Oklahoma Gas & Electric December 15, 2009
BART Analysis Follow-Up Report Project No. [1418-019

Attachment A

Sconer Units 1 & 2
Conceptual Cost Estimate




OG&E
Soconer Units 1&2

DFGD System

Cost Estimate Account Summary

Account Description Cost

Dry FGD System $86,859,600
Fabric Filter $46,335,000
Ash Recyclirng System - DFGD $12,072,500
Contractor's Scope

Waste Ash and Fly Ash Handling $14,265,600
System

Flue Gas System $42,463,000
Mechanical - Balance of Plant $6,891,300
Electrical - Auxiliary Power and

Balance of Plant Electrical Work $41,935,100
Controls & Instrumentation $5,088,500
Civil Work $3,597.,400
Removal and Relocation of Existing $2.047.600
Equipment and Infrastructure

Other Costs $63,746,900
Total Indirect Costs $48,090,100
Escalation $46,602,900
Contingency $58,673,400
Bond Cost $4,786,700
Interest During Construction

(AFUDC) $101,133,800

Total Project Cost

$584,589,400}

Page 1 of 1
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1. SOONER PLANT LOCATION AND TRANSPORTATION ACCESS

Sooner Station consists of two 575 MW pulverized coal fired units located east of Red Rock,
Oklahoma. Sooner Station is located on 11,000 acres of land that straddles Noble and
Pawnee Counties. The power block for Sooner | & 2 is located in Noble County.

The site is served by the Burlington Northern Santa Fe Railroad. The site is also accessible
via truck from US Highway 177.

A major feature of the site is the 150,000 acre-foot reservoir that provides cooling water for
Sooner 1 & 2,

The northern portion of the site contains the coal storage area. The rail loop encircles the
coal handling area. Coal pile runoff flows to the Coal Pile Runoff Pond which, in turn, flows
to the Waste System Evaporation Pond.

Sooner 1 & 2 began commercial operation in 1979 and 1980 respectively. Sooner | & 2 are
carrently base load units and use No. 2 fuel oil as a start-up fuel and sub-bituminous low
sulfur coal as the primary fuel. Each boiler was manufactured by Combustion Engineering
with a design output of 550 megawatts (MW). Particulate emissions are controlled by cold
side electrostatic dust precipitators with a design removal efficiency of 99.52%. Both units
have 500-foot tall chimneys.

1.1 WEATHER CONDITIONS

AN Sooner Plant Weather Conditions

Table 1.1-1 lists the major site conditions at Sooner Station, which are based on American
Society of Heating, Refrigeration and Air Conditioning Engineers (ASHRAE) data.

Table 1.1-1
Major Site Conditions — Sooner Station
Parameter Data
Nearest weather data location (2009 ASHRAE Stillwater, OK Regional Airport
Handbook — Fundamentals (IP))
Latitude/longitude 36.15N/97.08W
Elevation 933 feet
Standard pressure 14.07 psia
Heating dry bulb temperature, 99.6% occurrence 13.6 °F
1

Design Basis for Dry FGD.doc




OC T

Sooner | & 2 & Muskogee 4 & 5

DESIGN BASIS DOCUMENT

Sargeaent & Lunchy:

12/11/09
Project 11418-019

Parameter Data
Cooling dry bulb temperature, 0.4% occurrence 101.8 °F
Extreme wind speed, [% occurrence 24.6 mph
50-year occurrence dry bulb temperatures:
Maximum 1123 °F
Minimum -10.3 °F

1.1.2

Muskogee Plant Weather Conditions

Table 1.1-2 lists the major site conditions at Muskogee Station which are based on American
Society of Heating, Refrigeration and Air Conditioning Engineers (ASHRAE) data.

Tabte 1.1-2

Major Site Conditions - Muskogee Station

Parameter

Data

Nearest weather data location (2009 ASHRAE
Handbook ~ Fundamentals (IP))

Latitude/longitude

Elevation

Standard pressure

Heating dry bulb temperature, 99.6% occurrence

Cooling dry bulb temperature, 0.4% occurrence

Extreme wind speed, 1% oceurrence

S0-year occurrence dry bulb temperatures:
Maximum

Minimum

Tulsa, OK Lloyd Jones Regional
Airpoit

35.40N/97.58W
520 feet

14.42 psia

15.8 °F

100.1 °F

19.8 mph

1123 °F
-10.3 °F

FUEL CHARACTERISTICS

2.1

MaAIN FUEL

Each facility typically fires Powder River Basin (PRB) coal delivered to each site by rail.

Design Basis for Dry FGD.doc
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The design basis fuel analysis, presented in Table 2.1-1 was developed based on the PRB coal
fired at the stations and potential future PRB coal sources. The worst case coal was used to
size the FGD equipment while the average coal was used to develop yearly O&M costs.

Table 2.1-1: Sooner & Muskogee — Coal Properties

Powder River Basin  Powder River Basin

FUEL ANALYSIS: Worst Case PRB Average PRB (Used
(FGD Sizing) for O&M Costs)
Ultimate Analysis _ _
Carbon % 48.52 51.29
Sulfur Yo 0.48 0.22
Oxygen % 11.80 12.22
Hydrogen % 3.10 3.34
Nitrogen % 0.77 0.67
Chlorine % 0.01 0.01
Ash % 7.50 5.30
Moisture % 27.82 26.95
100.00 100.00
Proximate Analysis
Moisture % 27.8 26.95
Volatile matter % 32.21 31.73
Fixed Carbon % 32.47 36.04
Ash % 7.50 5.30
Gross (Higher) Heating Btuflb 8,000 8,400
(Cg&?ngfa““g Value Btu/lb 8,084 8,503
Hardgrove Grindability HGI 59 59
Chlorine ppmvd (wt) 125 100
Fluorine ppmvd (wt) 75 60
Mercury ppmvd (wt) 0.10 0.08

Ash Analysis

Silica % 32.00 36.64

Ferric Oxide % 5.00 5.57

Alumina % 16.00 16.06

Titanic Oxide % 1.30 1.37

Calcium Oxide % 22.50 22.04

Magnesia % 4.80 4.89
3
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Powder River Basin  Powder River Basin

FUEL ANALYSIS: Worst Case PRB Average PRB (Used
(FGD Sizing) for O&M Costs)

Sulfur Trioxide Y% 14.70 8.40
Potassium Oxide % 0.40 0.46
Sodium Oxide % 1.10 1.64
Phosphorous Pentoxide % 1.10 0.84
Barium Oxide % 0.00 0.52
Undetermined % 1.13 1.57
Total % 100.0 100.0

3.
3.1
3.2
4.
4.1

WATER SuprPLY

Each station will supply water for the dry FGD system from its existing cooling water supply.
Because dry FGD systems do not produce wastewater, additional wastewater treatment is not
required at either site,

SOONER STATION RAW WATER SUPPLY

Sooner Station ufilizes a cooling water reservoir to supply water 10 its once-through cooling
system. The dry FGD will draw raw water from this same reservoir to use in its process.
New raw water pumps witl be installed near the existing circulating water pumps to supply
make-up water to the dry FGD system,

MUSKOGEE STATION RAW WATER SUPPLY

Muskogee Station draws makeup water for its cooling towers from the Arkansas River. The
Dry FGD will also draw raw water from the Arkansas River 10 use in its process.

AIR QUALITY CONTROL SYSTEMS {AQCS)

SO, EMISSIONS CONTROL

Emissions of SO, will be controlled using DFGD systems at both stations. Pebble lime slurry
and recycle ash slurry will be used as the reagents. The maximum lime vsage will be based
on pebble lime with at least 90 percent as CaO availability determined using ASTM C25 and
at least 40° C temperature rise in 3 minutes reactivity determined using ASTM Ci110.

BPlesign Basis for Dy FGD doc
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4.2

PARTICULATE EMISSIONS CONTROL

Each of Sooner Units | and 2 and Muskogee Units 4 and 5 have existing electrostatic
precipitators {(ESPs) to control particulate emissions. These ESPs will remain in service after
the DFGD systems are fnstalled to allow both plants to continue to sell their ESP fly ash.

Emissions of DFGD waste will be controlled using a new multi-compartment pulse jet fabric
filter (PJFF), commonly called a baghouse. Waste collected in the PIFF hoppers will be
pneumatically transported to the recycle ash storage silo for use as a reagent in the DFGD
system. Excess waste will be pneumatically transported to a DFGD waste ash silo for
disposal off-site. ESP fly ash will be blended into the DFGD waste to stabilize it. The
blending ratio will be a maximum of 10% ESP fly ash.

For the following reasons a new baghouse is proposed instead of trying to use the existing

ESP for particulate control:

. 80, Emissions Control
Utilizing a baghouse downstream of a dry FGD will provide a higher sulfur removal
rate than utilizing an ESP. A DFGD/ESP combination would be expected to remove
only about 70% of the sulfur while a DFGD/baghouse combination is capable of
removal rates in the 90% range. In addition, using a baghouse will also lower emissions
of HCI and HF compared to an ESP. Grand River Dam Authority Unit 2 is an example
of a plant that utilizes an ESP with a Dry FGD and has an approximate sulfur removal
rate of 70%.

e Particulate Emissions
If a dry FGD were added upstream of an existing ESP, the amount of dust loading in the
ESP would be increased and the character of the dust loading would change. This
would raise concerns of whether the plant could continue to meet particulate emissions
limits without major ESP modifications.

e Qutage Duration
A new baghouse with interconnecting ductwork could be completely installed prior to a
tie-in outage whereas any ESP and ESP inlet and outlet duct modifications would have
to take place during an outage. This would increase the required tie-in outage duration
and increase power replacement costs for the project.

BOOSTER FANS

Two 50% capacity axial booster fans will be provided on each unit.
CHIMNEY
The existing chimneys will be reused. The height of the chimney is 500 feet above grade.

The top 50° on the interior of each steel chimney and exterior of the concrete shell will have
an acid resistant coating applied to mitigate the effects of acid condensation.

Design Basis for Dry FGD.doc
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7. MATERIAL HANDLING SYSTEM

7.1 FLY ASH HANDLING S¥STEM

DFGD waste collected in the PIFF hoppers will be pnewmatically transported 1o the recycle
storage silo for use as a reagent in the DFGD system. Excess waste will be pneumatically
transported 1o the DFGD waste silos for disposai off site.

Filter separators will be provided on the recycle ash storage silo and the DFGD waste ash silo
for control of fugitive y ash emissions,

7.2 LIME HANDLING SYSTEM

Lime will be delivered to each site via truck. The lime would be pneumatically transferred to
a l4-day lime storage silo. From the 14-day storage silo, lime would be pneumatically
conveyed to a 24-hour lime day bin located at the DFGD system reactant preparation building
for each unit. One day bin will be located at each unit.

Fugitive emissions will be controlled using bin vent filters located on the 14-day lime storage
silo and the 24-hour lime day bins.

8. CoST ESTIMATING BASIS

Two separate cost estimates will be developed for this study, One estimate will be developed
for Sooner Units 1 and 2, and the other for Muskogee Units 4 and 5.

8.1 SOONER ESTIMATE SCOPE

The Sooner Station cost estimate will be based on the following scope:
¢ Unit 1 Spray Dryer Absorber Area
o  Unit 2 Spray Dryer Absorber Area
e Units | and 2 Common Areas (lime unloading and waste handling)
o Auxiliary Power System
¢ Booster 1D Fans

o Baghouses

8.2 MUSKOGEE ESTIMATE SCOPE

The Muskogee Station cost estimate will be based on the following scope:
e Unit 4 Spray Dryer Absorber Area
e  Unit 5 Spray Dryer Absorber Area
¢ Units 4 and 5 Common Areas (lime unloading and waste handling)
o Auxiliary Power System

Design Basis for Dry FGD.doc
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¢ Booster ID Fans
s Baghouses

8.3 COMMERCIAL BASIS
8.3.1 Equipment and Material Cost

Equipment and material costs will be based on vendor budgetary quotes, estimated quantities,
and the S&L in-house database.

832 Labor Wage Rates
Labor wage rates will be based on an open shop Oklahoma labor force.
833 lLabor Crews

The construction and erection labor cost is based on the use of applicable construction crews
typically required for projects of this type.

834 Productivity

No allowances have been made to cover items such as the loss in productivity because of
inability to attract labor, weather conditions, etc.

83.5 Quantity Scurces
All quantity data was developed internally by S&1. Lead Engineers.
8.3.6 Project Schedule
The project schedule is attached.
8.3.7 Indirect Expenses
The engineering costs included herein are estimated and are not 1o be interpreted as a
proposal by S&L to perform engineering services. The indirect expenses also include
Owner’s Construction Management, General Owner’s Costs, and Owner’s Bond Fees.
8.3.8 Escalation Rates
a. Equipment escalation is assumed to be 2.5% for 2010 and 4.0% for 2011 through
2014. Based on project schedule, it is assumed that for Sooner 30% of the

equipment will be purchased in 2012 with the balance purchased in 2013, No
major equipment procurement is anticipated past 2013.

Design Basis for Dry FGD.doc
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8.3.9

8.3.11

8.4

8.4.1

b. Material escalation is 0.0% for 2010, 3.0% for 2011, and 5.0% for 2012 and
beyond. Based on project schedule, it is assumed for Sooner that 10% of the
material will be purchased in 2012, 50% in 2013, and 40% in 2014.

¢. Labor escalation is 3.0% for 2010 and 4.0% for 2011-2014. Based on project
schedule, it is assumed that for Sooner 10% of the labor cost will be spent in
2012, 50% in 2013, and 40% in 2014.

d. Escalation for indirects is 3.0% for 2010 and 4.0% for 2011-2015. Based on
project schedule, it is assumed that for Sooner 20% of indirects will be spent in
2011, 40% in 2012, 30% in 2014, and 10% in 2015.

Sales/Use Taxes

It has been assumed the project will be structured to avoid sales tax. Therefore, Sales/Use
Taxes are estimated at 0% of equipment and material.

Contingency

Contingency is estimated at 14.04% of total direct and indirect costs based on a 95%
confidence level.

AFUDC Rate

AFUDC is calculated as 8.66% from 2010 based on information received from OG&E.
Bond Fees

Bond fees are estimated at [% based on typical bond fees and the level of project equity.
General Owner’s Cost

General Owner’s Cost is estimated at 5% of Total Direct Cost,

TECHNICAL BASIS

The following is a summary of the technical basis of the spray dryer absorber FGD system
capital cost estimate.

Common Lime Handling Systems

A commeon lime handling system will be installed at each station. The lime handling systems
will be capable of unloading and conveying lime to day bins at each unit.

a. Lime truck unloader

Design Basis for Dry FGD.doc
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1. Lime will be brought on site in trucks,
ii. The system will be vacuum pneumatic to unload the truck.
iii. The blowers will be housed in the skirt of the lime storage silo.
iv. A ventilation system and dust collector will provide dust control.
b. Lime storage silo

i.  One common lime storage silo will be provided to house 14-days of lime usage
while burning the design coal.

ii. The storage silo will be made of concrete.
iii. The total storage will be 3000 tons.
iv. The Lime silo will be 36-feet in diameter and 95-feet tall.
v. Bin vent filters will be provided on the concrete silo for dust control.
vi. The silo will have a two-hopper outlet.
c. Lime transfer systens

i. Two runs of pneumatic, pressurized pipe from the lime silo to the lime prep day
bins

it. Piping will be located on an above grade pipe rack
8.4.2 Lime Preparation and Recycle Area per Unit
Each unit will have the following equipment in the quantities listed below, Both the lime
preparation and recycle area for each unit will be located in the same building. Therefore,
each unit will have a lime preparation and recycle of the dimensions 55 ft x 100 ft x 125 ft in
height.

a. Lime preparation

i. Two 100% bali mil} lime slakers each with a grit screen and gravimetric
feeder.

il.  Two lime transfer tanks.

iti. Two lime slurry storage tanks.

Design Basis for Dry FGD.dac
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iv. Two slurry feed centrifugal pumps.
v. Two slurry transfer centrifugal pumps
vi. One lime day bin

vii. The equipment, tanks, and day bin will be enclosed by a preparation building
of the dimension: 100 ft x 55 ft x 125 ft

b. Each unit will be equipped with a recycle area to recycle lime byproduct through the
absorber process.

i. One (1) recycle storage silo
ii. Two (2) recycle mix tanks

iil. Twa (2) recyele slurry tanks each with two (2) recycle slurry centrifugal
pumps per tank

iv. Agitators for each tank
8.4.3 Absorber Area per Unit
Each unit will be equipped with the absorber equipment detailed below.
a. Two (2) absorber vessels per unit, with access doors
b. Rotary atomizers or dual fluid nozzles, spare atomizers will be included
c. The vessel material will be carbon steel of a thickness between 1/4 in. and 5/8 in.
d. A penthouse enclosure for the absorbers.
¢. Each absorber will be provided with 6-inches of insulation and lagging.
. Heating and ventilation equipment will be provided for each absorber structure.

Vacuum piping

qo

h. Vendor quotes have confirmed that two SDA’s will be wtilized per unit.
844 Baghouse FGD Waste Handling System Common to Both Units
A baghouse will be installed on each unit after the SDA’s to capture FGD waste. The

baghouses will be sized to handle the FGD waste produced by each unit. Each station will
have an FGD waste handling system to convey FGD waste from the baghouses to storage

10
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locations. The waste handling systems will be sized 1o handle the FGD waste produced by
each unit.

a.  New pipe and blowers will be required to convey waste from the new baghouses. A
new ash handling blower building of the dimensions 25 ft x 50 ft x 25 ft high will be
provided, per unit.

b. Addition of one new 3-day storage DFGD waste silo Tor truck unloading,

i. The DFGD waste silo will be concrete, 30° in diameter by 68" tall.

ii. The silo capacity will be 1,500-tons,

¢. A new ESP fly ash silo will be added near the DFGD waste silo for fly ash blending
to stabilize the FGD waste.

i, The fly ash silo will be concrete, 20° in diameter by 46° tall.
fi. The fly ash silo capacity will be 450-tons.
iii. A pin mixer for fly ash conditioning
8.4.5 Flues Including Support Steel per Unit
Each unit will require additional ductwork to bring the flue gas from the existing ID fans to
the absorbers, absorbers to the baghouses, baghouses to the new booster fans, and new
booster fans to the existing chimney.
a. 1D Fan Outlet to Absorber Inlet
i. Carbon steel ¥4 in.
il. Velocity 4000 fpm
iil. 6 insulation with lagging
b. Absorber Outlet to Baghouse Inlet
i. Carbon steel, ' in.
ii. Velocity 4000 fpm
ili. 6" insulation with lagging

¢, Baghouse Outlet to Axial Booster Fan
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846

8.4.7

8.4.8

8.4.9

i. Carbon steel, ¥ in.
ii. Velocity 4000 fpm
ii. 47 insulation with lagging
d. Booster Fan Outlet to Chimney
i. Carbon steel, V4 in.
ii. Velocity 4000 fpm
iti. 4" insulation with lagging
Control Systern Modifications
The control system modification estimates are based on the estimated number of /O points
added to each unit and to the common system for each Station. In total, the entire dry FGD
system will require approximately 4,500 new /O points at each Station, broken down as

follow.

a. Each individual unit will require approximately 1,230 /O points. This includes the
SDA’s and reagent prep areas.

b. The common area at each station will require approximately 2,000 1/0 points.
Subsurface and Foundation Work, Both Stations

Based on the Sooner soi! reports, deep foundations (piles and caissons) are not required and
are not included in the cost estimate.

The existing storm drainage system in the DFGD area will have to be removed and replaced
to make room for the new foundations associated with the DFGD system.

Civil Work, Both Stations

The civil work required will be typical to both stations. New roads will be paved for lime
trucks and maintenance access. All other areas will be finished with white rock surfacing.

Construction Work, Both Stations

Construction labor will be drawn from the same workforce for work on both stations. The
workforce is detailed below,

a. Labor will be open shop labor based out of Oklahoma.
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b. The workforce wages will include premiums and per diems.
¢. Laboris based on a 5x10 work week
d. No incentives to attract labor are included
8.4.10 Pipe Racks
Pipe racks will be installed common to both units at each station as detailed below.

a. A pipe rack for lime transport piping will be installed between the lime unloading
area and the lime storage silos.

b. A pipe rack for lime slurry piping from the lime slakers to the SDA’s

¢. A pipe rack for lime transport piping will be installed between the Iime silo and
reagent prep area.

d. A pipe rack for FGD waste transport will be installed between the baghouse and new
fly ash silos.

e. A pipe rack for recycle transfer from the baghouses to the recycle prep area.
f. A pipe rack for recycle slurry to the SDA"s

g One pipe rack per unit for cabling from the Auxiliary Transformers to the reagent
arcas.

8.4.11 Chimney Modifications

Each unit will re-use its existing chimney. The interior top 50 feet of each steel chimney
liner will have an acid resistant coating applied to mitigate the effects of acid condensation.

8412 Baghouse Sizing
A new baghouse will be instatled at each unit. The baghouses will be used to remove DFGD
waste from the flue gas stream. Estimates will be based on vendor input from Siemens and
B&W.

8.4.13 Demolition and Relocation

a. Sooner Station

i. The existing storm drainage system in the DFGD area will be removed and
replaced.
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ii. Ash piping in the vicinity of the existing |D fans will be relocated and re-
supported to make room for the new ductwork.

b. Muskogee Station

i. A prefabricated maintenance and materiat storage warehouse will require
relocation at Muskogee Station.

84.14 CEMS
Each Unit’s existing CEMS wilf be reused. No modifications are required.

8.4.15 Water Treatment at Each Station
Water containing a sulfate content of less than 200 mg/L is considered good, and less than
500 mg/l. is considered acceptable. Sooner Station will obtain its water from the Sooner
Reservoir, which has a sulfate content below 200 mg/L and Muskogee Station will draw its
water from the Arkansas River which also has a sulfate content below 200 mg/L. Therefore,
water treatment, aside from strainers, will not be required at either station.

8.4.16 Instrument Air Compressors and Dryers, per Station

Each Station will require new instrument air compressors and dryers to expand the existing
instrument air systems. The required sizing is discussed below.

a. 2 x100% air compressors sized for 250 scfm each at 100 psig.
b. 2 x 100% instrument air dryers with filters, sized for 250 net scfm each.
8.4.17 Field Painting, All Units

All exposed ductwork will be painted with a multiple coat paint system. All other exposed
steel with painted with an inorganic zinc primer and polyurethane sysiem,

8.4.18 Performance Testing
Performance testing is included as part of the Owner’s costs in the estimate tabulation.
8.4.19 Construction Support

Construction support will be required at each station. 11 is estimated that support will be
required for 12 months, at an average of 1.5 persons per station.

8.4.20 Piping per Unit
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8.4.21

8.4.22

Each Unit will require new instrument air piping run as a header from the new instrument air
dryers. Instrument air takeoffs will be run from the headers to each lime silo or day bin, bin
vent, and reagent preparation and recycle area.

New Booster Fans

New axial booster fans will be required {0 overcome the additional pressure drop seen
through the SDA’s and baghouses.

C.

Two 3500 hp axial 1D fans will be installed on each unit, These fans will be arranged
in a 2 x 50% configuration.

The price includes foundations and motors. A spare motor is not included.

Vendor quotes from TLT Babcock, Howden, and Flakt Woods have been received.

Electrical per Station

The electrical items discussed below summarize everything required to power the new DFGD
area at each Station

One additional startup transformer will be required at each station. i.e. one at Sooner
and one at Muskogee,

One unit auxiliary transformer will be required per unit, totaling two per station.
Each UAT will be housed in a pre-engineered building,

Medium voltage switchgear for each unit.
One 480 V switchgear for reagent preparation, recycle, and SDA at each unit.

One pre-engineered reagent preparation electrical equipment building for each unit,
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