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Q- 
For each of the CAIR and CAMR controls included in the March 30,2007 FPL 
Supplemental CAIWCAMR Filing: 

A. Compare the total costs of the control, stated in terms of net present value, including 
a breakout of capital costs and O&M, versus the next most cost-effective, viable 
alternative. 

B. Provide a timeline for the completion of each project. 

C. Provide the annual reductions in emissions expected to be achieved by each project 
versus the current emissions. 

A. 

A. The CAIR and CAMR controls included in the March 30,2007 FPL Supplemental 
CAWCAMR Filing are: 

SJRPP - SCR with ammonia injection 
SJRPP - Mercury CEMS 
Scherer 4- Wet FGD Scrubber 
Scherer 4- SCR with ammonia injection 
Scherer 4- Mercury CEMS 
Scherer 4- Fabric filter baghouse and mercury sorbant injection 
800 MW cycling projects 

Many of these C A R  and CAMR control projects have no viable altematives. These 
projects are listed below: 

o The mercury CEMS at SJRPP and Scherer 4 do not have altematives as they 
are required to monitor the output level of mercury. 

o The SCR controls at both Scherer 4 and SJRPP had no viable altematives at 
the time the decision was made to install these controls. The installation of 
SCR controls on base load coal-fired steam boilers are considered by EPA as 
the most cost effective controls for the reduction of NOx emissions. The rules 
requiring the installation and operation of an SCR for NOx controls and an 
FGD for SO2 controls on Scherer Unit 4 were approved on June 27, 2007 by 
the Georgia DNR Board as an amendment to GA-39 1-3. 

o The fabric filter baghouse and mercury sorbant injection at Scherer 4 was the 
technology specified for Scherer Unit 4 in the Amendments to the rules of the 
Georgia EPD relating to air quality, Chapter 391-3-01 and 391-3-02. The 
rules requiring the installation and operation of a baghouse for mercury 
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control on Scherer Unit 4 were also approved in the June 27,2007 amendment 
of GA-39 1-3 by the Georgia DNR Board. 

o The following project did have viable alternatives. See discussion below: 

o The wet FGD scrubber at Scherer 4 did have a viable alternative: dry FGD 
scrubber technology. A consultant of Southern Company completed a study 
which showed that, based on lifecycle costs, the wet FGD scrubber was the 
more economic choice at Scherer 4. This study is included as Attachment I. 

o And finally, for the 800 MW Cycling Project, FPL did not identify a viable 
alternative (other than a "do not implement'' or "do nothing" alternative). The 
800 MW project, in addition to substantial emission savings, produces large 
fuel savings which would make it more cost effective than any other control 
technology under consideration for FPL's C A R  compliance strategy. The 
economics of this project vs. the "do nothing alternative" are shown in 
response to Staff POD No. 1 1. 

B. FPL's estimates for the completion of each project are as follows: 

o Installation of an SCR and Ammonia Injection System on SJRPP Unit 1 - 
Currently scheduled for an in-service date of May 01 , 2009. 

o Installation of an SCR and Ammonia Injection System on SJRPP Unit 2 - 
Currently scheduled for an in-service date of May 01 , 2008. 

o Installation of a FGD (Flue Gas Desulfurization) on Scherer Unit 4 - 
Currently scheduled for an in-service date of April 08, 2012. 

o Installation of an SCR and Ammonia Injection System on Scherer Unit 4 
- Currently scheduled for an in-service date of April 08,2012. 

o Installation of a Fabric Filter Bag House and Mercury Sorbent Injection 
System on Scherer Unit 4 - Currently scheduled for an in-service date of 
April 04,2012. 

o Installation of a Mercury CEMS on Scherer Unit 4 - Currently scheduled 
for an in-service date of March 01,2008. 

o Installation of a Mercury CEMS on SJRPP Unit 1 - Currently scheduled 
for an in-service date of December 01 , 2007. 
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o Installation of a Mercury CEMS on SJRPP Unit 2 - Currently scheduled 
for an in-service date of December 01 , 2007. 

o 800 MW Cycling Project - This is being completed in numerous stages as 
scheduled unit outages on the four effected units are completed. The project 
consists of numerous small items that can be completed separately in an 
efficient and cost effective measure, which minimizes system impact. At the 
current time, the estimated completion time of all aspects of the project is the 
summer of 201 0. 

Attachment I1 shows the annual reductions in emissions expected to be achieved by 
each project versus the current emissions. 
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Sotirfiom Co tnpaq Services 
Plitrit Schercr FGD Project 

1. EXECUTIVESUMMARY 

Approdl 

Plant Scherer is a four-unit, coal-fired electric generating facility that currently fires a 
low-sulk Powder River Basin ORB) coal. The units are not presently equippcd with 
flue gas dtsulfurization (FGD) facilities. By the y e m  2010 and 2015, the Clean Air 
Interstate Rule (CAIR) requires systemwide reductions in sulfur dioxide emissions. At 
Plant Schcrer’ it is planned to install FGD facilities that will achieve a  mum 95% 
reduction in SO2 emissions. 

An initial screening study by Southern Company Generation identified two candidate 
FGD technoIogies that held the highest potential for successful application to Plant 
Scherer. The PGD processes so identified, and evaluated further in the present study, 
were the following: 

6 

Limestone Forced Oxidation (LSFO), i.e., wet FGD, and 
Lime Spray Drying (LSD), Le., dry FGD. 

Vie cluTent evaluation includes PI increased levcl of engineeMg detail to support the 
capital cost estimates and to provide a more comprehensive, quantitative comparison of 
the two alternative FGD tcchnologies being considered. Two coals were specified for tho 
design basis: the present PRB coa with a 0.3%-S cotitentl, and a Central Appalachian 
(CAPP) bituminous coal with a 1 S%-S conteiit. The C U P  coal was specified as the 
basis of the facility design and study evaluation, and the PRE3 coal waskvduated as an 
alternative case. 

The primary tool for quantitative evaluation of the alternative technologies was the 
calculation of net present vducs (NPV’s) for each alternative’s life cycle costs. These 

1 
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Recommendation 

The comparison of the net present value costs of the two FGD technologies considered in 
this study shows that the U F O ,  or wet, technology has a significantly lower life cycle 
cost than the h e  spray drying, or dry, technology for Scherer. Therefore it is 
recommended that Southern Company proceed with the installation of a wet type process 
to meet the Sa emission limits for Plant Schercr. 

2 
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Plant Schcrcr is a four-unit, coal-find electric generating facility that currently fires a 
low-sulfur Powder River Basin (PRB) cod The units are not presently quipped with 
flue gas ddfiuization (FGD) fhcilities. By the years 2010 and 2015, the Clean Air 
Intentate Rule (CAIR) requires system-wide reductions in sulfur dioxide ernissians. At 
Plant Schaer, it is planned to install FGD facilities that will achieve a minimum 95% 
reduction in SQ emissions. 

An initial screening study was performed by Southern Company of means to meet this Sa emission reduction target. The study identified two candidate FGD technologies for 
application at Schera: a wet scrubbing process (limestone forced oxidation) using 
limestone reagent, and producing gypsum byproduct; and a dry scrubbing process (lime 
spray drying) using a lie-based reagtnt, and producing a dry by-product. 

h the present study, WorlcyParsons was commissioned to perform a more detailed 
evaluation of thcst two alternative flue gas desulfiuization technologits for Plant Scbem, 
to develop a recommendation for impfanentation and to document the work process and 
reSUlt.5. 

The primary tool for evaluation of the alternative technologies was the calculation of net 
present values (NPV's) of the life cycle costs for each of the two alternatives. The 
development of the components of the life cycle costs were based on 

Project-specific conccptual engineering, 

The process evaluation also addressed consideration of qualitative and quantitative 
issues, such as: 

space and constructability considerations, 

process wastewater generation. 

Site-specific operating & maintenance costs, and 
Financial parameters specific to Southem Company for Scherer. 

facility layout and maintenance access, 

reagent receiving, handling & storage, 
FGD byproduct handling and storagddisposal, and 

STUDY BASIS 

Plant Desm'ption 

Plant Schercr is located near Juliette, GA. The plant generating facilities consist of 4 
near-identical coal-fired, steam-electric units, each with a nameplate rating of 81 8 MW. 
The units were placed in commercial service in succeeding years during the period 1982- 
1989. The steam generators arc sub-critical, tangentially-fired, units that operate in 
balanced draft with a set of 2 FD fans, a set of 4 ID fans and cold-side electrostatic 
precipitators, each. 

3 
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All four units currently fire a subbituminous Powder River Basin (PRB) coal, although 
Units 3 & 4 were originally design4 for low-sulfur Central Appalachian coal. It is 
desired to maintain as much of this fuel flexibility as possible for future operations. 

3.2 

3.2.1 

3.2.2 

Conceptual Engineering Bads 

Besim Crituia 

The key design criteria for the FGD facilities are tabulated in the Basic Design Basis 
documents in Appendices A (wet FGD) and B (dry FGD). 
Ofparticular note in these criteria is the specification of two design coals: the current 
low-sulfh PRB coal (about 0.7 Ib So2/MMBtu, 0.3% S) and a future Central 
Appalachian (CAPP) bituminous coal (about 2.3 Ib SO2/MMBtu, 1.5% S). The FGD 
facility, using either the wet or the dry process, is to be capable of operating with tither 
coal while maintaining specified performance. Consequently, the sizing of gas-side 
components is dictated by the larger gas flow rate associated with the PRB coal, whereas 
sizing of the solidiliquid systems (Le,, reagent handling, reagent prep, slurry handling, 
process water, etc.) is dictated by the larger sulfur content of the CAPP coal. 

Air Oualitv Control Project Inteeratioq 

In addition to these quantitative design criteria, a critical consideration in the planning 
and evaluation of the FGD project is the recognition of the sequcnce of air quality control 
(AQC) projects that is to be implemented at Scherer. These projects are depicted 
functionally in the flow diagrams in Appendix C (sketchcs SC€JR-O-SK-253-305-001 
through -005). 

The current 'back-end' confguration is shown in the first sketch (-001). Flue gas exits 
the boiler casing at the economizer hopper and then passes successively through the air 
heaters, the electrostatic pmipitators, the ID fans and is discharged to the stack. The 
flyash collectcd in the precipitator is recovered (by a third party contractor) for 
commercial sale. 

The first AQC projects to be implemented will be the addition of facilities to each unit for 
removal of mercury from the flue gas (sketch -002). Here, the existing ductwork train 
will be broken between the discharge of the ESP's and the suction of the ID fans and the 
gas flow processed through new baghouses (or pulse jet fabric filters, PJFF's) following 
the injection of the active media, carbon. At this time, it is also planned to upgrade the 
ID fans by increasing their head capability to overcome the additional draft loss created 
by die new ff ue gas train components. AAer addition of the baghouses, it is planned to 
continue operation of the pmipitators to support flyash sales commitments. mote that 
collecting &he flyash in th'e baghouses would result in flyash contamination with carbon.) 

The next series of AQC projects will be the addition of selective catalytic reduction 
( S a )  systems to each unit for the removal of nitrogen oxides (sketch -003). For 
installation.of this facility, the existing flue gas train will be broken between the 
economizer discharges and thc air heater inlets, and the flue gas processed through SCR 
reactors following the injection of ammonia for NOx reduction. It is anticipated that the 

4 
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upgrade of the ID fans, implemented during the memuy baghouse projects, will also 
provide sufficient head capability to operate the new S C R  gas-side components. 

The third and final phase of the AQC projects will be the addition of the FGD facility; the 
two alternatives are depicted in sketches -004 (wet FGD) and -005 (dry FGD). 

To install the wd FGD Eacility, the existing fluc gas train on each unit will be . 
broken at the discharge of the ID fans and new ductwork will feed the flue gas to 
a pair of booster fans, a single absorber vessel and exhaust through a new ‘wet’ 
dual-flue stack (common stack for each pair of units: l a ,  3&4). A gas bypass 
path around each absorber is not inciuded, but rather the existing stacks will be 
maintained for FGD svstcq bypass operation via the indicated gas-side dampers. 

To install the dry FGD facility, a significant reconfiguration of the ductwork is 
required to achieve hct ional  integration of the ID fans into the FGD facility. 
The baghouse supply and rem ductwork (installed with the mercury control 
project) must be removed h m  tie-in points between the precipitators and ID 
fans, and reconstructed to originate from the discharge of the ID fans and to 
return to the existing stack. In addition, the supply ductwork must be 
reconstructed to incorporate the lime spray dryers. As with the wet system, a gas 
bypass path around the SOZremoval vessels (the spray dryers) is not included, 
but rather the ductwork incorporates a FGD system bypass. 

3.2.3 Other 
The retrofit of an FGD system to the Scherer boilers should also meet the following 
objectives. 

Comply with the emission requirements established by the state of Georgia for 
compliance with the Clean Air Interstate Rule (CAR) 
Have minimal impact on other plant emissions 
Exhibit the lowest evaluated cost (net present value of 20-yr life cycle cost) of 
available altema ti ves 
Minimize plant impacts, such as unit capacity, efficiency, availability, and ramp 
rate, due to the operation of the FGD system 

3.3 Economic Evaluation Criteria 

The following parameters were used in the economic evaluation of the two alternative 
scrubbing technologies. All values were specified by Southem Company Generation, 
except as noted. 

Worleyparsons 
RY)UICQ P enqy 
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Table 3-1 

Note I : Forecasted unit costs ($m) for rail-delivered lime and limestone wwc provided 
year-by-year (by SoCo) for the time period 201 1-2024. Extrapolated values (by 
WorleyParsons) were used for the time period 2025-2034. Specific va!ues are listed in 
the spreadsheets contained in Appendices I1 and I. 

Note 2: ”he present study is based on a gypsum handling process in which the absorber 
blecd slurry is pumped directly to a new, on-site gypsum pond, where the gypsum is 
a!lowed to settle out and the water recycled to the scnibhing operation. The cost of 
constructing the pond is included in the project capitd cost. A cost o~$100,000/yr has 
been assessed (by WorIeyParsons) for (dragline) stackins of the gypsum at the pond area 
and IS included in annual O&M charges for the wet FGD facility. 

Worley Parsons 
:a’ioims 2 I*iere 
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Note 3: The present study is based on (on-site) W l  of the dTy FGD byproduct. The 
cost of constructing the landfill is included in the project capital cost. Costs for both 
labor and mobile equipment to haul the material to the landfill from the process area and 
to StaCwcompact it in the landfill are included in the a ~ u a l  O W  costs for the dry FGD 
facility as described in Section 5.2. 

Note 4: Forecasted unit costs ($/T S02) for SO2 credits were provided year-by-year @y 
SoCo) for the time period 201 1-2024. Extrapolated values (by WarleyParsons) were 
used for the time period 2025-2034. Specific values are listed in the spreadsheets 
contained in Appendices H and I. 

Note 5:  The unit costs listed are an 'all-in' annual costs, that were derived (by 
WorleyParsons) from hourly salary rates (provided by SoCo), as described in Section 5.2. 

Note 6: The values listed in the table were taken from year-by-year, unit-specific data 
provided by SoCo, and are the forecasted daily cost for the FGD tie-in year for each unit. 

4. 

4.1 

4.1.1 

FGD SYSTEMS CHARACTERIZATION 

Process Descriptions 

The following section contains proctss descriptions of the two technologies chosen by 
Southern Company for potential retrofit on Plant Scherer to reduce SO1 missions. These 
technologies were chosen on the basis of Sa removal capability, commercial experience, 
current availability, compatibility with projected fuels, affect on current emission limits, 
byproduct management and reagent availability. 

Limestone Forced Oxidation (UFO1 - Wet FGD Process 

Refer to the process flow diagrams (SCHR-0-SK-021-305-001, SCHR-O-SK-021-305- 
002 & SCHR-0-SK-569-304-001) for the wet FGD process in Appendix D. 

In the past 20 ycm, the LSFO process has evolved as the preferred wet FGD technology 
worldwide. LSFO offers the advantage of controlled oxidation of reaction products and 
potentially scalefree operation of the wet scrubber. Depending on process-specific 
conditions, LSFO may produce a salable byproduct in the form of commercial-grade 
synthetic gypsum that can be used for wallboard manufacturing or other industrial 
applications. A list of major equipment included in the LSFO facility is included in 
Appendix L. 

GQS Scrubbing 

In the LSFO process, hot flue gas exiting the ESP and IDhooster fans enters an absorber 
vessel where it is contacted with a dilute calcium carbonate and calcium sulfate slurry. 
The SO2 reacts with the calcium carbonate in the limestone particles and the sluny drains 
into the reaction tank at the base of the vessel, where the neutralizing reactions are 
completed. After contact with the reagent spray, the flue gas continues an upward 

~ o r ~ e y ~ a r s o n s  
Rwr:ei 8 mew 
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vertical flow to multiple stages of mist elimination to remove the mist  droplets h m  the 
gas streaa Tha the flue gas exits the absorber through the outlet duct and discharges 
through the stack 

Within the reaction tank/absorber vessel, the calcium-bearing solids are suspended with 
agitators to facilitate the neutralization reactions. Fresh reagent and make-up water are 
periodically added as needed to keep the recirculation tank at op.ti" conditions for 
reactions to OCCUT. Large slurry recirculation pumps an used to continually transport the 
slurry into the absorber vessel for reintroduction into the flue gas. Recirculation piping 
and spray nozzles provide fine sluny droplets within the flue gas strtam to 
provide a large slurry droplet surface area to enhance the gas to liquid contact in the spray 
zone. As solids build-up in the reaction tank, bleed pump maintain tank density to 
o p t i "  conditions by transporting the solids to the dewatering process. 

Generally, additives are not required in the U F O  process since the gypsum W t d s  
resulting fiom this process tend to be relatively large, dense crystals that do not retain 
water. The solids coming from the dewatering process are typically 90%+ gypsum and 
inerts. This material is self-supporting and can be trucked, conveyed and moved using a 
f r o n t d  loader, or other conventional earth-moving equipment. 

The LSFO process requires makeup water to replace the losses that occur through 
evaporation and the liquor entrained in the byproduct solids. Some of this makeup water 
can be supplied from any source that is not saturated with respect to any dissolved soiids 
and contains a relatively low concentration of suspended solids. When producing a 
wallboard-grade gypsum product, the quality of the makeup water to the FGD system 
may have more restrictions than if the product solids were being sent to a landfill. For 
example, only low TDWSS water should be used for washing the gypsum cake to ' 

reduce chloride content and eliminate contamination of the gypsum byproduct. Chlorides 
must be maintained below a specified &mum concentration (as determined by 
material selection) to prevent excessive corrosion of wetted components. 

The m i s t  eliminator wash stream must be higher quality wata to maintain scale-fiee 
opaation. This intermittent wash water stream serves as a portion of the scrubber 
makeup water. If poor quality wash water is used for makeup, or if scrubber liquor is 
utilized, this typically will lead to heavy scale formation that can not be removed without 
taking the unit off-line for manual cleaning. In some cases, the use of saturated 
wastewater has led to the complete blockage of the mist eliminators. 

The chemistry for this process begins with limestone (CaCQ), the absorbing reagent, fed 
to the absorber reaction tank in an aqueous slurry at a molar f e d  rate of 1.03-1 -05 moles 
of CaC03/mole of SO2 rcmovcd. The major product of SO1 reaction with limestone is 
the formation of hydrated calcium sulfite (CaSO, %H*O(s)) according to the following 
reaction: 

The sulfite is oxidized to sulfate by the injection of air into the bottom ofthe absorber 
sump, and then hydrated to form gypsum (CaSQ 0 W20) through the following 
reaction: 

Worleyparsons 
mwrrci 8 mcrpy 
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Cas03 0 %HzO(s) + 5502 t 3/2€IzO + CaSO4 2H20. 

In addition to the LSFO chemistry occurring in the absorber vessel and reaction tank, two 
other proms steps arc needed - reagent preparation and solids dewatering. 

Reagent Preparu hbn 

As configured for the Scherer project, limestone is delivered by d and discharged into 8 

under-track hopper. From this hopper the limestone is conveyed and deposited on the 
storage pile by a radial stacker. A plant dozer will be used to move the limestone into a 
storage pile, and also to reclaim the limestone into the below-grade reclaim hopper. The 
reclaim system includes a vibrating feeder and conveyor system to transfer limestone to 
the day bins. Limestone day bins and feeders supply limestone to the horizontal ball 
mills, which wet-grind the limestone to produce a slurry for use in the wet scrubber. The 
small limestone slurry particle size produces a large surface area for gas contact without 
excessive power consumption by the ball mill. The limestone sluny product is 
discharged to a limestone shmy storage tank, and then transferred to smaller feed tanks at 
the scrubber islands (a common tank for each unit pair) via slurry pumps. 

SoIids Dewatering 

The solids dewatering process proceeds after the solids are precipitated in the absorber 

subsequently oxidized to calcium sulfate (gypsum) in the absorber reaction tank. This 
oxidation process is accomplished by farcingair through spargers that are immersed in 
the reaction tank slurry inventory. The formation of gypsum crystals in the slurry helps 
to reduce scaling potential by providing suspended crystal surface for crystal growth and 
reducing the calcium sulfate saturation level in the slurry. A minimum level of calcium 
sulfate super-saturation is required to initiate gypsum crystal formation 

A balance between product gypsum and fresh limestone feed in the absorber reaction 
tank is maintained by removing a ‘bleed’ stream of slurry from the reaction tank 
inventory. In the Advatech absorber design, the absorber slurry inventory is operated at a 
concentration of 30 wt% solids. For the application at Scherer, this bleed stream h m  
each of the four unit absorbers will be pumped to a new settling pond, where the slurry 
will be allowed to separate into its solid (gypsum) and liquid components. Tbe sludge 
that settles is  typically a 70/30 soliddliquid mixture, and the balance of the water will be 
reclaimed for re-use in the process. 

Of the reclaimed water, a modest portion must typically be discharged, Le., blown down, 
to maintain chloride concentration in the absorber below a maximum allowable value 
(normally 5,000-20,000 ppmw, depending on material selection). The balance of the 
reclaimed water is used for water supply to the limestone grinding operation and for 
makeup into the absorber reaction tank. 

tower. The SO2 reaction with calcium carbonate initially forms calcium sulfite, which is - .  

WorleyParsons 
r m : e s  1 r i w y  
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4.1.2 Lime SDTW Drvine (LSDI - Drv FGD Process 

Refer to the process flow diagrams (SCHR-0-SK-021-305-201, SCHR-O-SK-021-305- 
202 & SCHR-O-SK-S69-304-002) for the dry FGD process in Appendix E. A list of 
major equipment included in the LSD facility is incMcd in Appendix L. 

Overview 

The lime spray drying process is a semi-dry FGD process that produces a dry mixture of 
fly ash and reaction products. The application of the lime spray dryer FGD process to 
coal-fired boilers is limited to medium and low sulfur fuels, in most cases where a SO2 
removal efficiency of 95% or less is required The sulfur content of the coals specified for 
the FGD project at Scherex and the S G  removal efficiency required make the LSD 
process a candidate for the present application. 

In the spray drying absorption process, flue gas enters the spray dryer absoxption (SDA) 
module via the gas distriiution system which spreads the mcaming flue gas 
symmetrically around the atomizer. The atomizer, which is used to atomize the feed 
slurry (i.c a mixture of hydrated lime slurry and recycle solids slurry) into a fine spray 
and inject it into the flue gas, can be either a rotary design or an air-atomized, two-fluid 
nozzle design, The finely atomized feed slurry mixes with the flue gas, resulting in the 
evaporation of water and the removal of the SO2 via chemical reaction with the slurry. 

The quantity of water contained in the atomized spray is precisely controlled so that it 
completely evaporates in suspension Absorption of Sa takes place primarily as the flue 
gas is cooled adiabatically by the evaporation of the water contained in the atomized 
spray. The difference between the temperature of flue gas leaving the SDA and the 
adiabatic saturation temperature is known as the approach tempenlure. Reagent 
stoichiometry, residence time and approach temperature are the primary Vaoiables that 
control the SO2 removal efficiency in the SDA module. 

The primary product o f  the reaction between the hydrated lime, Ca(O€&, component of 
the feed slurry and the Sa is hydrated calcium sulfite, according to the following 
relationship. 

A smaller portion of the sulfur dioxide may also react with oxygen in the flue gas to 
produce the secondary product of calcium sulfate dihydrate by the following reaction. 

* Ca(0Hh t SO$- H20 + YzQ -+ CaSO, * 21-I20 
Sulfur trioxide is also found in the flue gas in small amounts. The sulfur trioxide reaction 
produces additional calcium sulfate dihydrate by the foHowing. 

SO, t Ca(OI92 +Hz0 --+ &SO4 * 2H20 

The majority of the water added to the lime in the initial hydration process is evaporated 
in the absorber. There are no wastewater streams exiting the absarber. The degree of 

Worleyparsons 
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reaction depends on the amount of liquid present, the approach to the adiabatic saturation 
temperature and the residence time for drying. 

ks the flue gas and feed slurry mixture passes through the SDA module, the spray drying 
and initial SO, removal processes are completed. The SDA module is designed to insure 
that most of the particulate that can be entrained in the flue gas is carried to the fabric 
filter dust collector, which is usually of the pulsejet fabric filter (PJFF) type. The larger, 
coarser particulate that is not entrained in the flue gas is discharged fiom the bottom of 
the SDA module hopper for disposal. 

The flue gas and entrained reaction products, un-reacted reagent, and flyash cxit the SDA 
module and then flow into the PJFF, wherein additional SO2 as well as particulate 
removal takes place. The reaction products, un-reacted reagent, and flyash collected in 
the PJFF hoppers is then conveyed by the ash handling system to either the recycle ash 
stoxage silo for reuse or the waste ash storage silo for disposal. Upon exiting the PET, 
cleaned flue gas is directed to the booster fans which discharge to the stack. 

Spray Lbyer Absorber P A )  

Flue gas is introduced into each SDA module by means of a gas disperser and a roof gas 
distributor. The purpose of the gas dispasers is to distribute the incoming flue gas 
symmetrically around the atomizer unit at a velocity and direction appropriate to assure 
optimum absorption of the acids contained in the flue gas. In the rotary atomizer deign,  
the roof gas disperser has a scroll inlet, which delivers the flue gas to h e  tapered, annular 
discharge nozzle positioned around the atomizer. Guide vanes are constructed of 
abrasion-rcsistant material and are mounted in the disperser discharge outlet. The purpose 
of the vanes is to distribute the flow of flue gas uniformly around the atomizer. Careful 
control of the gas distribution, slurry flow rate and droplet size assures that the droplets 
are evaporated to dryness prior to contacting the internal walls of the SDA module. 

Rotaty Atomizer 

The rotary atomizer convcrts the feed slurry to a uniform, finely divided spray of 
droplets. The rotary atomizer is a precision-made machine designed for high-speed 
operation and is driven by a vertical, flange-mounted motor specifically designed for the 
atomizer. 

The rotary atomizers are withdrawn from the top of the SDA module for periodic 
servicing. Gas flow through the SDA module may be maintained when the atomizer is 
removed for service. A hoist and trolley is typically used to facilitate the change out of 
the rotary atomizer. 

Puke Jet Fabric Filter 

Flue gas with SDA mctant products and boiler fly ash enters the fabric filter inlet 
plenum and is distributed to each of the individual compartments. The inlet baffle 
distributes gas and particulate evenly to the filter bags. A portion of the gas is directed 
downward fiom the top of the bags minimizing upward velocity and enhancing on-line 
cleaning. Each filter bag is supported on a wire cage. The bags and cages are 

~ o r ~ e y ~ a r s o n s  
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independently suspended from the PJFF tubesheet at the top of each compartment. 

Flue gas flow is primarily horkontal and downward through the bags. This flow pattern 
enhances even gas distribution and “ i z e s  reintrainment when pulsing on line. 
Collected particulate is cleaned from the bags by pulsing with dried, inteamdate 
pressure compressed air (35 psig) while the compartment remains on line filtering flue 
gas. The pulse of air dislodges the collected particulate &om the bags causing it to fall 
into the hopper. This material is then conveyed to storage for recycle or disposal. Clean 
gas exits upward h m  ihe filter bags, through the tubesheet and out to the outlet or clean 
air plenum. 

A louver type damper is used to provide inlet isolation for each compartment. The inlet 
dampers are closed only when a compartment must bc isolated for personnel entry when 
other compartments remain on line. Each compartment also includes poppet type outlet 
dampers. The outlet dampers must be closed to isolate a compartment for personnel 
entry, or they can be used for off-line cleaning. 

The same type of poppet type damper is also used for system bypass. The poppet design 
creates a gas and dust tight sed  at the common wall between the inlet and outlet plenums. 
These dampers provide a very reliable metal-tumctal seal without the use of wiper seals 
or air purge system. The sealing plate is comprised of several metal discs that provide 
full contact with a machined metal seat when the damper is closed. 

The PJFF control system can be set to operate automatically or manually. The filter bags 
in each jet assembly are cleaned two rows at a time. Each row of bags has a double 
diaphragm valve and solenoid which directs a controlled pulse of dry compressed air 
from the air header to the manifold located above the row of bags. 

Lime Preparation 

Pebble l h c  is delivercd by rail car, and discharged into an under-track hopper. From the 
hopper it is transferred by conveyor directly to one of six covered lime storage silos. 

The lime preparation system performs the hydration of pebble lime with process water to 
prepare hydrated lime slurry at approximately 20-25 wt% suspended solids concentration, 
for spraying into the SDA module. Lime is discharged from each storage silo through a 
weigh feeder and is fcd to an individual lime slaking system, where it is wet-ground and 
hydrated in a vertical ball mill (or vertimill). The lime slurry product that is discharged 
from each slaka train is pumped to a common lime slurry storage tank. From this main 
slurry storage tank, the slurry is trdnsferrcd to smaller feed tanks at the scrubber areas (a 
common tank for each unit pair) via slurry pumps. 

Lime slurry feed pumps draw suction from the slurry feed tanks and discharge into the 
lime sluny feed loops. The lime slurry feed loops supply lime slurry to the SDA’s for the 
spray wing process. Constant pump speeds and pipeline velocities are maintained to 
eliminate settling or caking within the lime slurry feed loop. 

Worleyparsons 
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Recycle Sluny hpnrat lon 

The recycle slurry preparation system provides for mixing of solids collected from the 
SDA's and PJ"s with process water to prepare recycle slurry at up to 45 w% suspended 
solids concentration for qraying into the SDA module. The recycle slurry enhances 
utilization of the lime reagent as well as promoting droplet drying in the SDA modules. 

FGD by-product solids being retumed to the process are conveyed pneumatically by a 
(new) ash handling system to the recycle solids silo (one per unit). A bin vent filter 
captures dust released during silo filling. Recycle material is discharged from the recycle 
solids silo through a fluidized outlet cone and flows to one of two (2) lOO%*apacity 
recycle sluny preparation trains. 

The recycle solids discharged ftom the storage silo an combined initially with process 
water in a wetting box. The recycle solitidwater mixhrre hat is discharged from the 
wetting box flows by gravity into the recycle mix tanks where additional water is added. 
The recycle slurry that is discharged from the recycle mix tank flows via gravity through 
a vibrating grit screen to m o v e  oversized particles larger than 8 mesh h m  the recycle 
slurry. The grit discharged from the grit screen flows via gravity to a disposal bin. 
Recycle slurry underflow fiom the vibrating grit screen flows via gravity to the recycle 
sluny storage tank. 

Two, 100%-capacily centrifugal pumps are used for the recycle slurry feed service. 
Constant pump speeds and pipe line velocities arc maintained to diminate settling or 
caking within the dedicated recycle sluny supply line to the atomizer head tank. 

Wafte Solids 

Excess solids from the scrubbing process, not used for recycle, are pneumatically 
conveyed to the by-product storage silos (one each for each pair of units). This material 
is discharged from each silo through a pin mixer, where it is wetted to control dusting, 
and is dropped into a dump truck. Large, 100-T trucks are used to haul the matexid to the 
on-site landfill. 

Process Operating Characteristics 

To quantify the operation of the processes, project-specific combustion cdculations, 
process flow diagrams and mass balances were devcloped for each ofthe two alternative 
FGD processes for each of the two project coals. This information is contained in 
Appendices D (wet FGD) and E (dry FGD). 

At the present conceptual level of engineering, the operation of all four of the Schaer 
units was treated as identical (as reflected in the Basic Design Basis documents). 

The tables in this section were derived from the calculational results in Appendices D & 
E, and provide the rata of commodity usagdproduction lhat enter into the calculation of 
variable O&M costs. 

Worleyparsons 
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CAPP 79,090 75,920 3,170 96.0 

CAPP 79,090 75,130 ' 3,960 95.0 

PRB 23,570 23,100 470 98.0 

PRB 23,570 21,870 1,700 92.8 

Table 4- 1 
Annual SCr, Mass Balances @ 8S% Capacity Factor (tondyr) 

The sulfur dioxide removal ratw for the wet FGD ptocess are those quoted by Advatech 
for the specified coals, and represent opexation of a single-pass Advatech scrubber vessel. 

The sulfur dioxide ranoval rates for the dry FGD process were estixnated by 
WorleyParsons based on in-house process design expuience. For both coals, these dry 
FGD performance values represent the uppe~ limit of the capabilities of this technology. 
In the case of operation with PRB coal, the removal rate is limited by the concentration of 
SO2 in the outlet flue gas (about 17 ppmv, see the mataial balance in App. E); that is, the 
process is not capable of removing SG below this concentration. 

Table 4-2 
FGD Facility Operating Characteristics at Full Load - Per Unit 

20,150 40,680 78,420 

6,210 12,050 1,110 

PRB 5,870 1 1,500 23,510 1,022 

(*) dry basis 

The mass feed rates of the two reagents, limestone and lime, are very nearly numerically 
equal for a given coal, reflecting a much higher calcium usage for the dry process as 
compnrcd to the wet process (limestone, i.e., calcium carbonate, weighs 2.50 Ib per Ib of 
contnined calcium, whereas lime, i.e., calcium oxide, weighs 1.40 Ib per Ib of contained 
calcium; hence equal mss  feed rates of limestone and lime implies a significantly higher 
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4.3 

calcium feed rate for the lime &e). The wet process is designed with a CdS 
stoichiometric ratio of 1.03, whereas the dry process requires a ratio of about 2.0. This 
high Ca usage for the dry process is a result of operating this technology at the limit of its 
capability. 

The approximately equal mass rates of byproduct production for both processes, given 
the difkences in Ca feed rates, is a result of differences in the chemical composition of 
compounds formed m the scrubbing proccss (i.e., calcium sulfate di-hydrate vs. calcium 
sulfite), as well 8s the excess, unreacted lime in the case of dry scrubbing. The chemical 
composition of the byproducts is described in Section 7.6. 

The makeup water requirements, for a given coal, diffcr between the two processes due to 
the differences in the flue gas conditions exiting the FGD absorber vessels. The dry 
technology only requircs that the flue gas temperature be reduced to within 35F of the 
saturation point, wherms the wet technology produces a saturated gas; thus there ,is less 
water lost to evaporation in the dry process. 

Table 4-3 
FGD SystemPower Consumption at Full Load 

I 27,000 1 
The auxiliary power consumption values listed in Table 4-3 represent arder-of -magnitude 
estimates of time-averaged FGD-based load. The values include, in addition to operation 
of unit-specific process facilities, power consumption by the booster fans as well as a 
proportioned s h e  of FGD common facilities. At the present conceptual level, differences 
in auxiliary power consumption due to operation with the two different design coals were 
not considered. 

Facility Arrangements 

Conceptual-level arrangement drawings were developed for both the wet FGD and dry. 
FGD facilities, including the gas flow train components, the reagent handling and 
preparation facilities and the by-product storagddisposal areas. These drawings are 
presented in Appendices F (wet FGD) and G (dry FGD). 

These drawings serve to assess overall technicai feasibility, to identify key constructability 
and tie-in issiies, and to provide a basis for developing much of the engineering data 
required for the capital c a t  estimates. 

Worleyparsons 
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4.3,l Wet FGD 

The arrangement of the wet FGD facilities reflects on-gomg work within SoCo 
Generation, and also incorporates the physical m g e m e n t  of the Advatech 'scrubber 
island'. The Unit 1 & 2 m b b e r  islands am grouped around a (new) common, two-flue 
stack to the south of the power block, with the new booster Edns directly behind (to the 
east) of the existing stack. Adjacent to the new stack is a Unitllk2co"on electrical 
building that houses electrical distribution equipment, the new DCS cabinetry and 

. miscellaneous other facilities. 

The Unit 3 & 4 scrubber facilities are arranged similarly, to the north of the power block, 
but reflect the fact that the larger precipitators on these two units has restricted available 
space directly behind the boilers and has required that the new booster fans be located 
adjacent to the scrubber islands. 

Four-unit common limestone receiving, storage and preparation Edcilities are located on 
the north side of the coal pile area. New rail spurs art provided for limestone delivery, 
and a radial-stacker conveyor system is used to transfer the limestone to the storage area 
from the car unloading area. A new access road around the limestone pile is included for 
emagency delivery of limestone by truck. Limestone is reclaimed from the pile and 
transferred via conveyor to the limestone preparafjon area. 

The limestone preparation facilitits are housed in a building, located adjacent to the 
limestone storage area. Limestone is received in two day silos, each feeding an 
individual, horizontal ball mill grinding operation. Limestone slurry product is 
discharged to an outside storage tank, prior to transfer to (smaller) feed tanks at the 
scnibber islands. 

The new gypsum pond has been located about %-mile to the nanh, adjacent to the 
existing ash pond, and makes use of a na tura l ly-ochg valley. Slurry bleed is pumped 
out to this pond area, and reclaimed water is pumped back to a storage tank in the 
limestone preparation area for muse in the process (primarily limestone grinding). 

4.3.2 DvFGD 

In developing conceptual arrangements for the dry FGD facilities, the approach used was 
to consolidate the locations of the various gas-side components to the m a x i "  extent 
deemed feasible, because of the need to demolishheconstruct ductwork during FGD 
system installation (as described in Section 3.2.2). Although SoCo has subsequently 
decided not to pursue this arrangement, should a dry FGD system be implemented, it 
serves as the basis for the current evaluation. The dtemative approach of using more 
spread-out locations for the baghouses, as is currently planned for the mercury control 
projects, will result in dry FGD project costs that are increased o v a  those estimated in 
the current study. 

The process of developing these arrangements for thc dry FGD facility has also resulted 
in the recognition that implcmentatjon of a cost-effective & scrubber project requires 
that the mercury control project and a dry FGDproject should be designed as integrated 

16 



Southern Company Services 
Plant Scherer FGD Project 

Florida Powcr & Light 
Docket KO. 070007-E1 
Stall's Fourth Set of Interrogatorits 
Interrogatory No. 36 
Attachment 1, Page 20 01131 

FGD Process Selection Study 
SCHR-1-LI-021-0001, Rev. B 

projects and constructed in a sequential manner that minimizes reconstmiion 
requirements and tie-in outage durations. 

The arrangement developed for the prescnt study 'stacks' the baghouses, that is, tbe Unit 
2 baghouse is staqked on top of the Unit 1 baghouse, and also uses a comparable 
underlovu afidngement for &he ductwork A similar arrangement is used for Units 3 & 4. 
For Units 1 & 2, all of the major gas-side components (booster fans, spray dryers and 
baghouses) are located in the open area behind the units, between the stack and the 
existing access road. To the south are comon facilities for these two units: an 'ash' 
silo, for storage of dry FGD by-product, and a building that houses the ash recycle 
facilities as well as electrical/DCS equipment. 

The Unit 3 8t 4 facilities follow a similar grouping, but must be located to the north of the 
existing stack, again due to the size of the Urd! 3 & 4 precipitators, thus requiring more 
extensive ductwork rims. 

5. 

5.1 

Four-unit common lime receiving, storage and preparation facilities are located on the 
north side of the coal pile area, New rail spurs are provided for pebble lime delivery, and 
lime is transferred via conveyor from the below-grade unloading hopper to a set of 6 
concrete storage silos. Individual lime slaking trains am housed in the bottom of each 
silo and are fed directly from the silo discharge hoppers. Lime slurry product is 
discharged to a common storage tank in the silo area, prior to transfer to (smaller) feed 
tanks in the absorber areas. 

The landfill mea, for disposal of the dry FGD by-product, has been located about %-mile 
to the north, adjacent to tie existing ash pond, and makes use of a naturally-occurring 
valley. A new acce-ss rood runs out to this disposal area, connecting to existing plant 
roads, that is used to haul the FGD by-product from the two silos in the scrubber area to 
the landfill via 100-T trucks. 

ECONOMIC ANALYSIS 

Approach 

The economic performance of each of the two alternative scrubbing technologies was 
evaluated using a life cycle cost methodology. This type of analysis calculates the net 
present value of the cash flow associated with a given scenario, or alternative. 

, 

For the present study, year-by-year cash flows were developed, covering the period of 
project construction followed by 20 years of operation for each unit. Costs were 
developed to describe the two major phases of the commercial life of the FGD facilities. 

Capital costs, for deign, construction and commissioning of the facilities ' 

Operating 8c maintenance costs, for materials and labor to operate and maintain 
the facilities. 

Worleyparsons 
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5.2 

The net present vdue (NPV) calculations were evaluated per the following relationship. 

Life Cycle Cost ($) = Sum of Discounted Annual Cash Flow 
= Net Present Value [ (yr-by-yr capital cash flow) + 

(20 y r ~  of v-by-yr O&M costs) ] 

A levelized unit cost was also calculated, which is defined as 

Levelized Unit Cost (W SO2 Removed) = NPV (S) / 
(Tons of SO2 Removed in 20-yr Life), 

where the denominator is calculated at the target removal efficiency of 95%. 

o m  costs 

@crating and maintenance (O&M) cast estimates, specific to each technology, were 
developed on an annual basis. Specific costs were estimated for the following categories 
of O&M requirements. 

FixedO&MCosts 
- 
- 
- 
- Landfill operations - 

FGD operating labor (additional new employees) 
FGD facility maintenance (both labor and material) 
FGD Administrative and Support Costs 

Fabric filter bag replacement (dry FGD only) 

Variable 0&M Costs 
- FGD reagent supply 
- FGD auxiliary power consumption 
- FGD water consumption 
- SO2 credits 

The unit costs used to estimate these components of annual O&M costs were presented in 
Sec. 3.3. 

Fixed O&M costs rcfer to those costs that are indcpcndent. of the number of h o w  of 
plant operation and type of coal fued. 

Operating Labor 

The number of new plant employees, required to support FGD facility opuation~, was 
estimated as shown in the following table for both the wet and dry FGD facilities. 

~ o r ~ e y ~ a r s o n s  
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3 The approach taken was to estimate separately, for the dry FGD facility, operating 
9 personnel requirements for the by-product landfill operation Treatment of thcsc costs is 
5 described in (the following) Section 52.2. 

CI In this table, in addition to developing operating personnel requirements, the average 
7 wage rate is developed as a h c t i o n  of the skills mix, using hourly wage rates provided 
$ by SoCo for Plant Schaer. The annual all-in cost, used in the O M  estimate, was 
4 calculated as follows: 

I *  h i u a l  Avg. Cost (all-in) = Hrly Rate (.$hr) * 1.6 * 2080 (hrs/yr), 
i I where the factor of 1.6 was applied to account for indirect costs (i.e., bencfits, overhead, 
b% G&A). 

t 3 Opaating labor costs wcre then calculated for each technology &om the relationship 

!* Annual Cost 5= No. of Operating Personnel * Annual Avg. Cost 

4 6  Mnintenance 

I b Maintenance costs for each of the altcmative facilities were assessed at 2.7% of the 
,7 respective FGD project capital costs. This factor of 2.7% is a typical allowance that has 
1 15 evolved in DOWEPRI technology assessment methodology, and includes labor and 
1 9 matcrial allowances (generally assunied to be a 60/40 split, respectively). 

Zp Administrative & Support 

2 1  Administrative and support costs for each of the alternative facilities WMC assessed at 
3% 0.6% of thc rcspcctive FGD project capital costs. Again, the 0.6% factor of is a typical 
23 allowance that has evolved in DOEEPRI technology assessment methodology. 

aLCPond/Lanc~i l  Operations 

ac FGD by-product sales/disposal costs are traditiondly treated as variable costs, since the 
a& most common disposition of these materials is to sell tlie gypsum to a third-party 
3.7 ~narmfaclurer or to dispose of the dry by-product in a n  off-site landfill. In both cases, the 
2% associated financial tmactions arc on a $/T of material handled. However, in the 
39 prcsenl study, annual costs were applied on a fixed basis per the following procedure. 

30 In the case of the wet FGD facility, no operating personnel r uirements were identified 
3 I for the gypsum pond opention, but an mnual cost o was assessed for re- 

stacking of "gpsum in the pond arca (assunied to be 

For the dry FGD facility, operating personnel are required for hauling the dry by-product 
out to the landfill arm, for stacking and compacting the material in the landfill, and for 
equipment maintenance and house-keeping. The estimated persomiel needed to perform 
these functions were identified in Table 5-1, and costs were calculated as follows. 

Annual Cost = No. of Operating Personnel * Annual Avg. Cost 

Worteyparsons 
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In addition, costs for the mobile equipment and associated spare parts were assessed. The 
equipment (5 trucks, 1 dozer) were estimated to cost- and to have a usable 
lifetime of 10 yrs. Annual cost for spare parts was estimated at 10% of the equipment 
cost. 

PJFF Bag Replacement 

The bags in the pulse jet fabric filters used in the dry FGD facility require regular 
rcplacement; a 3-ycar life is typical in this application. Since the same situation occurs 
with the bags in the mercwremoval application, but with a longer bag life (estimatcd to 
be 5 years) due to the lower particulate loading, the dry scrubber facility was assessed the 
incremental bag replacement costs (differential between 3 and 5 years). These costs 
included material (new bags) and bag installation costs. The bag replacement costs were 
thus treated in a quasi-fixed manner, in that they were not made dependent on operating 
hours per y e q  such treatment was considered justified based on the high capacity factor 
@5%) for the units. 

5.2.2 Variable 

Variable O&M costs are those costs that are directly dependent on the number of hours of 
plant operation. The approach taken to estimate each variable facility cost was to 
develop a continuous annual rate (Le., tondyr, kwh/yr, etc.) based on full-load, 
continuous opemtion (8760 hr/yr), and to multiply this value by the aruiual unit capacity 
factor to <Urivc at an equivalent annual rate, The appropriate unit cost (Sec 3.3) was then 
applied to this rate to arrive at an annual cost. The rat= characterizing each of the two 
FGD technologies rrwe presented in SCC. 4.2. 

Reagent 

Annual Reagent Costs = 4*Consumption Rate (#Ax / wit)  / 2000 (tiw * Unit Cost 
($m * 8760*Capacity Factor (hdyr) 

Aux Power/ Water Consumption 

Here, the cost relationships are straight forward. 

Annual AUX Power Costs = 4*Consumnption Rate (kW/unit) / IO00 (kWRMW) * 
Unit Cost ($/MWh) * 8760"Capacity Factor (ldyr) 

Annual Makeup Water Costs = 4Q"ption Rate (gyidunit) / 60 (midllr) / lo6 * 
Unit Cost ($/Mtngal) * 8760*Capacity Factor (ldyr) 

SO] Credits 

As identified in Table 4- 1, the various technology/fuel combinations have different sulfur 
dioxide renioval efficiencies. To evaluate each of these on an equivalent pcrfom~ance 
basis, costdcredits were assessed for each relative to the target removal efficiency of 
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95%. That is, for alternatives where the removal efficiency is below 95%, costs for SO2 
allowances were assessed based on tondyr of SO2 emitted that exceed the 95% removal 
rate. In a similarly fashion, a credit was given to a particular alternative for tonslyr of 
SO2 removcd that exceed the 95% removal rate. 

Annual SQ Allowance Cost = 4 * SO2 InputNnit (T/yr) * 
(0.95 -Removal Efficiency1100) * SO2 Allowance Rate ($!l“) 

5.2.3 O&M Results 

The m u a l  O&M costs vary fiom year to year, due to varying ycar-by-year unit costs 
and/or due to differing treatment. The complete build-up of these costs, through the full 
20 years of operating life for each unit, is contained in the spreadsheets in Appendices H 
(wet FGD) and I (dry FGD). 

I 
I 

Here, for illustrative purposes, the results of the analysis are described just for the year I 
2015, wliich is the first full year that the FGD facilities on all four units are in service. 
The following table summarizes the results for operation with bituminous (CAPP) coal, 
wlich was specified as the basdine fuel for the economic comparison of the two 
alternatives technologies. 

Table 5-2 
Annual Plant-Wide O&M Costs for Yr. 2015 I 

! 

Worleyparsons 
JIXOJfCUE ft Wl’lCY 
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Although there are modest differences between the two technologies in most cost 
categories, the key result is the sigrufiwtly greater cost of lime for the dry FGD 
t e c h I o w  than the limestone for the wet FGD technology. This difference results in m 
annual O M  cost for dry FGD that is about twice that for wet FGD. 

I 
I 
1 

Comparable rcsults for PRB coal are presented in the following Table 5-3. Here, the 
incremental total O&M cost for dry FGD in comparison to wet FGD is less pronounced i 
but still significant. I 

i 
Table 5-3 I 

1 Annual Plant-Wide O&M Costs for Yr. 2015 

! 

5.3 Capital Costs 

See Appendix J for the basis of the capital cost estimates. See Appendix K for the capital 
cost estimates for both the wet and dry FCID systems. The associated major equipment 
lists for each technology are contained in Appendix L. 
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9 
4 Table 5-4 

Project Capital Cost Estimatc Summaries 

For application to the life cycle cost analysis, the total capital cost for each of the two 
alternatives was spread over the construction period to provide annual capital cost 
expenditures. The procedure was to first divide the project total into the sub-totals for 
units 0 through 4 (0 = common), and to then spread each unit sub-total into yearly 
expenditures; the distribution for these yr-by-yr spreads was based on WP'S expericnce 
with another 4-unit FGD project. For each unit, the yearly cash flows were distributed 
over the unit-specific project dates identified in the preliminary project schedule (Section 
6), and summarized in tlic followiug table. 

Table 5-5 
Key Project Construction Dates 

37 

Design and construction of both the wet and dry facilities were assumed to follow this 
same schcdulc. 

Worley Parsons 
m a w s  2 iw:k-$ 
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In addition to the accounting for the project engineering and construction costs, as 
described above, both alternatives were assessed costs for lost generation during the tiein 
outage for unit (using the daily costs listed in Table 3-1). Based on the constructability 
evaluation (Section 7.10), a tie-in outage duration of 2.5 weeks was used for each wet 
FGD unit, and 10 weeks far each dry FGD unit. 

5.4 Life Cycle Cost Results 

5.4.1 Baseline 

The complete buildup of year-by-year costs, over the period o f  evaluation, for the wet 
and dry FGD alternatives are contained in the spreadsheet printouts in Appendices H and 
I, respectively. The resulting net present value costs for the baseline CAPP coal are 
shown in the following table. 

Table 5-6 
Life Cycle Cost Results 

A CAPPCOal - 

For the baseline CAPP &el, the dry FGD facility is found to have a life cyclc cost about 
63 94 greater than the coinparable cost for a wet FGD system. The dry FGD technology 
is burdened by 25% higher capital costs, as well as 125% higher opaating costs 
(primarily due to linie purchase). This difference in opcrathg costs is the most 
significant differentiator. 

5.4.2 Parametric Comnarisons 

The results of the corresponding life cycle cost analysis for the two technologies with the 
alternate project coal, YRB, are listed inTable 5-7. 

! 
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Table 5-7 
Life Cycle Cost Results 

FGD Process Selection Study 
SC€R-l-LI-021-0001, Rw. B 

5 PRB Coal 

’3. 
‘5 
Ib 

In this case, the operating costs are much reduccd compared to the CAPP coal results, 
and subsequently the difference in life cycle costs is much less pronounced, but still 
results in a dry FGD levelized unit cost that is 43% greater than for the wct FGD. 

$7 The effcct of assessing costsibmefits for Sa allowances (as a method of compensating 
I t for differences in SO1 removal efficiencies between the different coalltechnology 
19 combinations) was quantified by calculating the baseline life cycle cost with this cost 
20 account deleted. The coniparison of this variation is shown in the following table, and 
2 1  demonstrates that the ef’fect is minor and that it does not have a significant impact on the 
22&comparison of the two technologies. 

. 

a3 Table 5-8 
zcl 
& CAPY Coal 

Life Cycle Cost Results -Without SO2 Allowances 

The impact of uncertainty in the project capital costs was quantified by running tho 
baseline life cycle analysis with the dry FGD capital costs varied by +/- 20%, while 
holding the wet FGD capital costs constant. The results are listed in Table 5-9. 

Worleyparsons 
R50IYCCI 2 rllctgy 

Table 5 -9 
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Life Cycle Cost Results - CaDital Cost Variation 

These results indicate that even a significant variation in capital cost does not change the 
primary conclusion that the wet FGD technolog has B significantly lower life cyck cost 
than the corresponding dry technology. 

6. hllLESTONE PROJECT SCHEDULISS 

The conceptual Projcct Milestone Schedules are ilhstrdtdted in Appendix M. One 
schedule is prepared for each ofthe following. . Wet FGD, Units 3 and 4 

Wet FGD, Units 1 and 2 
Dry E'tiD, Units 3 and 4 

m Dry FGD, Units 1 and 2 

The schedules illustrate the flow of prelimnary and dctailed engineering, procurement 
activities, and construction nctivjties for both the wet mid dry scrubbers. The dates for 
outages and in-service dates that were provided by Southem Company wcre followed and 
are determined to allow a realistic construction schedule. WorleyParsons has compared 
the Southem Company draft schcdule to our previous milestone schcdulcs and find that 
the dtuations provided are consistent with our previous experience. 

Gencrally, the level of effort for d a i g n ,  procurement and construction and nearly the 
same between the scope of the Wct and Dry FGD systems, so we have left the schedules 
very similar in overall duration. We have, however, reduced the overall construction 
schedde for Units 4 and 1 from 30 months 10 27 months but kept thc in-service dates for 
both the: wet nnd dry scrubbers. This is primarily duc to the frrst uruts carrying the 
responsibility of construction and preparing the Common equipment, such as the reagent 
unloading and prepantion systems, and the new chimneys for the Wet FGD systems. For 
these reasons, Units 4 and 1 should have a slightly shorter construction schedule than 
Units 3 and 2. 

Worley Parsons 
WVWICr5 k CIltlCy 
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7. 

7.1 

Note that all procurement activities for all four units will begin with the fmt unit. This 
will allow continuity of equipment and spares by purchasing all equipment at one time 
for the four units, The vender engineering and drawing reviews will be completed for all 
four units, but shipment will be scheduled as appropriate for each unit. 

The major diffaence in the schedules is the outage duration for the wet versus the dry 
FGD systems. Due to the demolition work of PJFF ductwork and the complexity of the 
construction plan, the dry FGD System outage will require a mini" of 10 weeks. Note 
that the complexity of the dry FGD Construction Plan could require the outage schedule 
to grow to 12 to 14 weeks. The duration will be determined after caret3 evaluation of 
construction activities and sequence in the preliminary and detailed Gngineerhgphases. 
The wet FGD system outage will only require 2 weeks, due to the relatively straight- 
forward nature of the construction plan. 

Note that the major complicating factor for the dry FGD system is the reconfiguration 
and removal of PJFF ductwork that was originally installed for Mercury Control. With 
the installation of the dry FGD system, the PJFF ductwork must now be re-configured to 
position the PJFF downstream of the dty FGD system to catch the spray dryer reaction 
products for disposal. For the Mercury Removal system, the PJFF was directly 
downstream of the ESP to allow the flyash to be collected in the ESP rather than 
contaminated by mercury solids in the PIFF. This maximizes the amount of 
uncontaminated flyash that Southern Company can collect and sell, However, the 
ductwork reconfiguration will be a significant effort. A majority of the previous 
ductwork will be removed prior to installation of the ductwork to all spray dryers. The 
construction area will be very congested and will be a major reason for the 10 week 
minimum outage duration, 

. 

ENGINEERING EVALUATION OF BALANCE-OF-PLANT ISSUES 

ID and Booster Fans 

Both the dry and the wet FGD facilities wit1 introduce substantial additional draft loss 
into the flue gas flow train, requiring upgrade of the static pressure (Sa) capability of the 
flue gas draft system. Only minor changcs, at most, to the gas flow rate will occur. 

The present set of4x25% centrifugal ID fans on each unit provide draft for the fie gas 
flow through the existing flow train, as depicted in the diagram SCHR-0-253-305 -001 
(Appcndix C). In the first phase of the up-coming AQC projects, Le., the mercury 
removal project, it is planned that these existing ID fans will be upgraded to give them 
sufficient additional head capabitity to provide draft for both AQC phases that will 
precede the FGD facility installation (the mercury removal facility and the selective 
catalytic reduction (SCR) facility), while maintaining draA for the existing flow train. 
This flow configuration is depicted in the d i n g "  SCHR-0-253-305 -003 (Appendix C). 

Both the wet and dry FGD facilities will tie in their supply ductwork at the discharge of 
the existing ID fans. Since an (approximate) null draft will exist at this point, it will be 
necessary to provide additional draft capability for the FGD flow train; it is planned that 
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3 .O 

12.0 

this requl.cmcnt will be met by addition of a pair of axial flow booster fans for each unit 
as part of the FGD installation scope. 

The functional flow arrangemeats for the boostex fans am shown in diagrams SCHR -0- 
253-305 -004 and -005 (Appendix C) forthe wet and dry technologies, respectively. The 
(assumed) null draft condition at the ID fans discbarge establishes the starting point for 
estimating the head capability of the boostex fans for the present study. 

Note: The flow/SP valueslisted in this section for the booster fans were deveIoped early 
in the study to serve as a basis for a vendor budgetary quotation. As such, there are 
modest differences in these values when compared to the corresponding values in the 
fmal process material balances (Appendices D & E). 

Total 

7.1.1 Wet FGD 

The booster fans for the wet FOD installation will operate in a configuration where the 
fans will have a slightly negative suction pnssure (resulting from the draft loss between 
the tiain point and the fan inlet), and discharge into a positive-pressure flow train 
through the Scrubber island, connecting ductwork and stack. 

The head requirements for the booster fans, operating to support this wet FGD 
configuration, were estimated as indicated in the following table. Here, the la 
component was estimated based on engineering experience, and the 2" component is 
specified in the Basic Design Basis document. 

15.0 

Table 7-1 
Drafi Loss for Booster Fans -Wet FGD 

The gas flow rate was estimated at 5,820,000 l b h  per fan, or 1,944,000 (A)CFM. The 
corresponding perfonnance requirements for the booster fans were specified as follows. 
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1,944,000 15.0 345 0.0499 
2,236,000 19.8 345 0.0499 

Table 7-2 
Booster Fan Performance Specifications - Wet FGD 

Brake hp (Test Block) 10,911 

A budgetary quotation from HowdcnEluffalo for the fans specified the following design 
parameters. 

Table 7-3 
Booster Fan Design Parameters -Wet FGD 

I ImDeller Diameter I 176.4" I 
720 rpm 

No. Stages / Blades 

12,000 hp 

I Brake hp (MCR) I 8,234 I 

The head requirements for the booster fans in the dry FGD facility were estimated as 
follows. 
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- 3.0 
10.0 

Table 7 4  
Draft Loss for Booster Fans -Dry FGD 

DD Fans to LSD’s Dkwk 
Lime Spray Dryers (LSD’s) 
Baghouses 

I BoilerMCR I 1,702,000 I 10.0 I 166 I 0.0574 I 
~~~~ I Test Block 1 1,957,000 13.2 I 166 I 0.0574 I 

A budgetary quotation for fans meeting these specifications was solicited h m  
HowdenBuffalo. Their response offered fans with the following characteristics. 

Table 1-6 
Booster Fan Design Pararneten -Dry FGI) 

I ImDeller Diameter I 196.9” I 
Speed 590 rpm 

No. Stages I Blades 

Motor Rating 6,500 hp 

[Brake hp (MCR) 1 4,716 

I Brake hp (Test Block) I 5,842 

Worleyparsons 
resources asargy 
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7.2 

7.2.1 

7.2.2 

III 

Pulse Jet Babric Filters 
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We! FGD 

An activated carbon injection systep and PJFF for mercury control will be installed 
upst” of the limestme wet FGD systern. In this configuration, there will be two (2) 
12ampartment PJFF’s installed on each unit. This quipment will be installed 
downstream of the existing ESPs which will stay in service.. With the ESPs in senice, the 
PJFFs will operate at higher air to cloth ratios in a T O X E C O P  arrangement. Under the 
Basic Design Basis criteria, these PJFFs will operate at 5.48 fpm (gross) and 5.98 fpm 
(net-2) at maximum conditions. These are typical air to cloth ratios for a TOXECOV 
installation. At higher air to cloth ratios, the PJFF bccoIIles very sensitive to the 
partidate loadings from flyash carryover and from the particle size of the activated 
carban. 

The design parameters are shown in column A in the table below. One (l), two(2)- 
cashg, 24-compartrnent, Size 2830 Model 315 VIP Pulse Jet Type Fabric Filter &om 
Whetlabrator (WAPC) will be supplied for each unit. 

Table 7-7 
Mercury Control PJFF Design Parameters 

PN FGD 
An activated carbon injection system for mercury control will be installed upstream of a 
lime dry FGD system. In this configuration, the PlFF is installed downstream of the dry 
FGD system. The design parameters are shown in column B in the Table 7-7, above. 
With the addition of the dry FGD in front of the PJFFs, everything changes. With the 
current PJFI; size, the air to cloth ratios would be 4.76 gross and 5.20 net-1. These are 
much too high for a dry FGD particulate removal application due to the high solids 

Worley Parsons 
r e m a  a enem 
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7.3 

7.3.1 

7.3.2 

loading generated by the DFGD. For conMptua1 design puyposes, we have assumed the 
addition of a Sth row of six (6) PJFF modules in parallel with the existing casingsfor 
each unit. These compartments would be the same size (840 bags) as the current WAPC 
design. Under these conditions, the modified PJFF system with the additional 6 
compartments will operate at air to cloth ratios of 3.92 fpm (gross) and 4.120 fpm (net-2). 
This configuration represents an acceptable design for a PJFF with dry FGD and 
activated carbon injection. 

Flyash Handling 

lxtLK32 

The wet FGD facility is configund so that it will have no direct impact on the 
existing flyash handling operation, or material handling from the baghouse 
hoppers in the up-coming mercury removal project. 

Following installation of a wet FGD facility, it is planned that the existing 
precipitators will remain in service, and that collection and sale of the flyash will 
continue. 

m 
The dry FGD facility is configured so that it will have no direct impact on the 
existing flyash handling operation. Folfowing installation of a dry FGD facility, 
it is planned that the existing precipitators will remain in service, and that 
collection and sale of the flyash will continue. 

However, the dry FGD facility will require modificatiodreplacmat of the 
pneumatic ash handling system that serves the hoppus of the baghouses 
installed for the (prior) mercwy removal project. Since the volume ofmatcrial 
handled, in changing from mercury removal to dry FGD service, will increase by 
at least an order of magnitude, it was assumed that the pneumatic handling 
system would be replaced 

"he baghouses, when functioning as components of the dry FGD facility, will 
collect a mixture of particulate composed of FGD byproduct waste 
(calcium/sulhr compounds), unreacted lime, reactedhnreacted carbon, inerts 
and (minor mounts of) fly ash. 

Refer to diagram SCHR-0-021-305-201 (Appendix E). The waste solids 
collected in the spray dryer and baghouse hoppers will be pneumatically 
conveyed to either the solids recycle silos (one per unit, located in the 
recycldelectrical buildings) or to the ash storage silos (one for Units 1&2, one 
for Units 3&4). This new ash handling system will include hopper feeders, two 
pressure blower skids, two ash storage silos, truck loading mixers and feeders 
(one set per silo), and the necessary piping and valves to transport the ash to the 
desired locations. 

Worley Parsons 
lcso1y:c~ a cflagy 
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Size: 
Moisture Content: 
Bulk Density Range: 
Bulk Density for Voluhetric Sizing of 
Conveyor Chutes, etc.: 
Bulk Density for Volumetric Sizing of 
silos: 
Bulk Density for Volumetric Sizing of 
Storage Piles: 

Angle of Repose: 
Bulk Density for Structural Design: 
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%” x 0 
10 %Max. 
80 - 120 1b/ft3 

Iwp 

85 1wft3 

95 ,b/A3 

120 1b/AJ 
3 8’ 

7.4 Bulk Material Handling 

7.4.1 Wet FGD 

The limestone handling system will accept delivuy of limestone primarily by rail. 
Limestone fiom the rail unloading hoppers will be transported to a storage pile formed by 
means of a radial stacker. The storage pile will be uncovered. Two hoppers with belt 
feeders in a tunnei below the limestone pile and associated conveyor system will gravity 
reclaim the limestone and transport it to two limestone silos. 

As shown 011 Southern Company’s own plant concept drawing for the wet FGD uption, a 
radial stacker is provided far the stacking of the limestone storage pile. On a similar 
project, WorleyParsons has used a fixed stacking conveyor with a telescopic chute for 
this type of application. Given the capacity of the storage pile needed, the fixed stacking 
conveyor with telescopic chute offm advantages over the radial stacker. These include 
less capital, operating and maintenance costs. This issue can be discussed further in Phase 
I - Preliminary Engineering of the project. 

Given the 30 day storage capacity of the storage pile, no equipment redundancy has been 
provided for the flow path from railcar unloading to storage pile. While the reliability of‘ 
this equipment is high, any downtime must be minimized so BS not delay the unloading of 
railcars and cause any possible demurrage. 

One belt feeder, conveyor and radial stacker will be used to unload limestone raicars and 
transport the limestone to the top of the storage pile. Two belt feeders, each supplying 
one of two redundant reclaim conveyors that convey limestone to the top of the silos, will 
be provided. A dust suppression system will be provided at the unloading hoppers. Dust 
collectors will bc provided to serve the two silos. 

Table 7-8 
Limestone Materid Handling Design Parameters 

. 

Design Basis: I 1.5 % sulfur coal (Appalachian) at 100% plant 

Worleyparsons 
f c y w C e s  B UXrKy 
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plus extension [live and dead storage) for 30 
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60,000 tons 

I load (4 Units operating) 
Hourly Requirement: I81.8tonsny 
Daily Requirement: 1 l,962& todday 

Limestone Belt Feeder #1 and Limestone I , LL I 
&,&VU 1pu Conveyor #2 Capacity: 

Radial Stacker I Slewing, variable height style; 2200 tph 

Shape: 
Stacking Method I Radial Stacker 

I Kidney Shaped with extension 

I Capacity: 
(Total requirement of kidney shaped pile 
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se of mobile unloading 

I 

Dust and Eniission Cdri 

7.4.2 PrvFGD 

The lime handling system will accept delivery of pebble lime primarily by rail from 
covered railcars. Lime from the two rail unloading hoppers will be transported by belt 
feeder and belt conveyor directly to six concrete silos. The lime will be distriiuted among 
the silos by a horizontal belt conveyor and traveling tripper atop the silos. Dust collectors 
will be provided to serve the six silos. 

Giv& the 30 day storage capacity of the storage silos, no equipment redundancy has h e n  
provided for the flow path from railcar unloading to storage silo. While the reliability of 
this equipment is high, any downtime must be minimized so as not delay the unloading of 
railcars and cause any possible demurrage. 

A conventional sloped belt conveyor is provided from the railcar unloading to the top of 
the storage silos. Based on this estimated height of the storage silos, this conveyor 
elevates the lime over 265 A. fiom underground feeder discharge to the top of the silos. A 
potential savings may be realized based on the use of a High Angle Conveyor (HAC) in 
place of this conventional belt conveyor. This issue can be discussed further in Phase I - 
Preliminary Enginecring of the project. 
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c 
Type. Pebble 
Size: %'I x 0 
Bulk Density Range: 
Bulk Density for Volumetric Sizing of 
Conveyor Chutes, etc.: 
Bulk Density for VoIumetric Sizing of 
Silos: 
Bulk Density for Structural Design: 
Angle of Repose: 38' 

50 - 70 lb/ft' 
5o 1wfi3 

6o lwd 
70 Wft' 
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1.5 % sum coal (Appalachian) at 100% plant 
load (4 units operating) Design Basis: 

Hourly Rcquirement: 83.7 tons/hr 
Daily Requirement: 2,00% toridday 

Table 7-9 
Lime Material Handling Design Parameters 

i 

Approximate Maximum Weekly Delivery 
Requirement: 

Train Sizes (Estimated): 

Rail Car Capacity: 
Weekly Rail Car Unloading Requirement: 
Rail Car Maximum Length 

14,060 tons 

120 car unit trains; will split into 30 car units for 
unloading 
100 tons 
141 cars (approximate) 

Coverd. bottom dumn cars with multide 
42' - 0" C. to C. 

Rail Car Type: discharge doors, m a n h y  operated &m one or 
both sides of car 

Unloading Pit Length: 
Minimum Hopper Capacity: 
Maximum (Design) Unloading Capacity: 

Lime Belt Feeder #1 and Lime Conveyor #2 1 2,200 tph 

One rail car length 
125 tons (125% of one rail car) 
20 c& 

Worley Parsons 
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Quantity: - 

Capacity: 

20 7.5 

3.1 7.5.1 

Six (6) 
10,000 ton each for a total of 60,000 tons - 
Approx. 30 days storage 

._ 

Dust collection systcm at hoppers and feeder 
Unloading Pit: A : . . , . L m ~  1 

Lime Siios Desigr! Basis- 

Unloading Pit: 

Silo Loading: 

Dust collection systcm at hoppers and feeder 
discharge 
One dust collector at top of each silo 
Outdoor sections of conveyors have continuous 

Silo Loading: 

Conveyors: 

U I D ~ L I U I  tjG 

One dust collector at top of each silo 
Outdoor sections of conveyors have continuous 
hond covers 

Wastewater Treatment 

Wet FGD 

The wet FGD process is configured such that slurry bleed from the absorbers is pumped 
to a (new) settling pond where separation ofthe solid material (gypsum) from the water 
OCCLM. The water that is reclaimed from this process is recycled back into the scrubbing 
process. 

This water recycle configuration concentrates dissolved solids, notably chlorides and 
hmvy metals, in the process water streams. The prelimary FGD watcr balance for the 
CMP coal indicates that it will be necessary to blow down a portion (- 8%) of the 
recycle water to maintain the chloride concentration within the dcsign valuc of 20,000 
PPmw. 

Tbe estimate of blow-down quantity from the four units is on the order of 100 gpni 
(- 0.15 Mgd); this liquid is characterized as a flow containing high chloride and heavy 
inctals concenlrations. Discharge ofthis flow to one of the ponds or basins on site could 
require a revision of "DES Demit to include new monitoring requirements and/or 

33  
- -  :> effluent limits, deperiding on ;he quality and volume of the discharge and any additional 

+ wastewater treatment systems the plant may install. 

37 It is recommendcd that a compreliensive and thorough evaluatioii of the need for 
58 treatment of this blowdown be conducted. 

33 In the present study, no costs were included for wastewater trcatmcnt from the wet FGD * facility. If a wastewater treatment facility were required, based on rccent WorleyPorsons 
I project experience the costs would likely be in the range of - 
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2 I 

7.5.2 DrvFGD 

Installation of a dry FGD facility will not require a wastewater treatment facility. 
However, it will be necessary to dispose of an estimated 25-30K gpd of sump discharge 
water (due to washdowns), It is assumed that sump discharge water can be disposed of 
in the ash pond, but may require a revision to the NPDES pennit. 

Waste water generated by the proposed dry FGD facility is expected to amount to about 
10-15K gpd in the lime slaking and recycle operations due to periodic washdowns. 
Waste water that would be generated during periodic washdowns at the ash storage silos 
is expected to be about another 15K EXI. Waste water would be collected in the floor 
sumps located in the various process areas, and discharged to the ash pond or other on- 
site wastewater basin 

7.6 FGD By-bOduct Stomge/Disposal 

7.6.1 Wet FGD 

' h e  by-product resulting fmm the wet LSFO process is primarily gypsum (CaS04-2H20), 
with minor components consisting of inerts, unreacted limestone and flyash. 

Table 7-1 0 
FGD By-product Characteristics - Limestone Forced Oxidation 

CAPP coal 

Production (4 Units) I 149.7 (drybasis) I 

CaS04-2H20 I 81 I 
Moisture 

CaSOj-J/2H20 

I Alkali herts I 13 I 
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ind. above 

i d .  above 

incl. above 

incl. above 

3 

either reclaiming the gypsum some time in the future for commercial sale, or ultimately 
closing the stack as a permanent land fill. 

Moisture 

7.6.2 DrvFGD 

The by-product produced by the dry LSD process consists of reaction products, excess 
hydrated lime, inerts, flyash, and moisture. The reaction products an: calcium sulfite, 
gypsum, and calcium chloride. Based on using a lime reagent with 90% activity (CaO), 
the byproduct production rate and composition are as listed in the following table. 

2 

Table 7-1 1 
FGD By-product Characteristics -Lime Spray Drying 

' CAPP Coal 

At present, thcrc are only very limited commercial uses for this dry FGD by-product 
material. In almost all instances, the byproduct material from operating LSD facilities is 
disposed of in a landfill. 'In the present study, it is assumed that the materia1 will be 
hauled to a new on-site landfill, as described in Section 7.9.2. 

7.7 Control System 

Plant Scherer requires an expansion, for each unit, of the existing Foxboro 1A Series 
Distributed Control System @CS) for control of the new flue gas desulfurization (FGD) 
system. The expansion of the existing Foxboro 1A Series DCS will allow connection of 
the new controls for the FGD system. 

Worleyparsons 
RSOUCQS 1 energy 
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The new DCS equipment must meet guidelines in response to the requitements of the 
North America Energy Reliability Council (NERC). Due to the criticality of the DCS to 
Unit Operation, means of digital and physical security will need to be provided. The use 
of wireless devices will not be permitted. 

The design requirement is to expand the DCS for control of the new FGD system 
equipment. The existing DCS equipment will be retained and new FGD DCS equipment 
controls will be provided as a separate no& on the existing data highway. 

All control and monitoring functions for equipment and control devi& associated with 
either the wet ar dry FGD system will be controlled by the DCS. Selected equipment may 
be locally controlled. The limestone handling equipment and reagent preparation or dry 
FGD baghouses will each be controlled by a stand-alone Programmable Logic Controller 
(PLC). All interface signals required between the PLC's and the DCS will be hardwired. 

7.8 

7.8.1 

All control and monitoring functions will be available from the main control mom 
utilizing the existing operator work stations. No new operator work stations are required 
for the expansion. Signals required for interface between the expand4 FGD DCS and the 
existing plant DCS will bc hardwired. It is a m m d  that my ncw control cabinets will be 
located in the FGD electrical equipment buildings. 

New graphics will be configured for the FGD equipment using the current plant 
convention for symbols, colors and initiating operation of equipmmVdevices. This 
approach will ensure common presentation of plant displays throughout the control 
system. The new graphics will provide all the functionality of the existing graphic design. 

There are no control issues specific to either the wet 01 dry technology. It is 
recommended that the control logic for the booster fans be added to the existing 
Combustion Control process. The ID Fan logic should m a i n  as is; however, the booster 
fan control and Main Fuel Trip (MFT) scenarios should be investigated in more detail, 

Electrical Distribution 

Wet FGD 

The wet FGD system for Unit I will be fed from a 50/66/83 MVA, three winding 
transformer tapped off the generator IS0 phase bus. Set drawing SCHR-0-SK-625-206- 
001 (Appendix N). Each winding will feed a 13.8 KV switchgear. The 13.8 KV 
switchgear will provide power to the 12,000 hp booster fans. Another feed will supply 
power to a 13/17/25 MVA, two winding transformer for the FGD electrical distribution 
system. 

The FGD electrical distribution system will use 4.16 KV switchgear as the source of 
power for large and medium voltage motors and the unit substations. The unit 
substations are the source of power for the motor control centers and the larger low 
voltage motors. The motor control centers supply power to the smaller low voltage 
motors, lighting, and other miscellaneous loads. 

This same arrangement will be used for Unit 2. 

Worleyparsons 
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Start-up power for the FGD facilities and booster fans, for both Units 1 62 2, will come 
fiom the 115 KV switchyard. The 115 KV supply will be transformed to 13.8 KV 
through a three winding transformer rated 50/66/83 MVA. Each of the 13.8 KV 
windings will supply one of the 13.8 KV switchgear in Units 1 & 2. 

Units 3 & 4 will have an electrical distribution arrangement similar to Units 1 a 2. 
7.8.2 

7.8.3 

7.9 

7.9.1 

Drv FGD 

The electrical distribution for the dry FGD facility is similar to that for the wet FGD 
facility. The primary source is from a three winding transformer rated 30/40/50 MVA. 
See drawing SCHR-0-SK-625-206402 (Appendix N). Each winding supplies a 6.9 KV 
switchgear. This switchgear supplies power to the 6500 hp booster fans and, unlike the 
wet system, the medium voltage motor and unit substations are fed from this switchgear. 

The remainder of the electrical distribution is similar to the wet system. Like the wet 
system, start-up power will come from the 115 KV switchgear through a three winding 
transformer. The transformer will be rated 30/40/50 MVA. As in the wet system, each 
winding will supply a 6.9 KV switchgear in Units 1 & 2. 

Units 3 & 4 will have an electrical distribution arrangement similar to Units 1 & 2. 

General 

It is noted that confmatory studies on these conceptual arrangements are needed to 
assure booster fan starting ability which will finalize transformcr size rating, voltage level 
and transformer impedance. Along with motor starting, short circuit withstand must be 
investigated. These studies will be conducted when hither data is available and 
preliminary design is underway. 

Civil 

Wet FGD 

Gypsum sluny will be pumped to a proposed settling pond for storage or final disposal. 
The decanted water will be returned to the FGD process for reuse, The pond will be 
located east of the existing ash pond and will be formed by constructing an earthen 
embankment dam in a natural valley (see dwg. No. SCI-IR-O-I11-002-101, App. F). The 
pond and its related facilities will cover approximately 185 acres. The area at the pond 
water line will be approximately 150 acres. The storage volume required for a 20-year 
life is approximately 12,000 to 14,000 acre-feet of gypsum. 

The pond will have a maximum depth of about 60 feet and when the pond storage 
capacity is reached, the gypsum will be “stacked” on the previously deposited gypsum by 
a drag line excavator, as described in the EPRI report No. TR-I 04731. The drag line will 
construct a new pond embankment with gypsum. When the embankment is completed, 
the gypsum sluice discharge pipes will be relocated to the newly formcd, elevated pond. 
Additional stacking operations will be used to accommodate thc total gypsum volume. It 
has been assumed that the pond will rcquire a liner to prevent infiltration of contaminants 

Worleyparsons 
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into the m u n d i n g  soil. A single layer of geosynthetic clay liner (GCL} was uscd for 
the cost estimate. Closure of the pondlstack was not included. Final closure, if 
implemented, may require a liner “cap” over the gypsum. 

7.9.2 

7.10 

7.10.1 

DN FGD 

The dry FGD by-product will be trucked to a pmposed landfill site for finai disposal. 
The landfill will be located east of the existing ash pond and will be formed by the 
valleyfill method in a natural valley (see dwg. No. SCHR-0-111-002-201, App. G). The 
solid waste material will be placed, spread and compacted with earthmoving equipment. 
The landfiil and its related facilities will cover approximately 185 acres. The area at the 
waste material limits will be approximately 150 acres. The storage volume required for a 
20-year life is approximately 12,000 to 14,000 acrefeet. 

The landfill will have an average final depth of about 80 to 95 feet when the storage 
capacity is reached. It has been assumed that the landfill will require a liner to prevent 
infiltration of contaminants into the surrounding soil. A single layer of geospthetic clay 
lincr (GCI,) was used for the cost estimate, Closure of the landfill was not included. 
Final closurc may require a liner ‘%ap” over the waste material. 

Constructability Evaluation 

Wet FGD 

Units 3 & 4 

The wet FGD facility layout for these two units allows for sufficient construction access 
to both units, With the current pipe bridge location, the ideal layout for construction 
would be to place the Unit 3 scrubber island to the east. This would eliminate working 
around live utilities during construction of Unit 4 and create a safer working 
environment. The electrical building placement is critical to keep wire runs short, and at 
the same time not interfere with access to the construction site. The stack erection would 
be critical path due to an exclusion zone required to erect the stack prior to beginning 
scrubber island erection. If the schedule is critical and a 50’ exclusion zone could be 
agreed upon with the stack erector, the scrubber islands could be arranged outside of this 
zone. This anangement would allow for concurrent installation, but would increase the 
cost of the fiberglass duct ffom the scrubber outlet to the stack. The liner installation 
could continue concurrently with the scrubber island erection; for safety reasomboth 
liners should be installed before operation of the first unit. Most if not all of this 
ductwork could be modularized or ground fabricated which would reduce cost and 
schedule. The PJF’F ductwork for these units (associated with the mercury control 
project) will remain permanent and should not interfere with construction or the FGD tie- 
in outage activities. The tiein outage for each of these units would consist of a single 
point tie-in with an approximate duration of two to three weeks. These outages could be 
kept to a minimum if the FGD bypass dampers could be installed during outages 
associated with the earlier AQC projects. 

Worleyparsons 
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Units 1 cfi 2 

The we! FGD fdcility layout for Units 1 & 2 offers considerably better access for crane 
and equipment than the dry FGD layout. The equipment is spread out and it is not 
entirely confined within the area bounded by the existing coal conveyors. The sequence 
of installation would still be critical but would be easier than for the dry FGD layout. 
The new stack would again be critical path for Units 1 & 2 due to the exchsion zone 
required during stack erection. As with Units 3 & 4, most of the ductwork could be 
modularized or ground fabricated. Unit 1 ductwork and booster fan installation will be 
man difficult due to limited access a& Unit 2 is o p t i n g .  The pipe bridge location 
and elevation is critical such that it does not block access for cranes and equipment to 
canstruct Unit 1. The permanent PJFF ductwork will not significantly interfere with 

, installation of the booster fsns or ductwork The PJFF ductwork (for mercury removal) 
for these units will be considerably shorter than for Units 3 & 4, and again, remain 
permanent and should not interfere with c o n s t ”  or FGD tie-in outage activities. The 
tie-in outage duration for these units would be shilar to Units 3 & 4, approximately two 
to three weeks each. 

7.10.2 PrvFGD 

Units 3 & 4 

The majority of the dry FGD facility for Units 3 & 4 will be located north of the Unit 4 
coal conveyor.’ This will ease the installation for Unit 3 by allowing greater accessibility 
f o r m e s  and equipment. The majority of the Unit 3 supply duct and retum duct to the 
existing stack could be modularized or ground fabricated modules, only limited by 
transporting them to the ercction site and crane selection. Per the study layout, all of Unit 
4 equipment is ”inside” the construction a m ,  which will limit access and productivity for 
this unit. The pipe bridge, depending on its location and elevation, and the temporary 
ductwork from the PJFF’s may cut off access and ability to install large ductwork 
modules for Unit 4. The duration of a final outage for this system could be quite 
substantial depending on the location of the temporary ductwork and how much of it 
would need to be removed during the outage. Other outage activities would include 
coating the existing stack liners, coating the inlet ductS;tiein of the new PJFF 
exlensions, tiein new ductwork to the PJFF inlet and outlet, and tie-in duct to the damper 
at the stack. Additional detailing is required to determine accurate outage durations, but 
anywhere h m  10 to 14 weeks is highly possible. 

Units I & 2 

The entire dry FGD facility for Units 1 h 2 will be confined between existing coal 
conveyors. Construction of these units will be very challenging for a variety of reasons. 
The sequence of construction will be very critical due to the limited space and 
accessibility to the erection site for cranes and equipment. The ductwork will require 
long radius picks which will limit the size of ground fabricated duct modules, require 
larger cranes and increase field erection labor. It should be considered to make the tie-ins 
and install dampers, including some of the ductwork, during an earlier outage while there 
is greater access to the area. Appropriate measures must be taken to ensure the safety of 
all personnel and equipment if this is done. The PJFF is located where it makes sense for 
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the final layout, but will require extensive ‘‘temporary ductwork” that not only increases 
cost to install and then remove, but also significantly adds to the congestion and safely 
during construction. The study arrangement of the dry scrubbas, duct work, PsFF’s and 
booster fans aligns well with starting Unit 2 first, One of the difficulties will be the 
installation of the Unit 1 booster fans while Unit 2 is running, unless they could be 
installed and protected at the same time as Unit 2. The Unit 1 ductwork and m b b m  
could be installed in sequence to back out of the comer, although this would add 
coordination and cost to the project. The same situatiun as Units 3 & 4 would apply for 
coating the stack liners, PJFF location and the substantial amount of “temporary“ 
ductwork that would add to cost, congestion and outage duration. The outage activities 
would be the m e  as Units 3 & 4 and would require additional detailing to determine 
accurate outage durations. 

RECOMMENDATION 

The present study evaluated FGD operation with both a CAPP coal (firtun, FGD design 
coal) and a PRB coal (present operating coal). Based on a comparison of the net present 
value of the life-cycle costs of the two FGD technologies, tlic LSFO or wet system has a 
loww life-cycle cost than the dry or LSD system for both coals. 

Therefore it is recommended that Southem Company proceed with the installation of a 
wet system to meet the SO2 mission targets for Plant Scherer. 
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APPENDIX D 

CONCEPTUAL PROCESS DESIGN -WET FGD 

Limcstonc Iiandling Flow Diagram 

FGD Process Flow Diagram (2 shts) 
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CONCEPTUAL PROCESS DESIGN -DRY FGD 

- Lime Handling How Diagram 
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MATERIAL BAIANCE - DRY FGD PROCESS wl CAPP COAL 
Scherer WeUDry FGD Study 
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MATERIAL BALANCE - DRY FGD PROCESS Wl PRB COAL 
Scherer WeUDry FGD Study 
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Estimate Basis 
Southern Company - Plant Scherer (4x900 MW) 

Wet vs. Dry FGD Study 

Introduction 

WorleyParsons has been requested by Southern Company to prepare 
conceptual cost estimates to evaluate wet and dry flue gas de-sulfurization 
(FGD) technologies at Plant Scherer near Juliette, GA. 

The estimates provide conceptual costs for engineering, procurement, and 
construction for the project. The estimates are based on brief descriptions and 
general arrangements. The estimate accuracy Is - 25%/+35%. The pricing is 
based on the WorleyParsons pricing database and supplemented with quotes. 
The estimates were developed to evaluate the costs and benefits of the two 
technologies and are not intended to represent the complete project cost. A 
detailed cost estimate of the total scope must be prepared to establish costs 
suitable for budgeting. 

Scope of Work 

The wet FGD estimate is based on using the Advatech FGD technology. The 
scope includes new chimneys, new booster ID fans, ductwork, wet FGD 
absorbers, new rail spurs, limestone unloading system, limestone handling 
system, limestone preparation system, field-erected tanks, gypsum disposal 
pond, additional DCS, start-up transformers, unit auxiliary transformers, 
foundations, sitework, utility piping, and bulk electrical, Engineered buildings are 
included for the limestone preparation system, and the electrical/control 
equipment. 

The dry FGD estimate is based on current spray dryer absorber technology. The 
scope includes re-using the existing chimneys, new booster ID fans, ductwork, 
spray dry absorbers, fabric filter (baghouse) addition, new rail spurs, lime 
unloading system, lime storage and handling system, lime slaking system, SDA 
solids recycle system, field erected tanks, disposal solids handling system, 
disposal solids silo, gypsum landfill, additional DCS, start-up transformers, unit 
auxiliary transformers, foundations, sitework, utility piping, and bulk electrical. An 
engineered building is included for the SDA solids recycle system and electrical 
equipment. The lime slaking system is located under the lime storage silos. 

General Basis 

The mercury removal project will install fabric filters for removal of the 
particulate associated with the injection of activated carbon. As discussed in 
Section 7.2, these components would have to be upgraded with additional 

11/21/2006 
Estimate basis - Plant Scherer 11 1706.doc 
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Estimate Basis 
Southern Company - Plant Scherer (4x900 MW) 

Wet vs. Dry FGD Study 

compartments for use in a dry FGD system. The cost for the additional bank 
of fabric filters is included in this study. 
Water treatment facilities are excluded. 
Gypsum dewatering facilities are excluded. 
Construction is based on multiple contracts with only one tier of overhead and 
profit. 
Crew rates are based on merit shop wage rates for Georgia. The crew rates 
include fringes, taxes, contractor indirect costs, and fee. 
The construction is based on 50-hour workweeks. 
Removal of hazardous materials or site remediation is excluded. 
Aboveground and underground demolition and relocation allowances are 
included. 
All costs in the estimate are expressed in 4th Quarter 2006 dollars. 
Escalation is excluded. 
All taxes are excluded. 
BOP Engineering is included as an allowance. 
Construction management and start-up are by the Owner. 
General contingency of 15% is included. 
Owners' costs are excluded. 
Contractor's overhead and profit are included. 
Additional contractor's fees to cover risks typically associated on an EPC 
contract are excluded. 

Budqetarv Quotes Received 

Wet FGD 
FGD island (fumish & erect) 
Booster ID fans and motors 
CEMS 
DCS addition 
Limestone preparation system 

Dry FGD 
SDA (fumish only) 
Booster ID fans and motors 
CEMS 
DCS addition 
Lime slaking system 
Lime storage silos 

a Lime unloading & conveying system 

1 If2112006 
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Disposal solids silo and handling system 
Stack & duct lining 

? 
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Plant Scherer 
Dry FGD Major Equipment List 

System Equlpment Name Total Qty Slzlng Criteria size 

1. Lime HandllG Rail Spur 3 Mlnimum of one unlt train reagent dellvery - 
Railcar Receiving Hopper - below grade 2 2200TPHcapaciIy 

Silo Conveyor on top of sllos 1 2200 TPH capacity 
Traveling Trlpper on top of Sllos 1 2200 TPH capacity 

1 2200 TPH capacily 7T BW. 24-120 FPM. 37' long --- Bell Feeder 
~todtwt  Conveyor I 2200 TPH capacity W BW. 500 FPM, 860' long 

_- __ -- 
-- - - - --- - ______ 

60' 0W. 500 FPM. 360' long 
~ - -- ___ I ___ ___ . . 

Motor HP 

NIA 
NfA 
60 
700 
100 
t 0  

1 O f 3  
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FGD Proccss Selection Study 
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. APPENDIX N 

ELECTRICAL SINGLE-LINE DIAGRAMS 
(Typical - Units 1 & 2) 

WET & DRY 

SCHR-0-SK-625-206-00 1 
SCHR-O-SK-625-206-002 
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Q. 
What entities were solicited and what entities responded to RFPs with bids for each 
CAIWCAMR project valued at over $1 Million? 

A. 
For the reburn and low NOx bumer projects, four entities (G.E., B&W, Ansaldo, and 
Mobotec) were requested to provide proposals for the 400 MW units and two entities (G.E. 
and Mobotec) provided proposals. For the Putnam water injection project, the combustion 
turbine OEM Siemens provided a Customer Informational Letter outlining the modifications 
necessary and estimated costs. Siemens was considered the only viable source for supplying 
the parts and services for the Putnam Units due to the complexity of implementing a 
modification such as water injection on a gas turbine. 

FPL did not issue any RFPs for CAIR/CAMR projects Related to St. Johns River Power Park 
(SJRPP) or Scherer Unit 4. FPL is a non-operating partial owner of SJRPP and Scherer Unit 
4. Services are procured for SJRPP by JEA on their own behalf and as agent for FPL. 
Equipment and services are procured for Plant Scherer by Georgia Power Company/Southem 
Company on their behalf and as agent for the six other co-owners. 
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Q. 
Provide a financial analysis comparing the retrofit of FPL’s Scherer 4 as proposed by 
FPL with replacement generation based on a natural gas combined cycle unit, 
considering base, high, and low fuel price sensitivities. Consider the most cost effective 
approach available to FPL regarding the physical location of the combined cycle unit. 

A. 
FPL has ownership and contractual commitments to pay its share of the capital and operating 
costs of Scherer 4, which FPL must pay regardless of how much energy output FPL takes 
from Scherer 4. Thus, FPL would not avoid having to pay its share of Scherer 4 costs, other 
than its portion of variable costs, if it decided to build an additional combined cycle unit and 
took power from that unit instead of Scherer 4. While FPL has not performed a formal 
economic analysis of that altemative, considering that the energy costs for combined cycle 
generation are significantly greater than the energy costs of Scherer 4, FPL strongly doubts 
that one could economically justify the costs of building and operating a combined cycle unit 
with just the avoided Scherer 4 variable costs. 
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Q. 
Provide a financial analysis comparing the retrofit of FPL's Scherer 4 as proposed 
by FPL with replacement generation based on a natural gas combined cycle unit (s), 
considering base, high, and low future carbon capturehequestration requirements 
sensitivities. Consider the most cost effective approach available to FPL regarding 
the physical location of the combined cycle unit. 

A. 
FPL believes that it is inappropriate to evaluate the replacement of FPL's ownership share 
of Scherer Unit 4 with gas fired combined cycle technology as described in the response 
to interrogatory question 38. 
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Q. 
What are the FGD technologies proposed for the Scherer Units 1 through 4, the 
proposed installation dates, and the relative costs of the units? What synergies and cost 
savings, if any, are planned in the design, procurement, and installation of Scherer 
Units 1 through 4 by a single vendor or group of vendors working together? 

A. 
The proposed FGD technology for Scherer Units 1 through 4 is the Advatech Wet FGD (Wet 
Scrubber). 

Current required operation dates of the flue gas desulfurization and total cost estimates (as of 
08/10/2007) are as follows: 

Unit 1 
Unit 2 
Unit 3 
Unit 4 

Operational Prior to 12/31/2014 
Operational Prior to 12/31/2013 
Operational Prior to 12/3 1/2011 
Operational Prior to 12/31/2012 

FPL's share of the cost of the Unit 4 FGD upgrade is- 

Georgia Power Company acting as Operating Agent per contractual agreement has selected 
the Advatech Wet Scrubber with the goal of completing the detail design for all four Scherer 
units within 18 months and commit to equipment procurement for all units for better pricing 
and lower risk. 

Southem Company, parent to Georgia Power Company, has a bulk procurement program to 
leverage price and other contractual concessions based on the volume of materials purchased 
for the fleet of environmental projects being executed within their system. 

Georgia Power Company is developing a construction bid package strategy that will utilize 
contractor cost in the most efficient manner. An example is to bid piling / caisson installation 
packages for SCR and FGD for all four Scherer units. 

In every phase of the project Georgia Power Company has committed to look for ways to 
improve efficiencies. 
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Q. 
Show how the aggregate emissions of FPL, both with and without the planned 
controls, compare to FPL’s expected annual emission allowances. 

A. 
Attachment I shows the system total emissions, before and after the planned controls. 



Total System Emissions with and without planned controls 

so2 
System 

Emissions 

I Base Assumptions 1 

NOx Hg 
System System 

Emissions Emissions 

(1) (2) (3) 

-27,516 
-28,628 
-27,741 
-27,374 
-27,446 

I With Controls I 

-11,111 -0.13 
-1 1,086 -0.13 
-11,466 -0.13 
-1 1,34 1 -0.13 
-1 1,087 -0.13 

Florida Power & Light Company 
Docket No. 070007-El 
Staff's Third Set of Interrogatories 
Interrogatory No. 41 
Attachment I, Page 1 of 1 

I incremental System Emissions 1 

=(4) - ( 1) ~ ( 5 )  - (2) =(6) - (3) 
NOx I 

-0.13 
-25,716 I -10,732 I -0.13 

-26,100 I -10,893 I -0.13 
-26.290 I -10.491 I -0.13 

1 -26,058 I -10,743 I -0.13 I 

Note: The values above are based on FPL's syfem capability; ie.,FPL units and purchases. 

Controls: 
SJRPP Unit 1 and 2: -SCR with ammonia injection 

Scherer 4: -Wet FGD Scrubber 
-Mercury CEMS 

-SCR with ammonia injection 
-Fabric filter baghouse & mercury sorbant injection 
-Mercury CEMS 

-800 MW cycling project 
Manatee Unit 1 and 2; Martin Unit 1 and 2: 
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Q. 
Provide FPL's comparison of the ECRC cost of implementing the originally-planned 
reburn and low NOx burner projects at Cape Canaveral, Port Everglades, Turkey 
Point, and Putnam plants, plus required NOx allowance costs, to the cost of installation 
of the proposed 800 MW cycling project, plus required NOx allowance costs. 

A. 
FPL has not compared the costs of implementing the rebum and low NOx bumer projects to 
the costs of 800 MW cycling projects. The 800 MW project, in addition to substantial 
emission savings, produces large fuel savings which makes it more cost-effective than any 
other project under consideration for FPL's CAIR  compliance strategy. In FPL's strategy, the 
gas rebum and low NOx burner projects were considered to be additional or complimentary 
projects to the 800 MW cycling project. 
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Q. 
Who provided the detailed information contained in Exhibit RRL-5 of Witness 
LaBauve's direct testimony of August 3,2007? 

A. 
APTECH, an engineering firm, was contracted by FPL to provide the detailed information. 
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Q. 
What method(s) is FPL using to solicit vendors for the design, procurement, and 
construction of the 800 MW Unit Cycling Project in the most cost effective way? 

A. 
FPL is utilizing the normal, established company procurement process. This provides 
controls, access to favorable FPL rates with vendors and takes advantage of economy of 
scale where applicable. Work on the first unit will begin in 2008. Bids have been 
received for the finishing superheater tube (FSH) replacements and a review is in 
progress. Specifications for the heat recovery area (HRA) drains have been developed 
and are being reviewed by FPL engineering personnel. 
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Q. 
How might future carbon capture requirements impact the full implementation of 
the 800 MW Unit Cycling Project, as referenced on Page 11 of Witness LaBauve's 
August 3,2007 direct testimony? 

A. 
The 800 MW Unit Cycling Project is anticipated to produce both reductions in NOx 
emissions and associated reductions in fuel use. Reductions in he1 use will produce 
related reductions in emission of CO2. Prior to the availability of commercially available 
cost-effective carbon capture equipment for fossil steam generating units, FPL is unaware 
of any effects, either positive or negative, of the individual projects being performed as 
part of the 800 MW Unit Cycling Project on the ability to add future carbon capture 
equipment. 
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Q. 
What impact is the proposed 800 MW unit cycling project expected to have on fuel 
costs for each generating unit? 

A. 
It is important to note that in deciding whether the cycling project is economic, the relevant 
fuel costs are the system costs, not the fuel costs of the individual 800 MW units. Attachment 
I, shows the system fuel costs, before and after the cycling projects. 
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System Production Cost Difference Due to Economically Cycling of the 800 MW Units 

- YEA1 
2007 
2008 
2009 
2010 
201 1 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
202 1 

2022 
2023 
2024 
2025 

Base Case Change Case 
with economically cycling without economically cycling 

800 MW units 800 MW units 
Cost (%M) Cost ($M) 

5,246 5,246 
5,569 5,569 
5,105 5,202 
5,168 5,230 
4,986 5,054 
5,330 5,433 
5,614 5,704 
5,825 5,933 
6,357 6,454 
7,078 7,192 
7,715 7,838 
8,126 8,276 
8,707 8,845 
9,105 9,280 
9,448 9,634 
9,974 10,181 
10,497 10,748 
11,191 11,443 
1 1,989 12,265 

=(i)l(l)  
System 
FUEL 

SAVINGS 

0 
0 
97 
62 
68 
103 
90 
108 
98 
1 I4 
123 
151 
139 
175 
I86 
207 
25 1 
252 
276 

0 
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Q. 
Provide the updated annual price projections for S02,  NOx, and mercury allowances. 
Compare to the cost of CAIWCAMR compliance for each unit by year under FPL’s 
most recent CAIWCAMR plan. 

A. 
The annual price projections for S02, NOx, and mercury are shown in Attachment I. 

FPL has compared the costs of its CAWCAMR strategy versus a strategy where FPL relies 
only in the purchase of allowances. This is done at the system level, not at the unit level, as 
FPL believes that the proper comparison is at the system level. This system-level comparison 
is provided in Attachment II. 
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Year 
2008 

Nominal $/Ton 

NOx so2 Hg 
$/Ton $/Ton $/Ton 

0 972 0 
2009 
201 0 
201 1 
2012 
201 3 
201 4 
201 5 
201 6 
201 7 
201 8 
201 9 
2020 
202 1 
2022 
2023 
2024 
2025 

1,674 1,065 0 
1,826 1,165 59,971,424 
1,991 1,276 59,360,067 
2,182 1,398 58,754,3 59 
2,391 1,532 58,154,370 
2,619 1,677 60,539,881 
2,867 1,838 66,290,458 
3,140 2,013 72,584,634 
3,436 2,203 79,445,273 
3,761 2,411 86,708,345 
4,116 2,638 95,175,091 
4,506 2,888 1043 70,294 
3,337 3,163 114,099,102 
2,473 3,465 124,973,551 
1,831 3,795 136,885,007 
1,356 4,155 149,931,006 
1,004 4,552 164,218,862 
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Revenue Requirements: Base Case 
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Revenue Requirements: Planned Controls Implemented 

Controls: 
SJRPP Unit 1 and 2: 

Scherer 4: 

-SCR with ammonia injection 
-Mercury CEMS 
-Wet FGD Scrubber 
-SCR with ammonia injection 
-Fabric filter baghouse & mercury sorbant injection 
-Mercury CEMS 

-800 MW cycling project 
Manatee Unit 1 and 2; Martin Unit 1 and 2: 
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[ 11 [2] [3] [ 41 [ 51 [ 61 [ 71 
Annual Incremental System Incremental Total Total 

Discount Generation Generation Generation System Emission 

Year 0.08302 (Millions) (Millions) (Millions) (Millions) (Millions) 
2008 1 .ooo 10 1 1 2 0 

2010 0.853 57 10 2 (125) (1 1) 
201 1 0.787 58 11 2 (168) (9) 
2012 0.727 111 14 2 (1 83) (33) 
2013 0.671 126 15 2 (188) (43) 
2014 0.620 121 16 2 (1 76) (47) 

2016 0.528 115 12 2 (1 79) (52) 
2017 0.488 113 11 2 (201) (57) 
201 8 0.450 108 11 2 (214) (66) 
2019 0.416 105 11 2 (210) (76) 
2020 0.384 100 11 2 (238) (80) 
202 1 0.355 97 11 2 (248) (87) 

2023 0.302 90 9 2 (287) (99) 
2024 0.279 85 10 2 (299) (109) 
2025 0.258 83 10 2 (324) (119) 

Total NPV = 820 100 19 (1,721) (434) 

Factor at Capital Variable O&M Fixed O&M Fuel Costs* 

2009 0.923 24 4 2 (1 19) (7) 

2015 0.572 121 15 2 (1 95) (51) 

2022 0.327 93 10 2 (265) (95) 

Change in Revenue Requirements: (Planned Controls Implemented) - ( Base Case) 

[ 81 [ 91 [lo] 
NPV NPV 

Annual Annual Cumulative 
costs cost costs 

(Millions) (Millions) (Millions) 
14 14 14 

(67) (57) (132) 
(1 07) (84) (217) 
(88) (64) (28 1) 
(88) (59) (340) 
(84) (52) (392) 

(102) (54) (507) 
(1 32) (64) (571) 
(1 60) (72) (643) 
(167) (69) (7 13) 
(205) (79) (791) 
(224) (80) (871) 

(285) (86) (1,040) 
(311) (87) (1,127) 
(347) (89) (1,217) 

(1,217) 

(96) (89) (75) 

(1 07) (6 1) (453) 

(255) (83) (954) 

Notes: Negative Indicates Savings 

Controls: 
SJRPP Unit 1 and 2: 

Scherer 4: -Wet FGD Scrubber 

-SCR with ammonia injection 
-Mercury CEMS 

-SCR with ammonia injection 
-Fabric filter baghouse & mercury sorbant injection 
-Mercury CEMS 

-800 MW cycling project 
Manatee Unit 1 and 2; Martin Unit 1 and 2: 



CONFIDENTIAL 
Florida Power & Light Company 
Docket No. 070007-E1 
Staff's Fourth Set of Interrogatories 
Interrogatory No. 40 
Page 1 of 1 

Q. 
What are the FGD technologies proposed for the Scherer Units 1 through 4, the 
proposed installation dates, and the relative costs of the units? What synergies and cost 
savings, if any, are planned in the design, procurement, and installation of Scherer 
Units 1 through 4 by a single vendor or group of vendors working together? 

A. 
The proposed FGD technology for Scherer Units 1 through 4 is the Advatech Wet FGD (Wet 
Scrubber). 

Current required operation dates of the flue gas desulfimzation and total cost estimates (as of 
08/10/2007) are as follows: 

Unit 1 
Unit 2 
Unit 3 
Unit 4 

Operational Prior to 12/31/2014 
Operational Prior to 12/31/2013 
Operational Prior to 1213 1/2011 
Operational Prior to 12/31/2012 

FPL's share of the cost of the Unit 4 FGD upgrade i s m  

Georgia Power Company acting as Operating Agent per contractual agreement has selected 
the Advatech Wet Scrubber with the goal of completing the detail design for all four Scherer 
units within 18 months and commit to equipment procurement for all units for better pricing 
and lower risk. 

Southern Company, parent to Georgia Power Company, has a bulk procurement program to 
leverage price and other contractual concessions based on the volume of materials purchased 
for the fleet of environmental projects being executed within their system. 

Georgia Power Company is developing a construction bid package strategy that will utilize 
contractor cost in the most efficient manner, An example is to bid piling / caisson installation 
packages for SCR and FGD for all four Scherer units. 

In every phase of the project Georgia Power Company has committed to look for ways to 
improve efficiencies. 
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