times. Based on the corrosive environment, the history of this system, and the ten-year
period, corrosion damage is expected, and corrosion remediation needed. This scope
is included in the estimate.

Minor ongoing corrosion remediation work has been performed on the piping and pipe
supports. Based on the corrosive environment, the history of this system, and the ten-
year period, corrosion damage is expected, and corrosion remediation needed. This
scope is included in the estimate.

Waste Water Sump

The grating, grating support steel and handrail system have been repaired numerous
times. Based on the corrosive environment, the history of this system, and the ten-year
period, corrosion damage is expected, and corrosion remediation needed. This scope
is included in the estimate.

Minor ongoing corrosion remediation work has been performed on the piping and pipe
supports. Based on the corrosive environment, the history of this system, and the ten-
year period, corrosion damage is expected, and corrosion remediation needed. This
scope is included in the estimate.

Unit No. 1 Belt Filter Building

South Stair Tower

This stair system was replaced in 2014. Based on the corrosive environment, the
history of this system, and the ten-year period, corrosion damage is expected, and
corrosion remediation needed. This scope is included in the estimate.

Structural Steel and Floor Support Steel

Major corrosion remediation work has been performed in this building over the last ten
years. The corrosion remediation work over the next ten years should be less than the
previous ten years, however, the metal deck and concrete were not replaced (this work
was postponed). There is a significant amount of corrosion damage in the metal deck.
Corrosion remediation will be needed. The south edge beam (at the lime mixing tank)
also needs to be reinforced or replaced. Minor corrosion damaged is also expected and
corrosion remediation needed. This scope is included in the estimate.
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Roof and Roof Support Steel

The roof system was supposed to be replaced, but this work was postponed for several
years. This work needs to be performed (replace all roof purlins and reinforce roof
support beams). Since this work has been postponed for several years, more extensive
corrosion damage is expected, and more extensive corrosion remediation needed. This
scope is included in the estimate.

Haul Truck Canopy

Corrosion remediation work was performed on the framing and knee brace for this
canopy in 2013. There was also T&M Budget Pricing developed for replacing the
purlins and roofing material for the canopy and this work was postponed for several
years. This work needs to be performed. The east perimeter/edge beam and the north
perimeter/edge beam need to be replaced in a similar manner to the south
perimeter/edge beam that was replaced in 2013. This scope is included in the estimate.

Unit No. 1 Horizontal Belt Filter

The horizontal belt filter was completely replaced in 2015 and this system appears to be
performing relatively well, however, this area is an extremely corrosive area and on-
going minor corrosion remediation work should be included (every year), to avoid major
corrosion remediation work in the future. This scope is included in the estimate.

Unit No. 1 Horizontal Belt Filter Drop Chute

The carbon steel horizontal belt filter drop chute was completely replaced in 2015 with a
stainless steel drop chute. This system appears to be performing well, and only
occasional minor corrosion remediation is anticipated. This scope is included in the
estimate.

Unit No. 1 Lime Silo Enclosure

The upper portion of the north and south lime silos has been removed, but the lower
portion (columns and cone) were not removed because this area is an enclosure that is
still used to protect operating equipment. All wall girts, purlins, and minor support steel
need to be replaced with new, and new siding and roofing installed. This scope is
included in the estimate.

The main columns and bracing on the lime silos appear to be in relatively good
condition and the load on these structures has been greatly reduced, therefore, only
minor corrosion remediation is needed. This scope is included in the estimate.
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Unit No. 1 Underflow Piping

Minor ongoing corrosion remediation work has been performed on the piping and pipe
supports. Based on the corrosive environment, the history of this system, and the ten-
year period, corrosion damage is expected, and corrosion remediation needed. This
scope is included in the estimate.

Unit No. 1 Underflow Tunnel

The access platform and stairs into the tunnel need to be replaced. This scope is
included in the estimate.

There are numerous areas where the concrete reinforcing steel is exposed and the
large areas where the concrete reinforcing steel has dissolved away, completely. The
tunnel needs significant corrosion remediation. This scope is included in the estimate.

Catwalk and Utility Support between Unit 1 and Unit 2

Major structural remediation work was performed in 2018, however, based on the
corrosive environment, the history of this system, and the ten-year period, corrosion
damage is expected, and corrosion remediation needed, including complete
replacement of the utility supports. This scope is included in the estimate.

Unit No. 1 & Unit No. 2 Emulsified Sulfur System and Enclosure

Vectren moved the Unit No. 2 emulsified sulfur pumping system over to the Unit No. 1
emulsified sulfur tank, so this tank provides emulsified sulfur to the Unit No. 1 thickener
tank and the Unit No. 2 thickener tank. The structures in this system appear to be
performing well. Based on the corrosive environment, the history of this system, and
the ten-year period, corrosion damage is expected, and corrosion remediation needed.
This scope is included in the estimate.

Minor corrosion remediation is need for the pump enclosure. This scope is included in
the estimate.

The Unit No. 1 emulsified sulfur tank agitator support beams and the attachments to the
fiberglass tank need to be sand blasted and coated. This scope is included in the
estimate.

Unit No. 1 Switchgear Building

The roofing system on this building has been repaired several times in the past. The
roof needs to be replaced and minor corrosion remediation is needed for the building
structure. This scope is included in the estimate.
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Unit No. 2 North and South Absorbers

Shell Disc & Donut, Internal Structural Repairs & Flake-glass Coating

Corrosion remediation is an ongoing process with a yearly budget. This scope is
included in the estimate.

Anchor Bolts and Anchor Chairs

The anchor bolts and anchor chairs on the Unit No. 2 absorbers have not experienced
the extensive damage that has occurred on Unit No. 1, based on the corrosive
environment, the history of this system, and the ten-year period, corrosion damage is
expected, and corrosion remediation needed. This scope is included in the estimate.

Shell Plate

The shell replacement work that was performed in 2012/2013 is expected to be
necessary again in the next ten years, due to the corrosive environment and based on
the large number of external cover plates currently located on the absorbers. This
scope is included in the estimate.

External Stiffeners

The external stiffeners on the Unit No. 2 absorbers have not experienced the extensive
damage that has occurred on Unit No. 1, however, based on the corrosive environment,
the history of this system, and the ten-year period, corrosion damage is expected, and
corrosion remediation needed. This scope is included in the estimate.

Mist Eliminators, Mist Eliminator Supports, & Mist Eliminator Wash Piping

Replace the mist eliminators, mist eliminator supports, & mist eliminator wash piping in
the north absorber. Use 2015 Unit No. 2 south absorber mist eliminator replacement
pricing (adjust pricing to current year). This work needs to include the absorber dome
stiffeners, access opening in dome (and framing), access platform at dome opening, jib
crane for handling mist eliminator equipment, etc. This scope is included in the
estimate.

Access Platforms, Walkways, Stairs, and Ladders

Corrosion remediation is an ongoing process on these structures and this process is
expected to continue, based on the corrosive environment. This scope is included in
the estimate.
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Ultrasonic Thickness Testing (Corrosion Remediation)

Vectren hired Three | Design to perform ultrasonic thickness testing, temporary patch
plate location work, and corrosion review work on these vessels in 2019. In order to
manage risk on these structures, Vectren should continue the current structural shell
replacement process of removing damaged shell and installing new shell. This type of
repair is outage work and should be performed during every outage, to replace all
temporary patch plates with new in-line shell plate. This scope is included in the
estimate.

Unit No. 2 North and South Absorber Inlet Duct

Unit No. 2 north and south absorber inlet duct have both been replaced in the last
twenty years, along with ongoing corrosion remediation. This is an extremely corrosive
area. Based on the corrosive environment, the history of this system, and the ten-year
period, ongoing corrosion damage is expected, and corrosion remediation needed. This
scope is included in the estimate.

Unit No. 2 North and South Absorber Outlet Duct

The south absorber outlet duct system was replaced in 2015 with a stainless steel. This
replacement is expected for the north absorber. This scope is included in the estimate.

If the duct replacement is delayed, additional corrosion remediation work will be
required.

Unit No. 2 North and South Absorber Inlet Duct Support Structures

These structures have significant corrosion damage and should be replaced. This
replacement should include replacing the access platforms and ladders. This scope is
included in the estimate.

Unit No. 2 North and South Absorber Outlet Duct Support Structures

Major corrosion remediation work was performed in 2016/2017, however, due to the
expansion joints in the absorber outlet ducts, and the history of ongoing corrosion
damage in this area, similar corrosion remediation is expected in 2025 and minor
corrosion remediation in other years, to avoid major corrosion remediation work. This
scope is included in the estimate.
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Unit No. 2 North and South Absorber Access Platforms, Stairs, Ladders, etc.

Ongoing corrosion remediation work has been performed on these structures. Based
on the corrosive environment, the history of this system, and the ten-year period,
corrosion damage is expected, and corrosion remediation needed. This scope is
included in the estimate.

Unit No. 2 North and South Absorber Recirc. Pump Building

The siding and roofing were replaced in 2011, but the system was not installed per the
manufacturer’s installation instructions and panels are not attached properly to the
support steel. Some re-work was performed in 2015 when the west wall columns failed,
and structure remediation work was performed on the west wall. Ongoing repair work is
expected. This scope is included in the estimate.

There are several areas around the trench drains that have differentially settled. Trench
drain re-work is expected in the next ten years. This work includes repairing floor areas
that have settled (in addition to the areas around the trench drains). This scope is
included in the estimate.

Unit No. 2 North and South Absorber Recirc. Piping

This piping system is a combination of original 1985 FMC fiberglass piping and
fiberglass piping that was installed in 1998. Replacement of this piping system is
expected, and this scope is included in the estimate.

Unit No. 2 North and South Absorber Bleed Piping

This 10” diameter piping system is mostly the original FMC fiberglass piping.
Replacement of this piping system is expected, and this scope is included in the
estimate.

Unit No. 2 North and South Absorber Regeneration Return Piping

There doesn’t appear to be any coating system on the regeneration return piping.

based on the number of times the Unit No. 1 regeneration return piping has been
replaced, it is expected that this piping system will need to be completely replaced. This
scope is included in the estimate.

Unit No. 2 North and South Absorber Regeneration Return Valve Access Platform

This platform was replaced in 2006/2007. Based on the amount of corrosion damage in
this area, minor ongoing corrosion remediation will be needed on this structure to avoid
a complete replacement within ten years. This scope is included in the estimate.
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Unit No. 2 Pipe Supports between Absorbers

The bottom portions of the utility and pipe supports in this area were replaced a couple
years ago, but the steel was never coated. Structural corrosion remediation is required
for these supports and then all supports need to be sand blasted and painted. This
scope is included in the estimate.

Unit No. 2 Thickener Tank

Thickener Tank Rim

Replace top 2’-0” of rim. This work will be similar to the rim replacement work that was
performed in 2008/2009 Unit No. 1. This scope is included in the estimate.

Thickener Tank Bridge

Entire Bridge needs to be sand blasted and painted. Based on the corrosive
environment, history of corrosion on this structure, corrosion damaged is expected to be
discovered after sand blasting, and corrosion remediation needed. This work should
include the bridge support columns. This scope is included in the estimate.

Thickener Tank Bridge Utility Supports, Rake Canopy, and Handrail System

Entire system needs to be sand blasted and painted. As with previous projects, due to
the amount of visual corrosion damage, include a significant amount of structural
discovery work/structural repairs will be needed. This scope is included in the estimate.

Thickener Tank Shell and Floor Plate

Based on the corrosive environment, the history of this system, and the ten-year period,
ongoing corrosion damage is expected, and corrosion remediation needed. This scope
is included in the estimate.

The outside surface of the thickener tank shell (and all shell stiffeners) needs to be sand
blasted and coated. This scope is included in the estimate.

Thickener Tank Launder, Regeneration Return Nozzles, and Emergency Overflow

On-going corrosion remediation work is performed on these items and this repair
process should continue. Most of this work requires emptying the tank (or at least
lowering the liquid level). Liquid level adjustments are by Vectren. This scope is
included in the estimate
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Ultrasonic Thickness Testing (Corrosion Remediation)

Vectren hired Three | Design to perform ultrasonic thickness testing, temporary patch
plate location work, and corrosion review work on this tank in 2019. In order to manage
risk in this million-gallon capacity tank, it was suggested that the tank be completely
replaced. This remediation is appropriate. Over the last thirty-five years, Vectren has
performed a significant amount of temporary reinforcing and temporary patch plate
repairs on this tank (floor cover plates, shell cover plates, partial shell replacement,
etc.).

For budgeting purposes and the replacement schedule, the tank replacement is to occur
in three consecutive outages (one third of the tank, each outage). This scope is
included in the estimate.

Unit No. 2 Lime Mixing Tank

Major corrosion remediation was performed on the lime mixing tank in 2017. The lime
mixing tank is inspected by Vectren during each outage and the re-designed tank is
performing better than the previous tank. However, over a ten-year period, it is safe to
assume some corrosion remediation will be needed. The internal roof support steel was
also abandoned in place. This steel should be inspected during each outage and any
compromised members should be removed. This work will require internal scaffolding.
This scope is included in the estimate.

Unit No. 2 Soda Ash Tank

The access platform and perimeter handrail system on top of the tank should be
replaced within the ten-year time frame. This scope is included in the estimate.

Regular minor corrosion remediation on the spiral stair to the top of the soda ash tank
should be performed to avoid major corrosion remediation in the future. This scope is
included in the estimate.

Unit No. 2 Belt Filter Building (Regeneration Building)

Structural Steel, Roof Support Steel, and Floor Support Steel

Major corrosion remediation work has been performed in this building over the last ten
years. The corrosion remediation work over the next ten years should be less than the
previous ten years, however, based on the corrosive environment, the history of this
system, and the ten-year period, corrosion damage is expected, and corrosion
remediation needed. This scope is included in the estimate.
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Vectren recently removed many of the masonry block walls in this building and there is
corrosion damage on the beams that have been exposed, since the block walls were
removed. These beams need to be sand blasted and painted. Based on the history in
this building, corrosion damage is expected, and corrosion remediation needed. This
scope is included in the estimate.

The coating system for the roof support steel is not performing well. This steel needs to
be sand blasted and coated. Based on the history in this building, corrosion damage is
expected after sand blasting and corrosion remediation needed, prior to installing the
coating system. This scope is included in the estimate.

The coating system on the center support beam in the truck bay (and center support for
the filter cake drop chute) is not performing well. This steel needs to be sand blasted
and coated. Based on the history in this building, corrosion damage is expected after
sand blasting and corrosion remediation needed, prior to installing the coating system.
This scope is included in the estimate.

The x-bracing (including connection plates) on the east face of this belt filter building,
near the lime mixing tank needs to be completely replaced. This replacement process
will be similar to the x-bracing replacement work that has been performed several times
in the Unit No. 1 belt filter building. This scope is included in the estimate.

Siding and Roofing Systems

The siding and roofing was replaced in 2011, but the system was not installed per the
manufacturer’s installation instructions and panels are not attached properly to the
support steel. A large area of the west wall failed and was replaced in 2017. Ongoing
repair work is expected on these systems. This scope is included in the estimate.

Haul Truck Canopy

Corrosion remediation work was performed on the framing and knee braces for this
canopy in 2011, but the east edge beam has corrosion damage, and this beam should
be replaced (and all connection plates). This scope is included in the estimate.

Internal Stair (South)

Based on the history in this building, corrosion damage is expected, and corrosion
remediation needed. This scope is included in the estimate.
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External Stair Tower (North)

Corrosion remediation has been performed several times in the last ten (plus) years, but
none of the repairs have been coated. This entire structure needs to be sand blasted
and painted, since some of the repairs occurred a long time ago. Based on the history,
corrosion damage is expected and sand blasting and corrosion remediation is needed,
prior to installing the coating system. This scope is included in the estimate.

Unit No. 2 Chemical Sump

Vectren replaced the grating support steel with stainless steel and this system appears
to be performing relatively well.

Minor ongoing corrosion remediation work has been performed on the piping and pipe
supports. Based on the corrosive environment, the history of this system, and the ten-
year period, corrosion damage is expected, and corrosion remediation needed. This
scope is included in the estimate.

Unit No. 2 Wastewater Sump

The handrail system has been repaired over the years, and it is safe to assume that this
ongoing process will continue.

Minor ongoing corrosion remediation work has been performed on the piping and pipe
supports. Based on the corrosive environment, the history of this system, and the ten-
year period, corrosion damage is expected, and corrosion remediation needed. This
scope is included in the estimate.

Unit No. 2 South Horizontal Belt Filter

The south horizontal belt filter frame was completely replaced in 2013 (the north
horizontal belt filter was removed last year). The coating system on the frame has
completely failed. Corrosion remediation on the structural frame will be needed soon.
After the major corrosion remediation is complete, minor ongoing corrosion remediation
will be needed. This scope is included in the estimate.

Unit No. 2 Horizontal Belt Filter Drop Chute

The carbon steel horizontal belt filter drop chute was replaced in 2015 with a stainless
steel drop chute. This system appears to be performing well, and only occasional minor
corrosion remediation is anticipated. This scope is included in the estimate.
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Unit No. 2 Underflow Piping

Minor ongoing corrosion remediation work has been performed on the piping and pipe
supports. Based on the corrosive environment, the history of this system, and the ten-
year period, corrosion damage is expected, and corrosion remediation needed. This
scope is included in the estimate.

Unit No. 2 Clarifier Tank Pipe Rack

This structure is no longer used for its intended purpose (the 24” diameter and 36”
diameter pipes are empty and abandoned in place). The structure is at a reduced
structure loading, however, there is significant amount of corrosion damage to the two
columns that support this tall structure. This pipe rack should be removed and the SBS
compressor utilities routed on a new support system. Any other piping and electrical
utilities that are still in use should also be relocated. This process would be similar to
the 2016/2017 removal of the Unit No. 2 FMC CEMS building platform and re-
supporting the piping and electrical utilities that were attached to the platform columns.
This scope is included in the estimate.

Unit No. 2 Switchgear Room

See Section on absorber recirc. pump building.
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D.3.

List of Major Corrosion Remediation Projects

Unit 1 — 2020

North and South Absorber Access Platforms, Stairs, Ladders, etc. - Remediation
Replace North and South Regen. Return Valve Access Platforms

Replace Alley Pipe Supports

Alley Underground Drain Piping - Corrosion Remediation

Alley Drainage Manhole - Corrosion Remediation

Haul Truck Canopy - Replace Beams, Purlins, and Roof Panels

Lime Silo Enclosure - Replace Siding System and Roof System

Underflow Access Platform and Stairs - Corrosion Remediation

Underflow Tunnel Repair - Concrete & Reinforcing Steel - Corrosion Remediation
Thickener Tank - Replace Exterior Coating

Thickener Tank - Corrosion Remediation/Discovery Work

Thickener Tank Vertical Shell Stiffeners

Old Rotary Filter Building Trench Repair

Old Rotary Filter Building Truck Bay Block Wall Repair

Unit 2 — 2020

Thickener Tank - Replace Exterior Coating System

Thickener Tank - Corrosion Remediation/Discovery Work

North Outlet Duct Repairs

Replace North and South Inlet Duct Support Structures

North and South Absorber Access Platforms, Stairs and Ladders, Etc. -
Remediation

North and South Recirc. Pump Building Trench Drains and Floor - Remediation
North and South Absorber Regen. Return Valve Access Platform - Replace
Coatings

Regen. Return. Platform - Discovery Work

Pipe Supports Between Absorbers - Corrosion Remediation

Regen. Building Siding and Roofing - Corrosion Remediation

Belt Filter Building Internal Stairway (South) - Coating

Belt Filter Building Internal Stairway (South) - Corrosion Remediation/Discovery
Work

Belt Filter Building External Stairway (North) - Coating

Belt Filter Building External Stairway (North) - Corrosion Remediation/Discovery
Work

Lime Silo Exterior Walls - Corrosion Remediation

Disc & Donut, Shell, Sump, and Duct Repair

Thickener Tank Bridge Coating

Regeneration Building Southeast X Bracing - Replace

Regeneration Building Grit Pit Area Perimeter Beams - Coating Replacement
Misc. Piping Replacement

North and South Absorber Shell Plates
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e Replace Top Landing on Lime Slurry Storage Tank
e Lime Slurry Storage Tank Roof Support Steel - Corrosion Remediation
e Clarifier Tank - Dome Top - Corrosion Remediation
e Clarifier Tank - Rake Drive Support Steel and Access Platform - Corrosion

Remediation
Clarifier Tank - Walkway and Stairs - Corrosion Remediation

Unit 1 — 2021

North and South Inlet Duct at Scrubbers - Replace

North and South Outlet Duct Repairs - Partial Replacement & Remediation
North and South Inlet Duct Support Structures - Replace Posts

Replace North Quench Sprays

Replace South Quench Sprays

North and South Absorber Outlet Duct Structures - Remediation

North Absorber Inlet Expansion Joint Replacement 1-15

North Absorber Inlet Expansion Joint Replacement 1-23

North Absorber Inlet Expansion Joint Replacement 1-18B

South Absorber inlet Expansion Joint Replacement 1-17

South Absorber Inlet Expansion Joint Replacement 1-18A

North Absorber Outlet Expansion Joint Replacement

South Absorber Outlet Expansion Joint Replacement

Alley Underground Drain Piping - Corrosion Remediation

Alley Drainage Manhole - Corrosion Remediation

Thickener Tank Bridge - Corrosion Remediation/Discovery Work
Thickener Tank Bridge and Utility Supports, Rake Canopy, and Handrail System
- Replace Coating

Soda Ash Tank Install Drains and piping

Soda Ash Tank Grating (Remove and Install)

Switch Gear Building - Remediation

Disc & Donut, Shell, Sump, and Duct Repair

North and South Absorber Access Platforms, Stairs, ladders, Etc.
Replace Thickener Tank Rim and Launder - Shop Fabrication

Replace Thickener Tank Rim and Launder - Exterior and Interior Coating
Replace Thickener Tank Rim and Launder

Misc. Piping Replacement

North and South Absorber Shell plates

Unit 2 — 2021

North Absorber Inlet Expansion - Replace

South Absorber Inlet Expansion - Replace

North Absorber Outlet Expansion (1st one off scrubber) - Replace
North Absorber Outlet Expansion (At Stack) - Replace

South Absorber Outlet Expansion (1st one off scrubber) - Replace
South absorber Outlet Expansion (At Stack) - Replace
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North Outlet Duct Repairs - Remediation

North and South Inlet Duct Support Structures - Remediation

North and South Absorber Access Platforms, Stairs and Ladders, etc. -
Remediation

Thickener Tank Rim - Remediation

Regen Building Siding and Roofing - Remediation

Clarifier Tank Pipe Rack - Remove & Replace SBS Air Compressor Utilities
Lime Silo Fill Lines - Replace

Disc & Donut, Shell, Sump, and Duct Repair

Misc. Piping Replacement

North and South Absorber Shell plates

Replace Walkway From Lime Slurry Storage Tank to Regen. Building
Clarifier Tank - Shell and Floor - Corrosion Remediation

Clarifier Tank - Enclosure - Corrosion Remediation

Clarifier Tank - Tank Floor Support Steel - Corrosion Remediation

Unit 1 — 2022

North and South Absorber Anchor Bolts and Chairs

North and South Absorber Shell plates

North and South Absorber External Stiffeners

North and South Tower - Replace Flake Glass Liner (Complete Replacement)
North and South Tower Patching, Vertical Supports And Plates (Drawing 70 thru
74)

North and South Absorbers Support Post (Drawing 76)

North and South Absorber Supports (Drawing 77)

North and South Absorber Alloy Bands and External Stiffening (drawing 78)
North and South Absorber Repairs to Inlet Duct and Absorber Interface And
Internal Awning

North and South Absorber wall repairs after cleaning

Replace North Absorber Mist Eliminators

Replace South Absorber Mist Eliminators

North Absorber Cone Repair and Reinforcement

South Absorber Cone Repair and Reinforcement

North and South Inlet Duct at Scrubbers

North and South Outlet Duct - Corrosion Remediation

North and South Inlet Duct Support Structures - Corrosion Remediation

North and South Absorber Outlet Duct Structures

North Absorber Outlet EIbow Duct

Thickener Tank Shell and Floor Plate

Disc & Donut, Shell, Sump, and Duct Repair

North and South Absorber Access Platforms, Stairs, Ladders, Etc. - Remediation
Belt Filter Roof Support Steel - Corrosion Remediation

Replace Belt Filter Roof System (including purlins and roofing panels)
Replace Acid Brick Liner in Absorber Sumps
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Unit 2 — 2022

North and South Absorber Access Platforms, Stairs and Ladders, Etc.
Regen Building Siding and Roofing

Haul Truck Canopy - Remediation

Replace Soda Ash Tank Stairway

Purchase Material for North Absorber Mist Eliminators

Purchase Material for North Absorber Duct Replacement

Unit 1 — 2023

Alley Underground Drain Piping - Remediation

Alley Drainage Manhole - Remediation

North and South Absorber Access Platforms, Stairs, ladders, Etc.
Old Rotary Filter Building Coating

Horizontal Belt Filter Building Coating

Old Rotary Filter Building - Remediation

Horizontal Belt Filter Building Coating - Remediation

Belt Filter Building Floor Replacement

Soda Ash Tank Access Platform and Perimeter Handrail system

Unit 2 — 2023

Absorbers Inside Liner Replacement

North and South Absorber Anchor Bolts and Chairs

North and South Absorber Shell Plates

North and South Absorber External Stiffeners

North Mist Eliminators - Install

North and South Mist Eliminators Wash Access Platforms and Walkways
Corrosion

North Outlet Duct Replacement - Install

North and South Inlet Duct Support Structures

North Quench Spray Piping

South Quench spray Piping

North and South Absorber Access Platforms, Stairs and Ladders, Etc.
North and South Bleed Piping - Replace

Thickener Tank Shell and Floor Plate Internal Remediation

Regen Building Siding and Roofing

South Horizontal Belt Filter - Replace Frame and Main Rollers

Disc & Donut, Shell, Sump, and Duct Repair

Replace Absorber Recirc. Piping

Replace Acid Brick Liner in Absorber Sumps

Unit 1 — 2024

North and South Inlet Duct at Scrubbers
North and South Outlet Duct Repairs
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North and South Inlet Duct Support Structures

North Quench Sprays

South Quench Sprays

No