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ABSTRACT

This report documents the results of a study conducted under the
National Acid Precipitation Assessment Program by the U.S. Environmental
Protection Agency’s Air and Energy Engineering Research Laboratory. The
objective of this research program was to significantly improve engineering
cost estimates currently being used to evaluate the economic effects of
applying sulfur dioxide and nitrogen oxides controls at 200 large sulfur
dioxide emitting coal-fired utility plants. To accomplish the objective,
procedures were developed and used that account for site-specific retrofit
factors. The site-specific information was obtained from aerial
photographs, generaiiy available data bases, and input from utility
companies. Cost estimates are presented for the following control
technologies: 1ime/limestone flue gas desulfurization, lime spray drying,
coal switching and cleaning, furnace and duct sorbent injection, low NOx
combustion or natural gas reburn, and selective catalytic reduction.
Although the cost estimates provide useful site-specific cost information on
retrofitting acid gas controls, the costs are estimated for a specific time
period and do not refiect future changes in boiler and coal characteristics
(e.g., capacity factors and fuel prices) or significant changes in control
technology cost and perfdrﬁhnée‘“ '

NOTICE

This document has been reviewed in accordance with-
U.S. Environmental Protection Agency policy and
approved for publication. Mention of trade names
or commercial products does not constitute endorse-
ment cr recommendation for use.
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METRIC EQUIVALENTS

Readers more familiar with the metric Systém may use the following
factors to convert to that system.

Non-metric Times Yields Metric
acfm 0.028317 acms

acre 4046.9 m2

Btu/1b 0.5556 kg-calories/kg
°F 5/9 (°F-32) °c

ft 0.3048 m

Ft? 0.0929 m?

£t3 0.028317 m

gal. 3.78533 L

1b/MMBtu 1.8 kg/kg-calorie
psia 0.0703 g/cm2

ton 0.9072 ton .
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SECTION 21.0 PENNSYLVANIA

21.1 ALLEGHENY POWER SERVICE CORP.
21.1.1 Armstrong Steam Plan

The Armstrong Steam Plant is located in Armstrong County, Pennsylvania,
as part of the Allegheny Power Service Corp. system. The plant contains two
coal-fired boilers with a total gross generating capacity of 352 MW.

Tables 21.1.1-1 through 21.1.1-8 summarize the plant operational data and
present the SO2 and NOx control cost and performance estimates.

TABLE 21.1.1-1. ARMSTRONG STEAM PLANT OPERATIONAL DATA

BOILER NUMBER 1,2

GENERATING CAPACITY (MW-EACH) 176

CAPACITY FACTOR éPERCENT) 75
INSTALLATION DAT 1958,59
FIRING TYPE FRONT WALL
FURNACE VOLUME (1000 CU FT) 112

LOW NOx COMBUSTION NO

COAL SULFUR CONTENT éPERCENT) 1.9

COAL HEATING VALUE E TU/LB) 12500

COAL ASH CONTENT (PERCENT) 11 '
FLY ASH SYSTEM DRY DISPOSAL
ASH DISPOSAL METHOD LANDFILL/SOLD
STACK NUMBER 1

COAL DELIVERY METHODS ' RAILROAD
PARTICULATE CONTROL

TYPE ESP*
INSTALLATION DATE 1975
EMISSION éLB/MM BTU) 0.02

REMOVAL EFFICIENCY 99.5

DESIGN SPECIFICATION
SULFUR SPECIFICATION (PERCENT) 2.0-2.4

SURFACE AREA (1000 SQ FT) 138.2
EXIT GAS FLOW RATE (1000 ACFM) 800
SCA éSQ FT/1000 ACFM) NA
OUTLET TEMPERATURE {°F) 305

* Each boiler has 2 ESPs in series; the original and retrofit
ESPs. An SCA size of 300 was assumed.
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TABLE 21.1.1-2. SUMMARY OF RETROFIT FACTCR DﬁTA FOR ARMSTRONG
UNITS 1 OR 2 *

_FGD TECHNOLOGY

FORCED LIME
L/LS FGD OXIDATION SPRAY DRYING

SITE ACCESS/CONGESTION

S02 REMOVAL LOW NA MEDIUM, HIGH
FLUE GAS HANDLING LOW NA '
ESP REUSE CASE HIGH
BAGHOUSE CASE NA
DUCT WORK DISTANCE (FEET)  100-300 NA
ESP REUSE 100-300
BAGHOUSE NA
ESP REUSE NA NA LOW

NEW BAGHOUSE NA NA NA
SCOPE ADJUSTMENTS

WET TO DRY NO NA NO
ESTIMATED COST (1000%) NA NA NA

NEW CHIMNEY NO NA NO
ESTIMATED COST (1000$) 0 0 0

OTHER NO NO

RETROFIT FACTORS

FGD SYSTEM 1.20 NA
ESP REUSE CASE 1.55,1.68
BAGHOUSE CASE ‘ NA

ESP UPGRADE NA NA 1.16

NEW BAGHOUSE NA NA NA

GENERAL FACILITIES (PERCENT) 10 0 10

* |L/S-FGD absorbers for units 1 and 2 would be located north
of the common chimney far units 1 and 2. LSD-FGD absorbers
would be beside each unit’s existing ESPs.



Table 21.1.1-3. Summary of FGD Control Costs for the Armstrong Plant (June 1988 Dollars)

Aprua
Cost
(mills/

14.4
8.4

21.2
16.4

12.3
9.3

12.0
12.5

7.0

1 502 s02 502 Cost
Removed Removed Effect.
kwh) (%) (tons/yr) (§/ton)
90.0 30444 1095.9
90.0 30444 635.7
90.0 15222 1611.2
90.0 30444 1247.3
0.0 15222 936.9
90.0 30464 724.5
76.0 12905 1077.9
76.0 12905 1122.4
76.0 12905 627.1
76.0 12905 €53.3

Technology Boiler Main Boiler Capacity Coal Capitél Capital Anmual
’ MNumber Retrofit Size Fector Sulfur Cost Coat Cost

Difficulty (Mw) X) Content (3MM) (S/kW) (SMM)

Factor (€3]

LC FGD 1-2 1.20 352 75 1.9 "52.9 150.3 33.4
LC FGD-C 1-2 1.20 352 75 1.9 52.9 150.3 19.4
LFGD 1,2 1.20 176 75 1.9 46.8 265.8B 24.5
LFGD 1-2 1.20 352 4] 1.9 67.64 191,464 38.0
LFGD-C 1,2 1.20 176 75 1.9 46.8 265.8 14.3
LFGD-C 1-2 1.20 35¢2 £ 1.9 67.6 191.6 22.1
LSD+ESP 1 1.55 176 75 1.9 27.4 155.9 13.¢
LSD+ESP 2 1.68 176 75 1.9 296 18671 14.5
LSD+ESP-C 1 1.55 176 ™ 1.9 27.4 155.9 a.1
LSD+ESP-C 1.68 176 75 1.9 29.4 1671 8.4
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Table 21.1.1-4. Summary of Coal Switching/Cleaning Costs for the Armstrong Plant (June 1988 Dollars)
Technology Boiler Main Boiler Capacity Coal Cepital fapital Anmwal  Anmual s02 502 802 Cost
Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect,
Difficulty (MW) {R) Content (BMM) (B/kW) (SMM) (mills/kwh) (%) (tons/yr) (3/ton)

Factor X

CS/B+§15 1,2 1.00 176 el 1.9 7.0 39.6 16.9 14.6 51.0 B564 1971.6
CS/B+$15-C 1,2 ' 1.00 174 s 1.9 7.0 39.6 2.7 8.4 51.0 8564 1133.2
C5/B+$5 1,2 1.00 176 ) 1.9 5.2 29.3 7.0 6.1 51.0 8564 819.0
CS/B+$5-C 1,2 1.00 176 el 1.9 5.2 29.3 4.0 3.5 51.0 B564 471.9
= asa SUAX a IESEECEINIENSNSSEENEN S-S ANEIRNISIIRIESSSD




TABLE 21.1.1-5. SUMMARY OF NOx RETROFIT RESULTS FOR ARMSTRONG

BOILER NUMBER

COMBUSTION MODIFICATION RESULTS

1, 2
FIRING TYPE FWF
TYPE OF NOx CONTROL ~ LNB
FURNACE VOLUME (1000 CU FT) 112
INSTALLATION DATE 1958,1959
SLAGGING PROBLEM : NO
ESTIMATED NOx REDUCTION (PERCENT) 47
SCR RETROFIT RESULTS *
SITE ACCESS AND CONGESTION
FOR SCR REACTOR LOW
SCOPE ADDER PARAMETERS-- |
Building Demolition (1000%) 0
Ductwork Demolition (1000%) 41
New Duct Length {Feet) 200
New Duct Costs (1000%) ‘ 1379
New Heat Exchanger (10005) 2616
TOTAL SCOPE ADDER COSTS (1000%)
COMBINED CASE  slos
RETROFIT FACTOR FOR SCR 1.16
GENERAL FACILITIES (PERCENT) 20

* Cold side SCR reactors for units 1 and 2 would be Tocated
north of the common chimney for units 1 and 2.



Table 21.1.1-4. NOx Control Cost Results for the Armstrong Plant (June 1988 Dollars)

Technology Boiler Main Boiler Capacity Coal Capital Capital Annal Annual NOx NOx NOx Cost
Number Retrofit Size Factor Sulfur Cost Cost Cast Cost Remaved Removed Effect.

Difficutlty (MW) (%) Content ($MM} ($/kw) (BMm) (mills/kwh) (X) (tons/yr) ($/ton)

Factor X) o

LNC-LN8 ‘ 1,2 1.00 176 . 75 1.9 3.2 18.2 0.7 0.6 47.0 2253 . 304.5
LNC-LNB-C 1,2 1.00 176 7 1.9 3.2 18.2 0.4 0.4 47.0 2253 183.1
SCR-3 12 1.16 176 75 1.9 27.9  158.4 ¢.8 8.5 80.0 3835 2555.3
SCR-3 -2 1.16 352 7 1.9 46.2 131.2 17.2 7.4 80.0 76469 2237.2
SCR-3-C 1,2 1.16 176 7S 1.9 27.9  158.4 5.7 5.0 80.0 3835 1496.6
SCR-3-C 1-2 1.16 352 75 1.9 46.2  131.2 10.0 4.3 80.0 7669 1308.8
SCR-7 1,2 1.16 176 Is] 1.9 27.9  158.¢4 8.4 7.2 80.0 3835 2180.3
SCR-7 1-2 1.16 352 75 1.9 46.2  131.2 143 6.2 80.0 7669 1862.4
SCR-7-C 1,2 1.16 176 75 1.9 e7.9 158.4 4.9 4.3 80.0 3835 1281.8
SCR-7-C 1-2 1.1 352 | 75 1.9 46.2  131.2 8.4 3.6 80.0 7469 1094.0




TABLE 21.1.1-7. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION
TECHNOLOGIES FOR ARMSTRONG UNITS 1 AND 2

ITEM

SITE ACCESS/CONGESTION _
REAGENT PREPARATION ' LOW
ESP UPGRADE ‘ LOW

~ NEW BAGHOUSE | | NA
SCOPE_ADDERS |
CHANGE ESP ASH DISCHARGE SYSTEM TO DRY HANDLING  NO -

ESTIMATED COST (1000$) NA
ADDITIONAL DUCT WORK (FT)

NEW BAGHOUSE CASE - NA

ESTIMATED COST (1000$) ' “NA

ESP REUSE CASE - ©NA

ESTIMATED COST (1000$) : ‘ NA
DUCT DEMOLITION LENGTH FT; 50

DEMOLITION COST {1000% - 46
TOTAL COST (1000$) ‘

ESP UPGRADE CASE : 46

A NEW BAGHOUSE CASE , NA

RETROFIT_FACTORS

CONTROL SYSTEM (DSD SYSTEM ONLY) 1.13
£ESP UPGRADE - 1.16
NEW BAGHOUSE NA
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Table 21.1.1-8. Summary of DSD/FS! Control Costs for the Armstrong Plant {June 1988 Dollars)

Difficulty (MW)

%)

Boiler Capacity Coal
Factor Sulfur
Content

X)

capital Capital Annual
Cost
(MM )

Cost
($MM)

Cost

(mills/kwh) (0

176

176

176

176

176

Technology Boiler Main
Number Retrofit Size

Factor
DSD+ESP 1,2 1.00
DSD+ESP-C 1,2 1.00
FSI+ESP-50 1,2 1.00
FSI+ESP-50-C 1,2 1.00
FSI+ESP-70 1,2 1.00
FSI+ESP-70-C 1,2 1.00

176

1.9

1.9

1.9

1.9

1.9

1.9

Cost

($/ki)
8.6 49.0
8.6 49.0
9.4 53.7
9.4  S3.7
9.6  54.3
9.6 54.3

4.7

8.9

5.1

9.0

5.2

7.7

4.4

7.8

4.5

so2 s02 S02 Cost
Removed Removed . Effect.
(tons/yr) (%/ton)

49.0 8228 990.4
49.0 8228 572.1
50.0 8457 1047.9
50.0 8457 605.4
70.0 11839 761.2
70.0 11839 439.7




21.1.2 Hatfield’s Ferry Steam Plant

The Hatfield Ferry steam plant is located within Greene County,
Pennsylvania, as part of the Allegheny Power Service system and operated by
the West Penn Power Company. The plant is located west of the Monongahela
_River and contains three coal-fired boilers with a total gross generating
capacity of 1,660 MW.

Table 21.1.2-1 presents operational data for the existing equipment at
the Hatfield Ferry plant. The boilers burn medium sulfur coal. Coal"
shipments are received by barge and transferred to a coal storage and
handling area north of the plant and adjacent to the river. -

PM emissions for the boilers are controlled with ESPs located behind
each unit. The plant has a dry fly ash handling system. Almost all the fly
ash is paid disposal. Units 1 through 3 are served by two chimneys.

Chimney 1 serves unit 1 and half of the flue gas from unit 2 while chimney 2
serves the other half and unit 3.

Lime/Limestone and Lime Spray Drying FGD Costs--

The three boilers are located beside each other and parallel to the
river, Boiler houses are close to the river while the chimneys and
switchyard are away from the river. The absorbers for units 1 through 3
would be located behind the chimneys and ash removal equipment. The
Timestone preparation, storage, and handling area would be located on a open
space south of the plant. To locate the absorbers behind the chimneys a
storage building, training classroom building, and the wastewater impoundment
tank has to be relocated; therefore, a factor of 15 percent was assigned to
general facilities. In addition, extensive on-site building relocation would
be necessary to locate sludge fixation facilities.

A medium site access/congestion factor was assigned to the FGD absorber
locations because of the close proximity of electric power lines and
excavation of the hillside. For flue gas handling, medium duct runs would be
required for the L/LS-FGD case (over 300 feet). A medium site access/conges-
tion factor was assigned to the flue gas handling system because of the

obstruction caused by ash removal equipment and wastewater treatment facility
around the existing chimney. ' “



TABLE 21.1.2-1. HATFIELD FERRY STEAM PLANT OPERATIONAL DATA

BOILER NUMBER

GENERATING CAPACITY (MW-each)
CAPACITY FACTOR (PERCENT) -
INSTALLATION DATE

FIRING TYPE

- FURNACE VOLUME (1000 CU FT)
LOW NOx COMBUSTION

COAL SULFUR CONTENT (PERCENT)
COAL HEATING VALUE (BTU/LB)
COAL ASH CONTENT (PERCENT)
FLY ASH SYSTEM

ASH DISPOSAL METHOD

STACK NUMBER

COAL DELIVERY METHODS

PARTICULATE CONTROL

TYPE

INSTALLATION DATE
EMISSION (LB/MM BTU)
REMOVAL EFFICIENCY
DESIGN SPECIFICATION

SULFUR SPECIFICATION (PERCENT)

SURFACE AREA (1000 SQ fT)
GAS EXIT RATE (1000 ACFM)
SCA (SQ FT/1000 ACFM)
OUTLET TEMPERATURE (°F)

1, 2, 3

555, 555 550
51, 68 59
1969,70,71
OPPOSED WALL
335.5

NG

2.4

12800

10

DRY HANDLING
PAID DISPOSAL/SOLD
1-2

BARGE

ESP
1969,70,71
0.04

NA

2.0-3.9

-311.2

1,733
178
300




LSD with reuse of the existing ESPs was not considered for this plant
because the ESPs are small (SCA =178) and would require major upgrading and
additional plate area to handle the increased PM generated from the LSD
application. LSD with a new baghouse was also not considered because the
boilers are not burning lTow sulfur coal.

The major scope adjustment costs and retrofit factors estimated for the
FGD technologies are presented in Table 21.1.2-2. Table 21.1.2-3 presents
the process area retrofit factors and capital/operating costs for commercial
-FGD technologies. The low cost FGD option reduces capital costs due to
eliminating spare absorber modules and economy of scale when combining FGD
systems and using large absorber modules.

Coal Switching and Physical Coal Cleaning Costs--

Table 21.1.2-4 presents the IAPCS results for CS at the Hatfield Ferry
plant. These costs do not include boiler and pulverizer operating cost
changes or any system modifications that may be necessary to blend coal.
PCC was not evaluated because this is not a mine mouth plant.

Low NOx Combustion--

Units 1 through 3 are dry bottom boilers rated at 555, 555, and 550 MW -
respectively. The combustion modification technique applied to all boilers
was LNB. The.NO* performance estimate was based on the bailer volumetric
heat release rate. Tables 21.1.2-5 and 21.1.2-6 present the NOX reduction
performance and cost results of retrofitting LNB at the Hatfield Ferry plant.

Selective Catalytic Reduction--

Cold side SCR reactors for all units would be located immediately
behind the chimneys located in medium site access/congestion area, due to the
close proximity of the electric power lines. For flue gas handling, a short
duct length of about 200 feet would be required for each of the units. The
ammonia storage system was placed south of the plant close to the sorbent
preparation area. Although space is available behind the chimneys for SCR
reactors, a road has to be relocated and, as such, a factor of 18 percent was
assigned to general facilities.
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TABLE 21.1.2-2. SUMMARY OF RETROFIT FACTOR DATA FOR HATFIELD FERRY
o UNIT 1,2 OR 3

FGD TECHNOLOGY

FORCED - LIME
L/LS FGD OXIDATION SPRAY DRYING

SITE ACCESS/CONGESTION
S02 REMOVAL MEDIUM NA - NA

FLUE GAS HANDLING MEDIUM NA
ESP REUSE CASE : ‘ : NA
BAGHOUSE CASE NA
DUCT WORK DISTANCE (FEET)  300-600 NA :
ESP REUSE : - NA
BAGHOUSE ‘ NA
ESP REUSE- NA NA - NA
NEW BAGHOUSE . NA NA NA
SCOPE ADJUSTMENTS
WET TO DRY NO NA NA
ESTIMATED COST (1000%) NA " NA NA
NEW CHIMNEY NO NA NA
ESTIMATED COST (1000$) 0 0 0
OTHER . NO
RETROFIT FACTORS
"FGD SYSTEM 1.46 NA .
ESP REUSE CASE NA
BAGHOUSE CASE NA
ESP UPGRADE ' NA NA NA
NEW BAGHOUSE NA NA NA

GENERAL FACILITIES (PERCENT) 15 0 0
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Teble 21.1.2-3. Summary of FGD Control Costs for the Hatfield Plant (June 1988 Dollars)

Technology Boiler Main Beiler Capacity Ccal Capital Capitel Annual  Annual so2 $02 S02 Cast

Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.
Difficulty (MW) (X) Content (BMM) (S/KW) (SHM) (mills/kwh) (%)} <{tons/yr) (%/tan)

Factor (%) ‘
LC FGD 1-3 1.46 - 1680 5¢ 2.4 231.7 .139.6 131.8 " 15.3 ' 90.0 139539 ‘ 943.2
LC FGD-C 1-3 1.46 1660 59 2.4 231.7  139.6 T76.4 8.9 90.0 139539 547.8
LFGD 1 1.46 555 51 2.4 117.9  212.4 5.2 22.7 90.0 40123 1401.9
~ LFGD 2 1.46 555 68 2.4 1179 212.4 62.0 18.8 90.0 53498 1159.2
LFGD 3 1.46 550 59 2.4 117.3  213.2 58.6 20.6 90.0 45999 - 1273.8
LFGﬁ-C 1 1.46 555 51 2.4 1M7.¢ 212.4 32.8 13.2 %0.0 - 40123 816.3
LFGD=-C 2 1.46 555 68 2.4 17.9  212.6 36.1 10.9 %0.0 53498 674.0
LFGD-C 3 1.46 550 59 2.4 117.3  213.2 344 12.0 %0.0 45099 741.3
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Table 21.1.2-4. Summary of Coal Switching/Cleaning Costs for the Hatfield Plant (June 1988 Dallars)

ssI== E===== RS sSssarEEEIsSsSE ==s= SESSEREs=S
Technology Boiler Main Boiter Capacity Coal Cepital Capital Annual Annual 502 $02 $02 Cost
Number Retrofit Size Factar Sulfur Cost Cost Cost Cost Removed Removed Effect.
Difficulty (Mw) (X) Content (SMM) ($/kW) (3MM) (mills/kwh) (X} (toms/yr) (%/ton)

Factor (%)
CS/B+313 1 1.00 585 51 2.4 19.2 345 36.5 14.7 0.0 26877 1369.9
CS/B+%15 2 1.00 555 68 2.4 19.2 36.5 47.3 14.3 &03.0 35570 1330.5
CS/B+815 3 1.00 550 59 2.4 19.0 34.5 413 14.5 60.0 30584 1348.8
£s/B+$15-C 1 1.00 555 51 2.4 19.2 34.5 21.0 8.5 60.0 26677 788.1
C5/B+815-C 2 1.00 555 &8 2.4 19.2 34.5 27.2 8.2 0.0 35570 764.7
CS/B+$15-C 3 1.00 550 59 2.4 19.0 345 257 8.3 60.0 30584 775.6
C5/B+85 1 1.00 585 51 2.4 13.4 26.2 15.1 6.1 60.0 26677 564.5
CS/B+85 2 1.00 555 &8 2.4 13.4 26.2 19,0 5.8 60.0 35570 534.5
C5/B+85 3 1.00 550 59 2.4 13.3 26.2 15.8 5.9 60.0 30584 548.4
Cs/B+$5-C 1 1.00 555 51 2.4 13.4 24.2 a7 3.5 60.0 26677 325.7
£S/8+85-C 2 1.00 555 &8 2.4 13.4 26.2 1.0 3.3 60.0 35570 307.9
CS/B+85-C 3 1.00 550 59 2.4 13.3 26.2 9.7 3.4 60.0 30584 316.2
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TABLE 21.1.2-5. SUMMARY OF NOx RETROFIT RESULTS FOR HATFIELD FERRY

BOILER NUMBER

- COMBUSTION MODIFICATION RESULTS

1, 2, 3
FIRING TYPE OWF
TYPE OF NOX CONTROL T
FURNACE VOLUME (1000 CU FT) 335.3
BOILER INSTALLATION DATE 1969, 1970, 1971
 SLAGGING PROBLEM | | . NO
ESTIMATED NOx REDUCTION (PERCENT) 40

SCR RETROFIT RESULTS.

SITE ACCESS AND CONGESTION
FOR SCR.REACTOR MEDIUM

SCOPE ADDER PARAMETERS--

Building Demolition (1000%) 0
Ductwork Demolition (1000%) . 98
New Duct Length (Feet) 200
New Duct Costs (1000%) 2701
New Heat Exchangef (1000%) 5212
TOTAL SCOPE ADDER COSTS (1000%) 8010
RETROFIT FACTOR FOR SCR 1.34
GENERAL FACILITIES (PERCENT) 18
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Table 21.7.2-6. NOx Control Cost Results for the Hatfield Plant (June 1988 Doilars)

Technology Boiler Main Boiler Capacity Coal Capitel Capital Annual  Annual NOX NOX NOx Cost
Number Retrofit -§ize Factor Sulfur (Cost Cost cost Cost Removed Removed Effect.

Difficulty (MW) (%) Content (SMM) ($/kW) (3MM) (mills/kwh) (X} (tons/yr) ($/tom)

Factor x)

LNC-LNB 1 1.00 555 51 2.4 5.1 9.1 1.1 0.4 40.0 4001 275.0
LNC-LNB 2 1.00 555 68 2.4 5.1 9.1 1.1 0.3 40,0 5335  20s.2
LNC-LNB 3 1.00° 550 59 2.4 5.1 9.2 1.1 0.4 40.0 4587 239.0
LNC-LNB-C 1 1.00 555 51 2.4 5.1 9.1 0.7 0.3 40.0 4001 1463.2
LNC-LNB-C 2 1.00 555 &3 2.4 5.1 9.1 0.7 0.2 40.0 5335 122.4
LNC-LNB-C 3 1.00 550 59 2.4 1 9.2 0.7 0.2 40.0 4587 141.8
SCR-3 1 1.34 555 51 2.4 3.1 131.8  26.4 10.6 80.0 8002 3297.1
SCR-3 2 1.34 555 68 2.4 73.2 131.8 27.0 8.2 80.0 10569 2527.9
SCR-3 3 1.34 550 59 2.4 72.7  132.2 26.5 9.3 80.0 9174 2884.2
SCR-3-C 1 1.34 555 51 2.4 73.1 131.8 15.4 6.2 80.0 8002 1930.0
SCR-3-C 2 1.34 555 43 2.4 73. 131.8 15.8 4.8 80.0 108669 1479.0
SCR-3-C 3 1.34 550 59 2.4 72.7  132.2 15.5 5.4 80.0 © 9174 1688.0
SCR-7 1 1.34 555 51 2.4 73.1 131.8  21.9 a.8 80.0 8002 2732.5
SCR-7 2 1.34 555 68 2.4 73.2 131.8 22.5 4.8 80.0 10669 2104.5
SCR-7 3 1.34 550 59 2.4 7.7 132 2.0 7.7 80.0 9174 2396.2
SCR-7-C 1 1.34 555 51 2.4 73.1 131.8  12.9 5.2 80.0 8002 1606.5%
SCR-7-C 2 1.34 555 &8 2.4 73,2 131.8  13.2 4.0 80.0 10669 1236.5
SCR-7-C 3 1.34 $50 59 2.4 72.7  132.2 12.%9 4.5 80.0 9174 1408.4
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Table 21.1.2-5 presents the SCR retrofit factors and scope adder costs.
Table 21.1.2-6 presents the estimated cost of retrofitting‘SCR at the
Hatfield Ferry boilers.

Duct Spray Drying and Furnace Sorbent Injection--

The retrofit of FSI and DSD technologies at the Hatfield Ferry steam
plant for all units would be difficult for two major reasons. The ESPs have
small SCAs (<200) and probably would not be able to handle the increased PM.
Therefore, they would requife major ESP upgrading and additional plate area.
There is also a short duct residence time between the boilers and ESPs
making the duct runs inadequate for humidification (FSI application) and
sorbent evaporation (DSD application). Therefore, the sorbent injection
technologies were not considered for this plant. |

Atmospheric Fluidized Bed Combustion and Coal Gasification Applicability--

The AFBC retrofit and AFBC/CG repowering applicability criteria
presented in Section 2 were used to determine the applicability of these
technologies at the Hatfield Ferry plant. None of the units would be
considered good candidates for repowering or retrofit because of their large
boiler sizes and high cépacity factors.

21.1.3 Mitchell Steam Plant

Boiler 33 at the Mitchell plant is equipped with a Lime-FGD system;
therefore, no further 502 control technologies were considered for this unit.
Boilers 1-3 were not evaluated because they are not coal-fired. For NOx
control, both SCR and OFA were evaluated for boiler 33. '
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- TABLE 21.1.3-1. MITCHELL STEAM PLANT OPERATIONAL DATA

BOILER NUMBER 1-3% 33
GENERATING CAPACITY émw - 150 299
CAPACITY FACTOR éPER ENT) . OUT OF SERVICE 30
INSTALLATION DATE 1948 1949 1949 1963
FIRING TYPE - PETROLEUM TANGENT IAL
FURNACE VOLUME (1000 CU FT) BURNING NA
LOW NOx COMBUSTION , NO
COAL SULFUR CONTENT (PERCENT) ‘ 2.6
COAL HEATING VALUE (BTU/LB) . 12200
COAL ASH CONTENT (PERCENT) : 12
FLY ASH SYSTEM 'DRY DISPOSAL -
ASH DISPOSAL METHOD STORAGE/ON-SITE
STACK NUMBER |
COAL DELIVERY METHODS BARGE/RAILROAD
FGD SYSTEM (TYPE) . LIME FGD
FGD SYSTEM (INSTALLATION DATE) 1982
PARTICULATE CONTROL
TYPE ESP
INSTALLATION DATE 1973
EMISSION (LB/MM BTU) . - 0.02
REMOVAL EFFICIENCY - " 99.5
DESIGN SPECIFICATION .
SULFUR SPECIFICATION (PERCENT) 12.0-3.0
SURFACE AREA (1000 SQ FT) 125.4
EXIT GAS FLOW RATE (1000 ACFM) | 1100
SCA éSQ FT/1000 ACFMZ 114
OUTLET TEMPERATURE ( 300

* Boiler Nos. I, 2 and 3 are associated with generating
Unit Nos. 1 and 2 which are rated at 75 MW each.
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TABLE 21.1.3-2. SUMMARY OF NOx RETROFIT RESULTS FOR MITCHELL

o BOILER NUMBER -
COMBUSTION MODIFICATION RESULTS

33
FIRING TYPE L TANG
TYPE OF NOx CONTROL ' OFA
FURNACE VOLUME (1000 CU FT) ' TS
BOILER INSTALLATION DATE 1963
' SLAGGING PROBLEM : . NO
ESTIMATED NOx REDUCTION. (PERCENT) 25
SCR_RETROFIT RESULTS *
SITE ACCESS AND CONGESTION
FOR SCR REACTOR . LOW
SCOPE ADDER PARAMETERS-- |
Building Demolition (1000%) . 0
Ductwork Demolition (1000$) 61
New Duct Length (Feet) 200
New Duct Costs (1000%) | ' 1881
New Heat Exchanger '(1000%$) 31596
" TOTAL SCOPE ADDER COSTS (1000§) 5538
RETROFIT FACTOR FOR SCR 1.16
GENERAL FACILITIES (PERCENT) - 13

* Cold s1de SCR reactors for unit 33 would be Tocated beside
the unit 33 chimney.
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Tabte 21.1.3-3. NOx Control‘tos: Results for the Mitchell Plant (June 1988 Dollars)

Technology Boiler

Main

Boiler Capacity Coal
Number Retrofit Size

Factor Sulfur
(%) Content

(%)

Capital Capital Annual

Cost
(SMM)

Annual NOx

NCx

NOx Cost

Cost Removed Removed Effect.
(mills/kwh) (%) (tons/yr) (%/ton)

LNC-OFA

: LNC'OFA-C‘
SCR-3
SCR-3-C
SCR-7

SCR-7-C

33

33

33

33

33

33

Difficulty (MW)
Factor
1.00 299
1.00 299
1.16 299
1.16 299
1.16 299
1.16 299

30

30

30

10

2.6

2.6

2.8

2.6

2.8

2.6

Cost Cost -
(SMM)  (S/kW)
1.0 3.2
1.0 3.2
4.3 138.0
41.3 138.0
41.3  138.0
41.3  138.0

0.2
0.1
14.2
8.3
1.7

5.9

0.3 25.0
0.2 25.0
18.0 80.0
10.6 80.0
14.9 80.0
8,8 80.0

598

598

1914

1914

1914

1914

348.4

206.8

7407.2

4340.6
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21.2 DUQUESNE LIGHT COMPANY

21.2.1 Cheswick Steam Plant

The Cheswick steam plant is located in a somewhat congested residential,
commercial, and industrial area about 16 miles northeast of Pittsburgh, PA at
Springdale, PA, within Allegheny County, Pénnsylvania, as part of the
Duquesne Light Company system. The plant contains one coal-fired boiler with
a total gross generating capacity of 600 MW (net generating capacity of 570
MW). Figure 21.2.1-1 presents the plant plot plan showing the location of
the boiler and major associated auxiliary equipment;

Table 21.2.1-1 presents operational data for the existing equipment at
the Cheswick plant. The boiler burns medium sulfur coal (1.6 percent
sulfur). Coal shipments are received primarily by truck (barge secondary)
and conveyéd to a coal storage and handling area located north of the plant.

Particulate matter emissions for the boilers are controlled with ESPs
located behind the unit. The plant has a dry fly ash handling system and is
disposed in a landfill located five miles away from the plant.

L{me/Limestone and Lime Spray Drying FGD Costs--

Figure 21.2.1-1 shows the general layout and location of the FGD control
system. The plant is located on a small site surrounded by residential
housing on three sides and the Allegheny River to the south, The absorbers
for L/LS-FGD and LSD-FGD for the unit would be located in available space
west of the powerhouse between the chimney and coal storage and handling
area. Some relocation or demolition of the existing equipment, as well as
the coal pile, would be required; therefore, a factor of 15 percent was
assigned to general facilities. The lime storage/preparation area would be
located south of the plant close to the river with the waste handling area
located adjacent to it. ‘

Retrofit Difficulty and Scope Adder Costs--

The absorbers for L/LS-FGD and LSD-FGD ‘technologies for the unit would
be Tocated adjacent to the chimney, close to the coal storage and handling
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TABLE 21.2.1-1. CHESWICK STEAM PLANT OPERATIONAL DATA

BOILER NUMBER :
GENERATING CAPACITY (MW)
CAPACITY FACTOR (PERCENT})
INSTALLATION DATE

FIRING TYPE

COAL SULFUR CONTENT (PERCENT)
COAL HEATING VALUE éBTU/LB)
COAL ASH CONTENT (PERCENT}
FLY ASH SYSTEM

ASH DISPOSAL METHOD

STACK NUMBER .
COAL DELIVERY METHODS

PARTICULATE CONTROL

TYPE
INSTALLATION DATE
EMISSION éLB/MM BTU)
REMOVAL EFFICIENCY
DESIGN SPECIFICATION
SULFUR SPECIFICATION (PERCENT)
SURFACE AREA (1000 SQ FT
GAS EXIT RATE (1000 ACFM
SCA (SQ FT/1000 ACFM)
OUTLET TEMPERATURE (°F)

1

600

57

1970

TANG

1.6

12283

12.1

DRY DISPOSAL ‘
OFF-SITE (5 MILES)
1

TRUCK, BARGE

ESP

1970
0.08
98.9

1.8
444
1982
200
- 310
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area. Another poséib]e location for absorbers would be southwest of the
chimney between the coal conveyor and the river. '

A high site access/congestion factor was assigned to the absorbers
location which reflects the congestion created by the surrounding coal
conveyors, powerhouse, coal storage and handling area, sump drainage Tlines,
towers and underground fuel lines. For flue gas handiing, a short duct run
would be required for L/LS-FGD cases since the absorbers are located directly
behind the chimney. ' o
. The major scope adjustment costs and retrofit factors estimated for the
FGD technologies are presented in Table 21.2.1-2. There are no large scope
adder costs for the Cheswick plant. The overall retrofit factors determined

'for the L/LS-FGD cases were medium. '

The absorbers for LSD-FGD would be located in the same location as
L/LS-FGD cases. LSD-FGD with a new baghouse was the only LSD-FGD technology
considered for the unit because of the difficulty to tie into the upstream of
the ESPs. In addition, the ESPs are marginal in size and might not be able
to handle the additional particulate load generated by applying LSD. The
‘retrofit factor determined for the LSD technology case was moderate and did
not include particulate control upgrading costs. A separate retrofit
factor was developed for the new baghouse for the unit (1.58) and a high site
Aaccess/cohgestion factor was designated which reflects the difficulty in
locating the new baghouse. This factor was used in-the IAPCS model to
estimate particulate control costs.

Table 21.2.1-3 presents the estimated costs for L/LS-FGD and LSD-FGD
cases. The low cost control case reduces capital and annual operating costs
due to the benefits of economies-of-scale when combining process areas,
elimination of spare scrubber module, and optimization of scrubber size.
Plant personnel indicated that the disposal costs are $26/ton, and as such,
this value was used by the Cheswick plant.

Coal Switching Costs-- '

Coal switching can impact boiler performance in several ways. Key
_paraméters of concern include boiler capacity, furnace slagging, pulverizer
capacity, tube erosion, and coal rate. However, without an ash analysis for
the existing and switch coals, boiler derate or capacity increase cannot be
determined. ’ L |
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TABLE 21.2.1-2. SUMMARY OF RETROFIT FACTOR DATA FOR CHESWICK UNIT 1

FGD TECHNOLOGY

FORCED

LIME

L/LS FGD OXIDATION SPRAY DRYING

SITE ACCESS/CONGESTION

S0Z2 REMOVAL

FLUE GAS HANDLING
ESP REUSE CASE
BAGHOUSE CASE

DUCT WORK DISTANCE (FEET)
ESP REUSE
BAGHOUSE

ESP REUSE

NEW BAGHOUSE

SCOPE ADJUSTMENTS

WET TO DRY
ESTIMATED COST (1000$)
NEW CHIMNEY*
ESTIMATED COST (1000)
OTHER

RETROFIT FACTORS

FGD SYSTEM

. ESP REUSE CASE
BAGHOUSE CASE

ESP UPGRADE

NEW BAGHOUSE

HIGH
HIGH

0-100

- NA
NA

1.47

“NA
NA

GENERAL FACILITIES (PERCENT) 15

0

HIGH
HIGH

-100

NA
NA

NO
NA
NO
0
NO

1.50

NA
NA

15

HIGH

NA
HIGH

NA

100-300

NA
HIGH

*Chimney liner cost is included for relining of the existing

chimney.

21-25



Table 21.2.1-3. Summary of FGD Control Cests for the Cheswick Plant (June 1988 Dollars)

Technology Boiler Main Boiler Caepacity Coal Capitel Capital Arrnual  Annual s02 S02 SD2 Cost
' Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.
Difficulty (Mw) (%)  Content (SHM) (S/kW) (SWM) (mills/kwh} (%)} (tons/yr) (8/ton)
Factor (%)

LC FGD 1 1.47 600 57 1.6 98.9 144.8 53.7 17.9 90.0 33885 1585.3
LC FGD-C 1 1.47 600 s7 1.6 98.9 164.8 31.2 10.4  90.0 33885 921.4
LFGD 1 1.47 600 57 1.6 123.7 206.2 61.3 20.6 20.0 33885 1822.6
LFGD~C 1 1.47 600 57 1.4 123.7 205.2 35.9 12.0 90.0 33385 1060.6
LSD+FF 1 1.54 600 57 1.6 142.0 236.6 58.4 19,5 87.0 32547 1793.6

LSD+FF-C 1 1.54 600 57 1.6 142.0 236.6 34.1  11.4 87.0 32567 1047.2

===== —===== —=== ——======== ———
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The ESP performance impacts were evaluated using the IAPCS model to
estimate the needed plate area. This plate area was compared to the existing
area to determine whether 503 conditioning or additional p]éte area was
needed. 503 conditioning was assumed to reduce the needed plate area up to
25 percent. Costs were generated to show the impact of two different coal
fuel cost differentials. The costs associated with each boiler for the range
of fuel cost differential are shown in Table 21.2.1-4.

NO ‘Control Technology Costs--

This section presents the performance and costs est1mated for NO
controls at the Cheswick steam plant. These controls include LNC mod1f1ca-
tion and SCR. The application of NOx control technologies is determined by
saveral site-specific factors which are discussed in Section 2. The NOx
technologies evaluated at the steam plant were: -OFA and SCR.

Low NO Combustion--

Un1t 1 is a dry bottom, tangential-fired boiler rated at 565 MW. The
combustion modification technique applied for this evaluation was OFA. As
Table 21.2.1-5 shows, the OFA NOx reduction performance for this unit was
estimated at 15 percent. This reduction performance level was assessed by
examining the effects of heat release rates and furnace residence time
through the use of the simplified NO, procedures. Table 21.2.1-6 presents the
cost of retrofitting OFA at the Cheswick boiler.

Selective Catalytic Reduction--

Table 21.2.1-5 presents the SCR retrofit results for unit 1. The
results include process area retrofit factors and scope adder costs. The
scope adders include costs estimated for ductwork demolition, new flue gas
heat exchanger, and new duct runs to divert the flue gas from the ESPs to the
reactor and from the reactor to the chimney.

The SCR reactor for unit 1 would be located adjacent to the chimney,
close to the coal storage and handling area in a relatively small area.
Access to this area would be difficult. For this reason, the reactor was
assigned a high access/congestion factor. The reactor was assumed to be in
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Table 21.2.1-4. Summary of Coal Switching/Cleaning Costs for the Cheswick Plant

{June 1988 Dollars)

Technology

C5/B+815
CS/B+813-C

CS/B+$5

502 Cost
Effect.

(tons/yr) (3/ton)

Boiler Main Boiler Capacity Coal Capital Capital Anmual  Amnual 502 502
Number Retrofit $Size Factor Sulfur  Cost Cost Cost Cost Removed Removed
Difficulty (Mw) (X) Content (SMM) (S/kNW) (SMM) (mills/kwh) (%)
Factor (X)
1 1.00 600 57 1.6 19.5 32.5 ‘64.5 14.9 43.0 16018
1 1.00 600 57 1.6 19.5 32.5 25.6 8.5 43,0 16018
1 1.00 600 57 1.6 13.3 22.1 14.7 6.2 43.0 16018
1 1.00 600 57 1.6 13.3 2.1 10.8 3.6 43.0 16018

CS/B+85-C
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TABLE 21.2.1-5. _SUMMARY OF NOx RETROFIT RESULTS FOR CHESWICK

BOILER NUMBER

COMBUSTION MODIFICATION RESULTS

FIRING TYPE , | TANG
TYPE OF NOx CONTROL OFA .
VOLUMETRIC HEAT RELEASE RATE

(1000 BTU/CU FT-HR) 16

BOILER/WATERWALL SURFACE
AREA HEAT RELEASE RATE

(1000 BTU/SQ FT-HR) 90.2
FURNACE RESIDENCE TIME (SECONDS) 2.74
ESTIMATED NOx REDUCTION (PERCENT) 25

_SCR RETROFIT RESULTS

SITE ACCESS AND CONGESTION

FOR SCR REACTOR HIGH
SCOPE ADDER PARAMETERS- -
Building Demolition (1000%) 0
Ductwork Demolition (1000$) 104
New Duct Length (Feet) 150
New Duct Costs (1000%$) 2120
‘New Heat Exchanger (1000$) 5461
TOTAL SCOPE ADDER COSTS (1000$%) 7685
RETROFIT FACTOR FOR SCR’ 1.52
GENERAL FACILITIES (PERCENT) 17
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Table 21.2.1-6. NOx Control Cost Results for the Cheswick Plant (Jura ,1§88 Dollers)

Technology Boilef Main Boiler Capacity Coal Capital Capital Annual Annual NOx NOx = NOx Cost
Number Retrofit Size Factor Suifur Cost Cost Cost Cost . Removed Removed Effect.
Difficulty (M) (%) Content (SMM) ($/kW) ($MM) (mills/kwh) (X) (tons/yr) (S/ton)

Factor (X)
LNC-OFA 1 1.00 600 57 1.6 43 21 03 01 .0 2263 121.5
LNC-OFA-C 1 1.00 00 57 1.6 .3 21 0.2 0.1 2.0 2263 72.2
SCR-3 1 152 e - 57T 1.6 83.9 139.8 29.8 2.9‘, 8.0 720 41117
SCR-3-C 1 152 00 57 1.8 8.9 139.8 7.4 5.8 80.0 720 207.6
SCR-7 1 1.52° 600 57 1.6 83.9 139.8 2.9 8.3  80.0 7240  3432.5
SCR-7-C 1 1.52 600 57 1.6 B.9 139.8 1.6 49 8.0 7240 2018.6

21-30



an area with high underground obstructions. The ammonia storage system was
placed in a remote area having a low access/congestion factor. ' '
In this study, all NO, control techniques were evaluated independently
from those evaluated for SO2 control. As a result, for this plant the FGD
- absorbers were located in the same area as the SCR reactor. If both S0,
and NOx emissions have to be reduced at this plant, the SCR reactor would
have to be located downstream of the FGD absorbers (i.e., west of the
chimney) in an area surrounded by the coal conveyors. Once again, a high
access/congestion factor would be assigned to this SCR reactor.
Table 21.2.1-6 presents the estimated cost of retrofitting SCR at the
Cheswick boiler. Plant personnel indicated that f]y‘ash coming out of the
precipitator contain highly corrosive elements which might reduce the
catalyst life. In addition, because of the close proximity of residential
and commercial areas to the plant and possibility of ammonia siip, SCR may
not be feasible at this plant. | ”

Sorbent Injection and Repowering-- »

This section presents the cost/performance estimates for SO2 control
technologies that are under development but have not been demonstrated on
commercial utility boilers. These technologies are presented separately
from the commercialized technologies because the cost/performance estimates
have a high degFee of uncertainty due to the lack of commercial scale data.

Duct Spray Dry1ng and Furnace Sorbent Injection--

The -sorbent rece1v1ng/storage/preparat1on areas were located west oF the
plant in a similar fashion as LSD-FGD. The retrofit of DSD and FSI
technologies at the Cheswick steam plant for the unit would be very
“difficult because the upgrading of the ESPs would be difficult. Also, there
is not sufficient flue gas ducting residence time between the boiler and the
ESPs. Therefore, a new baghouse was considered for DSD, located 1ﬁ_a high
site access/congestion area between the thimney and the coal storage/
handling area. In addition, 300 feet of duct run would be required to
divert the flue gas from the boiler to the baghouse and back to the chimney.
Additional duct residence time could be made available for DSD application
if the existﬁng ESPs were used. For FSI teghno]ogy, ESP SCAs are small and
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upgrading of the ESPs would be very difficult and, as such, this technology
was not considered for the Cheswick plant. Table 21.2.1-7 presents a summary
of the site access/congestion factors for DSD technology at the Cheswick
steam plant. Table 21.2.1-8 presents the costs estimated to retrofit DSD at
the Cheswick plant. |

Atmospheric Fluidized Bed Combustion and Coal Gasification Applicability--

The AFBC retrofit and AFBC/CG repowering applicability criteria
presented in Section 2 were used to determine the applicability of these
technologies at the Cheswick piant. The boiler would not be considered a
good candidate for AFBC retrofit due to its large boiler size (565 MW) and
young age (built in 1970) and high capacity factor.
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TABLE 21.2.1-7. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION

TECHNOLOGIES FOR CHESWICK UNIT 1

ITEM

SITE ACCESS/CONGESTION

REAGENT PREPARATION
ESP UPGRADE (FSI)
NEW BAGHOUSE (DSD)

SCOPE ADDERS

CHANGE ESP ASH DISCHARGE SYSTEM TO DRY HANDLING
ESTIMATED COST (1000%)
ADDITIONAL DUCT WORK (FT)
NEW BAGHOUSE CASE
ESTIMATED COST (1000%)
ESP REUSE CASE
ESTIMATED COST é1000$
DUCT DEMOLITION LENGTH (F g
DEMOLITION COST (1000%

TOTAL COST (1000%)
ESP UPGRADE CASE éFSI&
A NEW BAGHOUSE CASE (DSD)

RETROFIT FACTORS
CONTROL SYSTEM {DSD SYSTEM ONLY)

ESP UPGRADE (FS
NEW BAGHOUSE " (DSD)

MEDIUM
NA
HIGH
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Table 21.2.1-8, sSummary of DSO/FSI Control Costs for the Cheswick Plant ({June 1988 Dollars)

Technology Boiler Main Boiler Capacity Coel Capital Capital Annual  Apnual $02 soe 502 Cost
Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.
Difficulty (MJ) (%) Content (SMM) (S/ku) (SMM) (mills/kwh) (X) (tons/yr) (%/ton)
Factor (%)
DSD+FF 1 1,00 500 57 1.6 84.5 140,8 39.4 131 7.0 265838 1477.5

DSD+FF-C 1 1.00 600 57 1.6 8.5 140.8 22.9 r.r . ™0 26638 860.7
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21.3 METROPOLITAN EDISON COMPANY
21.3.1 Portland Steam P]ant

The Portland steam plant is located within North Hampton County,
Pennsylvania, as part of the Metropolitan Edison Company systém. The plant
contains two coal-fired boilers with a total net generating capacity of
426 MW. The two units sit side-by-side parallel to the Delaware River.
Figure 21.3.1-1 presents the plant plot plan showing the location of all
boilers and major associated auxiliary equipmeht. | _

Table 21.3.1-1 presents operational data for the existing equipment at
the Portland plant. Both boilers burn medium su]fur coal (2.0 percent
sulfur). Coal shipments are received by railroad and conveyed to a coal
storage and handling area located south of the plant.

Particulate matter emissions from both units are controlied with
retrofit ESPs which are located north of unit 2. The plant has a dry fly ash
handling system and ash is disposed south of the plant below the coal pile.

Lime/Limestone and Lime Spray Drying FGD Costs--

Figure 21.3.1-1 shows the general Tayout and location of the FGD control
system. The absorbers for L/LS-FGD and LSD-FGD for both units could be
located between the chimneys and the river but, because of the close
proximity {(chimneys to the river), they were located north of the retrofit
ESPs. No major relocation or demolition would be required for either unit;
therefore, a factor of 5 percent'was assigned to general facilities. The
1ime storage/preparétion area and waste handling area would be located north
of the plant in a very large open area.

Retrofit Difficulty and Scope Adder Costs--

The absorbers for both units would be located in an open area north of
the ESPs with no major obstacles or underground obstructions. The sites are
very accessible and the absorbers were assigned a low site access/ congestion
factor for L/LS-FGD and LSD-FGD technologies.

For flue gas handling, short duct runs for the units would be required
for the L/LS-FGD cases. A low site access/congestion factor was assigned to
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TABLE 21.3.1-1. PORTLAND

STEAM PLANT OPERATIONAL DATA

BOILER NUMBER

GENERATING CAPACITY é %
CAPACITY FACTOR (PERCENT)
INSTALLATION DATE

FIRING TYPE

COAL SULFUR CONTENT (PERCENT)
COAL HEATING VALUE éBTU/LB)
COAL ASH CONTENT (PERCENT)
FLY ASH SYSTEM

ASH DISPOSAL METHOD

STACK NUMBER

COAL DELIVERY METHODS

PARTICULATE CONTROL

TYPE ,
INSTALLATION DATE
EMISSION éLB/MM BTU)
REMOVAL EFFICIENCY
DESIGN SPECIFICATION

SULFUR SPECIFICATION (PERCENT) B

SURFACE AREA (1000 SQ FT)

EXIT GAS FLOW RATE (1000 ACFM)

SCA éSQ FT/1000 ACFM)
OUTLET TEMPERATURE (°F)

1 . 2

171 255
52 53
1958 1962
TANG TANG
2.0 2.0
12800 - 12800
9.0 8.9

DRY DISPOSAL
' L?NDFILL/ON SITE

2
RAILROAD
ESP ESP
1987 1989
0.04 0.04
99.6 99.6
.0-2.3 1.0-2.3
113 - 113
- 584 868
166 243
266 266
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the flue gas handling system due to the available space around the units with
no obstructions.

The major scope adjustment costs and retrofit factors estimated for the
FGD technologies are presented in Table 21.3.1-2. No large scope adder cost
is required for the Portland plant. The overall retrofit factor determined
for the L/LS-FGD cases was low.

The absorbers for LSD-FGD would be located in the same location as the
L/LS-FGD cases. LSD-FGD with reuse of the existing ESPs was the only LSD-FGD
technology considered for both units. For flue gas handling, moderate duct
runs would be required and a low site access/congéstion factor was assigned
for both units in a similar fashion as L/LS-FGD. The retrofit factor
determined for the LSD technology case was low and did not include additional
costs which might be necessary if upgrading of the existing ESPs is required.
A separate retrofit factor was developed for the ESP upgrading and was Tow
because there are no major obstacles around the areas close to the ESPs and
the sites are easily accessible. This factor was used in the IACPS model to
estimate the upgrading costs.

Table 21.3.1-3 presents the cost estimates for L/LS and LSD-FGD cases.
The low cost control case reduces capital and annual operating costs due to
the benefits of economies-of-scale when combining process areas, elimination
of spare scrubber modules, and optimization of scrubber module size.

Coal Switching Costs--

Coal switching cén impact boiler performance in several ways. Key
parameters of concern include boiler capacity, furnace slagging, pulverizer
capacity, tube erosion, and coal rate. However, without an ash analysis for
the existing and switch coals, boiler derate or capacity increase cannot be
determined. ' | |

The ESP performance impacts were evaluated using the IAPCS model to
estimate the needed plate area. This plate area was compared to the existing
area to determine whether SO3 conditioning or additional plate area was
needed, ‘503 conditioning was assumed to reduce the needed plate area up to
25 percent. Costs were generated to show the impact of two different coal
fuel cost differentials. The costs associated with each boiler for the range
of fuel cost differential are shown in Table 21.3.1-4.
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TABLE 21.3.1-2. SUMMARY OF RETROFIT FACTOR DATA FOR PORTLAND UNITS 1 OR 2

FGD TECHNOLOGY

FORCED

LIME

L/LS FGD OXIDATION SPRAY DRYING

SITE ACCESS/CONGESTION

502 REMOVAL LOW LOW LOW
FLUE GAS HANDLING LOW LOW
ESP REUSE CASE LOW
BAGHOUSE CASE NA
DUCT WORK DISTANCE (FEET)  100-300  100-300
ESP REUSE 300-600
BAGHOUSE NA
ESP REUSE NA NA LOW
NEW BAGHOUSE NA NA NA
SCOPE ADJUSTMENTS
WET TO DRY NO NO NO
ESTIMATED COST (10003%) NA NA NA
NEW CHIMNEY NO NO NO
ESTIMATED COST (1000%) 0 0 0
OTHER NO NO - NO
RETROFIT FACTORS
FGD SYSTEM 1.20 1.20
ESP REUSE CASE 1.27
BAGHOUSE CASE NA
ESP UPGRADE NA NA 1.16
NEW BAGHOUSE NA NA NA
GENERAL FACILITIES (PERCENT) 5 5 5
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Table 21.3.1-3. Sumnary of FGD Control Costs for the Portland Plant (June 1988 Dollars)

Technology Boiler Main Boiler Capacity Coal Capital Capital Annual  Annual 502 $02 $02 Cost
‘ Number Retrofit Size Facter Sulfur Cost Cost Cost Cost Removed Removed Effect.
Difficulty (MW) (X) Content (SMM) (S/kW) (SMM) (mills/kwh) (%) (tons/yr) ($/ton)
Factor (%) -

LC FGD 1-2 1.20 426 53 2.0 58.2 138.5 32.8 16.6 90.0 25671 1230.9
LC FGD-C 1-2 1.20 426 53 2.0 58.2 136.5 19.1 9.6 90.0 26671 715.0
LFGO 1 1.20 17 52 2.0 4.5 260.1 21.3 27.3 90.0 10504 2023.8
LFGD 2 1.20 255 53 2.0 57.1 224.0 27.8 23.5 %0.0 15945 1739.9
LFGDI-C 1 1.20 m 52 2.0 44.5 260.1 12.4 15.9 90.0 10504 1178.5
LFGD-C 2 1.20 255 53 2.0 57.1 224.0 14.2 13.7 9G.0 15965 1012.9
LSD+ESP 1 1.27 7 S2 2.0 24.3 I 142.1 11.7 15.0 76.0 B354 1317.3
LSD+ESP 2 1,27 255 53 2.0 _32.7 12B.4 15.3 12.9 76.0 13527 1132.5
LSD+ESP-C 1 1.27 171 52 2.0 24.5 142,17 6.8 8.7 76.0 8856 767.0
LSD+ESP-C 2 1.27 255 53 2.0 32.7 128.4 E.9 7.5 76.0 13527 659.7
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Table 21.3.1-4. Summary of Coal Switching/Cleaning Costs-for the Portland Plant (Jume 1988 Dollars)

Technology Boiler Main Boiler Capqcity Coal Capital Capital Annual Amnual $02 so2 $02 Cost

Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.

Difficulty (MW} (X) Content ($MM) (S5/kW) (SMM) (mills/kwh) (%) (tons/yr) (3/ten)

Factor (%)

CS/B+3$15 1 1.00 171 52 2.0 7.1 1.3 12.1 15.5 52.0 6047 1993.2

CS/B+$15 2 1.00 255 53 2.0 8.9 35.0 17.7 14.9 52.0 9150 1920.7

C5/8+$15-C 1 1.00 171 52 2.0 7.1 1.3 6.9 8.9 52.0 6047 1147.2

£5/8+815-C 2 1.00 255 s3 2.0 8.9 35.0 10,2 8.6 $2.0 9190 1104.8

CS/B+$5 1 1.00 1m7m 52 2.0 5.3 30.9 5.3 5.8 52.0 6047 876.7
CS/B+$5 2 1.00 255 53 2.0 6.3 26.6 7.4 5.3 52.0 9190 805.2

CS/B+$5-C 1. 1.00 171 52 2.0 5.3 30.9 34 3.9 52.0 6047 506.2

CS/B+35-C 2 1.00 255 53 2.0 6.3 24.6 4.3 3.6 52.0 9190 464 .4
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‘NOX‘Control Technology Costs--.

This section presents the performance and costs estimated for NOX
controls at the Portland steam plant. These controls include LNC
modification and SCR. The application of NOx control teéhnologies is
determined by several site-specific factors which are discussed in
Section 2. The NOx technologies eva]uated at the steam plant were: QFA and
SCR. :

Low NO Combustion-- ‘

Un1ts 1 and 2 are dry bottom tangential- -fired boilers rated at 171 and
255 MW, respectively. The combustion modification technique applied for this
evaluation was OFA. As Table 21.3.1-5 shows, the OFA NOx reduction
performance for each unit was estimated to be 20 percent. This reduction
performance level was assessed by examining the effects of heat release
rates and furnace residence time through the use of the simplified: NO
procedures Table 21.3.1-6 presents the cost of retrof1tt1ng OFA at the :
Portland boilers. :

Selective Catalytic Reduction--

Table 21.3.1-5 presents the SCR retrof1t results for each unit. The
results inciude process area retrofit factors and scope adder costs. The
scope adders incliude costs estimated for ductwork demo]ition, new flue gas
heat exchanger, and new duct runs to divert the flue gas from the ESPs to
the reactor and from the reactor to the chimney. '

The SCR reactors for both units were located in an open area north of
the ESPs with no major obstacles. For this reason, the reactors for units |
and 2 were assigned low site access/congestion factors. The ammonia storage
system was placed in a remote area having a low access/ congestion factor.

For this report, all NOx controil techniques were evaluated
independently from those evaluated for SO2 control. As a result for this
plant, the FGD absorbers were in the same location as the SCR reactors. If
both 502 and NOx emissions have to be reduced at this plant, the SCR
‘reactors would have to be located downstream of the FGD absorbers in an area
having 1ittle obstructions and easy access. The access/congestion factors
that would be assigned to each SCR reactor would be the same as that
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TABLE 21.3.1-5. SUMMARY OF NOx RETROFIT RESULTS FOR PORTLAND

BOILER NUMBER

COMBUSTION MODIFICATION RESULTS

| | 1 2
FIRING TYPE TG TANG
TYPE OF NOx CONTROL . . OFA - OFA
VOLUMETRIC HEAT RELEASE RATE |

(1000 BTU/CU FT-HR) 12.1 13.8
R e .
(1000 BTU/SQ FT-HR} - 71.1 88.7
FURNACE RESIDENCE TIME (SECONDS) 2.74 2.97
ESTIMATED NOx REDUCTION (PERCENT) 20 20
| SCRIRETROFIT RESULTS
POR SCR REACTOR " oco oM  Low Lok
SCOPE ADDER PARAMETERS-- |
Building Demolition (1000$) o . 0
Ductwork Demolition (1000%) 41 55
New Duct Length (Feet) . 200 200
New Duct Costs (1000%) 1361 . 1714
New Heat Exchanger (1000%) R 2581 . 3268
TOTAL SCOPE ADDER COSTS (1000$) 3983 5037
RETROFIT FACTOR FOR SCR 1.16 1.16
GENERAL FACILITIES (PERCENT) 13 13
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Table 21.3.1-6. NOx Control Cost Results for the Portland Plant (June 1988 Dollars)

Technology Boiler Main Boiler Capacity Coal Capital Capital Annual  Annual NOX NOx NOx Cost
Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.

Difficulty (MwW) (%) Content ($MM) (S$/kW) {(%¥M) (mills/kwh) (%) (tons/yr) ($/ton)

Factor (%) '

LNC-OFA 1 .00 17 52 2.0 0.8 45 0.2 0.2 20.0 449 370.5
LNC-OFA 2 1.00 255 53 2.0 0.9 3.5 0.2 0.2 20.0 682 284.4
LNC-QFA-C 1 1.00 171 52 2.0 0.8 4.5 0.1 0.1 20.0 449 219.9
LNC-OFA-C 2 1.00 255 53 2.0 0.9 3.5 04 0.1 20.0 682 170.0
SCR-3 1 I 1.16 irgl 52 2.0 26.5 155.1 9.0 11.6 80.0 1796 5030.8
SCR-3 2 1.16 255 53 2.0 36,1 161.5 12.6 10.6 80.0 2729 4606.8
SCR-3-C 1 1.16 171 52 2.0 26.5 155.1 5.3 6.8 80.0 1796 2948.6
SCR-3-C 2 1.16 255 53 2.0 36.1 161.5 7.4 6.2 80,0 2729 2698.7
SCR-7 1 1.16 1m 52 2.0 26.5 155.1 7.6 9.8 80.0 1796 4255.7
SCR-7 2 1.16 255 33 2.0 36.1 141.5 10.5 8.9 80.0 272y 3846.3v
SCR-7-C . 2 1.16 255 53 2.0 36.1  141.5 6.2 5.2 80.0 2729 2263.0
SCR-70-C 1 1.16 171 52 2.0 26.5 155.1 4.5 5.8 80.0 1796 2504.4
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discussed above. Table 21.3.1-6 presents the estimated cost of retrofitting
SCR at the Portland boilers.

Sorbent Injection and Repowering--

This sectjon presents the cost/performance estimates for SO2 control
technologies that are under development but have not been demonstrated on
commercial utility boilers. These technologies are presented separately
from the commercialized technologies because the cost/performance estimates
have a high degree of uncertainty due to the Tack of commercial scale data.

Duct Spray Drying and Furnace Sorbent Injection--

The sorbent receiving/storage/preparation areas were located beside the
ESPs. The retrofit of DSD and FSI technologies at the Portland steam plant
for all units would be relatively easy. There is sufficient flue gas ducting
residence time between the boilers and the ESPs for sorbent injection. A low
retrofit factor was estimated for upgrading the existing ESPs since the sites
are accessible with no obstacles or congestion., Tables 21.3.1-7 and 21.3.1-8
present a summary of the site access/congestion factors for DSD and FSI
technologies at the Portland steam plant. Table 21.3.1-9 presents the costs
estimated to retrofit DSD and FSI at the Portland plant.

Atmospheric Fluidized Bed Combustion and Coal Gasification Applicability--

The AFBC retrofit and AFBC/CG repowering applicability criteria
presented in Section 2 were used to determine the applicability of these
technologies at the Portland plant. Both boilers would be considered good
candidates for AFBC retrofit due to their small boiler sizes (<300 MW) and
their old ages (built before 1960’s}.
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TABLE 21.3.1-7. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION
TECHNOLOGIES FOR PORTLAND UNIT 1

ITEM

SITE ACCESS/CONGESTION
REAGENT PREPARATION LOW
ESP UPGRADE LOW

NEW BAGHOUSE NA
SCOPE ADDERS ’
CHANGE ESP ASH DISCHARGE SYSTEM TO DRY HANDLING  NO

ESTIMATED COST (1000%) NA
ADDITIONAL DUCT WORK (FT)

NEW BAGHOUSE CASE NA

ESTIMATED COST (1000$) NA

ESP REUSE CASE NA

ESTIMATED COST (1000%) NA
DUCT DEMOLITION LENGTH éFT 50

DEMOLITION COST (1000% 45
TOTAL COST &AODOS

ESP UPGRADE CASE 45

A NEW BAGHOUSE CASE NA

RETROFIT FACTORS

CONTROL SYSTEM (DSD SYSTEM ONLY) 1.13
ESP UPGRADE 1.13
NEW BAGHOUSE NA
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- TABLE 21.3.1-8. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION

TECHNOLOGIES FOR PORTLAND UNIT 2

ITEM
SITE ACCESS/CONGESTION
REAGENT PREPARATION : LOW
ESP UPGRADE LOW
NEW BAGHOUSE NA

SCOPE_ADDERS
CHANGE ESP ASH DISCHARGE SYSTEM TO DRY HANDLING NO

ESTIMATED COST (1000$) NA
ADDITIONAL DUCT WORK (FT)

NEW BAGHOUSE CASE NA

ESTIMATED COST (1000$) NA

ESP REUSE CASE \ NA

ESTIMATED COST (1000%) NA
DUCT DEMOLITION LENGTH éFT; 50

DEMOLITION COST (1000% 60
TOTAL COST (1000$) |

ESP UPGRADE CASE 60

A NEW BAGHOUSE CASE NA

RETROFIT FACTORS

CONTROL SYSTEM (DSD SYSTEM ONLY) 1.13
ESP UPGRADE 1.13
NEW BAGHOUSE NA
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Table 21.3.1-9.  Summary of DSD/FSI Control Costs for the Portland Plant (Jume 1988 Dollars)

s=s===sssss== ===aa===

Technology Boiler Main Boiler Capacity Coal Capital Capital Annual  Annual s02 S02 $02 Cost

Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.
Difficulty (MW) (X) Content (SMM) (S$/kW) ($MM) (mills/kwh) (X) (tons/yr} ($/ton)
Factor (X)

DSD+ESP 1 1.00 171 ' 52 2.0 10.2 59.5 7.4 9.5 48.0 5654 1314.1
DSD+ESP 2 1.00 255 53 2.0 46.1 9.0 7.6 49.0 . 8828 1044.3
DSD+ESP-C 1 1.00 171 52 2.0 10.2 59.5 4.3 5.5 48.0 54%4 761.0
DSD+ESP-C 2 1.00 255 53 2.0 11.8 46.1 5.2 4.4 49.0 B&26 604.4
FSI+ESP-50 1 1.00 171 52 2.0 11.1 65.1 7.7 9.9 50.0 5834 1320.5
FSI+ESP-50 2 1.00 255 53 2.0 13.2 51.9 101 8.5 50.0 8869 1135.8
FSI+ESP-50-C 1 1.00 17 52 2.0 1.1 65.1 4.5 5.7 50.0 5836 765.1
FSI+ESP-50-C 2 1.00 255 53 2.0 13.2 51.9 5.8 4.9 50.0 BBSY 657.4
FSI+ESP-70 1 1.00 7 52 2.0 11.2 65.7 7.8 10.0 - 70.0 8170 9556.9
FSI+ESP-T0 2 1.00 255 53 2.0 13.4 52.4 10.2. 8.6, 70.0 12417 824.2
FSI+ESP-70-4 1 1.00 171 52 2.0 11.2 65.7 4.5 5.8 70.0 3170 . 554.4
FSI+ESP-70Q-C 2 1.00 255. 53 2.0 13.4 52.4 5.9 5.0 70.0 12417 477.1
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21.4.'PENNSYLVANIA ELECTRIC COMPANY

21.4.1 Conemaugh Steam Plant

The Conemaugh steam plant is located within Indiana'County,
Pennsylvania, and operated by the Pennsylvania Electric Company system. The
plant contains two coal-fired boilers with a total gross generating capacity
of 1,872 MW. The two units sit side-by-side and are beside the Conemaugh
River. Figure 21.4.1-1 presents the plant.plot plan showing the location of
all boilers and major associated auxiliary equipment.: | |

Table 21.4.1-1 presents opefationaT data for the existing equipment at
the Conemaugh plant. Both boilers burn medium sulfur coal (2.2 percent
sulfur). Coal shipments are received by truck, rail, and conveyors from a
nearby coal mine and conveyed to a coal storage and handling area 1ocated
north of the p1ant

Particulate matter emissions for a11 units are contro]]ed with ESPs
which are located behind each unit. The plant has a dry fly ash hand11ng
system and ash is disposed at a landfill located north of the plant.

- Lime/Limestone and Lime Spray Drying FGD Costs-- :
Figure 21.4;1-1 shows the genefai layout and location of the FGD control
system' The boilers are situated such that space from the chimney to the
Conemaugh River is available for the FGD equipment additions. There are two
large. rec1rcu1at1ng absorbers with natural draft cooling towers located
north of the powerhouse between the river and coal pile. The absorbers for
L/LS-FGD would be 1o¢ated behind the chimneys (south) and, for LSD-FGD, the
absorbers would be located on either side of the ESPs. No major relocation
or demolition would be required for the L/LS-FGD absorbers; therefore, a
factor of 5 percent was assigned tb‘genera] facilities. However, a storage
"building and parking area would need to be demolished and relocated in order
to make space available for the LSD absorbers. As such, a factor of
10 percent was assigned to LSD-FGD general facilities. The Time storage/
preparation area and waste handling area would be located south of the plant
in a very large open area hetween the coaf storage/handling area and river.
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TABLE 21.4.1-1.

CONEMAUGH STEAM PLANT OPERATIONAL DATA

BOILER NUMBER

GENERATING CAPACITY (MW-each)
CAPACITY FACTOR éPER ENT)
INSTALLATION DAT

FIRING TYPE

COAL SULFUR CONTENT éPERCENT)
COAL HEATING VALUE é TU/LB)
COAL ASH CONTENT (PERCENT)
FLY ASH SYSTEM

ASH DISPOSAL METHOD

STACK NUMBER

COAL DELIVERY METHODS

PARTICULATE CONTROL

TYPE
INSTALLATION DATE
EMISSION éLB/MM BTU)
REMOVAL EFFICIENCY
DESIGN SPECIFICATION
SULFUR SPECIFICATION (PERCENT)
SURFACE AREA (1000 SQ FT
GAS EXIT RATE (1000 ACFM
SCA éSQ FT/1000 ACFHZ
OUTLET TEMPERATURE (°F)

1,2

900

87.8, 76.2
1970,71
TANGENTIAL

2.3, 1.9

12300

14.6

DRY DISPOSAL
LAgDFILL/ON-SITE
1-

CONVEYOR, TRUCK, RAIL

ESP

1970
0.05-0.09
99.3

1.5

557.4
3100
185
340
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Retrofit Difficu]ty'andiScope Adder Costs--

The absorbers for both units would be located south of the plant
immediately after the chimneys for both L/LS~FGD‘and LSD-FGD cases.

The absorbers were assigned a low site access/congesticn factor for
L/LS-FGD and LSD-FGD technologies which reflects no major aobstacles or
ﬂnderground obstructions.

For flue gas handling, medium duct runs for both units would be
required for L/LS-FGD cases. A low site access/congestion factor was
assigned to the flue gas handling system due to the fact that there were no
major obstructions around the chimneys.

The major scope adjustment costs and retrofit factors estimated for the
FGD technologies are presented in Table 21.4.1-2. No large scope adder cost
is required for the Conemaugh plant. The overall retrofit factor determined
for the L/LS-FGD cases was low to medium‘(1.31).

The absorbers for LSD-FGD would be located on either side of the ESPs.
After demolition and relocation of the storage area and employee parking
‘area, space would be available for the LSD absorbers with low site
access/congestion factors. LSD-FGD with reused ESP was originally
considered, but with the limited information it was not clear if the ESPs
could handle the increased PM; therefore, LSD with a new FF was considered
for both units. For flue gas handling for LSD cases, moderate duct runs
would be required and a low site access/congestion factor was assigned for
both units,. The retrofit factor determined for the LSD technology case was
low (1.27) and did not include particulate control costs. A separate
retrofit factor was deve]oped‘for new FFs and a Tow site access/congestian
factor was assigned. This factor was used in the [ACPS model to estimate the
new particulate control costs.

Table 21.4.1-3 presents the estimated costs for L/LS and LSD-FGD cases.
The 1ow‘cost control case reduces capital and annual operating costs. The
significant reduction in costs is primarily due to the elimination of spare
scrubber modules and the optimization of scrubber module size.

Coal Switching and Physical Coal Cleaning Costs--
Coal switching can impact boiler performance in several ways.- Key

parameters of concern include boiler capacity, furnace slagging, pulverizer
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TABLE 21.4.1-2. SUMMARY OF RETROFIT FACTOR DATA FOR CONEMAUGH UNITS 1 OR 2

FGD TECHNOLOGY

FORCED LIME
L/LS FGD OXIDATION SPRAY DRYING

'SITE ACCESS/CONGESTION
$02 REMOVAL LOW LOW LOW

FLUE GAS HANDLING LOW LOW
ESP REUSE CASE NA
BAGHOUSE CASE LOW
DUCT WORK DISTANCE (FEET)  300-600 300-600
ESP REUSE ‘ NA
BAGHOUSE 300-600
ESP REUSE NA NA NA
NEW BAGHOUSE NA NA LOW
SCOPE ADJUSTMENTS
WET TO DRY NO NO NO
ESTIMATED COST (1000%) NA NA NA
NEW CHIMNEY NO NO NO
ESTIMATED COST (1000%) 0 0 0
OTHER NO - NO NO
RETROFIT FACTORS
FGD SYSTEM 1.31 1.31
ESP REUSE CASE NA
BAGHOUSE CASE 1.27
ESP UPGRADE NA NA NA
NEW BAGHOUSE NA NA 1.16

GENERAL FACILITIES (PERCENT) 5 5 10
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Tablé 21.4.1-3. Summary of FGD Control Costs for the Conemaugh Plant (lJune 1988 Dollars)

Technology Boil.er' Main Boiler Capacity Coal Capital Capital Anmual  Annual spz so2 $02 Cost
Number Retrofit Size _ Factor Sulfur Cost Cost Cost Cost, Removed Removed Effect.

Difficulty (MW) (X) Content (3MM) ($/kW) (SMM) (mills/kwh) (%) (tons/yr) (%/ton)

Factor %) : :

LC FGD 1-2 1.31 1800 82 1.9 216.9 120.5 148.5 1.3 90.0 173388 844.7
LC FGO-C 12 1.31 1800 az 1.9 216.9 120.5 84.9 6.6 90.0 173386 489.5
LFGD 1 1.31 900 a8 2.3 143.6 159.6 93.1 13.4 90.0 112367 828.6
LFGD 2 1.3 900 76 1.9 141.6 157.3 83.0 13.8 90.0 80561 1030.1
LFGD-C 1 1.3 900 28 2.3 143.6 159.6 54.0 7.8 90.0 112367 480.4
LFGD-C 1.1 900 76 1.9 161.6 157.3 48,2 8.0 90.0 805461 568.1
LSD+FF 1 1.27 200 88 2.3 174.5 193.9 B1.9 1.8 87.0 107997 758.4
LSD+FF 2 1.27 900 76 1.9 169.8 188.7 . 73.2 12.2 87.0 77428 945.3
LSD#FF-C 1 1.27 200 a8 2.3 174.5 193.9 47,7 6.9 87.0 107997 441.7
LSD+FF-C. 2 1.27. 500 75 1.9 169.8  188.7 42.7 7.1 8r.0 77428 551.4
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capacity, tube erosion, and coal rate. .However, without an ash analysis for
the existing and switch coals, boiler derate or capacity increase cannot be
determined.

The ESP performancé impacts were evaluated using the [APCS model to
estimate the needed plate area. This plate area was compared to the
existing area to determine whether 503 conditioning or’additiona1 plate area
was needed. 503 conditioning was assumed to reduce the needed plate area up
to 25 percent. Costs were generated to show the impact of two different
coal fuel cost differentials. The costs associated with each boiler for the
range of fuel cost differential are shown in Table 21.4.1-4. ‘

Table 21.4.1-4 presents the IAPCS cost results for physical coal
cleaning at the Conemaugh p1an£. These costs do not include reduced
pulverizer operating costs ok system modifications that may be necessary to
handle deep cleaned coal. ‘ |

. NO, Contro] Technology Costs--

This section presents the performance and costs est1mated for NO
controls at the Conemaugh steam plant. These controls include LNC
vmodification and SCR. The application of NOx:controlltechno1ogies is
determined by several site-specific factors which are discussed in
Section 2. The NOx technologies evaluated at the_steam plant were: OFA and
SCR. '

Low NOX Combustion-- - -

Units 1 and 2 are dry bottom, tangential-fired boilers, each rated at
1936 M. The combustion modification technique applied for this evaluation
was OFA. As Table 21.4.1-5 shows, the OFA NOx reduction performance for each
unit was estimated to be 20 percent. This reduction performance level
was assessed by examining the effects of heat release rates and furnace
residence time through the use of the simplified NO, procedures.
Table 21.4.1-6 presents the cost of retrofitting OFA at the Conemaugh boilers.

Selective Catalytic Reduction--
Table 21.4.1-5 presents the SCR retrofit results for each unit. The
resu]ts‘inc1ude process area retrofit factors and scope adder costs. - The
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Tabte 21.4.71-4. Summary of Coal Switching/Cleaning Costs for the Conemaugh Plant (June 1988 Dollars)

Technology Boiler Main Boiler Capacity Coal Capital Capital Annual  Annual so2 so2 s02 Cest
Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.

Difficulty (M) (X) Content ($MM) ' ($/kW)y (SMM) (mills/kwh) (X) (tons/yr) (3/ten)

Factor (%)

CS/B+$15 1 - 1.00 900 88 2.3 12.5 35.1  95.0 13.7 60.0 74370 1269.2
£S/8+%15 2 1.00 900 76 1.9 32.5 36.1 B83.4 13.9 52.0 46134 1808.2
CS/B+3$15-C | 1.00 900 g8 2.3 32.5 3.1 54,6 7.9 60.0 74870 729.1
C5/B+8$15-C 2 1.00 200 76 1.9 32.5 356.1 47.9 8.0 52.0 46134 1039.2
C5/B+85 1 1.00 900 a3 2.3 23.2 5.7 36,2 5.2 40.0 74870 483.7
C5/B+$5 2 1.00 900 76 1.9 23.2 25.7 32.2 5.4 52.0 48134 697.2
CS/B+85-C 1 1.00 900 88 2.3 23.2 25.7 20.9 3.0 460.0 74870 278.5
CS/B+85-C 2 1.00 900 76 1.9 23.2 25.7 185 11 52.0 46134 401.7
PCC 1 1.00 900 88 2.3 6.8 1 2.6 2 32988 549.8
PCC 2 1.00 900 76 1.9 5. 16.8 2 2.7 11.0 9785 1658.4
PCé-C 1 1.00 900 a8 2.3 15.1 16.8 10.5 1.5 26.0 32988 317.0
PCC-C 2 1.00 900 76 1.9 15.1 16.8 9.4 1.6 11.0 9785 957.1
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TABLE 21.4.1-5.

SUMMARY OF NOx RETROFIT RESULTS FOR CONEMAUGH

COMBUSTION MODIFICATION RESULTS

BOILER NUMBER

FIRING TYPE
TYPE OF NOx CONTROL

VOLUMETRIC HEAT RELEASE RATE
(1000 BTU/CU FT-HR)

BOILER/WATERWALL SURFACE
AREA HEAT RELEASE RATE
(1000 BTU/SQ FT-HR)

FURNACE RESIDENCE TIME (SECONDS)
ESTIMATED NOx REDUCTION (PERCENT)

- SCR RETROFIT RESULTS

SITE ACCESS AND CONGESTION
FOR SCR REACTOR |

SCOPE ADCER PARAMETERS- -
Building Demolition (1000§)
Ductwork Demolition (1000$)
New Duct Length (Feet)

New Duct Costs (1000%)

New Heat Exchanger (1000$)

TOTAL SCOPE ADDER COSTS (1000$%)
RETROFIT FACTOR FOR SCR
GENERAL FACILITIES (PERCENT)

1 2
TANG TANG
OFA OFA
14.2 14,2
84 84
3.41 3.41
20 20
LOW LOW
0 0
140 140
325 325
5823 5823
6966 6966
12928 12929
1.16 1.16
13 13
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Table 21.4.1-6. NOx Control Cost Results for the Conemaugh Plant (June 1938 Dollars)

Technolaogy Boiler Main  Boiler Capacity Coal Capital Capital Annual  Annual NOx NOx NOx Cost
‘Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.

Difficulty (MW) (X) Content (BHM) (S/kW) (3MM) (mills/kwh) (X). (tons/yr) ($/ton)

factor (%)

LNC-OFA 1 1.00 %00 38 2.3 1.5 1.7 0.3 .0 20.0 k- 77.5
LNC-CFA 2 1.00 %00 76 1.9 1.5 1.7 0.3 0.1 20.0 3624 89.3
LNC-QFA-C 1 1.00 900 88 2.3 1.5 1.7 0.2 0.0 20.0 8176 46.0
LNC-QFA-C 2 1.00 500 76 1.9 1.5 1.7 0.2 0.0 20.0 3824 53.0
SCR-3 7 1. 1.16 900 88 2.3 104.8 116.4 40.6 5.9 80.0 16703 2633.3
SCR-3 2 o118 900 76 1.9 104.7 116.4 40.0 6.7 80.0 14496 2760.2
$CR-3-C 1 1.1% §00 88 2.3 104.8 116.4 23.8 3.4 80.0 16703 1422.2
SCR-3-C 2 1.16 900 76 1.9 106.7 116.46 23.4 3.9 80.0 14496 1613.8
SCR-7 1 1.16 éOO 38 2.3 106.8 116.4 331.3 4.8 80.0 16703 1992.1
SCR-7 2 1.14 00 78 1.9 106.7 16,4 32,8 5.4 80.0 14496 2251.9
SCR-7-C 1 1.16 900 88 2.3 104.8 116.4 19.5 2.8 80.0 16703 1169.5
SCR-7-C 2 1.16 900 75 1.9 104.7 116.4 19.2 3.2 80,0 14495 1322.6
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scope adders include costs estimated for ductwork demolition, new flue gas
heat exchanger, and new duct runs to divert the flue gas from the ESPs to the
reactor and from the reactor to the chimney. ‘

The SCR reactors for both units were located south of the plant
immediately after the respective chimneys in an open area on either side of
“each unit. For this reason, the reactor 1dcatioh5‘f0r units 1 and 2 were
assigned Tow access/congestion factors. Both reactors were assumed to be in
" areas with high underground obstructions.. The ammonia storage system was
placed in a remote area having a Tow access/congestion factor.

As discussed in Secticn 2, all NOx control techniques were evaluated
independently from those evaluated for SO2 contral. As a result, for this
plant, the FGD absorbers were in the same location as the SCR reactors. If
both SO2 and NOX emissions have to be reduced at this plant, the SCR
reactors would have to be located downstream of the FGD absorbers in an area
having 1ittle obstructions and easy access. The access/congestion factors
that would be assigned to each SCR reactor would be the same as that
discussed above. Table 21.4.1-6 presents the estimated cost of retrofitting
SCR at the Conemaugh boilers.

Sorbent Injection and Repowering--

Both ESPs have marginal SCAs and are located in congested areas making
their upgrades very difficult. As such, they were not considered good
"candidates for sorbent injection technologies.

Atmospheric Fluidized Bed Combustion and Coal Gasification Applicability--
The AFBC retrofit and AFBC/CG repowering applicability criteria

presented in Section 2 were used to determine the applicability of these

technologies at the Conemaugh p]ant None of the boilers would be

considered good candidates for AFBC retrofit due to their large sizes

(936 MW), age (built after 1960), and high capacity factors.
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21.4.2 Homer City Steam Plant

The Homer City steam plant is located within Indiana County,
Pennsylvania, as part of the Pennslyvania Electric Company and New York State
Electric & Gas. The plant contains three coal-fired boilers with a total
gross generating capacity of 1,850 MW. Figure 21.4.2-1 presents the plant
plot plan showjng the location of aT] boilers and major -associated auxiliary
equipment. ,  ' - )

Table 21.4.2-1 presents operational data for the existing equipment at |
. the Homer City plant. The boilers burn medium sulfur coal (1.3 to
2.2 percent sulfur). Coal shipments are received by trucks and conveyors
~ from a nearby coal mine. Coal for unit 3 is extensively cleaned to achieve a
boiler emission rate of 1.2 Ib S0, per million Btu.

Particulate matter emissions for the boilers are controlled with ESPs
located behind each unit. The plant has a dry fly ash handling system and
is disposed at a Tandfill located west of the plant.

Lime/Limestone and Lime Spray Drying FGD Costs--

Figure 21:4.2-1 shows the general layout and location of the FGD control
system. Each unit 15 served by its own chimney. There are three natural
draft cooling towers located south of the plant close to unit 3. The
absorbers for L/LS-FGD and LSD-FGD for all units would be Tocated immediately
behind the chimneys in a relatively open area. No major ré]ocation or
demolition would be reqﬁired for aﬁy of the units; therefore, a factor of
5 percent was assigned to general facilities. The lime storage/preparétion
area would be located west of the plant on the other side of the road and
close to .the absorbers;'the waste hand]ing‘area would be located adjacent to
it. ' ‘

Retrofit Difficulty and Scope Adder Costs--

The absorbers for all units would be located west of the plant behind
the chimney. Ample space is available for the FGD absorbers. The absorber
Tocations'for all units were assigned a low site access/congestion factor
which reflects no major obstacles/obstructions around the absorbers.
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TABLE 21.4.2-1. HOMER CITY STEAM PLANT OPERATIONAL DATA

BOILER NUMBER

GENERATING CAPACITY éMN-each)
CAPACITY FACTOR (PERCENT)
INSTALLATION DATE

- FIRING TYPE

COAL SULFUR CONTENT éPERCENT)
COAL HEATING VALUE é TU/LB)
COAL ASH CONTENT (PERCENT)
FLY ASH SYSTEM

ASH DISPOSAL METHOD

STACK NUMBER

COAL DELIVERY METHODS

PARTICULATE CONTROL

TYPE
INSTALLATION DATE
EMISSION éLB/MM BTU)
REMOVAL EFFICIENCY
DESIGN SPECIFICATION
SULFUR SPECIFICATION (PERCENT)
SURFACE AREA (1000 SQ FT)
EXIT GAS FLOW RATE (1000 ACFM)
SCA ESQ FT/1000 ACFM)
OUTLET- TEMPERATURE (°F)

1,2 3

600 650
57.5,72.4 B4.7
1969 1977
OWF OWF
1.6 1.6
11300 11900
21.9 14.9

DRY DISPOSAL
LANDFILL/ON-SITE

- 3
NEARBY MINE/CONVEYOR, TRUCK

ESP ESP
1969 1977
0.09-0.06 0.02
99.5 99.3
2.8 2.1
417.9 1144.8
2050 2600
182 410
290 270
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For flue gas handling, medium duct runs for all units would be required
for L/LS-FGD cases since the absorbers are located close to the chimney. A
low site access/congestion factor was assigned to the flue gas handling
system due to major obstacles surrounding the chimney.

The major scope adjustment costs and retrofit factors estimated for the
FGD technologies are presented in Table 21.4.2-2. There are no large scope
adder costs for the Homer City plant. The overall retrofit factor
determined for the L/LS-FGD cases was low. 7 |

The absorbers for LSD-FGD would be placed in the same Tow site
access/congestion locations as L/LS-FGD cases. LSD-FGD with reused ESPs was
the only LSD-FGD technology considefed for all units because of their
adequate ESP sizes (SCA~200). For flue gas handling for LSD cases, medium
duct runs would be required to divert the flue gas from the upstream of the
ESPs to the absorbers and back to the ESPs. A medium site access/congestion
factor was assigned to the flue gas handling system for all units. For
units 1-2, the congestion resulted due to the close proximity of the ESPs.
For unit 3, the access difficulty to the upstream of the ESPs resulted from
the close proximity of the ESPs and the powerhouse building. The retrofit
factor determined for the LSD technology case was low (1.31) and did not
include particulate control upgrading costs. Separate retrofit factors were
developed for upgrading the ESPs; Tow to medium site access/congestion
factors were designated which reflects the available space around the ESPs
if additional plate area is required. The medium site access/congestion
factor reflects the congestion created around units 1 and 2 due to the close
proximity of the ESPs. These factors were used in the IAPCS model to
estimate particulate control upgrading costs. -

Table 21.4.2-3 presents the estimated costs for L/LS-FGD and LSD-FGD
cases. The LSD-FGD costs include upgrading the ESPs for boilers 1-3. The
low cost control case reduces capital and annual operating costs due to the
benefits of economies-of-scale when combining process areas, elimination of
'spare scrubber modules, and optimization of scrubber module size.

Coal Switching and Physical Coal Cleaning Costs--
Coal for unit 3 is already washed, therefore, was not considered in this
study; only costs for units 1 and 2 are presented here. Cba] switching can
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TABLE 21.4.2-2. SUMMARY OF RETROFIT FACTOR DATA FOR HOMER CITY UNITS 1,2, OR 3

FGD TECHNOLOGY

FORCED LIME
L/LS FGD OXIDATION SPRAY DRYING

SITE ACCESS/CONGESTION

$02 REMOVAL LOW LOW LOW

FLUE GAS HANDLING LOW LOW
ESP REUSE CASE MEDTUM
BAGHOUSE CASE NA

DUCT WORK DISTANCE (FEET) 300-600  300-600
ESP REUSE 300-600
BAGHOUSE NA

ESP REUSE (1-2,3) NA NA MEDIUM, LOW

NEW BAGHOUSE NA NA NA

SCOPE ADJUSTMENTS

WET TO DRY NO NO NO
ESTIMATED COST (1000§) NA NA NA

NEW CHIMNEY NO NO NO
ESTIMATED COST (1000$) 0 0 0

OTHER NO NO NO

RETROFIT FACTORS

FGD SYSTEM 1.31 1.31
ESP REUSE CASE : 1.31
BAGHOUSE CASE NA

ESP UPGRADE (1-2,3) NA NA 1.36, 1.16

NEW BAGHOUSE NA NA NA .

GENERAL FACILITIES (PERCENT) 5 5 5
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Teble 21.4.2;3. Summary of FGD Conmtrol Costs for the Homer City Plant (Jume 1988 6ollars)

Technelogy Boiler Main Boiler Capacity Coal Capital Capital Annual  Annual - S02 .602 S02 Cost
Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.
Difficulty (MW) (%) Content (SMM) (3/kN) (SMM) (mills/kwh) (R)- (tons/yr) (3/ton)

Factor (%)
LC FGD 1-3 1.31 1850 72 1.4 218.8 118.3 1317.6 11.8 Q0.0 142142 968.2
LC FGD-C 1-3 1.31 1850 72 1.6 218.8 118.3 79.8 6.9 90.0 142142 ) 561.6
LFGD 1 1.1 600 58 1.6 104.0 173.4 52.9 17.5 90.0 37617 1406.0
LFGD 2 1.3 s00 . 72 1.6 106.0 173.4 57.7 18,2 - 90.0 47385 1218.0
LFGD 3 1.31 850 as 1.6 111.0  170.7  66.1 13.7 90.0 - S6569 1168.8
LFGD-C 1 1.31 400 58 1.6 104.0 173.4 30.8 10.2 " 90.0 37617 817.9
LFGD-C 2 1.31 600 72 1.6 1064.0 173.4 33.5 8.8, 0.0 47355 707.7
LFGD-C 3 1.3 650 85 1.6 111.0 170.7 38.4 8.0 90.0 56569 678.4
LSD+ESP 1 1.3 600 58 1.6 5.5 125.9 33,0 10.9 54.0 22439 1470.6
LSD+ESP 2 1.3 600 I 1.6 75.5 125.9 35.4 9.3  54.0 28254 1253.1
LSD+ESP 5 1.3 660 gs 1.6 C67.7T 102.6 34.7 7.1 61.0 38914 890.8
LSD+ESP-C 1 1.3 400 c8 1.6 75.5 125.9 19.2 6.4 54.0 22439 BS7.7
LSD+ESP-C 2 1.5 600 7. 1.6 7.5 125.9 20.6 S.4 54.0 28254 729.9
7 102.6 20.2 4.1 41.0 38914 518.2

LSD+ESP-C 3 1.5 640 85 1.6 67.
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impact boiler performance in several ways. Key paraheters of concern include -
boiler capacity, furnace slagging, pulverizer capacity, tube erosion, and
coal rate. However, without an ash analysis for the existing and switch
coals, boiler derate or capacity increase cannot be determined. '

The ESP performance impacts were evaluated using the IAPCS model to
estimate the needed plate area. This plate area was compared to the
existing area to determine whether;SO3 conditioning or additional b]ate area
was needed. SO3 conditioning was assumed to reduce the needed plate area up
to 25 percent. Costs were generated to show the impact of two different
coal fuel cost differentials. The costs associated with each bogiler for the
range of fuel cost differential are shown in Table 21.4.2-4.

Table 21.4.2-4 presents the IAPCS cost results for phys1ca1 coal
cleaning at Homer City plant. - These costs do not 1nc1ude reduced pulverizer
operating-coSts or system modifications that may be necessary to handle deep
cleaned coal. |

NO Control Technology Costs--

This section presents the performance and costs estimated for NO
controls at the Homer City steam p]ant These controls include LNC
modification and SCR. The app11cat1on of NO control techno]og1es is
determined by several site-specific factars wh1ch are discussed in
Section 2. The NOx technologies evaluated at the steam plant were: LNB and
SCR. '

Low NO Combust1on--

Un1ts 1-3 are dry bottom, opposed wa]] fired boilers rated at 600, 600,
.and 650 MW, respectively. The combustion modification technique applied for
" these boilers was LNB. As Tab]e 21.4.2-5 shows, the LNB NO reduction
performance for each unit was estimated to be 50 percent Th1s reduction
performance level was assessed by examining the effects of heat release rates
and furnace residence time through the use of the simplified NO procedures.
Table 21.4.2-6 presents the cost of retrofitting LNB at the Homer City

' ‘bo11ers
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Table 21.4.2-4. Sumary of Coal Switching/Cleaning Costs far the Homer City Plant (June 1988 Dollars)

Technology Boiler Main Boiler Capacity Coal Capital Capital Arrual  Annual S02 502 SQ2 Cost

Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.
Difficulty (MW) (X) Content (SMM) (S/kW)> (SMM) (mills/kwh} (%) (rons/yr) (%/ton}
Factor’ (%) :

CS/B+315 1 1.00 500 58 1.6 17.5 29.2 41,6 13.8 48.0 19974 2081.2
CS/B+%15 2 1.00 400 72 1.6 17.5 29.2 51,4 13.5 48.0 25150 2042.6
CS/B+815-C 1 1.00 600 S8 1.6 17.5 29.2 23.%9 7.9 48.0 19974 1196.3
CS/B+$15-C 2 1.00 600 72 1.6 17.5 29.2 29.5 7.8 48.0 25150 1173.4
C$/B+$5 1 1.00 400 58 1.6 11.3 18.8 15.5 5.1 48.0 19974 776.9
CS/B+$5 2 1.00 600 72 1.6 11.3 18.8 18.9 5.0 43.0 25150 749.6
C5/B+85-C 1 1.00 600 58 1.6 11.3 18.8 8.9 3.0 48.0 19974 447.7
CS/B+3$5-C 2 1.00 600 72 1.6 1.3 18.8 10.9 2.9 48.0 25150 431.5
pCC 1 1.00 600 58 1.6 9.4 15.7 8.0 2.6 21.0 B746 909.7
pcc 2 1.00 600 2 1.6 9.4 15.7 9.4 2.5 21.0 11013 855.0
pcc-C 1 1.00 600 58 1.8 9.4 15.7 4.6 1.5 21.0 B746 526.0
PCC-C 2 1.00 600 72 1.6 9.4 15.7 5.4 1.4 21.0 11013 493.7
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TABLE 21.4.2-5. SUMMARY OF NOx RETROFIT RESULTS FOR HOMER CITY

BOILER NUMBER

COMBUSTION MODIFICATION RESULTS

7 1 2 3
FIRING TYPE OWF OWF OWF
TYPE COF NOx CONTROL LNB LNB LNB
VOLUMETRIC HEAT RELEASE RATE
(1000 BTU/CU FT-HR) "~ 14.8 14.8 11.9
BOILER/WATERWALL SURFACE
AREA HEAT RELEASE RATE
(1000 BTU/SQ FT-HR) 79.2 79.2 73
FURNACE RESIDENCE TIME (SECONDS)  3.31 | 3.31 3.52
ESTIMATED NOx REDUCTION (PERCENT) 50 50 50
SCR RETROFIT RESULTS
SITE ACCESS AND CONGEéTION
FOR SCR REACTOR LOW LOW LOW
SCOPE ADDER PARAMETERS--
Building Demolition (1000%) 0 0o 0
Ductwork Demolition (1000%) 104 104 110
New Duct Length (Feet) 125 125 150
New Duct Costs {1000%) - 1767 1767 2222
New Heat Exchanger‘(looos) 5461 5461 5730
TOTAL SCOPE ADDER COSTS (1000$) 7332 7332 8062
RETROFIT FACTOR FOR SCR 1.16 1.16 1.16
GENERAL FACILITIES (PERCENT). 13 13 13
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Table 21.4.2-6. Nox Control Cost Results for the Homer City Plant (Jume 1988 Dollars)

Technology Boiler Hain Boiler Capecity Coal Capital Capital Annual  Annual NOx NOx NOx Cost
Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.

Difficulty (MW) (%) Content (SHM) ($/kW) ($MM) (millsskwh) (%) (tons/yr) (%/ton)

Factor (%)

LNC-LNB . 1 1.00 500 58 1.6 5.2 8.7 1.1 0.4 50.0 7033 1861.4
LNC-LNB 2 1.00 500 7e 1.6 5.2 8.7 1.1 0.3 50.0 8855 128.2
LNC-LNB 3 1.00 660 as 1.6 5.4 8.2 1.2 0.2 50.0 10739 109.8
LNC-LNB-C 1 1.00 600 58 1.6 5.2 8.7 0,7 0.2 50.0 7033 95.8
LNC-LNB-C 2 1.00 600 72 1.6 5.2 8.7 0.7 0.2 50.0 8855 761
LNC-LNB-C 3 1.00 650 85 1.6 S.4 8.2 6.7 0.1 50.0 10739 65.2
SCR-3 1 1.18 400 58 1.6 70.3  117.1  26.9 8.9 80.0 11253 2392.6
SCR-3 2 1.16 400 72 1.6 70.3 117.1 27.%5 7.2 80.0 14169 1943.8
SCR-3 3 1.16 560 85 1.6 76.3 115.6 30.4 6.2 80.0 17182 1769.4
SCR-3-C 1 1.16 600 58 1.6 70.3  17.1 15.7. 5.2 80.0 11253 1398.8
SCR-3-C 2 1.16 &00 2 1.6 70.3  117.1  16.1 4.2 80.0 14169 1135.¢
SCR-3-C 3 1.16 60 85 1.6 76.3 115.6 17.8 3.8 80.0 17182 1033.6
SCR-7 1 1.16 600 58 1.6 70.3 17.1 21.9 7.3 80.0 11253 1950.6
SCR-7 2 1.16 600 72 1.6 70.3  17.1 22.6 5.9 80.0 14169 1592.7
SCR-7 3 1.16 660 85 1.6 76.3 115.6 25.0 5.1 80.0 17182 1453 .4
SCR-7-C 1 1.16 600 58 1.6 ‘76.3 117.1  12.9 4.3 80.0 11253 1145.5
SCR-7-C 2 1.16 600 72 1.4 70.3 17.1 13.2 3.5 80.0 1416% 934.8
SCR-7-C 3 1.16 660 85 1.6 76.3 115.6 14.6 3.0 80.0 17182 852.6
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Selective Catalytic Reduction--

Table 21.4.2-5 presents the SCR retrofit results for units 1-3. The
results include process area retrofit factors and scope adder costs. The
scope adders include costs estimated for ductwork demolitian, new flue gas
heat exchanger, and new duct runs to divert the flue gas from the ESPs to
the reactor and from the reactor to the chimney.

The SCR reactors for units 1-2 were located immediately behind their
respective chimneys; whereas, the SCR reactor for unit 3 was located west of
the ESPs for unit 3. The three reactors were located in easy access and
open areas. No major relocation or demclition would be required for any of
the units. Therefore, the reactors for units 1-3 were assigned low access/
congestion factors. A1l reactors were assumed to be in areas with high
underground obstructions. The ammonia storage system was placed in a remote
area having a low access/congestion factor.

As discussed in Section 2, ail NOx control techniques were evaluated
independently from those evaluated for SO2 control. If both 50, and NQ,,
emissions needed to be reduced at this plant, the SCR reactors would have
to be located downstream of the FGD absorbers in an area immediately west of
the absorbers. In this case, low access/congestion factors would again be
assigned to all three SCR reactors. Table 21.4.2-6 presents the estimated
cost of retrofitting SCR at the Homer City boilers.

Sorbent Injection and Repowering--.

This section presents the cost/performance estimates for 502 contral
technologies that are under development but have not been demonstrated on
commercial utility boilers. These technologies are presented separately
from the commercialized technologies because the cost/performance estimates
have a high degree of uncertainty due to the lack of commercial scale data.

Duct Spray Drying and Furnace Sorbent Injection--

The sorbent receiving/storage/preparation areas were located west of the
plant in a similar fashion as LSD-FGDl The retrofit of DSD and FSI
technologies at the Homer City steam plant for all units would be difficult.
This is due to insufficient flue gas ducting residence time between the
boilers and the ESPs. In addition to the short duct residence time,
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units 1-2 have marginal size ESPs and, as such, they were not considered for
sorbent fnjection technologies. By contrast, unit 3 ESPs are large and the
first part of the ESPs could be modified for sorbent injection (E-SOx
technology) or humidification. Therefore, only unit 3 was considered  for
both DSD and FSI applications. Table 21.4.2-7 presents a summary of the site
access/congestion factors for DSD and FSI technologies at the Homer City
steam plant. Table 21.4.2-8 presents the costs estimated to retrofit DSD

and FSI at the Homer City plant.

Atmospheric Fluidized Bed Combustion and Coal Gasification Applicability--
The AFBC retrofit and AFBC/CG repowering applicability criteria 7

presented in Section 2 were used to determine the applicability of these

technologies at the Homer City plant. None of the bailers Hou]d be

considered good candidates for AFBC retrofit due to their large sizes

(>600 MW) and high capacity factors.

21.4.3 Keystone Steam Plant

The Keystone steam plant is located within Armstrong County,
Pennsylvania, as part of the Pennsylvania Electric Company systém.‘ The plant
contains two coal-fired boilers with a total gross generating capacity of
1,872 MW. Figure 21.4.3-1 presents the plant plot plan showing the location
of all boilers and major associated auxiliary equipment.

Table 21.4.3-1 presents operational data for the existing equipment at
the Keystone plant. Both boilers burn medium sulfur coal (1.5 percent
sulfur). Coal shipments are received by trucks and conveycrs from a nearby
coal mine and conveyed to a coal storage and handling area located north of
the plant, ‘

Particulate matter emissions for the boilers are controlled with ESPs
~ between the boilers and the chimneys. The plant has a dry ash handling
system and the ash is disposed at a landfill Tocated east of the plant.

Lime/Limestone and Lime Spray Drying FGD Costs--

Figure 21.4.3-1 shows the general layout and location of the FGD control
system. Each boiler has its own chimney and there are four natural draft
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TABLE 21.4.2-7. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION
TECHNOLOGIES FOR HOMER CITY UNIT 3

ITEM
SITE ACCESS/CONGESTION
REAGENT PREPARATION | | LOW
ESP UPGRADE LOW

NEW BAGHOUSE ‘ | NA
SCOPE ADDERS
| CHANGE ESP ASH DISCHARGE SYSTEM TO DRY HANDLING NO

ESTIMATED COST (1000%) \ ~ NA
ADDITIONAL DUCT WORK (FT)

NEW BAGHOUSE CASE NA

ESTIMATED COST (1000%) | NA

ESP REUSE CASE NA

ESTIMATED COST (1000$) ‘ ' NA
DUCT DEMOLITION LENGTH (FT) _ 50

DEMOLITION COST (1000$) 122
TOTAL COST (1000%)

ESP UPGRADE CASE . 122

A NEW BAGHOUSE CASE : NA

RETROFIT FACTORS

CONTROL SYSTEM (DSD SYSTEM ONLY) ‘ 1.13
ESP UPGRADE 1.13
NEW BAGHOUSE NA
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Table 21.4.2-8. Summary of DSD/FSI Control Costs faor the Homer City Plant (June 1988 Dollars)

Technology Boiler Maim Beiler Capacity Coal Capital Capital Annual
Number Retrofit Size Factor Sulfur Cost cost Cost
Difficulty (MW} (X) Content ($MM) ($/kW) (EMM)

Anrual

cost

{mills/kwh)

$02

Removed Removed

(X)

%1.0

50.0

50.0

70.0

70.0

s02

502 Cost
Effect.

(tons/yr) ($/ton)

26158
26158
31910
31910

46674

752.3

434.6

812.3

468.2

Factor (€3]
DSD+ESP 3 1.00 860 85 1.6 21.2 32.1  19.7 4.0
DSD+ESP-C 3 1.00 660 85 1;6 21.2 3.1 1.4 2.3
FSI+ESP-50 3 1.00 660 85 1.6 19.8 30.0 25.9 5.3
FSI+ESP-50-C 3 1.00 660 85 1.6 19.8 30.0 14.9 341
FSI+ESP-70 3 1.00 660 8 1.6 20.1 30.4  26.5 5.4
FSI+ESP-70-C 3 1.00 660 85 1.6 20.1 30.4 15.2 34

44674
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Figure 21.4_.3-1. Keystone plant plot plan
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TABLE 21.4.3-1. KEYSTONE STEAM PLANT OPERATIONAL DATA

BOILER NUMBER

GENERATING CAPACITY éMw-each)
CAPACITY FACTOR (PERCENT)
INSTALLATION DATE

FIRING TYPE

COAL SULFUR CONTENT éPERCENT)
COAL HEATING VALUE é TU/LB)
COAL ASH CONTENT (PERCENT)
FLY ASH SYSTEM

ASH DISPOSAL METHOD

STACK NUMBER X

COAL DELIVERY METHODS

PARTICULATE CONTROL

TYPE

INSTALLATION DATE
EMISSION éLB/MM BTU)
REMOVAL EFFICIENCY
DESIGN SPECIFICATION

SULFUR SPECIFICATION (PERCENT)

SURFACE AREA (1000 SQ FT
GAS EXIT RATE (1000 ACFM
SCA ESQ FT/1000 ACFM)
OUTLET TEMPERATURE (°F)

1,2

936

89.3, 72.7
1967, 68
TANGENTIAL
1.5

12350

14.1

DRY
?NéSITE/LANDFILL
NEARBY MINE/CONVEYORS, TRUCK

ESP -
1967,1968
0.05
99.3

1.3-1.5
561.6
3000
187

330
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cooling towers (two on each side of the powerhouse). The absorbers for
L/LS-FGD and LSD-FGD for both units would be located adjacent to the
powerhouse and chimneys. The unit 1 absorbers would be located to the
southwest of the unit 1 chimney while the absorber for unit 2 would be
located to the east of the powerhouse, beside the unit 2 chimney. A factor
of 5 percent was assigned to general facilities for unit 1 since there would
be no major relocation/demolition required. For unit 2, relocation or
demolition of a storage building and relocation of a road would be required;
therefore, a factor of 8 percent was assigned to general facilities. The
lime storage/preparation area would be located in a lTarge open area south of
the coal storage and handling area close to the unit 2 absorbers; the waste
handling area would be located adjacent to the storage/preparation area.

Retrofit Difficulty and Scope Adder Costs--

The absorbers for unit 1 would be located immediately west of the
respective chimney; the unit 2 absorbers would be located beside the chimney
in a very large open area.

A low site access/congestion factor was assigned to the unit 1
absorbers since there will be no other obstructions in the area after
demolition of the storage building. The location of the absorber for unit 2
was also assigned a low site access/congestion factor which reflects the
available space behind the chimney.

For flue gas handling, medium duct runs for both units would be required
for L/LS-FGD cases. A low site access/congestion factor was assigned to the
flue gas handling system due to the close location of the absorbers to the
chimneys with no major obstructions ‘in the surrounding area. |

The major scope adjustment costs and retrofit factors estimated for the
FGD technologies are presented in Tables 21.4.3-2 and 21.4.3-3. No large
scope adder cost is required for the Keystone plant. The overall retrofit
factor determined for the L/LS-FGD cases was low to medium {1.31).

The absorbers for LSD-FGD would be located in the same location as
L/LS-FGD cases. LSD-FGD with new FFs was the only LSD-FGD technology
considered for both units. For flue gas handling for LSD cases, moderate
duct runs would be required. A low site access/congestion factor was
assigned to flue gas handling for both units. The retrofit factor determined
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TABLE 21.4.3-2. SUMMARY OF RETROFIT FACTOR DATA FOR KEYSTONE UNIT 1

FGD TECHNOLOGY

FORCED LIME
L/LS FGD OXIDATION SPRAY DRYING

SITE ACCESS/CONGESTION

S02 REMOVAL LOW LOW LOW
FLUE GAS HANDLING LOW LOW
ESP REUSE CASE. . , NA
BAGHOUSE CASE : LCOW
DUCT WORK DISTANCE (FEET)  300-600 300-600
ESP REUSE NA
BAGHOUSE ' 300-600
ESP REUSE NA NA NA
NEW BAGHOUSE _ NA NA LOW
SCOPE ADJUSTMENTS
WET TO DRY NO NO NO
ESTIMATED COST (1000%) NA NA NA
NEW CHIMNEY NO NO- NO
ESTIMATED COST -(1000%) 0 0 0
OTHER , ‘ NO NO NO
RETROFIT FACTORS
FGD SYSTEM 1.31. 1.31
ESP REUSE CASE NA
BAGHOUSE CASE 1.27
ESP UPGRADE NA NA NA
NEW BAGHOUSE NA NA 1.16

GENERAL FACTLITIES  (PERCENT) 5 5 5
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TABLE 21.4.3-3. SUMMARY OF RETROFIT FACTOR DATA FOR KEYSTONE UNIT 2

FGD TECHNOLOGY

FORCED LIME
L/LS FGD OXIDATION SPRAY DRYING

SiTE ACCESS/CONGESTION

S02 REMOVAL | LOW LOW LOW
FLUE GAS HANDLING LOW LOW \
ESP REUSE CASE NA
BAGHOUSE CASE LOW
DUCT WORK DISTANCE (FEET) 300-600 300-600
ESP REUSE | NA
BAGHOUSE 300-600
ESP REUSE NA NA ~NA
NEW BAGHOUSE : NA NA- LOW
SCOPE_ADJUSTMENTS
WET TO DRY . NO NO NO
_ ESTIMATED COST (1000$) NA NA NA
© NEW CHIMNEY | NO NO NO
ESTIMATED COST (1000%) 0 0 0
OTHER - NO NO NO
RETROFIT FACTORS |
FGD SYSTEM 1.31 1.31
ESP REUSE CASE | NA
BAGHOUSE CASE 1.27
ESP UPGRADE CNA NA NA
NEW BAGHOUSE NA NA 1.16

GENERAL FACILITIES (PERCENT) 8 8 8
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for the LSD technology case was low (1.27) and did not include new
particulate control costs. A separate retrofit factor was developed for the
new FFs (1.16). This factor was used in the IAPCS model to estimate new
particulate control costs.

Table 21.4.3-4 presents the estimated costs for L/LS-FGD and LSD-FGD
cases. The LSD-FGD costs include new FFs for boilers 1 and 2. The low cost
control case reduces capital and annual operating costs due to the benefits
of economies-of-scale when combining process areas, elimination of spare
scrubber modules, and optimization of scrubber module size.

Coal Switching and Physical Cecal Cleaning Costs-- _

Coal switching can impact boiler performance in several ways. Kéy
parameters of concern include boiler capacity, furnace slagging, pulverizer
capacity, tube erosion, and coal rate. However, without an ash analysis for
the existing and switch coals, boiler dérate or capacity increase cannot be
determined.

The ESP performance impacts were evaluated using the IAPCS model to
estimate the needed plate area. This plate area was compared to the
existing area to determine whether 503 conditioning or additional plate area
was needed. 503 conditioning was assumed to reduce the needed plate area up
to 25 percent. Costs were generated to show the impact of two different
coal fuel cost differentials. The costs associated with each boiler for the
range of fuel cost differential are shown in Table 21.4.3-5.

Table 21.4.3-5 presents the IAPCS cost results for physical coal
cleaning at Keystone plant. These costs do not include reduced pulverizer
operating costs or system modifications that may be necessary to handle deep
cleaned coal. ‘

NOx,Contro1 Technology Costs--

This section presents the performance and costs estimated for NOx
controls at the Keystone steam plant. These controls include LNC
modification and SCR. The application of NOX control technologies is
determined by several site-specific factors which are discussed in
Section 2. The NOx technologies evaluated at the steam plant were:
OFA and SCR.
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Table 21.64.3-4. Summary of FGD Control Costs for the Keystone Plant (June 1988 Dol lars)

Technology Boiler Main Boiler Capacity coal Capital Capital Arnnuatl  Annual 502 s02 SC2 Cost
Number Retrofit Size Factor Sulfur Cost Cost Cast Cost Removed Removed Effect.

Difficulty (Mw) (X) Content (SMM) (S/kw) (SMM) (mills/kwh) (%) (tons/yr) ($/ton)

Factor (¢.] :

LC FGD 1-2 1.3 187-2 &4 1.5 219.8 117.4 127.0 12.1 90.0 110594 1148.0
LC FGD-C 1-2 1.31 1872 81 1.5 219.9  117.5 82.5 6.2 90.0 139970 589.2
LFGD 1 1.31 936 89 1.5 142.5 152.2 87.3 11.%2 90.0 77156 1131.2
LFGD 2 1.3 P36 73 1.5 144.8 154.7 BO.4 13.5 90.0 62814 1280.4
LFGD-C 1 1.3 936 B9 1.5 162.5 152.2 50.6 6.9 90.0 7156 656.4
LFGD-C 2 1.3 936 73 1.5 164.8 154.7 46.7 7.8 90.0 62814 743.9
LSD+FF 1 1.27 936 89 1.5 170.0 181.6 74.9 10.2 87.0 74156 1009.4
LSD+FF 2 1.27 935 3 1.5 171.6 183.3 70.1 11.8 87.0 60371 1161.5
LSD+FF-C 1 1.27 935 as 1.5 170.0 181.6 43.é6 4.0 87.¢ 74156 S88.6
LSD+FF-C 2 1.27 ?35 73 1.5 171.6 183.3 40,9 6.9 87.0 60371 678.2
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Table 21.4.3-5. Summary of Coal Switching/Cleaning Costs for the Keystone Plant (June 1988 Dollars)

Technology Boiler Main Boiler Capacity Coal Capital Capital Annuél Annual 502 » so2 §D2 Cost
Number Retrofit Size Facter Sulfur Cost Cost Cost Cost Removed Removed Effect.

Difficulty (MW) (X) Content ($MM) (S/kW) (SHM) (mills/kwh) (X) (tonsfyr) (8/ton)

Factor (%)

CS/B+$15 1 1.00 034 B9 1.5 33.2 35.5 100.4 13.7 38.0 32860 3056.9
CS/B+$15 2 1.00 934 73 1.5 33.2 35.5 83.1 13.9 38.0 26752 3107.9
C$/B+815-¢ 1 1.00 936 B9 1.5 33.2 35.5 57.7 7.9 38.0 32860 1736.0
CS/B+$15-C 2 1.00 936 73 1.5 13.2 I5.5  47.8 8.0 38.0 26752 1786.2
CS/B+$5 1 1.00 936 a9 1.5 23.5 25.¢ 38.3 5.2 38.0 328560 1164.8
CS/B+%5 2 1.00 936 73 1.5 23.5 25.2 32.2 5.4 38.0 26752 1203.9
C5/8+85-C 1 1.00 936 89 1.5 23.5 25.2 22.0 3.0 33.0 32860 670.6
CS/B+85-C 2 1.00 936 3 1.5 23.5 25.2 18B.6 31 38.0 26752 693.7
PCC 1 1.00 936 89 1.5 17.2 18.4 19.4 2.6 28.0 264052 805.4
PCC 2 1.00 936 3 1.5 17.2 18.4 16.6 2.8 28.0 19581 845.5
PCGC-C 1 1.00 936 89 1.5 - 17.2 18.4 11,2 1.5 28.0 26052 454.8
PCC-C 2 1.00 936 3 1.5 17.2 18.4 9.6 1.6 28.0 19581 488.3
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Low NOx Combustion--

Units 1 and 2 are dry bottom, tangential-fired boilers, each rated at
936 MW. The combustion modification technique applied for this evaluation’
was OFA. As Table 21.4.3-6 shows, .the OFA NOx reduction performance for each
unit was estimated to be 20 percent. This reduction performance Tevel was
assessed by examining the effects of heat release rates and furnace residence
time through the use of the simplified NOx procedures. Table 21.4.3-7
presents the cost of retrofitting OFA at the Keystone boilers.

Selective Catalytic Reduction--

Table 21.4.3-6 presents the SCR retrofit results for each unit. The
results include process area retrofit factors and scope adder costs. The
scope adders include costs estimated for building and ductwork demolition,
new flue gas heat exchanger, and new duct runs to divert the flue gas from
the ESPs to the reactor and from the reactor to the chimney.

The SCR reactor for unit 1 would be located near the chimney for unit 1
and west of the coal storage and handling area. The SCR reactor for unit 2
would be located to the east of the powerhouse in an area near the chimney
for unit 2. Demolition of a storage building would be needed for
retrofitting the reactor. After demolition of the storage building, the
reactor would be located in an easy access area having no major
obstructions. 'Therefore, the reactors for units 1 and 2 were assigned Tow
access/congestion factors. Both reactors were assumed to be in areas with
high underground obstructions. The ammonia storage system was p]aced‘in a
remote area having a low access/congestion factor.

As discussed in Section 2, all NOX control techniques were evaluated
independently from those evaluated for 502 control. As a result for this
plant, the FGD absorbers were in the same location as the SCR reactors. If
both 802 and NOx emissions have to be reduced at this plant, the SCR
reactors would have to be located downstream of the FGD absorbers in an area
having little obstructions and easy access. The access/congestion factors
that would be assigned to each SCR reactor would be the same as that
discussed above. Table 21.4.3-7 presents the estimated cost of retrofittihg
SCR at the Keystone boilers. '
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TABLE 21.4.3-6. SUMMARY OF NOx RETROFIT RESULTS FOR KEYSTONE

BOILER NUMBER

COMBUSTION MODIFICATION RESULTS

1 2
FIRING TYPE TANG | TANG
TYPE OF NOx CONTROL OFA ‘ “'OFA
VOLUMETRIC HEAT RELEASE RATE
(1000 BTU/CU FT-HR) 14.4 14.4
BOILER/WATERWALL SURFACE
AREA HEAT RELEASE RATE
(1000 BTU/SQ FT-HR) 84.2 84.2
FURNACE RESIDENCE TIME (SECONDS) 6.78  6.78
ESTIMATED NOx REDUCTION (PERCENT) 20 20
SCR RETROFIT RESULTS
- SITE ACCESS AND CONGESTION
FOR SCR REACTOR LOW LOW
SCOPE ADDER PARAMETERS- -
Building Demolition (1000%) 173 NA
Ductwork Demolition {1000$) 145 145
New Duct Length (Feet) - 150 150
New Duct Costs (1000%) 2750 2750
New Heat Exchanger (1000%) 7131 7131
TOTAL SCOPE ADDER COSTS (1000%) 10199 10026
RETROFIT FACTOR FOR SCR 1.16 : 1.16
~ GENERAL FACILITIES (PERCENT) 13 : N
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Table 21.4.3-7. NKCx Control Cost Resuits fer the Keystene Plant (June 1988 Dollars)

Techrol ogy Boiter Main Boiler Capacity Coal Capital Capital Annual  Annual NOx NOx NOx Cost
Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.

Difficulty (Mw} (X) Content (BMM) ($/kW) (SWM) (millss/kwh) (%) (tonssyr) (%/ton}

Factor B ¢ 3 '
LNC-OFA 1 1.00 936 -4 1.5 1.5 1.6 0.3 0.0 20.0 4396 746.8
LNC-OFA 2 1.00 936 73 1.5 1.5 1.6 0.3 0.1 20.0 3579 91.9
LNC-OFA-C 1 1.00 936 89 1.5 1.5 1.6 0.2 0.0 20.0 4396 44,4
LMC-OFA-C 2 1.00 936 73 1.5 1.5 1.6 0.2 0.0 20.0 3579 54.5
SCR-3 1 .16 936 89 1.5  105.3  112.5  41.7 5.7 80.0 17586 2369.3
SCR-3 2 1.16 936 73 1.5 105.1  112.3 40.7 6.8 80.0 14317 2843.1
SCR-3-¢ 1 1.16 936 89 1.5 105.3 1125 - 24.3 3.3 80.0 17586 1384.3
§CR-3-C 2 1.16 936 3 1.5 105.17  112.3 231.8 4,0 80.0 14317 1661.8
SCR-7 1 1.18 938 89 1.5 105.3 112.5% 34.0 L.6 80.0 17584 1933.8
SCR-7 2 1.16 935 3 1.5 105.1 112.3 33.0 5.5 80.0 14317 . 2308.2
SCR-7-C 1 936 ay 1.5 105.3 112.5 20.0 2.7 80.0 17584 1134.8
SCR-7-C 2 936 3 1.5 105.1 112.3  19.4 1.3 80.0 14317 1355.3
4
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Sorbent Injection and Repowering--

The ESPs are small and may not be able to handle the increased PM load
if sorbent injection technologies are applied. As such, sorbent injection
technologies were not considered for this plant.

Atmospheric Fluidized Bed Combustion and Coal Gasification Applicability--

The AFBC retrofit and AFBC/CG repowering applicability criteria
presented in Section 2 were used to determine the applicability of these
technologies at the Keystone plant. Neither of the boilers would be
considered good candidates for AFBC retrofit due to their Targe boiler
sizes (>900 MW) and high capacity factors.

21.4.4 Seward Steam Plant

The Seward steam plant is located within Indiana County, Pennsylvania,
as part of the Pennsyivania Electric Company system. The plant is bounded by
the Conemaugh River and a railroad track. The plant contains two active
coal-fired boilers with a total gross generating capacity of 200 MW.

Figure 21.4.4-1 presents the plant plot pian showing the location of all
boilers and major associated auxiliary équipment.

Table 21.4.4-1 presents operational data for the existing equipment at
the Seward plant. The boilers burn low to medium sulfur coal (1.5 percent
sulfur). Coal shipments are received by truck and conveyed to a coal storage
and handling area located south of the plant.

Particulate matter emissions for the boilers are controlled with ESPs
located behind each unit. Flue gases from the ESPs are combined into one
common chimney: The plant has a dry fly ash handling system and is disposed
on-site at a landfill located beside the coal pile.

Lime/Limestone and Lime Spray Drying FGD Costs--

Figure 21.4.4-1 shows the general layout and location of the FGD control
system. The boilers share a common chimney located between the coal pile and
powerhouse. The absorbers for L/LS-FGD and LSD-FGD for both units would be-
Tocated in the current employee parking area east of the powerhouse. Part of
the plant roads and employee parking area would need to be demolished/
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TABLE 21.4.4-1. SEWARD STEAM PLANT OPERATIONAL DATA

BOILER NUMBER
GENERATING CAPACITY (M
CAPACITY FACTOR éPER ENT)
INSTALLATION DAT

FIRING TYPE

COAL SULFUR CONTENT éPERCENT)
COAL HEATING VALUE é TU/LB)
COAL ASH CONTENT (PERCENT)
FLY ASH SYSTEM

ASH DISPOSAL METHOD

STACK NUMBER

COAL DELIVERY METHODS

PARTICULATE CONTROL

TYPE
INSTALLATION DATE
EMISSION éLB/MM BTU)
REMOVAL EFFICIENCY
DESIGN SPECIFICATION
SULFUR SPECIFICATION (PERCENT)
SURFACE AREA (1000 SQ FT)
EXIT GAS FLOW RATE (1000 ACFM)
SCA ésq FT/1000 ACFM)
OUTLET TEMPERATURE (°F)

4 5

63 137

63.1 62.1

1950 1957
FRONT WALL

1.5 1.5

12100 12100

13.5 13.5

DRY DISPOSAL
ON-SIT§ LANDFILL

TRUCK

ESP ESP
1960 < 1957
0.06 0.06
99.5 99.4

NA 1.5
29.6 180

200 580

148 310

31C 290-320
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relocated; therefore, a factor of 10 percent was assigned to general
facilities. The lime storage/hand]ing area would be located adjacent to the
coal pile south of the absorbers with the waste handling area located

adjacent to the absorbers.

Retrofit Difficulty and Scope Adder Costs--

A low site access/congestion factor was assigned to the absorber
locations due to the absorbers being located in the employee parking area
with no major obstacles or major underground obstruction close to the coal
pile beside the powerhouse. ‘

For flue gas handling, long duct runs for the units would be required
for L/LS-FGD cases to divert the flue gas from the boilers to the absorbers
and back to the chimney. A low site access/congestion factor was assigned
to the flue gas handling system due to no major obstacles or obstructions in
the surrounding area.

The major scope adjustment costs and retrofit factors estimated for the
FGD technologies are presented in Table 21.4.4-2. No large scope adder cost
is required for the Seward plant. The overall retrofit factor determined
for the L/LS-FGD cases was medium (1.37).

The absorbers for LSD-FGD would be located in a similar location as in
L/LS-FGD cases. A long duct run would be required and a Tow site
access/congestion factor was assigned for the same reasons as stated above in
L/LS-FGD cases. The ESPs are located in a very high site access/congestion
area and cannot be upgraded easily. Therefore, a new baghouse was the only
LSD-FGD technology considered for the units. The baghouse location would be
the same as for L/LS-FGD and a low site access/congestion factor was assigned
to this location. For flue gas handling for LSD cases, long duct runs would
be required to divert the flue gas from the boilers to the absorbers/baghouse
and back to the chimney. The retrofit factor determined for the LSD
technology case was medium (1.34) and did not include particulate control
costs. A separate retrofit factor was developed for the new baghouse for the
units. A low retrofit factor (1.16) was assigned to the baghouse location
for the units due to its location in the present employee parking area. This
factor was used in the IAPCS model to estimate particulate control costs.
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TABLE 21.4.4-2. SUMMARY OF RETROFIT FACTOR DATA FOR SEWARD UNITS 4 OR 5

FGD TECHNOLOGY

FORCED L IME
L/LS FGD OXIDATION _SPRAY DRYING

SITE ACCESS/CONGESTION .
S02 REMOVAL LOW LOW LOW

FLUE GAS HANDLING ' LOW LOW
ESP REUSE CASE NA
- BAGHOUSE CASE ' LOW
~ DUCT WORK DISTANCE (FEET) 600-1000 600-1000
ESP REUSE NA
BAGHOUSE 600-1000
ESP REUSE NA NA NA
‘ NEW BAGHOUSE ~NA NA LOW
SCOPE ADJUSTMENTS |
WET TO DRY NO NO | NO-
ESTIMATED COST (1000S) NA 7 NA NA
NEW CHIMNEY NO NO NO
ESTIMATED COST (1000%) 0 0 0
OTHER NO NO NO
RETROFIT_FACTORS
FGD SYSTEM 1.37 1.37
ESP REUSE CASE NA ‘
BAGHOUSE CASE 1.34 .
ESP UPGRADE NA NA NA
NEW BAGHOUSE NA NA 1.16
GENERAL FACILITIES (PERCENT) 10 10 10
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Table 21.4.4-3 presents the cost estimates for L/LS and LSD-FGD cases.
The LSD-FGD costs include installing new baghouses to handle the additional
~particulate loading for boiiers 4 and 5. The low cost control case reduces
capifa] and annual operating costs due to the benefits of economies-of-scale
when combining process areas, elimination of spare scrubber modules, and
optimization of scrubber module size.

Coal Switching Costs--

Coal switching can impact boiler performance in several ways. Key
parameters of concern include boiler capacity, furnace slagging, pulverizer
capacity, tube erosion, and coal rate. However, without an ash analysis for
the existing and sw1tch coals, boiler derate or capacity increase cannot be
determined.

The ESP performance impacts were evaluyated using the IAPCS model to
astimate the needed plate area. This plate area was compared to the existihg
area to determine whether SO3 conditioning or additional plate area was
needed. 503 conditioning was assumed to reduce the needed plate area up to
25 percent. . , ‘

Costs were generated to show the impact of two different coal fuel cost
differentials. The costs associated with each boiler for the range of -fuel
cost differential are shown in Table 21.4.4-4. ‘

NO Control Techno]ogy Costs-- ,

This section presents the performance and costs estimated for NO
controls at the Seward steam plant. These controls include LNC modification
and SCR. The application of NO control technologies is determined by
several site- specific factors which are discussed in Section 2. The NOX
- technologies evaluated at the steam plant were: LNB and SCR.

Low NO Combustion--

Units 4 and 5 are dry bottom, front wall-fired boilers rated at 68 and
125 MW, respectively. The combustion modification technique applied for
these boi]er; was LNB. As Table 21.4.4-5 shows, the LNB'NOx reduction
performance for only unit 5 was estimated to be 50 percent. No boiler
information could be found for unit 4 to assess its NOx reduciion
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Table 21.4.4-3. Summary of FGD Control Costs far the Sewerd Plant (June 1988 Dollars)

Technoiogy Boiter Main Boiler Capacity Coal Capital Capital Annual Annual 502 s02 S02 Cost
Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.
Difficulty (MW) (%) Content (&MM) ($/kW) ($MM) (millsskwh) (X) (tons/yr) (3$/ton)

Factor (&3]
LC FGD 4-5 1.37 200 62 1.5 37.1  185.3 20.4 18.6 90.0 11794 1726.1
LC FGD-C 4-5 1.37 200 62 1.5 37.1 185.3 1.8 10.8 0.0 11794 1003.0
LFGD 4 1.37 63 63 1.5 30.6 486.2 14,1 40.4 90.0 3757 3747.3
LFGD 5 1.37 137 62 1.5 4.3 323.2 20.7 27.8 90.0 8040 2580.7
LFGD 4-5 1,37 200 62 1.5 55.7 278.3 25.4 26.1 90.0 1179 2235.1
LFGD-C 4 1.37 63 83 1.5 . 30,6 488.2 8.2 23.6 90.0 - 3757 2183.5
LFGD=C 5 1.37 137 &2 1.5 46,3 323.2 124 16.2 90.0 8040 1503.2
LFGD-C 4-5 1.37 200 62 1.5 55.7 278.3 15.4 14.0 90.0 11794 1302.3
LSD+FF 4 1.34 63 63 1.5 19.4 308.5 8.9 25.6 87.0 3811 2472.5
LSD+FF - 5 1.3 137 62 1.5 33.5 244.6 14.19 18.9 - 8r.0 ey 1826.4
LSD+FF-C 4 1.34 &3 & 1.5 19.4  308.5 5.2 14.9 B7.0 36T 1440.7
34 137 62 1.5 33.5 244.6 8.2 11.1 a7.0 7ver 1065.8

LSD+FF-C S 1.
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Table 21.4.4-4. Summary of Coal Switchirg/Cleaning Costs for the Seward Plant (Jure 1988 Dollars)

Technology

CS/B+$15
Cs/B+$15

Cs/B+$15-C
CS/B+$15-C

CS/B+$5
C5/0+85

CS/B8+$5-C
C5/B+35-C

Bailer

Main
Number Retrofit Size

Difficulty (MW)

Factor

—_

- b

-

.00
.00

.00
.00

.00
.00

Boiler Capacity Coal
Factor Sul fur

x)

63

Re ’E

Capital Capital
Cost Cost

Content (SMM) (3/ku)

%

341 48.5
4.9 35.9
3 48.5
4.9 35.9
2.4 38.1
3.5 25.6
2.4 38.1
3.5 25.6

Anrual
Cost
(SeM) (mills/kwh) (%) (tons/yr) ($/ton)

n -

o wn

Annual
Cost

502

Removed Removed

40.0
40.0

40.0
40,0

s02

1660
3552

1660
3552

1660
3552

1660
3552

S02 Cost
Effect.

3326.2
3068.1

1914.0
1764.0

1526.2
1265.0

879.8
729.2
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TABLE 21.4.4-5. SUMMARY OF NOx RETROFIT RESULTS FOR SEWARD UNITS 4-5

BOILER NUMBER

COMBUSTION MODIFICATION RESULTS

4 5
FIRING TYPE | : FWF FWF
TYPE OF NOx CONTROL : LNB LNB
OSH AR
Ty S
(1000 BTU/SQ FT-HR) : NA 49.8
FURNACE RESIDENCE TIME (SECONDS) NA 3.01
ESTIMATED NOx REDUCTION (PERCENT) 25 50
SCR RETROFIT RESULTS
FORSCR REACTOR " oW LoW
SCOPE ADDER PARAMETERS-- '
Building Demolition (1000%) 0 0
Ductwork Demolition (1000%) 19 34
New Duct Length (Feet) ‘ 550 600
New Duct Costs (1000%) ’ 2080 3574
New Heat Exchanger (1000%) 1413 2251
TOTAL SCOPE ADDER COSTS (1000%) 3511 5860
RETROFIT FACTOR FOR SCR 1.16 1.16
GENERAL FACILITIES (PERCENT) 25 25
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performances. Since unit 4 is relatively old, it is estimated that a NO,
reduction of 20 to 30 percent can be achieved by this boiler retrofitted with
LNB; unit 4 was installed in 1950. The reduction performance level for unit
5 was assessed by examining the effects of heat release rates and furnace
residence time through‘the use of the simplified NO, procedures.

Table 21.4.4-6 presents the cost of retrofitting LNB at the Seward
boilers. The cost of retrofitting LNB for unit 4 was estimated assuming a
25 percent NOx reduction.

Selective Catalytic Reduction--

Table 21.4.4-5 presents the SCR retrofit results for each unit. The
results include process area retrofit factors and scope adder costs. The
scope adders include costs estimated for ductwork demolition, new flue gas
heat exchanger; and new duct runs to divert the flue gas from the ESP to the
reactor and from the reactar to the chimney. . i

The SCR reactors for units 4 and 5 would be Jocated side-by-side in the
current parking lot east of the powerhouse. Part of the plant road and
employee parking lot would need to be demolished and re]ocated;‘therefore, a
factor of 25 percent was assigned to general facilities for both reactors.
Since the reactors were located in an open area having easy access with no
major obstacles, the reactors for units 4 and 5 were assigned low access/
congestion factors. Both reactors were assumed to be in areas with high
underground obstructions. The ammonia storage system was placed in a remote
area having a low access/congestion factor.

| As discussed in Section 2, -all NOx control techniques were evaluated
independently from those evaluated for SO2 control. Using this scheme, both
the SCR reactors and the FGD absorbers were located in the same area. If
both SO2 and NOx emissions needed to be reduced at this plant, the SCR
reactors would have to be located downstream of the FGD absorbers
(i.e., narth of the absorbers) in an relatively open area. In this case, low
access/congestion factors again would be assigned to both SCR reactors.
Table 21.4.4-6 presents the estimated cost of retrofitting SCR at the Seward
boilers.
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Table 21.4.4-6. WOx Control Cost Results for the Seward Plant (June 1988 Dollars)

Technoleogy Boiler MWain Boiler Capaciry‘ Coal Capital Cepital Annual  Annual NOx NOx NOx Cost
Nurber Retrefit ‘ Size factor Sulfur Cost Cost Cost Cost Removed Removed Effect.
Difficulty (M) (%) Content (SMM) {($/kW) (SMM) (mills/kwh) (X} (tons/yr) (%/ton)

Factor (%)
LNC-LNB A 1.00 63 &8 1.5 2.1 33.7 0.5 1.3 25.0 375 1229.8
‘ LNC-LNB 5 1,00 137 62 1.5 . 2.9 21.1 0.6 0.8 50.0 1603 392.1
LNC-LNB-C 4 1.00 63 63 1.5 2.1 33.7 0.3 0.8 25.0 375 730.1
LNC-LNB-C 5 1.00 137 62 1.5 2.9 21.1 0.4 0.5 50.0 1603 232.8
SCR-3 4 196 63, &3 1.5 5.9 252.9 4.9 14, 80.0 1199 4125.2
SCR-3 5 1.186- - 137 62 1.5 26.2 191.0 8.5 1.4 £0.0 2565 3310.3
SCR-3-C 4 1.6 63 6 1.5 15,9 252.9 2.9 - 83  80.0 1199  2423.0
SCR-3-C 5 - 1.16 137 62 1.5 26.2 191.0 5.0 6.7 80.0 2545 1942.3
SCR-7 & 1.16 &3 63 1.5 15.9 252.9 4.4 12.7 80.0 1199 34693.9
SCR-7 5 1.16 137 &2 1.5 26.2 191.0 7.4 9.9 89. 2565 - 2872.0
SCR-7-C 4 1.18 &3 63 1.5 15.9 252.9 2.6 7.5 80.0 1199 2175.9
SCR-7-C 5 1.16 137 62 1.5 28.2 191.0 4.3 5.8 80.0 256% 1691.2
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Sorbent Injection and Repowering--

This section presents the cost/performance estimates for SD2 control
technologies that are under development but have not been demonstrated on
commercial utility boilers. These technologies are presented separately
from the commercialized technologies because the cost/performance estimates
have a high degree of uncertainty due to the lack of commercial scale data.

Duct Spray Drying and Furnace Sorbent Injection-- ,

The retrofit of DSD and FSI technologies at the Seward steam plant for
the units would be difficult. There is not sufficient duct residence time
between the boilers and the ESPs, and the ESPs themselves are small as well.
As such, sorbent injection technologies were not considered for this plant.

Atmospheric Fluidized Bed Combustion and Coal Gasification Applicability--

. The AFBC retrofit and AFBC/CG repowering applicability criteria present-
ed in Section 2 were used to determine the applicability of these technolo-
gies at the Seward plant. Both boilers would be considered good candidates
for AFBC retrofit because of their small boiler sizes (<130 MW) and ages
(built before 1960),

21.4.5 Shawville Steam Plant

The Shawville steam plant is located on the Susquehanna River in Clear-
field County, Pennsylvania, and is operated by the Pennsylvania Electric
Company. The Shawville plant contains four coal-fired boilers with a gross
generating capacity of 627 MW.

Table 21.4.5-1 presents operational data for the existing equipment at
the Shawville plant. Coal shipments are received by truck and transferred
to a coal storage and handling area east of the plant. PM emissions from the
boilers are controlled by the retrofit ESPs which were added to the original
ESPs. The ESPs for units 1 and 2 are roof mounted and for units 3 and 4 they
are located behind the boilers. Flue gases from boilers 1 and 2 are directed
to a chimney located between units 2 and 3. Another chimney located behind
the ESPs/old chimneys serves units 3 and 4. Dry fly ash from the units is
landfilled by the utility. |
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TABLE 21.4.5-1. SHAWVILLE STEAM PLANT OPERATIONAL DATA

BOILER NUMBER 1,2 3,4
GENERATING CAPACITY (MW-each) 132 181.5
CAPACITY FACTOR EPER ENT) 68.4,75.6 21.2,57.8
INSTALLATION DAT 1954 1959, 60
FIRING TYPE FRONT WALL TANGENTIAL
FURNACE VOLUME (1000 CU FT) _ 50.7 96 -

LOW NOx COMBUSTION NO NO

COAL SULFUR CONTENT éPERCENT) 2.0

COAL HEATING VALUE é TU/LB) 12200

COAL ASH CONTENT (PERCENT) 13.3

FLY ASH SYSTEM DRY DISPOSAL

ASH DISPOSAL METHOD LANDFILL

STACK NUMBER 1 2

COAL DELIVERY METHODS ‘ TRUCK

PARTICULATE _CONTROL

TYPE ESP ESP
INSTALLATION DATE 1976 1976
EMISSION (LB/MM BTU) 0.04 - 0.06
REMOVAL EFFICIENCY 89.4 99.5
DESIGN SPECIFICATION
SULFUR SPECIFICATION (PERCENT) 2.0 2.0
SURFACE AREA (1000 SQ FT; 124 206
GAS EXIT RATE (1000 ACFM 550 660
SCA éSQ FT/1000 ACFH) 225 311
OUTLET TEMPERATURE (°F) 300 290
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Lime/Limestone and Lime Spray Drying FGD Costs--

L/LS-FGD absorbers for units 1 and 2 would be located behind the
boilers. The general facilities factor is high (15 percent) for this _
location because several storage buildings and a parking lot would have to be
relocated. The site access/congestion factor is also high for this location
because of the proximity of the coal pile, coal conveyor, and the unit 3 and
4 ESPs. Between 300 and 600 feet of ductwork would be required to reach the
roof- mounted ESPs for units 1 and 2. A high site access/congestion factor
was assigned to flue gas handling because of the‘djfficu1ty in accessing the
chimney. L/LS-FGD absorbers for units 3 and 4 would be Tocated west of the
unit 3 and 4 éhimney next to the coal pile. A high general facilities factor
was assigned to this location because a large storage building would have to
be retocated. The site access/congestion factor was high for this location
because of the proximity of the coal pile and a railroad line. Between 300
and 600 feet of ductwork would be required and a high site access/congestion
factor was assigned to flue gas handling. '

LSD with reuse of the existing ESPs was not considered for units 1 and
'2 because of the difficulty involved with upgrading the roof mounted ESPs.
However, LSD with a new baghouse could be used for these units. The LSD-FGD
absorbers and baghouses would be located similarly to the wet FGD absorbers
with similar site access/congestion and general facilities factors as well
as ductwork requirements. LSD-FGD with reuse of the existing ESPs was
considered for units 3 and 4. The absorbers would be located similarly to
the wet FGD absorbers for these units with similar site access/congestion and

'general facilities factors. About 700 to 900 feet of ductwork would be »
re-quired to access the upstream side of the unit 3 and 4 ESPs. A high site
~access/congestion factor was assigned to flue gas handTing for both units
because of the congestion caused by the ductwork between the ESPs and the
old chimney§ for these units. |

Tables 21.4.5-2 through 21.4.5-4 present retrofit factor inputs to the
~ IAPCS model and cost estimates for installation of conventional FGD
technologies at the Shawvilte plant.
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 TABLE 21.4.5-2. SUMMARY OF RETROFIT FACTOR DATA FOR SHAWVILLE
UNIT 1 OR 2 '

FGD TECHNOLOGY

FORCED "~ . LIME
L/LS FGD OXIDATION SPRAY DRYING

SITE ACCESS/CONGESTION

S02 REMOVAL HIGH NA HIGH
FLUE GAS HANDLING HIGH NA
ESP REUSE CASE NA
BAGHOUSE CASE HIGH
DUCT WORK DISTANCE (FEET) 300-600 NA
ESP REUSE ‘
BAGHOUSE 300-600
ESP REUSE NA NA NA
NEW BAGHOUSE NA NA HIGH
- SCOPE_ADJUSTMENTS
WET TO DRY ‘ NO NA NO
"~ ESTIMATED COST (1000$) ~NA NA NA
NEW CHIMNEY - NO NA NO
ESTIMATED COST (1000%) 0 0 0
OTHER YES YES .
RETROFIT FACTORS
FGD SYSTEM - 1.91 NA S
ESP REUSE CASE NA
BAGHOUSE CASE 1.92
ESP UPGRADE NA NA NA
NEW BAGHOUSE NA NA 1.58
GENERAL FACILITIES (PERCENT) 15 0 15
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" TABLE 21.4.5-3.

SUMMARY OF RETROFIT FACTOR DATA FOR SHAWVILLE
UNIT 3 OR 4

FGD_TECHNOLOGY

FORCED

LIME

L/LS FGD OXIDATION SPRAY DRYING

SITE ACCESS/CONGESTION

SO02 REMOVAL

FLUE GAS HANDLING
ESP REUSE CASE
BAGHOUSE CASE

DUCT WORK DISTANCE (FEET)
ESP REUSE
BAGHOUSE

ESP REUSE

NEW BAGHOUSE

SCOPE ADJUSTMENTS

WET TO DRY
ESTIMATED COST (1000$)
NEW CHIMNEY
ESTIMATED COST (1000$)
OTHER

RETROFIT FACTORS

FGD SYSTEM
ESP REUSE CASE
BAGHOUSE CASE
ESP UPGRADE
NEW BAGHOUSE

HIGH
HIGH

300-600

NA .
NA

NO
NA
NO

0
YES
1.91

NA
NA

GENERAL FACILITIES (PERCENT) 15

NA
NA

NA

NA
NA

NA
NA
NA

NA

NA
NA

~ HIGH

HIGH
NA

600-1000
NA

HIGH

NA

NO
NA
NO

0
YES
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Table 21.4.5-4. Summary of FGD Controi{ Costs for the Shawville Plant (Jdne 1988 Dollars)

Technology Boiler Main Boiler Capacity Coal Capital Capital Anrwal  Annual 502 so2 $02 Cost
Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.

Difficulty (MW) (X) Content (3MM) (S$/kW) (SMM) (mills/kwh) (X) (tons/yr) ($/ton)

Factor (%)

LC FGD 1-2 1.9 264 72 2.0 61.0 2311 32.6 19.6 - 90.0 23726 13761
LC FGD 3-4 1.91 343 40 2.0 43.2 229.3  34.7 29.2 90.0 17897 2050.1
LC FGD-C 1-2 1.9 264 72 2.0 61.0 231.1 19.0 11.4 %0.0 23726 799.9
LC FGD-C 3-4 1. 343 40 2.0 83.2 229.3 21.4 17 20.0 178%7 1195.4
LFGD 1 1.9 132 &8 2.0 62.0 469.4 27.5 34.8  %0.0 11270 2438.9
LFGD 2 1.9 132 76 2.0 62.0 469.4 28.1 - 32.2 20.0 12456 2256.8
LFGD 3 1.9 182 21 2.0 764.3 4093 27.8 82.% %0.0 4803 5789.4
LFGD [3 1.9 182 58 2.0 74.3 409.6 - 32.2 35.0 90.0 13094 2656.7
LFGD 1-2 1.91 264 72 2.0 93.7 35.9 43.3 26.0 0.0 23726 1824.6 ]
LFGD 3-4 1.9 383 40 2.0 11.8  307.9 46.0 3.6 ~ 90.0 17897 2548.8
LFGD-C 1 1.9 132 68 2.0 62.0 469.4 16.0 20.3 20.0 11270 1422.0
LFGD-C 2 1.9 132 76 - 2.0 62.0 469.4 16.4 18.7 90.0 12456 1315.3
LFGD-C 3 1.91 182 2t 2.0 74.3  409.3 16.3 48.3 90.0 4803 3386.13
LFGO-C 4 1.91 182 58 2.0 7.3 409.6 18.8 20.4 90.0 13094 1433.0
LFGD-C 1-2 1.9 254 72 2.0 93.7 354.9 25.2 15.1 90.0 23726 1063.1
LFGD-C 3-4 1.9 353 40 2.0 111.8  307.9 26.8 21.4 20.0 17897 1499.8
LSD+ESP 3 2.06 182 21 2.0 37.4 2061 14.2 42.3 70.0 3732 3817.7
LSD+ESP 4 2.06 182 58 2.0 37.6  206.1  16.1 7.5 70.0 10176 1583.8
LSO+ESP-C 3 2.06 182 21 2.0 3.4 206.1 4.3 24.7 70.0 3732 2232.3
LSD+ESP-C 4 2.06 182 58 2.0 37.4  206.1 9.4 10.2 70.0 10174 923.9
LSO+FF 1 1.92 132 &8 2.0 46.3 350.4 18.2 23.0 85.0 10627 1709.9
LSD+FF - 2 1.92 132 76 2.0 45.3 350.4 18.5 21.2 85.0 11746 1576.9
LSO+FF-C 1 1.92 132 68 2.0 46.3 350.4 10.6 13.4 85.0 10627 999.2
LSO+FE-C 2 1.92 132 76 2.0 46.3  350.4 10.8 12.4 85.0 11746 921.1
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Coal Switching and Physical Coal Cleaning Costs--

Table 21.4.5-5 summarizes the IAPCS cost results for CS at the Shawville
plant. These costs do not include boiler and pulverizer operating cost
changes or any coal handling system modifications that may be necessary. PCC
was not evaluated because the Shawville plant is not a mine mouth plant.

NOX Control Technologies--

LNBs were considered for control of NOx emissions from units 1 and 2
which are front wall-fired boilers. OFA was considered for units 3 and 4
which are tangential-fired boilers. Tables 21.4.5-6 and 21.4.5-7 present
NOx performance and cost estimates for NOx control technologies at the
Shawville plant.

Selective Catalytic Reduction-- ‘

Cold side SCR reactors for the boilers at the Shawville plant would be
located similarly to the wet FGD absorbers behind units 1 and 2 and west of
the unit 3 and 4 chimney. High general facilities values (38 percent) and
site access/congestion factors were assfgned to all of the reactor locations.
Approximately 400 feet of ductwork would be required to span the distancé
between the SCR reactors and the chimneys. Tables 21.4.5-6 and 21.4.5-7
present the retrofit factors and costs for installation of SCR at the
Shawville plant.

Furnace Sorbent Injection and Duct Spray Drying FGD Costs--

Sorbent injection technologies (FSI and DSD)} were not considered for
units 1 and 2 because of the difficulty in upgrading and réusing the roof-
mounted ESPs. FSI and DSD were considered for units 3 and 4 because there
is sufficient duct residence time between the boilers and the ESPs and the
ESPs are large enough to handle the additional particulate load.

Tables 21.4.5-8 and 21.4.5-9 present retrofit data and costs for installation
of FSI and DSD technologies at the Shawville plant.
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Table 21.4,5-5. Summary of Coal Switching/Cleaning Costs for the Shawville Plant (June 1988 Dollars)

Technology Boiler Main Boiler Capacity Coal Capital Capital Annual  Annual sQ2 502 $02 Cost
Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect..

Difficulty (M) (X) Content (SMM) (S/kiW) (SMM) (mills/kwh) (X) (tonms/yr) ($/ton)

Factor (X)

CS/B+81S 1 1.00 132 68 2.0 4.8 35.5 11.5 14.5 54.0 5811 168%.1
CS/B+815 2 1.00 132 76 2.0 4.8 35.5 12.6 14.4 54.0 7528 1673.5
CS/B+$15 3 0 182 21 2.0 6.3 34.5 5.8 17.2 54.0 2903 1998.7
CS/B+815 4 182 58 2.0 6.3 34.5 13.4 14.5 54.0 013 1689.3
CS/B8+815-C 1 - 1.00 132 68 2.0 4.8 34.5 6.6 8.4 54.0 &1 970.9
CS/B+$15-C 2 1.00 132 76 2.0 4.8 35.5 7.2 8.3 54.0 7528 961.7
C5/B+$15-C 3 1.00 182 21 2.0 6.3 34.5 3.4 9.9 54.0 2903 1154.8
CS/E+$15-C 4 1.00 182 58 2.0 6.3 34.5 7.7 8.4 54.0 7913 971.4
C5/B+$5 1 1.00 132 58 2.0 3.4 26.1 4.7 6.0 54.0 6811 96,7
CS/B+$5 2 . 1.00 132 76 2.0 3.4 25 5.1 5.9 54.0 7528 482.5
£S/B+$5 3 1.00 132 21 2.0 [ 24, 2.7 8.0 54.0 2903 925.9
€S/B+35 4 1.00 182 58 2.0 4.4 24.1 5.4 5.9 54.0 713 688.4
C5/B+35-C 1 1.00 132 68 2.0 3.4 26.1 2.7 3.4 54.0 6811 400.3
C$/8+35-C 2 1.00 132 - 7% 2.0 3.4 26.1 3.0 3.4 54.0 7528 393.1
€s/8+35-C 3 1.00 182 21 2.0 4.4 264.1 1.6 4.6 54.0 2503 §37.2
CS/8+85-C 4 1.00 182 58 2.0 4.4 261 3.1 5.4 54.0 7913 396.9

21-103



TABLE 21.4.5-6. SUMMARY OF NOx RETROFIT RESULTS FOR SHAWVILLE

BOILER NUMBER

‘COMBUSTION MODIFICATION RESULTS

1,2 3,4

FIRING TYPE | FWF TANG
TYPE OF NOx CONTROL | LNB OFA
FURNACE VOLUME (1000 CU FT) 50.7 96
BOILER INSTALLATION DATE 1954 1959, 1960
SLAGGING PROBLEM . No NO
ESTIMATED NOx REDUCTION (PERCENT) 26 25
SCR_RETROFIT RESULTS
POR SCR REACTOR ool 1ON  WeH  HIGH
SCOPE ADDER PARAMETERS--
Building Demolition (1000%) 0 0
" Ductwork Demolition (10008) 33 42
New Duct Length (Feet) . 400 400
New Duct Costs (1000%) 2332 2809
New Heat Exchénger (1000$%) l 2202 | 2665
TOTAL SCOPE ADDER COSTS (1000S)
INDIVIDUAL CASE 4566 5516
COMBINED CASE : | 6830 8324
RETROFIT FACTOR FOR SCR - 1.82 1.82
GENERAL FACILITIES (PERCENT) 38 38
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Table 21.4.5-7. MNOx Control Cost Results for the Shawville Plant (June 1988 Dollars)

Technology Boiler Main Boiler Capecity Coal Capital Capital Annual  Annwal NOx NOx NOx Cost
Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.
Difficulty (Mu) (X) Content (WM} ($/kW) (SMM) (mills/kwh) (X) (tons/yr) (8/ton)
Factor (X)
LNC-LNB ' 1 -1.00 132 68 2.0 2.9 0.6 0.8 26.0 877 704.5
LNC-LNB 2 1.00 132 76 2.0 2.9 2 0.6 0.7 26.0 969 639.3
LNC-LNB-C 1 1.00 132 48 2.0 2.9 21.6 0.6 . 0.5 26.0 877 419.4
LNC-LNB-C 2 1.00 132 76 . 2.0 2.9  21.6 0.4 0.4 26.0 269 379.4
LNC-OFA '3 1.00 182 21 2.0 0.8 6.3 0.2 0.5 25.0° 257 665.0
LNC-0OFA 4 1.00 182 58 2.0 0.8 4.3 0.2 0.2 25.0 700 243.9
LNC-OFA-C 3 1.00 182 21 2.0 0.8 4.3 0.1 Q 25.0 257 394.8
LNC-OFA-C 4 1.00 182 58 2.0 D.8 4.3 0 0.1 0 700 . 144.8
SCR-3 1 1.82 152 &8. 2.0 33.2 1.3 0.5 13.1 80.0 1 2697 3831.2
- SCR-3 F] 1.82° 132 76 2.0 33.2 2514 104 1.9 80.0 2981 3487.9
SCR-3 3 1.82 182 21 2.0 41.3  227.4 12.5 317.2 80.0 821 1527%.6
SCR-3 4 - 1.82 182 58 2.0 41.3  227.5 12.9 14.0 80.0 2238 5750.2
SCR-3 1-2 1.82 264 72 2.0 54.8 207.6 17.8 10.7 80,0 5678 3130.7
SCR-3 3-4 1.82 343 40 2.0 68.5 188.8 21.9 17.4 80.0 3059 7157.4
SCR-3-C 1 1,82 132 ) 2.0 33.2 251.3 6.1 7.7 80.0 2697 2250.2
SCR-3-C 2 1.82 132 76 2.0 3.2 251.4 6.1 7.0 B0.0 2981 2048.2
SCR-3-C 3 1.82 182 21 2.0 41.3  227.4 7.4 21.9 80.0 821 a977.3
SCR-3-C 4 . 1.8 182 58 2.0 1.3 227.5 7.6 ‘8.2 80.0 2238 3m7a
SCR-3-C 1-2 1.82 264 T 2.0 54.8 207.6 10.4 6.3 80.0 5678 18356.9
$CR-3-C 3-4 1.82 343 40 2.0 48.5 188.8 12.9 10.2 . 80.0 3059 4201.2
SCR-7 1 1.82 132 68 2.0 33.2  251.3 9.3 1.7 . 80.0 2697 3430.0
SCR-7 2 1.82 132 - 75 2.0 313.2- 251.4 9.3 10.7 80.0 2981 3124.9
SCR-7 3 1.82 182 21 2.0 61.3 2274 114 32.8 80.0 821 13463.3
SCR-7 4 1.82 182 58 2.0 41.3  227.5 1.4 12.4 80.0 2238 5085.4
SCR-7 ' 1-2 1.82 264 72 2.0 54.8 207.6 15.6 9.4 - 80.0 5678  2749.5
SCr-7 3-4 1.82 383 40 2.0 58.5 188.8 18.9 15.1 80.0 3059 6184.%9
SCR-7-C 1 1.82 132 68 2.0 15.2  251.3 5.4 6.9 80.0 2697 2020.3
SCR-7-C 2 1.82 132 76 2.0 33.2 251.4 5.5 6.3 80.0 2981 1840.2
SCR-7-C 3 1.82 182 21 2.0 41,3  227.4 6.5 19.3- 80.0 821 7932.0
5CR-7-C [ - 1.8 182 58 2.0 41.3  227.5 6.7 7.3 80.0 . 2238 2956.3
'SCR-7-C 1-2 1.82 264 72 2.0 54.8 207.6 9.2 5.5 80.0 5678 1618.6
SCR-7-C I-4 1.82 353 40 2.0 68.5 188.8 1.1 8.9 80.0 @

3059 3643.
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TABLE 21.4.5-8. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION
TECHNOLOGIES FOR SHAWVILLE UNIT 3 OR 4

ITEM
SITE ACCESS/CONGESTION
REAGENT PREPARATION  Low
ESP UPGRADE HIGH
NEW BAGHOUSE | NA

SCOPE ADDERS
CHANGE ESP ASH DISCHARGE SYSTEM TO DRY HANDLING NO

ESTIMATED COST (1000$) NA
ADDITIONAL DUCT WORK (FT)

NEW BAGHOUSE CASE NA

ESTIMATED COST {1000%) - "~ NA

ESP REUSE CASE NA

ESTIMATED COST (1000% ‘ NA
DUCT DEMOLITION LENGTH (F ; 50

DEMOLITION COST (1000$ a8
TOTAL COST (1000$)

ESP UPGRADE CASE 48

A NEW BAGHOUSE CASE NA

RETROFIT FACTORS

CONTROL SYSTEM (DSD SYSTEM ONLY) 1.13
ESP UPGRADE 1.58
NEW BAGHOUSE ‘ | NA
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Table 21.4.5-9. Summary cf D5D/FSI Control Costs for the Shawville Plant (‘June 1788 Dollars)

Technology Boiler Main Boiler Capacity Coal Capital Capital Annuel Annual $02 $02 $O2 Cost

Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.
Difficulty (M) (X) Content (SMM) (S/kW) (SMM) (mills/kwh) (X) (tons/yr) ($/ton)
Factor (%)

DSD+ESP 3 1.00 182 21 2.0 10.0 54.8 6.2 -18.3 45.0 2426 2535.7
DSD+ESP 4 1.00 182 58 2.0 10.0 54.9 7.8 8.5 45.0 6615 1185.5
DSD+ESP-C 3 1.00 182 21 I 2.0 10.0 54.8 3.6 . 10.6 45.0 2426 1471.2
DSD+ESP-C 4 1.00 182 58 2.0 10.0 54.9 4.5 4.9 45.0 6615 &85.9
FSI+ESP-50 3 1.00 182 21 2.0 10.6 58.4 5.5 16.5 50.0 2658 2079.6
FSI+ESP-50 4 1.00 182 58 2.0 10.6 58.4 8.4 9.1 50.0 7275 1152.8
FS1+ESP-50-C 3 1.00 182 21 2.0 10.6 58.4 3.2 9.6 50.0 25658 1209.3
FSI+ESP-50-C 4 1.00 182 58 2.0 10.6 58.4 4.9 5.3 50.0 7275 667.0
FSI+ESP-70 3 1.00 182 21 2.0 10.7 59.1 5.6 16.7 70.0 3735 1505.3
FSI+ESP-70 4 1.00 182 58 2.0 10.7 59.2 B.5 9.3 70.0 10184 837.5
FSI+ESP~70-C 3 1.00 182 21 2.0 10.7 59.1 1.3 9.7 70.0 31735 875.3
FSI+ESP-70-C 4 1.00 182 58 2.0 10.7 5¢.2 4.9 5.4 70.0 10184 484 .5
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Atmospheric Fluidized Bed Combustion and Coal Gasification Applicability--
A1l four boilers at the Shawville power plant are good candidates for
repowering technologies because of their small sizes and potentially short

remaining useful lifetimes. However, the high capacity factors could result
in high replacement power costs for extended downtime.
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+21.5 PENNSYLVANIA POWER AND LIGHT COMPANY

21.5.1 Brunner Island Steam Plant

The Brunner Island steam plant is located within York County,
Pennsylvania, as part of the Pennsylvania Power and Light Company system.
The plant contains three coal-fired boilers with a total gross generating
capacity of 1,558 MW. Figure 21.5.1-1 presents the plant plot plan showing
the location of all boilers and major associated auxiliary equipment.

Table 21.5.1-1 presents operational data for the existing equipment at
the Brunner Island plant. A1l boilers burn medium sulfur coal (1.9 percent
sulfur). Ccal shipments are received by railroad and conVeyed to a single
coal pile Yocated north of the plant.

Particulate matter emissions for unit 1 is controlled with a retrofit
baghouse Tocated west of the plant away from the boiler building. Unit 2
ESPs are located at the back of the boiler house. The ESPs for unit 3 are
directly behind the boiler house. There are two chimneys, one serving unit
1 and unit 2 and another chimney serving unit 3. Ash from all units is wet
sluiced to a pond located south of the plant.

Lime/Limestone and Lime Spray Drying FGD Costs--

Figure 21.5.1-1 shows the general layout and location of the FGD control
system. . The absorbers for L/LS-FGD and LSD-FGD for all units would be
located west of the plant between the particulate controls and the railroad
south of the coal pile. Warehouse buildings would need to be demolished/
relocated; therefore, a factor of 8 percent was assigned to general
facilities. The 1ime storage/preparation area would be located south of the
absorbers between the railroad and ash pond. The waste handling area would
be 1ocated*adjacent to the storage/preparation area.

Retrofit Difficulty and Scope Adder Costs--

The absorbers for all units were located west of the plant, close to
the railroad, and behind the ESPs/ baghouse.

After relocating the storage buildings, there would be no major
obstacles but some underground obstructions. Plant perscnnel indicated that
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TABLE 21.5.1-1. BRUNNER ISLAND STEAM PLANT OPERATIONAL DATA

BOILER NUMBER y

GENERATING CAPACITY (M)

CAPACITY FACTOR (PERCENT)

- INSTALLATION DATE

FIRING TYPE

COAL SULFUR CONTENT (PERCENT)

COAL HEATING VALUE (BTU/LB)
COAL ASH CONTENT (PERCENT)
FLY ASH SYSTEM

ASH DISPOSAL METHOD

STACK NUMBER »

COAL DELIVERY METHODS

-PARTICULATE CONTROL

TYPE

INSTALLATION DATE

EMMISION éLB/MM BTU)

REMOVAL EFFICIENCY

DESIGN SPECIFICATION
SULFUR SPECIFICATION (PERCENT)
SURFACE AREA (1000 SQ FT}’
GAS EXIT RATE 31000 ACFM
SCA (SQ FT/1000 ACFM)
OUTLET TEMPERATURE (°F)

1 2
363 405
71 71
1961 1965
TANG TANG
1.9 1.9
12500 12500
12.7 12.7
WET SLUICE
JPOND/?N-SITE
"RAILROAD
BAGHOUSE  ESP
1980 1965
0.05 0.05
. 99.7 - 99.2
NA - .
- 166+248
1100 560+840
- ' 296
310 310

3 .
790
70
1969

TANG
1.9

12500
12.7

[at]

ESP

1969
0.05
99.5

461+952
2600+2600
272 ‘

310
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underground obstructions caused by running ducts and piping could be
substantial. As a result, a medium site access/congestion factor was
assigned to the absorber location.

For flue gas handling for L/LS-FGD cases, moderate duct runs for all
units would be required since the absorbers are close to the particulate
controls. , ‘

The major scope adjustment costs and retrofit factors estimated for the
FGD technologies are presented in Tables 21.5.1-2 and 21.5.1-3. The largest
scope adder for the Brunner Island plant would be the conversion of units 1-3
fly ash conveying/disposal system from wet to dry for conventional L/LS-FGD
and LSD-FGD cases, and a new chimney for unit 2. It was assumed that dry fly
ash would be necessary to stabilize scrubber sludge waste and to prevent
plugging of sluice lines in the LSD-FGD for the baghouse/ESP reuse case.

This conversion is not necessary for forced oxidation L/LS-FGD. The overall
retrofit factors determined for the L/LS-FGD cases ranged from moderate to
high (1.43-1.55).

LSD-FGD with a reused baghouse was considered for unit 1, while reused
ESP was considered for units 2 and 3 (independent ESPs) due to the boilers
presently having moderate size SCAs (>270) amd easy access. For flue gas
handling for LSD cases, medium duct runs would be required for units 1 and 3,
and longer ducts for unit 2. A Tow site access/congestion factor was |
assigned to the unit 1-3 flue gas handling system. The retrofit facters
determined for the LSD technology case were high (1.47-1.55) and did not
include particulate control upgrading costs for units 2 and 3. It was
assumed that the unit 1 baghouse could be reused with no additional
upgrading. A separate retrofit factor was developed for upgrading ESPs for
units 2 and 3 (1.16). This factor was used in the IAPCS model to estimate
particulate control upgrading costs for units 2 and 3,

FGD Retrofit Costs--

Table 21.5.1-4 presents the costs estimated for L/LS-FGD and LSD-FGD
cases. The LSD-FGD costs include upgrading the esps and ash handling systems
for boilers 2 and 3. The Tow cost control case reduces capital and annual
operating costs due to the benefits of economies-of-scale when combining
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TABLE 21.5.1-2. SUMMARY OF RETROFIT FACTOR DATA FOR BRUNNER ISLAND UNIT 1 OR 3

FGD TECHNOLOGY

FORCED LIME
L/LS FGD OXIDATION SPRAY DRYING

SITE ACCESS/CONGESTION
S02 REMOVAL MEDIUM  MEDIUM  MEDIUM

FLUE GAS HANDLING LOW LOW
ESP REUSE CASE - LOW
REUSE BAGHOUSE CASE NA
DUCT WORK DISTANCE (FEET) 300-600 300-600
ESP REUSE 300-600
REUSE BAGHOUSE NA
ESP REUSE NA NA LOW
REUSE BAGHOUSE NA NA NA
SCOPE ADJUSTMENTS
WET TO DRY YES NO YES
~ ESTIMATED COST (1000%) 2978,5980 NA 2978,5980
NEW CHIMNEY NO NO NO
ESTIMATED COST (10003%) 0 0 0
OTHER NO NO NO
RETROFIT FACTORS
FGD SYSTEM ' 1.48 1.43
ESP REUSE CASE 1.47
REUSE BAGHOUSE CASE 1.47
ESP UPGRADE NA NA 1.16
REUSE BAGHOUSE NA NA NA
GENERAL FACILITIES (PERCENT) 8 8 8 ;
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TABLE 21.5.1-3. SUMMARY OF RETROFIT FACTOR DATA FOR BRUNNER ISLAND UNIT 2

FGD TECHNOLOGY

FORCED LIME

L/LS FGD OXIDATION SPRAY DRYING

SITE ACCESS/CONGESTION

S02 REMOVAL MEDIUM MEDIUM MEDIUM
FLUE GAS HANDLING LOW LOW
ESP REUSE CASE LOW
BAGHOUSE CASE NA
DUCT WORK DISTANCE (FEET) 300-600 300-600
ESP REUSE 600-1000
BAGHOUSE NA
ESP REUSE NA NA LOW
NEW BAGHOUSE NA NA NA
SCOPE ADJUSTMENTS
WET TO DRY YES NO YES
ESTIMATED COST (1000%) 3285 NA - 3285
NEW CHIMNEY ' YES YES NO
ESTIMATED COST (1000%) 2835 2835 0
OTHER NO NO NO
RETROFIT FACTORS
FGD SYSTEM 1.50 1.45
- ESP REUSE CASE '1.55 -
BAGHOUSE CASE NA
ESP UPGRADE NA NA 1.16
NEW BAGHOUSE NA NA NA
GENERAL FACILITIES (PERCENT) 8 8 8
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Table 21.5.1-4. Summary of FGD Control Costs for the Brunner lsland Plant (June 1988 Dollars)

Technology Boiler Main Boiler Capacity Coal Capital Capital Arnual  Arnual S02 $02 S02 Cost .
Humber Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.
Difficulty (MwW) (X) Content (MM} ($/kW) (%M} (mills/kwh) (X) (tons/yr) ($/ton)

Factor (¢.9)

LC FGD 1-3 1.48 1558 65 1.9 211.5  135.8 121.4 13.7 90.0 116782 1039.7
LC FGD-C 1-3 1.48 1558 &5 1.9 211.5 135.8 70.5 7.9 $0.0 116782 603.8
LFGD 1 1.48 363 4l 1.9 84,6 233.2 430 19.3 90.0 2971 1450.5
LFGD 2 1.50 405 " 1.9 91.2 225.2 4.8 18.4 $0.0 33159 1410.2
LFGD 3 1.48 790 70 1.9 145.2 183.8 T7TT.6 16.0 %0.0 e37r0 1 1217.3
LFGD-C 1 1.48 363 71 1.¢ 8.6 2331.2 2541 1.1 90.0 29721 843.8
LFGD-C 2 1.50 405 4l 1.9 91.2 225.2 27.2 i0.8 0.0 3315¢ 820.3
LFGD-C 3 1.48 790 70 1.9 145.2  183.8 45.1 2.3 90.0 63770 707.7
LSD+ESP 2 155 405 7 1.9 56.9 140.6 27.0 10.7 756.0 28112 959.4
LSD+ESP 3 1.47 0 70 1.9 97.9 123.9 46.3 9.6 76.0 54063 855.9
LSD+ESP-C 2 1.55 405 n 1.9 56.9 140.6 15.7 6.2 76.0 28112 558.8
LSD+ESP-C 3 1,47 790 70 1.9 97.9 123.9 . 26.9 5.6 76.0 54063 498.5
LSD+PFF 1 1.47 383 4l 1.9 5.1 126.3 2.3 9.9 87.0 28565 781.4
LSD+PFF-C 1 1.47 383 4l 1.9 45.1  124.3  13.0 5.8 87.0 28565 454.8
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process areas, elimination of spare scrubber modules, and optimization.of
scrubber module size.

Coal Switching Costs--

Coal switching can impact boiler performance in several ways. Key
- parameters of concern include boiler capacity, furnace slagging, pulverizer
capacity, tube erosion, and ccal rate. However, withoui an ash analysis for
the existing and switch coals, boiler derate or capacity increase cannot be
determined. » . '

The ESP performance impacts were evaluated using the IAPCS model to
estimate the needed plate area. This plate area was compared to the
existing area to determine whether 503 conditioning or additional plate area
was needed. 503 conditioning was assumed to reduce the needed plate area up
to 25 percent. Costs were generated to show the impact of two different
coal fuel cost differentials. The costs associated with each boiler for the
range of fuel cost differential are shown in Table 21.5.1-5.

NO, Control Technology Costs--

- This section presents the performance and costs estimated for NO
controls at the Brunner Island steam plant. These controls include LNC
modification and SCR. The application of NO control techno]ogies is
determined by several site-specific factors Wh1Ch are discussed in
Section 2. The NOx technologies evaluated at the steam plant were: OFA and
SCR. h ‘

Low NOx Combustion--

Units 1, 2, and 3 are dry bottom, tangential-fired boilers rated at 383,
405, and 790 MW, respectively. The combustion modification technique applied
- for this evaluation was OFA. As Table 21.5;1-6 shows, the OFA NO,, reduction
performances for units 1, 2, and 3 were estimated to be 25, 15, and
15 percent, respectively. These reduction performance levels were assessed
by examining the effects of heat release rates and furnace residence time
through the use of the simplified NOx procedures. Table 21.5.1-7 presents
the cost of retrofitting OFA at the Brunner Island boilers.
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Table 21.5.1-5. Summary of Coal Switchimg/Cleaning Costs for the Brunner L[sl‘and Plant (June 1988 Dollars)

Technology

Number Retrofit Size
Difficulty (Mi)

Boiler Capacity Coal
Factor Sulfur
%)

Capital Capital Annual:
Cost

02
Removed Removed
Content (3MM) (3/kw) (SMM) (mills/kwh) (X)) (tons/yr) ($/ton)

so2

02 Cost
Effect.

CS/B+$15
C5/B+315
CS/B+$15

CS/B#$15-C
CS/B+S$15-C
£S/B+815-C

CS/B+$5
CS/B+$5
' CS/B+$5

CS/B+35-C
CS/B+$5-C
CS/B+35-C

4|

N
70

7
70

4!
7

70

n

7
70

"

[ S
.
9 O O

.

vvoo

_._._.
eve

26.6
3.6
29.8

26.6
N.é
29.8

16.3
21.2
19.5

16.3
21.2

19.5

51.
51.
51.

51.
51.
51.

s1.
51.
51.
s1.
51.
51.

16721

18655

35877 -

16721
18655

35877

16721
18655
35877

16721

18655
35877

1809.2

1887.0
1847.3

1039.2
1084.2
1072.8

654.5
732.3
712.1

376.6
421.7
409.9




TABLE 21.5.1-6. SUMMARY OF NOx RETROFIT RESULTS FOR BRUNNER ISLAND

BOILER NUMBER

COMBUSTION MODIFICATION RESULTS

| 2 3
FIRING TYPE TANG TANG TANG
TYPE OF NOx CONTROL 4 OFA OFA . OFA
VOLUMETRIC HEAT RELEASE RATE
{1000 BTU/CU FT-HR) 13 15.8 14.8
BOILER/WATERWALL SURFACE |
T000 810/50 F1-R) 0.8 185 925
FURNACE RESIDENCE TIME (SECONDS) _ 3.56 2.7 1.61
ESTIMATED NOx REDUCTION (PERCENT) 25 15 15
SCR RETROFIT RESULTS
SITE ACCESS AND CONGESTION ‘
FOR SCR REACTOR HIGH | HIGH LOW
SCOPE ADDER PARAMETERS- - |
Building Demolition (1000%) 0 0 0
Ductwork Demolition (1000$) 71 77 127
New Duct Length (Feet) 200 200 300
New Duct Costs {1000%) 2108 2246 4980
New Heat Exchanger (1000%) 4,040 4,314 6,441
TOTAL SCOPE ADDER COSTS (1000%) 6,218 6,637 11,548
RETROFIT FACTOR FOR SCR 1.52 1.52 1.16
GENERAL FACILITIES (PERCENT) A 13 13 13
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Table 21.5.1-7. NOx Control Cost Results for the Brunner [(sland Plant (June 1588 Dollars)

Techrology Boiler Main Boiler Capacity Coat Cepital Capital Annual  Apnual NOX NOX NOx Cost
Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect,
Difficulty (MW) (X) Content (SMM) (S/kW) (SMM) (mills/kwh) (X) (toms/yr) (8/teon)

Factor (%)
LNC-OFA 1 1.00 353 sl 1.9 1.0 2.9 6.2 6.1 25.0 1671 134.6
LNC-OFA 2 1.00 405 7t 1.9 1.1 2.7 0.2 0.1 15.0 119 210.2
LNC-OFA 3 1.00 790 70 1.9 1.4 1.8 0.3 0.1 15.0 2152 142.8
"LNC-QFA-C 1 1.00 363 m 1.9 1.0 2.9 0.1 0.1 25.0 1671 79.9
LNC-OFA-C 2 1.00 405 sl 1.9 1.1 2.7 0.1 0.1 15.0 1119 124.8
LNC-QFA-C 3 1.00 70 1.9 1.4 1.8 0,2 0.0 15.0 2152 84.7
SCR-3 1 1.52 343 n 1.9 54.6 150.4 19.1 8.5 80.0 5348 3571.1
SCR-3 2 1.52 405 71 1.9 59.7 147.64  21.0 8.3 80.0 5067 3520.0
SCR-3 3 1.16 790 70 1.9 92.3 116.9 349 7.2 80.0 11475 3043.7
SCR-3-C 1 1.52 343 7 1.9 54.6 150.4 5.0 80.0 5348 2091.8
SCR-3-C 2 405 [4] 1.9 59.7 147.4 6.9 80.0 5967 2061.6
SCR-3-C 3 1 790 70 1.9 92.3 116.9 4.2 80.0 11475 1779.9
SCR-7 1 1.52 3483 m 1.9 54.6 150.4 16.1 7.1 80.0 5348 3016.7
SCR-7 2 1.52 405 4l 1.9 50.7 14T.4 . 7.0 80.0 5967 2985.4
SCR-7 3 1.16 790 70 1.9 92.3 1146.9 28.5 5.9 80.0 11475 2481,4
SCR-7-C 1 363 71 1.9 56,6 150.4 9.5 4.2 80.0 5348 17741
SCR-7-C 2 . 405 71 1.2 59.7  147.4  10.4 4.1 80.0 5947 1744.0
SCR-7-C 3 1.16 790 70 1.9 92.3 116.9 16,7 3.5 80.0 11475 1457.7
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Selective Catalytic Reduction--

Table 21.5.1-6 presents the SCR retrofit results for each unit. The
results include process area retrofit factors and scope adder costs. The
scope adders include costs estimated for building and ductwork demolition,
new flue gas heat exchanger, and new duct runs to divert the flue gas from
the PM contrel device to the reactor and from the reactor to the chimney.

The SCR reactors for units 1 and 2 were located west of unit 2 between
the ESPs for unit 3 and the baghouse for unit 1. The SCR reactor for unit 3
was located south of the ESPs for unit 3 and west of the powerhouse.
Reactors for units 1 and 2 were assigned high access/congestion factors
because they were surrounded on two sides by the ESPs for unit 3 and the
baghouse for unit 1. On the other hand, the SCR reactor for unit 3 was
assigned a Tow access/congestion factor since it was in an easy access area
surrounded only on one side by the ESPs for unit 3. All three reactors were
assumed to be in areas with high underground obstructions. The ammonia
storage system was placed in a remote area having a Tow access/congestion
factor. Table 21.5.1-7 presents the estimated cost of retrofitting SCR at
the Brunner Island boilers, '

Sorbent Injection and Repower1hg

This section presents‘the cost/performance estimates for SO2 control
technologies that are under development but have not been demonstrated on
commercial utility boilers. These technologies are presented separately from
the commercialized technologies because the cost/performance estimates have a
high degree of uncertainty due to the lack of commercial scale data.

Duct Spray Drying and Furnace Sorbent Injection--

The sorbent receiving/storage/preparation areas were located west of the
plant in a similar fashion as LSD-FGD. The retrofit of DSD and FSI
technologies at the Brunner Island steam plant for units 1 and 3 would be
easy. There is sufficient flue gas ducting residence time between the
boilers and the particulate controls for units 1 and 3. Unit 2 has a short
duct residence time and application of sorbent injection technologies would
be difficult, It was assumed that the unit 1 baghcuse can handle the
increased particulate Toad; units 2-3 ESPs have adequate SCAs (>290). Unit 3
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has a large amount of space available to upgrade with a low site access/
congestion factor, however, the unit 2 ESPs would be more difficult to
upgrade. The major scope adder cost for DSD and FSI would be the conversion
of the fly ash handling system from wet to dry. Tables 21.5.1-8 through
21.5.1-10 present a summary of the site access/congestion factors for DSD and
FSI technologies at the Brunner Island steam plant. Table 21.5.1-11 presents
the costs estimated to retrofit DSD and FSI at the Brunner Island plant.

Atmospheric Fluidized Bed Combustion and Coal Gasification Applicability--

The AFBC retrofit and AFBC/CG repowering applicability criteria
presented in Section 2 were used to determine the applicability of these
technologies at the Brunner Island plant. None of the boilers would be
considered good candidates for AFBC retrofit due to their large boiler sizes
(>300 MW) and high capacity factors.

21.5.2 Martins Creek Steam Plant

The Martins Creek steam plant is located within Northampton County,
Pennsylvania, as part of the Peﬁnsy]vania Power and Light Company system.
The plant contains four boilers with a total gross generating capacity of
2,013 MW; units 1 and 2 are coal-burning while units 3 and 4 are
petroleum-burning boilers. Therefore, only boilers 1 and 2 were considered
for this study. -Figure 21.5.2-1 presents the plant plot p1an‘sh0w1ng the
location of all boilers and major associated auxiliary equipment.

_ Table 21.5.2-1 presents operational data for the existing equipment at
~the Martins Creek plant. Boilers 1 and 2 burn medium sulfur coal (1.9
percent sulfur). Coal shipments are received by railroad and conveyed tc a
coal storage and handling area located north of the plant.

Particulate matter emissions for the boilers are controlled with
retrofit ESPs Tocated behind each boiler. Ash from the units is wet sluiced
to ponds located south of the plant.

Lime/Limestone and Lime Spray Drying FGD Costs--
Figure 21.5.2-1 shows the general layout and location of the FGD control

~system. The two coal burning boilers are located beside each other parallel
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TABLE 21.5.1-8. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION
TECHNOLOGIES FOR BRUNNER ISLAND UNIT 1

ITEM

SITE ACCESS/CONGESTION
REAGENT PREPARATION
ESP UPGRADE
NEW BAGHOUSE

SCOPE ADDERS

CHANGE ESP ASH DISCHARGE SYSTEM TO DRY HANDLING

ESTIMATED COST (1000%)
ADDITIONAL DUCT WORK (FT)
" NEW BAGHOUSE CASE
ESTIMATED COST (1000$)
ESP REUSE CASE
ESTIMATED COST (1000%)
DUCT DEMOLITION LENGTH (FT;
" DEMOLITION COST (1000$

TOTAL COST é1000$g
BAGHOUSE REUSE CASE
A NEW BAGHOUSE CASE

_ RETROFIT FACTORS
CONTROL SYSTEM éDSD SYSTEM ONLY) -

BAGHOUSE UPGRAD
NEW_BAGHOUSE

LOW
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TABLE 21.5.1-9. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION
: TECHNOLOGIES FOR BRUNNER ISLAND UNIT 2

ITEM
SITE ACCESS/CONGESTION |
REAGENT PREPARATION B CLoW
ESP UPGRADE .- HIGH -

NEW ‘BAGHOUSE o NA
SCOPE_ADDERS |
CHANGE ESP ASH DISCHARGE SYSTEM TO DRY HANDLING YES

ESTIMATED COST (1000$) 3285
ADDITIONAL DUCT WORK (FT)

NEW BAGHOUSE CASE NA

ESTIMATED COST (1000%) ' - NA

ESP REUSE CASE ' - NA

ESTIMATED COST (1000%) ‘ NA
DUCT DEMOLITION LENGTH FT} 50

DEMOLITION COST (1000% : 85
TOTAL COST 000$A

ESP UPGRADE CASE 3370

A NEW BAGHOUSE CASE : NA

RETROFIT FACTORS .

CONTROL SYSTEM (DSD SYSTEM ONLY) ‘ , 1.13
ESP UPGRADE , 1.58
NEW BAGHOUSE : NA
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TABLE 21.5.1-10. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION
TECHNOLOGIES FOR BRUNNER ISLAND UNIT 3

ITEM
SITE ACCESS/CONGESTION
REAGENT PREPARATION LOW
ESP UPGRADE LOW
NEW BAGHOUSE ‘ _ NA

SCOPE ADDERS
CHANGE ESP ASH DISCHARGE SYSTEM TO DRY HANDLING YES

ESTIMATED COST (10003%) 5983
ADDITIONAL DUCT WORK (FT)

NEW BAGHOUSE CASE NA

ESTIMATED COST (1000§%) ' NA

ESP REUSE CASE NA

ESTIMATED COST (1000%) NA
DUCT DEMOLITION LENGTH (FT} 50

DEMOLITION COST (1000% ‘ 141
TOTAL COST 1000$A

ESP UPGRADE CASE 6124

A NEW BAGHOUSE CASE NA

RETROFIT FACTORS

CONTROL SYSTEM (DSD SYSTEM ONLY) 1.13
ESP UPGRADE : 1.13
NEW BAGHOUSE NA
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Table 21.5.1-11. Summary of DSD/FSI Controt Costs for the Brunner Island Plant (June 1983 Dollars)

Technoleogy Beiler Main Boiler Capacity Coal Capital Capital Annual ' Annual 802 s02 S02 Cost
Nunber Retrofit Size Factor Sulfur Cost Cost cost Cost Removed Removed Effect.

Difficulty (MW) (%) Content ($MM) ($/kw) (SMM) (mills/kwh) (X) (toms/yr) ($/ton)

Factor x

DSD+ESP 2 1.00 405 7 1.9 ) 20.9 51.7 15.4 6.1 49.0 17924 857.4
DSD+ESP 3 1.00 790 70 1.9 %.9 44,2 25.9 5.4 49.0 34471 752.4
DSD#ESP-C 2 1.00 405 7 1.9 20.9 51.7 8.9 3.5 49.0 17924 496.5
DSD+ESP-C 3 1.00 790 ‘ 70 1.9 3.9 64.2 15.0 3.1 49.0 34471 . 435.6
DSD+PFF 1 1.00 363 7 1.9 15.0 41.3  12.2 5.4 71.0 23364 522.7
DSD+PFF-C 1 1.00 363 7 1.9 15.0 41.3 7.1 3.1 71.0 23364 302.3
FSI+ESP-50 2 1.00 405 7 1.9 20.0 9.4 17.4 6.9 - 50.0 18422 947.0
FSI+ESP-50 3 1.00 790 70 1.9 34.5 3.6 3.5 6.5 50.0 35428 887.7
FSI+ESP-50-C 2 1.00 405 71 1.9 20.0 9.4 10.1 4.0 50.0 18422 547.4
FS1+ESP-50-C 3 1.00 50 70 1.9 34.5 43.6  18.2 3.8 50.0 35428 513.0
FSI+ESP-70 2 1.00 405 7 1.9 21.9 54.1 18.2 7.2 70.0 25791 706.2
FSI+ESP-70 3 1.00 790 70 1.9 34.6 43,8 32.0 6.6 70.0 49599 645.3
FSI+ESP-T70-C 2 1.00 405 71 t.9 21.9 56,1 1 4.2 70.0 25791 408.4
FS1+ESP-T0-C 3 1.00 790 70 1.9 34.6 43.8 185 1.8 70.0 49599 372.9
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Figure 21.5.2-1. Martins Creek plant plot plan
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TABLE 21.5.2-1.

MARTINS CREEK STEAM PLANT OPERATIONAL DATA

BOILER NUMBER

GENERATING CAPACITY (MW-each)
CAPACITY FACTOR éPER ENT)
INSTALLATION DAT

FIRING TYPE

COAL SULFUR CONTENT éPERCENT)
COAL HEATING VALUE é TU/LB
COAL ASH CONTENT (PERCENT)
FLY ASH SYSTEM

ASH DISPOSAL METHOD

STACK NUMBER

COAL DELIVERY METHODS

PARTICULATE CONTROL

TYPE

INSTALLATION DATE
EMISSION éLB/MM BTU)
REMOVAL EFFICIENCY
DESIGN SPECIFICATION

SULFUR SPECIFICATION (PERCENT)

SURFACE AREA (1000 SQ FT;
GAS EXIT RATE (1000 ACFM
SCA éSQ FT/1000 ACFM)

OUTLET TEMPERATURE (°F)

1,2

156

50

1954, 56
FRONT WALL
1.9

12500

12.4

WET SLUICE
POND/ON-SITE

1
RAILROAD

-ESP

1971
0.09
99.2-99.4

2.6
165.2
550
300(TESTED=270)
310
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to the Delaware River and share a common chimney, while the two petroleum
burning boilers are located further away beside each other. A11 four units
are located parallel to the Delaware River. There are two natural draft
cooling towers located northwest of the plant beside units 3 and 4, adjacent
‘to the coal handling and storage area. The absorbers for L/LS-FGD and
LSD-FGD for both units would be located between the powerhouse (for units l
and 2) and the riverside. Some relocation or demolition (e.g. storage
building) would be required for either unit; therefore, a factor of 10
percent was assigned to general facilities., The lime storage/preparation
area would be located west of the plant and the temporary waste handling
area would be located nearby. ' |

Retrofit Difficulty and Scope Adder Costs--

The absorbers for L/LS-FGD would be located behind the common chimney
parallel to the river. However, the LSD absorbers could also be located on
,efther side of the ESPs for easier access to the upstream of the ESPs. A
low site dccess/congestion factor was assigned to the absorber 1ocatidns
| since there are no major obstacles/obstructions around the chimneys and
ESPs.

For flue gas handling, short duct runs for both units would be required
for L/LS-FGD cases. A low site access/congestion factor was assigned to the
flue gas handling system due to the close location of the absorbers to the
chimney with no méjor obstructions in the surrounding area.

The major scope adjustment costs and retrofit factors estimated for the
FGD technologies are presented in Tables 21.5.2-2 and 21.5.2-3. The Targest
scope adder for the Martins Creek plant would be the conversion of fly ash
conveying/disposal system from wet to dry for conventional L/LS-FGD and
LSD-FGD. It was assumed that dry fly ash would bé necessary. to stabilize
scrubber sludge waste and to prevent plugging of sluice lines in LSD-FGD
system (for the ESP-reuse case). However, this conversion is not necessary
for forced oxidation L/LS-FGD. The overall retrofit factors determined for
the L/LS-FGD cases were Tow {1.20 to 1.27).

The absorbers for LSD-FGD would be located close to the ESPs in the
same 1ocat10n_and in Similar fashion as L/LS-FGD cases. LSD-FGD with reused
ESPs was the only LSD-FGD technology considered for both units due to the
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TABLE 21.5.2-2. SUMMARY OF RETROFIT FACTOR DATA FOR MARTINS CREEK UNIT 1

FGD TECHNOLOGY

FORCED LIME
L/LS FGD OXIDATION SPRAY DRYING

SITE ACCESS/CONGESTION

502 REMOVAL : LOW " LOW LOW
FLUE GAS HANDLING - LOW LOW ,
ESP REUSE CASE MEDIUM
BAGHOUSE CASE NA -
DUCT WORK DISTANCE (FEET) 100-300 100-300
ESP REUSE ‘ . 300-600
BAGHOUSE - - NA
ESP REUSE NA - NA MEDIUM
NEW BAGHOUSE NA NA ~ NA
SCOPE_ADJUSTMENTS
WET TO DRY - YES NO YES
ESTIMATED COST (10005) 1397 NA - 1397
NEW CHIMNEY NO NO NO
ESTIMATED COST (1000%) 0 0 0
OTHER NO - NO - NO
RETROFIT FACTORS
FGD SYSTEM: ‘ 1.27 1.20
-ESP REUSE CASE - 1.38
BAGHOUSE CASE NA
ESP UPGRADE .o NA NA . 1.36
NEW BAGHOUSE ‘ NA . NA NA
GENERAL FACILITIES (PERCENT) 10 10 10
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TABLE 21.5.2-3. SUMMARY OF RETROFIT FACTOR DATA FOR MARTINS CREEK UNIT 2

FGD TECHNOLOGY

FORCED LIME
L/LS FGD OXIDATION SPRAY DRYING

SITE ACCESS/CONGESTION

S02 REMOVAL LOW LOW LOW
FLUE GAS HANDLING LOW LOW
ESP REUSE CASE - MEDIUM
BAGHOUSE CASE NA
DUCT WORK DISTANCE (FEET) 100-300 100-300 -

ESP REUSE 300-600
BAGHOUSE NA
ESP REUSE NA NA LOW

NEW BAGHOUSE NA NA - NA
SCOPE ADJUSTMENTS
WET TO DRY YES NO YES
ESTIMATED COST (1000%) 1397 NA 1397
NEW CHIMNEY NO NO NO
ESTIMATED COST (1000%) 0 0 0
OTHER NO NO NO
RETROFIT FACTORS
FGD SYSTEM 1.27 1.20
ESP REUSE CASE 1.38
BAGHOUSE CASE NA
ESP UPGRADE NA NA 1.16
NEW BAGHOUSE NA NA NA
GENERAL FACILITIES {(PERCENT) 10 10 10
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large ESP sizes (SCAs = 300). For flue gas handling for LSD cases, medium
duct runs would be required and a low site access/congestion factor was
assigned for both units in a similar fashion as L/LS-FGD. The retrofit
factor determined for the LSD technology case was medium (1.38) and did not
include particulate control upgrading costs. Two separate retrofit factors
were developed for upgrading ESPs for each unit (1.36 for unit 1 and 1.16
for unit 2). For unit 1, a medium site access/congestion factor was
associated with the upgrading which reflected the accessibility and
congestion around the ESPs because of the duct runs, chimneys, and unit 2
ESPs. Unit 2 was assigned a low site access/congestion factor due to the
available space around the ESPs. Both factors were used in the IAPCS model
to estimate particulate control upgrading costs.

Table 21.5.2-4 presents the estimated costs for L/LS and LSD-FGD cases.
 The LSD-FGD costs include upgrading the ESPs and ash handling systems for
boilers 1 and 2. The Tow cost control case reduces capital and annual
operating costs due to the benefits of economies-of-scale when combining
process areas, elimination of spare scrubber modu]es,‘and optimization of
scrubber module size.

Coal Switching Costs--

Coal switching can impact boiler performance in several ways. Key
parameters of concern include boiler capacity, furnace slagging, pulverizer
capacity, tube erosion, and coal rate. HoWever, without an ash analysis for
the existing and switch coals, boiler derate or capacity increase cannot be
determined.

The ESP performance impacts were evaluated using the IAPCS model to
estimate the needed plate area. This plate area was compared to the
existing area to determine whether’SO3 conditioning or additional plate area
was needed. 503 conditioning was assumed to reduce the needed plate area up
to 25 percent. Costs were generated to show the impact of two different
coal fuel cost differentials. The costs associated with each boiler for the
range of fuel cost differential are shown in Table 21.5.2-5.
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Table 21.5.2-4. Summary of FGD Control Costs for the Martins Creek Plant (June 1988 Dollars)

Technology Boiler Main Boiler Capacity Coal Capital Capital Annual Annual 502 502 502 Cost
Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.

Difficulty (M) [¢.3) Content ($HM) ($/kW) (SMM) (mills/kwh) (¢X) (tons/yr) (%/ton)

Factor %)

LC FGD 1-2 1.27 32 50 1.9 $1.1  163.9 26.7  19.5 90.0 17990 1481.7
LC FGD-C 1-2 1.27 32 50 1.9 51.1  163.9 15.% 11.3 $0.0 17990 861.7
LFGD 1 1.27 156 50 1.9 45.4 290.8 20.8 30.5 90.0 8995 2315.8
LFGD 2 1.27 156 50 1.9 45.4 290.8 20.8 30.5 90.0 4995 2315.8
LFGD 1-2 1.27 312 50 1.9 68.7 220.3 32.3 23.7 90.0 17990 1794.6
LFED-C 1 1,27 156 S0 1.9 5.4 290.8 12.1 17.8  90.0 8995  1349.4
LFGD-C 2 1.27 156 S0 1.9 45.4 290.8 12.1 17.8 90.0 8995 1349.4
LFGD-C 1-2 1.27 312 S0 1.9 58,7 220.3 18.8 13.8 90.0 17999 1046.4
LSD+ESP 1 1.38 156 50 1.9 23.4 . 150.3 11.3 18.5 76.0 7626 1482.9
LSD+ESP 2 1.38 156 50 1.9 23.1  148.4 1.2 16.4  76.0 7626 1473.1
LSU+ESP-C 1 1.38 156 50 1.9 23.4 150.3 8.6 9.6 76.0 7626 8s3.4
LSO+ESP-C 2 1.38 156 50 1.9 23.1  148.4 8.5 9.6 76.0 7626 857.6
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Tabte 21.5.2-5. Summary of Coal Switching/Cleaning Costs fcr the Martins Creek Plant (June 1988 Dollars)

Technol ogy

Nurber Retrofit
Difficulty (MW)

Size

Boiler Capacity Coal
Factor Sul fur
(%)

Capital Capital Annual

802
Removed Removed
(mills/kwh) (X} {tons/yr) ($/ton)

$02

S02 Cost
Effect.

C5/B+%15
C5/8+315

CS/B+$15-C
CS/B+$15-C

(S/5+85
CS/8+%5

£S/B+35-C
CS/B+$5-C

156
156

156
156

156
156

156
156

50
50

50

50
50

50

© o

51.
51.

51.
51.

51.
51.

51.
51.

5060
5060

5060
5060

5060

5060

5060
5060

2030.8
2030.8

1168.5
1168.5

859.6
859.6

496.1
496.1




NO Control Technology Costs-—

This section presents the performance -and costs est1mated for NOX‘
controls at the Martins Creek steam plant. These controls include LNC
modification and SCR. The application of NOX control technologies is
determined by several site-specific factors which are discussed in.
Section 2. The NOx technologies evaluated at the steam plant were:

LNB and SCR.

Low NOx Combustion-- :

Units 1 and 2 are dry bottom, front wall-fired boilers each rated at
156 MW. The combustion modification technique applied for these boilers was
LNB. As Table 21.5.2-6 shows, the LNB NO reduction performance for each
unit was estimated to be 40 percent. Tab]e 21.5.2-7 presents the cost of
retrofitting LNB at the Martins Creek boilers.

Selective Catalytic Reduction--
' Table 21.5.2-6 presents the SCR retrofit results for units 1 and 2. The
results include process area retrofit factors and scope adder costs.
The scope adders include costs estimated for ductwork demolition, new flue
gas heat exchanger, and new duct runs to divert the flue gas from the ESPs to
the reactor and from the reactor to the chimney.

The SCR reactors for units 1 and 2 were located behind the common
chimney. Since the reactors were located in open area having easy access
with no major obstacles, the reactor locations for units 1 and 2 were
assigned low access/congestion factors. Both reactors were assumed to be in
areas with high underground obstructions. The ammonia storage system was
placed in a remote area having a low access/congestion factor.

As discussed in Section 2, all NOx control techniques were eva]uated
independently from those evaluated for 50, contrel. If both 50, and NO,
emissions needed to be reduced at this plant, the SCR reactors would have to
be located downstream of the FGD absorbers in an area north of the
absorbers. In this case, low access/congestion factors would again be
assigned to both SCR reactors. Table 21.5.2-7 presents the estimated cost
of retrofitting SCR at the Martins Creek boilers.
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TABLE 21.5.2-6. SUMMARY OF NOx RETROFIT RESULTS FOR MARTINS CREEK

" BOILER NUMBER

COMBUSTION MODIFICATION RESULTS

1 2 1-2
FIRING TYPE S W NA
TYPE OF NOx CONTROL - - LNB 1w N
VOLUMETRIC HEAT RELEASE RATE | ,

(1000 BTU/CU FT-HR) N 14.2 14.2 - NA
DR e ,

(1000 BTU/SQ FT-HR) : 20.7 20.7 “NA
FURNACE RESIDENCE TIME (SECONDS) 3.49 3.49 NA
[ESTIMATED NOx REDUCTION (PERCENT) 40 40 NA

SCR RETROFIT RESULTS
WA
SCOPE ADDER PARAMETERS-- ,
Building Demolition (1000%) 0 0 0
Ductwork Demolition (10005) 38 38. | 63
New Duct Length (Feet) 140 120 140
New Duct Costs (1000%) 900 771 1350
New Heat Exchanger (1000$) 2434 : 243} 3689
TOTAL SCOPE ADDER COSTS (10005) 3371 3243 5102
RETROFIT FACTOR FOR SCR : 1.16 1.16 1.16
GENERAL FACILITIES (PERCENT) | 13 13 13
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Table 21.5.2-7. NOx Control Cost Results for the Martins Creek Plant . (June 1988 Dollars) -

Technology Boiler Main Bailer Capacity Coal Capital Capital Annyal  Annual NOx NOx NOx Cost
Number Retrofit Size Factor Sulfur Cost Cost, Cost Cost Removed Removed Effect.

Difficulty (MW) (X) Content (SMM) (S/kW) (SMM) (mills/kwh) (X) (tons/yr) (3/ton)

Factor TR

LNC-LNB 1 1.00 156 50 1.9 B 19.6 8.7 1.0 40.0 1133 584.4
LNC-LNB 2 1.00 156 50 1.9 L 19.6 0.7 1.0 40.0 1133 584.4
LNC-LNB-C 1 1.00 156 50 1.9 3 19.6 0.4 0.6 40.0 1133 346.9
LNC-LNB-C 2 1.00 156 50 1.9 31 19.6 0.4 0.6 40.0 1133 346.9
SCR-3 1 1.16 156 50 1.9 26.7 158.4 8.5 12.4 80.0 2266 3738.3
SCR-3 2 1.14 156 50 1.9 6.6 157.5 8.4 12.4 80.0 . 2266 3728.2
SCR-3 1-2 1.16 312 50 1.9 é2.2 1315.4 15.0 11.0 80.0 4532 3320.6
SCR-3-C 1 1.16 156 50 1.9 24.7 158.4 5.0 7.3 20.0 2268 2190.7
SCR-3-C 2 t.16 156 50 1.9 4.6 157.5 5.0 7.2 80.0 2266 2184.6
SCR-3-C 1-2 1.16 312 50 1.9 42.2 135.4 8.8 6.4 80.0 4532 1944.3
SCR-7 1 1.16 156 50 1.9 26.7 158.4 7.2 10.5 2266 3176.0
SCR-7 2 1.16 156 50 1.9 26.6  157.5 7.2 10.5 80.0 2256 3165.9
SCR-7 1-2 1.16 312 S0 1.9 - 42.2 135.4 12.5 9.1 80.0 4532 2758.13
SCR-7-C 1 1.18 156 50 1.9 26.7 158.4 4.2 6.2 80.0 2266 1868.5
SCR-7-C 2 1.16 156 50 1.9 26,6 157.5 4.2 6.2 80.0 2266 1862.4
SCR-7-C 1-2 1.16 312 50 1.9 42.2  135.4 7.4 5.4 80.0 4532 1622.1
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Sorbent Injection and Repowering--

This section presents the cost/performanée estimates for 502 control
technologies that are under development but have not been demonstrated on
commercial utility boilers. These technologies are presented separately
from the commercialized technologies because the cost/performance estimates
“have a high degree of uncertainty due to the lack of commercial scale data.

Duct Spray Drying and Furnace Sorbent Injection--

The sorbent receiving/storage/preparation areas were located west of the
coal pile in a similar fashion as LSD-FGD. The retrofit of DSD and FSI |
technologies at the Martins Creek steam plant for both units would be
possible. This is due to the adequate flue gas ducting residence time
between the boilers and the ESPs as well as the adequate size of the ESPs
(SCAs = 300). It was assumed that the ESPs could also be upgraded for FSI
technologies. Additionally, the conversion of the wet ash handling system
to dry handling would be required for reusing ESPs. Tables 21.5.2-8 and
21.5.2-9 present a summary of the site access/congestion factors for DSD and
FSI technologies at the Martins Creek steam plant. Table 21.5.2-10 presents
the costs estimated to retrofit DSD and FSI at the Martins Creek plant.

Atmospheric Fluidized Bed Combustion and Coal Gasification Applicability--

The AFBC retrofit and AFBC/CG repowering applicability criteria
presented in Section 2 were used to determine the applicability of these
technologies at the Martins Creek plant. Both boilers would be considered
good candidates for AFBC repowering due to their small boiler sizes (156 MW)
and old ages (built before 1960). However, the high capacity factors make
these units not a good candidate because of replacement power costs during
boiler downtime.

- 21.5.3 Montour Steam Plant

The Montour steam plant is located within Montour County, Pennsylvania,
as part of the Pennsylvania Power and Light Company system. The plant
contains two coal-fired boilers with a total gross generating capacity of
1,641 MW (net capacity is 1515 MW). Figure 21.5.3-1 presents the plant plot
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TABLE 21.5.2-8. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION
‘ TECHNOLOGIES FOR MARTINS CREEK UNIT 1

ITEM

SITE ACCESS/CONGESTION
REAGENT PREPARATION LOW
ESP UPGRADE MEDIUM
NEW BAGHOUSE NA

SCOPE ADDERS
CHANGE ESP ASH DISCHARGE SYSTEM TO DRY HANDLING YES

ESTIMATED COST (1000$) 1397
ADDITIONAL DUCT WORK (FT) ‘

NEW BAGHOUSE CASE NA

ESTIMATED COST (1000$) NA

ESP REUSE CASE NA

ESTIMATED COST (1000$) . NA
DUCT DEMOLITION LENGTH (FT 50

DEMOLITION COST (1000$ 42
TOTAL COST ﬁiooos \

ESP UPGRADE CASE 1439

A NEW-BAGHOUSE CASE NA

RETROFIT FACTORS

CONTROL SYSTEM (DSD SYSTEM ONLY) | 1.13
ESP UPGRADE | 1.36
NEW_BAGHOUSE NA
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TABLE 21.5.2-9. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION
TECHNOLOGIES FOR MARTINS CREEK UNIT 2

ITEM
SITE_ACCESS/CONGESTION |

REAGENT PREPARATION \ LOW

ESP UPGRADE | LOW

NEW BAGHOUSE NA

SCOPE _ADDERS
CHANGE ESP ASH DISCHARGE SYSTEM TO DRY HANDLING YES

ESTIMATED COST (1000$) 1397
ADDITIONAL DUCT WORK (FT) \
NEW BAGHOUSE CASE NA
ESTIMATED COST (1000$) ‘ NA
ESP REUSE CASE : NA
_ESTIMATED COST (1000%) NA
DUCT DEMOLITION LENGTH (FT} 50
DEMOLITION COST (1000$ 42
TOTAL COST (10008) .
ESP UPGRADE CASE 1439
A NEW BAGHOUSE CASE o NA
RETROFIT_FACTORS
CONTROL SYSTEM (DSD SYSTEM ONLY) 1.13
ESP UPGRADE - 1.16
NEW BAGHOUSE NA
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Table 21.5.2-10. Summary of DSD/FSI Control Costs for the Martins Creek Plant (June 1988 Dollars)

Technology Boiler Main Boiler Capacity Coal Capital Capital Annual  Annual 02 A s02 802 Cost
Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.
Difficulty (M) (%) Content (5MM) ($/kW) (3MM) (mills/kwh) (X) (tons/yr) ($/ton)

Factor (X) :
DSD+ESP 1 1.00 156 50 1.9 10.0 6.6 7.1 10.3 49.0 4852 1453.4
DSD+ESP 2 1.00 156 50 1.9 9.7 61.9 7.0 10.2 49.0 4862 1433.6
DSD+ESP-C 1 1.00 156 50 1.9 10.0 6.6 4. 6.0 49.0 4882 862.0
DSD+ESF-C ‘2 1.00 156 50 1.9 9.7 61.9 4.0 5.9 49.0 4862 830.3
FSI+ESP-50 1 1.00 156 S0 1.9 10.6 67.7 ' 6.9 10.1 50.0 4997 1373.3
FSI+ESP-50 2 1.00 156 50 1.9 10.1 649 6.8 9.9 50.0 4997 1355.4
FS[+ESP-50-C 1 . 1,00 154 50 1.9 1 &7.7 4.0 5.8 50.0 4997 779.1
FSI+ESP-50-C 2 1.00 1546 50 1.9 10. 64.9 3.9 5.7 50.0 4997 785.6
FSI+ESP-70 1 1.00 156 50 1.9 10.7 68.3 7.0 10.2 70.0 6996 998.3
FSI+ESP-70 2 1.00 154 50 1.9 10.2 65.4 6.9 10.1 70.0 4996 981.6
FSI+ESP-70-C 1 _1.00 156 50 1.9 10.7 . 68.3 4.0 5.9 70.0 6996 578.8
1.9 10.2 65.4 4.0 5.8 70.0 6996 568.9

FS1+ESP-70-C 3 1.00 156 50 .
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plan showing the location of all boilers and major associated auxiliary
equipment. . .

Table 21.5.3-1 presents operational data for the existing equipment at
the Montour plant. Both boilers burn medium sulfur coal (1.5 percent
sulfur). Coal shipments are received by railroad and conveyed to a coal
storage and handling area located southwest of the plant.

Particulate matter emissions for all units are controlled with ESPs
which are located behind each unit. The plant has a dry fly ash handling
system and ash is disposed to a storage area on-site. A large ash pond site
is also available north of the plant.

Lime/Limestone and Lime Spray Drying FGD Costs--

Figure 21.5.3-1 shows the general layout and location of the FGD control
system. There are two natural draft cooling towers located northeast and
northwest of the plant between the powerhouse and ash pond. The absorbers
would be located between the chimneys and coal pile for L/LS-FGD and on either side
relocation would be required for the storage area and auxiliary building;
therefore, a factor of 8 percent was assigned to general facilities. The
lime storage/preparation area would be located east of unit 2 and the waste
handling area would be located adjacent to it.

Retrofit Difficulty and Scope Adder Costs--

The absorbers for both units would be located southwest of the plant
between the chimneys and coal pile for L/LS-FGD and on either side of the
ESPs for LSD-FGD cases. '

The absorbers were assigned a low site access/congestion factor for
L/LS-FGD and LSD-FGD technologies; other than part. of the storage bui]ding
which would need to be demolished, there are no additional major obstacles
or obstructions.

For flue gas handling, short to moderate duct runs for the units would
be required for L/LS-FGD cases. A low site access/congestion factor was
assigned to the flue gas handling system due to the absorbers being located
directly behind the chimneys.

The major scope adjustment costs and retrofit factors estimated for the
FGD technologies are presented in Tables 21.5.3-2 and 21.5.3-3. No large
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TABLE 21.5.3-1.

MONTOUR STEAM PLANT OPERATIONAL DATA

BOILER NUMBER

GENERATING CAPACITY éMW-each)
CAPACITY FACTOR (PERCENT)
INSTALLATION DATE

FIRING TYPE

COAL SULFUR CONTENT éPERCENT)
COAL HEATING VALUE é TU/LB
COAL ASH CONTENT (PERCENT)
FLY ASH SYSTEM

ASH DISPOSAL METHOD

STACK NUMBER

COAL DELIVERY METHODS

PARTICULATE CONTROL

TYPE

INSTALLATION DATE
EMISSION éLB/MM BTU)
REMOVAL EFFICIENCY
DESIGN SPECIFICATION

SULFUR SPECIFICATION (PERCENT)

SURFACE AREA (1000 SQ FT
GAS EXIT RATE {1000 ACFM
SCA éSQ FT/1000 ACFMl
OUTLET TEMPERATURE (°F)

1,2
822, 819
75

1972,73

TANGENTIAL

1.5

12600

12,2

DRY DISPOSAL

?TgRAGE AREA/ON-SITE
RAILROAD

ESP
1972-73
0.03
99.5

2.7
4560.8
2260
204
310
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TABLE 21.5.3-2. SUMMARY OF RETROFIT FACTOR DATA FOR MONTOUR UNIT 1

FGD TECHNOLOGY

FORCED LIME
L/LS FGD OXIDATION SPRAY DRYING

SITE ACCESS/CONGESTION

S02 REMOVAL LOW LOW LOW
FLUE GAS HANDLING LOW LOW
ESP REUSE CASE HIGH
BAGHOUSE CASE ‘ NA
DUCT WORK DISTANCE (FEET) 100-300 100-300
ESP REUSE 300-600
BAGHOUSE NA
ESP REUSE - NA NA MEDIUM
NEW BAGHOUSE NA NA NA
SCOPE ADJUSTMENTS
WET TO DRY NO NO NO
ESTIMATED COST (1000%) NA NA NA
NEW CHIMNEY NO NO NO
ESTIMATED COST (1000%) 0 0 0
OTHER NO NO NO
RETROFIT FACTORS
- FGD SYSTEM 1.24 1,24
ESP REUSE CASE : 1.36
BAGHOUSE CASE NA
ESP UPGRADE NA NA 1.36
NEW BAGHOUSE NA NA NA
GENERAL FACILITIES (PERCENT) 8 8 8
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TABLE 21.5.3-3. SUMMARY OF RETROFIT FACTOR DATA FOR MONTOUR UNIT 2

FGD TECHNOLOGY

FORCED LIME
L/LS FGD OXIDATION SPRAY DRYING

SITE ACCESS/CONGESTION

502 REMOVAL LOW LOW LOW
FLUE GAS HANDLING LOW LOW
ESP REUSE CASE MEDIUM
BAGHOUSE CASE - - NA
DUCT WORK DISTANCE (FEET)  100-300  100-300
ESP REUSE 300-600
BAGHOUSE NA
ESP REUSE NA NA LOW
NEW BAGHOUSE NA NA NA
SCOPE_ADJUSTMENTS |
WET TO DRY NO NO NO
ESTIMATED COST (10008) NA NA NA
NEW CHIMNEY NO NO N
ESTIMATED COST (1000$) 0 0 0
OTHER NO NO NO
RETROFIT FACTORS
FGD SYSTEM 1.2 1.24
ESP REUSE CASE 1.31
BAGHOUSE CASE NA
ESP UPGRADE . NA N 1.16
NEW BAGHOUSE NA NA NA
GENERAL FACILITIES (PERCENT) 8 8 8
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scope adder cost is required for the Montour plant. The overall retrofit
factor determined for the L/LS-FGD cases was low (1.24).

The absorbers for LSD-FGD would be located on either side of the ESPs.
LSD-FGD with reused ESP was the only LSD-FGD technology considered for both
units. For flue gas handling for.LSD cases, moderate duct runs would be
required and a medium-to-high site access/congestion factor was assigned for
both units. The retrofit factors determined for the LSD technology case
were moderate (1.31-1.36) and did not include particulate control upgrading
costs. Two separate retrofit factors were developed for upgrading ESPs.
For unit 1, a medium site access/congestion factor was assigned (1.36) due
to the ESPs being bounded by the coal conveyor on one side and the chimney
on the other. Unit 2 was assigned a low site access/congestion factor
(1.16) because of the large available space on either side of the ESPs.
These factors were used in the IAPCS model to estimate the particulate
control upgrading costs.

Table 21.5.3-4‘presents the estimated costs for L/LS-FGD and LSD-FGD
cases. The LSD-FGD costs include upgrading the ESPs for boilers 1 and 2.
The Tow cost control case reduces capital and annual operating costs due to
the elimination of spare scrubber modules and the optimization of scrubber
module size, |

Coal Switching Costs--

Coal switching can impact boiler performance in several ways. Key
parameters of concern include boiler capacity, furnace slagging, pulverizer
capacity, tube erosion, and coal rate. However, without an ash analysis for
the existing and switch coals, boiler derate or capacity increase cannot be
determined. '

The ESP performance impacts were evaluated using the IAPCS model to
estimate the needed plate area. This plate area was compared to the
existing area to determine whether 803 conditioning or additional plate area
was needed. 803 conditioning was assumed to reduce the needed plate area up
to 25 percent.

Costs were generated to show the impact of two different coal fuel cost
differentials. The costs associated with each boiler for the range of fuel
cost differential are shown in Table 21.5.3-5.
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Table 21.5.3-4. Summary of FGD Control Costs for the Montour Plant (June 1988 Dollars)

Technology Boiler Main Beiler Capacity Coal Capital Capital Arnual  Annual S02 s02 $02 Cost
Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.

Difficulty (MW) (%) Content (SMM) ($/kW) (SHM) (mills/kwh) (%) (tons/yr) (5/tem)

Factor (%)

LC FGD 1-2 1.24 1641 Ip] 1.9 185.7 113.2 118.1 11.0 $0.0 111028 1063.5
LC FGD-C 1-2 1.24 1641 75 1.5 185.7 113.2 48.5 6.4 90.0 111028 616.8
LFGD 1 1.24 822 -] 1.5 126.3 153.6 T71.6 13.3 §0.0 55615 1288.0
LFGD 2 1.24 819 Fi-] 1.5 125.8 153.5 71.4 13.3 $0.0 55412 1288.1
LFGD-C 1 1.24 822 75 1.5 126.3 153.6 41.6 7.7 90.0 55615 748.1
LFGD-C 2 1.24 819 75 1.5 125.8  153.5 41,5 7.7 90.0 55412 748.2
LSD+ESP 1 1.36 822 73 1.5 98,9 120.3  45.5 8.4 76.0 47149 964.2
LSD+ESP 2 1.31 819 73 1.5 4.0 114.8 44,0 8.2 748.0 L5977 937.4
LSD+ESP-C 1 1.36 az2 75 1.5 98.9 - 120.3 26.5 4.9 76.0 47149 561.8
LSD+ESP-C 2 1.3 819 e 1.5 4.0 114.8 25.7 4.8 76.0 45977 546.1
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Table 21.5.3-5. Sumery of Coal Switching/Cleening Costs for the Montour Flant ({June 1988 Dollars)

Technclogy Boiler main Boiler Capacity Coal Capital Capital Annual  Annual s02 $02 502 Cost
Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.

Difficulty (MW) (%) Content (SWM) ($/kW) (SMM) (mills/kwh) (X) (tons/yr) ($/ten)

Factor (%)

CS/B+%15 1 1.00 822 s 1.5 25.2 30.7 74.7 13.8 37.0 22799 3277.4
CS/B+515 2 1.00 a1 s 1.5 25.1 30.7 T74.5 13.8 37.0 22716 3277.6
C$/B+815-C 1 1.00 322 s 1.5 25.2 30.7 42.9 7.9 37.0 22799 1882.7
C5/B+815-C 2 1.00 319 ] 1.5 25.1 30.7 42.B 7.9 - 37.0 22716 1882.8
CS/B+85 1 1.00 822 75 1.5 16.7 20.3 28.4 5.3 317.0 22799 1255.5
CS/B+85 2 1.00 819 K] 1.5 16.7 20.3 28.5 5.3 37.0 22716 1255.6
C5/8+35-C 1 1.00 822 75 1.5 16.7 20.3  16.5 | 317.0 22799 722.6
C5/8+35-C 2 1.00 819 75 1.5 16.7 20.3  16.4 31 37.0 2216 722.7
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N0 Control Technology Costs--
' This section presents the performance and costs estimated for NO
contro]s at the Montour steam plant. These controls include LNC
modification and SCR. The application of NOx control technologies is
determined by several site-specific factors which are discussed in
Section 2. The NOX technologies evaluated at the steam plant were: OFA and
SCR. '

Low NO Combustion--

Un1ts 1 and 2 are dry bottom, tangent1a1 -fired boilers rated at 822 and
819 MW, respect1ve1y. The combustion modification technique applied for
this evaluation was OFA. As Table 21.5.3-6 shows, the OFA NOx reduction
performance for each unit was estimated to be 20 percent. This reduction
performance level was assessed by examining the effects of heat release
rates and furnace residence time through the use of the simplified NO
procedures. Table 21. 5 3-7 presents the cost of retrofitting OFA at the
Montour boilers.

Selective Catalytic Reduction--

Table 21.5.3-6 presents the SCR retrofit results for each unit. The
results include process area retrofit féctors and scope adder costs. The
scope adders include costs estimated for building and ductwork demolition,
new flue gas heat exchanger, and new duct runs to divert the flue gas from
the ESPs to the reactor and from the reactor to the chimney.

The SCR reactors for both units were located southwest of the plant
between the respective chimneys and the coal pile. The SCR reactor

Tocations for units 1 and 2 were assigned a low access/congestion factor
since the reactors would be Tocated in a relatively open area.‘ Other than a
storage building which would be demolished, there are no major obstacles or
obstructions; therefore, a factor of 20 percent was assigned to general
facilities. Both reactors were assumed to be in areas with high undérgruund
obstructions. The ammonia storage system was placed in a remote area having
a low access/congestion factor.
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- TABLE 21.5.3-6. SUMMARY OF NOx RETROFIT RESULTS FOR MONTOUR

BOILER NUMBER

COMBUSTION MODIFICATION RESULTS

1 2

FIRING TYPE | TANG TANG
TYPE OF NOx CONTROL " OFA OFA
VOLUMETRIC HEAT RELEASE RATE -
(1000 BTU/CU FT-HR) 1447 14.7
BOILER/WATERWALL SURFACE
AREA HEAT RELEASE RATE
(1000 BTU/SQ FT-HR) | 92.7 92.7
FURNACE RESIDENCE TIME (SECONDS) 3.64  3.54
ESTIMATED NOx REDUCTION (PERCENT) 20 20
SCR_RETROFIT RESULTS
SITE ACCESS AND CONGESTION
FOR SCR REACTOR . LOW LOW
'SCOPE ADDER PARAMETERS--
Building Demolition (1000%) , b ' - 376
Ductwork Demolition (10005) 131 131
New Duct Length (Feet) | 200 200
‘New Duct Costs (10003%) . 3,401 3,391
’ New Heat Exchanger (1000%) 6,602 6,582
TOTAL SCOPE ADDER COSTS (10005) 10,134 10,480
RETROFIT FACTOR FOR SCR 1.16 1.16
© GENERAL FACILITIES (PERCENT) . 20 20
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Table 21.5.3-7. NOx Control Cost Results for the Montour Plant (Jume 1988 Dollars)

Technelogy Boiler Main Boiler Capacity Coal Capital Capital Anmual  Annual NOx NOx NOx Cost
Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.
Difficulty (MW) (%) Content (SMM) ($/kW) (SHM) (mills/kwh) (X) (toms/yr) ($/ton)

Factor (%)
LNC-OFA 1 1.00 822 75 1.5 1.4 1.7 0.3 0.1 20.0 3169 98.5
LNC-OFA 2 1.00 819 75 1.5 1.4 1.8 c.3 0.1 20.0 3157 98.8
LNC-OFA-C 1 1.00 822 s 1.5 1.4 1.7 0.2 0.0 20.0 3169 58.5
LNC-OFA-C 2 1.00 819 75 1.5 1.4 1.8 6.2 g.0 20,0 3s7 58.6
SCR-3 1 1.16 822 75 1.5 95.6 1164 36.6 6.8 BO.C 12676 2886.4
SCR-3 2 1.18 819 -] 1.5 95.7 118.9 36.5 &.8 80.0 125430 2B93.1
SCR-3-C 1 1.16 822 e} 1.5 95.6 116.4 21.4 4.0 80.0 12674 1587.5
SCR-3-C 2 1.16 819 e} 1.5 95.7 116.9 21.4 4.0 80.0 12630 1691.5
SCR-7 1 1.16 822 7 1.5 9.6 116,46 29.9 5.5 80.0 12676 2357.4
SCR-7 2 1.16 819 75 1.5 95.7 116.9 29.9 5.5 80.0 12630 2364.0
SCR-7-C 1 1.14 822 75 t.5 95.6 116.4 17.5 1.2 80.0 12676 1384.4
SCR-7-C 2 1.16 819 75 3.3 80.0 12630 1388.4

1.5 95.7 116.9 17.5
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As discussed in Section 2, all NO control techniques were evaluated
independently from those evaluated for so, control. As a result for this
plant, the FGD absorbers were in the same 1ocat1on as the SCR reactors.

If both SO2 and NOx emissions have to be reduced at this plant, the SCR
reactors would have to be Tocated downstream of the FGD absorbers in an area
having little obstructions and easy access. A low access/congestion factor
would be assigned to both SCR reactors. However, the duct runs to the
chimney would be longer than that presented in Table 21.5.3-6.

Table 21.5.3-7 presents the estimated cost of retrofitting SCR at the
Montour boilers.

Sorbent Injection and Repowering--

This section presents the cost/performance estimates for SO2 control
~ technologies that are under development but have not been demonstrated‘on
commercial utility boilers. These technologies are presented separately
from the commercialized technologies because the cost/performance estimates
have a high degree of uncertainty due to the lack of commercial scale data.

Duct Spray Drying and Furnace Sorbent Injection--

The sorbent receiving/storage/preparation areas were located east of the
plant in a similar fashion as LSD-FGD. The retrofit of DSD and FSI
. technologies at the Montour. steam plant for both units would be difficult.
This difficulty reflects the insufficient duct residence time between ths
boilers and ESPs and inadequate ESP sizes. Therefore, costs of sorbent
injection technologies were not developed for the Montour plant.

Atmospheric Fluidized Bed Combustion and Coal Gasification Applicability--

The AFBC retrofit and AFBC/CG repowering applicability criteria
presented in Section 2 were used to determine the applicability of these
technologies at the Montour plant. None of the boilers would be considered
good candidates for AFBC retrofit due to their large sizes (>800 MW), their
ages (built after 1970), and high capacity factors. |
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21.5.4 Sunbury Steam Plant

The Sunbury steam plant is located within Snyder County, Pennsylvania,
as part of the Pennsylvania Power and Light Company system. The plant con-
tains four coal-fired boilers with a total gross generating capacity of 409
MW. The plant is located on a narrow site bounded by the railroad to the
west and Susquehanna River to the east. Figure 21.5.4-1 presents the plant
plot plan showing the Jocation of all boilers and major associated auxiliary
equipment,

Table 21.5.4-1 presents operational data for the existing equipment at
the Sunbury plant. Boilers 1 and 2 burn low sulfur coal (0.6 percent sulfur)
as well as Petroleum, coke and anthracite (2.0 percent sulfur for overall
fuel blend) while boilers 3 and 4 burn medium sulfur coal (1.9). Coal ship-
ments are received by railroad and trucks and conveyed to a coal storage and
handling area located north of the plant. ‘

Particulate matter emissions for boilers 1 and 2 are controlled with
retrofit baghouses; units 3 and 4 are controlled with retrofit ESPs. Ash
from all units is wet sluiced to ponds located south of the plant.

Lime/Limestone and Lime Spray Drying FGD Costs--

Figure 21.5.4-1 shows the general layout and location of the FGD control
system. The absorbers for L/LS-FGD and LSD-FGD for all units would be locat-
ed north of the plant between the coal pile and powerhouse. Major relocation
or demolition would be required consisting of the oil tank, warehouses, a
major part of the employee parking area (for the absorbers), and the prepara-
tion and storage area. Therefore, a high factor of 20 percent was assigned
to general facilities. The lime storage/preparation area would be located
northwest of the plant between the powerhouse and railroad track; the waste
handling area would be Tocated southwest of the storage/preparation area.

Retrofit Difficulty and Scope Adder Costs--

The absorbers for all units would be Tocated north of plant between the
coal pile and the powerhouse. However, units 1 and 2 are burning low sulfur
coal (0.6 percent) and it is unlikely that these units would be scrubbed.

As such, costs were not developed for these two units.
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TABLE 21.5.4-1.

SUNBURY STEAM PLANT OPERATIONAL DATA

BOILER NUMBER

GENERATING CAPACITY éMN-each)
CAPACITY FACTOR éPER ENT)
INSTALLATION DAT

FIRING TYPE

COAL SULFUR CONTENT (PERCENT)
COAL HEATING VALUE EBTU/LB)
COAL ASH CONTENT (PERCENT)
FLY ASH SYSTEM

ASH DISPOSAL METHOD

STACK NUMBER

COAL DELIVERY METHODS

PARTICULATE CONTROL

TYPE

INSTALLATION DATE
EMMISION éLB/MM BTU)
REMOVAL EFFICIENCY
DESIGN SPECIFICATION

SULFUR SPECIFICATION (PERCENT)

SURFACE AREA (1000 SQ FT;
GAS EXIT RATE (1000 ACFM
SCA ésq FT/1000 ACFM)
OUTLET TEMPERATURE (°F)

VERTICAL

1,2 3 4
75 103 - 1586
70 70 70
1949 1651 1953
DOWN-FIRED FRONT WALL
0.6 1.9 1.8
9120 12400° 12400
10.5 10.5 10.5
WET SLUICE
POND/ON-SITE
1,2 3 4
RAILROAD/TRUCK
BAGHOUSE  ESP ESP
1973 1979 1979
0.01 0.04 0.07
99.7 98.8 97.0
- 0.8 0.8
- NA NA
- 222 222
- NA NA
310 310 310
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The absorbers for all units were assigned a high site éccess/congestion
factor which reflects the congestion treated by the coal-conveyors, river,
coal pile, and other auxiliary equipment around the site.

~ For flue gas handling, long duct runs for all units would be required
for L/LS-FGD cases. A high site access/congestion factor was assigned to
the flue gas handling system due to the high site access difficulty caused
by the coal conveyors, an office building, and congestion around the
powerhouse. - _

The major‘scope'adjustment costs and retrofit factors estimated for the
FGD technologies are presented in Tables 21.5.4-2 and 21.5.4-3. The largest
scope adder for the Sunbury plant would be the convefsion of units 1 to 4
fly ash cbnveying/disposa1 system from wet to dry for conventional L/LS-FGD
and LSD-FGD cases. It was assumed that dry fly ash would be necessary to
stabilize scrubber sludge waste. This conversion is not neéessary far
forced oxidation‘L/LS-EGD. The overall retrofit factors determined for the
L/LS-FGD cases were high (1.73 to 1.76). '

LSD-FGD with reused particulate controls (baghouse and ESPs) were the
only LSD-FGD technologies considered for all units based on the presumption
that baghouses for units 1 and 2 can handle the particulate load from |
LSD-FGD and the units 3 and 4 ESPs have large SCAs. For flue gas handling
for LSD cases, long duct runs would be required and a high site access/
cdngestion factor was assigned for all units in a similar fashion as
L/LS-FGD. The retrofit factor determined for the LSD technology case was
high (1.78) and did not include particulate control costs. A separate
retrofit factor was developed for upgrading ESPs for units 3 and 4. This
factor was high (1.58) and reflects the congestion around the ESPs due to
the powerhouse building, auxiliary equipment, and coa]lconveyors. This |
factor was used in the IAPCS model to estimate particulate control upgrading
costs. S o |
Table 21.5.4-4 presents the estimated costs for L/LS and LSD-FGD cases.
The LSD-FGD costs include upgrading the ESPs for boilers 3 and 4 and ash
“handling systems for all boilers. As mentioned in the previous section,
units 1 and 2 are burning Tow sulfur coal and it is unlikely that these
units would need to be scrubbed. If, however, scrubbing is required, it
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TABLE 21.5.4-2. SUMMARY OF RETROFIT FACTOR DATA FOR SUNBURY UNITS 1 OR 2

FGD TECHNOLOGY

FORCED

~ LIME

L/LS FGD_OXIDATION SPRAY DRYING

SITE ACCESS/CONGESTION

S02 REMOVAL HIGH HIGH HIGH
FLUE GAS HANDLING HIGH HIGH
BAGHOUSE REUSE CASE HIGH
NEW BAGHOUSE CASE NA
DUCT WORK DISTANCE (FEET) 600-1000 600-1000
BAGHOUSE REUSE 600-1000
NEW BAGHOUSE NA
BAGHOUSE REUSE NA NA NA
NEW BAGHOUSE NA NA NA
SCOPE ADJUSTMENTS
WET TO DRY YES NO YES
ESTIMATED COST (1000$) 724 NA 724
NEW CHIMNEY NO NO NO
ESTIMATED COST (1000$) 0 0 0
OTHER NO NO NO
RETROFIT FACTORS
FGD SYSTEM 1.76 1.73
BAGHOUSE REUSE CASE ‘ 1.78
NEW BAGHOUSE CASE NA
ESP UPGRADE NA NA NA
NEW BAGHOUSE NA NA NA
GENERAL FACILITIES (PERCENT) 20 20 20
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TABLE 21.5.4-3.

SUMMARY OF RETROFIT FACTOR DATA FOR SUNBURY UNITS 3 OR 4

FGD TECHNOLOGY

FORCED LIME

SITE ACCESS/CONGESTION

L/Ls FGD OXIDATION SPRAY DRYING

S02 REMOVAL HIGH HIGH HIGH
FLUE GAS HANDLING HIGH HIGH
ESP REUSE CASE HIGH
BAGHOUSE CASE NA
DUCT WORK DISTANCE (FEET) 600-1000 ©00-1000
ESP REUSE 600-1000
BAGHOUSE NA
ESP REUSE NA NA HIGH
NEW BAGHOUSE NA NA NA
SCOPE ADJUSTMENTS
WET TO DRY YES NC YES
ESTIMATED COST (1000%) 967 NA 967
NEW CHIMNEY NO NO NO
ESTIMATED COST (1000$) 0 0 0
OTHER NG NO NO
RETROFIT FACTORS
FGD SYSTEM 1.76 - 1.73
ESP REUSE CASE 1.78
BAGHOUSE CASE ‘NA
ESP UPGRADE NA NA 1.58
NEW BAGHOUSE NA NA NA
GENERAL FACILITIES {PERCENT) 20 20 20
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Table 21.5.4-4. Summary of FGD Contral Costs for the Sunbury Plant (June 1988 Dollars)

= EE TSRS TEEEENETSEToEa2==EE= : ----=.=== SEEE======= = EEESEESIARNENEaI==SIINNaESS
Technology Boiler Main Boiler Capacity Coal Capitat Capital Annual  Annual 502 502 SQ2 Cost
Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.

Difficulty (MW} (%) Content (EMM) (S/kW) (SHM) (mills/kwh) (%) (tons/yr) (3/ton)

Factor (%)
LC FGD 3-4 1.76 259 70 1.9 57.8 223.1 30.8 19.4 90.0 21101 1461.6
LC FGD-C 3-4 1.76 259 70 1.9 57.8 223.1 17.9 1.3 90.0 21101 849.7
LFGD 3 .76 103 70 1.9 51.0 495.2 22.8 36.1 90.0 8321 2717.0
LFGD . 4 1.76 156 70 1.9 65.9 422.7 29.7 31.0 9G.0 12709 2335.7
LFGD-C 3 1.76 103 70 1.9 51.0 495.2 13.3 21.0 90.0 8331 1583.9
LFGD-C 4 1.76 156 70 1.9 65.9 422.7 17.3 18.1 90.0 12709 1361.5
LSD+ESP 3 1.78 103 70 1.9 23,4 227.% 1.1 17.6 76.0 7114 1563 .4
LSD+ESP 4 1.78 156 70 1.9 0.8 197.4 14.2 14.9 76.0 10775 1322.5
LSO+ESP-C 3 1.78 103 70 1.9 23.4 2273 6.5 10.3 76.0 7114 ?10.5
LSD+ESP-C 4 1.78 156 70 1.¢ 30.8 197.4 8.3 8.7 76.0 10775 770.5
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would be more cost effective to switch to a higher coal sulfur content,
taking into consideration the fuel cost differential, in estimating cost
effectiveness for these units.

The low cost control case reduces capital and annual operating costs
due to the benefits of economies-of-scale when combining process areas,
elimination of spare scrubber modules, and optimization of scrubber module
size.

Coal Switching Costs--

Units 1 and 2 already have switched to Tow sulfur coal. As such, these
two units were not considered for coal switching or coal cleaning. Coal
switching can impact boiler performance in several ways. Key parameters of
concern include boiler capacity, furnace slagging, pulverizer capacity, tube
erosion, and coal rate. However, without an a§h analysis for the existing
and switch coals, boiler derate or capacity increase cannot be determined.
Costs were generated to show the impact of two different coal fuel cost
differentials. The costs associated with units 3 and 4 for the range of fuel
cost differential are shown in Table 21.5.4-5.

NO Control Technology Costs--

This section presents the performance and costs estimated for NO
controls at the Sunbury steam plant. These controls include LNC
“modification and SCR. The application of NOx control technologies is
determined by several site-specific factors which are discussed in
Section 2. The NOX technologies evaluated at the steam plant were: LNB and
SCR.

Low NOx Combustion--

Units 1 and 2 are dry bottom, vertical/down-fired boilers each rated at
75 MW. Units 3 and 4 are dry bottom, front wall-fired boilers rated at 103
and 156 MW, respectively. The combustion modification technique applied for
these boilers was LNB. As Tables 21.5.4-6 and 21.5.4-7 show, the LNB NOX
reduction performance for unit 4 was estimated to be 50 percent. No boiler
information could be found for units 1 to 3 to assess their NO reduction
performances. Since these boilers are relatively old, it is est1mated that
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Table 21.5.4-5. Summary of Coal Switching/Cleaning Costs for the Sunbury Plant (June 1988 Dollars)

Technology Boiler Main Beiler Capacity Coal Capital Capital Annual Annwal 502 502 502 Cost
Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.
Difficulty (M) (X) Content ($MM) (S/kW) (3MM) (mills/kwh) (%) (tons/yr) (3%/ton)

Factor (X} .
£S/B+815 .3 1.00 103 70 1.9 4.2 40.7 9.5 15.0 51.0 4743 1994.8
C5/B+315 4 1.00 156 70 1.9 5.8 7.2 14.0 14.7 51. 7214 1943.4
CS/B+315-C 3 1.00 103 70 1.9 4.2 40.7 5.5 8.6 51.0 4763 1146.8
CS/B+$15-C 4 1.00 156 70 1.9 5.8 . 37.2 8.1 B.4 51.0 7214 11171
CS/B+$5 . 3 1.00 103 70 1.9 1 10.3 4.1 5.5 51. 4763 8580.3
CS/B+85 4 1.00 156 70 1.9 4.2 26.9 5.8 6.1 51.0 7214 .808.9
CS/B+$5-C 3 1.00 103 70 1.9 3.1 30.3 2.4 3.7 . 31,0 4763 495.8
1.9 4.2 26.9 3.4 3.5 51.0 214 466.1

CS/B+85-C 4 1.00 156 70
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TABLE 21.5.4-6. SUMMARY OF NOx RETROFIT RESULTS FOR SUNBURY UNITS 1-2

BOILER NUMBER

COMBUSTION MODIFICATION RESULTS

Bt 2
FIRING TYPE . VERTICAL/DOWN-FIRED
* TYPE OF NOx CONTROL | N N
EE LR,
ARER HEAT RELEASE RATE. o
(1000 BTU/SQ FT-HR) NA NA
FURNACE RESIDENCE TIME ‘(SECONDS) NA NA
_ ESTIMATED NOx REDUCTION (PERCENT) 25 25
SCR_RETROFIT RESULTS
FOR SCR REACTOR oo 1Ot Lok Low
SCOPE ADDER PARAMETERS-- "
Building Demolition (1000%) 0 0
Ductwork Demolition (1000$) 22 - 22
New Duct Length (Feet) : 500 . 600
New Duct Costs (10008} 2004 2512
New Heat Exchanger (1000$) 1568 . 1568
TOTAL SCOPE ADDER COSTS (10008) 3684 4102
RETROFIT FACTOR FOR SCR ' 1.16 1.16
GENERAL FACILITIES (PERCENT) 25 25
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TABLE 21.5.4-7. SUMMARY OF NOx RETROFIT RESULTS FOR SUNBURY UNITS 3-4

BOILER NUMBER

COMBUSTION MODIFICATION RESULTS

3 4
FIRING TYPE FWF FWF
TYPE OF NOx CONTROL - LNB LNB

VOLUMETRIC HEAT RELEASE RATE
(1000 BTU/CU FT-HR) NA - 14.6

BOILER/WATERWALL SURFACE
AREA HEAT RELEASE RATE

(1000 BTU/SQ FT-HR) . NA 28.4
FURNACE RESIDENCE TIME (SECONDS) NA 5.43
ESTIMATED NOx REDUCTION (PERCENT) 25 50

SCR RETROFIT RESULTS

SITE ACCESS AND CONGESTION ‘
FOR SCR REACTOR LOW HIGH

SCOPE ADDER PARAMETERS--

Building Demolition (1000%) 0 0
Ductwork Demolition (1000$) 28 38
New Duct Length (Feet) 850 500
New Duct Costs (1000$) | 4310 1607
New Heat -Exchanger (1000%) 1908 “ 2434
TOTAL SCOPE ADDER COSTS (1000%) 6246 5685
RETROFIT FACTOR FOR SCR 1.16 1.52
GENERAL FACILITIES (PERCENT) 25 13
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a NOx reduction of 20 to 3b percent can be achieved by these boilers
retrofitted with LNB. Units 1 to 3 were installed between 1949 and 1951.
The reduction performance level for unit 4 was assessed by examining the
effects of heat release rates and furnace residence time through the use of
the simplified NOx procedures. Table 21.5.4-8 presents the cost of
retrofitting LNB at the Sunbury boilers.

Selective Catalytic Reduction--

Tables 21.5.4-6 and 21.5.4-7 present the SCR retrofit results for each
unit. The results include process area retrofit factors and scope adder
costs. The scope adders include costs estimated for ductwork demolition, .
new flue gas heat exchanger, and new duct runs to divert the flue gas from
the particulate matter control device to the reactor and from the reactor to
the chimney.

The SCR reactors for units 1 to 3 were located west of the powerhouse in
the parking lot. Since the reactors were located in open area having easy
access with no major obstacles, the reactors for units 1 to 3 were assigned
low access/congestion factors. However, a 25 percent general facilities
factor was assigned to these reactors for relocating the parking lot in an
area south or southwest of the powerhouse. The SCR reactor for unit 4 was
located northeast of the powerhouse and bordering the river. A high
access/congestion factor was assigned to the reactor for unit 4 since it is
in a high congestion area with difficult access surrounded by the coal
conVeyor and the river. All reactors were assumed to be in areas with high
underground obstructions. The ammonia storage system was placed in a remote.
area having a low access/congestion factor. Table 21.5.4-8 presents the
estimated cost of retrofitting SCR at the Sunbury boilers.

Sorbent Injection and Repowering--

This section presents the cost/performance estimates for SO2 control
technologies that are under development but have not been demonstrated on
commercial utility boilers. These technologies are presented separately
from the commercialized technologies because the cost/performance estimates
have a high degree of uncertainty due to the lack of commercial scale data.
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Tabte 21.5.4-8. NOx Control Cost Results for the Sunbury Plant (June 1988 Dollars)

Techrology Boiler Main Bailer Capacity Coal Capital Capital Annual  Arnual NOX NOX NOx Cost

Number Retrofit Size Factor Sulfur Cost Cost Cost Cost fRemoved Removed Effect.
Difficulty (MW) (%) Content (3MM) (3/kW) (SMM) (mills/kwh) (%) (tons/yr) ($/ton)
Factor (%)

LNC-LNB 1 1.00 75 70 0.6 2.3 30.3 0.5 1.1 25.0 684 721.6
LNC-LNB 2 1.00 75 70 0.5 2.3 30.3 0.5 1.1 25.0 684 721.6
LNC-LNB 3 1.00 103 70 1.9 2.6 25.1 0.6 0.9 25.0 861 B848.9
LNC-LNB 4 1.00 1546 70 1.9 3.1 19.6 0.7 0.7 50.0 2001 330.9
LNC-LNB-C 1 1.00 bes 70 0.5 2.3 30.3 0.3 0.6 25.0 &84 428.4
LNC-LNB-C 2 1.00 75 70 0.6 2.3 30.3 0.3 0.6 25.0 484 428.4
LNC-LNB-C 3 1.00 103 70 1.9 2.6 25.1 0.3 0.5 25.0 661 503.¢
LNC-LNB-C 4 1.00 - 156 70 1.9 3.1 19.6 0.4 0.4 50.0 2001 196.4
SCR-3 1 1.16 75 70 0.4 17.4  232.4 5.6 12.3 80.0 2190 2577.0
SCR-3 2 1.16 75 hO] 0.6 17.9 238.0 5.7 12.4 80.0 2190 2611.1
SCR-3 3 1.16 103 70 1.9 22.9 222.5 7.2 11.3 80.0 2114 3384.4
5CR-3 4 1.52 156 70 1.9 31.5 201.9 10.2 10.7 80.0 3202 3184.3
SCR-3-C 1 1.16 ] 70 0.5 174 232.4 3.3 7.2 80.0 2190 1512.1
SCR-3-C 2 1.16 -] 70 0.8 17.9 238.0 3.4 7.3 80.0 2170 1532.5
SCR-3-C 3 1.16 103 70 1.9 22.9 222.5 4.2 6.7 80.0 2114 1987.6
SCR-3-C 4 1.52 156 70 1.9 3.5 201.9 6.0 5.3 80.0 3202 1868.5
SCR-7 1 1.16 e 70 0.6 17.4 232.4 5.0 10.9 80.0 2190 2283.9
SCR-7 2 1.16 -] 70 0.8 17.9 238.0 5.1 11.0 80.0 2190 2318.0
SCR-7 3 1.16 103 70 1.9 22.9 222.5 6.3 10.0 80.0 2114 2985.9
SCR-7 4 1.52 154 70 1.9 31.5 20t1.9 8.9 ?.3 80.0 3202 2785.8
SCR-7-C 1 1.16 s 70 0.6 17.6 232.4 2.9 6.4 80.0 2190 1344.2
SCR-7-C 2 1.16 ] 70 0.6 17.9 © 238.0 3.0 6.5 80.0 2190 1364 .6
SCR-7-C 3 1.16 103 . 70 1.9 22.9 222.5 3.7 5.9 ' 80.0 2114 1759.3
SCR-7-C 4 1.52 156 70 1.9 .5 201.9 5.3 5.5 80.0 3202 1640.2

21-165



Duct Spray Drying and Furnace Sorbent Injection--

The sorbent receiving/storage/preparation areas were located northwest
of the plant in a similar fashion as LSD-FGD. The retrofit of DSD and FSI
technologies at the Sunbury steam plant for all units would be difficult.
There is not sufficient flue gas ducting residence time between the boilers
and the particulate controls; therefore, new baghouses were considered for
all units. The new baghouses would be located north of the plant adjacent
to the coal conveyor, river, and coal pi]é. A high retrofit factor was
assigned to the new baghouses (1.55). Long duct runs would be needéd
(600 feet) to divert the flue gas from the boilers to the baghouses and back
to the chimney. However, for FSI technology, it was assumed that the
existing baghduses can handle the increased load and the ESPs could be
upgraded at an equivalent cost of additional plate area and assuming a high
site access/congestion factor (1.55). Additionally, the conversion of the
wet ash handling system to dry handling would be required when feusing the
ESPs/baghouses for FSI technology. Téb]es 21.5.4-9 through 21.5.4-11 present
a summary of the site access/congestion factors for DSD and FSI technologies
at the Sunbury steam plant., Table 21.5.4-12 presents the costs estimated to
retrofit DSD and FSI at the Sunbury plant.

Atmospheric Fluidized Bed Combustion and Coal Gasification Applicability--

The AFBC retrofit and AFBC/CG repowering applicability criteria
presented in Section 2 were used to determine the applicability of these
technologies at the Sunbury plant. 'A11 of the boilers would be considered
candidates for AFBC retrofit due to their small sizes (<160 MW) and their
old ages (built before 1960). However, the high capacity factors make these
units poor candidates for repowering because of replacement power costs
during boiler downtime. '
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TABLE 21.5.4-9. DUCT SPRAY DRYING AND FURNACE SORBENT tNJECTION
' TECHNOLOGIES FOR SUNBURY UNITS 1 OR 2

ITEM
SITE ACCESS/CONGESTICN
REAGENT PREPARATION : HIGH
BAGHOUSE UPGRADE (FSI) , NA
NEW BAGHOUSE (DsSD) 7 HIGH

SCOPE ADDERS
CHANGE ESP ASH DISCHARGE SYSTEM TO DRY. HANDLING YES

ESTIMATED COST (1000%) 724
ADDITIONAL DUCT WORK (FT)

NEW BAGHOUSE CASE ‘ 600

ESTIMATED COST (1000%) 2329

ESP REUSE CASE - NA

ESTIMATED COST (1000%) NA
DUCT DEMOLITION LENGTH (FT - 50

DEMOLITION COST (1000% ' 24
TOTAL COST #1000$A :

AN EXISTING BAGHOUSE CASE (FSI) 748

A NEW .BAGHOUSE CASE (DSD) ‘ . 2353

RETROFIT FACTORS : ,

CONTROL SYSTEM EDSD SYSTEM ONLY) ‘ 1.37
BAGHOUSE UPGRADE (FSI) : : NA
NEW BAGHOUSE (DSD) 1.55
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TABLE 21.5.4-10. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION

TECHNOLOGIES FOR SUNBURY UNIT 3

1TEM

SITE ACCESS/CONGESTION

REAGENT PREPARATION
ESP UPGRADE (FSI)
NEW BAGHOUSE (DSD)

SCOPE ADDERS

CHANGE ESP_ASH DISCHARGE SYSTEM TO DRY HANDLING
ESTIMATED COST (1000$%) .
ADDITIONAL DUCT WORK (FT)
NEW BAGHOUSE CASE
ESTIMATED COST (1000$)
ESP REUSE CASE
ESTIMATED COST (1000$)
DUCT DEMOLITION LENGTH (FT
DEMOLITION COST (1000$

TOTAL COST (1000%
ESP UPGRADE CASE (FSI)
A NEW BAGHOUSE CASE (DSD)

RETROFIT FACTORS
- CONTROL SYSTEM {DSD SYSTEM ONLY)

ESP UPGRADE (FS
NEW BAGHOUSE (DSD)

HIGH
HIGH
HIGH
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TABLE 21.5.4-11. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION
TECHNOLOGIES FOR SUNBURY UNIT 4

ITEM
SITE ACCESS/CONGESTION
REAGENT PREPARATION HIGH
ESP UPGRADE (FSI HIGH
NEW BAGHOUSE (DSD) HIGH

SCOPE ADDERS
CHANGE ESP ASH DISCHARGE SYSTEM TO DRY HANDLING YES

ESTIMATED COST (1000%) 1399
ADDITIONAL DUCT WORK (FT)
NEW BAGHOUSE CASE 600
ESTIMATED COST (1000%) | 3579
ESP REUSE CASE NA
ESTIMATED COST (1000$) NA
DUCT DEMOLITION LENGTH (FT; 50
DEMOLITION COST (1000$ - 42
TOTAL COST 10005} |
ESP UPGRADE CASE (FSI) 1441
A NEW BAGHOUSE CASE (DSD) 3621

RETROFIT FACTORS

CONTROL SYSTEM (DSD SYSTEM ONLY) 1.37
ESP UPGRADE (FS 1.55
NEW BAGHOUSE {DSD) 1.55
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Table 21.5.4-12. Summary of DSD/FSI Control Costs for the Sunbury Plant (June 1988 Dollars)

Technology Boiler Maim Boiler Capacity Coal Capital Capita{ Annual Annual s02 s02 $02 Cost
Nunber Retrofit Size Facter Sulfur Cost Cost Cost Cost Removed Remcved Effect.

Difficulty (MW) (X) Content ($MM) (S/kW) (5MM) (mills/kwh) (X) (tons/yr) ($/ton)

Factor %)

PSD+FF 1 ) 1.00 ~ 75 70 0.6 18.8 251.1 8.3 18.0 71.0 2158 3827.5
DSD+FF 2 1.00 75 70 0.6 18.8  251.1 8.3 18.0 71.0 2158 3827.5
DSD+FF 3 1.00 103 70 1.9 25.5 228.6 10.5 16.5 71.0 6597 1584.6
DSO+FF 4 1.00 156 70 1.9 31.2  200.0 13.5 14.1 71.0 9991 1348.6
DSQ+FF-C 1 1.00 Ia] 70 0.6 18.8 251.1 4.8 10.5 71.0 2158 2232.0
DSD+FF-C 2 1.00 ™ 70 0.6 18,8 251.1 4.8 10.5 . 2158 2232.0
DSD+FF-C ] 1.00 103 70 1.9 23.5 228.6 6.1 9.6 71.0 4597 923.9
DSD+FF-C 4 1.00 156 70 1.9 31.2  200.0 7.9 8.2 71.0 9991 784.6
FSI+ESP-50 3 1.00 103 70 1.9 8.6 83.7 6.2 9.9 - 50.0 4662 1338.4
FSI+ESP-50 4 1.00 156 70 1.9 11.0 70.7 8.3 B.7 50.0 7061 1174.6
FSI+ESP-50-C 3 1.00 103 70 1.9 8.6 8.7 3.6 5.7  50.0 4662 7751
FSI+ESP-50-C 4 1.00 156 70 1.9 11.0 70.7 4.8 5.0 50.0 7061 5680.0
FSI+ESP-70 3 1.00 103 70 1.9 8 84.4 6.3 10.0 70.0 6527 969.0
FSI+ESP-70 4 1.00 156 70 1.9 11.1 7.2 7 8.4 8.8 70.0 9885 851.1
FSI+ESP-T0-C 3 1.00 103 70 1.9 7 84.4 3.7 5.8 70.0 8527 561.2
FSI+ESP-70-C 4 1.00 156 n 1.9 1.1 71.2 4.9 5.1 70.0 9885 492.68
FSI+PFF-50 1 1.00 75 70 0.6 3.4 45.1 2.8 6.0 50.0 1525 1815.3
FSI1+PFF-50 2 1.00 75 70 0.é 3.4 45.1 2.8 6.0 50.0 1525 1815.3
FSI+PFF-50-C 1 1.00 75 70 0.6 3.4 45.1 1.6 3.5 50.0 1525 1050.0
FSI+PFF-50-C 2 1.00 ] 70 0.6 1.4 45.1 1.6 3.5 50.0 1525 1050.0
FSI+PFF-70 1 1.00 7S 70 0.6 3.4 45.1 2.8 8,0 70.0 2135 1298.5
FSI+PFF-70 2 1.00 s 70 0.6 3.4 45.1 2.8 6.0 70.0 2135 1298.5
FSI+PFF-70-C 1 1.00 75 70 0.6 3.4 45.1 1.6 3.5 70.0 2135 7511
FSI+PFF-70-C 2 1.00 s 70 0.6 3.4 45.1 1.6 3.5 70.0 2135 751.1
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21.6 PENNSYLVANIA POWER COMPANY
21.6.1 Bruce Mansfield Steam Plant

The Bruce Mansfield steam plant is located within Beaver County,
Pennsylvania, as part of the Pennsylvania Power Company system. The plant
is located beside the Ohio River and contains three coal-fired boilers with
a total gross generating capacity of 2,505 MW. Three natural draft cooling
towers are located between the units and the river.

Table 21.6.1-1 presents operational data for the existing equipment at
the Bruce Mansfield plant. The boilers burn high sulfur coal. Coal
shipments are received by barge and transferred to a coal storage and
hand1ing area north of the plant and adjacent to the river.

PM emissions for the boilers are controlled with wet scrubbers for
units 1-2 and ESPs for unit 3. The plant has a dry fly ash handling system.
Fly ash is used to stabilize sludge produced by FGD. Units 1 and 2 are
served by a common chimney while unit 3 is served by another chimney. A1l
units are equipped with new FGD units and, as such, this plant was not
considered for further SOz_reduction,

Low NOx Combustion--

Units 1 through 3 are dry bottom boilers with a gross unit rating of
835 MW each. Unit 3 is equipped with OFA. As such, NOx reduction using
combustion controls was not evaluated for this unit.

Selective Catalytic Reduction--

Cold side SCR reactors for units 1-2 would be located behind the
chimneys and downstream of the existing FGD units to the east of units 1-2.
The SCR reactors for unit 3, however, would be located on the side of unit 3
close to the employee parking area and beside the chimney. Because of the
space availability for SCR reactors, a low site access/congestion factor was
assigned to all the reactor locations. Approximately 450 feet of duct
length would be needed for either of the units 1 or 2. For unit 3, 250 feet
of duct Tength was estimated. A1l reactors were assumed to be in areas with
high underground obstructions. The ammonia storage system was placed close
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TABLE 21.6.1-1. BRUCE MANSFIELD STEAM PLANT OPERATIONAL DATA

BOILER NUMBER

GENERATING CAPACITY (MW-each)
CAPACITY FACTOR (PERCENT)
INSTALLATION DATE

FIRING TYPE

FURNACE VOLUME (1000 CU FT)
LOW NOX COMBUSTION

COAL SULFUR CONTENT (PERCENT)
COAL HEATING VALUE (BTU/LB)
COAL ASH CONTENT (PERCENT)
FLY ASH SYSTEM

ASH DISPOSAL METHOD

STACK NUMBER

COAL DELIVERY METHODS

FGD SYSTEM

FGD TYPE

- FGD INSTALLATION DATE

PARTICULATE CONTROL

TYPE

INSTALLATION DATE

EMISSION (LB/MM BTU)

REMOVAL EFFICIENCY

DESIGN SPECIFICATION
SULFUR SPECIFICATION (PERCENT)
SURFACE AREA {1000 SQ FT,UNIT 3)
GAS EXIT RATE (1000 ACFM)
SCA (SQ FT/1000 ACFM,UNIT 3)
OUTLET TEMPERATURE (°F)

1-3

780 net
60,68,71
1976,77,80
OPPOSED WALL
734
NO,NO,OFA
3.8

11900

12.5

DRY HANDLING
PAID DISPOSAL
1, 1, 2
BARGE

YES

VENTURI/SPRAY CHAMBER

1976,77,80

WET SCRUBBER/ESP

1976,77,80
0.04,0.08
99.8,99.5
4.8

645

2610

247
126




to the FGD waste treatment area. A road and a small portion of the parking
area have to be relocated for SCR reactor 1ocations; therefore, a factor of
20 percent was assigned to general facilities.

Table 21.6.1-2 presents the SCR process area retrofit factors and scope
adder costs. The scope adders include costs estimated for ductwork
demolition, new flue gas heat exchanger, and new duct runs to divert the
flue gas from the ESPs to the reactor and from the reactor to the chimney.
Table 21.6.1-3‘presents the estimated cost of retrofitting SCR at the Bruce
Mansfield boilers.

21.6.2 New Castle Steam Plant

The New Castle steam plant is located within Lawrence County,
Pennsylvania, as paff of the Pennsylvania Power Company system, a subsidiary
of Ohio Edison Company. The plant is Tocated beside the Beaver River. The
plant contains five coal-fired boilers with a total gross génerating capacity
of 425 MW. Figure 21.6.2-1 presents the plant plot plan showing the lecation
of all boilers and major associated auxiliary equipment.

Table 21.6.2-1 presents operational data for the existing eguipment at
the New Castle plant. The boilers burn low to medium sulfur coal. Coal
shipments are received by truck and conveyed to a coal storage and handling
area located northeast of the plant.

Particulate matter emissions for the boilers are controlled with
retrofit ESPs 19cated between unit 5 and a common'chimney. The plant has a
dry fly ash handling system and is disposed at a landfill located north of
the plant.

Lime/Limeétone and Lime Spray Drying FGD Costs--

' Figure 21.6.2-1 shows the general layout and location of the FGD control
system. The boilers sit close to the river and flue gas from all units is
converged into a common duct going into a single chimney. The absaorbers for
‘L/LS-FGD and LSD-FGD for all the units would be located immediately east of
the chimney and south of the coal pile in a re]étive]y open area. Part of
the plant road and employee parking area would need'to be demolished/
relocated; therefore, a factor of 8 percent was assigned to general
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TABLE 21.6.1-2. SUMMARY OF NOx RETROFIT RESULTS FCR BRUCE MANSFIELD

COMBUSTION MODIFICATION RESULTS

FIRING TYPE
TYPE OF NOx CONTROL

* FURNACE VOLUME (1000 CU FT)
BOILER INSTALLATION DATE
SLAGGING PROBLEM

BOILER NUMBER

ESTIMATED NOx REDUCTION (PERCENT) . 50

SCR RETROFIT RESULTS

SITE ACCESS AND CONGESTION
FOR SCR REACTOR -

SCOPE ADDER PARAMETERS--
Building Demolition (1000$)
Ductwork Demolition (1000%)
New Duct Length (Feet)
New Duct Costs (1000%)

~ New Heat Exchanger (1000$)

TOTAL SCOPE ADDER COSTS (1000%}
 RETROFIT FACTOR FOR SCR
GENERAL FACILITIES (PERCENT)

1 2
OWF OWF OWF
LNB LNB " OFA
734 734 734
1976 1977 1980
NO NO NO

50 NA
LOW. LOW LOW
0 0 0
133 133 133
50 450 250
7717 7717 4287
6659 6659 - 6659
14509 14509 11079
1.16 1.16 1.16
20 20 20
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Table 21.5.1-3. NOx Control Cost Results for the Bruce Mansfield Plant (June 1988 Dollars)

Annual

Cost

(mills/kwh)

0.3

0.3

0.2
0.2

NOx NOx NOx Cost
Removed Removed Effect.

(%) (tons/yr) (%/ton)
50.0 8990 140.2
50.0 10189 123.7
50.0 8950 83.2
50.0 10189 73.4
80.0 14385 2646.0
80.0 16303 2183.6
80.0 17022 2064 .7
80.0 14385 ©1430.7
80.0 16303 1276.9
80.0 17022 1206.8
80.0 14385 1699.9
80.0 16303 1790.0
80.0 17022 1687.7
80.0 14385 1179.1
80.0 16303 1051.4
80.0 17022 $90.8

Technology Boiler Main Boiler Capacity Coel Capital Capital Annual
Number Retrofit Size Facter Sulfur Cost Cost Cost

Difficulty (MJ) (%) Content (BMM) (3/kW) (3MM)

Factor %)

LNC-LNB g .00 780 60 3.8 5.8 7.4 1.3
LNC-LN8 2 1.00 780 68 3.8 5.8 7.4 1.3
LNC-LNB-C ! 1.00 780 60 3.8 5.8 7.6 0.7
‘LNC-LNB-C 2 1.00 780 &8 3.8 5.8 7.l 0.7
SCR-3 1 1.16 780 60 3.8 94.0 120.5 . 35,2
SCR-3 2 1.16 780 68 3.8 54.0 120.5 35.6
SCR-3 . 3 1.16 780 71 3.8 90.5 116.1  35.1
SCR-3-C 1 1.16 780 60 3.8 9.0 120.5 20.6
SCR-3-C 2 1.16 780 68 3.8 9.0 120.5 20.8
SCR-3-C 3 1.16 780 7 3.8 0.5 116.17 20.5
SCR-7 1 1.16 780 60 3.8 94.0 120.5 28.8
SCR-T 1.16 780 &8 3.8 94.0 120.5 29.2
SCR-7 3 1.16 780 71 3.8 90.5 116.1 28.7
VSCR-T-C 1 1.16 780 50 3.8 54.0 120.5 16.9
SCR-T-C 2 1.16 780 68 3.8 94.0 120.5 17.1
SCR-7-C 3 1.16 780 7 3.8 0.5 116.1 16.9
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Figure 21.6.2-1. New Castle plant plot plan
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TABLE 21.6.2-1. NEW CASTLE STEAM PLANT OPERATIONAL DATA

BOILER NUMBER

GENERATING CAPACITY (MW-each)
CAPACITY FACTOR (PERCENT)
INSTALLATION DATE

FIRING TYPE

COAL SULFUR CONTENT (PERCENT)
COAL HEATING VALUE (BTU/LB)
COAL ASH CONTENT (PERCENT)
FLY ASH SYSTEM

ASH DISPOSAL METHOD

STACK NUMBER

COAL DELIVERY METHODS

PARTICULATE CONTROL

TYPE
INSTALLATION DATE
EMMISION (LB/MM BTU)
REMOVAL EFFICIENCY
DESIGN SPECIFICATION
SULFUR SPECIFICATION (PERCENT)
SURFACE AREA (1000 SQ FT)
GAS EXIT RATE (1000 ACFM)
SCA (SQ FT/1000 ACFM)
OUTLET TEMPERATURE (°F)

1,2
37.5-40
20,20
1939,47
FWF

1.5
12200
11.1

3 .
97.8
51
1952
FWF
1.5
12200
11.1

DRY HANDLING

ON-SITE/LANDFILL
1
TRUCK

ESP

1978
0.02
98.7

1.5-3.0

161
520
310
340

ESP

1978
0.02
99.2

1.5-3.0
146
450
324
302

4,5
113-136
49,44
1958,64
FWF

1.5, 1.5
12200
11.1

Esp

1977
0.01
99.2

1.5-3.0
146,200
432,635
338,315
272,292

21-177



facilities. The lime storage/handling area would be located south of the
absorbers and east of the powerhouse, with the waste handling area located
adjacent to the absorbers.

Retrofit Difficulty and Scope Adder Costs--

A low site access/congestion factor was assigned to the absorber
locations due to the absorbers being located beside the chimney and close to
- the ESPs in an area with no major obstacles/obstructions.

For flue gas handling, short duct runs for the units would be required
for L/LS-FGD cases since the absorbers would be close to the common duct
run/chimney. A low site access/congestion factor was assigned to the flue
gas handling system.

The major scope adjustment costs and retrofit factors estimated for the
FGD technologies are presented in Table 21.6.2-2. No large scope adder cost
is required for the New Castle plant. The overall retrofit factor determined
for the L/LS-FGD cases was low (1.19}.

The absorbers for LSD-FGD would be located in a similar location as in
L/LS-FGD cases. Even though the total collection surface areas for ESPs
were not available, the SCAs were assumed to be large enough based on the
ESPs performance, Therefore, the ESPs could be reused for the LSD-FGD
technology. For flue gas handling for LSD cases, short-moderate duct runs
would be required to divert the flue gas from the absorbers to the boilers
and back to the ESPs. A medium site access/congestion factor was assigned
to the flue gas handling system which reflects moderate congestion created
by the ESPs. The retrofit factor determined for the LSD technology case was
low (1.24) and did not include particulate control upgrading costs. A
separate retrofit factor was developed for upgrading the ESPs. A Tow
retrofit factor (1.16) was assigned for upgrading ESPs for all units due to
the available space around the ESPs with easy access and low congestion.
This factor was used in the IAPCS model to estimate particulate control
“upgrading costs. o |
' Table 21.6.2-3 presents the estimated costs for L/LS-FGD and LSD-FGD
cases. The LSD-FGD costs include upgrading the ESPs for boilers 1-5. The
Tow cost control case reduces.capital and annual operating costs due to the
elimination of spare scrubber modules and the optimization of scrubber
module size.
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TABLE 21.6.2-2. SUMMARY OF RETROFIT FACTOR DATA FOR NEW CASTLE UNITS 1-5

FGD TECHNOLOGY

FORCED LIME
L/LS FGD OXIDATION SPRAY DRYING

SITE ACCESS/CONGESTION .
S02 REMOVAL LOW LOW LOW

FLUE GAS HANDLING LOW LOW
ESP REUSE CASE ‘ MEDIUM
BAGHOUSE CASE NA

DUCT WORK DISTANCE (FEET) 0-100 0-100
ESP REUSE , 100-300
BAGHOUSE  NA

ESP REUSE NA NA LOW

NEW BAGHOUSE NA NA NA

SCOPE ADJUSTMENTS* |

WET TO DRY NO NO " NO
ESTIMATED COST (1000$) NA NA NA

NEW CHIMNEY NO NO NO
ESTIMATED COST (1000%) 0 0 0

OTHER NO NO NO

RETROFIT FACTORS |

FGD SYSTEM 1.19 1.19
ESP REUSE CASE ‘ 1.24
BAGHOUSE CASE 5 NA

ESP UPGRADE NA NA 1.16

NEW BAGHOUSE NA NA ~NA

GENERAL FACILITIES (PERCENT) 8 .8 8

* Chimney liner and boiler draft controls are included in
retrofit factors. '
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Table 21.6.2-3. Summary of FGD Control Costs for the New Castle Plant (June 1988 Dollars)

Technology Boiler Main Boiler Capacity Coal Capital Capital Anrual  Annual sc2 so2 S02 Cost
Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.
Difficulty (M) (%) Ccontent (SMM) (S/kW) (SMM) (mills/kwh) (%) (tons/yr) ($/ton)

Factor ‘ (¢3]

. LC FGD 1-5 1.19 424 43 1.5 58.5 137.9 2%.6 18,5 . 90.0 17080 1733.4
LC FGD-C 1-5, 1.19 424 43 1.5 58.5 137.9 17.2 10.8 90.0 17080 1008.5
LFGD 1 1.19 38 20 1.5 21.2  564.2 B.7 132.0 90.0 702 12350.7
LFGD : 2 1.19 40 20 1.5 21.7  541.7 8.9 126.5 90.0 749 11840.8
LFGD 3 1.19 98 51 1,5 33.4  341.2 15.3 35.1 90.0 4669 3280.6
LFGD 4 1.19 113 49 1.5 34,7 306.6 16.00 33.0 90,0 5184 ' 3084.4
LFGD 5 1.19 136 23 1.5 38.8 285.1 17.5 33.3 0.0 5602 3116.2
LFGD 1-5 1.19 4264 43 1.4 78.5 185.0_' 35,0 22.5 90.0 - 16254 2213.2
LFGD-C 1 1.19 38 20 1.5 1.2 564.2 5.1 7.4 0.0 702 7211.2
LFGD-C 2 " 119 40 . 20 1.5 2.7 541.7 5.2 73.9 $0.0 749 6913.6
LFGD-C 3 1.19 98 51 1.5 33.4 3412 8.9 20.4 90.0 4669 1911.6
LFGD-C 4 1.19 113 49 1.5 34.7  30&6.6 9.3 19.2 90.0 G184 - 17971
LFGD-C 5 1.19 136 44 1.5 38.8 285.1 10.2 19.4 ¢0.0 5602 1816.4
LFGD-C 1-5 .19 424 43 1.4 78.5 185.0 21.0 13.1 90.0 16254 1289.7
LSD+ESP 1 1.24 38 20 1.5 8.2 218.3 4.9 75.0 76.0 595  8278.5
LSD+ESP 2 1.26 40 20 1.5 8.5 212.9 5.0 71.8 76.0 635 - 7928.6
LSD+ESP 3 1.264 98 5t 1.5 14.7  149.9 7.8 17.9 76.0 3958 197D.9
LSD+ESP 4 1.24 113 49 1.5 15.9 140.6 8.2 17.0 74.0 4242 1940.8
LSD+ESP 5 1.24 136 44 1.5 18.3 134.2 9.1 17.3 76.0 4749 1907.3
LSD+ESP-C 1 1.24 38 20 t.5 8.2 218.3 2.9 43.5 76.0 595 4804.6
LSD+ESP-C 2 1.24 40 20 1.5 8.5 212.%9 2.9 41.7 “76.0 . 635 4602.6
LSD+ESP-C 3 1.26 %8 51 1.5 14.7  149.9 4.5 10.4 76.0 I958 1145.8
LSO+ESP-C 4 . 1.24 13 49 1.5 15.9 140.6 4.8 9.9 74.0 4242 1128.7

5 1.24 136 by 1.5 18.3 1%.2 5.3 10.1 76.0 4749 1110.3 -

LSD+ESP-C
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Coal Switching Costs--

Coal switching can impact boiler performance in several ways. Key
parameters of concern include boiler capacity, furnace slagging, pulverizer
capacity, tube erosion, and coal rate. However, without an ash analysis for
the existing and switch coals, boiler derate or capacity increase cannot be
determined.

The ESP performance impacts were evaluated using the IAPCS model to
estimate the needed plate area. This plate area was compared to the existing
area to determine whether S04 conditioning or additional plate area was
needed. 503 conditioning was assumed to reduce the needed plate area up to
25 percent.

Costs were generated to show the impact of two different coal fuel cost
differentials. The costs associated with each boiler for the range of fuel
cost differential are shown in Table 21.6.2-4.

NOx Control Technology Costs--

This section presents the performance and costs estimated for NOx
controls at the New Castle steam plant. These controls include LNC
modification and SCR. The application of NOx control technologies is
determined by several site-specific factors which are discussed in Section 2.
The NOx technologies evaluated at the steam plant were: LNB and SCR.

Low NOX Combustion--

Units 1 to 5 are dry bottom, front wall-fired boilers rated at 38, 40,
98, 114, 136 MW, respectively. The combustion modification technique apb]ied
for these boilers was LNB. As Tables 21.6.2-5 and 21.6.2-6 show, the LNB NOx
reduction performances for units 3 to 5 were estimated to be 40, 43, and
37 pefcent, respectively. No boiler information could be found for units 1
and 2 to assess their NOx reduction performances. Since these bailers are
relatively old (1939 to 1947 in-service dates), it is estimated that a NOx
reduction of 20 to 30 percent can be achieved by these boilers retrofitted
with LNB. Units 1 and 2 were installed between 1937 and 1947. The reduction
performance levels for units 3 to 5 were assessed by examining the effects of
heat release rates and furnace residence time on NOx reduction through the
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Tabfe 21.6.2-4. Summary of Coal Suifching/:leaning Costs for the New Castle Plant (June 1988 Dollars)

Technelogy Boiler Main Boiler Capacity Coal Capitsl Capital Annual  Annual s02 502 502 Cost
Number Retrofit Size Factor Sulfur Cost Caost Cost Cost Removed Removed Effect.

Difficulty (MW) (%) Content (3MM) ($/kW) (SMM) (mills/kwh) (X) (tons/yr) (%/ton)

Factor (%)

CS/B+$15 1 1.00 38 20 1.5 2.0 54.3 1.5 2.4 39.0 306 4821.9
C5/B+815 2 1.00 40 20 1.5 2.1 53.0 1.5 22.1 ° 39.0 326 4751.1
CS/B+3$15 3 1,00 98 51 1.5 4.0 40.7 6.8 15.¢6 39.0 2033 3355.1
CS/B+315 4 1.00 113 49 1.5 4.4 39.3 7.5 15.5 39.0 2257 3333.2
CS/B+$15 S 1.00 136 &6 1.5 5.1 37.8 8.1 15.5 39.0 2439 3339.4
CS/B+$15-C 1 1.00 38 20 1.5 2.0 54.3 0.9 13.0 39.0 306 2792.5
CS/B+$15-C 2 1.00 40 20 1.5 2.1 53.0 0.9 12.8 39.0 326 2751.1
C5/B+$15-C 3 1.00 98 51 1.5 4.0 40.7 3.9 2.0 39.0 2033 1931.0
Cs/B+$15-C 4 1.00 113 49 1.5 &b 3.3 4.3 a.9 319.0 2257 1918.6
CS/8+815-C 5 1.00 135 44 1.5 5.1 37.8 4.7 8.9 39.0 2439 1922.7
C5/B+$5 1 1.00 38 20 1.5 1.6 43.9 0.9 13.1 9.0 306 2824.2
CS/B+35 2 1.00 40 20 1.5 1.7 42.7 0.9 12.8 9.0 326 2752.%
£S/B+85 3 1.00 98 51 1.5 3.0 30.3 3.0 5.9 39.0 2033 14692.7
CS/B+35 4 1.00 113 49 1.5 3.3 28.9 3.3 6.8 39.0 2257 1467.1
C5/8+$5 5 1.00 138 44 1.5 3.7 27.4 3.6 6.8 39.0 2439 1443 .1
C5/B+%5-C 1 1.00 38 20 1.5 1.6 43.9 0.5 7.6 39.0 306 1642.1
CS/B+$5-C 2 1.00 40 20 1.5 1.7, 42.7 0.5 7.4 39.0 326 1600.8
C5/B+85-C 3 1.00 98 51 1.5 3.0 30.3 1.8 4.0 3%.0 2033 881.7
£S/B+85-C [ 1.00 113 4“9 1.5 3.3 23.9 1.9 3.9 39.0 2257 847.1
C5/B+85-C 5 1.00 136 (21 1.3 3.7 27 .4 2.1 3.9 39.0 2439 845.2
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TABLE 21.6.2-5. SUMMARY OF NOx RETROFIT RESULTS FOR NEW CASTLE UNITS

BOILER NUMBER

COMBUSTION MODIFICATION RESULTS

FIRING TYPE
TYPE OF NOx CONTROL

VOLUMETRIC HEAT RELEASE RATE
(1000 Btu/CU.FT-HR)

BOILER/WATERWALL SURFACE
AREA HEAT RELEASE RATE
(1000 Btu/SQ.FT-HR)

" FURNACE RESIDENCE TIME (SECONDS)
ESTIMATED NOx REDUCTION (PERCENT)

SCR RETROFIT RESULTS

SITE ACCESS AND CONGESTION
FOR SCR REACTOR

SCOPE ADDER PARAMETERS- -
Building Demolition (1000%)
Ductwork Demolition (1000%)
New Duct Length (Feet)

New Duct Costs (1000%)

New Heat Exchanger (1000$)

TOTAL SCOPE ADDER COSTS (1000$)
RETROFIT FACTOR FOR SCR
GENERAL FACILITIES (PERCENT)

1, 2 3 4 5
FWF  FWF FWF FWF
LNB  LNB LNB LNB
NA 20.2 18 21.2
NA 44.8 63.6 77.5
NA NA 3.75 4.38
25 40 43 37
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
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TABLE 21.6.2-6. SUMMARY OF NOx RETROFIT RESULTS FOR NEW CASTLE UNITS 1-5

BOILER NUMBER

COMBUSTION MODIFICATION RESULTS

1-5
FIRING TYPE NA
TYPE OF NOx CONTROL NA
VOLUMETRIC HEAT RELEASE RATE
(1000 Btu/CU.FT-HR}) ‘ NA
BOILER/WATERWALL SURFACE
AREA HEAT RELEASE RATE
{1000 Btu/SQ.FT-HR) NA
FURNACE RESIDENCE TIME (SECONDS) NA
ESTIMATED NOx REDUCTION (PERCENT) NA
SCR RETROFIT RESULTS
SITE ACCESS AND CONGESTION
FOR SCR REACTOR LOW
SCOPE ADDER PARAMETERS--
Building Demelition (1000%) ‘ 0
Ductwork Demolition (1000%) 80
New Duct Length (Feet) 250
New Duct Costs (1000%) 2892
New Heat Exchanger (1000%) 4447
TOTAL SCOPE ADDER COSTS (1000%) 7419
RETROFIT FACTOR FOR SCR 1.16
GENERAL FACILITIES (PERCENT) 13
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use of the simplified NOx procedures. Table 21.6.2;7 presents the cost of
retrofitting LNB at the New Castle boilers.

Selective Catalytic Reduction--

Tables 21.6.2-5 and 21.6.2-6 present the SCR retrofit results for
reducing NO emissions from the total flue gas from units 1 to 5. Because
the total f1ue gas from units 1 to 5 is ducted into one ch1mney, one SCR
reactor is sized for the total flow rate instead of sizing an SCR reactor for
each boiler flue gas. The results in Tables 21.6.2-5 and 21.6.2-6 include
process area retrofit factors and scope adder costs. The scope adders
include costs estimated for ductwork demolition, new flue gas heat exchanger,
and new duct runs to divert the flue gas from the common duct to the reactor
and from the reactor to the chimney.

The SCR reactor for units 1 to 5 would be located east of the chimney
and south of the coal pile in a relatively open area. Since the reactor was
located in an open area having easy access with no major obstacles, the
reactor for units 1 to 5 was assigned a Tow access/congestion factor. All
reactors were assumed to be in areas with high underground obstructions.

The ammonia storage system was placed in a remote area having a low access/
congestion factor, ' |

As discussed in Section 2, all NOx control techniques were evaluated
independently from those evaluated for SO2 control. If both SO2 and NOX
emissions were reduced at this plant, the SCR reactor would have to be
located downstream of the FGD absorbers (north of the absorbers) in an area
“having no major obstructions with easy access. In this case, a low access/
congestion factor again would be assigned to this SCR reactor.

Table 21.6.2-7 presents the estimated cost of retrofitting SCR at the New
Castle boilers.

Sorbent Injection and Repowering--

This section presents the cost/performance estimates for 502 control
technologies that are under development but have not been demonstrated on
commercial utility boilers. These technologies are presented separately
from the commercialized technologies because the cost/performance estimates |
have a high degree of uncertainty due to the Tack of commercial scale data.
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Table 21.6.2-7. NOx Control Cost Results for the New Castle Plant (June 1988 Dollars)

Technology Boiler Main Boiler Capacity Coal Capital Capital Annual Annual NOx NOx NOx Cost
Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.

Difficulty (MW) (%) Content ($MM) ($/kW) (SMM) (mills/kwh) (%) (tons/yr) (3/ton)

Factor (%)

LNC-LNB 1 1.00 38 20 1.5 1.7 45.4 0.4 5.7 25.0 Ié 5305.7
LNC-LNB 2 1.00 40 20 1.5 1.8 44.3 0.4 5.5 25.0 75 5144.8
LNC-LNB 3 1.00 98 51 1.5 2.5 25.9 0.5 1.3 40.0 745 737.6
LNC-LNB [ 1.00 113 49 1.5 2.7 23.7 0.6 1.2 43.0 aagy £564.9
LNC-LNB 5 1.00 136 44 1.5 2.9 21.2 0.6 1.2 37.0 827 758.2
LNC-LNB-C 1 1.00 38 20 1.5 1.7 45.6 0.2 3.4 25.0 71 3149.0
LNC-LNB-C 2 1.00 40 20 1.5 1.8 44,3 0.2 3.3 25.0 7S 3054.5
LNC-LNB-C 3 1.00 98 51 1.5 2.5 25.9 0.3 0.7 40.0 745 437.8
LKC-LNB-C 4 1.00 13 49 1.5 2.7 23.7 0.3 0.7 43.0 889 388.8
LNC-LNB-C 5 1.00 134 44 1.5 2.9 21.2 0.4 0.7 37.0 827 450.1
SCR-3 1-5 1.16 424 43 1.5 53.5J 126.0 19.3 12.1 80.0 5450 3533.9
SCR-3-C : 1-5 1.16 424 43 1.5 53.5 126.0 11.3 7.1 80.0 5450 2068.7
SCR-7 1-5 1.16 424 43 1.5 53.5  126.0 5.8 9.9 80.0 5450 2895.7
SCR-7-C 1-5 1.16 424 43 1.5 53.5 126.0 9.3 5.8 80.0 5450 1703.0
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The sorbent receiving/storage/preparation areas were located in a
similar fashion as LSD-FGD. The retrofit of DSD and FSI technologies at the
New Castle steam plant for all the units would be easy. There is sufficient
duct residence time between the boilers and the retrofit ESPs. Because the
ESPs were reported to have good removal efficiencies, it was assumed that
on1y an ESP upgrade would be required to handle the increased load from DSD
and FSI. A low site access/congestion factor was assigned for upgrading the
ESPs for the same reasons as mentioned in the previous section.

Tables 21.6.2-8 through 21.6.2-12 present a summary of the site access/
congestion factors for DSD and FSI technologies at the New Castle steam
plant. Table 21.6.2-13 presents the costs estimated to retrofit DSD and FSI
at the New Castle plant.

Atmospheric Fluidized Bed Combustion and Coal Gasification Applicability--

The AFBC retrofit and AFBC/CG repowering applicability criteria
presented in Section 2 were used to detérmine the applicability of these
technologies at the New Castle plant. All the boilers would be considered
good candidates for AFBC retrofit because of their small size (<140 MW) and
their ages (built before 1960).
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TABLE 21.6.2-8. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION
TECHNOLOGIES FOR NEW CASTLE UNIT 1

ITEM
SITE ACCESS/CONGESTION
REAGENT PREPARATION LOW
ESP UPGRADE - : LOW
NEW BAGHOUSE NA

SCOPE ADDERS
CHANGE ESP ASH DISCHARGE SYSTEM TO DRY HANDLING NO

ESTIMATED COST (1000$) ° NA
ADDITIONAL DUCT WORK (FT)

NEW BAGHOUSE CASE NA

ESTIMATED COST (10008) NA

ESP REUSE CASE NA

ESTIMATED COST (10008) -~ NA
DUCT DEMOLITION LENGTH (FT) 50

DEMOLITION COST (1000$) 14
TOTAL COST (1000$) |

ESP UPGRADE CASE 14

A NEW BAGHOUSE CASE NA

RETROFIT FACTORS

CONTROL SYSTEM (DSD SYSTEM ONLY) 1.13
ESP UPGRADE 1.13
NEW BAGHOUSE NA
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TABLE 21.6.2-9. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION
TECHNOLOGIES FOR NEW CASTLE UNIT 2

ITEM
SITE ACCESS/CONGESTION
REAGENT PREPARATION LOW
ESP UPGRADE LOW
NEW BAGHOUSE NA

SCOPE ADDERS
CHANGE ESP ASH DISCHARGE SYSTEM TO DRY HANDLING NO

ESTIMATED COST (10008) NA
ADDITIONAL DUCT WORK (FT)

NEN BAGHOUSE CASE NA

ESTIMATED COST (10008) NA

ESP REUSE CASE NA

ESTIMATED COST (1000§) NA
DUCT DEMOLITION LENGTH (FT) | 50

DEMOLITION COST (1000%) 15
TOTAL COST {1000$)

ESP UPGRADE CASE 15

A NEW BAGHOUSE CASE NA

RETROFIT FACTORS

CONTROL SYSTEM (DSD SYSTEM ONLY) 1.13
ESP UPGRADE . 1.13
NEW BAGHOUSE NA
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TABLE 21.6.2-10. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION
TECHNOLOGIES FOR NEW CASTLE UNIT 3

ITEM
SITE ACCESS/CONGESTION
REAGENT PREPARATION : - LOW
ESP UPGRADE LOW
NEW BAGHOUSE NA

SCOPE_ADDERS |
CHANGE ESP ASH DISCHARGE SYSTEM TO DRY HANDLING  NO

ESTIMATED COST (1000$) NA
ADDITIONAL DUCT WORK (FT)

NEW BAGHOUSE CASE NA

ESTIMATED COST (10005) NA

ESP REUSE CASE NA

ESTIMATED COST (1000%) NA
DUCT DEMOLITION LENGTH (FT) 50

DEMOLITION COST (1000%$) 29
TOTAL COST. (1000$)

ESP UPGRADE CASE 29

A NEW BAGHOUSE CASE NA

RETROFIT FACTORS

CONTROL SYSTEM (DSD SYSTEM ONLY) 1.13
ESP UPGRADE 1.13
NEW BAGHOUSE NA
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TABLE 21.6.2-11. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION
TECHNOLOGIES FOR NEW CASTLE UNIT 4

ITEM
SITE ACCESS/CONGESTION
REAGENT PREPARATION LOW
ESP UPGRADE LOW
NEW BAGHOUSE NA

SCOPE ADDERS
CHANGE ESP ASH DISCHARGE SYSTEM TO DRY HANDLING NO

ESTIMATED COST (1000$) NA
ADDITIONAL DUCT WORK (FT)

NEW BAGHOUSE CASE NA

ESTIMATED COST (1000$) NA

ESP REUSE CASE , NA

ESTIMATED COST (1000S) | NA
DUCT DEMOLITION LENGTH (FT) 50

DEMOLITION COST (1000$) 33
TOTAL COST {1000)

ESP UPGRADE CASE 33

A NEW BAGHOUSE CASE NA

RETROFIT FACTORS

CONTROL SYSTEM (DSD SYSTEM ONLY) 1.13
ESP UPGRADE ‘ 1.13
NEW_BAGHOUSE NA
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TABLE 21.6.2-12. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION
TECHNOLOGIES FOR NEW CASTLE UNIT 5

ITEM
SITE ACCESS/CONGESTION
REAGENT PREPARATION LOW
ESP UPGRADE LOW
NEW BAGHOUSE NA

SCOPE ADDERS
CHANGE ESP ASH DISCHARGE SYSTEM TO DRY HANDLING NO

ESTIMATED COST (10003%) NA
ADDITIONAL DUCT WORK (FT)
NEW BAGHOUSE CASE NA
ESTIMATED COST (1000$) NA
ESP REUSE CASE NA
ESTIMATED COST (1000%) NA
DUCT DEMOLITION LENGTH (FT) 50
- DEMOLITION COST (1000%) 38
TOTAL COST (1000%)
ESP UPGRADE CASE 38
A NEW BAGHOUSE CASE NA
RETROFIT FACTORS
CONTROL SYSTEM (DSD SYSTEM ONLY) 1.13
ESP UPGRADE 1.13
NEW BAGHOUSE NA

21-192



Table 21.6.2-13. Summary of DSD/FS! Control Costs for the New Castle Plant (June 1988 Dollars)

Technology 8oiler Main Boiler Capacity Coal Capital Capital Annual  Annual S02 s02 502 Cost
Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.

Difficulty (MW) (%) Content ($MM) ($/kW) (8MM) <(mills/kwh) (%) (tons/yr) ($/ton)

Factor (%)

DSD+ESP 1 1.00 18 20 1.5 3.5 96.3 3.6 54,2 49.0 380 9377.3
DSD+ESP 2 1.00 40 29 1.5 1.6 9.1 3.6 51.4 49.0 405 8890.8
DSD+ESP 3 1.00 98 51 1.5 5.7 58.1 5.1 11.6 49.0 2524 2014.3
DSD+ESP 4 1.00 113 49 1.5 6.2 54.9 5.3 10.9 47.0 2726 1945.2
DSD+ESP 5 1.00 136 4h 1.4 ¢ 4.8 50.3 5.6 10.6 49.0 2885 19341
DSD+ESP-C 1 1.00 38 20 1.5 3.5 94.3 2.1 31.3 49.0 380 5414.5
0SO+ESP-C 2 1.00 40 20 1.5 3.6 ?1.1 2.1 29.7 49.0 405 5134.4
DSD+ESP-C 3 1.00 g8 5t 1.5 5.7 58.1 2.9 6.7 49.0 2524 1164.2
DSD+ESP-C [A 1.00 13 49 1.5 6.2 54.9 3.1 6.3 47.0 2726 1124.7
DSD+ESP-C 5 1.00 136 44 1.4 6.8 50.3 3.2 6.2 49.0 2385 1118.7
FSI+ESP-50 1 1.00 38 20 1.5 4.1 108.5 2.5 38.0 $0.0 390 6408.9
FSI+ESP-350 2 1.00 40 20 1.5 4.2 103.9 2.5 36.2  50.0 416 6099.4
FS1+ESP-30 3 1.00 98 51 1.5 6.1 62.4 4.4 10.1 50.0 2594 1694.7
FSI+ESP-SO 4 1.00 113 49 1.5 6.4 56.4 4.6 9.6 50.0 2830 1609.2
FSI+ESP-50 5 1.00 136 44 1.5 7.4 54.5 5.0 9.6 50.0 3112 1621.7
FSI+ESP-50-C 1 1.00 38 20 1.5 ¢.1  108.5 1.5 22.1 50.0 390 3718.7
FSI+ESP-50-C 2 1.00 40 20 1.5 4.2 103.9 1.5 21.0 50.0 416 3539.4
FSI+ESP-50-C 3 1.00 98 51 1.5 6.1 62.4 2.5 5.8 50.0 2594 ' 981.5
FSI+ESP-50-C 4 1.00 113 49 1.5 6.4 56.4 2.7 5.5 50.0 2830 931.9
FSI+ESP-50-C 5 1.00 136 44 1.5 7.4 54.5 2.9 5.6 50.0 3112 939.8
FSI+ESP-70 1 1.00 38 20 1.5 4.1 110,00 2.5 38.4 70.0 546 4614.2
FSI+ESP-70 2 1.00 40 20 1.5 4.2 105.3 2.6 36.5 70.0 583 4392.1
FSI+ESP-70 3 1.00 98 51 1.5 5.2 63.0 4.5 10.2 70.0 34632 1225.4
FSI+ESP-70 4 1.00 113 49 1.5 5.5 57.1 4.7 9.7 70.0 4032 1164.7
FSI+ESP-70 5 1.00 136 12 1.5 7.5 55.2 5.1 9.8 70.0 4357 11744
FSI+ESP-70-C 1 1.00 33 20 1.5 4.1 110.0 1.5 22.3 70.0 546 2677.5
FSI+ESP-70-C 2 1.00 40 20 1.5 4.2 105.3 1.5 21.2 70.0 583 2548.8
FSI+ESP-70-C 3 1.00 98 51 1.5 6.2 63.0 2.6 5.9 70.0 31632 709.7
FSI1+ESP-70-C 4 1.00 113 49 1.5 6.5 57.1 2.7 5.6 70.0 4032 674.5
FSI+ESP-70-C 5 1.00 136 23 1.5 7.5 55.2 3.0 5.7 70.0 4357 680.6
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21.7 PHILADELPHIA ELECTRIC COMPANY

21.7.1 [Eddystone Steam Plant

The Eddystone steam plant is located within Delaware County,
Pennsylvania, as part of the Philadelphia Electric Company system. The plant
contains four coal-fired boilers with a total gross generating capacity of
1,490 MW. Units 1 and 2 are coal-burning while units 3 and 4 are petroleum
burning. Figure 21.7.1-1 presents the plant plot plan showing ‘the location
of all boilers and major associated auxiliary equipment.

Table 21.7.1-1 presents operational data for the existing equipment at
the Eddystone plant. The units 1 and 2 boilers burn medium sulfur coal
(1.7 percent sulfur). Coal shipments are received by railroad and conveyed
to a coal storage and handling area located south of units 1-2, adjacent to
the Delaware River.

Particulate matter emissions for the boilers are controlled with ESPs
lTocated behind each unit. The plant has a dry fly ash handling system and
is disposed off-site to a landfill.

Lime/Limestone and Lime Spray Drying FGD Costs--

Figure 21.7.1-1 shows the general layout and location of the FGD control
system. The coal-burning boilers (units 1-2) are located north of the coal
pile and each have their own chimney. Units 3-4 are at a separate location
west of units 1-2, close to two large oil tanks, and share a common chimney
located south of the boiler buildings. Units 3-4 will not be considered in
this study since they are petroleum-burning. Units 1-2 have a retrofit FGD
system (built by United Engineers using magnesium oxide as sorbent) and would
not be considered in this study.

Coal Switching and Physical Coal Cleaning Costs--

Coal switching/physical coal cleaning was not an option since a wet FGD
system is already installed for units 1-2.
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TABLE 21.7.1-1. EDDYSTONE STEAM PLANT OPERATIONAL DATA

BOILER NUMBER

FUEL TYPE

GENERATING CAPACITY (MW-each)
CAPACITY FACTOR (PERCENT)
INSTALLATION DATE

FIRING TYPE

COAL/PET SULFUR CONTENT (PERCENT)
COAL/PET HEATING VALUE (BTU/LB)
COAL ASH CONTENT (PERCENT)

FLY ASH SYSTEM

ASH DISPOSAL METHOD

STACK NUMBER

COAL DELIVERY METHODS

FGD SYSTEM

INSTALLATION DATE

FGD TYPE

PARTICULATE CONTROL

TYPE
INSTALLATION DATE
EMISSION (LB/MM BTU)
REMOVAL EFFICIENCY
DESIGN SPECIFICATION
SULFUR SPECIFICATION (PERCENT)
SURFACE AREA (1000 SQ FT)
GAS EXIT RATE (1000 ACFM)
SCA (SQ FT/1000 ACFM)
OUTLET TEMPERATURE (°F)

1 2 - 3,4
COAL COA PET
354 354 391
43 34 --
1960 1960 . 1976
TANG TANG TANG
1.5 1.4 0.5
12700 13000 143900
7.7 8.2 -

DRY HANDLING
PAID/SOLD DISPOSAL/OFF-SITE
1 2 3

RAIL ROAD
YES YES NO
1982 1982 -
Mg OXIDE -

WET SCRUBBER

ESP ESP ESP
1981 1982 1974-76
0.04 0.04 0.01
99.2 99.3 NA

2.6 2.6 0.5
122.9 122.9 961
1050 1095 860

117 112 112

122 125 650
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NOx Control Technology Costs--

This section presents the performance and costs estimated for NOX‘
controls at the Eddystone steam plant. These controls include LNC
modification and SCR. The application of NO control technologies is
determined by several site-specific factors wh1ch are discussed in Section 2.
The NO, technologies evaluated at the steam plant were: OFA and SCR.

Low NO Combustion--

Un1ts 1 and 2 are dry bottom, tangential- f1red boilers, each rated at
354 MW. The combustion modification technique applied for this evaluation
was OFA. As Table 21.7.1-2 shows, the OFA NOx reduction performance for each
unit was estimated to be 25 percent. This reduction performance level was
assessed by examining the effects of heat release rates and furnace residence
time on NO reduction through the use of the simplified NO procedures.
Table 21. 7 1-3 presents the cost of retrofitting OFA at the Eddystone
boilers.

Selective Catalytic Reduction--

Table 21.7.1-2 presents the SCR retrofit results for each unit. The
results include process area retrofit factors and scope adder costs. The
scope adders include costs estimated for ductwork demolition, new flue gas
heat exchanger, and new duct runs to divert the flue gas from the FGD
absorbers to the reactor and from the reactor to the chimney.

Space is limited for SCR reactors at Eddystone Plant. Therefore, both
reactors have to be placed on the top of the existing FGD units by including
additional support equipment. A high site access/congestion factor was
assigned to the SCR reactor location. Both reactors were assumed to be in
areas with high underground obstructions. The ammonia storage system was
placed in a remote area having a Tow access/congestion factor.

As discussed in Section 2, all NOx control techniques were evaluated
independently from those evaluated for SO2 control. For this plant, FGD
absorbers for both coal-fired units are already in place and currently are
operating. Therefore, the above results for SCR would not change since NOx
would be the only pollutant to be controlled at this plant. Table 21.7.1-3
presents the estimated cost of retrofitting SCR at the Eddystone boilers.
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TABLE 21.7.1-2. SUMMARY OF NOx RETROFIT RESULTS FOR EDDYSTONE

BOILER NUMBER

COMBUSTION MODIFICATION RESULTS

1 2

FIRING TYPE _ TANG TANG

TYPE OF NOx CONTROL OFA OFA

VOLUMETRIC HEAT RELEASE RATE

(1000 BTU/CU FT-HR) . 12.3 12.8

BOILER/WATERWALL SURFACE

AREA HEAT RELEASE RATE

(1000 BTU/SQ FT-HR) 35.3 41.6

FURNACE RESIDENCE TIME (SECONDS) 2.89 2.78

ESTIMATED NOx REDUCTION (PERCENT) 25 25
SCR RETROFIT RESULTS

SITE ACCESS AND CONGESTION

FOR SCR REACTOR HIGH HIGH

SCOPE ADDER PARAMETERS--

Building Demolition (1000$) 0 0

Ductwork Demolition (1000%) 70 70

New Duct Length (Feet) | 400 400

New Dﬁct Costs (1000%) - 3,114 3,114

New Heat Exchanger (1000$) 3,978 3,979
TOTAL SCOPE ADDER COSTS (1000%) 7,163 7,163
_RETROFIT FACTOR FOR SCR 1.52 1.52
GENERAL FACILITIES (PERCENT) 13 13
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Table 21.7.1-3. NOx Control Cost Results for the Eddystone Plant (Jume 1988 Dollars)

Technology Baller Main B)oiler Capacity Coal Capital Capital Annual  Armnual NOx NOx NOx Cost
Number Retrofit Size Factor Sutfur' Cost Cost Cost Cost Removed Removed Effect.

Difficulty (MW) (%} Content (BMM) (%/kW) (SMM) (mills/kwh) (X) (tans/yr) <(3/ton}

Factor (%)

LNC-OFA 1 1.00 354 43 1.5 1.0 2.9 0.2 0.2 25.0 969 229.9
LNC-0FA 2 1.00 354 34 1.4 1.0 2.9 0.2 0.2 25.0 746 298.6
LNC-OFA-C 1 1.00 354 43 1.3 1.0 2.9 0.1 0.1 25.0 969 136.4
LNC-QFA-C 2 1.00 354 34 1.4 1.0 2.9 0.1 0.1 25.0 746 177.2
SCR-3 1 1.52 154 43 1.5 54.8 154.9 18.4 13.8 80.0 3102 5931.6
SCR-3 2 1.52 154 34 t.4 54.8 154.8 18.2 17.3 80.0 2388 7628.7
SCR-3-C 1 1.52 354 43 1.5 54.8 154.¢ 10.8 8.1 80.0 31102 3477.7
SCR-3-C 2 1.52 354 34 1.4 54.8 154.8 10.7 10.1 80.0 2388 4473.6
SCR-7 1 1.52 154 43 1.5 54.8 1564.9 15.5 11.6 20.4 3102 5001.6
SCR-7 2 1.52 154 34 1.4 54.8 154.8 15.3 14.5 80.0 2388 6424 .6
SCR-7-C 1 1.52 354 43 1.5 54.8 154.9 9.1 6.8 80.0 3102 2944.8
scR-7-C 2 1.52 354 34 1.4 54.8  154.8 9.0 8.6 80.0 2388 31783.8
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Sorbent Injection and Repowering--

Duct spray drying, furnace sorbent injection, and AFBC retrofit were not
options in this study since a wet FGD system is already installed for these
units.
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SECTION 22.0 SOUTH CAROLINA

22.1 SOUTH CAROLINA ELECTRIC & GAS

22.1.1 C(Canadys

Sorbent injection technologies (FSI and DSD) were not considered for
the Canadys plant because of the small size of the existing ESPs and the
short duct residence time between the boilers and ESPs.

TABLE 22.1.1-1. CANADYS STEAM PLANT OPERATIONAL DATA

BOILER NUMBER 1,2 3
GENERATING CAPACITY éMw-each) 136 . 220
CAPACITY FACTOR éPER ENT) 55,46 45
INSTALLATION DAT 1962,1964 1967
FIRING TYPE TANGENTIAL  OPPOSED WALL
FURNACE VOLUME (1000 CU FT) 52.5 89
LOW NOx COMBUSTION NO NO
COAL SULFUR CONTENT (PERCENT) 1.5
COAL HEATING VALUE (BTU/LB) 13000
COAL ASH CONTENT (PERCENT) 9.4
FLY ASH SYSTEM WET DISPOSAL
ASH DISPOSAL METHOD POND/ON-SITE
STACK NUMBER 1,2 3
COAL DELIVERY METHODS RATLROAD
PARTICULATE CONTROL
TYPE ESP ESP
INSTALLATION DATE 1972 1970
EMISSION (LB/MM BTU) | 0.25 0.25
REMOVAL EFFICIENCY g5 95
DESIGN SPECIFICATION
SULFUR SPECIFICATION (PERCENT) 1.5 1.5
SURFACE AREA (1000 SQ FT} 70.6 110
GAS EXIT RATE 31000 ACFM 519 ; 789
SCA (SQ FT/1000 ACFM) 182 186
OUTLET TEMPERATURE (°F) 255 285
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TABLE 22.1.1-2. SUMMARY OF RETROFIT FACTOR DATA FOR CANADYS
UNEIT 1 OR 2 *

FGD _TECHNOLOGY

- FORCED LIME
L/LS FGD OXIDATION- SPRAY DRYING

SITE ACCESS/CONGESTION _
S02 REMOVAL LOW NA LOW

FLUE GAS HANDLING LOW NA _
ESP REUSE CASE NA
BAGHOUSE CASE LOW

DUCT WORK DISTANCE (FEET) 100-300  NA
ESP REUSE _
BAGHOUSE 100-300
ESP REUSE NA NA - NA
NEW BAGHOUSE NA NA LOW
SCOPE ADJUSTMENTS
WET TO DRY YES NA NO
ESTIMATED COST (1000%) 1235 NA NA
NEW CHIMNEY NO NA NO
ESTIMATED COST (1000) 0 0 0
OTHER NO NO
RETROFIT FACTORS
FGD SYSTEM 1.27 NA
ESP REUSE CASE NA
BAGHOUSE CASE 1.16
ESP UPGRADE NA NA NA
NEW BAGHOUSE " NA NA 1.16
GENERAL FACILITIES {PERCENT) 8 0 8

* Absorbers and new FFs for unit 1 would be located north of
unit 1; and absorbers and new FFs for unit 2 would be Tocated
north of the unit 2 chimney.
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TABLE 22.1.1-3. SUMMARY OF RETROFIT FACTOR DATA FOR CANADYS UNIT 3 *

FGD TECHNOLOGY

FORCED LIME
L/LS FGD OXIDATION SPRAY DRYING

SITE ACCESS/CONGESTION

S02 REMOVAL : LOW NA LOW
FLUE GAS HANDLING MEDIUM NA
ESP REUSE CASE NA
BAGHOUSE CASE MEDIUM
DUCT WORK DISTANCE (FEET)  300-600 NA
ESP REUSE
BAGHOUSE ' 300-600
ESP REUSE NA NA NA
NEW BAGHOUSE ' - NA NA LOW
SCOPE ADJUSTMENTS
WET TO DRY YES NA NO
ESTIMATED COST (1000%) 15901 NA NA
NEW CHIMNEY ‘ NO NA NO
ESTIMATED COST (1000%) 0 0 0
OTHER NO NO
RETROFIT FACTORS
FGD SYSTEM 1.42 NA
ESP REUSE CASE NA
BAGHOUSE CASE . 1.31
ESP UPGRADE ~ NA NA NA
NEW BAGHOUSE NA NA 1.16
GENERAL FACILITIES (PERCENT) 8 0 8

* Absorbers and new FFs for unit 3 would be located south of
unit 3, beside the coal conveyor.
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Table 22.1.1-4. Summary of FGD Control Costs for the Canadys Plant (June 1988 Dollars)

Technology Boiler Main Boiler Capacity Coal Capital Capital Anmual  Annual S02 S02 S02 Cost
Number Retrcefit Size Factor Sulfur Cost cost Cost Cost Removed Removed Effect.

Difficulty (MW) (%) Content (BMM) (S/kw) ($MM) (mills/kwh) (%) (toms/yr) (3/tom)

Factor (X)

L/s FGD 1 1.27 136 55 1.5 42.9 315.2 17.7 27.0 90.0 6510 2721.7
L/S FGD 2 1.27 136 46 1.5 42.9 3151 17.1 31.2 90.0 S445 3137.0
L/S FGD 3 b2 220 45 1.5 61.3 278.5 24.0 27.7 90.0 8516 2787.7
L/S FGD 1-2 .27 272 51 1.5 63.6 233.8 26.4 21.7 90.0 12074 2188.3
L/S FGD-C 1 1.27 1356 55 1.5 2.9 315.2 10.3 15.8 90.0 6510 1588.9
L/S FGD-C 2 1.27 138 [4.] 1.5 42.9 315.1 10.0 18.2 '90.0 5645 . 1832.6
L/§ FGD-C 3 1.42 220 45 1.5 61.3 278.5 14.0 16.2 90.0 8416 1629.1
L/S FGD-C 1-2 1.27 272 51 1.5 63.6 233.8 15.4 12.7 90.0 12074 1277.4
LC FGD 1-2 1.27 272 51 1.5 2.3 155.4 20.1 16.5 90.0 12074 1664.3
LC FGD 3 1.42 220 45 1.5 41.9 190.6 18.3 21.0 90.0 B&16 2118.1
LC FGD-C 1-2 ‘ 1.27 272 S1 1.5 ‘62'.3 155.4 11.7 9.6 90.0 12074 96%.2
LC FGD-C 3 1.642 220 45 1.5 41.9 190.6 10.6 12.3 90.0 8616 1235.4
LSD+FF 1 1.16 136 55 1.5 28.6 208.7 11.0 16.8 86.0 6210 1777.0
LSO+FF 2 1.16 136 44 1.5 28.4 208.6 10.7 19.6 86.0 5194 2063.3
LSD+FF 3 1.3 220 45 1.5 46,6 211.9 16.3 18.8 87.0 8281 1971.4
LSO+FF-C 1 1.16 136 55 1.5 28.4 208.7 6.4 9.8 86.0 6210 1038.6
LSO+FF-C 2 1.16 136 46 1.5 28.4 208.6 6.3 1.4 86.0 5194 1206.7
LSD+FF-C 3 1.3 220 45 1.5 46.6 211.9 9.6 11.0 87.0 8281 1154.7
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Table 22.1.1-5. Sumary of Coal Switching/Cleaning Costs for the Canadys Plant ‘CJune 1988 Dollars)

Techno{ogy Boiler Main Boiler Capacity Coal Capital Capital Annual  Anrual s02 502 §02 Cost
Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect,

Difficulty (MW) (X) Content (SMM) ($/kW) (SMM) (mills/kwh) (%) (tons/yr) ($/ton)

Factor (X}

£S/B+815 1 1.00 138 55 1.5 5.7 41,4 10.1 15.4 35.0 2502 4026.6
CS/B8+815 2 1.00 134 [1-] 1.5 5.7 41.48 8.6 15.7 35.0 2093 41231
CS/B+$15 1 1.00 220 45 1.5 8.4 38.0 131.3 15.4 15.0 3312 4022.7
C5/B+815-C 1 1.00 136 55 1.5 5.7 41.6 5.8 a.8 35.0 2502 2316.0
C5/B8+815-C 2 1.00 136 1.1 1.5 5.7 41.6 5.0 9.1 35.0 2093 2374.4
C5/B+$15-C 3 1.00 220 45 1.5 8.4 38,0 T.7 8.8 35.0 3312 . 2316.0
CS/B+85 1 1.00 136 55 1.% 4.2 . (A 4.7 35.0 2502 1762.9
£5/8+%5 2 1.00 1346 46 1.5 4.2 31.2 3.9 7.0 35.0 2093 1842.1
CS/B+$5 3 1.00 220 45 1.5 6.1 7 5.8 4.6 35.0 3312 1739.0
CS/B+85-C 1 1.00 138 55 1.5 4. 31.2 2.5 3.9 35.0 2502 1017.6
CS/B+85-C 2 1.00 136 (13 1.5 4.2 31.2 2.2 4.1 35.0 2093 1064.5
CS/B+$5-C 3 1.00 220 45 1.5 6.1 27.6 3.3 3.8 35.0 3312 1004.5
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TABLE 22.1.1-6. SUMMARY OF NOx RETROFIT RESULTS FOR CANADYS

BOILER NUMBER

COMBUSTION MODIFICATION RESULTS

‘ : 1,2 3 1-2
FIRING TYPE TANG OWF NA
TYPE OF NOx CONTROL OFA LNB NA
FURNACE VOLUME {1000 CU FT) 52.5 89 NA
BOILER INSTALLATION DATE 1962,64 1967 NA
SLAGGING PROBLEM NO NO NA
ESTIMATED NOx REDUCTION (PERCENT) 25 28 NA

SCR RETROFIT RESULTS *

SITE ACCESS AND CONGESTION

FOR SCR REACTOR LOW LOW LOW
SCOPE ADDER PARAMETERS--

Bui]d%ng Demolition (1000%) 0 0 0
Ductwork Demolition (1000%) 34 49 57
New Duct Length (Feet) 200 400 200
New Duct Costs (1000%) 1186 3144 1779
New Heat Exchanger (1000%) 2241 2991 3397

TOTAL SCOPE ADDER COSTS (1000%) 3462 6184 5234

RETROFIT FACTOR FOR SCR 1.16 1.16 1.16

GENERAL FACILITIES (PERCENT) 20 20 20

* Cold side SCR reactors for units 1, 2, and 3 would be Tocated
north of unit 1, north of the unit 2 chimney, and south of
unit 3, respectively.
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Table 22.1.1-7. NOx Control Cost Results for the Canadys Plant (June 1988 Dollars)

Technology Boiler Main Boiler Capacity Coal Capital Capital Annual Annusl NOx NOX NOx Cost
Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.
Difficulty (MW) (¥) Content (%MM) (S5/kW) (SMM) (mills/kwh) (%) (tons/yr) (%/ton)
Factor (%)

LNC-LNB 3 1.00 220 45 1.5 3.5 15.9 0.7 0.8 28.0 962 763.0
LNC-LNB-C 3 1.00 220 45 1.5 3.5 . 159 0.4 0.5 28.0 P62 4531.5
LNC-OFA 1 1.00 136 55 1.5 0.7 5.1 0.1 0.2 25.0 464 316.8
LNC-OFA 2 1.00 136 46 1.5 0.7 5.1 0.1 0.3 25.0 388 378.8

LNC-CFA-C 1 1.00 136 55 1.5 0.7 5.1 0.3 0 25.0 464 188
LNC-QFA-C 2 1.00 136 [1.] 1.5 0.7 5.1 0.1 0 25.0 188 225.1
SCR-3 1 1.16 136 55 1.5 22.8  167.9 7.4 11.3 80.0 1484 5000.5
SCR-3 2 1.16 136 46 1.5 22.8 167.9 7.4 13.4 80.0 1241 5929.0
SCR-3 3 1.16 220 45 1.5 346,46 156.5 11.2 12.9 80.0 2749 4084.4
SCR-3 ; 1-2 1.16 272 51 1.5 38.5 141.6 13.0 10.7 80.0 2752 4727.0
SCR-3-C 1 1.16 136 55 1.5 22.8 167.9 4.4 6.6 80.0 1484 2934.0
SCR-3-C 2 1.16 136 46 1.5 T 22.8  167.9 4.3 7.9 80.0 1247 3479.4
SCR-3-C 3 1.16 220 45 1.5 34,4 156.5 6.6 7.6 80.0 2749 23196.2
SCR-3-C 1-2 1.16 272 51 1.5 38.5 141.6 7.6 6.3 80.0 2752 27711
SCR-7 1 1.16 136 55 1.8 22.8 167.¢ 6.3 . 80.0 1484 4258.3
SCR-7 2 1.16 135 48 1.5 22.8  167.9 6.3 1.4 80.0 1241 5039.1
SCR-7 3 1.16 220 45 1.5 " 344 156.5 9.4 . 80.0 2749 3434.6
SCR-7 1-2 1.16 27 51 1.5 38.5 141.6 10.8 9 80.0 2752 31924.3
SCR-7-C 1 1.16 136 55 1.5 22.8 167.%9 3.7 5.7 80.0 1484 2507.6
SCR-7-C 2 1.16 134 48 1.5 22.8  167.9 3.7 8.7 80.0 1241 2969.5
SCR-7-C 3 1.16 220 45 1.5 34.4  158.5 5.6 6.4 80.0 2749 2024.0
SCR-7-C 1-2 1.16 272 51 1.5 38.5 141.86 6.4 5.2 80.0 2752 2311.2
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22.1.2 Silas C. McMeekin Steam Plant

The McMeekin steam plant is located on Lake Murray in Lexington
County, South Carolina, and is operated by the South Carolina Electric and
Gas Company. The McMeekin plant contains two coal-fired boilers with a
gross generéting capacity of 294 MW.

Table 22.1.2-1 presents operational data for the existing equipment at
the McMeekin plant. Coal shipments are received by railroad and transferred
to a coal storage and handling area narth of the plant. PM emissians from
the boilers are controlled by retrofit ESPs located behind each boiler. Wet
fly ash “is ponded, then removed and Tandfilled. '

Lime/Limestone and Lime Spréy nying FGD Costs--

L/LS-FGD absorbers for both boilers would be located.beside their
respective chimney. The site access/congestion factor is medium for both
Tocations. No relocations or demolitions would be required for either
Tocation; hence, a low general facilities factor of 5 percent was assigned.
For each unit, a short duct Tength of about 200 feet would be needed to span
the distance from the chimney to the absorbers and back to the chimney. A
low site access/congestion factor was assigned to flue gas handling for both
boilers since there are no complications in accessing the duct.

LSD with reuse of the existing ESPs was not considered for the McMeekin
plant since the ESPs are relatively small and would probably have trouble

“handling the additional Toad of LSD. Since the boilers at the McMeekin
plant are burning a low to medium sulfur coal, LSD with a new baghouse was
considered for both boilers. The LSD absorbers would have the same location
as the L/LS-FGD absorbers; therefore, similar site access/congestion factors
and general facility factors were assigned to these Tocations. The new FFs
would be located adjacent to the LSD absorbers. A duct length of 100 to
300 feet would be required and the site access/congestion factor for flue
gas handling would be low, Tables 22.1.2-2 and 22.1.2-3 present the
retrofit factor input to the IAPCS model and cost estimates for installation
of conventional FGD systems at the McMeekin plant.
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TABLE 22.1.2-1. SILAS C. MCMEEKIN STEAM PLANT OPERATIONAL DATA

BOILER NUMBER

GENERATING CAPACITY (MW-each)
CAPACITY FACTOR éPERCENT)
INSTALLATION DAT

FIRING TYPE :

FURNACE VOLUME {1000 CU FT)
LOW NOx COMBUSTION

COAL SULFUR CONTENT (PERCENT)
COAL HEATING VALUE (BTU/LB)
COAL ASH CONTENT (PERCENT)
FLY ASH SYSTEM

ASH DISPOSAL METHOD

STACK NUMBER

COAL DELIVERY METHODS

PARTICULATE CONTROL

TYPE

INSTALLATION DATE
EMISSION (LB/MM BTU)
REMOVAL EFFICIENCY
DESIGN SPECIFICATION

SULFUR SPECIFICATION (PERCENT)

SURFACE AREA (1000 SQ FT
GAS EXIT RATE (1000 ACFM
SCA éSQ FT/1000 ACFMZ
QUTLET TEMPERATURE (°F)

1,2

147

80

1958
TANGENTIAL
52.5

NO

1.4

13000

9.0 '
WET DISPOSAL
?TgRAGE/OFF-SITE
RAILROAD

ESP
1970
NA
94.0

1.5
70.6
387
182
255




TABLE 22.1.2-2. SUMMARY OF RETROFIT FACTOR DATA FOR MCMEEKIN
UNIT 1 OR 2

FGD TECHNOLOGY

FORCED LIME
L/LS FGD OXIDATION SPRAY DRYING

SITE ACCESS/CONGESTION

S02 REMOVAL MEDIUM NA -MEDIUM
FLUE GAS HANDLING LOW NA
ESP REUSE CASE
BAGHOUSE CASE LOW
DUCT WORK DISTANCE (FEET) 100-300 NA
ESP REUSE
BAGHOUSE 100-300
ESP REUSE NA NA ‘NA
NEW BAGHOUSE NA NA MEDIUM
SCOPE ADJUSTMENTS
WET TO DRY YES NA NO
ESTIMATED COST (1000%) 1324 NA NA
NEW CHIMNEY NO NA NO
ESTIMATED COST (1000%) 0 0 0
OTHER NO NO
RETROFIT FACTORS
FGD SYSTEM . 1.37 NA
ESP REUSE CASE NA
BAGHOUSE CASE 1.29
ESP UPGRADE NA NA NA
NEW BAGHOUSE , NA NA 1.36
GENERAL FACILITIES (PERCENT) 5 0 5
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Table 22.1.2-3. Summary of FGD Control Costa for the McMeekin Plant (June 1988 Dollars)

= === - PR PP PP P P P L P PP P P PP P P P P P S Ry LT I PP S L T L]
Technology Boiler Main Boiler Capacity Coal Capital Capital Anrwal  Arnual 502 502 502 Cost
Number Retrofit Size Fector Sulfur Cost Cost Cost Cost Removed Remaved Effect.
Difficulty (MW) (X) Content ($MM) (S/kW) ($MM) (millsskwh) (%) {tonss/yr} (B/ton)

Factor (X)

L/S FGD 1 1.37 147 80 1.4 46.8 318.1 20.9 20.3 0.0 9553 2190.1
L/S FGD 2 1.37 147 80 1.4 46.8 3181 20.9 20.3 90.0 9553 2190.1
L/S FGD-C 1 1.37 147 80 1.4 46.8 318.1  12.2 11.8 $0.0 9553 1276.7
L/S FGD-C 2 1.37 147 80 1.4 46.8 318.1 12.2 11.8 0.0 9553 1276.7
LC FGD 1-2 1.37 294 80 1.4 46.2 157.1 25.5 12.4 90.0 19106 1335.8
LC FGD-C 1-2 1.37 294 80 1.4 46.2 157.1 14.B 7.2 90.0 19106 775.2
LSD+FF 1 1.29 147 1.4 33.5 228.1 13.3 13.0 87.0 9181 1453.5
LSD+FF 2 1.29 147 8O 1.4 33.5 228.1 13.3 13.0 §7.0 9181 1453.5
LSD+FF-C 1 1.29 147 80 1.4 331.5 228.1 7.8 7.8 ar.0 9181 849.2
LSD+FF-C 2 1.29 147 80 1.4 33,5 228.1 7.8 7.6 ar.o 9181 849.2
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Coal Switching and Physical Coal Cleaning Costs--

Table 22.1.2-4 presents the [APCS cost results for CS at the McMeekin
plant. These costs do not include reduced pulverizer operating costs or any
system modifications that may be necessary for blending coals. PCC was not
evaluated because the McMeekin plant is not a mine mouth plant.

NOX Control Technologies--

OFA was considered for NOx emissions control for the two
tangential-fired boilers at the McMeekin plant. Tables 22.1.2-5 and
22.1.2-6 present the NOx performance and cost estimates for installation of
OFA at the McMeekin plant.

Selective Catalytic Reduction--

Cold side SCR reactors for each boiler would be located behind their
respective chimney. As in the FGD case, Tow site access/congestion factors
and low general facility values (13 percent) were assigned to each location.
Approximately 200 feet of ductwork would be required to span the distance
between the SCR reactors and the chimneys. Tables 22.1.2-5 and 22.1.2-6
present the retrofit factors and costs for installation of SCR at the
McMeekin plant.

Furnace Sorbent Injection and Duct Spray Drying FGD Costs--

Sorbent injection technologies (FSI and DSD) were not considered for
the McMeekin p]ant'because the existing ESPs are too small to handle the
additional load imposed by these technologies and the duct residence time
between the boilers and ESPs is too short.

Atmospheric Fluidized Bed Combustion and Coal Gasification Applicability--

| Both boilers at the McMeekin plant would be candidates for repowering
technologies because of their small boiler size and short remaining useful
life. However, both boilers have relatively high capacity factors which
might result in high replacement power costs in the case of extensive boiler

downtime.
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Table 22.1.2-4. Summary of Ceal SHi:ching/cieaning Costs for the McMeekin Plant (June 1988 Dellars)

Technology Boiler Main Boiler Capacity Ceal Capital Capital Annual  Annual 502 s02 S02 Cost
Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.
Difficulty (M) (X) Content ($MM) ($/kW) (SMM) (mills/kwh) (%) (tonms/yr) (%/ton)

Factor {X)
CS/B+$15 1 1.00 147 80 1.4 6.0 1.1 15.2 147 30.0 376 4780.6
CS/B+$15 2 1.00 147 80 1.4 6.0 41.1  15.2 4 30.0 3176 4780.6
CS/B+%15-C 1 1.00 147 80 1.4 6.0 41.1 8.7 8.5 30.0 3178 2747.5
£S/B+%15-C 2 1.00 147 80 1.4 6.0 41.1 8.7 8.5 30.0 3178 2747.5
£S/B+35 1 . 1.00 147 80 1.4 4 30.8 8.4 6.2 30.0 3178 2017.1
CS/B+%5 2 1.00 147 80 1.4 4.5 30.8 &.4 6.2 30.0 3178 2017.1
CS/8+85-C 1 1.00 147 80 1.4 4.5 30.8 3.7 3.6 30.0 3176 1162.1
CS/8+%5-C 2 1.00 147 80 1.4 4.5 30.8 3.7 3.6 30.0 n7e 1162.1
=========s==== ==z sE====== ==samss=sesszz=z==== =aESESSTSSSSS3ARIEBSS=SSSS=E=
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TABLE 22.1.2-5. SUMMARY OF NOx RETROFIT RESULTS FOR MCMEEKIN

BOILER NUMBER

COMBUSTION MODIFICATION RESULTS

1,2
FIRING TYPE TANG
TYPE OF NOx CONTROL | OFA
FURNACE VOLUME (1000 CU FT) 52.5
BOILER INSTALLATION DATE | 1958
SLAGGING PROBLEM | NO
ESTIMATED NOx REDUCTION (PERCENT) 25
SCR _RETROFIT RESULTS
SCOPE ADDER PARAMETERS--
Building Demolition (1C00$) 0
Ouctwork Demolition (1000%) 36
New Duct Length (Feet) : 200
New Duct Costs (1000%) 1242
New Heat Exchanger (1000%) : 2349
TOTAL SCOPE ADDER COSTS (1000%) 3626
RETROFIT FACTOR FOR SCR 1.16

GENERAL FACILITIES {PERCENT) 13
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Table 22.1.2-6. NOx Control Cost Results for the McMeekin Plant (Junme 1988 Dollars)

Technology Boiler Main Boiler Capacity Coal Capital Capital Annual  Anmual NOx NOx NOx Cost
Nutber Retrofit Size Factor Sulfur Cost Cast Cost Cost Removed Removed Effect.

Difficulty (MW) {X) Content (SMM) (S$/kW) (SMM) (mills/kwh) (%) (tons/yr) (3/ton)

Factor %)

LNC-OFA 1 1.00 147v 80 1.4 0.7 4.9 0.2 0.1 25.0 729 207.8
LNC-OFA 2 1.00 147 80 1.4 0.7 4.9 0.2 0.1 25.0 720 207.8
LNC-QFA-C 1 1.00 147 80 1.4 0.7 4.9 0.1 0.1 25.0 729 123.5
LNC-OFA-C 2 1.00 147 80 1.4 0.7 4.9 0.1 0.1 25.0 729 123.5
SCR-3 1 1.18 147 80 1.4 23.6 160.6 8.0 7.7 80.0 2333 1411.4
SCR-3 2 1.16 147 80 1.4 23.6 160.6 8.0 .7 80.0 2333 3411.4
SCR-3-C 1 1.16 147 80 1.4 23.6 1580.6 4.7 4.5 80.0 2333 1999.8
SCR-3-C 2 1.16 147 0] 1.4 23.6 160.6 4.7 4.5 80.0 2333 1959.8
SCR-7 1 1.16 147 30 1.4 235.6 150.6 6.8 5.6 80.0 2333 2899.6
SCR-7 A 1.16 147 a0 1.4 23.6 160.8 6.8 6.6 80.0 2333 2899.6
SCR-7-C 1 1.16 147 80 1.4 23.6 180.6 4.0 3.9 80.0 2333 1706.6
SCR-7-C 2 1.16 147 80 1.4 23.6 180.6 4.0 3.9 80.0 2333 1706.6
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22.1.3 Urquhart Steam Plant

Sorbent injection technologies (FSI and DSD) were not considered for
the Urquhart plant because of the inadequate size of the ESPs and the short

duct residence time between the boilers and the ESPs.

TABLE 22.1.3-1.

URQUHART STEAM PLANT OPERATIONAL DATA

BOILER NUMBER 1,2, 3
GENERATING CAPACITY éMW-each) 75,75,100
CAPACITY FACTOR éPER ENT) 50,46,70
INSTALLATION DAT 1953,54,55
FIRING TYPE ' TANGENTIAL
FURNACE VOLUME (1000 CU FT) 44.6,44.6,60.9
LOW NOx COMBUSTION NO :
COAL SULFUR CONTENT (PERCENT) 1.2

COAL HEATING VALUE (BTU/LB) 12900

COAL ASH CONTENT (PERCENT) 9.2

FLY ASH SYSTEM
ASH DISPOSAL METHOD

DRY DISPOSAL
LANDFILL/ON-SITE

STACK NUMBER 1,2,3
COAL DELIVERY METHODS RAILROAD
PARTICULATE CONTROL
TYPE ESP
INSTALLATION DATE 1968,68,6%
EMISSTON (LB/MM BTU) 10.33,0.38,0.29
REMOVAL EFFICIENCY 99.0
DESIGN SPECIFICATION

SULFUR SPECIFICATION (PERCENT) 1.5

SURFACE AREA (1000 SQ FT

45.0,45.0,60.0

GAS EXIT RATE (1000 ACFM 315,344,494
SCA (30 FT/1000 ACFM) 199,199,191
OUTLET TEMPERATURE (°F) 305,294,292
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TABLE 22.1.3-2. SUMMARY OF RETROFIT FACTOR DATA FOR URQUHART
UNIT 1, 2 OR 3 *

FGD TECHNOLOGY

FORCED

LIME

L/LS FGD OXIDATION SPRAY DRYING

SITE ACCESS/CONGESTION

S02 REMOVAL
FLUE GAS HANDLING
ESP REUSE CASE
BAGHOUSE CASE
DUCT WORK DISTANCE (FEET)
ESP REUSE
BAGHOUSE
ESP REUSE
NEW BAGHOUSE

SCOPE ADJUSTMENTS

WET TO DRY
ESTIMATED COST (1000%)
NEW CHIMNEY
ESTIMATED COST (1000$)
OTHER

RETROFIT FACTORS

FGD SYSTEM
ESP REUSE CASE
BAGHOUSE CASE
ESP UPGRADE
NEW BAGHOUSE

LOW
MEDIUM

300-600

NA
NA

NO
NA
NO

NO

1,35

NA
NA

GENERAL FACILITIES (PERCENT) 5

NA
NA

NA

NA
NA

NA
NA

NA

NA
NA

0

LOW

NA
MEDIUM

300-600
NA
LOW

NO
NA
NO

NO

NA
1.31
NA
1.16

5

* Absorbers and new FFs for each unit would be located behind

their respective chimney.
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Table 22.1.3-3. Summary of FGD Control Costs for the Urquhart Plant (June 1988 Dollars)

Technology Boiler Main Boiler Capacity Coal Capital Capital Annual Annual s02 S02 S02 Cost
Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.

Difficulty (MW) (X) Content (3MM) (S/kW) (SMM) (mills/kwh) (%) (tons/yr) (3%/ton)

Factor (%)

L/S FGD 1 1.35 s 50 1.2 33.0 439.6 13.0 39.6 90.0 2634 4935 .1
L/S FGD 2 1.35 ™ 44 1.2 32.9 439,17 12.8 42,4 90.0 2424 5292.8
L/S FGD 3 1.35 100 70 1.2 36.6 366.5 15.6 25.5 30.0 4917 3176.9
L/S FGD-C 1 1.35 s 50 1.2 33.0 439.6 7.6 23.1 20.0 2634 2883.6
L/S FGD-C 2 1.35 Fe 48 1.2 32.9 4391 7.5 24.8 20.0 2424 3093 4
L/S FGD-C 3 1.35 100 70 1.2 36.6 366.5 2.1 16.9 80.0 4917 185}.6
LC FGD 1-3 1.35 250 57 1.2 41.8 167.1 19.8 15.9 0.0 10010 1982.3
LC FGD-C 1-3 1.35 ZSd 57 1.2 41.8 167.1 11.6 9.3 90.0 10010 1154 .4
LSD+FF 1 1.3 75 50 1.2 20.1 268.4 8.0 24.2 87.0 2532 1144.9
LSD+FF 2 1.31 ™ 48 1.2 20.0 266.4 7.8 26.0 B7.0 2329 31370.0
LSD+FF 3 1.31 100 70 1.2 26.4 243.8 9.8 16.0 87.0 4726 2071.%
LSD+FF-C 1 1.31 ) 50 1.2 20.1 268.4 4.7 14,2 87.0 2532 1837.4
LSD+FF-C 2 1.3:1 s L4 1.2 20.0 266.4 4.6 15,2 87.0 2329 1969.3
LSD+FF-C 3 1.31 100 70 1.2 24.4 243.8 5.7 9.3 87.0 4726 1210.2
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Table 22.1.3-4. Summary of Coal Switching/Cleaning Costs for the Urquhart Plant (June 1988 Dollars)

Technology Boiler Main Boiler Capacity Coal Capital Capital Annual  Anmual s02 $02 S02 Cost
Nurber Retrofit Size Factor Sulfur Cost Cost Cost Cest Removed Removed Effect.

Difficulty (Mw) (X} Content (SMM} (5/kW)} (%MM) (mills/kwh) (%) (tons/yr) (%/ton)

Factor %)

CS/8+$35 1 1.00 75 S0 1.2 3.5 46.6 5.3 “[6.3 19.0 555 9640.1
CS/B+$15 2 1.00 75 46 1.2 3.5 46.6 5.0 16.5 19.0 511 9765.5
CS/B+$15 3 1.00 100 70 1.2 4.4 43.9 9.3 15.2 19.0 1036 9023.0
CS/B+$15-C 1 1.00 s 50 1.2 3.5 46.6 3.1 9.4 19.0 55% 5551.5
CS/B+$15-C 2 1.00 75 46 1.2 3.5 48.6 2.9 9.5 19.0 511 5625.8
CS/B+$15-C 3 1.00 100 70 1.2 4.4 43.9 5.4 8.8 19.0 10348 5188.48
CS/B+$S 1 1.00 e] 50 1.2 2.7 36.3 2.5 7.6 19.0 555 4505.6
CS/B+$5 2 1.00 4] 46 1.2 2.7 3158.3 2.4 7.8 19.0 511 4809.5
CS/B+35 3 1,00 100 70 1.2 3.4 313.6 4.1 6.7 19.0 1036 3958.5
CS/B+$5-C 1 1.00 75 50 1.2 2.7 36.3 1.4 b.4 19.0 555 2603.3
CS/B+85-C 2 1.00 75 46 1.2 2.7 35.3 1.4 4.5 19.0 511 2664.9
CS/B+85-C 3 1.00 100 70 1.2 3.4 33.6 2.4 3.9 19.0 1036 2282.5

22-19



TABLE 22.1.3-5. SUMMARY OF NOx RETROFIT RESULTS FOR URQUHART

COMBUSTION MODIFICATION RESULTS

FIRING TYPE

TYPE OF NOx CONTROL

FURNACE VOLUME (1000 CU FT)
BOILER INSTALLATION DATE
SLAGGING PROBLEM

ESTIMATED NOx REDUCTION (PERCENT)

SCR RETROFIT RESULTS *

SITE ACCESS AND CONGESTION
FOR SCR REACTOR

SCOPE ADDER PARAMETERS--
Building Demolition (1000$)
Ductwork Demolition (1000%)
New Duct Length (Feet)
New Duct Costs (10003)
New Heat Exchanger (1000%)
TOTAL SCOPE ADDER COSTS (1000$)
INDIVIDUAL CASE
COMBINED CASE (1-3)
RETROFIT FACTOR FOR SCR

GENERAL FACILITIES (PERCENT)

BOILER NUMBER

1,2 3
TANG TANG
OFA OFA
44.5 60.9
1953, 1954 1955
NO NO
25 25
LOW LOW
0 0
22. 27
300 300
1257 1487
1568 1864
2847 3378

| 5824
1.16 1.16
13 13

* Cold side SCR reactors for units 1,2 and 3 would be located

behind the chimney for that unit,
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Table 22.1.3-6. NOx Control Cest Results for the Urquhert Plant (June 1988 Doilars)

- Moo

Technology Boiler Main Boiler Capecity Coal Capital Capital Annuasl  Annual NOx NOX NOX Cost
Number Retrofft Size Factor Sulfur Cost Cost Cost Cost Removed Remaved Effect.
Difficulty (Mw) (X) Content (SMM) (S/kM) (SMM) (mills/kwh) (%) (tons/yr) (%/torm)
Factor (%)
LRC-OFA 1 1.00 7 50 1.2 0.5 7.4 0.1 0.4 25.0 235 493.3
LKC-OFA 2 1.00 ] 48 1.2 0.5 7.4 0.1 0.6 25.0 216 536.2
LNC-OFA 3 1.00 100 70 1.2 0.% 6.2 0.1 0.2 25.0 438 296.7
LNC-OFA-C 1 1.00 75 50 1.2 0.6 7.4 0.1 0.2 25.0 235 293.4
LNC-DFA-C 2 0 75 46 1.2 0.6 7.4 0.1 0.2 25.0 216 318.9
LNC-DFfA-C 3 100 70 1.2 0.6 6.2 0.1 0.1 25.0 438 176.3
SCR-3 1 1.16 g 50 1.2 15.9  211.8 4.9 14,8 80.0 1 5496.5
SCR-3 2 1.16 I-] 46 1.2 15.9 211.6 4.9 16.1 80.0 &N 7034.8
SCR-3 3 1.16 100 70 1.2 18.9 188.9 6.0 2.8 30.0 1401 4304.6
SCR-3 1-3 1.16 250 57 1.2 36.5 145.8 12.2 9.8 80.0 2852 | 4288.6
SCR-3-C 1 1.16 g 50 1.2 15.9 211.8 2.9 8.7 80.0 1 3817.0
SCR-3-C 2 1.16 7 4“6 1.2 15.9  211.6 2.9 9.6 80.0 691 4133.5
SCR-3-C 3 1.16 100 70 1.2 18.9 188.9 3.5 5.8 80.0 1401 2528.7
SCR-3-C 1-3 1.16 250 57 1.2 36.5 145.8 7.2 5.7 80.0 2852 2514.4
SCR-7 1 1.16 5 50 1.2 15.9  211.8 4.3 13.0 80.0 751 5684.1
SCR-7 2 1.16 75 46 1.2 15,9  211.6 4.2 14.1 80.0 6M 6151.9
SCR-7 3 1.16 100 70 1.2 18.9 188.9 5.2 8.5 80.0 1401 3724.3
SCR-7 1-3 1.16 250 57 1.2 36.5 145,8  10.2 8.2 86.0 2852 3575.9
SCR-7-C 1 1.16 i) 50 1.2 15.9 211.8 2.5 7.7 80.0 751 3351.
SCR-7-C 2 1.16 75 46 1.2 15.9 211.6 2.5 8.3 €0.0 691 3627.
SCR-7-C 3 1.16 100 70 1.2 18.9 18B.9 3 5.0 80.0 1401 2194.
SCR-7-C 1-3 1.16 250 57 1.2 36.5 145.8 6.0 4.8 8.0 2852 2106.
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22.1.4 Wateree Steam Plant

Sorbent injection technologies were not considered for the Wateree
plant because the boilers are equipped with small ESPs which might not be
able to handle the increased load.

TABLE 22.1.4-1. WATEREE STEAM PLANT OPERATIONAL DATA

BOILER NUMBER 1 2
GENERATING CAPACITY éMN-each) : 386 386
CAPACITY FACTOR (PERCENT) 65 65
INSTALLATION DATE 1970 1971
FIRING TYPE OPPOSED WALL
FURNACE VOLUME (1000 CU FT) 199 199
LOW NOx COMBUSTION NO NO
COAL SULFUR CONTENT (PERCENT}) 1.4
COAL HEATING VALUE éBTU/LB} 12800
COAL ASH CONTENT (PERCENT) 9.0
FLY ASH SYSTEM WET DISPOSAL/DRY
ASH DISPOSAL METHOD PONDS/ON-SITE/PAID
STACK NUMBER 1 2
COAL DELIVERY METHODS RAILROAD
PARTICULATE CONTROL
TYPE ESP ESP
INSTALLATION DATE 1970 1971
EMISSION éLB/MM BTU) 0.35 0.35
REMOVAL EFFICIENCY 97.1 96.9
DESIGN SPECIFICATION
SULFUR SPECIFICATION (PERCENT) 1.5 1.5
SURFACE AREA (1000 SQ FT 204.2 265.5
GAS EXIT RATE (1000 ACFM ‘ 1232 1232
SCA (SQ FT/1000 ACFM) 166 143
OUTLET TEMPERATURE (*F) 280 270
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TABLE 22.1.4-2. SUMMARY OF RETROFIT FACTOR DATA FOR WATEREE
UNIT 1 0R 2 *

FGD TECHNOLOGY

FORCED . LIME
L/LS FGD OXIDATION SPRAY DRYING

~ SITE ACCESS/CONGESTION

S02 REMOVAL MEDIUM NA MEDIUM
FLUE GAS HANDLING LOW NA
ESP REUSE CASE NA
BAGHOUSE CASE LOW
DUCT WORK DISTANCE (FEET)  300-5600 NA
ESP REUSE
BAGHOUSE 300-600
ESP REUSE NA NA NA
NEW BAGHOUSE NA NA LOW
SCOPE ADJUSTMENTS
WET TO DRY YES NA NO
ESTIMATED COST (1000%) 3147 NA NA
NEW CHIMNEY NO NA NO
ESTIMATED COST (1000$%) 0 0 0
OTHER NO NO
RETROFIT FACTORS
FGD SYSTEM 1.48 NA
ESP REUSE CASE NA
BAGHOUSE CASE 1.40
ESP UPGRADE NA NA NA
NEW BAGHOUSE NA NA 1.16
GENERAL FACILITIES (PERCENT) 5 0 5

* L/LS-FGD absorbers, LSD-FGD absorbers, and new FFs for units 1
and 2 would be located east of their respective chimney.
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Teble 22.1.4-3. Summary of FGD Control Costs for the Wateree Flant (June 1988 Dollars)

Technology Boiler Main Boiler Capacity coal Capital Capitat Annual  Annual 02 502 502 Cost
Number Retrofit Size Factor Sulfur Cost Cost cost Cost Removed Removed Effect.

Difficulty (MW) (X) Content ($MM) (S/kW) (SMM) (mills/kwh) (X) (tons/yr) ($/ton)

Factor (% . -

L/S FGD 1 1.48° 386 65 1.4 87.5 226.6 3B.2 17.4 90.0 20747 1842.4
L/S FGD 2 1.48 386 65 1.4 87.4 226.5 38.3 17.4 90.0 20747 1844.5
L/S FGD-C 1 1.48 385 65 1.4 a7.5 226.6 22.3 10.1 90.0 20747 10746
L/S FGD-C 2 1.43 386 65 1.4 B87.4 226.5 22.3 10.2 20.0 20747 1075.7
LC FGD 1-2 1.48 ire 65 1.4 110.4 143,3 551 12.5 90.0 41494 1328.8
LC FGD-C 1-2 1.48 e 45 1.4 110.6 143,3 321 7.3 90.0 41494 773.3
LSD+FF 1 1.40 386 65 1.4 70.5 182.8 26.2 11.9 87.0 19940 1313.7
LSD+FF 2 1,40 385 65 1.4 69.9 1831.1 26.0 11.8 87.0 19940 1305.2
LSO+FF-C 1 1.40 386 65 1.4 70.5 182.6 15.3 7.0 87.0 19940 768.5
LSD+FF-C 2 1.40 384 65 1.4 69.9 1811 15.2 5.9 87.0 19940 763.5
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Table 22.1.4-4. Summary of Coal Switching/Cleaning Costs for the wateree Plant {June 1988 Dellars)

Technol ogy

£5/8+%15
CS/B+$15

CS/B+$15-C .
CS/B+$15-C

~ CS/B+$5

CS/B+%5

. CS/B+%5-C
CS/B+S$5-C

Boiler Main Boiler Capacity Coal Capital Capital Anrual  Annual 502 s02 §Q2 Cost
Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.
Difficulty (Mw) (X) Content (3MM) (S/kW) (SMM) (mills/kwh) (%) (tons/yr) (%$/ton)
Factor 1§ 3]

1 1.00 385 &5 1.4 16.3 37.0 32.0  14.6 3.0 7182 4454 .3

2 1.00 386 65 1.4 15.0 3.8 32.2 14.6 31.0 7182 4481.7

1 1.00 386 45 1.4 16.3 37.0 18.4 8.4 1.0 7182 2560.9

2 1.00 385 &5 1.4 15.0 38.8 18.5 8.4 31.0 7182 2577.1
1 1.00 3385 45 1.4 10,3 26.6 1341 6.0 31.0 7182 1829.0
2 1.00 385 45 1.4 11.0 28,4 13.3 6.1 31.0 7182 18546.4
1 1.00 ° 385 45 1.4 3 26.6 7.6 3.4 31.0 7182 1054.3
2 1.00 185 &5 1.4 11.0 284 7.7 3.5 31.0 7182 1070.5
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TABLE 22.1.4-5. SUMMARY OF NOx RETROFIT RESULTS FOR WATEREE

BOILER NUMBER

COMBUSTION MODIFICATION RESULTS

1, 2
FIRING TYPE OWF
TYPE OF NOx CONTROL LNB
FURNACE VOLUME (1000 CU FT) 199
BOILER INSTALLATION DATE 1970, 1971
SLAGGING PROBLEM - NO
ESTIMATED NOx REDUCTION (PERCENT) 35
SCR RETROFIT RESULTS*
SITE ACCESS AND CONGESTION
FOR SCR REACTOR . LOW
SCOPE ADDER PARAMETERS--
Building Demolition (1000$) 0
Ductwork Demolition (1000$) 74
New Duct Length (Feet) 300
New Duct Costs (1000%) - 3276
New Heat Exchanger (1000%) | 4191
TOTAL SCOPE ADDER COSTS (1000%) 7542
RETROFIT FACTOR FOR SCR 1.16
GENERAL FACILITIES (PERCENT) 13

* Cold sidé SCR reactors for units 1 and 2 would be located ‘east of
their respective chimney.
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Table 22.1.4-6. NOx Control Cost Results for the Wateree Plant (June 1988 Dollars)

Technolegy Boiler Main Boiler Capacity Coal Capital Capital Anmual  Annual NOX NOx NOX Cost

Numtber Retrofit Size Factor Sulfur Cost Cost Cost  Cost Removed Removed Effect.
Difficulty (MW) (X} Content (SMM) ($/ku) (SMM) (mills/kwh) (X) (tons/yr) ($/ton)
Factor (%)

LNC-LNB 1 1.00 186 &5 1.4 4.4 0.9 0.4 35.0 3103 296.2
LNC-LNB 2 1.00 3186 65 1.4 4.4 0.9 0.4 35.0 3103 296.2
LNC-LNB-C 1 1.00 386 45 1.4 4.4 0.5 0.2 35.0 3103 176.0
LNC-LNB-C 2 1.00 388 65 1.4 4.4 . 0.5 0.2 35.0 3103 176.0
SCR-3 1 1.16 386 65 1.4 49.6 128.6 17.7 8.1 80.0 7093 2499.5
SCR-3 2 1.16 386 45 1.4 49.6 128.6 17.7 8.1 80.0 7093 2499.5
SCR-3-C 1 1.16 386 45 1.4 49.6 128.6 10.4 4.7 80.0 7093 1463.4
S5CR-3-C 2 T 1.6 386 &5 1.4 49.6 128.6 10.4 4.7 80.0 7093 1463 .4
SCR-7 1 1.16 388 é5 1.4 4.6 128.6 14.6 6.6 80.0 7093 2056.6
SCR-7 2 1.16 386 65 1.4 49.6 128.8 14.6 6.6 80.0 7093 2056.5
SCR-7-C 1 t.16 386 65 1.4 49.6 128.% 8.6 3.9 80.0 7093 1209.7
SCR-7-C 2 1.16 386 &5 1.4 49.6 128.6 8.6 3.9 80.0 7093 1209.6

22-27



22.2 SOUTH CAROLINA GENERATING

22.2.1 ‘Arthur M. Hi]]iams Steam Plant

The 608 MW unit at the Arthur M. Williams power plant fires a low
sulfur coal; therefore, CS was not evaluated. Retrofit factors were
developed for FGD; however, costs are not shown since the low sulfur coal
would result in low estimates of capital/operating costs and high cost per
ton of SO2 removed. ‘

TABLE 22.2.1-1. ARTHUR M. WILLIAMS STEAM PLANT OPERATIONAL DATA

BOILER NUMBER 1
GENERATING CAPACITY (MW-each) - 608
CAPACITY FACTOR éPERCENT) 70
INSTALLATION DAT 1973 -
FIRING TYPE TANGENTIAL
FURNACE VOLUME (1000 CU FT) 270
LOW NOx COMBUSTION ‘ NO
COAL SULFUR CONTENT éPERCENT) 1.0
COAL HEATING VALUE é TU/LB) 12900
COAL ASH CONTENT (PERCENT) 8.3
FLY ASH SYSTEM DRY DISPOSAL
ASH DISPOSAL METHOD LANDFILL/OFF-SITE
STACK NUMBER 1
COAL DELIVERY METHODS RAILROAD
PARTICULATE CONTROL
TYPE ESP
INSTALLATION DATE 1984
EMISSION éLB/MM BTU) 0.02
REMOVAL EFFICIENCY 99.6
DESIGN SPECIFICATION

SULFUR SPECIFICATION (PERCENT) 1.5

SURFACE AREA (1000 SQ FT; 637.6

GAS EXIT RATE (1000 ACFM 2800

SCA éSQ FT/1000 ACFM) 228

OUTLET TEMPERATURE (°F) 310
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TABLE 22.2.1-2. SUMMARY OF RETRSE%; FASTOR DATA FOR WILLIAMS
] )

FGD TECHNOLOGY

| FORCED LIME
L/LS FGD OXIDATION SPRAY DRYING

SITE ACCESS/CONGESTION

502 REMOVAL LOW NA LOW
FLUE GAS HANDLING LOW NA
ESP REUSE CASE LOW
BAGHOUSE CASE NA —
DUCT WORK DISTANCE (FEET)  100-300 NA \
ESP REUSE 300-600
BAGHOUSE NA
ESP REUSE NA NA LOW
NEW BAGHOUSE NA NA NA
SCOPE ADJUSTMENTS
WET TO DRY ' NO NA NO
ESTIMATED COST (1000%) NA NA NA
NEW CHIMNEY NO NA NO
ESTIMATED COST (1000%) 0 0 0
OTHER NO NO
RETROFIT FACTORS
FGD SYSTEM 1.20 NA
ESP REUSE CASE 1.27
BAGHOUSE CASE NA
ESP UPGRADE NA NA 1.16
NEW BAGHOUSE NA NA .NA
GENERAL FACTILITIES {PERCENT) 8 0 8

* The L/LS-FGD absorbers would be located northeast of the
chjrgni:y and the LSD-FGD absorbers would be located north of
uni .
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© TABLE 22.2.1-3. SUMMARY OF NOx RETROFIT RESULTS FOR WILLIAMS

BOILER NUMBER

COMBUSTION MODIFICATION RESULTS

FIRING TYPE TANG
TYPE OF NOx CONTROL OFA
FURNACE VOLUME (1000 CU FT) - - 270
BOILER INSTALLATION DATE - 1973
SLAGGING PROBLEM NO
ESTIMATED NOx REDUCTION (PERCENT) 25

SCR RETROFIT RESULTS *

SITE ACCESS AND CONGESTION

- FOR SCR REACTOR LOW
SCOPE ADDER PARAMETERS--

- Building Demolition (1000$) 0
fDuctwork Demolition (1000$) 105
;
New Duct Length (Feet) 200
New Duct Costs (1000%) 2849
New Heat Exchanger (1000%) 5505

TOTAL SCOPE ADDER COSTS (1000%) 8458

RETROFIT FACTOR FOR SCR 1.16

GENERAL FACILITIES (PERCENT) 20

* Cold side SCR reactors would be located northeast of the chimney.
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Table 22.2.1-4,

Technology Boiler Main Boiler Capacity Coal

Number Retrofit Size
Difficulty (MJ)

Factor

NOx Control Cost Results for the Williams Plant

Factor Sulfur
(X

Content
(X)

Capital Capital Annual
Cost
(SMM)

(June 1988 Dollars)

NOx

Arnual NOX
Cost Removed Removed
(mills/kwh) (%) {tons/yr} (3%/ton)

NOx Cost
Effect.

LNC-OFA

LNC-OFA-C

SCR-3

SCR-3-C

SCR-7

SCR-7-C

608

608

608

608

608

70

70

70

70

70

70

Cost Cost
(SMM)  ($/kwW}
1.3 2.1
1.3 2.1
73.2  120.4
73.2  120.4
73.2 120.4
73.2  120.4

0.1 25.0
0.0 25.0
7.2 ‘ 80.0
4.2 80.0
5.9 80.0
3.4 80.0

2662

2642

8518

8518

8518

8518
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TABLE 22.2.1-5. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION
TECHNOLOGIES FOR ARTHUR M. WILLIAMS UNIT 1

ITEM

SITE ACCESS/CONGESTION
REAGENT PREPARATION LOW
ESP UPGRADE LOW
NEW BAGHOUSE . NA

SCOPE ADDERS
CHANGE ESP ASH DISCHARGE SYSTEM TO DRY HANDLING NO

~ ESTIMATED COST (1000%) NA
ADDITIONAL DUCT WORK (FT)
NEW BAGHOUSE CASE - NA
ESTIMATED COST (1000%) NA
ESP REUSE CASE - NA
ESTIMATED COST (1000%) NA
DUCT DEMOLITION LENGTH (FT 50
DEMOLITION COST (1000$ 116
TOTAL COST (1000%) |
ESP UPGRADE CASE 116
A NEW BAGHOUSE CASE NA
RETROFIT FACTORS
CONTROL SYSTEM (DSD SYSTEM ONLY) 1.13
ESP UPGRADE 1.16
NEW_BAGHOUSE NA

FSI and DSD were considered due to the adequate size of the ESPs
Egg the sufficient duct residence time between the boiler and
s. _
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Table 22.2.1-6. Summary of DSD/FS! Control Costs for the williams Plant (June 1938 Doliars)

Technology Boiler Main Boiler Capacity Coal Capital Capital Annual  Annual so2 $02 §02 Cost
Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.

Difficulty (MW) (X) Content (SMM) (S$/kW) (SMM) (mills/kwh) (%) (tons/yr) (3/ton)

Factor (%)

DSO+ESP 1 1.00 608 70 1.0 19.0 31.2 13.2 .3.5 49.0 13467 976.8
DSD+ESP-C 1 1.00 608 70 1.0 19.0 31.2 7.6 2.0 49.0 13447 566.0
FSI+ESP-50 1 1.00 608 70 1.0 23.0 37.8  15.6 4.2 50.0 13841 1129.9
FSI+ESP-50-C 1 1.00 608 70 1.0 23.0 7.8 9.1 2.4 50.0 13841 654.8
FSI+ESP-T0 1 1.00 608 70 1.0 2.9 37.7 15.8 4.2 70.0 19378 815.6
FSI+ESP-T0-C 1 1.00 408 7w . 1.0 22.9 37.7 9.2 2.5 70.0 19378 472.6
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22.3 SOUTH CAROLINA PUBLIC SERVICE

22.3.1 Grainger Steam Plant

The Grainger Steam Plant is located in Horry County, South Carolina, as
part of the South Carolina Public Service system. The plant contains two
coal-fired boilers with a total gross generating capacity of 164 MW.

Tables 22.3.1-1 through 22.3.1-8 summarize the plant operational data and
present the SO2 and NOx contrel cost and performance estimates.

TABLE 22.3.1-1. GRAINGER STEAM PLANT OPERATIONAL DATA

BOILER NUMBER 1,2
GENERATING CAPACITY (MW-each) 82
CAPACITY FACTOR éPER ENT) 44,50
INSTALLATION DAT 1966
FIRING TYPE FRONT WALL
FURNACE VOLUME (1000 CU FT) NA

LOW NOx COMBUSTION NO

COAL SULFUR CONTENT (PERCENT) 1.8

COAL HEATING VALUE éBTU/LB) 12700

COAL ASH CONTENT (PERCENT) 10.2

FLY ASH SYSTEM

ASH DISPOSAL METHOD
STACK NUMBER

COAL DELIVERY METHODS

PARTICULATE CONTROL

TYPE

INSTALLATION DATE
EMISSION éLB/MM BTU)
REMOVAL EFFICIENCY
DESIGN SPECIFICATION

SULFUR SPECIFICATION (PERCENT)

SURFACE AREA (1000 SQ FT
GAS EXIT RATE 61000 ACFM
SCA éSQ FT/1000 ACFM)
OUTLET TEMPERATURE (°F)

WET DISPOSAL
?OgD/ON-SITE
RAILROAD

ESP

1966
0.34,0.103
95

1.2
191.4

345
300




TABLE 22.3.1-2. SUMMARY OF RETRO

FIT FACTOR DATA FOR GRAINGER
~UNIT 1 0R 2 *

FGD TECHNOLOGY

FORCED

LIME

L/LS FGD OXIDATION SPRAY DRYING

SITE ACCESS/CONGESTION

S02 REMOVAL LOW NA LOW
FLUE GAS HANDLING LOW NA
ESP REUSE CASE HIGH
BAGHOUSE CASE NA
DUCT WORK DISTANCE (FEET)  100-300 NA
ESP REUSE 300-600
BAGHOUSE NA
ESP REUSE NA NA HIGH
NEW BAGHOUSE NA NA NA
SCOPE ADJUSTMENTS
WET TO DRY ' YES NA YES
ESTIMATED COST (1000%) 785 NA 785
NEW CHIMNEY NO NA NO
ESTIMATED COST (1000$) 0 0 0
OTHER NO NO
RETROFIT FACTORS
FGD SYSTEM 1.27 NA
ESP REUSE CASE 1.43
BAGHOUSE CASE NA
ESP UPGRADE NA NA 1.58
NEW BAGHOUSE NA NA NA
GENERAL FACILITIES (PERCENT) 10,5 0 10,5

* Absorbers for unit 1 would be located east of unit 1.
Absorbers for unit 2 would be Tocated south of the unit 2

chimney.

and 5 percent, respectively.
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Table 22.3.1-3. summary of FGD Control Costs for the Grainger Plant (June 1988 Dollars)

Technol agy Boiler Main Boiler Capacity Coal Cepital Capital Anmual  Arnual §02 so2 S02 Cost
Number Retrofit Size Factor Sulfur Cost Cast Cost Cost Removed Removed Effect.

Difficulty (MwW) {X) Content (SMM) ($/kW) ($MM) (millss/kwh) (X) (tons/yr) ($/ton)

Factor (%)

L/S FGD 1 1.27 82 [ 1.8 35.5 433.0 13.8 43.8 90.0 a7 3575.0
L/S FGD 2 1.27 -+ 50 1.8 3.5 4203 13.8 18.5 90.0 4398 3141.8
L/8 FGD-C 1 1.27 82 [¥1 1.8 35.5 433.0 8.1 25.6 %0.0 387 2089.4
L/S FGD-C 2 1.27 82 50 1.8 34,5 420.3 8.1 22.5 0.0 4398 1835.2
LC FGD 1-2 1.27 164 47 1.8 33.4 203.4 15.0 22.3 90.0 8249 1818.8
LC FGD-C 1-2 1.27 164 47 t.8 33.4  203.4 8.8 13.0 90.0 8269 1060.1
LSD+ESP 1 1.43 a2 &b 1.8 15.5 188.6 7.0 22.3 76.0 3281 2144.3
LSD+ESP 2 1.43 82 50 1.8 183.8 7.1 19.6 76.0 3729 1892.3
LSD+ESP-C 1 1.43 82 44 1.8 188.6 4.1 13. 76.0 3281 1249.7
LSD+ESP-C 2 1.43 82 50 1.8 183.8 4.9 11.4 76.0 3729 1102.3
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Table 22.3.1-4. Summary of Coal Switching/Cleaning Costs for the Greinger Plant (Jure 1988 Dollars)

Technalogy Boiler Main Boiler Capacity Coat Capital Capital Anmual  Annual s02 s02 $02 Cast
Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.

Difficulty (Mw) %) Content (SMM) (S/kW) (SMM) (mills/kwh) (X) (tons/yr) (3$/ton)

Factor (%)

CS/B+$15 1 1.00 82 44 1.8 3.6 §3.5 5.1 16.3 47.0 2018 2546.0
CS/B+815 2 1.00 82 50 1.8 3.6 43.5 5.7 15.9 47.0 2294  2697.5
CS/8+815-C 1 1.00 82 44 1.8 3.6 43.5 3.0 9.4 47.0 2018 1466.7
CS/B+815-C 1.00 82 50 1.8 3.6 3.5 . 3.3 9.2 47.0 2294 1437.9
CS/B+%5 1 1.00 82 44 1.8 2.7 33,2 2.4 7.5 47.0 2018 1178.9
CS/B+$5 2 1.00 82 50 1.8 2.7 33.2 2.6 7.3 47.0 2294 1139.2
CS/B+$5-C 1 1.00 82 44 1.8 2.7 33.2 1.4 4.4 47.0 2018 681.5
CS/B+%5-C 2 1,00 a2 50 1.8 2.7 33.2 1.5 4.2 47,0 2294 658.0
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TABLE 22.3.1-5. SUMMARY OF NOx RETROFIT RESULTS FOR GRAINGER

BOILER NUMBER

COMBUSTION MODIFICATION RESULTS

1 2
FIRING TYPE | FWF FWF
TYPE OF NOx CONTROL | N8 LNB
FURNACE VOLUME (1000 CU FT) . NA NA
BOILER INSTALLATION DATE 1966 1966
SLAGGING PROBLEM NO_ NO
ESTIMATED NOx REDUCTION (PERCENT) 40 40
SCR _RETROFIT RESULTS #*
SITE ACCESS AND CONGESTION
FOR SCR REACTOR LOW LOW
SCOPE ADDER PARAMETERS--
Building Demolition (1000%) 0 0
Ouctwork Demolition (1000%) 23 23
New Duct Length (Feet) | 200 200
New Duct Costs (1000%) 882 882
New Heat Exchanger (1000%) 1655 1655
TOTAL SCOPE ADDER COSTS (1000%) " 2560 2560
RETROFIT FACTOR FOR SCR : 1.16 1.16
GENERAL FACILITIES (PERCENT) 20 13

* Cold side SCR reactors for unit 1 would be located east of
unit 1, and c¢old side SCR reactors for unit 2 would be located
south of the unit 2 chimney.
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Table 22.3.1-6. NOX Control Cost Results for the Greinger Plant (June 1988 Dollars)

Technology Boiler Mein Boiler Capacity Cosl Capital Capifal Annual  Annual NOX NDx NOx Cost
Number Retrofit Size Factor Sulfur Cost Cost  Cost Cost Removed Removed Effect.

Difficulty (M) (X) Content (SMM) (S/kiW) (SMM) (mills/kwh) (X) (tons/yr) (3/ton)

Factor (%)

LNC-LNB 1 1.00 82 Lb 1.8 2.4 28.8 0.5 1.5 40.0 515 961.3
LNC-LNB 2 1.00 82 50 1.8 2.4 28.8 0.5 1.4 40.0 585 846.0
LNC-LNB-C 1 1.00 82 44 1.8 2.4 28.8 0.3 0.9 40.0 515 571.3
LNC-LNB-C 2 1.00 82 50 1.8 2.4 28.8 0.3 0.8 40.0 585 502.8
SCR-3 1 1.16 82 b 1.8 16.5 201.5 5.2 16.3 80.0 1089 5017.5
SCR-3 2 1.16 82 50 1.8 16.2 197.3 5.1 14.2 80.0 1170 L3695
SCR-3-C 1 1.16 82 44 1.8 16.5 201.5 3.0 5.6  80.0 1029 2946.7
SCR-3-C 2 1.16 82 50 1.8 16.2 197.3 3.0 8.4 80.0 1170 2565.5
SCR-7 1 1.16 a8 (13 1.8 16.5 201.5 4.5 14.2 80.0 1029 4368.1
SCR-7 ? a2 50 1.8 15.2 197.3 4.4 12.4 80.0 1170 3I798.1
SCR-7-C B 1.16 82 64 1.8 16.5 201.5 2.6 8.4 80.0 1029 2574.6
SCR-7-C 4 1.16 az 1.8 16.2 197.3 2.6 7.3 80.0 1170 2238.1

50
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TABLE 22.3.1-7. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION
' TECHNOLOGIES FOR GRAINGER UNIT 1 OR 2

[TEM

SITE ACCESS/CONGESTION
REAGENT PREPARATION LOW
ESP UPGRADE : : HIGH
NEW BAGHOUSE NA

SCOPE ADDERS
CHANGE ESP ASH DISCHARGE SYSTEM TO DRY HANDLING YES

ESTIMATED COST (1000%) 785
ADDITIONAL DUCT WOR ‘

NEW BAGHOUSE CASE NA

ESTIMATED COST (1000%) : NA

ESP REUSE CASE NA

ESTIMATED COST 1000$ : NA
DUCT DEMOLITION LEN TH (F 50

DEMOLITION COST (1000% 26
TOTAL COST (1000§) ‘

ESP UPGRADE CASE 811

A NEW BAGHOUSE CASE . NA

RETROFIT FACTORS

CONTROL SYSTEM (DSD SYSTEM ONLY) 1.13
ESP UPGRADE 1,58
NEW BAGHOUSE NA

Short duct residence time exists between the boilers and
ESPs. A1th0ugh ESPs are of an adequate size, the space
around the ESPs for upgrading is limited and .a high factor
was assigned to ESP upgrade.
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Table 22.3.1-8. Summary of DSD/FSI Control Costs for the Grainger Plant (June 1988 Dotlars)

Technology Beiler Main Bofler Capacity Ccal Capital Capital Annual  Annual $02 se2 S02 Cost
Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.
Difficulty (W) (X) Content (SMM) (S/kW) (SMM) (mills/kwh) (X) (tons/yr) ($/ton)

Factor %)

" DSD+ESP 1 1.00 82 44 1.8 6.8 82.4 4.5 14.3 49.0 2092 2161.6
DSD+ESP 2 1.00 a2 50 1.8 6.8 82.4 4.6 12.9 49.0 2378 1951.1
DSD+ESP-C 1 1.00 82 44 1.8 6.8 a2.4 2.6 8.3 49.0 2092 1252.9

- DSD+ESP-C 2 1.00 az 50 1.8 6.8 82.4 2.7 7.5 49.0 2378 1130.4
FSI+ESP-50 1 1.00 a2 44 1.8 7.0 84.9 4.0 12.5 .50.0 2150 1843.4
FSI+ESP-50 2 1.00 82 50 1.8 7.0 84.9 4.1 1.5 50.0 2444 1697.1
FSI+ESP-50-C 1 1.00 a2 [ 1.8 7.0 8.9 2.3 7.3 50,0 2150 1070.7
FSI+ESP-50-C 2 1.00 82 50 1.8 7.0 84.9 2.4 6.7 50.0 2464 985.1

- FSI+ESP-70 1 1.00 a2 &4 1.8 7. 86.2 4.0 12.7 70.0 3010 1336.0
FSI+ESP-70 2 1.00 82 50 1.8 7.1 86,2 4.2 .11'7 70.0 3421 1230.3
FSI+ESP-70-C ~ 1 1.00 82 44 1.8 7.1 86.2 2.3 7.4 70.0 3010 ?76.0)
FSI+ESP-70-C 2 1.00 82 50 - 1.8 79 8.2 4 6.8 70.0 3421 7141
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22.3.2 Jefferies Steam Plant

The Jefferies Steam Plant is located in Berkley County, South Carolina,
as part of the South Caralina Public Service system. The plant contains two
coal-fired boilers with a total gross generating capacity of 346 MW.

Tables 22.3.2-1 through 22.3.2-9 summarize the plant operational data and
present the SO2 and NOX control cost and performance estimates.

TABLE 22.3.2-1. JEFFERIES STEAM PLANT OPERATIONAL DATA

BOILER NUMBER 1, 2 3, 4
GENERATING CAPACITY éMH-each) 50 173
CAPACITY FACTOR éPER ENT) PETROLEUM 34,45
INSTALLATION DAT BURNING 1970
FIRING TYPE FRONT WALL
FURNACE VOLUME (1000 CU FT) 82

LOW NOx COMBUSTION NO

COAL SULFUR CONTENT (PERCENT) 1.6

COAL HEATING VALUE éBTU/LB) 12200
COAL ASH CONTENT (PERCENT) 11.0

FLY ASH SYSTEM
ASH DISPOSAL METHOD

WET DISPOSAL
POND/ON-SITE

STACK NUMBER 3, 4
COAL DELIVERY METHODS RAILROAD
PARTICULATE CONTROL
TYPE ESP
INSTALLATION DATE 1978
EMISSION éLB/MM BTU) 0.079,0.061
REMOVAL EFFICIENCY 94.6,98.2
DESIGN SPECIFICATION
SULFUR SPECIFICATION (PERCENT) 1.5-1.9
SURFACE AREA (1000 SQ FT 78.9
GAS EXIT RATE (1000 ACFM 307
SCA éSQ FT/1000 ACFM) 257
OUTLET TEMPERATURE (°F) 300
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TABLE 22.3.2-2. SUMMARY OF RETROFIT FACTOR DATA FOR JEFFERIES UNIT 3 *

FGD TECHNOLOGY

FORCED LIME
L/LS FGD OXIDATION SPRAY DRYING

SITE ACCESS/CONGESTION

S0Z REMOVAL MEDIUM NA MEDIUM
FLUE GAS HANDLING MEDIUM NA
ESP REUSE CASE HIGH
BAGHOUSE CASE NA
DUCT WORK DISTANCE (FEET)  300-600 NA
ESP REUSE 300-600
BAGHOUSE NA
ESP REUSE NA NA HIGH
NEW BAGHOUSE NA NA NA
SCOPE_ADJUSTMENTS
WET TO DRY YES NA YES
ESTIMATED COST (1000%) 1532 NA 1532
NEW CHIMNEY NO NA NO
ESTIMATED COST (1000%) 0 0 0
OTHER NO NO
RETROFIT FACTORS
FGD SYSTEM 1.53 NA
ESP REUSE CASE 1.56
BAGHOUSE CASE NA
ESP UPGRADE NA NA 1.58
NEW BAGHOUSE NA NA NA
GENERAL FACILITIES (PERCENT) 8 0 8

* Absorbers for unit 3 would be placed east of unit 3, south
of the coal pile.
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TABLE 22.3.2-3. SUMMARY OF RETROFIT FACTOR DATA FOR JEFFERIES UNIT 4 *

FGD TECHNOLOGY

FORCED

LIME

L/LS FGD OXIDATION SPRAY DRYING

SITE ACCESS/CONGESTION

S02 REMOVAL
FLUE GAS HANDLING
ESP REUSE CASE
BAGHOUSE CASE
DUCT WORK DISTANCE (FEET)
ESP REUSE
BAGHOUSE
ESP REUSE
NEW BAGHOUSE

SCOPE ADJUSTMENTS

WET TO DRY

ESTIMATED COST (1000$)
NEW CHIMNEY

ESTIMATED COST (1000$)
OTHER

RETROFIT FACTORS

FGD SYSTEM
ESP REUSE CASE
BAGHOUSE CASE
ESP UPGRADE
NEW BAGHOUSE

MEDIUM
HIGH

300-600

NA -
NA

YES
1532
YES
1211
NO

1.59

NA
NA

GENERAL FACILITIES {PERCENT) 8

NA
NA

NA

NA
NA

NA
NA
NA

NA

NA
NA

0

MEDIUM

HIGH
NA

600-1000
NA
HIGH
NA

YES
1532
NO

0

NO

* Absorbers for unit 4 would be located east of unit 4, south

of the coal pile.
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Table 22.3.2-4. Summary of FGD Control Costs for the Jefferies Plant (June 1988 Doilars)

z=s=s==zs========= =s====== =Z=Es==z==s=s===soIS=TzEZs==s====zz=s=sS-=======

Technology Boiler Main Boiler Capacity Coal Capital Capital Annual  Annual 502 s02 S02 cost
Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.

Difficulty (Mw) (X) Content ($MM) ($/kW) ($MM) (mills/kwh) (X) (tons/yr) ($/ton)

Factor X)

L/S FGD 3 1.53 173 3 1.6 59.8 345.8 22.0 42.6 90.0 5873 3738.8
L/S FGD 4 1.59 173 45 1.6 62.0 358.2 23.6 34.6 90.0 TITe 3038.3
L/S FGD 3-4 1.56 346 39 1.6 90.3  261.0 34.3  29.0 90.0 13474 2548.2
L/S FGD-C 3 1.53 173 34 1.6 59.8 345.8 12.8 24.9 90.0 5873 2187.7
L/S FGD-C 4 1.59 173 45 1.6 62.0 358.2 13.8 20.3 90.0 774 1776.5
L/S FGD-C 3-4 1.56 346 39 1.6 90.3  261.0 20.1 17.0 90.0 13474 1490.0
LC FGD 3-4 1.56 346 39 1.6 68.0 196.4 27.7 23.4 90.0 13474 2054.4
LC FGD-C 3-4 1.56 346 39 1.6 68.0 196.4 16.2 13.7 90.0 13474 1199.4
LSD+ESP 3 1.56 173 34 1.6 27,7 160,2 10.8 21.0 76.0 4979 2176.4
LSD+ESP 4 1.69 173 45 1.6 29.6 17,1 11.8 17.3 76.0 6590 1794.8
LSD+ESP-C 3 1.56 173 34 1.6 27.7  160.2 6.3 12.3 76.0 4979 1271.%9
LSD+ESP-C 4 1.649 173 45 1.6 29.6 1A 6.9 10.1 76.0 6590 1048.5

[1]
[
u
.|
M
M
i
}
1]
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Teble 22.3.2-5. Summary of Coal Switching/Cleaning Costs for the Jefferies Plant (Jume 1988 Dollars)

Technology Boiler Main Boiler Capacity Cosl .Capital Capital Anrnual  Annual so2 ) s02 502 Caost
Number Retrofit Size Factor Sulfur  Cost Cost Cost Cest Removed Removed Effect.
Difficulty (md) (%) Content (SHM) . (S/kW) (SMM) (mills/kwh) (%) (tons/yr) ($/ton)

Factor (X
C5/B+315 3 1.00 173 X 1.6 6.3 361 8.2 15.8 43,0 2806 2907.6
CS/B+$15 4 1.00 173 45 1.4 6.3 34.1  10.4 15.2 43.0 3713 2788.4
CS/B+$15-C 3 1.00 173 34 1.4 6.3 36.1 4.7 ?.1 43.0 2806 1675.9
CS/B+$15-C 4 t.00 173 45 1.4 6.3 34.1 6.0 a.7 43.0 3713 1805.1
CS/B+S$S 3 1.00 173 34 1.6 4.5 25.8 3.6 7.0 43.0 2806 1278.6
CS/B+$5 4 1.00 173 45 1.6 4.5 25.8 4.4 6.5 43.0 3713 1186.8
CS/B+$5-C 3 1.00 173 3% 1.6 4.5 25.8 2.1 4.0 43.0 2806 739.7
4.5 25.8 2.5 3.7 43.0 33 685.3

C5/8+85-C 4 1.00 173 45 1.6
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TABLE 22.3.2-6. SUMMARY OF NOx RETROFIT RESULTS FOR JEFFERIES

BOILER NUMBER

COMBUSTION MODIFICATION RESULTS

3 4
FIRING TYPE FWF FWF
TYPE OF NOx CONTROL LNB LNB
FURNACE VOLUME (1000 CU FT) 82 82
BOILER INSTALLATION DATE 1970 1970
- SLAGGING PROBLEM NO NO
ESTIMATED NOx REDUCTION (PERCENT) 33 33
SCR RETROFIT RESULTS *
SITE ACCESS AND CONGESTION
FOR SCR REACTOR LOW LOW
SCOPE ADDER PARAMETERS--
Building Demolition (1000%) 0 0
Ductwork Demolition (1000%) 4] 41
New Duct Length (Feet) 300 600
New Duct Costs (1000%) 2048 4097
New Heat Exchanger (1000%) 2590 2590
TOTAL SCOPE ADDER COSTS (1000%) 4679 6727
RETROFIT FACTOR FORSCR ‘ 1.16 1.16
GENERAL FACILITIES (PERCENT) 20 20

* Cold side SCR reactors for units 3 and 4 would be located east
of unit 3, south of the coal pile.
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Table 22.3.2-7. NOx Control Cost Results for the Jefferies Plant (June 1988 Dollars)

Technoiogy Boiler Main Boiler Capacity Coal Cepital Copital Annual Annual NOx NOx NOx Cost
Number Retrofit Size Factor Sulfur Cest Cost Cost Cost Removed Removed Effect.
Difficulty (MW) (X) Content (SMM) (3/kW) (SMM) (mills/kwh} (X) (tons/yr) (%/ton)
Factor (X}

LNC-LNB 3 1.00 173 34 1.6 1.2 18.4 0.7 1.3 33.0 725 920.0
LNC-LNB 4 1.00 173 45 1.6 3.2 18.4 0.7 1.0 33.0 959 695.1
LNC-LHB-C 3 1.00 173 4 1.6 3.2 18.4 0.4 0.8 33.0 725 546.8
LNC-LNB-C [4 1.00 173 45 1.6 3.2 18.4 0.4 0.6 33.0 959 413.1
SCR-3 3 1.16 173 3 1.6 28.1 182.5 9.1 17.6 80.0 1757 5154.3
SCR-3 4 1.16 173 45 1.6 30.2 174.6 9.5 14.0 80.0 2325 4100.4
SCR-3-C 3 1.16 173 L% 1.6 28.1  162.5 5.3 10.3 80.0 1757 3024.8
SCR-3-C 4 1.16 173 5 1.8 30.2 174.6 5.4 8.2 80.0 2325 - 2407.5
SCR-7 3 1.96 173 34 1.6 28.1 182.5 7.6 14. 80.0 1757 4347.2
SCR-7 4 1.16 173 45 1.6 30.2 174.6 8.1 11. 80.0 2325 3490.6
SCR-7-C 3 1.16 173 34 1.6 28.1 162.5 4.5 8.7 80.0 1757 2562.4

SCR-7-C 4 1.16 173 45 1.6 3 174.6 4.8 7.0 80.0

2325 2058.1

22-48



TABLE 22.3.2-8. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION
TECHNOLOGIES FOR JEFFERIES UNIT 3 OR 4

ITEM

SITE ACCESS/CONGESTION
REAGENT PREPARATION LOW
ESP UPGRADE HIGH
NEW BAGHOUSE NA

SCOPE ADDERS
CHANGE ESP ASH DISCHARGE SYSTEM TO ORY HANDLING YES

ESTIMATED COST (1000$) 1532
ADDITIONAL DUCT WORK (FT)

NEW BAGHOUSE CASE ‘ NA

ESTIMATED COST (1000$) | NA

ESP REUSE CASE NA

ESTIMATED COST 1ooos NA
DUCT DEMOLITION LEN TH F 50

DEMOLITION COST (10005 45
TOTAL COST (1000$)

ESP UPGRADE CASE 1577

A NEW BAGHOUSE CASE NA

RETROFIT FACTORS

CONTROL SYSTEM (DSD SYSTEM ONLY) 1.13
ESP UPGRADE 1.58
NEW BAGHOUSE N

Short duct residence time exists between boilers 3 and 4 and
their respective ESPs. ESP ug?rade for both units was high
because of the Tack of available space around the ESPs.
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Table 22.3.2-9. Summary of 0DS0/FSI Control Costs for the Jefferies Plant (June 1938 Dollars)

Technology Boiler Main Bailer Capecity Coal Capital Cepital Annual  Annual s02 $02 502 Cost
Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.
Difficulty (W) (X) Content (SMM) (S/kW) (SMM) (mills/kwh) (%) (tons/yr) (S/ton)

Factor ' (X)
DSD+ESP 3 1.00 173 34 1.6 56.7 6.1 11.8 4.0 N 1919.8
DSD+ESP 4 1.00 173 45 1.6 . &7 6.5 9.6 49.0 - 4202 1554.0
DSD+ESP-C 3 1.00 173 3 1.6 1.2 6.7 3.5 6.9 49.0 s 1115.8
DSD+ESP-C 4 1.00 173 45 1.4 11.2 &.7 1.8 5.6 . 49.0 4202 902.3
FSI+ESP-50 3 1.00 173 3 1.6 12.5 2.1 6.0 11.6 50.0 3263 1824.8
FSI+ESP-50 4 1.00 173 45 1.6 12.5% A 8.6 9.7 50.0 4319 1532.1
FSI+ESP-50-C 3 1.00 173 34 1.6 12.5 2.1 3.5 6.7 50.0 32683 1082.4
FS1+ESP-50-C 4 1.00 173 45 1.6 12.5 2.1 3.8 5.6 50.0 4319 890.7
- FSI+ESP-T0 3 1.00 173 34 1.6 12.6 72.8 6.0 11.7 70.0 4568 1320.4
FSI+ESP-T0 4 1.00 173 45 1.6 12.6 72.8 6.7 9 70.0 6046 1109.7
FSI+ESP-70-C 3 1.00 173 34 1.6 12.6° T2.8 3.5 8.8 70.0 4568 768.8
FSI+ESP-T0-C [ 1.00 173 45 1.6 12.6 72.8 3.9 5.7 70.0 8046 545.1
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22.3.3 MWinyah Steam Plant

Units 2, 3, and 4 ét the Winyah plant are equipped with FGD systems;
therefore no further 50, control technologies were evaluated for these
units. All units are equipped with LNBs for NOx control, hence SCR was the
only NOX control evaluated for these units. Although cost estimates are
presented for DSD and FSI, the short straight duct run distance for unit 1
makes application of these technologies difficult without enlarging the duct

work.

TABLE 22.3.3-1. WINYAH STEAM PLANT OPERATIONAL DATA

BOILER NUMBER 1 2 3 4
GENERATING CAPACITY éMH% 315 315 315 315
CAPACITY FACTOR (PERCENT) 58 34 28 24
INSTALLATION DATE 1975 1977 1980 1981
FIRING TYPE FRONT WALL  OPPOSED WALL
FURNACE VOLUME §1000 Cu FT) NA NA NA NA
LOW NOx COMBUSTION YES YES YES YES
COAL SULFUR CONTENT (PERCENT) 1.1

COAL HEATING VALUE éBTU/LB) 12300

COAL ASH CONTENT (PERCENT) 10

FLY ASH SYSTEM WET DISPOSAL

ASH DISPOSAL METHOD POND/ON-SITE

STACK NUMBER 1 2 3 4
COAL DELIVERY METHODS RAILROAD

FGD SYSTEM (TYPE) ‘NA TRAY TYPE LS-FGD
FGD SYSTEM (INSTALLATION DATE) NA 1977 1980 1981
PARTICULATE CONTROL

TYPE ESP ESP ESP ESP
INSTALLATION DATE 1975 1977 1981 1981
EMISSION éLB/MM BTU) 0.132 0.045 0.037 0.044
REMOVAL EFFICIENCY 99.0 99.4 99.4 99.4

DESIGN SPECIFICATION
SULFUR SPECIFICATION (PERCENT) 2.0 2.0 2.0 2.0

SURFACE AREA (1000 SQ FT) 305 285 285 285
EXIT GAS FLOW RATE (1000 ACFM) 881 881.5 88l.5 88l.5
SCA (SQ FT/1000 ACFM) 343 323 323 323
OUTLET TEMPERATURE (°F) 277 - 270 270 270
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TABLE 22.3.3-2. SUMMARY OF RETROFIT FACTOR DATA FOR WINYAH UNIT 1 *

FGD TECHNOLOGY

FORCED LIME
L/LS FGD OXIDATION SPRAY DRYING

SITE ACCESS/CONGESTION

S02 REMOVAL LOW NA LOW
FLUE GAS HANDLING MEDIUM NA
ESP REUSE CASE : : HIGH
BAGHOUSE CASE NA
DUCT WORK DISTANCE (FEET)  100-300 NA
ESP REUSE 100-300
BAGHOUSE NA
ESP REUSE NA NA MEDIUM
NEW BAGHOUSE NA NA NA

SCOPE ADJUSTMENTS ’
WET TO DRY YES NA CYES

ESTIMATED COST (1000%) 2622 NA 2622
NEW CHIMNEY NO NA NO
ESTIMATED COST (1000%) 0 0 0

OTHER NO NO
RETROFIT FACTORS |

FGD SYSTEM 1.35 NA
ESP REUSE CASE 1.35
BAGHOUSE CASE - NA
ESP UPGRADE NA NA 1.36
NEW BAGHOUSE NA NA NA
GENERAL FACILITIES (PERCENT) 15 0 15

* |/S-FGD and LSD-FGD absorbers for unit 1 would be located
behind or beside the unit 1 chimney.

22-52



Table 22.3.3-3. Summary of FGD Control Costs for the Winyah Plant (June 1988 Dollars)

Technology Boiler Main Boiler Capacity Coal Capital Capital Arnual  Annual 502 502 502 Cost
Nurber Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.

Difficulty (MW} (%) Content (SMM) ($/kW) (SMM) (mills/kwh) (X) C(tons/yr) (&/ton)

Factor (%)

L/5 FGD 1 1.35 315 58 1.1 7.1 2%4.6 321 20.1 90.0 12426 2584.9
L/S FGD-C 1 1.35 315 58 1.1 77.1  244.6 18.7 1.7 90.0 12426 1508.8
LC ‘FGD 1 1.35 318 58 1.1 57.8 183.5 26.4 16.5 $0.0 12426 2123.4
LC FGD-C 1 1.35 315 S8 1.1 57.8 183.5 15.4 9.6 90.0 - 12426 1237.4
LSD+ESP 1 1.35% 315 58 1.1 37.3 118.4  15.4 9.6 76.0 10534 1460,0
LSD+ESP-C 1 1.35 315 58 1.1 37.3 118.4 9.0 5.6 76.0 10534 B852.4
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Table 22.3.3-4. Sumary cof Coal Switchimg/Cleaning Costs for the Winysh Plant (June 1988 Dollars)

Technology Beiler Main Boiler Capecity Coal Capital Capital Annual  Annual 502 s02 502 Cost
Number Retrofit Size  Factor Sulfur Cost Cost Cost cost Removed Removed Effect.
Difficulty (M) (%) Content (SMM) ($/kW) ($MM) (mills/kwh) (X) (tons/yr) ($/ten)

‘Factor X}
CS/B+315 1 1.00 318 58 1.1 10.5 33,4 23.2 14.5 14.0 2250 10300.1
Cs/B+$15-C 1 1.00 315 58 1.1 10.5 33,4 13.3 8.3 16.0 2250 5922.3
CS/B+$5 1 1.00 315 58 1.1 7.3 23.1 9.4 5.9 16.0 2250 4169.7
CS/B+85-C 1 1.00 315 58 1.1 7.3 23.1 5.4 3.4 16.0 2250 2403.5
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TABLE 22.3.3-5. SUMMARY OF NOx RETROFIT RESULTS FOR WINYAH

BOILER NUMBER

COMBUSTION MODIFICATION RESULTS

1 2, 3 . 4
FIRING TYPE NA NA NA
TYPE OF NOx CONTROL NA NA NA
FURNACE‘VOLUME (1000 CU FT) NA NA NA
BOILER INSTALLATION DATE NA NA NA
SLAGGING PROBLEM NA NA NA
ESTIMATED NOx REDUCTION (PERCENT) NA NA NA

SCR RETROFIT RESULTS *

SITE ACCESS AND CONGESTION
FOR SCR REACTOR LOW HIGH LOW

SCOPE ADDER PARAMETERS--

Building Demolition (1000%) 0 0 0
Ductwork Demolition (10005) 64 64 64
New Duct Length (Feet) 200 200 200
New Duct Costs (1000%) 1939 1939 1939
New Heat Exchanger (1000%) 3710 3710 3710
TOTAL SCOPE ADDER COSTS (1000%) 5713 5713 5713
RETROFIT FACTOR FOR SCR 1.16 1.52 1.16
GENERAL FACILITIES (PERCENT) 38 38 38

* Cold side SCR reactors for unit 1 would be located behind the
unit 1 chimney. Cold side SCR reactors for units 2, 3, and 4
would be located behind their respective FGD system.
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Table 22.3.3-6. NOx Control Cost Results for the Winysh Plant (June 1983 Dollars)

Technology Boiler Main Boiler Capacity Coal Capital Capital Annual  Annual NOx NOx NDx Cest
Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.

Difficulty (MW} (X) Content ($MM) ($/kW) (SMM) (mills/kwh) (%) (tons/yr) (%/ton)

Factor (X)

SCR-3 1 1.16 315 58 1.1 45.7  145.1  15.7 9.8 80.0 5407 2898.9
SCR-3 2 1.52 315 34 1.1 _53.¢ 171t 172 18.3 80.0 3149 5417.4
SCR-3 3 1.52 315 28 1.1 53.9 171.1 171 22.1 80.0 2610 6537.6
SCR-3 4 1.16 3s 24 1.1 45.7 -145.0 15.0 22.7 80.0 2237 4723.0
SCR-3-C 1 1.16 315 58 1.1 45.7 145.1 9.2 5.7 80.0 5407 1498.8
SCR-3-C 2 1.52 315 34 1.1 53.9 171.1  10.1 10.7 80.0 3169 3180.1
SCR-3-C 3 1.52 315 28 1.1 53.¢ 17141 0.0 13.0 80.0 2810 - 3838.2
SCR-3-C 4 1.16 315 24 1.1 &5.7  145.0 8.8 13.3 80.0 2237 3943.4
SCR-7 1 1.16 . 315 58 1.1 45.7  145.1 131 8.2 80.0 5407 2421.9
SCR-7 2 1.52 315 34 1.1 53.9 171.1 4.6 15.6 80.0 3149 4403.6
SCR-7 3 1.52 315 28 1.1 55.9 171.1  14.5 18.7 80.0 2610 5549.4
SCR-7 3 1.16 315 24 1.1 45.7 145.0 12.% 18.8 80.0 2237 5570.2
SCR-7-C 1 1.16 315 58 1.1 45.7 1451 7.7 4.8 80.0 5407 1425.5
SCR-7-C 2 1.52 315 k3 1.1 53.9 17111 B.6 9.2 80.0 3169 2713.8
SCR-7-C 3 1.52 315 28 1.1 %3.9 1711 B.5 1.1 80.0 2610 3272.0
SCR-7-C 3 1.16 315 - 24 1.1 45.7 80.0 2237 1282.9

145.0 7.3 1.1
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TABLE 22.3.3-7. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION

TECHNOLOGIES FOR WINYAH UNIT 1

ITEM

- SITE ACCESS/CONGESTION

REAGENT PREPARATION
ESP UPGRADE
NEW BAGHOUSE

SCOPE_ADDERS

CHANGE ESP ASH DISCHARGE SYSTEM TO DRY HANDLING
ESTIMATED COST §10005)
ADDITIONAL DUCT WORK (FT)
NEW BAGHOUSE CASE
ESTIMATED COST (1000$)
ESP REUSE CASE
ESTIMATED COST (10005
DUCT DEMOLITION LENGTH (F ;
DEMOLITION COST (10003

TOTAL COST (1000$)
ESP UPGRADE CASE
A NEW BAGHOUSE CASE

RETROFIT FACTORS
CONTROL SYSTEM (DSD SYSTEM ONLY)

ESP UPGRADE
NEW BAGHQUSE

1.13
1.36
NA

The duct residence time between unit 1 and the unit 1 ESPs is
short; however, the ESPs are of an adequate size for sorbent

1nJect1on technologies.
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Table 22.3.3-8. summary of DSO/FS! control costs for the Winyah Plant (June 1988 Dollars)

Technology Boiler Main Boiler Capecity Coal Capital Capital Anmual  Annusl s02 S02 502 Cost
Number Retrofit Size  Factor Sulfur Cost cost Cost Cost Removed Removed Effect.

Difficulty (MW) (%) Content (SMM) (S/kW) (SMM) (mills/kwh) (X) (tons/yr) (3/ton)

Factor %)

DSD+ESP 1 1.00 315 58 1.1 13.4 43,2 8.4 5.2 9.0 6717 1265.3
DSD+ESP-C 1‘ 1.00 315 58 1.1 13.6 43.2 4.9 3.0 49.0 6717 722.5
FSI+ESP-50 1 1.00 115 58 1.1 14.0 [N 8.6 5.3 50.0 6903 1239.1
FSI+ESP-50-C 1 1.00 315 58 1.1 14.0 44 .6 5.0 31 50.0 6903 719.0
FS1+€SP-70 1 1.00 315 58 1.1 14.2 45.0 8.7 5.4 70.0 9664 899.1
FSI+ESP-70-C 1 1.00 315 58 1.1 14.2 45.0 5.0 3.2 70.0 F664 521.7

* Application of these technologies will be difficult due to the short,
straight duct run distance between the airheater and ESP unless the ductwork
is enlarged. The above costs do not include this expense.
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SECTION 23.0 TENNESSEE

23.1 TENNESSEE VALLEY AUTHORITY

23.1.1 Allen Steam Plant

The Allen steam plant is located within Shelby County, Tennessee, as
part of the TVA system. The plant contains three coal-fired boilers with a
total gross generating capacity of 990 MW. Figure 23.1.1-1 presents the
plant plot plan showing the Tocation of all boilers and major associated
auxiliary equipment.
. Table 23.1.1-1 presents operational data for the existing equipment at
the Allen steam plant. A1l boilers burn medium sulfur coal (2.20 percent
sulfur). Coal shipments are received by freight barge and conveyed to a
coal storage and handling area located east of the plant.

Particulate matter emissions for all three boilers are controlled with
ESPs Tocated directly behind each boiler. Ash from all units is wet sluiced
to ponds located northwest of the plant. On-site waste disposal
availability is a significant problem and TVA is considering two options to
address the future problem: the purchase of more land adjacent to the plant
or dry disposing of the waste off-site.

Lime/Limestone and Lime Spray Drying FGD Costs--

Figure 23.1.1-1 shows the general layout and location of the FGD contro]
system. Absorbers for L/LS-FGD and LSD-FGD for all three units would be
Tocated behind the chimneys north of each unit. The storage area would need
to be demolished and relocated to make more space available for the FGD
equipment. The limestone and 1ime preparation/storage and waste handling
areas were located in the open area west of unit 1. A factor of 10 percent
was assigned to general facilities because of the demolition and relocation
of the storage area.
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TABLE 23.1.1-1. ALLEN STEAM PLANT OPERATIONAL DATA

BOILER NUMBER

GENERATING CAPACITY (MW-each)
CAPACITY FACTOR (PERCENT)
INSTALLATION DATE

FIRING TYPE

COAL SULFUR CONTENT (PERCENT)
COAL HEATING VALUE (BTU/LB)
COAL ASH CONTENT (PERCENT)
FLY ASH SYSTEM

ASH DISPOSAL METHOD

STACK NUMBER

COAL DELIVERY METHODS

PARTICULATE CONTROL

TYPE

INSTALLATION DATE
EMISSION (LB/MM BTU)
REMOVAL EFFICIENCY
DESIGN SPECIFICATION

SULFUR SPECIFICATION (PERCENT)

SURFACE AREA (1000 SQ FT)
GAS EXIT RATE (1000 ACFM)
SCA (SQ FT/1000 ACFM)
QUTLET TEMPERATURE (°F)

1-3

330

44, 51, 39
1959

CYC

2.20

11700

9.0

WET SLUICE
POND/CN-SITE
1, 2, 3
BARGE

ESP

1972
0.06-0.09
95-97.0

2.5
253.4
1265
200
310

23-3



Retrofit Difficulty and Scope Adder Costs--

The FGD control equipment/absorbers were located in the area directly
behind (north) the ESPs and powerhouse. The absorber lacation for unit 1 was
assigned a low site access/congestion factor because the designated location
is currently an open area/parking lot. The location of the absorbers for
units 2 and 3 was assigned a medium to high site access/congestion factor for
two reasons. First, the water intakes are located close to {on the north
side) units 2 and 3 and, second, the coal conveyor is also close to unit 3.
A1l units were assigned a low site access/congestion factor for L/LS-FGD and
LSD-FGD flue gas handling. Short to moderate duct runs would be required for
all technologies. The limestone storage and preparation area was located in
a Tow site access/congestion area west of unit 1. This area is an abandoned
ash pond site. The sludge dewatering area was located in a low site access/
congestion area just north of the limestone storage and preparation area.

The major scope adjustment costs and retrofit factors estimated for the
FGD control technologies are presented in Tables 23.1.1-2 through 23.1.1-4.
The largest scope adder for the Allen plant would be the conversion of units
1 to 3 fly ash conveying/disposal system from wet to dry for conventional
L/LS-FGD cases. For conventional L/LS-FGD cases, it was assumed that dry fly
ash would be necessary to stabilize scrubber sludge waste. This conversion
is not necessary for forced oxidation L/LS-FGD. The overall retrofit factors
determined for the L/LS-FGD cases ranged from low to moderate (1.24 to 1.51).

LSD-FGD with a new baghouse was the only LSD case considered for the
Allen plant because the ESPs are small and the access/congestion factor for
ducting to the front of the ESPs would be very high. The retrofit factors
determined for the LSD technology case ranged from low to moderate (1.27 to
1.53). Separate retrofit factors were estimated for new particulate
controls. These factors were low to high (1.16 to 1.58) for units 1 to 3
and reflect the access/congestion éssociated with the location of the new
partifu]ate controls. The factors were used by the IAPCS model to estimate
additional costs required for installation of new baghouses.

Table 23.1.1-5 presents the costs estimated for L/LS and LSD-FGD cases.
The LSD-FGD costs include installing new baghouses to handle the additional
particulate loading for boilers 1-3. |
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TABLE 23.1.1-2. SUMMARY OF RETROFIT FACTOR DATA FOR ALLEN UNIT 1

FGD_TECHNOLOGY

FORCED LIME
L/LS FGD OXIDATION SPRAY DRYING

SITE ACCESS/CONGESTION

S02 REMOVAL LOW LOW LOW
FLUE GAS HANDLING LOW LOW
ESP REUSE CASE NA
BAGHOUSE CASE LOW
DUCT WORK DISTANCE (FEET) 100-300  100-300
ESP REUSE ‘ NA
BAGHOUSE 300-600
ESP REUSE NA NA NA
NEW BAGHOUSE NA NA LOW
SCOPE ADJUSTMENTS
WET TO DRY YES NO NO
ESTIMATED COST (1000%) 2734 NA NA
NEW CHIMNEY NO NO NO
ESTIMATED COST (1000§) 0 0 0
OTHER | NO NO NO

RETROFIT FACTORS

FGD SYSTEM 1.31 1.24
ESP REUSE CASE NA
BAGHOUSE CASE ‘ 1.27
ESP UPGRADE NA NA NA
NEW BAGHOUSE ~ NA NA 1.16
GENERAL FACILITIES (PERCENT) 10 10 10
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TABLE 23.1.1-3. SUMMARY OF RETROFIT FACTOR DATA FOR ALLEN.UNIT 2

FGD TECHNOLOGY

FORCED LIME
L/LS FGD OXIDATION SPRAY DRYING

SITE ACCESS/CONGESTION

S02 REMOVAL MEDIUM MEDIUM MEDIUM
FLUE GAS HANDLING LOW LOW
ESP REUSE CASE NA
BAGHOUSE CASE LOW
DUCT WORK DISTANCE (FEET) 100-300 100-300
ESP REUSE NA
BAGHOUSE 300-600
ESP REUSE NA NA NA
NEW BAGHOUSE NA NA MEDIUM

SCOPE ADJUSTMENTS

WET TO DRY - YES NO NO
ESTIMATED COST (1000%) 2734 NA NA
NEW CHIMNEY NO NO NO
ESTIMATED COST (1000$) 0 0 0
OTHER NO NO NO
RETROFIT FACTORS
FGD SYSTEM o 1.4] 1.36
ESP REUSE CASE NA
BAGHOUSE CASE ‘ 1.40
ESP UPGRADE NA NA NA
NEW BAGHOUSE NA NA 1.36
GENERAL FACILITIES (PERCENT) 10 10 10
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TABLE 23.1.1-4. SUMMARY OF RETROFIT FACTOR DATA FOR ALLEN UNIT 3

FGD TECHNOLOGY

FORCED LIME
L/LS FGD OXIDATION:- SPRAY DRYING

SITE ACCESS/CONGESTION _
S02 REMOVAL HIGH HIGH HIGH

FLUE GAS HANDLING - LOW LOW
ESP REUSE CASE NA
BAGHOUSE CASE LOW
DUCT WORK DISTANCE (FEET) 100-300 100-300
ESP REUSE NA
BAGHOUSE 300-600
ESP REUSE NA NA NA
NEW BAGHOUSE NA NA HIGH
SCOPE ADJUSTMENTS
WET TO DRY YES NO NO
ESTIMATED COST (1000$) 2734 NA NA
NEW CHIMNEY NO NO NO
ESTIMATED COST (1000$%) 0 -0 0
OTHER NO NO NO
RETROFIT FACTORS
FGD SYSTEM ' 1.51 - 1.48
ESP REUSE CASE : NA
BAGHOUSE CASE 1.53
ESP UPGRADE NA NA NA
NEW BAGHOUSE NA NA 1.58
GENERAL FACILITIES {PERCENT) 10 10 10
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Table 23.1.1-5. Summary of FGD Control Costs for the Allen Plant (June 1988 Dollars)

Technology 8ciler Main Boiler Capacity Coal Capital Capital Annual  Annual - soe S02 $02 Cost
‘Number Retrofit Size  Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.
Difficulty (MW) (%) Content (3MM) (B/kW) (BMM)} (mills/kwh) (%) {(tons/yr) {3%/ten)

Factor (¢3)

L/S FGD 1 .31 330 4 2.2 81.2 246.0 33.8 26,6  90.0 20917 1616.7
L/S FGD 2 1.41 330 51 2.2 86.6 262.4 36.8 25.0 0.0 24244  1518.2
L/S FGD 3 1.5 330 3% 2.2 92.0 278.7 36.2 32.1 0.0 18540  1954.6
" LJS FoD-C 1 .31 330 44 2.2 81.2 246.0 19.7 15.5 0.0 20917 943.7
L/S FGd-C 2 .41 330 51 2.2 B&.6  262.4 21.5  14.6  90.0 24244 885.9
L/S FGD-C 3 151 330 39 2.2 92.0 278.7 21.2 18.8  90.0 18540  1142.1
LC FGD 1-3 7.41 §90 45 2.2 155.7 157.3 71.3 18.3 20.0 84176 1110.9.
LC FGD-C 1-3 1.41 990 45 2.2 155.7 157.3 41.5 10.6 90.0 &4176 647.3
LSO+FF . .27 330 e 2.2 65.2 197.5 2.0 18.8  87.0 20103  1191.7
LSD+FF 2 1.40 330 51 2.2 73.1 221.6 26.8 18.2  87.0 23301  1151.3
LSD+EF 3 1.53 330 39 2.2 81.7 247.6 27.6 24.5  87.0 7819  1551.2
LSD+FF-C 1 1,27 330 46 2.2 5.2 197.5 14.0 11.0  87.0 20103 697.3
LSD+FF-C 2 1.40 330 51 2.2 73.1 221.6 15.7 10.6 87.0 23301 673.7
LSD+FF-C 3 1.5 330 39 2.2 81.7 267.6 16.2 44 B7.0 17819 909.3
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The Tow cost control case reduces capital and annual operating costs.
The significant reduction in costs is primarily due to the benefits of
economies-of-scale when combining process areas, elimination of spare
scrubber, optimization of scrubber size, and use of organic acid additives.

Coal Switching Costs--

Coal switching can impact boiler performance in several ways. Key
parameters of concern include boiler capacity, furnace slagging, pulverizer
capacity, tube erosion, and coal rate. However, without an ash analysis for
the existing and switch coals, boiler derate or capacity increase cannot be
determined. This is particularly true for cyclone hoilers hecause obtaining
a Tow sulfur bituminous coal having the correct ash fusion temperature may
be quite expensive due to limited availability or transportation distance.
Therefore, Allen plant:-was not considered for the coal switching option.

NOx Control Technology Costs--

This section presents the performance and costs estimated for NOX
controls at the Allen steam plant. These controls include NGR and SCR. NGR
was the LNC modification control for the Allen units because LNB and
OFA are not applicable to cyclone-fired boilers.

Low NOx Combustion--

Units 1-3 are wet bottom, cyclone-fired boifers rated at 330 MW. The
combustion modification technique applied to all three boilers was NGR. As
Table 23.1.1-6 shows, the NGR NOx reduction performance for the boilers was
estimated to be 60 percent.

Table 23.1.1-7 presents the cost of retrofitting NGR at the Allen p]ant.

Selective Catalytic Reduction--

Table 23.1.1-6 presents the SCR retrofit results for each unit. The
results include a process area retrofit factor and scope adder costs. The
scope adders include costs estimated for building and ductwork demolition,
new flue gas heat exchanger, and new duct runs to divert the flue gas from
the ESPs to the reactor and from the reactor to the chimney.
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TABLE 23.1.1-6. SUMMARY OF NOx RETROFIT RESULTS FOR ALLEN

BOILER NUMBER

COMBUSTION MODIFICATION RESULTS

1 2 3
FIRING TYPE cY cY cY
TYPE OF NOx CONTROL NGR NGR NGR
VOLUMETRIC HEAT RELEASE RATE
(1000 BTU/CU FT-HR) NA NA NA
BOILER/WATERWALL SURFACE
AREA HEAT RELEASE RATE
(1000 BTY/SQ FT-HR) NA NA NA
FURNACE RESIDENCE TIME {SECONDS) NA ~_NA NA
ESTIMATED NOx REDUCTION (PERCENT) 60 60 60
SCR RETROFIT RESULTS
SITE ACCESS AND CONGESTION
FOR SCR REACTOR . LOW MEDIUM HIGH
SCOPE ADDER PARAMETERS--
Building Demolition (1000%) 0 117 0
Ductwork Demolition (1000$) 66 . 66 66
New Duct Length (Feet) 100 100 100
New Duct Costs (1000%) 996 996 996
New ‘Heat Exchanger (1000$) 3,815 3,815 3,815
TOTAL SCOPE ADDER COSTS (1000%) 4,877 4,994 4,877
RETROFIT FACTOR FOR SCR 1.16 1.34 1.52
GENERAL FACILITIES (PERCENT) 13 13 13
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Technology

NGR-C
NGR-C
NGR-C

SCR-3
SCR-3
SCR-3

SCR-3-C
SCR-3-C
SCR-3-C

SCR-7
SCR-7
SCR-7

SCR-7-C
SCR-7-C
SCR-7-C

Table 23.1.1-7. NOx Control Cost Results for the Allen Plamt (June 1988 Dollars)

Boiler

Main

Nurber Retrofit Size

Factor

1.00
1.00
1.00

1.00
1.00
1.00

Difficulty (MW)

330
330
330

330
330
330

330
330
330

330
330
330

330
330
330

(%)

44
51
39

44
51
39

44
51
39

[4
51
19

Boiler Capacity Coal
Factor Sutfur
Content

(%)

N NN
e
N NN

~n NN

~N RO

Cost Cost
(EMH)  (3/kW)

5.4 16.2

5.4 16.2

5.4 16.2

5.4 16.2

5.4 16.2
5.4 16.2
44,1 133.5
43.0 145.4
51.6 156.5
46,1 133.5
48.0 145.4
51.6 156.5
Y 133.5
48.0 145.4
51.6 156.5
46 1 133.5
48.0 145.4
51.6  1546.5

Capital Capital Annual
Cost
(MM}

&~
[=-]

15.7
16.
17.4

~0

0 0
LY

Annual
Cost
(mills/k

w
[, ]

12.4
11.4
15.5

[+ )
e
~

10.2

13.1

wh)

NOX NOx
Removed Removed

NOx Cost
Effact.

(%) (tons/yr} (%/ton)

50.
60.
80.

40.
40.
60.

80

80.

80.
a0.
80.

Q 5526 1314.3

0 6405 1295.0
0 4898 1332.3
0 5526 757.3
0 6405 745.7
0 4898 768.2
.0 7368 2137.5.
.0 8540 1976.2
0 6530 2669.8
0 7368 1251.4
0 8540 - 1157.4

0 4530 1565.1

.0 7358 1768.1
.0 8540 1657.5
.0 6530 2253.0
.0 7368 1039.8
.0 8540 974.9
.0 6330 1326.3
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A11 reactors were located directly behind the chimneys (south of each
uhit). The reactor for unit 1 was located in a relatively open area bounded
on one side by the parking lot and on another by the reactor for unit 2.
~ The reactor for unit 2 was located in a more congested area blocked on two
sides by the chimney and the office/storage building. The reactor for
unit 3 was located in a severely congested area blocked on three sides by
the chimney, the gas metering/regulating area, and the coal conveyor. The
ammonia storage system was located northwest of the plant, close to the old
ash disposal area.

As discussed previously, the SCR reactors were placed in various access/
congestion areas. The reactor for unit 1 was assigned a Tow factor, the
reactor for unit 2 assigned a medium factor, and the reactor for unit 3 had a
high factor. A1l reactors were located in areas with high underground
obstructions. The ammonia storage system was located in a low access/
congestion area with no significant underground obstructions. Table 23.1.1-7
presents the estimated cost of retrofitting SCR at units 1 to 3.

Sorbent Injection and Repowering--

This section presents the cost/performance estimates for SOz.contro1
technologies that are under development but have not been demonstrated on
commercial utility boilers. These technologies are presented separately
from the commercialized technologies because the cost/performance estimates
have a high degree of uncertainty due to the lack of commercial scale data.

Duct Spray Drying and Furnace Sorbent Injection--

The sorbent receiving/storage/preparation areas for all units were
located northeast of the plant in a relatively open area in the same manner
as LSD-FGD technology. The retrofit of DSD at the Allen steam plant would
be difficult because of the short duct residence time (<1 second) between
the boilers and the ESPs. Also, the marginal size ESPs (SCAs = 200) might
not be able to handle the increased particulate load from DSD. However,
space is available to upgrade the ESPs by adding plate area, assuming a
medium to high site access/congestion factor for ESP upgrade. Additionally,
the conversidn of the wet ash handling system to dry handling would be
required when reusing the ESPs for FSI. Sufficient duct residence time
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could be made available for DSD if the existing ESPs were used to provide
duct residence time and fabric filters were installed behind the chimneys.
The fabric filters would be Tocated in low to high access/congestion areas.

Tables 23.1.1-8 through 23.1.1-10 present a summary of site access/
congestion factors, scope adders, and retrofit factors estimated for DSD and
FSI technologies at the Allen steam plant. Table 23.1.1-11 presents the
costs estimated to retrofit DSD and FSI at the Allen plant.

Atmospheric Fluidized Bed Combustion and Coal Gasification Applicability--

The AFBC retrofit and AFBC/CG repowering applicability were determined
using the criteria presented in Section 2. The boilers at the Allen plant
are marginal candidates for AFBC retrofit because the boilers are larger
than 300 MW, are of moderate age, have moderate capacity factors, and have
small furnace volumes.

23.1.2 Bull Run Steam Plant

The Bull Run steam plant is located within Anderson County, Tennessee,
as part of the TVA system. The plant contains one coal-fired boiler with a
total gross generating capécity of 950 MW. Figure 23.1.2-1 presents the
plant plot plan showing the Tocation of the boiler and major associated
auxiliary equipment.

Table 23.1.2-1 presents operational data for the éxisting equipment at
the Bull Run steam plant. The boiler burns Tow sulfur coal (0.80 percent
sulfur). Coal shipments are received by rail and conveyed to a coal storage
and handling area located east of the plant.

Particulate matter emissions are controlled with retrofit ESPs located
behind the old ESPs. Ash is wet sluiced to ponds located southwest of the
plant. On-site waste_disposa] is 1imited and TVA is considering two future
options: - the purchase of more land adjacent to the plant or dry disposing
the waste off-site.-

Lime/Limestone and Lime Spray Orying FGD Costs--
Figure 23.1.2-1 shows the general Tayout and location of the FGD control

system. Absorbers for L/LS-FGD and LSD-FGD could be located in three

23-13



TABLE 23.1.1-8. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION
- TECHNOLOGIES FOR ALLEN UNIT 1

ITEM

SITE ACCESS/CONGESTION
REAGENT PREPARATION LOW
ESP UPGRADE (FSI) MEDIUM
NEW BAGHOUSE (DSD) : LOW

SCOPE ADDERS
CHANGE ESP ASH DISCHARGE SYSTEM TO DRY HANDLING YES

ESTIMATED COST (1000%) : 2734
ADDITIONAL DUCT WORK (FT)

NEW BAGHOUSE CASE 300

ESTIMATED COST (1000$) 2771

ESP REUSE CASE NA

ESTIMATED COST (1000%) NA
DUCT DEMOLITION LENGTH (FT) - 50

DEMOLITION COST (1000$) 73
TOTAL COST (1000%)

ESP UPGRADE CASE (FSI) 2807

A NEW BAGHOUSE CASE (DSD) 2844

"RETROFIT FACTORS

CONTROL SYSTEM (DSD SYSTEM ONLY) 1.13
ESP UPGRADE (FSI) 1.34
NEW BAGHOUSE {DSD) 1.13
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TABLE 23.1.1-9. DUCT SPRAY‘DRYING AND FURNACE SORBENT INJECTION

TECHNOLOGIES FOR ALLEN UNIT 2

ITEM

SITE ACCESS/CONGESTION

REAGENT PREPARATION
ESP UPGRADE (FSI)
NEW BAGHOUSE (DSD)

SCOPE ADDERS

CHANGE ESP ASH DISCHARGE SYSTEM TO DRY HANDLING
ESTIMATED COST (1000%)
ADDITIONAL DUCT WORK (FT)
NEW BAGHOUSE CASE
ESTIMATED COST (1000%)
ESP REUSE CASE
ESTIMATED COST (1000%)
DUCT DEMOLITION LENGTH (FT)
DEMOLITION COST (1000%)

TOTAL COST (1000%)
ESP UPGRADE CASE (FSI)
A NEW BAGHOUSE CASE (DsD)

RETROFIT FACTORS
CONTROL SYSTEM (DSD SYSTEM ONLY)

ESP UPGRADE (FSI)
NEW BAGHOUSE {DSD)

LOW
HIGH
MEDIUM
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TABLE 23.1.1-10. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION
TECHNOLOGIES FOR ALLEN UNIT 3

ITEM

SITE ACCESS/CONGESTION
REAGENT PREPARATION LOW
ESP UPGRADE (FSI) HIGH
NEW BAGHOUSE (DSD) 4 HIGH

SCOPE_ADDERS
CHANGE ESP ASH DISCHARGE SYSTEM TO DRY HANDLING YES

ESTIMATED COST (1000$) 2734
ADDITIONAL DUCT WORK (FT)

NEW BAGHOUSE CASE 300

ESTIMATED COST (1000%) 2771

ESP REUSE CASE | NA

ESTIMATED COST (1000%) NA
DUCT DEMOLITION LENGTH (FT) 50

DEMOLITION COST (1000$) | 73
TOTAL COST (1000%)

ESP UPGRADE CASE (FSI) 2807

A NEW BAGHOUSE CASE (DSD) 2844

RETROFIT FACTORS

CONTROL SYSTEM (DSD SYSTEM ONLY) 1.13
ESP UPGRADE (FSI) 1.55
NEW BAGHOUSE (DSD) 1.55
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Table 23.1.1-11. Summary of DSD/FSI Control Costs far the Allen Plant (June 1988 Dollars)

Technology Boiler Main Boiler Capacity Coal Capital Capital Annual  Annual §C2 so2 502 Cost
Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Remcved Effect.
Difficulty (MW) (%) Content (BMM) ($/kW) (SMM) (mills/kwh) (%) (tons/yr} (B/tom)
Factor (%)
DSD+FF 1 1.00 330 44 2.2 40.8 123.6 16.8  13.2 71.0 16443 1020.8
DSD+FF 2 1.00 330 51 2.2 5.4 137.7 18.7 12.7 71.0 19059 281.1
DSO+FF 3 1.00 330 39 2.2 50.3 152.5 18.%6 16.5 71.0 14574 1274.6
DSD+FF-C 1 1.00 330 44 2.2 0.8  123.48 9.8 7.7 71.0 16443 596.0
DSD+FF-C 2 1.00 330 51 2.2 45.4  137.7  10.9 7.4 71.0 19059 572.8
DSD+FF-C 3 1.00 330 39 2.2 50.3 152.5 10.%9 2.6 71.0 14574 745.7
FSI+ESP-50 1 1.00 330 44 2.2 22.7 8.9 13.6 10.7 50.0 11620 1170.8 _
FSI+ESP-50 2 1.00 330 51 2.2 24.0 72.9  15.1 10.2 ~ 50.0 13449 1119.6
FSI+ESP-50 -3 1.00 330 319 2.2 26.0 -72.9 13.1 1.6 50.0 10300 1273.0
FSI+ESP-50-C 1 1.00 330 44 2.2 22.7 48.9 7.9 6.2 50.0 11620 679.6
FSI+ESP-50-C 2 1.00 330 51 2.2 26.0 72.9 3.7 5.9 50.0 13469 649.4
FSI+ESP-50-C L) 1.00 330 19 2.2 24.0 72.9 7.6 6.8 50.0 10300 739.8
FSI+ESP-70 1 1.00 330 44 2.2 22.5 8.6 13.7 10.8 . 70.0 16268 845.0
FSI+ESP-70 1.00 330 51 2.2 23.9 72.5 15.2 10.3 70.0 18857 808.3
FSI+ESP-70 3 1.00 330 39 2.2 3.9 72.5 13.2 1.7 70.0 14420 917.3
FSI+ESP-70-C 1 1.00 330 44 2.2 22.8 8.6 8.0 6.3 70.0 162468 490.3
FSI+ESP-70-C 2 1.00 330 51 2.2 23.9 72.5 8.8 6.0 70.0 18857 4568.8
FSI+ESP-70-C 3 1.00 330 39 2.2 23.9 72.5 7.7 6.8 70.0 14420 533.0
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TABLE 23.1.2-1. BULL RUN STEAM PLANT OPERATIONAL DATA

BOILER NUMBER

GENERATING CAPACITY (MW)
CAPACITY FACTOR (PERCENT)
INSTALLATION DATE

FIRING TYPE

COAL SULFUR CONTENT (PERCENT)
COAL HEATING VALUE (BTU/LB)
COAL ASH CONTENT (PERCENT)
FLY ASH SYSTEM

ASH DISPOSAL METHOD

STACK NUMBER

COAL DELIVERY METHODS

PARTICULATE CONTROL

TYPE
INSTALLATION DATE
EMISSION (LB/MM BTU)
REMOVAL EFFICIENCY
DESIGN SPECIFICATION
SULFUR SPECIFICATION (PERCENT)
SURFACE AREA (1000 SQ FT)
GAS EXIT RATE (1000 ACFM)
SCA (SQ FT/1000 ACFM)
OUTLET TEMPERATURE (°F)

1

950

62

1967

TANG

0.80

11400

13.5

WET SLUICE
POND/OFF-SITE
1

RAIL

ESP

1977
0.02
99.7

0.60
1472.7
2600
566

310




different locations: north, east, or south of unit 1. For this evaluation,
the absorbers were located south of the precipitators which would require
the relocation of a plant road and employee parking lot; therefore, a factor
of 7 percent was assigned to génera] facilities. The limestone and lime
preparation/storage area was located south of the powerhouse and the waste
handling area was placed directly west of the preparation/storage area. '

Retrofit Difficulty and Scope Adder Costs--

Since the Bull Run plant already has switched to a low-sulfur coal, it
is unlikely that scrubbing is needed. However, should this become necessary,
it would be more cost effective to switch to a higher sulfur content coal,
taking into account the fuel cost differential in estimating cost
effectiveness. Costs presented in this report, consequently, are variable
and could change, being dependent upon type of coal utilized, as well as acid
rain legislation.

As mentioned above, the FGD control equipment for unit 1 coﬁ]d be
located to the north, east, or south of the plant. There is high ductwork
access/congestion north of the plant because of the coal conveyor. There is
moderate site access/congestion east of the plant and the railroad would have
to be relocated. It seemed most appropriate to locate the equipment south of
the ESPs where it would be in a Tow site access/congestion area (employee
parking lot) with no major underground obstructions. However, this Tocation
reduces the space available for an additional unit of similar size. Moderate
duct runs would be required for routing the flue gas from the units to the
absorbers.

The major scope adjustment costs and retrofit factors estimated for the
FGD control technologies are presented in Table 23.1.2-2. The most
significant scopé adder for Bull Run would be the conversion of unit 1 fly
ash conveying/disposal system from wet to dry for conventional L/LS-FGD
cases. It was assumed that dry fly ash would be necessary to stabilize
conventional L/LS-FGD scrubber sludge waste. This conversion is not
necessary for forced oxidation L/LS-FGD. The overall retrofit factors
determined for the L/LS-FGD cases were moderate (1.31 to 1.38).

The LSD with reused ESP was the only LSD-FGD technology evaluated at
Bull Run. The retrofit factor determined for this technology was
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TABLE 23.1.2-2. SUMMARY, OF RETROFIT FACTOR DATA FOR BULL RUN UNIT 1

FGD TECHNOLOGY

FORCED LIME
L/LS FGD OXIDATION SPRAY DRYING

SITE ACCESS/CONGESTION

S02 REMOVAL ' LOW LOW LOW
FLUE GAS HANDLING LOW LOW
ESP REUSE CASE MEDIUM
BAGHOUSE CASE NA
DUCT WORK DISTANCE (FEET)  300-600  300-600
ESP REUSE 300-600
BAGHOUSE | NA
ESP REUSE NA NA MEDIUM
NEW BAGHOUSE NA NA NA
SCOPE ADJUSTMENTS
WET TO DRY YES NO YES,
ESTIMATED COST (1000$) 7055 NA 7055
NEW CHIMNEY NO NO NO
ESTIMATED COST (1000$) 0 0 0
OTHER NO NO NO

RETROFIT FACTORS

FGD SYSTEM 1.38 - 1.31
ESP REUSE CASE 1.38
BAGHOUSE CASE NA
ESP UPGRADE NA NA 1.36
NEW BAGHOUSE NA NA NA
GENERAL FACILITIES (PERCENT) 7 7 7
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moderate (1.38). Medium access/congestion was assigned to the flue gas
handling system for this case because there is little space available between
the ESPs and the existing boiler. Although no ESP plate area addition is
expected due to the large SCA (>500) of the existing retrofit ESPs, a
separate factor was developed for the upgrade of the ESPs‘and used by the
IAPCS model to estimate any additional plate area costs, if required. This
factor, estimated for the ESP upgrading cost, was medium (1.36) and reflects
the congestion which exists around the existing ESPs because of the close
proximity of the coal conveyor/chimney.

Table 23.1.2-3 presents the cost estimated for ' L/LS-FGD and LSD-FGD
cases. ' The LSD-FGD costs include upgrading the ESPs and ash handling
systems for boiler 1.

The Tow cost control case reduces capital and annual operating costs.
The significant reduction in costs is primarily due to the benefits of
economies-of-scale when combining process areas, elimination of spare
scrubber module, and optimization of scrubber size.

Coal Switching Costs--
The Bull Run steam plant has already switched to Tow sulfur coal.

NOX Control Technology Costs--

This section presents the performance and various related costs
estimated for NOx controls evaluated at the Bull Run plant. These controls
include LNC and SCR. The application of NOx controls is determined by
several site-specific factors which are discussed in Section 2. The NOx
technologies applied at Bull Run were: OFA and SCR.

Low NOx Combustion--

Unit 1 is a dry bottom, tangential-fired boiler with a net generating
capacity of 950 MW. The NOx combustion control considered in the analysis
for this unit was OFA. Minimal data was available in both the EIA-767 form
and POWER and, as a result, NO reduction performance could not be assessed
using the simplified procedures as presented in Table 23.1.2-4. However,
other boilers of this size and age are estimated to have NOX reductions in
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Table 23.1.2-3. Summary of FGD Control Costs for the Bull Run Plamt (June 1988 Dollars)

TechnoLogy‘ 8cfler Main Boiler Capacity Coal Capital Capital Annual  Annual 502 502 502 Cost
Number Retrofit $Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.

Difficulty (MW) (%) Content (SMM) ($/kW) (3MM)> (mills/kwh) (%} {(tons/yr) ($%/tom)

Factor (%) :

L/S FGD 1 1.38 950 62 0.8 159.2 167.6 72.5 14 .1 $0.0 31788 2281.7
L/S FGD-C 1 1.38 @50 62 0.8 159.2  167.6 42.3 8.2 90.0 31788 1329.7
LC FGD 1 1.38 950 62 0.8 132.4  139.4  &4.4 12.5 90.0 31788 2026.9
LC FGD-C 1 1.38 950 62 0.3 132.4 139.4 37.5 7.3 90.0 31783 1179.9
LSD+ESP 1 1.38 950 62 0.8 100.6 105.9 40.9 7.9 76.0 26949 1516.6
LSD+ESP-C 1 1.38 950 62 0.3 100.6 105.9 23.9 4.6 76.0 26949 "BBS.6
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TABLE 23.1.2-4. SUMMARY OF NOx RETROFIT RESULTS FOR BULL RUN

BOILER NUMBER

COMBUSTION MODIFICATION RESULTS

1

FIRING TYPE TANG

TYPE OF NOx CONTROL OFA

VOLUMETRIC HEAT RELEASE RATE

(1000 BTU/CU FT-HR) . NA
BOILER/WATERWALL SURFACE
AREA HEAT RELEASE RATE
(1000 BTU/SQ FT-HR) NA

FURNACE RESIDENCE TIME (SECONDS) NA

ESTIMATED NOx REDUCTION (PERCENT) 25
SCR RETROFIT RESULTS

SITE ACCESS AND CONGESTION

FOR SCR REACTOR ' LOW

SCOPE ADDER PARAMETERS--

Building Demolition (1000%) 0

Ductwork Demolition (1000%) 146

New Duct Length (Feet) 550

New Duct Costs (1000%) 10171

New Heat Exchanger (1000$) 7195
TOTAL SCOPE ADDER COSTS (1000%) 17513
RETROFIT FACTOR FOR SCR 1.22
GENERAL FACILITIES (PERCENT) 13
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the range of 25 to 30 percent. Table 23.1.2-5 presents the estimated cost
of retrofitting OFA to this boiler.

Selective Catalytic Reduction--

Table 23.1.2-4 presents the SCR retrofit results for unit 1. The
results include a process area retrofit factor and scope adder costs. The
scope adders include costs estimated for ductwork demolition, new heat
exchanger, and new duct runs to divert the flue gas from the ESPs to the
reactor and from the reactor to the chimney.

The SCR reactor and the ammonia storage system were placed in low
access/congestion areas with no significant underground obstructions. The
reactor was located to the east of the plant/ESPs and in close proximity to
part of the railroad. The ammonia storage system location was similar to
that of the limestone storage/preparation area: adjacent to the live coal
storage area (southwest) and directly south of the ESPs and fly ash silo.
Table 23.1.2-5 presents the estimated cost of retrofitting SCR at this boiler.

Sorbent Injection and Repowering--

This section presents the cost/performance estimates for 502 control
technologies that are under development but have not been demonstrated on
commercial utility boilers. These technologies are presented separately
from the commercialized technologies because the cost/performance estimates
have a high degree of uncertainty due to the lack of commercial scale data.

Duct Spray Drying and Furnace Sorbent Injection--

The sorbent receiving/storage/preparation areas were located south of
the plant in a relatively open areé in the same manner as LSD-FGD technology.
The retrofit of DSD and FSI technologies at the Bull Run steam plant would be
relatively easy due to the sufficient flue gas ducting residence time
(4.3 seconds) between the boilers and the retrofit ESPs. No additional
particulate controls would be needed. The conversion of the wet ash handling
system to dry handling would be required when reusing the ESPs for DSD and
FSI technologies. Table 23.1.2-6 presents a summary of site access/
congestion factors, scope adders, and retrofit factors for DSD and FSI
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Table 23.1.2-5. NOx Control Cost Resﬁlts for the Bull Run Plant (Jurne 1988 Dollars)

Technology Boiler Main Beiler Capacity Coal Capital Capital Annual  Annual NOx HOX NOx Cost
Number Retrofit Size Factor Sulfur  Cost Cost Cost Cost Removed Removed Effect.
Difficulty (MwW) (%) Content (SMM) ($/kW) (3MM) (mills/kwh} (%) (tons/yr) ($/ten)

. Factor ) (%)
LNC-OFA 1 1.00 950 62 0.8 1.5 1.6 0.3 0.1 25.0 4245 - 75.9
LNC-CFA-C 1 1.00 950 62 0.8 1.5 1.6 0.2 Q.0 25.0 4245 45.1
SCR-3 1 1.22 950 62 0.8 117.3 123.5 42.4 8.2 80.0 13584 3118.4
SCR-3-C 1 1.22 950 62 0.8 117.3 123.5 24.8 4.8 80.0 13584 1825.3
SCR-7 1 t.22 S50 62 . 0.8 117.3 123.5 34.5 6.7 80.0 13584 2539.3

SCR-7-C 1 1.22 950 &2 0.8 117.3  123.5 20.3 3.9 80.0 13584 1493.6

23-26



TABLE 23.1.2-6. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION
TECHNOLOGIES FOR BULL RUN UNIT 1

ITEM

SITE ACCESS/CONGESTION
REAGENT PREPARATION LOW
ESP UPGRADE , MEDIUM
NEW BAGHOUSE » NA

SCOPE ADDERS _
CHANGE ESP ASH DISCHARGE SYSTEM TO DRY HANDLING YES

- ESTIMATED COST (1000$) 7055
ADDITIONAL DUCT WORK (FT)
NEW BAGHOUSE CASE NA
ESTIMATED COST (1000$) NA
ESP REUSE CASE NA
ESTIMATED COST (10008$) NA
DUCT DEMOLITION LENGTH (FT) 100
DEMOLITION COST (1000§) ‘ 324
TOTAL COST (1000%)
ESP UPGRADE CASE 7379
A NEW BAGHOUSE CASE NA
RETROFIT FACTORS
CONTROL SYSTEM (DSD SYSTEM ONLY) 1.13
ESP UPGRADE 1.34
NEW BAGHOUSE NA
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techno]bgies at the Bull Run steam plant. Table 23.1.2-7 presents the
estimated cost of retrofitting DSD and FSI at this boiler.

Atmospheric Fluidized Bed Combustion and Coal Gasification Applicability--

Using the applicability criteria for AFBC retrofit and AFBC/coal
gasification/combined cycle repcwering discussed in Section 2, the boiler at
- the Bull Run plant is too large to be considered a candidate for retrofit or
repowering. The boiler would not be considered a candidate for AFBC/CG
repowering retrofit because the boi1er size is much larger than 300 MW with
moderate age and high to moderate capacity factor.

23.1.3 Cumberland Steam Plant

Information on Cumbér]and steam plant appears in U.S. EPA report number
EPA-600/7-88/014 entitled "Ohio/Kentucky/TVA Coal-Fired Utility SD2 and NDx
Retrofit Study (NTIS PB88-244447/AS).

23.1.4 Gallatin Steam Plant

The Gallatin steam plant is located within Summer County, Tennessee, as
part of the TVA system. The plant contains four boilers with a total gross
~generating capacity of 1,256 MW. Figure 23.1.4-1 presents the plant plot
plan showing the location of all boilers and major associated auxiliary
equipment.

Table 23.1.4-1 presents operational data for the existing equipment at
the Gallatin steam plant. A1l four boilers burn medium to high sulfur coal
(2.8 percent sulfur). Coal shipments are received by rail and conveyed to a
coal storage and handling area located west of the plant.

Particulate matter emissions for all four boilers are controlled with
retrofit ESPs located behind each unit. Ash from all units is wet sluiced
to ponds on the far side of the coal storage area south of the plant. A
very large on-site waste disposal area is available.

Lime/Limestone and Lime Spray Orying FGD Costs--

Figure 23.1.4-1 shows the general layout and location of the FGD control
system. Absorbers for L/LS-FGD and LSD-FGD for units 1 and 2 were located in

23-28



Table 23.1.2-7. Summary of DSD/FSI Control Costs for the Bull Run Plant (June 1988 Deollars)

Technology Bailer Main Boiler Capacity Coal Capital Capital Annual  Apnual 502 502 502 Cost
Number Retrofit Size Factor Sulfur  Cost Cost Cost Cost Removed Removed Effect.

Difficulty (MW) (%) Content {(3MM) (S/kW) (SMM) (mills/kwh) (%) (tons/yr) ($/ton)

Factor (&3]

DSD+ESP 1 1.00 $50 &2 0.8 33.4 35.2  20.1 3.9 49.0 17183 1172.5
DSO+ESP-C T 1.00 950 62 0.8 33.4 5.2 1.7 2.3 49.0 17183 680.5
FSI+ESP-50 1 1.00 950 62 0.8 30.8 32.4 19.4 1.8 50.0 17660 1100.4
ESI+ESP-50-C 1 1.00 950 62 0.8 30.8 32.4 1.3 2.2 50.0 17660 6538.2
FSI+ESP-T70 1 1.00 950 82 0.8 31.0 32.6 19.8 3.8 70.0 24723 799.0
FSI+ESP-70-C 1 1.00 950 52 0.8 31.0 2.6 11,5 2.2 70.0 24723 463.4
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TABLE 23.1.4-1. GALLATIN STEAM PLANT OPERATIONAL DATA

BOILER NUMBER

GENERATING CAPACITY (MW-each)
CAPACITY FACTOR (PERCENT)
INSTALLATION DATE

FIRING TYPE

COAL SULFUR CONTENT (PERCENT)
COAL HEATING VALUE (BTU/LB)
COAL ASH CONTENT (PERCENT})
FLY ASH SYSTEM

ASH DISPOSAL METHOD

STACK NUMBER -

COAL DELIVERY METHODS

PARTICULATE CONTROL

TYPE
INSTALLATION DATE
EMISSION (LB/MM BTU)
REMOVAL EFFICIENCY
DESIGN SPECIFICATION
SULFUR SPECIFICATION (PERCENT)
SURFACE AREA (1000 SQ FT)
GAS EXIT RATE (1000 ACFM)
SCA (SQ FT/1000 ACFM)
OUTLET TEMPERATURE (°F)

1,2 3,4
300 328
52, 57 72, 76
1956-57 1959
TANG TANG
2.8, 2.7 2.8, 2.7
12300 12300
8.5 8.5
WET SLUICE
POND/ON-SITE
1 2
RAILROAD
ESP ESP
1979-78 1979
0.02 0.0235
99.5 99.5
1.0 1.0
391.7 391.7
920 - 1000
425 427
310 310
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a relatively open area west of and adjacent to the units 1 and 2
precipitators between the plant cooling water discharge channel and the coal
storage area. Absorbers for units 3 and 4 were located in a large open area
south of unit 4. The lime and Timestone preparation/storage area and the
waste handling area were placed south of unit 4. No significant
demolition/relocation was associated with the retrofit of FGD control
technologies at Gallatin; therefore, a low factor of 5 percent was assigned
to general facilities.

Retrofit Difficulty and Scope Adder Costs-- _

Due to the location of the coal conveyor and discharge channel, a medium
access/congestion factor was assigned to the FGD control equipment for
units 1 and 2. The absorbers for units 3 and 4 were located in a large, open
area, south of the plant and the location was assigned a low site access/
congestion factor. For flue gas handling, moderate duct runs for the units
would be required for L/LS-FGD cases since the absorbers are located close to
the ESPs. Medium access/congestion factors were assigned to the L/LS-FGD
flue gas handling for all units reflecting the limited accessibility
associated with routing the duct runs from the ESPs to'the absorbers and back
to the chimneys.

The major scope adjustment costs and estimated retrofit factors for the
FGD control technologies are presented in Tables 23.1.4-2 and 23.1.4-3. The
Targest scope adder for Gallatin would be the conversion of units 1 through 4
fly ash conveying/disposal system from wet to dry for conventional L/LS-FGD
and LSD-FGD cases. It was assumed that dry fly ash would be necessary to
stabilize conventional L/LS-FGD scrubber sludge waste and to prevent plugging
of the sluice lines in LSD-FGD cases. However, this conversion would not be
necessary for the application of forced oxidation L/LS-FGD. The overall
retrofit factors determined for the L/LS-FGD cases were moderate (1.35 to
1.53).
» The LSD with reused ESP was the only LSD-FGD technology considered
because the existing ESPs have large SCAs (>400). The absorbers would be
lTocated in the similar locations as in L/LS-FGD cases. High access/
congestion factors were assigned to the LSD-FGD flue gas handling because of
the need for duct runs from each boiler to the LSD chambers and back to the
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TABLE 23.1.4-2. SUMMARY OF RETROFIT FACTOR DATA FOR GALLATIN UNITS 1-2

FGD TECHNOLOGY

FORCED LIME
L/LS FGD OXIDATION SPRAY DRYING

SITE ACCESS/CONGESTION

S02 REMOVAL MEDIUM MEDIUM MEDIUM
FLUE GAS HANDLING MEDIUM MEDIUM
ESP REUSE CASE HIGH
BAGHOUSE CASE NA
DUCT WORK DISTANCE (FEET) 300-600 300-600
ESP REUSE 300-600
BAGHOUSE NA
ESP REUSE NA NA HIGH
NEW BAGHOUSE NA NA NA
SCOPE ADJUSTMENTS
WET TO DRY YES NO YES
ESTIMATED COST (1000$) 2510 NA 2510
NEW CHIMNEY NO NO NO
ESTIMATED COST (1000$) 0 0 0
OTHER NO NO NO
RETROFIT FACTORS
FGD SYSTEM 1.53 1.47
ESP REUSE CASE 1.56
BAGHOUSE CASE NA
ESP UPGRADE NA NA 1.58
NEW BAGHOUSE NA NA NA
GENERAL FACILITIES (PERCENT) 5 5 5
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TABLE 23.1.4-3.

SUMMARY OF RETROFIT FACTOR DATA FOR GALLATIN UNITS 3-4

FGD TECHNOLOGY

FORCED LIME
L/LS FGD OXIDATION SPRAY DRYING

SITE ACCESS/CONGESTION

S02 REMOVAL LOW LOW LOW
FLUE GAS HANDLING MEDIUM MEDIUM
ESP REUSE CASE HIGH
BAGHOUSE CASE NA
DUCT WORK DISTANCE (FEET) 300-600 -300-600
ESP REUSE 300-5600
BAGHOUSE NA
ESP REUSE NA NA HIGH
NEW BAGHOUSE NA NA NA
SCOPE ADJUSTMENTS
WET TO DRY YES " NO YES
ESTIMATED COST (1000$%) 2719 NA 2719
NEW CHIMNEY NO NO NO
ESTIMATED COST (1000%) 0 0 0
OTHER NO NO NO
RETROFIT FACTORS
FGD SYSTEM 1.42 1.35
ESP REUSE CASE 1.43
BAGHOUSE CASE NA
ESP UPGRADE NA NA 1.58
NEW BAGHOUSE NA NA NA
GENERAL FACILITIES (PERCENT) 5 5 5
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ESPs. The retrofit factors determined for the LSD technologies were
moderate (1.43 to 1.56). A separate factor of 1.58 was estimated for
particulate control upgrading. This factor reflects the ESPs plate area
addition difficulty caused by the access/congestion associated with the .
close proximity of the existing ESPs and was used by the IAPCS model to
determine new particulate control upgrading costs.

Table .23.1.4-4 presents the costs estimated for L/LS and LSD-FGD cases.
The LSD-FGD costs include upgrading the ESPs and ash handling systems for
boilers 1-4.

The low cost control case reduces capital and annual operating costs.
The significant reduction in costs is primarily due to the benefits of
economies-of-scale when combining process areas, elimination of spare
scrubber module, and optimization of scrubber size,

Coal Switching Costs--

Coal switching can impact boiler performance in several ways. Key
parameters of concern include boiler capacity, furnace slagging, pulverizer
capacity, tube erosion, and coal rate. However, without an ash analysis for
the existing and switch coals, boiler derate or capacity increase cannot be
determined.

The ESP performance impacts were evaluated using the IAPCS model to
estimate the needed plate area. This plate area was compared to the
existing area to determine whether SO3 conditioning or additional plate area
was needed. SO3 conditioning was assumed to reduce the needed plate area up
to 25 percent.

Costs were generated to show the impact of two different coal fuel cost
differentials. The costs associated with each boiler for the range of fuel
cost differential are shown in Table 23.1.4-5,

NOX Control Technology Costs--

This section presents the performance and various related costs
estimated for NOX controls at Gallatin. These controls include LNC and SCR.
The application of NOx control technologies is determined by several
site-specific factors which are discussed in Section 2. The NOx
technologies evaluated at Gallatin were: OFA and SCR.
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Table 23.1.4-4. Summary of FGD Control Costs for the Gallatin Plant (June 1988 Dollars)

SE=SE===sszEZ=sCoSE=SEE= = s====== e R AR P R R A R e

Technology Bciler Main Boiler Capacity Coal Capital Capital Annual  Annual 502 s02 $02 Cost
Nutber Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.

Difficulty (MW) {X) Content (TMM) (S/kW) (SMM) (mills/kwh) (%) (tons/yr) (%/ton)

Factor (%)

L/$ FcD 1 1.53 300 52 2.8 85.0 283.3 35.1 26.5 90.0 27006 1338.5
L/S FGD 2 1.53 300 57 2.7 84.7 2825 36.8 26,6 90.0 28545 1290.1
L/S FGD 3 1.42 328 72 2.8 83.6 254.9 40,3 19.5 90.0 40833 985.9
L/S FGD 4 1.42 128 76 2.7 B83.3 254.1 40.8 18.7 90.0 41613 980.3
L/S FGD-C 1 1.53 300 52 2.8 85.0 283.3 21.1 15.4 %0.0 27006 781.0
L/S FGD-C 2 1.53 300 57 2.7 B4.7 282.5 21.5 14.3 90.0 28545 752.5
L/S FGD-C 3 1.642 328 72 2.8 B3.6 254.9 23.5 1.3 90.0 40883 574.0
L/S FGD-C 4 1.42 328 76 2.7 B3.3 254.1 23.7 10.¢9 0.0 41613 570.6
LC FGD 1-2° 1.53 600 55 2.7 109.3 182.2 52.5 18.2 90.0 55088 953.4
LC FGD 3-4 1.42 655 74 2.7 108.8 166.1 60.8 14.3 90.0 80912 751.1
LC FGD-C 1-2 1.53 600 55 2.7 109.3 182.2 30.6 10.6 90.0 55088 555.2
LC FGD-C 3-4 1.42 655 74 2.7 108.8 1686.1 35.3 8.3 90.0 80912 436.4
LSD+ESP 1 1.56 300 52 2.8 46.3 154.4 20.3 14.9 76.0 22895 835.6
LSD+ESP 2 1.56 300 57 2.7 46.0 153.4 20.6 13.7 76.0 24200 850.5
LSD+ESP 3 1.43 328 72 2.8 45.3  138.0 22.9 11.1 76.0 34659 661.7
LSD+ESP 4 1.43 328 76 2.7 45.0 137.1 234 10.6 76.0 35278 653.9
LSD+ESP-C 1 1.56 300 52 2.8 46.3 1544 1.8 8.7 75.0 22895 517.0
LSD+ESP-C 2 1.56 300 57 2.7 46.0 153.4 12.0 8.0 756.0 25200 495.8
LSD+ESP-C 3 1.43 328 72 2.8 45.3 138.0 13.3 6.4 76.0 34659 3185.0
LSD+ESP-C 4 1.43 328 76 2.7 45.0 137,17 13.4 6.1 76.0 35278 380.4
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Table 23.1.4-5. Sumary of Coal Switching/Cleaning Costs for the Gallatin Plant (June 1988 Dollars)

Technology Boiler Main Boiler Capacity Coal Capital Capital Annual  Annual s02 $02 S02 Cost
Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.
Difficulty (MW) (%) Content ($MM) (S/kW) (3MM) " (mills/kwh) (%) (tons/yr) ($/tom)

Factor (€3}

CS/8+315 1 1.00 300 52 2.8 10.3 34.2  20.2 . 14.8 &7.0 20139 1004.9
CS/B+$15 2 1.00 300 57 2.7 10.3 34.2  22.0 16.7 66.0 20901 1051.2
CS/B+815 3 1.00 328 72 2.8 1.1 33.8 29.6 16.3 67.0 30487 971.8
Cs/B+815 4 1.00 328 76 2.7 1.1 3.8 314 14.3 66.0 30469 1022.1
Cs/8+$13-C 1 1.00 300 52 2.8 10.3 4.2 11.6 8.5 §7.0 20139 578.1
CS/8+315-C 2 1.00 300 57 2.7 10.3 3.2 12.6 8.4 66.0 20901 604.5
CS/B+315-C 3 1.00 328 72 2.8 1.1 33.8 17.0 8.2 67.0 30487 558.4
CS/B+%15-C 4 1.00 328 76 2.7 1ma 33.8 17.9 8.2 6.0 30469 587.2
C5/B+$5 1 1.00 300 52 2.8 7.2 23.8 8.4 6.2 67.0 20139 417.4
CS/B+85 2 1,00 300 57 2.7 7.2 3.8 9.1 6.0 66.0 ° 20901 433.2
CS/B+35 3 1.00 328 14 2.8 7.7 23.4 1.9 5.8 67.0 30487 391.8
Cs5/B+35 4 1.00 328 76 2.7 7.7 23.4 12.5 5.7 66.0 30469 410.6
CS/B8+35-C 1 1.00 300 52 2.8 7.2 23.9 4.8 3.5 &7.0 20139 240.7
CS/B+$5-C 2 1.00 300 57 2.7 7.2 23.8 5.2 3.5 66.0 20901 249.7
CsS/8+3$5-C 3 1.00 328 72 2.8 7.7 23.4 6.9 3.3 7.0 30487 225.6
CS/B+35-C 4 1.00 328 76 2.7 7.7 23.4 7.2 3.3 66.0 30469 236.4

23-37



Low NOX Combustion--

Units 1 to 4 are dry bottom, tangential-fired boilers. Units 1 and 2
are rated at 300 MW each and units 3 and 4 are rated at 328 MW each. The NOX
combustion control considered in this analysis was OFA. Tables 23.1.4-6 and
- 23.1.4-7 present the OFA NOx reduction performance results for units 1-2 and
3-4, The NOx reduction performance estimated for units 1 and 2, was
25 percent. The NOx reduction for units 3 and 4 was estimated to be
15 percent. The NOX reduction performance for units 3 and 4 was lower than
that for units 1 and 2 because units 3 and 4 have higher heat release rates
and lower furnace residence time than units 1 and 2. Table 23.1.4-8 presents
the estimated cost of retrofitting OFA at units 1-4.

Selective Catalytic Reduction--

Tables 23.1.4-6 and 23.1.4-7 also present the SCR retrofit results for
each unit. The results include process area retrofit factors and scope adder
“costs. The scope adders include costs estimated for ductwork demolition, new
heat exchanger, and new duct runs to divert the flue gas from the ESPs to the
reactor and from the reactor to the chimneys. 4

The SCR reactors for units 1 and 2 were located west of the plant in a
relatively high access/congestion area. They would be bounded by the coal
conveyor and water discharge channel. The SCR reactors for units 3 and 4
were located southwest of the plant in a relatively low access/congestion
area. The ammonia storage system for all units was also located southwest
of the plant in a relatively open area.

A high access/congestion factor was assigned to the reactors for
units 1 and 2, because each is blocked on three sides by the ESPs, the coal
conveyor, and the discharge channel. Reactors for units 3 and 4 were
assigned a low access/congestion factor because they were located in an
easily accessible and relatively open area adjacent to boiler/ESPs of
unit 4. All reactors were assumed to be in areas with high underground
obstructions. Table 23.1.4-8 presents the estimated cost of retrofitting SCR
at units 1-4. ‘
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TABLE 23.1.4-6. SUMMARY CF NOx RETROFIT RESULTS FOR GALLATIN UNITS 1-3

BOILER NUMBER

COMBUSTION MODIFICATION RESULTS

. 1 2 3 '
FIRING TYPE TANG TANG TANG
TYPE OF NOx CONTROL " OFA OFA OFA
"(1006 BU/CH FTORR) T T Isa 154 164
BOILER/WATERWALL SURFACE

AREA HEAT RELEASE RATE
- (1000 BTU/SQ FT-HR) 34.8 34.8 68.7
FURNACE RESIDENCE TIME (SECONDS) 3.85 3.85 2.89
ESTIMATED NOx REDUCTION (PERCENT) 25 25 15

SCR RETROFIT RESULTS
SITE ACCESS AND CONGESTION
FOR SCR REACTOR HIGH HIGH LOW
SCOPE ADDER PARAMETERS--

" Building Demolition (1000§) O 0 0
Ductwerk Demeclition (1000%) 62 62 66
New Duct Length (Feet) 500 500 490
New Duct Costs (1000§) 4711 4711 4864
Néw Heat Exchanger (1000%) 3603 3603 - 3801

TOTAL SCOPE ADDER COSTS (1000%) 8376 8376 B732

RETROFIT FACTOR FOR SCR | 1.52 1.52 1.16

GENERAL FACILITIES (PERCENT) 13 13 13
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TABLE 23.1.4-7. SUMMARY OF NOx RETROFIT RESULTS FOR GALLATIN UNIT 4

BOILER NUMBER

COMBUSTION MODIFICATION RESULTS

4
FIRING TYPE : TANG
TYPE OF NOx CONTROL OFA
VOLUMETRIC HEAT RELEASE RATE

(1000 BTU/CU FT-HR) 16.4
BOILER/WATERWALL SURFACE

AREA HEAT RELEASE RATE

(1000 BTU/SQ FT-HR) 68.7
FURNACE RESIDENCE TIME (SECONDS) 2.89
ESTIMATED NOx REDUCTION (PERCENT) 15

SCR_RETROFIT RESULTS
SITE ACCESS AND CONGESTION
FOR SCR REACTOR LOW
SCOPE ADDER PARAMETERS--

Building Demolition (1000$) 0
Ductwork Demolition (1000$) 66
New Duct Length (Feet) 290
New Duct Costs (1000%) 2879
New Heat Exchanger (1000%) 3801

TOTAL SCOPE ADDER COSTS (1000%) 6746

RETROFIT FACTOR FOR SCR 1.16

GENERAL FACiLITIES (PERCENT) 13
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Table 23.1.4-8, NOx Contral Cost Results far the Gallatin Plant (Jume 1988 Dallars)

~N 0

Technalogy Boiler Main Beiler Capacity Coal Cepital Cspital Annual  Annual NOX NOX NOx Cast
Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Remaved Effect.
Difficulty (Mw) (€91 Content (SMM) ($/kW) (SMM) (mills/kwhR) (%) (toms/yr) (%/ton)
Factor (%) '
LNC-0FA 1 1.00 300 52 2.8 1.0 3.2 0.2 0.1 25.0 1030 197.2
LNC-OFA 2 1.00 300 57 2.7 1.0 3.2 0.2 0.1 25.0 1130 179.9
LNC-0OFA 3 1.00 328 72 2.8 1.0 3.0 0.2 0.1 15.0 936 225.1
LNC-OFA 4 1.00 328 76 2.7 1.0 3.0 0.2 0.1 15.0 988 213.3
LNC-OFA-C 1 1.00 300 52 2.8 1.0 3.2 0.1 0.1 25.0 1030 17.
LNC-OFA-C 2 ©1.00 300 57 2.7 1.0 3.2 0.1 0.1 25.0 1130 106.
LNC-OFA-C 3 1.00 328 72 2.8 1.0 3.0 0.1 0.1 15.0 936 133.
LNC-OFA-C 4 1.00 328 76 2.7 1.0 3.0 0.1 0.1 15.0 988 126,
SCR-3 1 1.52 300 52 2.8 51.3  170.9 16.4 12.0 80.0 3297 4984 .5
SCR-3 2 1.52 300 57 2.7 51.3 170.9 16.5 11.0 80.0 3415 4569.3
SCR-3 3 1.16 328 72 2.8 47.5 144.8 16.3 7.9 80.0 4992 3260.1
SCR-3 4 1.18 328 74 2.7 455 138.46 16.0 7.3 80.0 5269 3035.4
SCR-3-C 1 1.52 3a0 52 2.8 51.3 170.9 9.6 7.1 80.0 3297 2925.5
SCR-3-C 2 1.52 3e0 57 2.7 51.3  170.9 9.7 6.5 80.0 3815 2581.5
SCR-3-C 3 1.16 328 72 2.8 47.5 144.8 2.5 4.6 0.0 4992 1910.5
SCR-3-C 4 1.16 328 76 2.7 45.5 138.6 9.4 4.3 . 80.0 5269 1\777.9
SCR-7 1 1.52 300 52 2.8 51.3 170.9 14.0 10.2 80.0 3297 42319.6
SCR-7 . 2 1.52 300 57 2.7 51.3  170.9 141 9.4 80.0 3615 3889.8
SCR-7 3 1.16 328 72 2.8 47.5 144.8 13.6 6.6 80.0 4992 2722.2
SCR-7 4 1.16 328 76 2.7 45.5 138.6 13.3 4.1 80.0 5269 2526.0
SCR-7-C 1 1.52 300 52 2.8 170.9 8.2 6.0 80.0 3297 2498.7
SCR-7-C 2 1.52 300 57 2.7 170.9 8.3 5.5 80.0 3615 2252.2
SCR-7-C 3 1.16 328 72 2.8 . 144.8 8.0 1.9 80.0 4992 1602.3
SCR-7-C 4 1.16 328 76 2.7 45.5 134.6 7.8 3.5 80.0 5269 1485.9
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Sorbent Injection and Repowering--

This section presents the cost/performance estimates for 502 control
technologies that are under development but have not been demonstrated on
commercial utility boilers. These technologies are presented separately
from the commercialized technologies because the cost/performance estimates
have a high degree of uncertainty due to the lack of commercial scale data.

Duct Spray Drying and Furnace Sorbent Injection--

The sorbent receiving/storage/preparation areas were located west of the
plant for units 1 and 2 and south of the plant for units 3 and 4 in
relatively open areas where they would be close to the units. The retrofit
of DSD and FSI technologies at the Gallatin steam plant would be possibie
primarily because the retrofit ESPs are large (SCA >400). For reusing the
ESPs, the conversion of wet to dry fly ash handling system would be required
for FSI and DSD technologies. Tables 23.1.4-9 and 23.1.4-10 present a
summary of site access/congestion factors, scope adders, and retrofit factors
for DSD and FSI technologies at Gallatin steam plant.

Table 23.1.4-11 presents the costs estimated to retrofit DSD and FSI at
the Gallatin plant. Where additional ESP plate area was needed, a high
access/congestion factor (1.55) was applied.

Atmospheric Fluidized Bed Combustion and Coal Gasification Applicability--

The AFBC retrofit and AFBC/CG repowering applicability criteria
presented in Section 2 were used to determine the applicability of these
technologies at the Gallatin units. Because.boiler sizes at the Gallatin
plant are not less than 300 MW and the units have moderate/high capacity
factors, they were not considered good candidates for AFBC retrofit and AFBC
or CG/combined cycle repowering.

23.1.5 Johnsonville Steam Plant

Information on Johnsonville steam plant appears in U. S. EPA report
number EPA-600/7-88/014 entitled "Ohio/Kentucky/TVA Coal-Fired Utility $0,
- and NOx Retrofit Study (NTIS PB88-244447/AS).
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TABLE 23.1.4-9. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION
' TECHNOLOGIES FOR GALLATIN UNITS 1-2

1TEM

SITE ACCESS/CONGESTION
REAGENT PREPARATION ' MEDIUM
- ESP UPGRADE ' ' ‘ HIGH
NEW BAGHOUSE NA

SCOPE ADDERS
CHANGE ESP ASH DISCHARGE SYSTEM TO DRY HANDLING YES

ESTIMATED COST (1000$) 2510
ADDITIONAL DUCT WORK (FT)

NEW BAGHOUSE CASE NA

ESTIMATED COST (1000%) NA

ESP REUSE CASE NA

ESTIMATED COST (1000%) NA
DUCT DEMOLITION LENGTH (FT) 50

DEMOLITION COST (10008$) 68
TOTAL COST (1000%) : ‘

ESP UPGRADE CASE 2578

A NEW BAGHOUSE CASE NA

RETROFIT FACTORS

CONTROL SYSTEM (DSD SYSTEM ONLY) 1.25
ESP UPGRADE 1.55
NEW BAGHOUSE ' NA
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TABLE 23.1.4-10. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION
TECHNOLOGIES FOR GALLATIN UNITS 3-4

[TEM

SITE ACCESS/CONGESTION
REAGENT PREPARATION LOW
ESP UPGRADE ’ HIGH
NEW BAGHOUSE : NA

SCOPE ADDERS
CHANGE ESP ASH DISCHARGE SYSTEM TO DRY HANDLING YES

ESTIMATED COST (1000%) 2719
ADDITIONAL DUCT WORK (FT)
NEW BAGHOUSE CASE NA
ESTIMATED COST (1000%) NA
ESP REUSE CASE NA
ESTIMATED COST (1000§) NA
DUCT DEMOLITION LENGTH (FT; 50
DEMOLITION COST (1000% 73
TOTAL COST (1000%) ‘
ESP UPGRADE CASE : 2792
A NEW BAGHOUSE CASE NA
RETROFIT FACTORS
CONTROL SYSTEM (DSD SYSTEM ONLY) 1.13
ESP UPGRADE 1.55

NEW . BAGHOUSE NA
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Table 23.1.4-11. Sumary of 0SD/FS$I Control Costs for the Gallatin Plant (June 1988 Dollars)

Technology Boiler Main Bailer Capacity Coal Capital Capital Annual  Annual S02 so2 502 Cost
Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect,

Difficulty (MW) (%) Cantent (3MM) (S/kW) (3MM) (mills/kwh) (X) (tons/yr) (3/tan)

Factor (%)

DSD+ESP 1 1.00 300 52 2.8 18.4 61.4 12.0 8.8 49.0 14598 824.4
DSC+ESP 2 1.00 300 57 2.7 18.2 60.6 12.3 8.2 49.0 15430 797.3
DSD+ESP 3 1.00 328 72 2.8 19.5 5.3 15.0 7.3 49.0 22099 680.1
DSD+ESP 4 1.00 328 76 2.7 19.2 58.5 15.1 6.9 49.0 22494 673.5
DSD+ESP-C 1 1.00 300 52 2.8 18.4 81.4 7.0 5.1 49.0 14598 478.0
DSD+ESP-C 2 1.00 300 57 2.7 18.2 60.5% 7.1 4.8 49.0 15430 462.1
DSD+ESP-C 3 1.00 328 2 2.8 19.5 59.3 8.7 4,2  49.0 22099 393.6
DSD+ESP-C [ 1.00 328 756 2.7 19.2 58.5 8.8 4.0 49.0 22494 389.7
FSI+ESP-50 1 1.00 300 52 2.8 17.4 58.0 14.2 10.4 50.0 15003 947.0
FSI+ESP-50 2 1.00 300 57 2.7 17.2 57.4 14.7 9.8 50.0 15859 926.8
FSI+ESP-SO 3 1.00 328 72 2.8 18.6 56.8 19.2 2.3 50.0 22713 844.9
FSI+ESP-50 4 1.00 328 76 2.7 18.4 56.2  19.4 3.9 50.0 _ 23118 839.5
FSI+ESP-50-C 1 1.00 300 52 2.8 17.4 58.0 8.2 6.0 50.0 15003 547.8
FSI+ESP-50-C 2 1.00 300 57 2.7 17.2 57.4 8.5 5.7 50.0 1585% 535.9
FSI+ESP-50-C 3 1.00 328 72 2.8 18.6 56.8 5.4 50.0 22713 487.7
FSI+ESP-50-C 4 1.00 328 76 2.7 18.4 56.2 1%.2 5.1 50.0 23118 484.5
FSI+ESP-T70 1 1.00 300 52 2.8 17.7 58.8 14.5 10.6 70.0 21005 690.2
FSI+ESP-70 2 300 57 2.7 17.5 58.2 15.0 10.0 70.0 22202 675.5
FSI+ESP-70 3 . 328 72 2.8 18.9 57.6 19.6 9.5 70.0 31798 616.3
FSI+ESP-70 4 1.00 328 76 2.7 18.7 57.0 19.8 9.1 70.0 32365 612.4
FSI+ESP-70-C 1 1.00 3a0 52 2.8 17.7 58.8 8.4 6.1 70.0 21005 399.2
FSI+ESP-70-C 2 300 57 2.7 17.5 58.2 8.7 5.8 70.0 22202 390.5
FSI+ESP-70-C 3 . 328 72 2.8 18.9 57.6 1.3 5.5 .70.0 31754 355.8
FSI+ESP-70-C [ 2.7 18.7 57.0 5.2 70.0 32365 353.4

1.00 328 76
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23.1.6 Kingston Steam Plant

The Kingston steam plant is located within Roane County, Tennessee, as
part of the TVA system. The plant contains nine coal-fired boilers with a
total gross generating capacity of 1700 MW. Figure 23.1.6-1 presents the
plant plot plan showing the location of all boilers and major associated
auxiliary equipment.

Table 23.1.6-1 presents operational data for the existing equipment at
the Kingston steam plant. All boilers burn low sulfur coal (1.1 percent
sulfur). Cecal shipments are received by rail and conveyed to a coal storage
and handling area located west of the plant. Coal can also be received by
truck. |

Particulate matter emissions for all boilers are controlled with
fetrofit ESPs located west of the old ESPs and chimneys. Ash from all units
is.wet sluiced to a new off-site ash pond.

Lime/Limestone and Lime Spray Drying FGD Costs--

Figure 23.1.6-1 shows the general 1ay0dt and location of the FGD control
system. The absorbers for units 1 to 4 for L/LS-FGD would be located
northwest of the plant in a relatively open area. The location of the
absorbers for units 5 to 9 west of the plant would involve the costly
demolition and relocation of the plant railroad. The absorbers were, as a
result, placed south of the unit 9 powerhouse. The absorbers for units 1 to
9 for LSD-FGD technology would be Tocated in the area between the old
ESPs/chimneys and the retrofit ESPs. The old ESPs/chimneys would have to be
demolished to make space available for LSD-FGD absorbers. '

The 1imestone and 1ime preparation/storage area and waste handling area
for units 1-4 were Tocated north of units 1-4. The limestone and lime
preparation/storage area and the waste handling area for units 5-9 were
placed adjacent to the absorbers for units 5 to 9.

Retrofit Difficulty and Scope Adder Costs--

The FGD equipment for all units was assigned a low access/congestion
factor. The absorbers for units 1 to 4 were placed on what is currently an
employee parking lot while the absorbers for units 5 to 9 were placed in an
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TABLE 23.1.6-1.

KINGSTON STEAM PLANT OPERATIONAL DATA

BOILER NUMBER
GENERATING CAPACITY (MW-each)
CAPACITY FACTOR (PERCENT)
INSTALLATION DATE

FIRING TYPE

COAL SULFUR CONTENT (PERCENT)
COAL HEATING VALUE (BTU/LB)
COAL ASH CONTENT (PERCENT)
FLY ASH SYSTEM

ASH DISPOSAL METHOD

STACK NUMBER

COAL DELIVERY METHODS

PARTICULATE CONTROL

TYPE
INSTALLATION DATE
EMISION (LB/MM BTU)
REMOVAL EFFICIENCY
DESIGN SPECIFICATION
SULFUR SPECIFICATION (PERCENT)
SURFACE AREA (1000 SQ FT)
GAS EXIT RATE (1000 ACFM)
SCA (SQ FT/1000 ACFM)
OUTLET TEMPERATURE (°F)

1-4 5-9
175 200
50-53 50-67
1954 1955
TANG TANG
1.10 1.10
12000 12000
12 12

WET SLUICE
POND/OFF-SITE
1 2
RAIL/TRUCK
ESP £SP
1977-76 1976
0.02 0.01
99.9 99.9
0.9 0.9
287.6 388.8
500 700
575 555
310 310
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open area below (soﬁth) the powerhouse. For flue gas handling, short duct
runs for units 1-4 would be required for L/LS-FGD because the absorbers are
Jocated close to the chimney. Long duct runs for units 5-9 would be
required because absorbers are located away from the ESPs. A low flue gas
handling factor was assigned to units 1 to 4 for L/LS-FGD and a medium
factor was assigned to units 5 to 9. The low flue gas handling factor
reflects the location of the absorber next to the chimney and the fact that
no significant ductwork would be required to route the flue gas from the

- absorbers to the chimney. On the other hand, the location chosen for the
units 5 to 9 absorbers would involve routing the flue gas around units 8 and
9 and then to the absorbers. Also, the duct runs would be adjacent to the
coal conveyor.

The major scope adjustment costs and estimated retrofit factors for the
FGD control technclogies are presented in Tables 23.1.6-2 and 23.1.6-3. The
Targest scope adder for Kingston was the conversion of units 1 through 9 fly
ash conveying/disposal system from wet to dry for conventional L/LS-FGD
cases. It was assumed that dry fly ash would be necessary to stabilize
conventional L/LS-FGD scrubber sludge waste and to prevent plugging of the
sluice Tines for LSD-FGD cases. However, this conversion would not be
necessary for the forced oxidation case. The overall retrofit factors
determined for the L/LS-FGD‘cases ranged from low {1.24 for units 1-4) to
high (1.71 for units 5-9). \

The only LSD-FGD case evaluated was LSD with ESP reuse. The LSD-FGD
absorbers were Tocated in a high site access/congestion area between the old.
ESPs/chimney and retrofit ESPs. To reduce the boiler’s downtime, a bypass
duct would be used to reroute the flue gas around each absorber under
construction. This bypass duct could also be used for other absorbers
during construction. For flue gas handling short duct runs would be
required and a medium site access/congestion factor was assigned to the
flue gas handling system because of access difficulty created by the
powerhouse, ESPs, and existing duct runs. The retrofit factors estimated
were medium (1.53) for all units and did not include particulate control
upgrading costs. A separate retrofit factor was developed for the ESPs
upgrade and used by the IAPCS model to estimate the particulate control
upgrading costs. This factor, estimated for the ESP upgrading cost, was
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TABLE 23.1.6-2. SUMMARY OF RETROFIT FACTOR DATA FOR KINGSTON UNITS 1-4

FGD. TECHNOLOGY

FORCED LIME
L/LS FGD OXIDATION SPRAY DRYING

SITE ACCESS/CONGESTION ° .
S02 REMOVAL LOW LOW HIGH

FLUE GAS HANDLING LOwW LOW
ESP REUSE CASE MEDIUM
BAGHOUSE CASE NA
DUCT WORK DISTANCE (FEET) 100-300 100-300
ESP REUSE 0-100
BAGHOUSE - NA
ESP REUSE NA NA HIGH

NEW BAGHOUSE NA NA NA
SCOPE ADJUSTMENTS |

WET TO DRY YES NO YES
ESTIMATED COST (1000%) 1548 NA 1548

NEW CHIMNEY NO NO NO
ESTIMATED COST {1000%) 0 0 0

OTHER (old ESP’s demolition) NO NO YES

RETROFIT FACTORS

FGD SYSTEM 1.31 1.24
ESP REUSE CASE ‘ 1.53
BAGHOUSE CASE NA
ESP UPGRADE NA NA 1.58
NEW BAGHOUSE - NA NA NA
GENERAL FACILITIES (PERCENT) 7 7 10
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TABLE 23.1.6-3. SUMMARY OF RETROFIT FACTOR DATA FOR KINGSTON UNITS 5-9

FGD TECHNOLOGY

FORCED LIME
L/LS FGD OXIDATION SPRAY DRYING

SITE ACCESS/CONGESTION
S02 REMOVAL LOW LOW HIGH

FLUE GAS HANDLING MEDIUM  MEDIUM
ESP REUSE CASE MED TUM
BAGHOUSE CASE NA

DUCT WORK DISTANCE (FEET) 1000 + 1000 +
ESP REUSE 0-100
BAGHOUSE NA

ESP REUSE NA NA HIGH

NEW BAGHOUSE NA CNA - NA

SCOPE ADJUSTMENTS

WET TO DRY YES NO YES
ESTIMATED COST (1000S) 1745 NA 1745

NEW CHIMNEY YES YES NO
ESTIMATED COST (1000$) 1400 1400 0

OTHER (o1d ESP’s demolition) NO NO YES

RETROFIT FACTORS |

FGD SYSTEM 1.71 1.63
ESP REUSE CASE 1.53
BAGHOUSE CASE NA

ESP UPGRADE NA NA 1.58

NEW BAGHOUSE NA NA NA

GENERAL FACILITIES (PERCENT) 5 5 10
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high (1.58) and reflects the congestion which exists around the existing
ESPs because of the close proximity of ESPs.

Table 23.1.6-4 presents the costs estimated for L/LS FGD and LSD-FGD
cases. The LSD-FGD costs include upgrading the ESPs and ash handling
systems for boilers 1-9.

The low cost control case reduces capital and annual operating costs.
The significant reduction in costs is primarily due to the benefits of
economies-of-scale when combining process areas, elimination of spare
scrubber module, and optimization of scrubber size.

Coal Switching Costs--
The plant has already switched to low sulfur coal.

NOx Control Technology Costs--

This section presents the performance and various related costs
estimated for NOx controls at Kingston. These controls include LNC and SCR
The application qf NOx control technologies is determined by several
site-specific factors which are discussed in Section 2. The NOx
technologies evaluated at Kingston were: OFA and SCR.

Low NO Combustion--

Un1ts 1 to 9 are dry bottom, tangential wall-fired boilers. Units 1 to
4 are rated at 175 MW each and units 5 to 9 are rated at 200 MW each. The
NOx combustion control considered in this analysis was OFA. Tables 23.1.6-5
through 23.1.6-7 present the estimated OFA NOx reduction performance levels
for units 1 to 9. The NOX reduction performance estimated for each of the
nine units was 20 percent which was obtained by examining the effects of heat
release rate and furnace residence time on NOx reduction using the simplified
NOx procedures. Table 23.1.6-8 presents the costs estimated for retrofitting
OFA at the Kingston plant nine boilers.

Selective Catalytic Reduction--

Tables 23.1.6-5 through 23.1.6-7 also present the SCR retrofit results
for each unit. The results include a process area retrofit factor and scope
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Table 23.1.6-4. Summary of FGD Control Costs for the Kingston Plant (June 1988 Dollars)

Technology Boiler Main Boiler Capacity Coal Capital Capital Annual  Annual s02 s02 S02 Cost
Numnber Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.

Difficulty (MW) (%) Content (BMM) ($/kW) (BMM) (mills/kwh) (%) ({toms/yr) ($/tocn)

Factor X)

L/S FGD 1-4 1.7 700 53 1.1 120.3  171.8 52.8 16.2 90.0 25957 2033.8
L/S FGD 5-9 1.71 1000 67 1.1 207.¢  207.9¢ 9.5 15.6 90.0 46876 1951.0
L/S FGD-C 1-4 1.3 700 53 1.1 120.3 171.8 30.8 9.5 $0.0 25957 1186.0
L/5 FGD-C 5-9 1.71 1000 67 1.1 207.¢ 207.9¢ 53.3 9.1 90.0 46876 1137.7
LC FGD 1-4 1.3 700 53 1.1 96.2 137.4 45.5 14.0 90.0 25957 1753.0
LC FGD 5-9 1.717 1000 67 1.1 161.0 161.0 771 13.1 $0.0 46876 1645.8
LC FGD-C 1-4 1.3 700 53 1.1 96.2 137.4 26.5 8.2 90.0 25957 1021.0
LC FGD-C 5-9 1.71 1000 14 1.1 161.0  181.0 44.9 7.7 90.0 46876 958.3
LSD+ESP 1 1.53 175 50 1.1 26.3  150.5 11.1 16.4 746.0 5190 2132.4
LSD+ESP 2 1.53 175 40 1.1 26.3 150.5 10.7 17.5 76.0 4152 2578.5
LSD+ESP 3 1.53 175 60 1.1 26.3  150.5 11.4 12.4 76.0 45228 1835.3
LSD+ESP [ 1.53 175 43 1.1 26.3 150.5 11.5- 1.9 76.0 6539 1764.6
LSD+ESP 5 1.53 200 55 1.1 31.6 157.8 13.0 13.5 76.0 4525 19856.8
LSD+ESP -] 1.53 200 79 1.1 31.6 157.8  14.0 10.1 76.0 9372 1490.0
LSD+ESP 7 1.53 200 3 -1 .6 157.8 13.2 12.4 76.0 7236 1825.8
LSD+ESP 8 1.53 200 40 1.1 31.6 157.8 13.2 12.5 76.0 7118 1850.4
LSD+ESP 9 1.53 200 80 1.1 31.6 157.8 14.0 10.0 76.0 9490 1475.8
LSD+ESP-C 1 1.53 175 50 1.1 26.3 150.5 6.5 8.4 76.0 5190 1244.5
LSD+ESP-C 2 1.53 175 40 1.1 26.3 150.5 6.3 10.2 76.0 4152 1505.7
LSD+ESP-C 3 1.53 175 60 1.1 26,3 150.5 6.7 7.2 76.0 6228 1070.5
LSD+ESP-C 4 1.53 175 63 1.1 26.3 150.5 6.7 7.0 76.0 4539 1029 .1
LSO+ESP-C 5 1.53 200 55 1.1 1.6 157.8 7.6 7.9 76.0 6525 1160.0
LSD+ESP-C 6 1.53 200 s’ 1.1 31,6 157.8 8.1 5.9 76.0 9372 843.8
LSO+ESP-C 7 1.53 200 61 1.1 31.6 157.8 7.7 7.2 76.0 . 7236 1065.6
LSD+ESP-C 8 1.53 200 60 1.1 31.6 157.8 7.7 7.3 76.0 7118 1080.0
LSDYESP-C 9 1.53 200 80 1.1 3.6 157.8 8.2 5.8 76.0 9490 860.5
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TABLE 23.1.6-5. SUMMARY OF NOx RETROFIT RESULTS FOR KINGSTON UNTIS 1-3

BOILER NUMBER

COMBUSTION MODIFICATION RESULTS

1 2 K|
FIRING TYPE TANG TANG TANG
TYPE OF NOx CONTROL OFA OFA OFA
VOLUMETRIC HEAT RELEASE RATE ,
(1000 BTU/CU FT-HR) 14.5 14.5 14.5
BOILER/WATERWALL SURFACE
AREA HEAT RELEASE RATE '
(1000 BTU/SQ FT-HR) 30.2 30.2 30.2
FURNACE RESIDENCE TIME (SECONDS) 3.01 3.01 3.01
ESTIMATED NOx REDUCTION (PERCENT) 20 20 20
SCR RETROFIT RESULTS
SITE ACCESS AND CONGESTION ¥
FOR SCR REACTOR LOW LOW MEDIUM
SCOPE ADDER PARAMETERS--
Building Demolition (1000%) 0 0 0
Ductwork Demolition (1000%) 41 41 41
New Duct Length (Feet) 267 267 200
New Duct Costs (1000%) 1835 1835 1375
New Heat Exchanger (1000%) 2608 2608 2608
TOTAL SCOPE ADDER COSTS (1000%) 4484 4484 4024
RETROFIT FACTOR FOR SCR 1.16 1.16 | 1.34
GENERAL FACILITIES (PERCENT) 13 13 13
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TABLE 23.1.6-6. SUMMARY OF NOx RETROFIT RESULTS FOR KINGSTON UNITS 4-6

BOILER NUMBER

COMBUSTION MODIFICATION RESULTS

4 5 6

FIRING TYPE TANG - TANG TANG

TYPE OF NOx CONTROL OFA OFA OFA

VOLUMETRIC HEAT RELEASE RATE

(1000 BTU/CU FT-HR) ' 14.5 - 16.1 16.1
BOILER/WATERWALL SURFACE
AREA HEAT RELEASE RATE
(1000 BTU/SQ FT-HR) 30.2 25.4 25.4

FURNACE RESIDENCE TIME (SECONDS) _3.01 2.58 2.58

ESTIMATED NOx REDUCTION (PERCENT) 20 20 20
SCR RETROFIT RESULTS

SITE ACCESS AND CONGESTION

FOR SCR REACTOR MEDIUM LOW LOW

SCOPE ADDER PARAMETERS--

Building Demolition (1000%) 0 0 0

Ductwork Demolition (1000%) 41 45 o 45

New Duct Length (Feet) ‘ 167 250 333

New Duct Costs (1000%) : 1148 1858 2475

New Heat Exchanger (1000§) 2608 2825 2825
TOTAL SCOPE ADDER COSTS (1000%) 3797 4729 5346
RETROFIT FACTOR FOR SCR 1.3 1.16 1.16
GENERAL FACILITIES (PERCENT) 13 13 13
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TABLE 23.1.6-7. SUMMARY OF NOx RETROFIT RESULTS FOR KINGSTON UNITS 7-9

BOILER NUMBER

COMBUSTION MODIFICATION RESULTS

7 8 9
FIRING TYPE TANG ~ TANG TANG
TYPE OF NOx CONTROL OFA OFA OFA
VOLUMETRIC HEAT RELEASE RATE
(1000 BTU/CU FT-HR) 16.1 16.1 16.1
BOILER/WATERWALL SURFACE
AREA HEAT RELEASE RATE
(1000 BTU/SQ FT-HR) 25.4 25.4 25.4
FURNACE RESIDENCE TIME (SECONDS)  2.58 2.58 2.58
ESTIMATED NOx REDUCTION (PERCENT) 20 20 20
SCR RETROFIT RESULTS
SITE ACCESS AND CONGESTION
FOR SCR REACTOR - MEDIUM MEDIUM HIGH
SCOPE ADDER PARAMETERS--
Building Demolition (1000%) 0 0 0
Ductwork Demolition (1000$) 45 45 45
New Duct Length (Feet) 267 167 267
New Duct Costs (1000$) 1985 1241 1985
New Heat Exchanger (1000%) 2825 2825 2825
TOTAL SCOPE ADDER COSTS (1000%) 4855 4112 4855
RETROFIT FACTOR FOR SCR 1.34 1.34 1.52
GENERAL FACILITIES (PERCENT) 25 25 25
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Table 23.1.46-8.

NOx Control Cost Results for the Kingston Plant

(June 1988 Dollars)

Technol ogy Boiler Main Boiler Capacity Coal Capital Capital Arnual  Annual NOX NOx NOx Cost
Number Retrofit Size  Factor Sulfur Cost Cost Cost Cost Removed Removed Effect,
Difficulty (MW) (%) Content (3MM) (S/kW) (3MM) (mills/kwh) (%) (tons/yr) (% /ton}
Factor (% '
LNC-0OFA - 1 1.00 175 50 1.1 0.8 4.6 0.2 0.2 20.0 475 344.6
LNC-0OFA 2 - 1.00 175 40 1.1 -0.8 4.4 0.2 0.3 20.0 381 430.7
LNC-OFA 3 1.00 175 60 1.1 0.8 4.4 0.2 0.2 20.0 5N 287.1
LNC-0OFA 4 1.00 175 63 1.1 0.8 4.4 0.2 0.2 20.0 599 273.5
LNC-QFA 5 1.00 200 55 1.1 0.8 4.1 0.2 0.2 20.0 598 289.3
LNC-OFA 6 1.00 200 79 1.1 0.8 4.1 0.2 0.1 20.0 859 201.4
LNC-QFA 7 1.00 200 61 1.1 0.8 4.1 0.2 0.2 20.0° 663 250.9
LNC-0FA 8 1.00 200 60 1.1 0.8 4.1 0.2 0.2 20.0 652 265.2
LNC-OFA 9 1.00 200 80 1.1 0.8 4.1 0.2 0.1 20.0 870 198.9 -
LNC-QFA-C 1 1.00 173 50 1.1 0.8 4.4 0.1 0.1 20.0 476 204.8
LNC-OFA-C 2 1.00 175 40 1.1 0.8 4.4 0.1 0.2 20.0 381 256.0
LNC-OFA-C 3 1.00 175 60 1.1 0.8 4.4 0.1 0.1 20.0 571 170.6
LNC-QFA-C 4 1.00 175 63 1.1 0.8 4.4 0.1 0.1 20.0 599 162.5
LNC-OFA-C 5 1.00 200 55 1.1 0.8 4.1 0.3 0.1 20.0 598 7.7
LNC-OFA-C 6 1.00 200 79 1.1 0.8 4.1 0.1 0.1 20.0 859 119.6
LNC-OFA-C 7 1.00 200 &1 1.1 0.8 4.1 0.1 0.1 20.0 583 154.9
LNC-OFA-C 8 1.00 200 60 1.1 0.8 4.1 0.1 0.1 20.0 652 157.4
LNC-OFA-C 9 1.00 200 g0 1.1 0.8 4.1 0.1 0.1 20.0 870 181
SCR-3 1 1.16 175 50 1.1 27.7 1583 3.2 12.0 80.0 1903 4814.8
SCR-3 2 1.16 175 40 1.1 27.7 158.3 9.1 14.8 80.0 1522 5959.1
SCR-3 3 1.34 175 60 1.1 29.4 169.3 9.7 10.6 B0.0 2283 4268.8
SCR-3 4 1.34 175 &3 1.1 29.4 167.9 9.7 10.1 80.0 2397 4060.8
SCR-3 5 1.16 200 55 1.1 36.4 152.1 10.2 10.6 80.0 2392 6274.5
SCR-3 5 1.14 200 79 1.1 31.1  155.3  10.6 7.7 80.0 3436 3088.3
- SCR-3 7 1.34 200 41 1.1 3.3 17M1.6 11,2 10.5 80.0° 2653 4231.4
' SCR-3 8 1.34 200 60 14 33.6 167.8 1.1 10.5 80.0 2609 4246.7
SCR-3 .9 1.52 200 80 1.9 37.1  185.6 12.1 8.6 80.0 3479 3481.6
SCR-3-C 1 1.16 175 50 1.1 27.7 158.3 5.4 7.0 80.0 1903 2823.8
SCR-3-C 2 1.16 175 40 1.1 27.7 158.3 5.3 8.7 80.0 1522 3495.8
SCR-3-¢ 3 1.34 175 60 1.1 29.6 169.3 5.7 6.2 80.0 2283 2503.9
f—— ss====35s=
continued . .
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Table 23.1.4-8. NOx Control Cost Results for the Kingston Plant (Jume 1988 Dallars) continued . . .

Technoclogy Boiler Main Boiler Capacity Coal Capital Capital Apnual  Apnual NOx NOx NOx Cost
Number Retrofit Size Facter Sulfur Cost Cost Cost Cost Removed Removed  Effect.

Difficulty (MW} (%)  Content (MM} (3/kW) (SMM) (mills/kwh) (%) (toms/yr} (3/ton)

Factor (%)

SCR-3-C & 1.34 175 63 1.1 29.4  167.9 5.7 5.9 80.0 2397 2381.5
SCR-3-C 5 1.16 200 55 1.1 30.4 1521 6.0 6.2 80.0 2392 2506.1
SCR-3-C 3 1.16 200 79 1.1 31 155.3 6.2 4.5 80.0 3436 180%.9
SCR-3-C 7 1.34 200 &1 1.1 343 17T1.8 6.6 8.2 80.0 2653 2682.3
SCR-3-C 8 1.34 200 &0 1.1 33.6 167.8 6.5 6.2 80.0 2609 2490.8
SCR-3-C @ 1.52 200 80 1.1 37.1  185.4 7.1 5.4 80.0 3479 2042.5
SCR-7 1 1.16 175 50 1.1 27.7 158.3 7.7 10.1 80.0 1903 4058.9
SCR-7 2 1.16 173~ 4C 1.1 27.7 158.3 7.6 12.4 80.0 1522 5014.1
SCR-7 3 1.34 175 &C 1.1 29.6 169.3 8.3 9.0 80.0 2283 3638.9
SCR-7 4 1.34 175 63 1.1 29.4 167.9 8.3 8.6 80.0 2397 3450.9
SCR-7 5 1.16 200 55 1.1 30.4 1521 8.6 8.9 80.0 2392 3587.5
SCR-7 & 1.16 200 79 1.1 31.1 1553 9.0 6.5 80.0 3436 2610.0
SCR-7 7 1.34 200 81 1.1 35,3 171.6 9.6 9.0 80.0 2653 3611.9
SCR-7 8 1.34 200 60 1.1 3.6 167.8 9.4 2.0 80.0 2509 3617.0
SCR-7 9 1.52 200 a0 1.1 37.1  185.4  10.5 7.5 80.0 3 3009.2
SCR-7-C 1 1.16 175 50 1.1 27.7  158.3 4.5 5.9 80.0 1903 2390.7
SCR-7-C 2 1.16 175 40 1.1 27.7  158.3 4.5 7.3 80.0 1522 2954.4
SCR-7-C 3 1.34 175 60 1.1 29.6 169.3 4.9 5.3 80.0 2283 2143.0
SCR-7-C 4 1.34 175 63 1.1 29.6  167.% 4.9 5.1 80.0 2397 2037.8
SCR-7-C 5 1.16 200 55 1.1 30.4 152.1 5.1 5.2 80.0 2392 2112.4
SCR-7-C 3 1.16 200 79 1.1 31.4 155.3 5.3 3.8 80.0 3436 1535.9
SCR-7-C 7 1.34 200 81 1.1 363 1M.s 5.6 5.3 80.0 2653 2127.4
SCR-7-C 8 1.34 200 40 1.1 33.6 1467.8 5.6 5.3 80.0 2609 2129.9
SCR-7-C 9 1.52 200 80 1.1 37.1  185.4 6.2 4.4 80.0 3479 1771.9
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adder costs. The scope adders include costs estimated for ductwork
demolition, a new flue gas heat exchanger, and new duct runs to divert the
flue gas from the ESP outlets to the réactor and from the reactor to the
chimney.

The reactor for unit 1 was located north of the units near the ESPs
between both parking lots in a relatively Tow access/congestion area. The
reactors for units 2 to 9 were located northwest of the plant approximately
behind the ESPs of each unit in Tow to high access/congestion areas. The
ammonia storage system was located north of the plant in a relatively open
area.

Reactors for units 1, 2, 5 and 6 were located in low access/congestion
areas. Reactors for units 1 to 2 were located close to the parking lots and
those for units 5 and 6 were Tocated between the ESPs and the railroad
tracks. The reactors for units 3, 4, 7 and 8 were in medium access/
congestion areas because they were placed on either side of the chimneys.
The reactor for unit 9 was located in a high access/congestion area being
blocked on three sides by the ESPs, railroad tracks, and a building. All
reactors were assumed to be in areas with high underground obstructions.
Table 23.1.6-8 presents the costs estimated for retrofitting SCR at the
Kingston plant boilers.

Sorbent Injection and Repowering--

This section presents the cost/perfarmance estimates for SO2 control
technologies that are under develcpment but have not been demonstrated on
commercial utility boilers. These technologies are presented separately
from the commercialized technologies because the cost/performance estimates
have a high degree of uncertainty due to the lack of commercial scale data.

Duct Spray Drying and Furnace Sorbent Injection--

The sorbent receiving/storage/preparation areas for all units would be
Tocated west of the plant similar to the LSD-FGD equipment layout. The
retrofit of DSD and FSI technologies at the Kingston steam plant would be
relatively easy because of sufficient flue gas ducting residence time
(5 seconds) before the retrofit ESPs and no additional particulate controls
would be needed because of the large ESP sizes (SCA >500). Tables 23.1.6-9

23-59



TABLE 23.1.6-9. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION
TECHNOLOGIES FOR KINGSTON UNITS 1-4

ITEM

SITE ACCESS/CONGESTION
REAGENT PREPARATION ' LOW
ESP UPGRADE HIGH
NEW BAGHOUSE NA

SCOPE_ADDERS
CHANGE ESP ASH DISCHARGE SYSTEM TO DRY HANDLING YES

ESTIMATED COST (1000$) 1548
ADDITIONAL DUCT WORK (FT)

NEW BAGHOUSE CASE NA

ESTIMATED COST (1000§) NA

ESP REUSE CASE NA

ESTIMATED COST (1000$) NA
DUCT DEMOLITION LENGTH (FT) 50

DEMOLITION COST (1000$) 46
TOTAL COST (1000$)

ESP UPGRADE CASE 1594

A NEW BAGHOUSE CASE NA

RETROFIT FACTORS

CONTROL SYSTEM (DSD SYSTEM ONLY) 1.13
ESP UPGRADE 1,55
NEW BAGHOUSE NA
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and 23.1.6-10 present a summary of site access/congestion factors, scope
adders, and retrofit factors for DSD and FSI technologies at the Kingston
steam plant. Table 23.1.6-11 presents the costs estimated for retrofitting
DSD and FSI at the Kingston plant. '

Atmospheric Fluidized Bed Combustion and Coal Gasification Applicability-- -

Using the applicability criteria presented in Section 2 for AFBC
retrofit and AFBC/CG/combined cycle repowering, the boilers at Kingston would
be considered good candidates because of their small boiler sizes (<300 MW)
and their age (built prior to 1960). However, the high capacity factor could
. result in large downtime penalties, if reserve capacity or purchase power is
not available at an equipment cost.

23.1.7 John Sevier Steam Plant

The John Sevier steam plant is located within Hawkins County,
Tennessee, as part of the TVA syétem. The plant contains four coal-fired
boilers with a total gross generating capacity of 846 MW. Figure 23.1.7-1
presents the plant plot plan showing the location of the four boilers and
major associated auxiliary equipment.

Table 23.1.7-1 presents operational data for the existing equipmeht at
the John Sevier steam plant. A1l boilers burn medium sulfur coal -

(1.3 percent sulfur). Coal is received by rail and conveyed to a coal
storage and hand]ing area located southwest of the plant. A1l units share
the same conveyor,

Particulate matter emissions for all four boilers are controlled with
ESPs located directly behind each boiler. Ash from all units is wet
sluiced to ponds located on the opposite side of the water discharge
channel, west of the plant. On-site waste disposal is limited and TVA is
considering two options to address this problem: the purchase of more land
adjacent to the plant or dry disposing of the waste off-site.

23-61



TABLE 23.1.6-10. DUCT SPRAY DRYING AND FURNACE‘SORBENT INJECTION
TECHNOLOGIES FOR KINGSTON UNITS 5-9

ITEM

SITE ACCESS/CONGESTION
REAGENT PREPARATION LOW
ESP UPGRADE HIGH
NEW BAGHOUSE NA

SCOPE ADDERS
CHANGE ESP ASH DISCHARGE SYSTEM TO DRY HANDLING YES

ESTIMATED COST (1000$%) 1745
ADDITIONAL DUCT WORK (FT)

NEW BAGHOUSE CASE NA

ESTIMATED COST (1000$%) NA

ESP REUSE CASE ' NA

ESTIMATED COST (1000%) NA
DUCT DEMOLITION LENGTH (FT) ‘ 50

DEMOLITION COST (1000%) 50
TOTAL COST (1000%)

ESP UPGRADE CASE : 1795

A NEW BAGHOUSE CASE NA

RETROFIT FACTORS

CONTROL SYSTEM (DSD SYSTEM ONLY) 1.13
ESP UPGRADE ‘ 1.55
NEW . BAGHOUSE NA
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Table 23.1.6-19. summary of DSD/FSI Control Costs for the Xingston Plant (June 1988 Dollars)

Technology Boiler Maim Boiler Capacity Coal Capital Capital Annual Annual 502 502 S02 Cost
Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.

Difficulty (MW) (%) Content (3MM) (3/kW) (3MM) (miilss/kwh) (%) (tons/yr) (3/ton)

Factor (R

DSD+ESP 1 1.00 175 50 1.1 9.9 56.3 6.2 8.0 49.0 3309 1862.4
DSD+ESP 2 1.00 175 40 1.1 9.9 56.3 5.8 9.5 49.0 2647 2207.3
DSD+ESP 3 1.00 175 40 1.1 9.9 56.3 6.5 7.0 49.0 3071 1632.7
DSD+ESP 4 1.00 175 63 1.1 9.9 56.3 6.6 6.8 49.0 4170 1578.1
DSD+ESP S 1.00 200 55 1.1 11.0 54.9 6.9 7.1 49.0 4140 1648.3
DSD+ESP 3 1.00 200 79 1.1 11.0 56.% 7.7 5.6 49.0 5976 1295.0
DSD+ESP 7 1.00 200 61 1.1 11.0 54.9 7.1 6.6 49.0 4614 1533.8
DSD+ESP 8 1.00 200 &0 1.1 11.0 54.9 7.0 6.7 49.0 4538 1551.3
DSD+ESP 9 1.00 200 80 1.1 11.0 54.9 7.8 5.5 49.0 6051 1284.9-
DSD+ESP-C 1 1.00 175 50 1.1 2.9 56.3 3.6 4.7 49.0 3309 1080.4
DSD+ESP-C 2 1.00 175 40 1.1 2.9 56.3 3.4 5.5 9.0 2647 1281.3
DSD+ESP-C 2 1.00 175 60 1.1 9.9 56.3 3.8 4.1 4.0 3971 946.6
DSD+ESP-C 4 1.00 175 63 1.1 2.9 56.3 1.8 3.9 49.0 4170 914.8
DSD+ESP-C 5 1.00 200 55 1.1 11.0 54.9 4.0 4.1 4%.0 4160 956.2
DSD+ESP-C 6 1.00 200 7% 1.1 1.0 5.9 4.5 3.2 49.0 5975 '750.2
CSD+ESP-C 7 1.00 200 61 1.1 1.0 54.9 4.1 3.8 49.0 4614 ase. 4
DSD+ESP-C 8 1.00 200 60 1.1 11.0 54.9 4.1 3.9 49.0 4538 899.6
USD+ESP-C 9 1.00 200 80 1.1 11.0 54.9 4.5 3.2 49.0 6051 7443
FSI+ESP-50 i 1.00 175 50 i | 9.8 56.0 5.5 7.2 50.0 3401 1618.1
FSI+ESP-50 2 1.00 175 40 1.1 9.8 56.0 5.1 8.3 50.0 2721 1864 .5
FSI+ESP-50 3 1.00 175 60 1.1 9.8 56.0 5.9 6.5 50.0 4081 1454 .2
FSI+ESP-50 4 1.00 175 63 1.1 2.8 56.0 6.1 6.3 50.0 4285 1415.3
FSI+ESP-50 5 1.00 200 55 1.1 10.7 53.5 6.3 6.5 50.0 4276 1464.1
FS1+ESP-50 6 1.00 200 Ial 1.1 10.7 53.5 7.4 5.4 50.0 6141 1212.7
FS1+ESP-50 7 1.00 200 41 1.1 10.7 53.5 6.6 6.1 50.0 4742 1382.5
FSI+ESP-50 8 1.00 200 &0 11 10.7 53.5 6.5 6.2 50.0 4664 1394.9
FSI+ESP-50 .9 1.00 200 80 1.1 10,7 53.5 7.5 5.3 50.0 6219 1205.6
FSI+ESP-50-C 1 1.00 175 50 1.1 2.8 56.0 3.2 4.2 50.0 3401 940.0
FSI+ESP-50-C 2 1.00 175 40 1.1 ?.8 56.0 3.0 4.8 50.0 2721 1084.4
FSI+ESP-50-C 3 1.00 175 60 1.1 9.8 56.0 3.4 1.7 50.0 4081 843.9
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Table 23.1.6-1

1. Summary of DSD/FSI Control Costs for the Kingston Plant (Jure 1988 Dollars) continued . . .

Technology

FSI+ESP-50-C
FSI+ESP-50-C
FSI+ESP-50-C
FSI+ESP-50-C
FSI+ESP-50-C
FSI+ESP-50-C

FS1+ESP-70
FSI+ESP-70
FSI+ESP-70
FSI+ESP-70
FSI+ESP-70
FSI+ESP-70
FSI+ESP-70
FS1+ESP-70
FSI+ESP-70

FSI+ESP-70-C
FSI+ESP-70-C
FSI+ESP-70-C
FSI+ESP-70-C
FSI+ESP-70-C
FSI+ESP-70-C
FS1+ESP-70-C
FS1+ESP-70-C
FS1+ESP-70-C

Boiler Main Boiler Capacity Coal Capital Capital Annual  Annuel s02 s02 502 Cost

Number Retrofit size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.
' Difficulty (MW) (%) Content (EMW) ($/kW) (3MM) (mills/kwh) (%) (tons/yr} (%/ton)

Factor (%)

4 1.00 175 63 1.1 9.9 56.0 3.5 3.6 50.0 4285 821.1
5 1.00 200 55 1.1 10.7 53.5 3.6 3.8 50.0 4276 850.0
[} 1.00 200 72 1.1 10.7 53.5 4.3 3.1 50,0 6141 702.6
7 1.00 200 61 1.1 10.7 53.5 3.8 3.6 50.0 4742 802.2
8 1.00 200 &0 1.1 10.7 53.5 3.8 3.6 50.0 4664 809.5
? 1.00 200 80 1.1 10.7 53.5 4.3 3.1 50.0 6219 698.4
1 1.00 175 50 1.1 9.9 56.7 5.6 7.3 70.0 4761 1172.6
2 1.00 175 40 1.1 9.9 56.7 5.1 8.4 70.0 3809 1350.1 -
3 1.00 175 60 1.1 9.9 56.7 6.0 6.6 70.0 - 5714 1054.5
4 1.00 175 63 1.1 9.9 56.7 6.2 6.4 70.0 5999 1026.5
5 1.00 200 - S5 1.1 10.8 54.2 6.4 6.6 70.0 5984 1061.6
[} 1.00 200 79 1.1 10.8 54.2 7.6 5.5 70.0 8598 880.5
7 1.00 200 51 1.1 10.8 54.2 6.7 6.2 70.0 6439 1002.8
8 1.00 200 &0 1.1 10.8 ° 54.2 6.6 6.3 70.0 6530 1011.8
9 1.00 200 80 1.1 10.8 54.2 7.6 5.4 70.0 8707 875.4
1 1.00 175 50 1.1 9.9 56.7 3.2 4.2 70.0 4761 681.2
2 1.00 175 40 1.1 9.9 56.7 3.0 4.9 70.0 3809 785.2
3 1.00 175 60 t.1 9.9 56.7 3.5 3.8 70.0 5714 611.9
4 1.00 175 63 1.1 9.9 56.7 3.6 3.7 70.0 5699 595.5
5 1.00 200 55 1.1 - 10.8 54.2 3.7 3.8 70.0 5986 616.4
é 1.00 200 79 1.1 10.8 54.2 4.6 3.2 70.0 8598 510.1
7 1.00 200 61 1.1 10.8 54.2 3.9 3.% 70.0 4639 581.9
8 1.00 200 40 1.1 10.8 54.2 3.8 3.6 70.0 6530 587.1
9 1.00 200 80 1.1 10.8 54.2 4.4 3.2 70.0 aro7 507.1
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Figure 23.1.7-1. John Sevier plant plot plan
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TABLE 23.1.7-1. JOHN SEVIER STEAM PLANT OPERATIONAL DATA

BOILER NUMBER

GENERATING CAPACITY (MW-each)
CAPACITY FACTOR (PERCENT)
INSTALLATION DATE

FIRING TYPE

COAL SULFUR CONTENT (PERCENT)
COAL HEATING VALUE (BTU/LB)
COAL ASH CONTENT (PERCENT)
FLY ASH SYSTEM

ASH DISPOSAL METHOD

STACK NUMBER

COAL DELIVERY METHODS

PARTICULATE CONTROL

TYPE .
INSTALLATION DATE
EMISSION (LB/MM 8TU)
REMOVAL EFFICIENCY
DESIGN SPECIFICATION

SULFUR SPECIFICATION (PERCENT)

SURFACE AREA (1000 SQ FT)
GAS EXIT RATE (1000 ACFM)
SCA (SQ FT/1000 ACFM)
OUTLET TEMPERATURE (°F)

1-4

200, 200, 223, 223
68, 68, 83, 85
1955-57

TANG

1.30

12500

11.0

WET SLUICE
POND/ON-SITE
1-2

RAIL

ESP
1973-74
0.02-0.03
99.6-99.7

1.0
315
920
342
310




Lime/Limestone and Lime Spray Drying FGD Costs--

Figure 23.1.7-1 shows the general layout and location of the FGD control
system. Absorbers for L/LS-FGD and LSD-FGD would be located west and
northwest of the plant in a relatively open area. The limestone
preparation/storage area was located directly north of the powerhouse with
the waste handling area being 1o;ated west of the preparation/storage area.

Retrofit Difficulty and Scope Adder Costs--

Most of the FGD control equipment would be located in a relatively low
to medium site access/congestion area with high underground obstruction
created by the cooling water intakes. For flue gas handling, a Tow access/
congestion factor was assumed for all the L/LS-FGD cases evaluated because
there are no obstructions between the absorber locations and the ESPs/
chimneys.

The major scope adjustment costs and estimated retrofit factors for the
FGD control technologies are presented in Table 23.1.7-2. The largest scope
adder for the John Sevier steam plant was the conversion of units 1 to 4 fly
ash conveying/disposal systems from wet to dry for conventional L/LS-FGD and
LSD-FGD cases. It was assumed that dry fly ash would be necessary to
stabilize the L/LS-FGD scrubber sludge waste and to prevent plugging of the
" sluice lines in LSD-FGD cases. Hdwever, this convefsioh is not necessary
for forced oxidation L/LS-FGD. The overall retrofit factors determined for
‘the L/LS-FGD cases were moderate (1.33 to 1.38).

The LSD with a new baghouse was the only LSD-FGD technology considered.
Though large (SCA >300), reuse of the ESPs is not possible given the high
access difficulty for routing of the flue gas from upstream of the ESPs to
the LSD absorbers and back. For the LSD-FGD with a new baghouse case, the
retrofit factor was also moderate (1.51). A medium site access/congestion
‘factor was assigned to the location of the new baghouses and flue gas
handling systems. This factor reflects congestion created by the designed
LSD chambers. |

Table 23.1.7-3'presents the cost estimated for L/LS and LSD-FGD cases.
The LSD-FGD costs include upgrading the ESPs and ash handling systems for
boilers 1-4.
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TABLE 23.1.7-2.

SUMMARY OF RETROFIT FACTOR DATA FOR JOHN SEVIER UNITS 1-4

FGD TECHNOLOGY
FORCED LIME

L/LS FGD OXIDATION SPRAY DRYING

SITE ACCESS/CONGESTION

SO2 REMOVAL

MEDIUM MEDIUM MEDIUM

FLUE GAS HANDLING LOW LOW
ESP REUSE CASE ‘ NA
BAGHOUSE CASE MEDIUM
DUCT WORK DISTANCE (FEET) 0-100 0-100
ESP REUSE NA
BAGHOUSE 300-600
ESP REUSE NA NA NA
NEW BAGHOUSE ' NA NA MEDIUM
SCOPE _ADJUSTMENTS
WET TO DRY YES NO YES
ESTIMATED COST {1000$) 1,745 NA 1,745
NEW CHIMNEY NO NO NO
ESTIMATED COST (1000%) 0 0 0
OTHER YES YES YES
RETROFIT FACTORS
FGD SYSTEM- : 1.38 1.33
ESP REUSE CASE NA
BAGHOUSE CASE 1.51
ESP UPGRADE NA NA NA
NEW BAGHOUSE ' NA NA 1.34
GENERAL FACILITIES (PERCENT) 7 7 7
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Table 23,1.7-3. Sumary of FGD Control Costs for the John Sevier

502 Cost
Effect.
(§/ton)

2326.4
1930.0
1898.5

1356.7
1124.3
1105.8
1217.0
707.2
1820.9
1518.3
1491.5

1065.3
B87.6

Plant (Jure 1988 Dollars)
Technology Boiler Main Boiler Capacity Coal Capital Capital Anmual  Annual sc2 so2

Number Retrofit Size  Factor Sulfur Cost Cost Cost Cost Removed Removed

Difficulty (MW) {%X) Content (3MM) (S/kW) (3HM) (mills/kwh) (%) (tons/yr)

Factar %)

L/S FGD 1, 2 1.38 200 68 1.3 57.0 285.0 25.0 21.0 20.0 10731
L/S FGD 3 1.38 223 a3 1.3 60.5 271.1 28.2 17.4 90.0 14604
L/S FGD 3 1.38 223 85 1.3 60.5 271.1 28.4 17.1 0.0 14956
L/S FGD-C 1, 2 1.38 200 68 1.3 57.0 285.0 14.6 90.0 10731
L/S FGD-C 3 1.38 223 a3 1.3 60.5 271.1  16.4 20.0 14604
L/S FGD-C [ 1.38 223 85 1.3 60,5 271.1  16.5 . %0.0 14956
LC FGD 1-4 1.38 B4S 76 1.3 112.6 133.0 8.7 11.0 %0.0 50730
LC FGD-C 1-4 1.38 B4S 78 1.3 112.6 133.0 35.9 6.4 0.0 50730
LSD+FF 1, 2 1.51 200 48 1.3 50.7 253.6 18.8 15.8 87.0 10313
LSD+FF 3 1.51 223 83 1.3 55.3 247.¢ 21.3 13.1 87.0 14036
LSD+FF 4 1.51 223 8s 1.3 5%.3  247.9 21.4 12.9 87.0 14374
LSD+FF-C 1, 2 1.51 200 68 1.3 50.7 253.6 11.0 9.2 87.0 10313
LSD+FF-C 3 R -3 223 a3 1.3 55.3 247.9¢ 12.5 7.7 87.0 14034
LSD+FF-C 4 1.51 223 85 1.3 $5.3  247.9¢ 12.5 7.5 87.0 14374

871.8
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The low cost control case reduces capital and annual operating costs.
The significant reduction in costs is primarily due to the benefits of
economies-of-scale when combining process areas, elimination of spare
scrubber module, and optimization of scrubber size.

Coal Switching Costs--

Coal switching can“impact boiler performance in several ways. Key
parameters of concern include boiler capacity, furnace slagging, pulverizer
capacity, tube erosion, and coal rate. However, without an ash analysis for
the existing and switch coals, boiler derate or capacity increase cannot be
determined.

The ESP performance impacts were evaluated using the IAPCS model to
estimate the needed plate area. This plate area was compared to the
existing area to determine whether SO3 conditioning or additional plate area
was needed. SO3 conditioning was assumed to reduce the needed plate area up
to 25 percent.

Costs were generated to show the impact of different coal fuel cost
differentials. The costs associated with each boiler for the range of fuel
cost differential are shown in Table 23.1.7-4.

N0x Control Technoleogy Costs--

This section presents the performance and various related costs
estimated for NOx controls at the John Sevier steam plant. These controls
include LNC and SCR. The apptication of NOx control technologies is
determined by several site-specific factors which are discussed in
Section 2. The NOx technologies evaluated at the steam plant were:

OFA and SCR.

Low NOx Combustion-- _

Units 1 to 4 are dry bottom, tangential-fired boilers. Units 1 and 2
are each rated at 200 MW while units 3 and 4 are each rated at 223 MW. The
NOX combustion control considered in this analysis was OFA. Tables 23.1.7-5
and 23.1.7-6 present the OFA NOX estimated reduction performance results for
units 1 to 4. The estimated NOx reduction performance, using the simplified
NOx procedures, was 20 percent for each unit. This performance was used
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Table 23.1.7-4. Summary of Coal Switching/Clesning Costs for the John Sevier Plant (June 1988 Dollars)

Technology Boiler Main Boiler Capacity Coal Capital Capital Apnual  Annual 502 502 S02 Cost
Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Remaved Effect.
Difficulty (MW) (X) Content {SMM) ($/kW) (SMH) (mills/kwh) (X) (tons/yr) (8$/ton)
Factor (%)

Cs/B+$15 1, 2 1.00 200 68 1.3 7.1 35.4 17.2 4.5 28.0 3320 5184.8
CS/B+$15 3 1.00 223 83 1.3 7 34.8 23.0 14.2 28.0 4519 5079.2
CS/B+$15 4 1.00 223 85 1.3 7.8 34.8 23.5 14.1 28.0 4628 5070.3
CS/E+$15-C 1, 2 1.00 200 58 1.3 7.1 35.4 2.9 8.3 23.0 3320 2980.1
CS/8+$15-C 3 1.00 223 83 1.3 7.8 3.8 13.2 a.1 28.0 4519 2917.8
C5/8+%15-C 4 1.00 223 85 1.3 7.8 3;.8 13.% a.1 28.0 4628 2912.5

CS/B+3$5 1, 2 1.00 200 &8 1.3 5.0 25.0 7.0 5.9 28.0 3320 211
CS/B+85 3 1.00 223 83 1.3 5.4 24.4 9.2 5.6 28.0 4519 2026.1
CS/B+%5 4 1.00 223 85 1.3 5.4 24.4 ?.3 5.6 28.0 4628 2019.3
CS/B+385-C 1, 2 1.00 200 68 1.3 5.0 25.0 4.0 3.4 28.0 3320 1216.7
CS/B+%5-C 3 1.00 223 83 1.3 5.4 24.4 5.3 3.3 28.0 4519 1166.2
CS/B+85-C 4 1.00 223 85 1.3 5.4 24.4 5.4 3.2 28.0 4628 1162.2
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TABLE 23.1.7-5. SUMMARY OF NOx RETROFIT RESULTS FOR SEVIER UNITS 1-2

BOILER NUMBER

COMBUSTION MODIFICATION RESULTS

1 2

FIRING TYPE TANG TANG
TYPE OF NOx CONTROL OFA OFA
VOLUMETRIC HEAT RELEASE RATE ‘
(1000 BTU/CU FT-HR) 16.1 16.1
BOILER/WATERWALL SURFACE

AREA HEAT RELEASE RATE

(1000 BTU/SQ FT-HR) 25.4 25.4
FURNACE RESIDENCE TIME (SECONDS) 3.02 3.02
ESTIMATED NOx REDUCTION (PERCENT) 20 20

SCR RETROFIT RESULTS

SITE ACCESS AND CONGESTION
FOR SCR REACTOR LOW LOW

SCOPE ADDER PARAMETERS--

Building Demolition (1000%) 0 NA
Ductwork Demolition (1000%) 45 45
New Duct Length (Feet) 93 93
New Duct Costs (1000$) 691 691
New Heat Exchanger {(1000%) 2825 2825
TOTAL SCOPE ADDER COSTS (1000%) 3562 3562
RETROFIT FACTOR FOR SCR 1.16 1.16
GENERAL FACILITIES (PERCENT) 13 13
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TABLE 23.1.7-6. SUMMARY OF NOx RETROFIT RESULTS FOR SEVIER UNITS 3-4

BOILER NUMBER

COMBUSTION MODIFICATION RESULTS

3 4
FIRING TYPE | TANG - TANG
TYPE OF NOX‘CONTROL OFA OFA
VOLUMETRIC HEAT RELEASE RATE
(1000 BTU/CU FT-HR) 16.1 16.3
BOILER/ﬁATERHALL SURFACE
AREA HEAT RELEASE RATE ‘
(1000 BTU/SQ FT-HR) 25.4 25.2
FURNACE RESIDENCE TIME (SECO&DS) 3.02 3.01
ESTIMATED NOx REDUCTION (PERCENT) 20 20
SCR RETROFIT RESULTS
SITE ACCESS AND CONGESTION
FOR SCR REACTOR LOW LOW
SCOPE ADDER PARAMETERS--
Building Demolition (1000%) NA 0
Ductwork Demolition (1000%) 45 45
.New Duct Length (Feet) 93 93
New Duct Costs (10008) 691 691
New Heat Exchanger (1000%) 2825 2825
TOTAL SCOPE ADDER COSTS (1000%) 3562 3562
RETROF1T FACTOR FOR SCR 1.16 1.16
GENERAL FACILfTIES (PERCENT) 13 13
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based on examining the effects of heat release rates and furnace residence
time on NOx reduction using the simplified procedure. Table 23.1.7-7
presents the costs estimated for retrofitting OFA at the John Sevier plant
boilers.

Selective Catalytic Reduction--

Tables 23.1.7-5 and 23.1.7-6 present the SCR retrofit results for each
unit. The results include process area retrofit factors and scope adder
costs. The scope adders include costs estimated for ductwork demolition, new
flue gas heat exchanger, and new duct runs to drive the flue gas from the
ESPs to the reactors and from the reactors to the chimney.

The SCR reactors and ammonia system were located in a relatively Tow
access/congestion area. Specifically, the reactors were located west of the
plant behind each unit’s ESPs while the ammonia system was located northwest
of the powerhouse. Although the reactors were assigned a low access/
congestion, they were assumed to be in areas with high underground
obstruction. Table 23.1.7-7 presents the costs estimated for retrofitting
SCR at the John Sevier plant boilers.

Sorbent Injection and Repowering--

This section presents the cost/performance estimates for SO2 control
technologies that are under development but have not been demonstrated on
commercial utility boilers. These technologies are presented separately
from the commercialized technologies because the cost/performance estimates
have a high degree of uncertainty due to the lack of commercial scale data.

Duct Spray Drying and Furnace Sorbent Injection--

The sorbent receiving/storage/preparation areas for all units were
located west of the plant in a relatively open area. The short duct runs
from the boiler to the ESPs do not provide sufficient duct residence time.
However, developments in particulate control technology may be used to
modify the existing ESPs by combining advanced ESP technology and spray
dryer technology to remove SO2 and particulate (E-SOX technology)}. Since
all units have large ESP sizes (SCA >340), it was assumed that DSD with ESP
reuse is an alternative low cost method to the new baghouse option. A high
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Table 23.1.7-7. NOx Control Cost Results for the John Sevier Plant (June 1988 Dollars)

Technology Boiler Main Boiler Capacity Coal Capital Capital Annual  Annual ROx NOx NOx Cost
Number Retrofit Size Factor Sulfur Cost Cost Cost Cast Removed Removed Effect.
Difficulty (MW) (%) Content (SMM) (S/kW) (3MM) (mills/kwh) (%) (toms/yr} ($/ton)
Factor %
LNC-OFA 1, 2 1.00 200 &8 1.3 0.8 4.1 0.2 0.1 20.0 706 245.2
LNC-OFA 3 1.00 223 &3 1.3, 0.9 3.8 0.2 0.1 20.0 960 188.0
LNC-OFA [ 1.00 223 85 1.3 0.9 3.8 0.2 0.1 20.0 983 183.6
LNC-QFA-C 1, 2 1.00 200 48 1.3 0.8 4.1 0.1 0.1 20.0 706 145.6
LNC-OFA-C 3 1.00 223 &3 1.3 0.9 1.8 0.1 0.1 20.0 960 111.7
LNC-OFA-C 4 1.00 223 85 1.3 0.9 3.8 0.1 0.1 20.0 983 109.0
SCR-3 1, 2 1.16 200 68 1.3 29.2 146.1 10.1 B.5 80.0 2822 35856.7
SCR-3 3 1.16 223, a3 1.3 1.6 1416 11,2 5.9 £0.0 3841 2927.3 -
SCR-3 4 1.16 223 85 1.3 1.6 141,66 11.3 6.8 3¢.0 3933 2885.2
SCR-3-C 1, 2 1.15 200 68 1.3 29.2  146.1 5.9 5.0 80.0 2822 2101.3
SCR-3-C 3 1.15 223 &3 1.3 .8 141.5 6.8 4.1 80.0 3841 1714.0
SCR-3-C 4 1.16 223 85 1.3 31.6  141.6 6.6 4.0 80.0 3933 1677.6
SCR-7 1, 2 1.18 200 &8 1.3 29.2 146.i 8.5 7.1 80.0 2822 3007.8
SCR-7 3 1.16 223 a3 1.3 31.6  141.6 9.4 5.8 80.0 3841 2453 .1
SCR-7 4 1.16 223 85 1.3 31.6  141.6 9.4 5.7 80.0 1933 2402.2
SCR-7-C 1, 2 1.16 200 &8 1.3 29.2  146.1 5.0 6.2 80.0 2822 1769.7
SCR-7-C 3 1.16 223 a3 1.3 31.6 141.6 5.5 3.4 80.0 3841 1442.3
SCR-7-C 4 1.16 223 85 1.3 1.6 141.6 5.6 3.3 80.0 1913 1412.3
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site access/congestion factor was assigned to the ESP upgrade for the same
reason specified in the LSD-FGD section. The conversion of wet to dry ash
handiing system would also be required for reusing the ESPs for the FSI and
DSD technologies. Table 23.1.7-8 presents a summary of site access/
congestion factors, scope adders, and retrofit factors for DSD and FSI
technologies at the John Sevier plant. Table 23.1.7-9 presents the costs
estimated for retrofitting FSI and DSD at the John Sevier plant.

Atmospheric Fluidized Bed Combustion and Coal Gasification Applicability--
Using the applicability criteria presented in Section 2 for AFBC
retrofit and AFBC/CG/combined cycle repowering, all boilers at John Sevier

would be considered potential candidates for AFBC retrofit and AFBC and
CG/combined cycle repowering because of their small boiler sizes. However,
the high capacity factors of the units indicates marginal benefits for
retrofit/repowering due to downtime cost penalties and minimal heat rate
improvements.
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TABLE 23.1.7-8. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION
TECHNOLOGIES FOR JOHN SEVIER UNITS 1-4

- ITEM

SITE ACCESS/CONGESTION

REAGENT PREPARATION
ESP UPGRADE
NEW BAGHQUSE

SCOPE ADDERS

CHANGE ESP ASH DISCHARGE SYSTEM TO DRY HANDLING
ESTIMATED COST (1000$)
ADDITIONAL DUCT WORK (FT)
NEW BAGHOUSE CASE
ESTIMATED COST (1000$)
ESP REUSE CASE
ESTIMATED COST (1000$)
DUCT DEMOLITION LENGTH (FT)
DEMOLITION COST (1000$)

TOTAL COST (1000%)
ESP UPGRADE CASE
A NEW BAGHOUSE CASE

RETROFIT FACTORS
CONTROL SYSTEM (DSD SYSTEM ONLY)

ESP UPGRADE
NEW BAGHOUSE

MEDIUM
HIGH
NA

1.25
1.55
NA
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Table 23.1.7-9. Summary of DSD/FS] Control Costs for the John Sevier Plant (June 1988 Dollars)

Technology Boiler Main Boiler Capa¢ity Coal Capitat Capital Ammual  Annual s02 $02 S02 Cost
Number Retrofit Size  Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.
Difficulty (MW) (%) Content (ZMM) (5/kiW) (3MM) (mills/kwh) (%) (tons/yr) (3/ton)
Factor (%)
DSD+ESP 1, 2 1.00 200 68 1.3 10.9 564.4 7.4 6.2 49.0 5800 1278.3
DSD+ESP 3 1.00 223 83 1.3 1.6 52.1 8.6 5.3 49.0 7894 1083.6
DSD+ESP 4 1.00 223 85 1.3 11.56 52.1 8.6 5.2 49.0 8084 1068.7
DSD+ESP-C 1, 2 1.00 200 &8 1.3 10.9 S54.4 4.3 3.6 49.0 5800 740.8
DSC+ESP-C 3 1.00 223 a3 1.3 11.6 52.1 5.0 3.9 49.0 7894 627.4
DSD+ESP-C . 4 1.00 223 85 1.3 1.8 52.1 5.0 3.0 49.0 8084 618.7
FSI+ESP-50 1, 2 1.00 200 68 1.3 11.0 ‘ 55.2 7.4 6.2 50.0 5961 1238.9
FSI+ESP-50 3 1.00 223 a3 1.3 1.7 52.5 8.9 5.5 50.0 8113 1097.0
FSI+ESP-50 4 1.00 223 85 1.3 1.7 52.5 9.0 5.4 50.0 830¢ 1086.1
FSI+ESP-50-C 1, 2 1.00 200 68 1.3 11.0 55.2 4.3 3.4 50.0 5961 718.1
FSI+ESP-50-C 3 1.00 223 83 1.3 1.7 52.5 5.2 3.2 50.0 8113 635.0
FSI+ESP-50-C 4 1.00 223 85 1.3 11.7 52.5 5.2 3.1 50.0 8309 628.6
FSI+ESP-70 1, 2 1.00 200 68 1.3 1.1 55.3 7.5 6.3 70.0 8346 895.4
FSI+ESP-70 3 1.00 223 83 1.3 1.7 52.5 9. 5.6 70.0 11358 793.8
FSI+ESP-70 [A 1.00 223 85 1.3 11.7 52.5 9.1 5.5 70.0 11632 784.1
FSI+ESP-70-C 1, 2 1.00 200 &8 1.3 11.1 55.3 4.3 3.6 70.0 8346 519.0
FSI+ESP-70-C 3 1.00 223 a3 1.3 1.7 52.5 5.2 3.2 70.0 11358 459.4
FSI+ESP-70-C 4 1.00 223 85 1.3 11.7 52.5 5.3 3.2 70.0 114632 454.9
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SECTION 24.0 VIRGINIA

24.1 APPALACHIAN POWER COMPANY
24.1.1 Clinch River

The boilers at the Clinch River plant have large roof-mounted ESPs
which are difficult to access; therefore, LSD-FGD with a new baghouse was
considered for these units. Due to the low sulfur coal being fired at this
plant, FGD costs were not presented and CS was not evaluated. Sorbent
injection technologies were not considered because of the short duct
residence time between the boilers and ESPs and the difficulty in accessing
the roof-mounted ESPs. For NOx control, neither LNB nor OFA were an option
since these technologies are not applicable to roof-fired boilers.
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TABLE 24.1.1-1. CLINCH RIVER STEAM PLANT OPERATIONAL DATA *

BOILER NUMBER

GENERATING CAPACITY (MW-each)
CAPACITY FACTOR (PERCENT)
INSTALLATION DATE

FIRING TYPE

FURNACE VOLUME (1000 CU FT)
LOW NOx COMBUSTION

COAL SULFUR CONTENT (PERCENT)
COAL HEATING VALUE (BTU/LB)
COAL ASH CONTENT (PERCENT)
FLY ASH SYSTEM

ASH DISPOSAL METHOD

STACK NUMBER

COAL DELIVERY METHODS

PARTICULATE CONTROL

TYPE

INSTALLATION DATE
EMISSION (LB/MM BTU)
REMOVAL EFFICIENCY
DESIGN SPECIFICATION

SULFUR SPECIFICATION (PERCENT)

SURFACE AREA (1000 SQ FT)
GAS EXIT RATE (1000 ACFM)
SCA (SQ FT/1000 ACFM)
OUTLET TEMPERATURE (°F)

1,2,3

240

82,88,70
1958,58,61
ROOF-FIRED
NA

NGO

0.8

12800

11.6

DRY DISPOSAL
LA?D;ILL/SOLD
1,)
RAILROAD

ESP

1975,74,74
0.05,0.06,0.06
98.9,99.5,99.7

0.5
722.3
900
803
250

* Some information was obtained from plant personnel.



TABLE 24.1.1-2. SUMMARY OF RETROFIT FACTOR DATA FOR CLINCH RIVER
UNIT 1, 20R 3 *

FGD TECHNOLOGY

FORCED LIME
L/LS FGD OXIDATION SPRAY DRYING

SITE ACCESS/CONGESTION |
S02 REMOVAL LOW NA LOW

- FLUE GAS HANDLING HIGH NA
ESP REUSE CASE NA
BAGHOUSE CASE HIGH
DUCT WORK DISTANCE (FEET) 300-600 NA
ESP REUSE
BAGHOUSE 300-600
ESP REUSE NA NA NA
NEW BAGHOUSE NA NA LOW

SCOPE ADJUSTMENTS

WET TO DRY O NO NA NO
ESTIMATED COST (1000$) NA NA NA
NEW CHIMNEY YES NA YES

ESTIMATED COST (1000%$) 1680 0 1680
OTHER NO NO
RETROFIT FACTORS
FGD SYSTEM 1.41 NA .
ESP REUSE CASE NO
BAGHOUSE CASE 1.43
ESP UPGRADE NA NA NA
NEW BAGHOUSE NA NA 1.16
GENERAL FACILITIES (PERCENT) 10,10,15 0 10,10,15

* |/LS-FGD and LSD-FGD absorbers would be located north of
unit 1, on either side of the coal conveyor. ,
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TABLE 24.1.1-3. SUMMARY OF NOx RETROFIT RESULTS FOR CLINCH RIVER

BOILER NUMBER

COMBUSTION MODIFICATION RESULTS

1,2,3 1-2
FIRING TYPE - ROOF-FIRED NA
TYPE OF NOx CONTROL NA NA
FURNACE VOLUME (1000 CU FT) NA NA
BOILER INSTALLATION DATE 1958,58,61 NA
~ SLAGGING PROBLEM NA | NA
ESTIMATED NOx REDUCTION (PERCENT) NA NA
SCR RETROFIT RESULTS*
SCOPE ADDER PARAMETERS--
Building ngolition (1000$) 0 0
Ductwork Demolition (1000%) | 52 88
New Duct Length (Feet) 400 400
New Duct Costs (1000%) 3308 4962
New Heat Exchanger (1000%) 3152 4777
TOTAL SCOPE ADDER COSTS (1000%) 6511 9826
RETROFIT FACTOR FOR SCR | 1.16 1.16
GENERAL FACILITIES (PERCENT) 20,20,38 20

* Cold side SCR reactors for units 1 and 2 would be located north
of unit 1, west of the coal conveyor. Cold side SCR reactors
for unit 3 would be located north of unit 3, east of the coal

' conveyor.
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Table 24.1.1-4. NOx Control Cost Results for the Clinch River Plant (June 1988 Dollars)

Technology Boiler Main Bailer Capacity Coal Capital Capital Ammual  Anrual | NOx NOX NOx Cost
Number Retrofit Size Faetor Sulfur Cost Cost Cost Cost Removed Removed Effect.

Difficulty (MW) (%) Content (SMM) ($/kW) (BMM) (mills/kwh) (X) (tons/yr) ($/ton)’

Factor (%)

SCR-3 1 1.16 240 82 0.8 36.6 152.7 12.7 ~ T.4 80.0 5564 2278.5
SCR-3 2 1.16 240 a8 0.8 36.6 152.7 12.8 6.9 80.0 5971 2139.9
SCR-3 3 1.16 240 70 0.8 38.3  159.7 12.9 g.s 80.0 4749 2717.2
SCR-3 1.2 1,16 480 85 0.8 61.9 128.9 22.8 &.4 80.0 11534 1974.1
SCR-3-C 1 1.16 240 B2 0.8 36.6 152.7 7.4 4.3 80.0 5564 1335.0
SCR-3-C 2 1.16 240 a8 0.8 36.6 152.7 7.5 4.0 80.0 5971 1253.5
SCR-3-C 3 1.16 240 70 0.8 8.3 159.7 7.6 5.1 80.0 4749 1593.0
SCR-3-C 1-2 1.1% 480 8s 0.8 61.9 12a8.¢ 13.3 3.7 80.o0 11534 1155.1
SCR-7 1 1.16 240 82 0.8 36.6 152.7 10.7 6.2 80.0 5564 1927.4
SCR-7 2 1.16 240 88 0.8 36.6 152.7 10.8 5.8 80.0 5971 1812.7
SCR-7 3 1.16 240 70 0.8 18.3 159.7  11.0 7.4 80.0 . 4749 2305.9
SCR-7 1-2 1.186 480 85 0.8 51.9 128.9 14.9 5.3 80.0 115834 1635.4
SCR-7-C 1 1.16 240 32 0.8 36.6 152.7 6.3 3.7 80,0 5564 1133.8
SCR-7-C 2 1.16 240 88 0.8 36.6 152.7 4.4 3.4 80.0 5971 1066.1
SCR-7-C 3 1.16 240 70 0.8 18.3 159.7 6.4 4.4 80.0 4749 1357.3
SCR-7-C 1-2 1.16 480 as 0.8 61.9 128.9 1. 3.1 .80.0 11534 961.0
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24.2 VIRGINIA ELECTRIC & POWER
24.2.1 (Chesterfield
The four coal firing boilers considered for this evaluation are firing

‘a Tow sulfur coal, hence FGD costs were not presented and CS was not
evaluated.

TABLE 24.2.1-1. CHESTERFIELD STEAM PLANT OPERATIONAL DATA

BOILER NUMBER - 3 4 5 6 7
GENERATING CAPACITY (MW-each) 112 188 359 694 210
CAPACITY FACTOR (PERCENT) 27 58 67 46  COMBINED
INSTALLATION DATE 1952 1960 1964 1969 CYCLE

" FIRING TYPE TANGENTIAL PLANNED
FURNACE VOLUME (1000 CU FT) 39 NA  154.5 330
LOW NOx COMBUSTION NO NO NO NO

"COAL SULFUR CONTENT (PERCENT) 1.0

COAL HEATING VALUE (BTU/LB) 12700
COAL ASH CONTENT (PERCENT) 8.5
FLY ASH SYSTEM WET DISPOSAL

ASH DISPOSAL METHOD POND/ON-SITE
STACK NUMBER 1 2 3 4

COAL DELIVERY METHODS RAILROAD

PARTICULATE CONTROL

TYPE ESP*
INSTALLATION DATE NA
EMISSION (LB/MM BTU) NA
REMOVAL EFFICIENCY NA
DESIGN SPECIFICATION
SULFUR SPECIFICATION.({PERCENT) NA
SURFACE AREA (1000 SQ FT) NA
GAS EXIT RATE {1000 ACFM) NA
SCA (SQ FT/1000 ACFM) NA
OUTLET TEMPERATURE {°F) NA

> ég was assumed that units 3, 4, 5, and 6 are equipped with
Ps.
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TABLE 24.2.1-2. SUMMARY OF RETROFIT FACTOR DATA FOR CHESTERFIELD
UNIT 3, 4, OR 5 *

FGD TECHNOLOGY

FORCED LIME
L/LS FGD OXIDATION SPRAY DRYING

SITE ACCESS/CONGESTION

302 REMOVAL i LOW NA LOW
FLUE GAS HANDLING HIGH NA
£ESP REUSE CASE NA
BAGHOUSE CASE HIGH
DUCT WORK DISTANCE (FEET) 600-1000 NA
ESP REUSE
BAGHOUSE 600-1000
ESP REUSE NA NA NA
NEW BAGHOUSE NA - NA LOW
SCOPE ADJUSTMENTS
WET TO DRY YES NA NO
ESTIMATED COST (1000§). 1038-2949 NA NA
NEW CHIMNEY YES NA YES
ESTIMATED COST (1000$) 784-2513 0 784-2513
OTHER NO NO
RETROFIT FACTORS
FGD SYSTEM 1.60 NA
ESP REUSE CASE NA
BAGHOUSE CASE 1.54
ESP UPGRADE NA NA NA
NEW BAGHOUSE NA NA 1.16
GENERAL FACILITIES (PERCENT) 10 0 10

* L/LS-FGD absorbers, LSD-FGD absorbers and new FFs for units 3,
4 and 5 would be located west of unit 6. LSD with a new
baghouse was considered because access to the upstream of the
existing ESPs is difficult.
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TABLE 24.2.1-3. SUMMARY OF RETROFIT FACTOR DATA FOR CHESTERFIELD
UNIT 6 *

FGD TECHNOLOGY

FORCED LIME
L/LS FGD OXIDATION _SPRAY DRYING

SITE ACCESS/CONGESTION

502 REMOVAL LOW NA LOW
FLUE GAS HANDLING HIGH NA
ESP REUSE CASE NA
BAGHOUSE CASE HIGH
DUCT WORK DISTANCE (FEET) 300-600 NA
ESP REUSE
BAGHOUSE 300-600
ESP REUSE NA NA NA
NEW BAGHOUSE NA NA LOW
SCOPE ADJUSTMENTS
WET TO DRY YES NA NO
ESTIMATED COST (1000%) 5324 NA NA
NEW CHIMNEY NO NA NO
ESTIMATED COST (1000%) 0 0 2513
OTHER NO NO
RETROFIT FACTORS
FGD SYSTEM 1.46 NA
ESP REUSE CASE NA
BAGHOUSE CASE 1.36
ESP UPGRADE NA NA NA
NEW BAGHOUSE NA NA 1.16
GENERAL FACILITIES (PERCENT) 10 0 10

* L/LS-FGD and LSD-FGD absorbers for unit 6 would be located west
of unit 6. ‘
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TABLE 24.2.1-4. SUMMARY OF NOx RETROFIT RESULTS FOR CHESTERFIELD

COMBUSTION MODIFICATION RESULTS

FIRING TYPE
TYPE OF NOx CONTROL
FURNACE VOLUME (1000 CU FT)
BOILER INSTALLATION DATE
_ SLAGGING PROBLEM
ESTIMATED NOx REDUCTION (PERCENT)

SCR RETROFIT RESULTS *

SITE ACCESS AND CONGESTION
FOR SCR REACTOR

SCOPE ADDER PARAMETERS--
Building Demolition (1000%)
Ductwork Demolition (1000%)
New DUct‘Length (Feet)

New Duct Costs (1000%)

New Heat Exchanger (1000$)

TOTAL SCOPE ADDER COSTS (1000%)
RETROFIT FACTOR FOR SCR
GENERAL FACILITIES (PERCENT)

BOILER NUMBER

3 4 5 6
TANG  TANG  TANG  TANG
OFA OFA  OFA  OFA
39 NA 154.5 330
1952 1960 1964 1969
NO NO NO NO

25 25 25 25
HIGH  HIGH  HIGH  LOW

0 0 0 0

29 43 71 116
250 400 - 600 500
1324 2867 6280 7695
1995 2722 4013 5960
3348 5633 10363 13770
1.52  1.52 1.52 1.16
38 38 38 20

* Cold side SCR reactors for units 3, 4 and 5 would be located
north of the unit 3 chimney. Cold side SCR reactors for unit 6

would be located west of unit 6.
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Table 24.2.1-5. NOx Control Cost Results for the Chesterfield Plant (June 1988 Dollars)

Technology Boiler Main Boiler Capacity Coal Capital Cepital Annual  Annual NOx NOx NOx Cost
Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.
Difficulty (Mw) (X) Content (SMM) (S/kW) (SMM) (mills/kwh) (X) (toms/yr) (%/ton)
Factor (¢9) ’
LNC-OFA 3 1.00 112 27 1.0 0.6 5.8 0.1 0.5 25.0 193 711.5
LNC-OFA 4 1.00 183 58 1.0 0.8 4.2 0.2 0.2 5.0 654 242.8
LNC-OFA 5 1.00 359 67 1.0 1.0 2.9 0.2 0.1 25.0 1532 142.5
LNC-OFA [ 1.00 694 [%]] 1.0 1.3 1.9 0.3 0.1 25.0 2033 139.7
LNC-QOFA-C 3 1.00 112 2? 1.0 0.6 5.8 0.1 0.3 25.0 193 422.8
LNC-OFA-C 4 1.00 188 58 1.0 0.8 4.2 0.1 0.1 25.0 5§94 144.2
LNC-OFA-C 5 1.00 359 &7 1.0 1.0 2.9 0.1 0.1 25.0 1532 84.6
LNC-OFA-C 6 1.00 69 46 1.0 1.3 1.9 0.2 0.1 25.0 2033 83.0
SCR-3 3 1.52 112 27 1.0 5.6 229.0 7.7 28.¢9 80.0 816 12431.2
SCR-3 4 1.52 188 8 1.0 37.8 200.% 11.7 12.3 80.0 _2222 5283.5
SCR-3 5 1.52 359 67 1.0 62.5 174.0 20.1 9.6 80.0 4901 4111.1
SCR-3 [ 1.16 694 46 1.0 86.7 125.0 30.3 10.9 80.0 6505 4565.6
SCR-3-C 3 1.52 112 27 1.0 25.64 229.0 4.5 17.0 80.0 416 7308.8
SCR-3-C 4 1.52 188 58 1.0 37.8 200.9 6.9 7.2 80.0 2222 3103.3
SCR-3-C 5 1.52 35¢ &7 1.0 62.5 1760 11.8 5.6 80.0 4901 2412.5
SCR-3-C 6 1.16 694 4 1.0 86.7 125.0 17.8 8.4 80.0 4505 2732.9
SCR-7 3 1.52 112 27 1.0 25.6 229.0 6.7 25.5 80.0 616 10949.9
SCR-7 [ .52 133 58 1.0 37.8 200.% 10.2 10.7 80.0 2222 4594.0
SCR-7 5 359 &7 1.0 62.5 174.0 17.2 a.2 80.0 4901 3514.2
SCR-7 6 .16 696 46 1.0 B8.7 125.0 24.7 8.8 80.0 4505 3796.2
SCR-7-C 3 1.52 112 27 1.0 25.6 229.0 4.0 15.0 80.0 616 6460.2
SCR-7-C 4 1,52 188 58 1.0 37.8 200.% 6.0 6.3 80.0 2222 2708.3
SCR-7-C S 1.52 356 a7 1.0 62.5 174.0 10.1 4.8 80.0 4901 2070.5
SCR-7-C [ 1.16 694 L& 1.0 86.7 125.0 14.5 5.2 80.0 6505 2234.8
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24.2.2 Portsmouth Steam Plant

FGD retrofit factors were developed for units 3 and 4 at the Portsmouth
plant; however, costs are not shown since the boilers fire a low sulfur

coal. In addition, CS was not evaluated.
because they are oil-fired.

TABLE 24.2.2-1.

Units 1 and 2 were not evaluated

PORTSMOUTH STEAM PLANT OPERATIONAL DATA

BOILER NUMBER
GENERATING CAPACITY

é % 113
CAPACITY FACTOR (PERCENT)

2 3 4
113 185 239

'RESERVE SHUTDOWN 45 44
INSTALLATION DATE 1953 1954 1959 1962
FIRING TYPE TANGENTIAL FRONT WALL TANGENTIAL
FURNACE VOLUME (1000 CU FT) PETROLEUM 84.7 122
LOW NOx COMBUSTION BURNING NO NO
COAL SULFUR CONTENT (PERCENT) 1.0
COAL HEATING VALUE éBTU LB) 12800
COAL ASH CONTENT (PERCENT) 7.5
FLY ASH SYSTEM WET
ASH DISPOSAL METHOD POND/OFF-SITE
STACK NUMBER 1 2 3 4
COAL DELIVERY METHODS RAILROAD
PARTICULATE CONTROL
TYPE ESP ESP*
INSTALLATION DATE NA NA
EMISSION éLB/MM BTU) NA NA
REMOVAL EFFICIENCY NA NA
DESIGN SPECIFICATION
SULFUR SPECIFICATION (PERCENT) NA NA
SURFACE AREA (1000 SQ FT) NA NA
EXIT GAS FLOW RATE (1600 ACFM) NA NA
SCA éSQ FT/1000 ACFM) NA NA
OUTLET TEMPERATURE (°F) NA NA

* The SCA size of the ESPs was assumed to be 300.
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TABLE 24.2.2-2.

SUMMARY OF RETROFIT FACTOR DATA FOR PORTSMOUTH |
UNITS 3 AND 4 *

FGD TECHNOLOGY

FORCED

LIME

L/LS FGD OXIDATION SPRAY DRYING

SITE ACCESS/CONGESTION

S02 REMOVAL
FLUE GAS HANDLING
ESP REUSE CASE
BAGHOUSE CASE
DUCT WORK DISTANCE (FEET)
ESP REUSE
BAGHOUSE
ESP REUSE
NEW BAGHOUSE

SCOPE ADJUSTMENTS

WET TO DRY

ESTIMATED COST (1000%)
NEW CHIMNEY

ESTIMATED COST (10005)
OTHER

RETROFIT FACTORS

FGD SYSTEM
ESP REUSE CASE
BAGHOUSE CASE
ESP UPGRADE
. NEW BAGHOUSE

LOW
HIGH

100-300

NA
NA

YES
1627,2047
YES
1295,1673
NO

1.4]

NA
NA

GENERAL FACTILITIES {PERCENT) 10

NA

NA

NA

NA
NA

NA
NA

NA

NA
NA

Y

LOW

HIGH
NA

300-600
NA
LOW
NA

YES
1627,2047
NO

0

NO

1.43

10

* L/S-FGD and LSD-FGD absorbers for units 3 and 4 would be
located east of the chimneys behind the retrofit ESPs.

24-12



TABLE 24.2.2-3. SUMMARY OF NOx RETROFIT RESULTS FOR PORTSMOUTH

COMBUSTION MODIFICATION RESULTS

FIRING TYPE
- TYPE OF NOx CONTROL
FURNACE VOLUME (1000 CU FT)
BOILER INSTALLATION DATE
SLAGGING PROBLEM
ESTIMATED NOx REDUCTION (PERCENT)

SCR RETROFIT RESULTS *

SITE ACCESS AND CONGESTION
FOR SCR REACTOR

SCOPE ADDER PARAMETERS--
Building Demolition (1000%)
Ductwork Demolition (1000%)
New Duct Length (Feet)

New Duct Costs (1000%)

New Heat Exchanger (1000%)

TOTAL SCOPE ADDER COSTS (1000%)
RETROFIT FACTOR FOR SCR
GENERAL FACILITIES (PERCENT)

BOILER NUMBER

3 4
FWF TANG
LNB OFA
84.7 122
1959 1962
NO NO
31 25
LOW LOW
0 0

43 52
200 200
1420 1650
2696 3144
4159 4846
1.16 1.16
20 20

* Cold side SCR reéctors for units 3 and 4 would be Tocated

beside the retrofit ESPs.
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Table 26.2.2-4. /:mx Control Cost Results for the Portsmouth Plant (June 1988 Deollars)

Technology Boiler Main Boiler Cepacity Coal Capital Capitel Anrual  Annual NOx NOX NOx Cost
Number Retrofit Size Factor Sulfur Cost Cost Cost cost Removed Removed Effect.

pifficulty (MW) (%) Content (SMM) (S/kW) (SMM) (mills/kwh) (%) (tonms/yr) (%/ton)

Factor (%)

LNC-LNB 3 1.00 185 45 1.0 3.3 17.6 0.7 0.9 31.0 912 756.5
LKC-LNB-C 3 1.00 185 45 1.0 3.3 17.6 0.4 0.6 31.0 12 449.5
LNC-OFA 4 1.00 239 44 1.0 0.9 3.7 0.2 a.2 25,0 664 279.4
LNC-DFA-C 4 1.00 239 % 1.0 0.9 3.7 0.1 0.1 25.0 564 - 166.1
SCR-3 3 1.16 185 45 1.0 28.7 155.3 9.6 1341 80.0 2353 4060.3
SCR-3 4 1.16 239 44 1.0 35.1  146.7  11.7 12.7 80.0 2124 5520.9
SCR-3-C 3 1.16 185 45 1.0 28.7 155.3 5.6 7.7 80.0 2353 2381.0
SCR-3-C 4 1.16 239 44 1.0 35.1  146.7 6.9 7.5 80.0 2124 3237.2
SCR-7 3 1.16 185 45 1.0 28.7 155.3 8.1 11.0 80.0 2553 3420.5
SCR-7 4 1.186 239 44 1.0 35.1  146.7 9.8 10.6 80.0 2124 4604 .8
SCR-7-C 3 1.16 185 45 1.0 28.7 155.3 4.7 6.5 80.0 2353 2014.4
SCR-7-C [ 1.18 239 44 1.0 35.1  146.7 5.8 6.3 80.0 2124 2712.2
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TABLE 24.2.2-5. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION
TECHNOLOGIES FOR PORTSMOUTH UNITS 3 AND 4

ITEM |
SITE_ACCESS/CONGESTION
REAGENT PREPARATION | LOW
ESP UPGRADE | LOW
NEW BAGHOUSE A NA

SCOPE_ADDERS
CHANGE ESP ASH DISCHARGE SYSTEM TO DRY HANDLING YES

ESTIMATED COST (1000$) 1627, 2047
ADDITIONAL DUCT WORK (FT) .
NEW BAGHOUSE CASE NA
ESTIMATED COST (1000%) NA
ESP REUSE CASE NA
ESTIMATED COST {1000$ NA
DUCT DEMOLITION LENGTH (F 50
DEMOLITION COST (1000$3 . 47,57
TOTAL COST (1000%) '
ESP UPGRADE CASE 1674,2104
A NEW BAGHOUSE CASE NA
RETROFIT FACTORS
CONTROL SYSTEM (DSD SYSTEM ONLY) 1.13
ESP UPGRADE 1.16
NEW_BAGHOUSE NA

Long duct residence time exists between the boilers and
their respective ESPs. A low factor was assigned to ESP
upgrade since space is available.
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Table 24.2.2-6.

Sumary of DSD/FSI Control Costs for the Portsmouth Plant

{June 1988 Dollars)

S02 Cost
Effect.
($/ton)

2008.0
1797.4

1164.6
1043.2

1899.4
1769.3

1105.0

1029.5

1373.1
1279.5

Technology Boiler Main Boiler Capacity Coal Capital Cepital Annual  Annual so2 502
Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed
Difficulty {MwW) (%) (SMM) (S/kM) (SMM) (mills/kwh) (%) (tons/yr)
Factor
DSD+ESP 3 .00 185 45 8.6 45.4 5.3 7.3 4%.0 2658
DSO+ESP & .00 239 (14 10.0 41.9 6.0 6.4 49.0 31357
DSD+ESP-C 3 .00 185 45 8.4 45.4 3.1 4.2 49,0 2658
DSD+ESP-C 4 .00 239 44 10.0 £1.9 3.5 3.8 49.0 3357
FSI+ESP-50 3 .00 185 45 10.2 55.0 5.2 7.1 50,0 2732
FSI+ESP-50 [ .00 239 4 12.2 50.9 6.1 6.6 50.0 3451
FSI+ESP-50-C 3 .00 185 45 10.2 55.0 3.0 4.1 50.0 2732
FSI+ESP-50-C 4 .00 239 44 12.2 50.9 3.6 3.9 50.0 3451
FSI+ESP-7Q I .00 185 45 “10.3 55.5 5.3 7.2 70.0 3824
FSI+ESP-70 4 .00 23¢ 7 12.3 51.4 6.2 6.7 70.0 4831
FSI+ESP170-C 3 .00 185 45 3 55. 3.1 4.2 70.0 3824
FSI+ESP-70-C 4 .00 23¢ 44 12.3 51.4 3. 3.9 70.0 4831
[
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24.2.3 Possum Point Steam Plant

Retrofit factors were developed for units 3 and 4 at the Possum Point
plant; however, costs are not shown due to the Tow sulfur content of the
coal. CS was not evaluated since the boilers currently fire a low sulfur
coal. Sorbent injection technologies (FSI and DSD) were not considered for
unit 3 due to the short duct residence time between the boilers and the

small size of the ESPs.

TABLE 24.2.3-1. POSSUM POINT STEAM PLANT OPERATIONAL DATA

BOILER NUMBER 1 2 3 4 5

GENERATING CAPACITY éMN% 69 69 114 239 882
CAPACITY FACTOR (PERCENT) RESERVE SHUTDOWN 31 50 6
INSTALLATION DATE 1948 1951 1955 1962 1975
FIRING TYPE TANGENTIAL
FURNACE VOLUME (1000 CU FT) PETROLEUM 41 124 PETROLEUM
LOW NOx COMBUSTION BURNING NO NO  BURNING
COAL SULFUR CONTENT (PERCENT) 1.0
COAL HEATING VALUE éBTU/LB) 12800
COAL ASH CONTENT (PERCENT) 8.2
FLY ASH SYSTEM WET DISPOSAL
ASH DISPOSAL METHOD POND/ON-SITE
STACK NUMBER 1 2 3 4 5
COAL DELIVERY METHODS RAILROAD
PARTICULATE CONTROL
TYPE : ESP ESP
INSTALLATION DATE 1955 1982
EMISSION éLB/MM BTU} 0.2 0.02
REMOVAL EFFICIENCY 96 99.7
DESIGN SPECIFICATION

SULFUR SPECIFICATION (PERCENT) 1.0 0.7

SURFACE AREA (1000 SQ FT) 44.6 615.6

EXIT GAS FLOW RATE §1000 ACFM) 360 951

SCA (SQ FT/1000 ACFM) 124 647

OUTLET TEMPERATURE (°F) ' 300 265
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TABLE 24.2.3-2. SUMMARY OF RETROFaalgAngR DATA FOR POSSUM POINT

FGD TECHNOLOGY

FORCED LIME
L/LS FGD OXIDATION SPRAY DRYING

SITE ACCESS/CONGESTION
S02 REMOVAL MEDIUM NA MEDIUM

FLUE GAS HANDLING MEDIUM NA
ESP REUSE CASE NA
BAGHOUSE CASE MEDIUM
DUCT WORK DISTANCE (FEET)  300-600 NA ‘
ESP REUSE NA
BAGHOUSE 300-600
ESP REUSE NA NA NA
NEW BAGHOUSE ‘ NA NA MEDIUM
SCOPE ADJUSTMENTS
WET TO DRY YES NA NO
ESTIMATED COST (1000%) 1054 NA NA
NEW CHIMNEY YES NA YES
ESTIMATED COST (1000%) 798 0 798
OTHER NO : NO
RETROFIT FACTORS
FGD SYSTEM : 1.55 ~ NA
ESP REUSE CASE NA
BAGHOUSE CASE 1.51
ESP UPGRADE NA NA NA
NEW BAGHOUSE NA NA 1.36
GENERAL FACILITIES (PERCENT) 10 0 10

* L/S-FGD absorbers, LSD-FGD absorbers and new FFs for unit 3
would be Tocated south of unit 1.
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TABLE 24.2.3-3. SUMMARY OF RETROF&LIEAETQR DATA FOR POSSUM POINT

FGD TECHNOLOGY

FORCED LIME
L/LS FGD OXIDATION SPRAY DRYING

SITE ACCESS/CONGESTION

S02 REMOVAL MEDIUM NA MEDIUM
FLUE GAS HANDLING MEDIUM NA
ESP REUSE CASE MEDIUM
BAGHOUSE CASE NA
DUCT WORK DISTANCE (FEET)  300-600 NA
ESP REUSE 300-600
BAGHOUSE NA
ESP REUSE NA NA HIGH
NEW BAGHOUSE NA NA NA
SCOPE ADJUSTMENTS
WET TO DRY YES NA YES
ESTIMATED COST (1000%) 2047 NA 2047
NEW CHIMNEY YES NA YES
ESTIMATED COST (10003%) 1673 0 1673
OTHER NO NO
RETROFIT FACTORS
FGD SYSTEM 1.55 NA
ESP REUSE CASE 1.58
BAGHOUSE CASE NA
ESP UPGRADE NA NA 1.58
NEW BAGHOUSE NA NA NA
GENERAL FACILITIES (PERCENT) 10 0 10

* L/S-FGD and LSD-FGD absorbers for unit 4 would be Tocated
south of unit 1.
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TABLE 24.2.3-4. SUMMARY OF NOx RETROFIT RESULTS FOR POSSUM POINT

BOILER NUMBER

COMBUSTION MODIFICATION RESULTS

3 4
FIRING TYPE . TANG TANG
TYPE OF NOx CONTROL . OFA OFA
FURNACE VOLUME (1000 CU FT) 41 1é4
BOILER INSTALLATION DATE 1955 1962
SLAGGING PROBLEM NO NO
ESTIMATED NOx REDUCTION (PERCENT) 25 25
SCR_RETROFIT RESULTS *
SITE ACCESS AND CONGESTION
FOR SCR REACTCR HIGH HIGH
SCOPE ADDER PARAMETERS--
Building Demolition (1000%) | 0 0
Ductwork Demolition (1000%) 30 52
New Duct Length (Feet) 200 200
New Duct Costs (1000§) 1070 1650
New Heat Exchanger (1000%) 2016 3144
TOTAL SCOPE ADDER COSTS (1000%) 3116 4846
RETROFIT FACTOR FOR SCR 1.52 1.52
GENERAL FACILITIES (PERCENT}) 38 38

* Cold side SCR reactors for units 3 and 4 would be located
behind the chimney for that unit.
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Table 24.2.3-5. NOx Contral Cost Results for the Possum Point Plant {June 1988 Dollers)

Technology

LNC-OFA
LNC-0FA

LNC-OFA-C
LNC-OFA-C

SCR-3
SCR-3

SCR-3-C
SCR-3-C

goiler Main
Number Retrofit Size
Difficulty (M)

Factor
3 1.00
4 1.00
3 1.00
3 1.00
3 1.52
4 1.52
3 1.52
4 1.52
3 1.52
4 1.52
z 1.52
4 1.52

Beiler Capacity Coal

114
239

114
239

114
23¢9

114
239

114
239

114
239

Factor Sulfur
Content

x)

3
50

3
50

3
50

31
50

31
50

3
50

(%)

—_ - - —_ —_
=
o o

-
oo

RPN

e
Qo

. .
L= =)

[T =]

« »
oo

Cost
(M)

25.6
43.4

25.6
43.4

25.6
43.4

25.6
43.4

Capital Capital Annual

Cost
($/kW)

224.8
181.7

224.8
181.7

224.8
181.7

224.8
181.7

Cost
(SHM)

oo
N o

[= 2 =
—a

13.8

o &
5.
- un

11.9

4.0
7.0

Annual

Cost

(mills/kwh)

12.9
6.7

HOx NOX
Removed Removed

(%) {(tons/yr)
25.0 223
25.0 754
25.0 223
25.0 7564
80.0 714
80.0 2413
80.0 714
80.0 2413
80.0 714
80.0 26413
80.0 714
80.0 2413
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NOx Cost
Effect.
($/ton)

617.9
245.9

367.3
146.1

10813.0
5726.0

8356.2
3361.3

9512.7
4919.7



- TABLE 24.2.3-6.. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION
TECHNOLOGIES FOR POSSUM POINT UNIT 4

ITEM
SITE ACCESS/CONGESTION
REAGENT PREPARATION | LOW
ESP UPGRADE _ HIGH
NEW BAGHOUSE NA

SCOPE ADDERS
CHANGE ESP ASH DISCHARGE SYSTEM TO DRY HANDLING YES

ESTIMATED COST (1000$) 2047
ADDITIONAL DUCT WORK (FT)

NEW BAGHOUSE CASE | NA

ESTIMATED COST (1000S) NA

ESP REUSE CASE | NA
 ESTIMATED COST (1000S) | NA
DUCT DEMOLITION LENGTH (FT; 50

DEMOLITION COST (1000 57
TOTAL COST aiooosg

" ESP UPGRADE CASE 2104
A NEW BAGHOUSE CASE NA
RETROFIT FACTORS

CONTROL SYSTEM (DSD SYSTEM ONLY) 1.13
ESP UPGRADE 1.58
NEW BAGHOUSE NA

Short duct residence time exists between unit 4 and the
unit 4 retrofit ESPs. A high factor was assigned to ESP
upgrade since little space 1s available for upgrading.
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264.2.3-7.

Summary of DSD/FS] Control Costs for the Possum Point Plant

(June 1988 Dollars)

cost
($/kw)

Capital Capital Annual

Cost
(SMM)

Cost

{mi Lls/kwh)

s02

Removed Removed
(tons/yr)

(¢9)

S02 Cost
Effect.
($/ton)

Technology Boiler Main Boiler Capacity Coal
Number Retrofit Size Facter Sulfur Cost
Difficulty (Mw) (X) Content (SMM)
Factor (%)
DSD+ESP-C [ 1.00 239 50 1.0 10.9
FS1+ESP-50-C [ 1.00 239 50 1.0 1.7
FSI+ESP-70-C & 1.00 239 50 1.0 11.8

49.5

3.6

49.0

50.0

70.0

3815

3921

5490

987.2

928.4

672.7
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SECTION 25.0 WISCONSIN

25.1 DAIRYLAND POWER COOPERATIVE

25.1.1 Genca #3 Steam Plant

The Genoa #3 steam plant is located on the Mississippi River 1ﬁ Vernon
- County, Wisconsin, and is operated by the Dairyland Power Cooperative. The
Genoa #3 plant contains one coal-fired boiler with a gross generating
capacity of 346 MW.

Table 25.1.1-1 presents 0perat1ona] data for the ex1st1ng equ1pment at
‘the Genoa #3 plant. Coal sh1pments are received by barge and transferred to
a coal storage and handling area south of the plant. PM emissions are |
controlled by ESPs installed at the time the unit was constructed. The ESPs
are located behind the boiler. Flue gases from the unit are directed to a
chimney behind the ESPs. Wet fly ash from the unit is disposed of in a pond
south of the plant. | ' | :

Lime/Limestone and Lime Spray Drying FGD Costs--

L/LS-FGD absorbers for the unit would be located at the north end of
‘the unit. The general facilities factor would be medium (8 percent) for the
FGD absorber location: because of a plant road relocation. The site
access/congestion factor would be low for this location. Approximately
400 feet of ductwork would be required for installation of the L/LS-FGD
system. A low site access/congestion factor was assigned to flue gas '
hand1ling for the unit. '

LSD with reuse of the existing ESPs was not considered for this unit
because of the small ESP size and poor performance of the existing ESPs, LSD
with a new FF was considered instead. The LSD absorbers would be located
similarly to the wet FGD absorbers with similar general facilities and site
access/congestion factors as well as ductwork requirements. v

Tab1es 25.1.1-2 and 25.1.1-3 present the retrofit factors and cost
estimates. for installation of FGD technologies at the Genoa #3 plant.
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TABLE 25.1.1-1. GENOA #3 STEAM PLANT OPERATIONAL DATA

BOILER NUMBER

GENERATING CAPACITY (MW-each)
CAPACITY FACTOR (PERCENT)
INSTALLATION DATE

FIRING TYPE

FURNACE VOLUME (1000 CU FT)
LOW NOx COMBUSTION

COAL SULFUR CONTENT (PERCENT)
COAL HEATING VALUE (BTU/LB)
COAL ASH CONTENT (PERCENT)
FLY ASH SYSTEM

ASH DISPOSAL METHOD

STACK NUMBER

COAL DELIVERY METHODS

PARTICULATE CONTROL

TYPE
INSTALLATION DATE
EMISSION (LB/MM BTU)
REMOVAL EFFICIENCY
DESIGN SPECIFICATION
SULFUR SPECIFICATION (PERCENT)
SURFACE AREA (1000 SQ FT)
GAS EXIT RATE (1000 ACFM)
SCA (SQ FT/1000 ACFM)
OUTLET TEMPERATURE (°F)

1

346

51

1969
TANGENTIAL
205

NO

1.8

10500

9.0

WET DISPOSAL
ON-SITE/SOLD
1

BARGE

ESP
1569

97.1

3.0
173
1200
144
335




TABLE 25.1.1-2. SUMMARY QOF RETROB&}TF?CTOR DATA FOR GENOA #3

FGD TECHNOLOGY

FORCED

LIME

L/LS FGD OXIDATION SPRAY DRYING

SITE ACCESS/CONGESTION

S02 REMOVAL
FLUE GAS HANDLING
ESP REUSE CASE
BAGHOUSE CASE
DUCT WORK DISTANCE (FEET)
ESP REUSE
BAGHOUSE
ESP REUSE
NEW BAGHOUSE

SCOPE ADJUSTMENTS

WET TO DRY
ESTIMATED COST (1000%)
NEW CHIMNEY ‘
ESTIMATED COST (1000%)
OTHER

RETROFIT FACTORS

FGD SYSTEM
ESP REUSE CASE
BAGHOUSE CASE
ESP UPGRADE
NEW BAGHOUSE

LOW
LOW

300-600

NA
NA

YES
2853
NO

O .
NO

1.38

NA
NA

GENERAL FACILITIES (PERCENT) 8

NA
NA

NA

NA
NA

NA
NA
NA

NA

NA

NA
0

LOW
NA

"~ LOW

300-600
NA
LOW

NO
NO
NO

NA
1.27

1.16
8

25-3



Table 25.1.1-3, Summary of FGD Control Costs for the Genoa Plant (June 1988 Dollars)

Technology Boiler Main Boiler Capacity Coal Capital Capital Anrwal  Annual s02 sS02 502 Cost
' Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.
Difficulty (MW) (X} Content (3MM) (S/kW) (3MM) (mills/kwh) (X) (tons/yr) ($/ton)
Factor (X)

L/S FGD 1 1.38 34é 51 1.8 91.8 2653 3.8 25.8 90.0 23548 1690.7
L/S FGD-C 1 1.38 346 51 1.8 91.8 265.3 23.2 15.0 90.0 23548 986.2
LC FGD 1 - 1.38 346 51 1.8 69.6 201.2 32.9 21.3 90.0 23548 1398.0
LC FGD-C 1 1.38 346 51 1.8 69.6 201.2 19.2 12.4 $0.0 23548 814.2
LSD+FF 1 1.27 346 51 1.8 69.9 202.1 26,9 17.4 57.0 22633 1187.7
LSD+FF-C 1 1.27 346 51 1.8 69.9 202.1 5.7 10.2 87.0 22633 694.3
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Coal Switching and Physical Coal Cleaning Costs--

Table 25.1.1-4 presents the IAPCS cost results for CS at the Genoa #3
plant. These costs do not include the effect of any changes to the boiler
and pulverizer operation. PCC was not considered at the Genoa #3 plant
because it is not a mine mouth plant.

NOx Control Technologies--

The Genoa #3 unit 1 is a dry bottom, tangential-fired boiler rated at
346 MW. OFA was considered for NOX emission control at the Genoa #3 pilant.
Performance and cost estimates developed for OFA at unit 1 are presented in
Tables 25.1.1-5 and 25.1.1-6.

Selective catalyti¢c Reduction--

Hot side SCR reactors for the Genoa #3 plant would be located north of
the unit close to the ESPs. A medium general facilities value (20 percent)
was assigned to the location. A low site access/congestion factor was
assigned to the absorber location. Approximately 200 feet of ductwork would
be required to span the distance between the SCR reactors and the chimney.
Tables 25.1.1-5 and 25.1.1-6 present the retrofit factors and cost for
installation of SCR ét-the Genoa #3 plant.

Furnace Sorbent Injection and Duct Spray Drying FGD Costs--

Sorbent injection technologies (FSI and DSD) were not considered for
the Genoa #3 plant because of the insufficient duct residence time between
the boilers and the ESPs and the small sizes of the ESPs.

Atmospheric Fluidized Bed Combustion and Coal Gasification Applicability--

The 346 MW boiler at the Genoa #3 plant is 1argé and has & long
remaining service life and would not likely be considered as a near term
candidate for AFBC/CG repowering.
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Table 25.1.1-4, Summary of Coal Switching/Cleaning Costs for the Genca Plant (Jume 1988 Dollars}

Technology ' Bailer Main Boiler Capacity Coal Capital Cspital Annwal Apnual = sO2 s02 S02 Cost
Number Retrofit Size Factor Sultfur Cost Cost Cost Cost Removed Removed Effect.

" Difficulty (MwW) (X) Content (SMM) (%/kW) ($MM) (mills/kwh) (X} (tons/yr) (%/ton)

Factor (X) ' .

CS/B+%15. 1 1.00 346 51v 1.8 15.1 43,5 23.6 15.3 57.0 15003 1574.1
CS/B+$15-C 1 1.00 346 51 1.8 15.1 43.5 ° 13.6 8.8 57.0 15003 906.4
CS/B+$5 1 1.00 346 51 1.8 1.5 ° 33.2 1w.2 4.6 57.0 " 15003 681.2
CS/B+$5-C 1 1.00 348 51 1.8 11.5 33.2 5.9 3.8 57.0 15003 393.7

25-6



TABLE 25.1.1-5.. SUMMARY OF NOx_RETROFIT RESULTS FOR GENOA #3

BOILER NUMBER

COMBUSTION MODIFICATION RESULTS

FIRING TYPE | | TANG

TYPE OF NOx CONTROL | ~ OFA
FURNACE VOLUME (1000 CU FT) ) 205
BOILER INSTALLATION DATE | 1969
SLAGGING PROBLEM | NO
ESTIMATED NOx REDUCTION (PERCENT) 25

SCR_RETROFIT RESULTS

SITE ACCESS AND CONGESTION R '
FOR SCR REACTOR _ LOW

SCOPE ADDER PARAMETERS--

Building Demolition (1000%) , 0 |

Ductwork Demolition (1000%) 69

-New Dﬁtt Length (Feet) L 200

New Duct Costs {1000%) | | 2048

Neﬁ Heat Exchanger (1000%) | 0
TOTAL SCOPE ADDER COSTS (1000%) 2117
RETROFIT FACTOR FOR SCR | 1.16
'GENERAL FACILITIES (PERCENT) 20
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Table 25.1.1-6. NOx Control Cost Results for the Genoa Plant (June 1988 Dollars)

Technology Boiler Main Bojler Capacity Coal Capital Capital Annual Annuat NOx NOx NOx Cost

Number Retrofit Size Fector Sulfur Cost Cost Cost Cost Removed Removed Effect.
Difficulty (MW) (X) Content ($MM) (S/kW) (BMM) (mills/kwh) (X) (tons/yr) (5/ton)
Factor (%)

LNC-OFA - 1 1.00 346 51 1.8 1.0 2.9 0.2 0.1 25.0 1398 155.5
LNC-OFA-C 1 1.00 346 $1 1.8 ‘ 1.0 2.9 0.1 0.1 25.0 1398 92.4
SCR-3 1 1.1% 346 51 1.8 41.9  121.2  15.6 10.1 80.0 4T 3489.6
SCR-3-C 1 1.16 346 51 1.8 41,9 121.2 9.1 5.9 86.0 4473 2041.3
SCR-7 1 1.16 346 51 1.8 1.9 121.2  12.7 8.2 80.0 4473 2841.3
SCR-7-C 1 1.8 346 51 1.8 4.9  12%1.2 7.5 4.8 80.0 4473 1669.9
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25.2 WISCONSIN ELECTRIC POWER COMPANY

25.2.1 North Oak Creek Steam Plant

The North Oak Creek steam plant is located on Lake Michigan in
Milwaukee County, Wisconsin, and is operated by the Wisconsin Electric Power
Company. The North Oak Creek plant contains four coal-fired boilers with a
gross generating capacity of 500 MW. Units 3 and 4 are retired and units 1
and 2 will be retired in 1990.

Table 25.2.1-1 presents operational data for the existing equipment at
the North Oak Creek plant. Coal shipments are received by railroad and
transferred to two coal storage and handling areas east and west of the
plant. PM emissions are controlled by retrofit ESPs located behind the
boilers. Flue gases from units 1 and 2 are directed to one chimney and flue
gases from units 3 and 4 are directed to another chimney. Both chimneys are
located behind the ESPs. Dry fly ash is stored in silos.

Lime/Limestone and Lime Spray Drying FGD Costs--

L/LS-FGD absorbers for units 1-2 would be located at the north end of
the plant between the two coal piles. The general facilities factor would
be high for the FGD absorber location because relocation of a storage silo
and demineralization building would be necessary. The site
access/congestion factor would be medium for the L/LS-FGD absorber
locations. Because of the difficulty in accessing the old chimneys and the
length of ductwork that would be required, a new chimney would be
constructed at the north end of the plant. After construction of the new
chimney, close to 600 feet of ductwork would be required for installation of
the L/LS-FGD system for units 1 and 2. A high site access/congestion factor
was assigned to flue gas handling for all units because of the obstruction
caused by the coal conveyor and the congestion around the existing chimneys.

LSD was not considered for the North Oak Creek plant because of the
lack of access to the ductwork between the boilers and the ESPs and the
small size of the existing ESPs. LSD with a new baghouse was not considered
because of the medium to high sulfur content of the coal being burned at the
plant.
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TABLE 25.2.1-1. NORTH OAK CREEK STEAM PLANT OPERATIONAL DATA

BOILER NUMBER+ 1,2 3,4

GENERATING CAPACITY (MW-each) 120 130
CAPACITY FACTOR (PERCENT) 28,32 RETIRED
INSTALLATION DATE 1953,54 1957
FIRING TYPE ARCH ARCH
FURNACE VOLUME (1000 CU FT) 107

LOW NOx COMBUSTION NO

COAL SULFUR CONTENT (PERCENT)* 1.6

COAL HEATING VALUE (BTU/LB) 12200

COAL ASH CONTENT (PERCENT) 7.2

FLY ASH SYSTEM DRY DISPOSAL

ASH DISPOSAL METHOD ON-SITE/STORED
STACK NUMBER 1

COAL DELIVERY METHODS RAILROAD

PARTICULATE CONTROL

TYPE ' ESP
INSTALLATION DATE 1970
EMISSION (LB/MM BTU) 0.03,0.07
REMOVAL EFFICIENCY 99.4,99.2
DESIGN SPECIFICATION:

SULFUR SPECIFICATION (PERCENT) 2.5

SURFACE AREA (1000 SQ FT) . 123.1

GAS EXIT RATE (1000 ACFM) 600

SCA (SQ FT/1000 ACFM) 205

OUTLET TEMPERATURE (°F) 290

+ Units 1 and 2 will be retired in 1990, units 3 and 4 were
retired in 1988.
* Based on 1988 data.
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Table 25.2.1-2 presents the retrofit factors for installation of
L/LS-FGD at the North Oak Creek plant. Costs were not developed because
both units will be retired soon.

Coal Switching and Physical Coal Cleaning Costs--

Costs were not devioped for CS because both units will be retired soon.
NO Control Techno]og1es—- ‘

Both units are dry bottom, arch-fired boilers having low NO em1ss10n
levels. As such, LNC technologies were not considered for this p]ant

Selective Catalytic Reduction ‘

Cold side SCR reactors for the North Qak Creek plant would be Tocated
beside the chimneys toward the coal pile. High site access/congestion andl
general facility factors (38 percent) were assigned to the SCR reactor
locations. Approximately 300 feet of ductwork would be required for the SCR
reactors. Table 25.2.1-3 summarizes the retrofit factors for installation
Qf SCR at the North Oak Creek plant. Again, costs were not presented since
the units will be retired soon. |

Furnace Sorbent Injection and Duct Spray Drying FGD Costs--

Sorbent injection technologies (FSI and DSD) were not considered for
the North Oak Creek plant because of the lack of access to the ductwork
‘between the boilers and the ESPs and the small size of the ESPs.

Atmospheric Fluidized Bed Combustion and Coal Gasification Applicability--

A1l boilers at the North Oak Creek plant would be good candidates for
AFBC/CG repowering because of their small boiler sizes (120-130 MW) and
likely short remaining useful lives.
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TABLE 25.2.1-2. SUMMARY OF RETROFIT FACTOR‘DATA FOR
NORTH OAK CREEK UNIT 1 OR 2

FGD TECHNOLOGY

FORCED - = LIME
L/LS FGD OXIDATION SPRAY DRYING

SITE ACCESS/CONGESTION

$02 REMOVAL MEDIUM  NA NA
FLUE GAS HANDLING HIGH NA
ESP REUSE CASE | NA
BAGHOUSE CASE NA
DUCT WORK DISTANCE (FEET)  300-600  NA
ESP REUSE | \ NA
BAGHOUSE \ NA
ESP. REUSE NA NA NA
NEW BAGHOUSE NA NA NA
SCOPE_ADJUSTMENTS |
WET TO DRY ‘ NO NA NA
ESTIMATED COST (10008) - NA NA NA
NEW CHIMNEY YES NA NA
ESTIMATED COST (1000%) 840 0 0

OTHER NO
RETROFIT FACTORS

FGD SYSTEM C 1.41 NA
ESP REUSE CASE - NA
BAGHOUSE CASE ' NA
ESP UPGRADE NA NA - NA
NEW BAGHOUSE ‘ NA - NA NA
GENERAL FACILITIES (PERCENT) 15 0 0
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- TABLE 25.2.1-3. SUMMAR? OF NOx RETROFIT RESULTS FOR_NORTH OAK CREEK

BOILER NUMBER

COMBUSTION MODIFICATION RESULTS

L2 3,4
' FIRING TYPE | | - ARCH ARCH
TYPE OF NOx CONTROL o NA NA
FURNACE VOLUME (1000 CU FT) . 106 - 107,106
- BOILER INSTALLATION DATE . 1953,54  1955,57
SLAGGING PROBLEM . NO NO
ESTIMATED NOX REDUCTION (PERCENT) NA NA
SCR_RETROFIT RESULTS
SITE ACCESS AND CONGESTION - | ,
FOR SCR REACTOR HIGH ~ HIGH
SCOPE ADDER PARAMETERS-- | |
Building Demolition (1000%) : 0 , 0
Ductwork Demolition (10005) : - 31 | 33
i New Duct Length (Feet) B 300 300
New Duct Costs (10008) . 1es4 1733
New Heat Exchanger (1000%) o | 2079 | 2182 |
' TOTAL SCOPE ADDER COSTS (1000§) -
INDIVIDUAL CASE 1764 3048
COMBINED CASE - 5685 5962
RETROFIT FACTOR FOR SCR I 1.52 1,52

GENERAL FACILITIES (PERCENT) 38 ' 38
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25.2.2 Pleasant Prajrie Steam P]ant 

Retrofit factors were developed for the two units at the Pleasant
Prairie plant, however, costs are not presented since the low coal sulfur
content would yield low capital/operating costs and high cost per ton of SO2
removal. Sorbent injection technologies were not considered because of the
short duct residence time betwéen the boilers and ESPs and difficulties in
- upgrading the existing ESPs due to fhe congestion around the units.

TABLE 25.2.2-1. PLEASANT PRAIRIE STEAM PLANT OPERATIONAL DATA *

BOILER NUMBER ‘ 1,2
GENERATING CAPACITY (MH each) 617

- CAPACITY FACTOR (PERCENT) 68,74

* INSTALLATION DATE 1980, 1985

FIRING TYPE

OPPOSED WALL

FURNACE VOLUME (1000 CU FT) 869.9
LOW NOx COMBUSTION . YES
COAL SULFUR CONTENT (PERCENT) 0.4
COAL HEATING VALUE (BTU/LB) 8400
COAL ASH CONTENT (PERCENT) - 6.4

FLY ASH SYSTEM
ASH DISPOSAL METHOD

DRY DISPOSAL
SOLO/ON-SITE

STACK NUMBER 1
COAL DELIVERY METHODS RAILROAD
PARTICULATE CONTROL ,
TYPE - ESP
INSTALLATION DATE 1980,1985
EMISSION }LB/MH BTU) 0.03,0.01
" REMOVAL EFFICIENCY <100
DESIGN SPECIFICATION
- SULFUR SPECIFICATION (PERCENT) 0.4
SURFACE AREA (1000 SQ FT) 1223.4
GAS EXIT RATE (1000 ACFM) 4000
SCA (SQ FT/1000 ACFM) 306
OUTLET TEMPERATURE (°F)

280

* Based on 1988 data.



TABLE 25.2.2-2. SUMHARY OF RETROFIT FACTOR DATA FOR PLEASANT PRAIRIE

UNIT 1*

FGD TECHNOLOGY

FORCED LIME
L/LS FGD OXIDATION SPRAY DRYING

SITE ACCESS/CONGESTION

LOW  NA - LOW

502 REMOVAL

FLUE GAS HANDLING LW  NA
ESP REUSE CASE ‘ HIGH
BAGHOUSE CASE NA

DUCT WORK DISTANCE (FEET) 300-600  NA \
ESP REUSE ' | 600-1000

~ BAGHOUSE NA -
ESP REUSE NA "NA . HIGH
NEW BAGHOUSE NA NA NA
SCOPE_ADJUSTMENTS

WET TO DRY NO NA NO
ESTIMATED COST (1000$) NA NA NA

NEW CHIMNEY CNO NA N
ESTIMATED COST {1000§) 0 0 0

OTHER . N N0

RETROFIT FACTORS

FGD SYSTEM - 1.31 NA s
ESP REUSE CASE o 1.47
BAGHOUSE CASE o | NA

ESP UPGRADE NA "NA - 1.58

NEW BAGHOUSE NA NA “NA

GENERAL FACILITIES (PERCENT) 8 0 8 .

- * Absorbers for unit 1 would be located beside the common

chimney.
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 TABLE 25.2.2-3. SUMMARY OF RETROFIT FA6§?$ gQTA FOR PLEASANT PRAIRIE

__FGD TECHNOLOGY

FORCED

LIME

L/LS FGD OXIDATION _SPRAY DRYING

SITE ACCESS/CONGESTION

502 REMOVAL , LOW

FLUE GAS HANDLING LOW
ESP REUSE CASE : :
BAGHOUSE CASE

DUCT WORK DISTANCE (FEET) 300-600

ESP REUSE
BAGHOUSE N ‘
ESP REUSE NA
NEW BAGHOUSE -~ NA
SCOPE_ADJUSTMENTS
WET TO DRY NO
ESTIMATED COST (1ooos) NA
NEW CHIMNEY © ND
ESTIMATED COST (1000$) O
OTHER , NO

- RETROFIT FACTORS

FGD SYSTEM ‘ 1.31
ESP REUSE CASE |
~ BAGHOUSE CASE -
ESP UPGRADE - NA -
NEW BAGHOUSE "~ NA

GENERAL FACILITIES (PERCENT} 8

~NA

NA

NA

NA
NA

NA

NA

NA

NA

NA .

0

LOW
MEDIUM
NA

1300-600

NA
MEDIUM

- NA

N

NA
NO
0

" NO

- 1.31

NA
1.36
NA

8

* Absorbers for unit 2'wou1d be 10cated‘beside the common

chimney.
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TABLE 25.2.2-4. SUMMARY OF NOx RETROFIT RESULTS FOR PLEASANT PRAIRIE

COMBUSTION MODIFICATION RESULTS

BOILER NUMBER

1 2 1-2
FIRING TYPE OWF OWF NA
TYPE OF NOx CONTROL EQUIPPED WITH LNB  NA
FURNACE VOLUME (1000 CU FT) 869.9  869.9 NA
BOILER INSTALLATION DATE 1980 1985 NA
SLAGGING PROBLEM NA _NA NA
ESTIMATED NOx REDUCTION (PERCENT) NA NA NA
SCR_RETROFIT RESULTS*
POR-SCR_REACTOR CONGESTION LW LoW - Low
SCOPE ADDER PARAMETERS-- |
Building Demolition (10005) 0 0o - 0
Ductwork Demolition (1000$) 106 106 178
New Duct Length (Feet) 300 200 250
New Duct Costs (1000§) 4310 2873 5388
New Heat Exchanger (10005) 5554 5554 8418
TOTAL SCOPE ADDER COSTS (1000) 9970 8533 13983
RETROFIT FACTOR FOR SCR 1.16  1.16 1.16
GENERAL FACILITIES (PERCENT) 20 20 20

* Con_side SCR reactors for both units would be located beside the

common chimney.
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Table 25.2.2-5. NOx Control Cost Results for the Pleasant Prairie Plant (June 1983 Dollars)

Techrnology Boiler Main Boiler Capecity Coal Capital Capital Annual  Annual NOx NOx NOX Cost
Number Retrofit Size Factor Sulfur Cost Cost Cost Cost = Removed Remaved Effect.
Difficulty (M} (%) Content (S$MM) (S/kW) (SMM) (mills/kwh) (%) (tons/yr) (%/ton).

Factor ‘ (X) ‘

1.16 6817 68 0.4

SCR-3 1 7.0 1267 29.8 8.1 80.0 19237 15484
SCR-3 -2 1.16 617 74 0.4 75.5  122.4  29.9 7.5 80.0 20934 1426.0
SCR-3 1.2 118 123 71 0.4 42,1 M5.1  57.2 7.5 80.0 4017 14242
SCR-3-C . 1 1.16 817 68 0.4 7.0 12,7 17.4 4.7 80.0 19237 905.1
SCR-3-C 2 1.186 617 74 0.4 75.5 122.4  17.4 4.4 80.0 20934 833.2
SCR-3-C 1-2 1.16 1234 ta! 0.4 1%2.1  115.1 334 4.4 80.0 40171 831.8
SCR-7 1 .16 617 68 0.4 770 1267 2.4 - 6.7 80.0 15237 1270.6
SCR-7 2 .16 61 76 0.4 75.5 122.4 2.5 6.1 80.0 20934 1170.6
SCR-7 - 1-2 1.1 12%° 7N 0.4 1421 1151 445 6.1 80.0 - 40171 1158.1
SCR-7-C - 1 1.16 617 68 0.4 77.0 124.7 143 3.9 80.0 19237 745.9
SCR-7-¢ 2 1.16 817 74 0.4 75.5 122,64  14.6 3.6 BG.O 20934 485.9

1-2 116 1234 7 0.4 142.1  M5.1 273 0 3.é 80.0 40171 679.4

SCR-7-C
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25.2.3 Port Washington Steam Plant

" The Port Washington steam piant is located within Ozaukee County,
Wisconsin, as part of the Wisconsin Electric Power Company system. Located
on the western side of Lake Michigan,'the plant contains five coal-fired
boilers with a total gross generating capacity of 400 MW,

Table 25.2.3-1 presents operational data for the existing equipment at
the Port Washington plant. .The boilers burn medium sulfur coal. Coal
shipments are received by barge and transferred to a coal storage and
handling area east of the plant and adjacent to the lake.

PM emissions for the boilers are controlied with retrofit ESPs located
behind each unit. The plant has a'dry fly ash hahd]ing system. -Fly ash is
disposed of in a landfill five miles away from the plant. Bottom ash is
dewatered in a settling basin east of the plant and south of the coal pile
and then trucked to a Tandfill with the fly ash. Units 1 through 3 are
served by a common chimney while units 4 and 5 are served by another

chimney. - | '

Lime/Limestone and Lime Spray Drying FGD Costs--
' The five boilers are located beside each other parailel to Lake
Michigan. The absorbers for units 1 through 5 would be located behind the
chimneys south of thefsettling basin. The limestone preparation, storage,
and hand]ing'area would be located behind the absorbers. Some of the roads
east of the plant and the bottom ash sett]ing‘pond'would have to be |
relocated; therefore, a factor of 15 percent was assigned to general
faci]itjes. A temporary waste handling area would be Jocated close to the
stofage area. However, beqause of the 1imited space available, waste _
"generated by the FGD.absorbers would have to be disposed of off-site in the
same manner as the fly ash. . | I |
A high site access/congestion factor was assigned to the FGD absorber

locations due to the access difficulty to this area created by the water
intake, discharge channel, and the units. The area is surrounded by water
from three sides making it ‘difficult to access.

~ For flue gas handling, because the absorbers are placed behind the
chimneys, short duct runs would be required‘(about 200 feet). A high site-
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TABLE 25.2.3-1. PORT WASHINGTON STEAM PLANT OPERATIONAL DATA*

BOILER NUMBER

GENERATING CAPACITY (MW- each)
CAPACITY FACTOR

INSTALLATION DATE

- FIRING TYPE

FURNACE VOLUME (1000 CU FT)
LOW NOx COMBUSTION

COAL SULFUR CONTENT (PERCENT)
COAL HEATING VALUE (BTU/LB)
COAL ASH CONTENT (PERCENT)
FLY ASH SYSTEM

ASH DISPOSAL METHCD

STACK NUMBER ‘

- COAL DELIVERY METHODS

PARTICULATE CONTROL

TYPE . '
INSTALLATION DATE
EMISSION (LB/MM BTU)
REMOVAL EFFICIENCY
DESIGN SPECIFICATION

SULFUR SPECIFICATION (PERCENT)

SURFACE AREA (1000 SQ FT)
GAS EXIT RATE (1000 ACFM)
SCA (SQ FT/1000 ACFM)
- OUTLET TEMPERATURE (°F)

1,2,3,4,5
80

9,23,18,20,10+
1935,43,48,49,50
ARCH-FIRED

72

NO -

1.6

13200

6.0

DRY HANDLING
OFF-SITE
7,7,7,6,6

SHIP

ESP
1965-68
0.05-0.1
98.6-99.3

3.1

87,87,87,91,87

450
193,193,193,202,193
390,450,450,390,390

* Based on 1988 data.
+ 1985 data used for boiler 5,
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aécess/congestion factor was assigned to the flue gas handling system due to
access difficulty for this location. |

LSD with reuse of the existing ESPs was not considered for this plant
because the ESPs are small (SCA=193) and would reduire major upgrading and
plate area additions to handle the increased PM generated from the LSD
application. LSD with a new baghouse was also not considered because the
boilers are not burning low sulfur coal.

The major scope adjustment costs and retrofit factors estimated for the
FGD technologies are presented in Table 25.2.3 2. Table 25.2.3-3 presents
the capital and operating costs for commercial FGD.technologies. The low
cost FGD option reduces capital costs due to combining the FGD systems,
eliminating spare absorber modules, and maximizing the absorber modules
size. '

Coal Sw1tcn1ng and Physical Coal Cleaning Costs--‘

Table 25.2.3-4 presents the IAPCS cost results for CS at the Port
Washington plant. These costs do not include boiler and pulverizer
operating cost changes or any system modifications that may be necessary to
blend coal. PCC was not evaluated because this is not a mine mouth plant.

Low NO Combustion-- :

‘ Un1ts 1 through 5 are dry bottom, arch-fired bo11ers rated at 80 MW
each. The arch-fired boilers have very low NOx levels (<0.5 1b per million
Btu). As such, LNC technologies were not considered for the Port Washington
boilers.

Se]ect1ve Catalytic Reduction-- _ ‘

Cold side SCR reactors for all units wou1d be 1ocated immediately
behind the chimneys. All five reactors are located in high site congestion
areas for the same reasons as were outlined in the FGD section. A1l
reactors were assumed to be in areas with high underground obstructions.
Duct lengths of 200 feet would be required for the unit 1 through 5 SCR
reactors. Because a plant road and part of the bottom ash pond relocation .
was required, a factor of 38 percent was assigned to general facilities.

The ammonia storage system was placed close to the reactors east of the
>p1ant : ‘
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TABLE 25.2.3-2.- SUMMARY OF RETROFiT(EﬁE;?R DATA FOR PORT WASHINGTON UNITS 1-5

FGD TECHNOLOGY

FORCED LIME
L/LS FGD OXIDATION SPRAY DRYING

- SITE ACCESS/CONGESTION

© $02 REMOVAL | HIGH NA NA
FLUE GAS HANDLING HIGH NA
ESP REUSE CASE - NA
BAGHOUSE CASE NA
- DUCT WORK DISTANCE (FEET) 100-300  NA
ESP REUSE \ NA
- BAGHOUSE _ NA
ESP REUSE NA NA NA
NEW BAGHOUSE - NA NA NA
SCOPE_ADJUSTMENTS
WET TO DRY NO NA NA
ESTIMATED COST (10005)  NA NA - NA
NEW CHIMNEY N NA NA
ESTIMATED COST (1000$) 0 0 0
OTHER CNo -
RETROFIT FACTORS
FGD SYSTEM ) . 1.83 NA :
ESP REUSE CASE , - NA
BAGHOUSE CASE - : NA
ESP UPGRADE . CONA O NA NA' -
* NEW BAGHOUSE ~NA NA NA
GENERAL FACILITIES (PERCENT) 15 0 0

25-22 .



Table 25.2.3-3. Summary of FGD Control Costs for the Port Washington Plant tJune 1988 Dollars)r

=s=xz==== s EEoEsTs=ONcEE NS EEREIsRS SRR SEES S ESE SR s IS S =SS eSS S SSsasss =

Technology Boiler Main Beiler Capacity Coal Capital Capital Anhual  Annual 502 saz 502 Cost
Number Retrofit Size Factor Sulfur Cost Cost Cost - Cost Removed Removed Effect.

Difficulty (MWD (%) Content (SMM) (S/k) (SMM) (mills/kwh) (X) (tons/yr) ($/ten)

Factor ' AR -

LC FGD 1-5° 1.5% 400 16 1.4 71.3 178,  26.3 - 46.9 %0.0 5838 4504.3
. LC FGD-C 1-5 1.93 400 14 1.4 7.3 178.3  15.4 27.4 90.0 5838 2635.5
LFGD 1 1.3 80 9? 1.6 39,2 4%0.6 11.7 217.3 §0.0 657 20870.6
LFGD 2 1.53 80 3 1.6 39.5 494.0 4.6 %0.8 90.0 1678 a721.3
LFGD 3 1.53 BO 18 1.6 39.5 493.9 4.3 0 1137 $0.0 1314 10923.7
LFGD 4 1.53 80 20 1.6 319.3  490.8 4.4 102.7 %0.0 1460 9865.9
LFGD 5 1.53 80 10 1.6 319.3  490.6 - 13.8 196.6° 94.0 730 18877.7
LFGO 1-5 1.53 400 16 1.6 5.7 2393 319 &80.4 $0.0 5838 5804.3
LFGD 1-3 '1.53 240 17 1.6 69.8 290.8 2%.9 89.7 50.0 3722 6691.6
- LFGD 4-5 . 1.53 160 15 1.6 54.6 3415 19.4 . 92.3 90,0 2189 8867.7
LFGD-C 1 1.53 80 9 1.6 39.2 . 490.6 © £.0 127.3 90.0 657 12225.3
LFGD-C 2 1.53 a0 22 1.6 3I9.5 494.0 B.6 53.1 90.0 1678 5102.3
LFGD-C 3 1.53 80 1B 1.6 39.5 493.9 B.4 66.6 20.0 1314 6393.5
LFGD-C 4 1.53 8 20 1.6 3.3 490.8 6.6 601 90.0 1480 57731
LFGD-C 5 1.53 80 10 1.6 39.3  490.6 8.1 115.1 %0.0 730 11056.8
LFGD-C 1-5 1.53 40 16 1.6 . 95.7 2393 19.8 35.4 90.0 5838 I399.0
LFGD-C - 1-3 1.53 240 17 . 1.6 69.8 290.8 14.6 40.8 0.0 372 r.e
LFGD-C 4=5 1.53 160 15 1.6 5.6 3415 1.4 54.1 90.0 2189 $192.5
==z I====ss===s= ===s== z==s===S ===z=z Ss==sSxss==2==s=s3s==sSE=
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'Table 25.2.3-6. Summary of Coal Switchimg/Cleaning Costs for the Part Washington Plant (June 1988 Dollars)

[+« B PR RN

Technology Boiler Main Boiler Capacity Coal Capital Capital Annual  Anmual §02 sa2 S02 Cost

Number Retrofit- Size  Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.

Difficulty (MW) (%) Content (8MM) ($/kW) (SMM) (mills/kwh) (X) (tons/yr) ($/ton)

Factor (% ‘

CS/B+$15 1 1.00 80 9 1.6 4.3 54.0 1.9 30.4 8.0 274 4978.9

CS/B+$15 2 1.00 80 23 1.6 4.2 52.0 3.3 20.2 38.0 701 -6635.9

£5/8+$15 3 1.00 80 18 1.6 4.2 52.0 2.8 21.9 38.0 549 5028.8
C5/B+%15 & 1.00 80 20 1.6 4.3 53.1 3.0 21.2 38.0 610 4884.1
C5/B+815 5 . 1.00 80 10 1.6 4.3 54.0 2.0 28.7 -38.0 305 6603.2 .

CS/B+$15-C 1 1.00 80 9 1.6 4.3 54.0 1.1 17.7 318.0 274 4069.0

CS/B+%15-C 2 1.00 80 23 1.6 4.2 52.0 1.9 11.7 38.0 701 2682.5

£S/B+$15-C 3 1.00 80 18 1.6 4.2 52.0 © 1.8 12.7 38.0 549 2915.2

£S/B+815-C 4 1.00 80 20 1.6 4.3 53.1 1.7 12.3 38,0 610 2825.6

CS/8+8$15-C 5 1.00 ao 10 1.6 4.3 54.0 1.2 16.7 38.0 305 3844.8

. CS5/B+S5 1 1.00 80 9 1.6. 3.5 43.6 - 1.2 19.8 38.0 274 4549 .

_ CS/B+$5 2 1.00 ao 23 1.6 3.3 %1.6 1.8 11.0 38.0 701 2529.
CS/B+$5 3 1.00 80 18 1.6 3.3 41.6 1.8 12.5 38.0 549 2855,
CS/B+85 4 “1.00 80 20 1.6 3.4 42.8 1.7 11.9 38.0 610 2746.
CS/B+%5 5 1.00 80 | 10 1.6 3.5 3.6 1.3 18.4 18.0 305 4227.
£S/B+85-C { 1.00 80 9 1.6 35 438 0.7 1.4 38.0 274 2663.9
C5/B+85-C 2 1.00 . 80 23 1.6 3.3 41.6 1.0 6.4 318.0 . 701 1470.7
CS/B+$5-C 3 1.00 8 18 1.6 3.3 41.6 6.9 7.3 38.0 549 1648.9
CS/B+35-C 4 1. 80 20 1.6 3.4 42,8 1.0 7.0 38.0 610 1599.0
CS/B+85-C 5 1. 80 10 1.6 3.5 - 43.6 0.8 10.8 38.0 305 | 24733 .
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Tab]é 25.2.3-5 presents the SCR process area fetrofit factors aﬁd scope
adder costs. Table 25.2.3-6 presents the estimated cost of retrof1tt1ng SCR
at the Port wash1ngton b011ers

Duct Spray Drying and Furnace Sorbent Injection--

. The retrofit of FSI and DSD technologies at the Port Hash1ngton steam
p]ant for all units would be difficult for two major reasons: 1) The ESPs
have small SCAs (<200)3and probably would not be able to handle the
increased PM thereby requiring major upgrading and h]ate'area add{tions;

2) the short duct residence time between the boilers and ESPs would not be
~sufficient for either humidification (for FSI application) or sarbent
'drop1et evaporation (for DSD application). Therefore, costs were not
developed for sorbent injectionvtechnologies'for the Port Hashington plant.

‘Atmospheric FIuidized-Bed Combustion and Coal Gasification Applicability--
The AFBC retrofit and AFBC/CG repowering applicability criteria
pfesented in Section 2 werg used to determine the applicability of these
technologies at the Port Washington plant. ATl units might be considered
candidates for repowering retrofit because of their small boiler sizes,

- age, and low capacity factors.

25.2.4 South Qak Creek Steam Plant

The South Qak Creek steam p]antvis located on Lake Michigan, south of
.the North QOak Creek plant, in Mi]waukee‘County} Wisconsin, and is operated
by the Wisconsin Electric Power Company. The South Oak Creek plant contains
four coal-fired boilers with a gross generating capacity of 1,170 MW,

Table 25.2.4-1 presents operational data for the ex1st1ng equipment at
the South Oak Creek plant. Coal sh1pments are received by barge and
transferred to a coal storage and handling area northeast of the plant. PM
emissions are controlled by retrofit ESPs for units 5 and &6 and ESPs
installed at the time of construction for units 7 and 8 {retrofit ESPs are
currently being installed for units 7 and 8). Flue gases from the units §
and 6 are directed to one chimney and flue gases from units 7 and 8 are
directed to another chimney. Both chimneys are located behind the ESPs.
Dry fly ash is stored in silos. " »
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TABLE 25.2.3-5. SUMMARY OF NOx RETROFIT RESULTS FOR PORT WASHINGTON

BOILER NUMBER

© COMBUSTION MODIFICATION RESULTS

‘ 1—5 (each)
FIRING TYPE L © ARCH
TYPE dF NOx CONTROL | , NA
FURNACE VOLUME (CUBIC FT) | " NA
BOILER INSTALLATION DATE - 1935-50
SLAGGING PROBLEM NO .
ESTIMATED NOx REDUCTION (PERCENT) NA

SCR _RETROFIT RESULTS
SITE ACCESS AND CDNGESTION ‘
FOR SCR REACTOR : HIGH
SCOPE ADDER PARAMETERS-— N
Building Demolition (1000%) 0
Ductwork Demolition (1000§) o 23
New'Ducf Length (Feet) - | 200
New Duct Costs (1000%) S 8710
New Heat Exchanger (1000%) 1630
TOTAL- SCOPE ADDER COSTS (1000%)
%Bﬂé‘x’é?% 3 ; Bt
COMBINED (4-5 4858 -
COMBINED (1-5 6588
RETROFIT FACTOR FOR SCR 152

GENERAL FACILITIES {PERCENT) . . 38
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Table 25.2.3-6. NOx Control Cost Results for the Part Washington Plant (June 1988 Dollars)

Technalogy - Boiler Main HBoiler Capacity Coal Capital Capital Annual  Annual NOx NOx NOx Cost
Number Retrofit Size  Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.
Difficulty (Mw) (%) Content (SMM) (S/kW) (SMM) (mills/kwh) (%) (tons/yr)- ($/tom)

. Factor - (Xy
SCR-3 1 1,52 80 9 1.6 20.7 259.0 6.1 . 96.3  80.0 140+ 43494.0
SCR-3 2 1.52 80 23 1.6 21.0 262.3 6.2 38.5 ©  80.0 359 17314.9
SCR-3 3 1.52 80 .18 1.6 21.0  262.3 . 6.2 49.1 80.0 281 22084 .4
SLR-3 4 1.52 ‘80 20 1.6 20.7 259.0 6.1 43.8 80.0. 312 19689.3
SCR-3 5 1.52 80 10 1.6 20.7 259.0 6.1 87.2 80.0 156 39167.7
SCR-3 1-3 1.52 240 17 1.6 43.3  180.6 13.6 35.1 80.0 795 17139.1
SCR-3 45 1.52 160 15 1.6 33.6 210t 1041 48.2 80.0 . 468 21676.5
SCR-3 1-5 1.52 400 16 1.6 &.2 160.6 20.6 315.8 80.0 1248 16547.0
SCR-3-C 1 .1.52 . 80 @ 1.6 20.7  25%.0 3.6 56.9 80.0 140 25580.8
SCR-3-C 2 1.52. 80 23 1.6 21.0 262.3 3.7 22.7  80.0 . 35¢ 10182.5
SCR-3-C 3 . 1.52 80 18 1.6 21,0, 262.3 36 28.9 80.0 281 12976.7
SCR-3-C 4 J1.52 80 20 1.6 20.7 25%.0 3.6 25.8 80.0 312 11578.7
SCR-3-C 5 1.52 80 0. 1.6 20,7 259.0 3.6 51.3 80.0 156  .23036.2
 SCR-3-C 1-3 1.52 240 17 1.6 3.3 180.6 8.0 22.4 80.0 795 10063.9
SCR-3-C 4-5 1.52 160 15 1.6 13.6 -210.1 6.0 28.4 80.0 468 12741.2
SCR-3-C 1-5 1.52° 400 16 1.6 6.2 160.6 12.1 21.6 80.0 1248 711.1
SCR-7 1 1.52 80 ‘e 1.6 19.6 244.8. . 5.2 82.0 80.0 140 36835.3
SCR-7 2 1.52 80 23 1.6 21,0 262.3 5.6 3.5 - 80.0 359 15507.4
SCR-7 3 1.52 & 18 1.6 21.0 262.3 5.5 44.0 80.0 281 19755.1
SCR-7 4 1.52 - 80 20 1.6 20.7 259.0 5.5 39.2 80.0 312 17610.9
SCR-7 5 1.52 80 10 1.6 20.7 25%.0 5.5 7.9 80.0 156 35010.2
SCR-7 1-3 1.52 240 17 1.6 43,3 180.6 1.7 2.7 80.0 795 14893.7
- .SCR-7 4-5 1.52 160 15 1.6 13,6  210.1 8.8 421 80.0 468 18904.8-
SCR-7 1-5 1.52 400 16 "1.6 64.2 180.6 17.4 3.0 80.0 1248 13949.0
SCR-7-C 1 1.52 30 9 1.6 19.6 244.8 3.0 48.4 80.0 140 21729.5
SCR-7-C 2 1.52 30 23 1.6 21.0 262.3 3.3 20.4 80.0° 359 9146.9
‘SCR-7-C 3 1.52 80 18 1.6 21.0 262.3 13 25.9 80.0 281 11653.6
SCR-7-C -4 1.52 80 20 1.6 20.7 259.0 3.2 23.1 80.0 312 10387.8
SCR-7-C 5 1.52 80 10 1.6 20.7 259.0 3.2 46.0 . 80.0 156 20654.5
SCR-7-C 1-3 1.52 240 17 1.6 43,3 180.6 6.9 19.3 80.0 795 8662.7
SCR-7-C 4-5 1.52 160 . 15 1.6 35.6 210.1 5.2 24.8 £0.0 458 11153.4
scrR-7-C 1-5 1.52 400 16 1.6 64.2 180.5 10.3 18.3 ) 8a.0 1248 8222.6
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TABLE 25.2.4-1.

SOUTH OAK CREEK STEAM PLANT OPERATIONAL DATA .

BOILER NUMBER
GENERATING CAPACITY (MN each)

- CAPACITY FACTOR (PERCENT)*

INSTALLATION DATE

FIRING TYPE

FURNACE VOLUME (1000 CU FT)
LOW NOx COMBUSTION

COAL SULFUR CONTENT (PERCENT)
COAL HEATING VALUE (BTU/LB)
COAL ASH CONTENT {PERCENT)
FLY ASH SYSTEM ,
ASH DISPOSAL METHOD

STACK NUMBER

COAL DELIVERY METHODS

- PARTICULATE CONTROL

TYPE ‘
INSTALLATION DATE
EMISSION (LB/MM BTU)
REMOVAL EFFICIENCY
DESIGN SPECIFICATION
SULFUR SPECIFICATION (PERCENT)
SURFACE AREA {1000 5Q FT)
GAS EXIT RATE (1000 ACFM)
SCA (SQ FT/1000 ACFM)
OUTLET TEMPERATURE (°F)

5,6

275
58,43
1959,61
ARCH
172

NO

1.6
12200
7.2

7,8
310
48,38

1965,67

TANGENTTAL
136
LNC+
1.6
12200
7.2

DRY DISPOSAL

3

ESP

1972
0.09,0.01
98.6,98.9

2.0
413.3
1200
344
280

STORED IN SILOS
BARGE

4

ESP
1965,67
0.09,0.10
98.5,98.6

2.5
155.5
840
185
275

* Based on 1988 data.
+ Installed in 1985-86.
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Lime/Limestone and Lime Spray Drying FGD Costs--

L/LS-FGD absorbers for all of the units would be located at the south
end of\fhe plant close to retrofit ESPs. The general facilities factor
would be medium {10 percent) for the FGD absorber location because
relocation of some storage buildings and roads would be necessary. The site
eccess/congestion factor would be medium for the L/LS-FGD absorber location.
‘More than 1000 feet of ductwork would be required for installation of the
L/LS-FGD system for units 5 and 6 and 500 feet would be requ{red for units 7
and 8. A high site access/congestion factor was assigned to flue gas
handling for all units because of the proximity of Lake Michigan and the
obstruction caused by the ash silos and the unit 7:and 8 chimney. A new
" chimney would be constructed beside the absorbers to reduce duct length and
congestion created around the units.

LSD with reuse of the ex1st1ng_ESPs was not considered for the South
Oak Creek plant because of the lack of,access to the.ducfwork'between the
boilers and the ESPs. ' '

N Tables 25.2.4-2 through 25.2.4-4 present the retrofit factors and cost
estimates for installation of L/LS-FGD at the South Oak Creek plant.

Coal Switching and Phys1ca1 Coal C]ean1ng Costs--

Table 25.2.4-5 presents the IAPCS. cost results for CS at the South Oak
Creek plant. PCC was not considered at the South Oak Creek plant because it
is not a mine mouth plant. These costs do not include changes in boiler and
pulverizer operating cost changes or any system modifications that may be
necessary for coal handling. ‘

'NOX Control Techno]ogies--‘

- Units 5 and 6 are.arch-fired boilers having low NOx emission levels and
were not considered for LNC. Units 7 and 8 were retrofitted with LNC in
1985-86. ' : ‘

Selective Cata1yt1c Reduction--

Cold side SCR reactors for units 5-7 would be located behind the
respective ESPs and close to the chimneys. SCR reactors for unit 8 would be
Tocated close to the unit, south of the retrofit ESPs. A high general
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TABLE 25.2.4-2. SUMMARY OF RETROFIT FACTOR DATA FOR
S SOUTH OAK CREEK UNIT 5 OR 6

FGD TECHNOLOGY

FORCED  LIME :
L/LS FGD.OXIDATION SPRAY DRYING .

SITE ACCESS/CONGESTION

S02 REMOVAL MEDIUM  NA NA
FLUE GAS HANDLING ~ HIGH NA
ESP REUSE CASE . NA
BAGHOUSE CASE | NA
DUCT WORK DISTANCE (FEET) 1000 +  NA
ESP REUSE - NA
BAGHOUSE NA
ESP REUSE. ~ NA NA  NA:
" NEW BAGHOUSE - o NA NA NA
SCOPE_ADJUSTMENTS
WET - TO DRY CNO NA NA
ESTIMATED COST (1000$) NA . NA NA
NEW CHIMNEY YES NA NA
ESTIMATED COST (1000%) 192 0 0
OTHER NO- -
RETROFIT FACTORS
FGD SYSTEM | 1.82 NA
"ESP REUSE CASE NA
BAGHOUSE CASE | NA
ESP UPGRADE O NA NA ©NA
NEW BAGHOUSE NA NA NA
GENERAL FACILITIES (PERCENT) 10 0 0
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TABLE 25.2.4-3. SUMMARY OF RETROFIT FACTOR DATA FOR
: SOUTH OAK CREEK UNIT 7 OR 8

FGD TECHNOLOGY

FORCED ~ LIME

L/LS FGD OXIDATION SPRAY DRYING
SITE ACCESS/CONGESTION - f |
$02 REMOVAL MEDIUM  NA NA

FLUE GAS. HANDLING * HIGH NA
ESP REUSE CASE NA
. BAGHOUSE CASE NA
DUCT WORK DISTANCE (FEET)  300-600 NA |
ESP REUSE . NA
BAGHOUSE o : NA
ESP REUSE , NA NA NA
NEW BAGHOUSE NA NA NA
~ SCOPE_ADJUSTMENTS , |
WET TO DRY NO CNA T NA
ESTIMATED COST (1000$) NA  NA NA
NEW CHIMNEY . YES NA NA
ESTIMATED COST (1000%$) 2170~ 0 . . 0
| OTHER NO \
RETROFIT FACTORS |
FGD SYSTEM - 1.52 NA
ESP REUSE CASE NA
. BAGHOUSE CASE ‘ | NA
ESP UPGRADE NA NA “NA
NEW BAGHOUSE NA - NA NA
GENERAL FACILITIES (PERCENT) 10 0.0
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Table 25.2.4-4. Sumary of FGD Control Costs for the South Oak Creek Plant (Juné 1988 Dol lars)

Technology Boiler Main Boiler Capacity Coal Capital Capital Amnual Anmnuel - 502 s02 502 Cost
Number Retrefit Size  Factor Sulfur  Cost Cost Cost Cost Removed Remo_'ved Effect.
Difficulty (MW) (%) Content (SMM) (8/kW) (SMM) (mills/kwh) (%) (tons/yr) (%/ton)

Factor . (X) >

L/S FGD 5 1.82 28 s8 1.6 93.6 340.4 38.5 27.6  90.0 .15927  2419.5
L/S FGD 6 .82 275 43 1.6 93.6 340.3 36.4 35.2  90.0 11808  3084.0
L/S FGD 7 1.2 310 48 1.6 B4.9 273.9 35.1  26.9  90.0 14859  2359.7
L/S FGD 8- 1.2 310 3@ 1.6 B4.9 273.8 33.5 32,4 90.0 11763 2846.1
L/§ FGD 5-6  1.82 550 50, 1.6  143.5 261.0 59.0 24.5  90.0 27460 . 2147.8
L/§ FGD 7-8 1,52 620 43 1.6 1319 212.8 '54.6. 23.4  90.0 26621  2052.2
L/§ FGD-C 5 1.82 275 58 1.6 .93.6 340.4 225 6.1 90.0 . 15927 1412.6
L/S FGD-C 6 1.82 275 43 1.6 .93.6 340.3 21,3 20.5  90.0 11808  1802.5
L/ FGD-C 7 1.52- 310 48 1.6 8.9 273.9 20.5 15.7  90.0 14859  1377.6
L/S FGD-C - 8 .52 30 . 38 1.8 8.9 273.8 19.6 19.0  90.0 11763  1663.0
L/S FGD-C 5.6 1.82 550 50 1.6  143.5 261.0 34.4 143 90.0 © 27460  1254.0
L/S FGD-C 7.8 152 620 43 1.6 1319 212.8 31.9. 13.7  90.0 26621 .  1198.0
LC FGD 5-8 146 170 47 1.6 1981 169.3 B87.5 18.2 0.0 54910 1593.5
LC FGD-C 5-8  1.66 1170 47 1.6 198.1 169.3 ° $1.0  10.6  90.0 54910 929.1
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Teble 25.2.4-5. Summary of Cosl Switching/Cleaning Costs for the South Oak Creek Plant (June 1988 Dollars)

. Technology  Boiler 'Main  Boiler Capaéity Coal Capital Capital Armwal
' Number Retrofit Size Factor Sulfur Cost Cost Cost

Annual

Cost

(mills/kwh)

D o ;o
PR
O~ W

L N N O
e W
O

so2 -

so2 S02 Cost

Removed Removed Effect.

%)

43,
43,
43,
43.

Qo000

43,
43,
43.
43,

43,
43.
43.
43,

o0 oo

43.
43.
43.
43,

[= = B = = )

O 000

(tons/yr} {($/ton)

7508 2718.2
5640 . 2815.2
7097 2791.9
5619 . 2884.9

7608 1563.1
5640 1620.6
7097 1606.8
5619 1662.0

7608 1135.6
5640 1209.6
7097 1195,5°
5615 1267.7

7608 654.6
. 5640 - 698.5
7097 £90.2

-Difficulty (M) (X) Content (SMM) (3/kW) (SMM)
Factar : {%)

CS/B+$15 5 1.00 275 58 1.6 9.7 354 20.7
C5/B+$15 3 1.00 . 275 - 43 1.6 9.7  35.1 15.9
C5/B+$15 7 1.00 310 48 1.8 1.4 36.8 19.8
C5/8+815 8 1.00 310 38 1.8 1.4 35.8 16.2
| £S/B+$15-C 5 1.00 275 58 1.6 9.7  35.1 1.9
CS/B+$15-C 6 C1.00 27 43 1.6 9.7  35.1 9.1
CS/B+$15-C 7 1.00 310 48 1.6 1.4 368 11.4
CS/B+815-C 8 11,00 310 38 1.6 17.4  35.8 9.3
CS/B+S5 5 1.00 275 S8 1.6 6.8 2.7 8.6
CS/8+85 6 1.00 275 43 1.6 ‘6.8  24.7 . 6.8
CS/B+$5 7 1.00 310 4B 1.6 8.2 26.4 8.5
CS/B485 8 1.00 310 38 1.6 8.2 2.4 7.4
C5/B+85-C 5 1.00 27 58 . 1.6 6.8 2.7 5.0
CS/8+85-C I3 1.00 275 43 1.6 &8 24,7 3.9
Cs/8+35-C 7 1.00 310 48 1.6 8.2 2.4 4.9
£5/8+85-C 8 1.00 310 38 1.6 8.2 26.4 4.1

W
o m O

5619 732.8
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faci]itie§ value (38 percent)‘was assignéd to units 5-7 due to relocation -
and demolition of ash silos and a plant road. A medium_generaj‘fac11iiies
value (20 percent) was assigned to units 7-8 because of a plant road |
relocation. A high site dccess/congestion féctor'was assigned to unit 5-7
_SCR reactor 1ocations because- of the congestion created by the lake and
ESPs/chimneys. Some spacé is available for unit 8 SCR reactor and a medium
site access/congestion factor was assigned to this location. About 300 feet
of ductwork would be required for all units. Tables 25.2.4-6 and 25.2.4-7
present the retrofit factors and cost estimates for installation of SCR at
the South-Oak'Creek p]ant. ‘

furnace Sorbent Injectjoh and Duct Spray Drying FGD Costs--

Sorbent injection technologies (FSI and DSD) were not considered for
units 7 and 8 because of the lack of access to the ductwork between the
boi]érs and the ESPs and the small ESP size. However, sorbent injection
technologies were considered for units 5 and 6 because of the large size
ESPs.. It is assumed that the first section of the ESPs cou]deOSS1b1y be
‘ modifiedlfor slurry injection (E-SOX). Tables 25.2.4-8 and 25.2.4-9 present
retrofit factors and costs for FSI and DSD technologies for units 5 and 6.

Atmospheric Fluidized Bed Combustion and Coal Gasification Applicability--
Units 5 and 6 would be considered good candidates for AFBC/CG
repowering because of their small boiler sizef(<300 MW). Units 7 and 8
~would be less likely candidates because of their larger size {>300 MW)
and higher capacity factors. Plant/boiler site congestion would
‘significant1y increase the cost of repowering for all the boilers.
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TABLE 25.2.4-6. SUMMARY OF NOx RETROFIT RESULTS FOR SOUTH OAK CREEK

'BOILER NUMBER

- COMBUSTION MODIFICATION RESULTS

5,6 7,8

FIRING TYPE \ . ARCH.  TANGENTIAL

TYPE OF NOx CONTROL NA’ LNC | |

FURNACE VOLUME (1000 CU FT) 173 136

BOILER INSTALLATION DATE 1959,61 1965,67

SLAGGING PROBLEM N0 . YES

ESTIMATED NOx REDUCTION (PERCENT) N NA
SCR_RETROFIT RESULTS

SITE' ACCESS AND CONGESTION | | -

FOR SCR REACTOR HIGH HIGH,MEDIUM

SCOPE ADDER PARAMETERS-- |

Building Demolition (1000%) ’ 0 0

Ductwork Demolition (10008) 61 63

New Duct Le‘ngth (Feet) . 300 300

New Duct Costs (100C%) ' 2799 é881

New Heat Exchanger (1000%) o 3567 3675
TOTAL SCOPE ADDER COSTS (1000$) 6427 6619
RETROFIT FACTOR FOR SCR . 1.52 1.52,1.34
'GENERAL FACILITIES (PERCENT) - 38 38,20
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Table 25.2.4-7. NOx Control Cost Results. for the South Dak Creek Plant (June 1988 Dollars) -

Technology Boiler Msin Boiler Capacity Coal Capital Capitel Anrual
Nurber Retrofit Size Factor Sulfur Cost Cost Cost
Difficulty (MW} (%) Content (SMM) (3/kW) (SHM)
. Facter _AR) ’
SCR-3 5 1.52 275 58 1.6 49.5 180.0 16.0
SCR-3 R 1.52 275 43 1.6 . 49.5 180.0 15.8
SCR-3 7 1.52 310 48 1.6 54.3 175.0 17.5
- §CR-3 8 1.34 310 38 1.6 47.8 154.2 15.8
SCR-3-C 5 1.52. 275 58 1.6 49.5 180.0 9.4
SCR-3-C -6 1.52 275 -43 1.6 49.5 1B80.0 - " 9.3
- SCR-3-C 7 1.52 . 310 48 1.6 54.3 175.0 10.3
SCR-3-C 8 1.3 " 310 38 1.6 47.8  154.2 9.3
SCR-7 5 1.52 25 58 1.6 49.5 180.0 ~ 13.8
SCR-7 ) 1.52 275 43 1.6 9.5 180.0 13.6
SCR-7 7 1.52 30 [3-] 1.6 54.3 175.0 15.0
SCR-7 8 1.34 310 38 1.6 47.8  154.2  13.2
SCR-7-C S 1.52 275 58 - 1.6 49.5 180.0 8.1
SCR-7-C ) 1.52 275 43 1.6 49.5 180.0 8.0
SCR-7-C 7 1.52 310 48 1.6 54.3 175.0 a.8
SCR-7-C e 1.3 310 38 1.6 47.8 154.2 7.8

Annuat NOX NOX  NOx Cost
Cost  Removed Removed Effect.
tmills/kwh) (%) (tons/yr) (%/ton)

" 115 80.0 3403 4708.9
15.3 80.0 2523 6265.9
135 80.0 375 5524.6
5.3 8.0 2513 6281.8.
6.7 80.0 3403 2763.1
9.0 80.0 2523 3677.9
7.9 80.0 375 3241.8
9.0 80.0 2513 3684.4
9.9 80.0 1403 4048.5
13.1 80.0 2523 5372.4
1.5 . 80.0 37 4724.2
12.8 80.0 2513 5270.8
5.8. 80.0 3403 2383.6
7.7 80.0 - 2523 3166.0
6.8  80.0 3175 2783.3
7.6 80.0 3105.1
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- TABLE 25.2.4-8. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION
TECHNOLOGIES FOR SOUTH OAK CREEK UNIT S OR &6

ITEM
SITE ACCESS/CONGESTION .
REAGENT PREPARATION - - . LOW -
ESP UPGRADE | ' HIGH

NEW BAGHOUSE | ‘ © NA
SCOPE_ADDERS | A |
CHANGE_ESP_ASH DISCHARGE SYSTEM TO DRY HANDLING NO

ESTIMATED COST (1000$) " NA .
ADDITIONAL DUCT WORK (FT) o

NEW BAGHOUSE CASE - O NA

ESTIMATED COST (1000%$) NA

ESP REUSE CASE NA

ESTIHATED COST (10003) | NA
DUCT DEMOLITION LENGTH (FT). 50

DEMOLITION COST (1000$ 64
TOTAL COST (1000$) , |

ESP UPGRADE CASE 64

A NEW BAGHOUSE CASE = | NA
RETROFIT FACTORS

CONTROL SYSTEM (DSD SYSTEM ONLY) _ 1.13
ESP UPGRADE 1.58
NEW_BAGHOUSE - NA
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" Teble 25.2.4-9. Summary of D5SD/FSI Control Costs for the South Oek Creek Plant (June 1588 Dollars)

===_-____-____::‘_____-______..__:::::::: ===s=== === RS- E S S RS ST EESEoCZIESIEEZISES
Technol ogy Boiler Main Boiler Capaecity Coal Capital Capital Annual  Annual so2 . so2 502 Cost
Number Rgtrofit Size Factor Sulfur Cost Cast Cost cost Removed Removed Effect.
Difficulty (M) {X) Content ($Md) ($/ki) ($MM) (mills/kwh) (X} (tons/yr) ($/tom)

Factor ‘ %) ‘
DSD+ESP 5 ©.1.00 275 58 1.6 1.3 40,9 8.6 6.1 49.0 8409 _§97.5
0SD+ESP & - 1.00 P4 3 1.6 N3 40.9 7.7 7.5 49.0 46383 - 1210.0
oso?ESP-c s - 1.00 275 58 - 1.6 1.3 40.9 5.0 3.6 49.0 8409 S77.4
DSD+£SP-C 3 1.00 275 43 1.6 1.3 40.9 4.5 4.3 49.0 6383 701.1
FSI*ESP-50 5 1.00 27 58 1.6 12.0 43.7 9.6 6.8 50.0 8848 1079.8
FSI+ESP-50 é 1.00 275 43 1.6 12.0 - 43.7 8.1 7.9 50.0 6560 1240.7
FS{+ESP-50-C . 5 1.00 7 58 1.6 12.0 3.7 . 5.5 40 50,0 8848 626.8
FSI+ESP-50-C -] 1.00 275 43 1.6 12.0 43.7 4.7 4.6 50,0 6560 719.1
FSI+ESP-70 5 1.00 27s 58 1.6 12.2 4.3 9.7 7.0 70.0 12387 784.7
FSI+ESP-70 [ 1.00 75’ 43 1.6 12.2 4.3 8.3 8.0 70.0 9184 900.5
FSI+ESP-70-C H 1.00 275 58 1.8 12.2 &3 5.6 4.0 70.0 12387 454.0
FSI+ESP-70-C [ 1.00 275 43 1.6 12.2 44.3 4.8 4.6 70.0 9184 522.0
= CEEEETEEEESI=IsSSS=EE===o=s= === E=xa===z === EEEEE S SEEESSSS=E=SESE=EE==E
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25.2.5 Valley Steam Plant

LSD with‘reuse'pf the'eX1§ting ESPs was not considered for the Valley
plant because the ESPs are small and wod]d not be able to handle the
additional load. Space afound the Valley plant is very limited;. therefore,
LSD with a new baghouse was not evaluated. Furnace sorbent injection .
iethnoTogies were not,considered since the ESPs are not of an adequate size
to be reused and the duct residence time betwéen the boilers and ESPs is
short. - '

- TABLE 25.2.5-1." VALLEY STEAM PLANT OPERATIONALVDATA *

BOILER NUMBER - | 1,2 3,8

GENERATING CAPACITY (MwW-each) - .68 68
CAPACITY FACTOR (PERCENT) 26 27
INSTALLATION DATE - 1968 1969
FIRING TYPE ‘ ‘ FRONT WALL
FURNACE VOLUME (1000 CU FT} 41.% 41.5
LOW NOx COMBUSTION . NO NO
COAL SULFUR CONTENT (PERCENT) . 1.4 -
COAL HEATING VALUE (BTU/LB) 12700
COAL ASH CONTENT (PERCENT) : 9.1
FLY ASH SYSTEM ' DRY DISPOSAL
ASH DISPOSAL METHOD - LANDFILL/OFF-SITE
. STACK NUMBER : 1 2
COAL DELIVERY METHODS : SHIP/BARGE

PARTICULATE CONTROL
. TYPE ' ESP ESP

INSTALLATION DATE - 1968 1969
EMISSION (LB/MM BTU) - | 0.05,0.11 0.1,0.11
 REMOVAL EFFICIENCY | 99.3,98.4 - 98.6,99.1

DESIGN SPECIFICATION

SULFUR SPECIFICATION (PERCENT) 2.5 2.5

SURFACE AREA (1000 SQ FT) 50.5 50.5

GAS EXIT RATE (1000 ACFM) =~ 277 277

SCA (SQ FT/1000 ACFM) 182 182

OUTLET TEMPERATURE (°F) 310 310

* Based on 1988 data.
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TABLE 25.2.5-2. SUMMARY OF RETROFIT FACTOR DATA FOR VALLEY
: : UNITS 1-2 OR 3-4*

FGD TECHNOLOGY

FORCED LIME
L/LS FGD OXIDATION _SPRAY DRYING

SITE ACCESS/CONGESTION

S02 REMOVAL HIGH NA NA

FLUE GAS HANDLING HIGH NA
ESP REUSE CASE | | NA
BAGHOUSE CASE ' NA

DUCT WORK DISTANCE (FEET) 100-300  NA
ESP REUSE " NA
BAGHOUSE . NA

ESP REUSE - NA . NA NA

NEW BAGHOUSE NA CNA - NA

SCOPE ADJUSTMENTS
_ WET TO DRY - NO . NA NA
ESTIMATED COST (1000%) NA NA NA

NEW CHIMNEY NO NA NA
ESTIMATED COST (10008) 0 0. 0

OTHER YES

RETROFIT FACTORS ,

FGD SYSTEM 1.73 NA _
ESP REUSE CASE , " NA
BAGHOUSE CASE | NA

ESP UPGRADE , NA NA NA

NEW BAGHOUSE 3 NA NA NA

GENERAL FACILITIES (PERCENT) 15 0 0

* L/LS;FGD absorbers for ﬁhits 1-2 and 3-4 would be 1océted behind
- the common chimney for units 1-2 and 3-4, respectively..
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Table 25.2.5-3. Summary of FGD Control Costs for the valley Plant (June 1588 Dellars)

Technology = Boiler Main  Boiler Capacity Coal Capital Capital Amnual  Annual 502 s02 §02 Cost
Number Retrofit Size Facter sulfur  Cost Cost cost Cost removed Removed Effect..

Difficulty (MW) (%) Content (SMM) (S/kW) (BMM) (mills/kwh) (%) (tons/yr) (3/ton)

Factor o (%) : ’ ) .

L/S FGD 1-2 1.73 138 26 1.4 60.3 443.1 21.9 .70.7 Q0.0 2950  7419.3
L/S FGD 3-4 1.73 134 ris 1.4 60.3 443.1 22.0 58,3 90.0 3064 7169.8
L/8 FGD-C 1-2 1.73 136 26 1.4 60.3 4431 12.8 1.4 90.0 2950 4342.4
L/S FGD-C 3-4 1.73 136 27 1.4 60.3 4431 - 12.9 40.0 90.0 3064 4196.0
LC FGD 1-2 1.73 136 26 ‘ 1.4 «1.5 305.3 156.0 51.7 90.0 2950 - 5425.2
LC FGD 3-4 1.73 136 27 1.4 «1.5 305.3 16.1 ~ 50.0 90.0 3054 5249.5
LC FGD-C 1-2 1.73 136 26 t.6 «1.5 305.3 9.4 30.2 90.0 2950 3171.3
LC FGD-C 3-4 1.73 136 27 1.6 41.5 305.3 9.4 29.2 90.0 3064 3068.4
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Table 25.2.5-4. Summary of Coal Switching/Cleaning Costs for the Valley Plant (June 1988 Dollars)

Technology Boiler Main Boiler Capacity Coal Capital Capital Annval Annual = S02 s02 S02 Cost
Number Retreofit Size  Factor Sulfur Cost Cost Cost ‘Cost Removed Removed Effect.
Difficulty (MW) (%) Content (BMM) (3/kiW) (SMM) (mills/kwh) (%) (tons/yr) ($/ton)

factor (%) ' ’

. £5/B+815 1,2 1.00 &8 26 1.4 3.4 49.4 3.0 19.1 32.0 521 5631.4
CS/B+$15 3,6 1.00 &8 27 1.4 3.4 49.4 1.0 18.9 32.0 541 5625.0
£$/8¢815-C 1,2 1.00 &8 .26 1.4 3.4 9.4 1.7 11.0 32.0 521 ° , 3283.9
CS/B+$15-C 3,4 1.00 68 27 1.4 3.4 9.4 1.8 10.9 32.0 541 3250.7
cs/BssS . 1,2 1.00 68 26 1.4 2.7 19.00 1.4 10.0 32.0 521 2587.6
CS5/8+35 3,4 1.00° &8 27 1.4 2.7 39.0 1,6 . 9.9 32.0 541 2940.0
C5/B+85-C 1,2 1.00 &8 26 1.4 2.7 313.0 0.9 5.8 32.0 521 1734.6
CS/B+85-C 3,4 1.00 68 27 . 1.4 o 2.7 39.0 0.9 5.7 32.0 541 1706.4
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TABLE 25.2.5-5. SUMMARY OF NOx RETROFIT RESULTS FOR VALLEYV

BOILER NUMBER

- COMBUSTION MODIFICATION RESULTS -

I-2 3.4

FIRING TYPE S . FWF FWF
TYPE OF NOx CONTROL | LNB LNB
FURNACE VOLUME (1000 CU FT) = 41.5  41.5
BOILER INSTALLATION DATE 1968 1969
SLAGGING PROBLEM . MO NO
ESTIMATED NOx REDUCTIONV(PERCENT) 42 40
SCR‘RETROFIT RESULTS* '
l?éEEséch§§c¢gE CONGESTION | :' HIGH- HIGH
SCOPE ADDER PARAMETERS--
Building Demolition (10008) . = 0. 0
Ductwark Demeolition (1000%) . 34 34
New Duct Length (Feet) Co 200 200
New Duct Costs (1000$) -. 1186 1186
New Heat Exchanger (10005) 2241 2241
TOTAL SCOPE ADDER COSTS (1000%) 3462 3462
RETROFIT FACTOR FOR SCR 12 1.52
* GENERAL FACILITIES (PERCENT) . 38 38

* Cold side SCR reactors for ﬁnits 1-2 and 3-4 would be located o

behind the unit 1-2 and 3-4 chimney, respectively.

25-43



Table 25,2.5-6. NOx Control Cost Results for the Valley Plant (June 1988 Dollars)

Technalogy Boiler Main Boiler Capacity Coal Capital Cepital Annusl Annual NOX " NOX NOX Cost
Number Retrofit Size Factor Sulfur Cost Cost  Cost Cost Removed Removed Effect.

Difﬁculty (M) (X) Content (SMM) ($/kW) (SMM) <{(mills/kwh) <(X) (tons/yr) (%/ton)

Factor ' . %

LNC-LNB 1,2 100 & 2 1.4 2.2 322 05 3.0 420 65 17649
LNC-LN3 3.4 1.00 &8 a7 1.4 . 2.2 32.2 0.5 2.9 40.0 262 1784.5
LNC-LNB-C 1,2 1.00 68 26 1.4 2.2 32.2 0.3 1.8 42.0 265 1048.5
"LNC-LNB-C 3,4 1.00 68 27 1.4 2.2 32.2 0.3 1.7 40.0 282 1060.1
SCR-3 1-2 1.52 136 . 28 1.4 28.7 -211.2 8.8 28.6  80.0 V 1009 8771.4
SCR-3 3-4 1.52 136 27 1.4 8.7 M2 89 275 80.0 1047 - B4S3.6
SCR-3-C 1-2 1.52 138 26 1.4 - 28,7 211.2 5.2 16.8 80.0 100% 5153.1
SCR-3-C 3-4 1,52 136 - 27 1.4 28.7 211.2 5.2 16.2 80.0 1047 4966.3
SCR-7 1-2 1.52 136 26 1.4 28,7 2211.2 1.7 25.0 80.0 100% 7672.8
SCR-7 3-4 1.52 136 27 1.4 28.7 211.2 7.7 24.1 80.0 1047 7395.6
SCR-7-C 1-2 1.52 136 26 1.4 28.7 211.2 4.6 14.7 80.0 1009 4523.7
SCR-7-C 3-4 1.5 138 27 1.6 28.7 211.2 4.8 14.2 80.0 - 1047 4360.1
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- 25.3 WISCONSIN POWER AND LIGHT

25.3.1 Columbia Steam Plant

~ The Columbia steam plant is located on the Wisconsin River in Columbia
County, Nisconsin, and is operated by Nistonsin Power‘and Light. The
Columbia plant contains two coal-fired boilers with a gross generating
capacity of 1054 MW. ‘ : .

- Table 25.3.1-1 presents the operational data for the ex1st1ng equ1pment
at the Columbia plant. Coal shipments are received by railroad and
transferred to a coal storage and hand]ing'area south of the‘plant.>
PM emissions from the unit 1 boiler are controlled by the original hot-side
ESP located behind the unit. PM emissions from the unit 2 boiler are _
contro]]gd by the modified ESP that was converted from hot-side to cold-side
.operation in 1988. Flue gases from the units are directed to separate
chimneys located behind the ESPs. Dry fly ash is disposed of in landfills
east of the plant or Sold. ' ‘

‘ L1me/L1mestone and Lime Spray Drying FGD Costs--

L/LS-FGD absorbers for both units would be located beh1nd their
respect1ve chimney. A low site access/congestion factor was ass1gned to
these locations. A plant road and ash silos would have to be relocated for
the unit 1 absorbers; therefore, 15 percent was assignéd to general
facilities. " For unit 2, a plant road would need re]ocating; therefore,

8 percent was assigned to general facilities. For each unit, a duct length
of 100 to 300 feet would be required to span the distance from the chimney
to the absorbers and back to the chimney. A low site access/congestion
’factor was assigned to flue gas handling. New chimneys were cons1dered
because the ex1st1ng chimneys are carbon steel.

LSO with reuse of the existing ESPs was not considered for unit 1
because the unit is equipped with hot side ESPs. LSD with a new baghouse
was considered for unit 1. LSD with reuse of the existing ESPs was
considered for unit 2. 'The LSD absorbers would have the same location as
fhe,wet FGD absorbers: hence; similar site accésé/congestibn and general
facility factors were assigned to the lTocations. The new FFs for unit 1
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'TABLE 25.3.1-1. COLUMBIA STEAM PLANT OPERATIONAL DATA

BOILER NUMBER

GENERATING CAPACITY (MW-each)

CAPACITY FACTOR (PERCENT)
INSTALLATION DATE

FIRING TYPE

FURNACE VOLUME (1000 CU FT)
LOW NOx COMBUSTION

COAL SULFUR CONTENT (PERCENT)
COAL HEATING VALUE (BTU/LB) -
COAL ASH CONTENT(PERCENT)
FLY ASH SYSTEM

ASH DISPOSAL METHOD

STACK NUMBER :

COAL DELIVERY METHODS

PARTICULATE CONTROL

TYPE ‘
INSTALLATION DATE
EMISSION (LB/MM BTU)
REMOVAL EFFICIENCY
DESIGN SPECIFICATION

SULFUR SPECIFICATICN (PERCENT)

SURFACE AREA (1000 SQ FT)
GAS EXIT RATE (1000 ACFM)
SCA (SQ FT/1000 ACFM)
QUTLET TEMPERATURE (°F)

1,2

527
55,70*
1975,1978

TANGENTTAL
- 421

NA

0.6,0.3

8800
8.4,4.6

DRY DISPOSAL
LANDFILL/SOLD
1,2

RAILROAD

"HOT ESP, COLD ESP.

1975,1978
0.08,0.02
99.1,99.5

. 0.7,0.4

743
3800,2200
196, 338
800,275

% 1990 estimate.
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~ would be adjacent to the LSD absorbers. Duct lengths of 200 and'SOO feet
would be needed for units 1-and 2, fespectiveTy. The site access/congestion
factor for flue gas handling was low for unit 1 and'high.for unit 2.

. Table 25.3.1-2 presents the retrofit factor results for the Columbia
plant. However, costs are not estimated since the boilers at the Cclumbia
plant are burning a low sulfur coal and it is unlikely that the current Tow
sulfur coal would be used if scrubbing were required FGD .cost estimates
based on the current low sulfur coal would resu]t in 1ow estimates of
capital and operat1ng costs and hrgh unit costs

Coal Switching and Phys1ca1 Coal Cleaning Costs--

' CS and PCC were not considered for the Columbia p]ant since the boilers
are ci.rently burning a.low sulfur coal. Plant personnel indicated that:
_sw1tch1ng to a very low sulfur coal would require conversion of the unit 1
ESP to cold side operation.

NO, Contro1 Techno1og1es—- -

The boilers at the Columbia p]ant are probably a]ready meeting the
1971 NSPS emissions and were not considered-for any combustion modification
in order to reduce NO, emissions.

Selective Catalytic Reduction-- ,

Hot side and cold side SCR reactors for units 1 and 2, respectively,
would be located behind each chimney, similar to the L/LS-FGD absorbers. As
before, the site access/congestion factor for both locations was low. For
unit 1, a high general facilities factor of 38 percent was assigned due to
- the need to relocate a plant road and ash silos. A plant road would need to
be relocated for unit 2; hence, a medium factor of 20 percent was assigned
to general facilities. For each unit, approximately 200 feet of duct would
be required to span the distance between the reactors and the chimneys. The
site access/congestion factor for flue gas handling was low. '
Tables 25.3.1-3 and 25.3.1-4 present the retrofit factors and cost for
~ installation of SCR at the Columbia plant.
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TABLE 25.3L1-2‘ SUMMARY OF RETROFIT FACTOR DATA FOR COLUMBIA
UNIT 1 OR- 2

FGD TECHNOLOGY

FORCED . - LIME

L/LS FGD OXIDATION SPRAY DRYING

SITE ACCESS/CONGESTION

502 REMOVAL LOW NA LOW
FLUE GAS HANDLING LOW NA
ESP REUSE CASE (UNIT 2) " HIGH
BAGHOUSE CASE (UNIT 1) | LOW
DUCT WORK DISTANCE (FEET)  100-300  NA -
ESP REUSE {UNIT 2) = 300-600
BAGHOUSE (UNIT 1) 100-300 |
ESP REUSE (UNIT 2) NA NA MEDIUM
NEW BAGHOUSE (UNIT 1) NA ‘NA LOW
SCOPE_ADJUSTMENTS
WET TO DRY NO NA NO
ESTIMATED COST (1000$) NA NA NA
NEW CHIMNEY . YES  NA . YES
ESTIMATED COST (1000$) 3689 0 3689
OTHER NO ' NO
RETROFIT FACTORS
FGD SYSTEM | 1.22 NA ‘
ESP REUSE CASE (UNIT 2) 1.43
* BAGHOUSE CASE (UNIT 1) | 1.23
ESP UPGRADE (UNIT 2) NA NA 1.36
NEW BAGHOUSE (UNIT 1) NA NA 1.18
,8

GENERAL FACILITIES (PERCENT) 15,8 0 15
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TABLE 25.3.1-3. SUMMARY OF NOx RETROFIT RESULTS FOR COLUMBIA

BOTLER NUMBER

COMBUSTION MODIFICATION RESULTS

. _ 1 2
FIRING TYPE - NA NA
TYPE OF NOx CONTROL | NA NA
FURNACE VOLUME (1000 CU FT) ‘ NA NA
BOILER INSTALLATION DATE NA - NA
SLAGGING PROBLEM . __NA _NA
ESTIMATED NOQIREDUCTION {PERCENT) NA | NA
SCR RETROFIT RESULTS
SLIE ASCESS M CONGESTION LW Low
SCOPE ADDER PARAMETERS--
Building Demolition (1000%) o 0 .0
Ductwdrk Demo]ition (1000%) 94 94
New Duct Length (Feet) : 200 200
New Duct Costs (1000%) _ 2620 - 2620
New Heat Excﬁangef (1000%) : 0o . 5052
TOTAL SCOPE ADDER COSTS (10005) 2715 7767
'RETROFIT FACTOR FOR SCR - : 0 1.16 _1.16

GENERAL FACILITIES (PERCENT) 38 20
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Table 25.3.1-4. NOx Control Cost Results for the Columbia Plant (June'waa Dollars)

===I=====:==:==2.‘.::::=====_=_-_=?--_-_-_=====:=l R+ PRI I A R PP R b At R R L
Technolegy Beiler Main  Boiler Capacity Coal Cepital Capital Anmual * Amnual | NOx NOx NOx Cost
Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.
Difficulty (Mw) (X) Content (SMM) (S/kW) (SMM) (mills/kwh) (%) (tons/yr) (%/ton)
Factor (3] L ‘ ;

SCR-3 1 1.16 527 S5 0.6  68.6 130.1 25.6  10.0  80.0 8999  2826.3
SCR-3 2 1.16 se7 70 - 0.3 65.5 12¢.3 2.9 - 7.7 80.0 11453 2175.6
SCR-3-C 17 116 s 5 0.6 68.6 130.1 1.9  S.9  80.0 8999  3653.4
SCR-3-T 2 1.18 527 70 0.3 65.5 126.3 -1%.6 4.5 80.0 11453~ 1272.1
‘SCR-7 1- 1.1% 527 55 0.6 68.6 1301 20.9 . 8.2 80.0 8999  2322.4
SCR-7 2 1.6 527 70 0.3 65.5 124.3 20.4 6.3 80.0 11453 ° ~ 1779.7

SCR-7-C 1 1.1% 527 55 0.6 68.6, 130.1  12.3 4.8 80.0 8999 - 1364
SCR-7-C 2 1.18 527 70 0.3 65.5 123 12.0 3.7 80.0 11453 - 1045.3
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" Furnace Sorbent Injection and Duct Spray DryinQ,FGD Costs--

Sorbent injection techho]ogies (FSI and DSD) were not considered for
unit 1 because the boiTer is equipped with hot side ESPs. Both technologies
were considered for unit 2 because of the sufficient ESP SCA size and duct
residence time. Tables 25.3.1-5 and 25.3. 1 6 present retrofit data and
costs for installation of FSI and DSD techno]og1es for unit 2 at the

‘Co1umb1a plant.

Atmospheric Fluidized Bed Combustion and Coal Gasification App]icabi]ity--'"

The two 527 MW boilers at the Co]umbfa,p1ant are too 1érge and their
remaining useful 1ife is too Tong to be considered good candidates for
AFBC/CG repowering..

25.3.2 Edgewater Steam P1ant

The Edgewater steam plant is 1ocated on Lake M1ch1gan in Sheboygan »
County, w1scons1n, and is operated by the H1scons1n Power and Light Company.
The Edgewater plant contains three coal-fired boilers with a gross
generating capacity of 770 MW.

Table 25.3.2-1'presents operational data for the.existing equipment at
"the Edgewater plant. Coal shipments are received by railroad and
transferred to a coal storage ahd handling area south of the plant. PM
emissions from units 3 and 4 are controlled by a retrofit ESP on unit 3 and
the original ESP on unit 4. Emissions from unit 5 are controlled by ESPs
which were installed at the time of construction. A1l of the ESPs are
Tocated behind'the boilers. Flue gases from boilers 3 and 4 are directed to
" a chimney Tocated behind the units and flue gases from unit 5 are directed
to a chimney located behind unit 5. Dry fly ash from the units is
landfilled or sold by the uti]ity.

L1me/L1mestone ‘and L1me Spray Dry1ng FGD Costs--
L/LS-FGD absorbers for all of the un1ts would be located south of
unit 3, northeast of the coal pile. The general facilities factor is high
(15 percent) for this location because several storage buildings, silos, and
~a road would have to be relocated. The site access/congestion factor is
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TABLE 25.3.1;5.' DUCT SPRAY DRYING AND‘FURNACE SORBENT. INJECTION
' TECHNOLOGIES FOR COLUMBIA UNIT 2

[TEM |
SITE ACCESS/CONGESTION |
REAGENT PREPARATION | o " LOW
ESP UPGRADE | ~ HEDIUM

NEW BAGHOUSE ‘ NA
. SCOPE ADDERS B
CHANGE ESP ASH DISCHARGE SYSTEM TO DRY HANDLING NO

ESTIMATED COST (1000$) ~NA
ADDITIONAL DUCT WORK (FT)

NEW BAGHOUSE CASE | - NA

ESTIMATED COST (1000$) ‘ NA

ESP REUSE CASE ‘ NA

ESTIMATED COST (1000%) - NA
DUCT DEMOLITION LENGTH (F g o - 50
~ DEMOLITION COST (1000§ 104
TOTAL COST (10003) ,

ESP UPGRADE CASE : 104

A NEW BAGHOUSE CASE . - ‘ NA
RETRGFIT FACTORS
CONTROL SYSTEM (DSD SYSTEM ONLY)

' 1
ESP UPGRADE ' ‘ l.
NEW BAGHOUSE : N
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.Tabie 25.3.1-6. ‘summary of DSD/FSI Control Costs for the Columbia Plant (June 1588 Dotlars)

====================================;===== ====‘====‘========
Main Boiler Capacity Cosl Capital Capital Anmual
Factor Sulfur
Content

Boiler

Number Retrofit

Difficulty (MW)
Factor .

Size

%)

(%)

Cost
(SMM)

Cost
($/kM)

Cost
(M)

Anrrual
~ Cost

£02

Removed Removed

s02

S02 Cost
Effect.

(mills/kwh} (%) (tons/yr) (%/ton)

Technology

DSD+ESP 2
DSD+ESP-C 2
FSI+ESP-50 2

FSI*ESP-50-C 2
FSI+ESP-70 2

FSI+ESP-70-C 2

527

527

57

527

527

70

70

70

70

0.3
0.3
0.3

0.3

10.7

13.1

13.1

20.3

20.3

24.8

24.8

8.3

4.8

8.2

4.8

2.6

1.5

2.5

1.5

5433

5433

5583

5583
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TABLE 25.3.2-1. EDGEWATER STEAM PLANT OPERATIONAL DATA -

BOTLER NUMBER | 3 4 5

GENERATING CAPACITY éMw-each) -~ 60 330 380
CAPACITY FACTOR (PERCENT) , 40 72 61
INSTALLATION DATE 1951 1969 1985
-FIRING TYPE _ - CYCLONE ~ OPPOSED WALL
FURNACE VOLUME %1000 CU FT) 241 137 355
~ LOW NOx COMBUSTION - NO NO - NO
COAL SULFUR CONTENT (PERCENT) 2.0 2.0 - 0.4
COAL HEATING VALUE EBTU/LB)_ 10800 10800 8200 -
COAL ASH CONTENT (PERCENT) 9.3 9.3 5.6
FLY ASH SYSTEM : ‘ DRY DISPOSAL
ASH DISPOSAL METHGD ' LANDFILL/SOLD -
STACK NUMBER 1,2 1,2 3

COAL DELIVERY METHODS _ : RATLROAD

PARTICULATE CONTROL | ,
TYPE - ESP  ESP  ESP

INSTALLATION DATE : 1972 1969 1985
EMISSION éLB/MM BTU) 0.11 0.15 0.009
REMOVAL EFFICIENCY . 93.6 94.9 99,95
DESIGN SPECIFICATION , |
SULFUR SPECTFICATION (PERCENT) 2.9 2.8  0.48
SURFACE AREA (1000 SQ FT 95 172.8 958.5
GAS EXIT RATE (1000 ACFM 300 1050 1700
SCA (SQ FT/1000 ACFM) ‘ 317 165 564

QUTLET TEMPERATURE (°F) ‘ 330 275 279
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‘medium for this location because of the proximity of the coal conveyor and
the lake. In addition, there is some underground obstruction in this area.
About 500 feet of ductwork would be required for units 3 and 4 and 400 feet
of ductwork with a new chimney would be required'fof unit 5. A Tow site
aécess/congestion factor was assighed,to flue gas handling for units 3 and
4, and a high site access/congestion factor was assigned to unit 5 because

_of the obstruction due to the unit 3 and 4 chimney.

. LSD with reuse qf'the existing ESPs was not considered for units 3-5
‘because of the difficultly in accessing the existing ESPs and the inadequate
SCA for additional grain loading of LSD. LSD with a new FF was considered
for these units. LSD-FGD absorbers for units 3-5 would be located similarly
"to the wet FGD absorbers south of unit 3. As in the L/LS-FGD case, a high
general facilities factor and a high site access/congestion factor were
assigned to this location. About 400 to 500 feet of ductwork would be
required for‘units 3-5 with a new chimney forrunit 5. A high site
access/congest1on factor was assigned to flue gas hand11ng for units 3-5
because of the limited space between the boiler and the ESPs..

Tables 25.3.2-2 through 25.3.2-4 present retrofit factor 1nputs to the
IAPCS model and cost estimates for installation of conventional FGD-
teéhno]bgies at the Edgewater plant. Costs for unit 5 are not presented
since unit 5 is burning a Tow sulfur coal and would yield high unit costs.

Coal Switching ahd Physical Coal Cleaning Costs--

' CS was not considered for unit 5 of the Edgewater plant because this
unit already fires a very low sulfur coal. CS was not considered for

units 3 and 4 because a low ash fusion temperature and low sulfur coals
‘required for cyclone boilers. are not readily available in the eastern United
Stétes. PCC also was not evaluated because the Edgewater plant is not a
mine mouth plant. Plant personnel indicated that switching to a lower
sulfur coal i§ currently under investigation for units 3 and 4.

NO Contro] Technologies-- :

NGR was considered for contro] of NO emissions from un1ts 3 and 4
which are cyclone-fired, Unit 5 is an NSPS unit and pfobab1y meets NOX
emission limits using LNB. Tables 25.3.2-5 and 25.3.2-6 give -a summary of
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TABLE 25.3.2-2. ' SUMMARY OF RETROFIT FACTOR DATA FOR EDGENATER
UNIT 3°0R 4

FGD TECHNOLOGY

FORCED LIME
L/LS FGD OXIDATION SPRAY DRYING

SITE _ACCESS/CONGESTION |
S02 REMOVAL HIGH  NA HIGH

FLUE GAS HANDLING LOW  NA
ESP REUSE CASE : | O NA
BAGHOUSE CASE ' CHIGH

DUCT WORK DISTANCE (FEET)  300-600 NA
ESP REUSE . NA
BAGHOUSE | 300-600

ESP REUSE - NA NA NA

" NEW BAGHOUSE . NA NA HIGH

SCOPE ADJUSTMENTS "

WET TO DRY NO CONA NO
ESTIMATED COST (10005) NA NA NA

NEW CHIMNEY NO NA NO
ESTIMATED COST (10005) 0 .0 0

 OTHER NO ' RO
RETROFIT FACTORS o
FGD SYSTEM 1,52 NA
"ESP REUSE CASE | NA
BAGHOUSE CASE 1.62

ESP UPGRADE O NA NA NA

NEW BAGHOUSE - CNA NA 1.58

GENERAL FACILITIES (PERCENT) 15 0 15
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 TABLE 25.3.2-3. SUMMARY OF RETROF&}TFSCTOR DATA FOR EDGEWATER
a 3 T . P

~

FGD TECHNOLOGY

FORCED LIME

L/LS FGD OXIDATION SPRAY. DRYING -

SITE ACCESS/CONGESTION

502 REMOVAL : "HIGH ~ NA HIGH -
FLUE GAS HANDLING - HIGH NA ,
ESP REUSE CASE . . NA

BAGHOUSE CASE 3 | ~ HIGH
* DUCT WORK DISTANCE (FEET)  300-600 - NA
ESP REUSE' .
BAGHOUSE - - 300-600
ESP REUSE U NA NA - NA
NEW BAGHOUSE NA . NA HIGH
SCOPE_ADJUSTMENTS
WET TO DRY - NO NA NO
ESTIMATED COST (1000$) NA NA NA’
NEW CHIMNEY YES NA YES
ESTIMATED COST (1000$) 2660 0 2660
DTHER NO SN0
RETROF1T_FACTORS
~ FGD SYSTEM '1.63 NA |
ESP REUSE CASE © O NA
BAGHOUSE CASE | 1.69
ESP UPGRADE NA NA . NA .
NEW BAGHOUSE -~ NA- NA - 1.58
GENERAL FACILITIES (PERCENT) 15 0 15
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‘Table 25.3.2-4. summary of FGD‘Con:roL Costs for the Edgewater Plant (June‘1988 Doitars) .

 Techrology

L/S FGD
L/S -FCGD
L/S FGD

L/S FGD-C
L/S FGD-C
L/S FGD-C
LC FGD

LC FGD-C

LSD+FF
LSO+FF

_ LSD+FF-C
" LSD+FF-C

Boiler Main

Number Retrofit.

3-4

3-4

Boiler Capacity Coal

Size

Ditficulty (MW)

Factor

1.52
1.52
1.52

1.52
1.52
1.52

1.62
1.62

60

330
3%0

330

390

390

" 390

Factor Sulfur

4“0
67
40
&7
67

67

Capital Capifal.Annual

.Cost Cost

39.5  658.3

8.9 29%9.6
109.6 280.9.
39.5 658.3
98.9 299.6

109.6 280.%9

83.1 213.2
83.1 213.2
24.0. 400.1
80.¢  243.5
2.0 400.1
80.4 243.5

Cost

Annual

Cost

25.8
8.6

‘so2

. S02 S02 Cost

Remaved Removed Effect.
(%) Content (SHM) (S/kW) (SMM) (mills/kwh) (X) (tons/yr) (%/ton)
%) o :

87.¢
87.0

87.0
87.0
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W10 1351.9
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3445 2607.5
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37513 784.9
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" TABLE 25.3.2-5. SUMMARY OF NOx RETROFIT RESULTS FOR EDGEWATER

BOILER NUMBER

COMBUSTION MODIFICATION RESULTS

| 3 4 -5
CFIRING TYPE © CYCLONE  CYCLONE N
“ TYPE OF NOXx CONTROL o NR . NGR o NA
FURNACE VOLUME (1000 CU FT)  24.1 137 NA
BOILER INSTALLATION DATE o 1951 . 1969 . NA
SLAGGING PROBLEM . | NO . No " NA
ESTIMATED NOx REDUCTION (PERCENT) 60~ 60 NA
SCR RETROFIT RESULTS
SITE ACCESS AND CONGESTION - N
FOR SCR REACTOR - MEDIUM  MEDIUM  HIGH
SCOPE ADDER PARAMETERS--
Buitding Demolition (1000%) 0 0 0
Ductwork Demolition (10008) 18 66 74
New Duct Length (Feet) 500 500 100
New Duct Costs (1000§) - 1838 4981 1082
New Heat Exchanger (1000$) 1372 3815 4152
TOTAL SCOPE ADDER COSTS (10005) 3228 8863 5308
COMBINED CASE 9785
RETROFIT FACTOR FOR SCR - 1.3 1.34 1.52
GENERAL FACILITIES (PERCENT) 38 - 38 38
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Table 25.3.2-6. NOx Control Cost Results for the Edgewater Plant (June 1988 Dollars)

E SRS ST ST EESSSSE s SSESEEESEEEE IS EESa S TESSESsEE==sax - H == -=============l===‘=====!====
Technology Boiler Maim Boiler Capacity Coal Capital Capital Anmual. Annual NOx HOx NOx Cost
Number Retrofit Size  Factor Sulfur Cost Cost Cost  Cost Removed Removed Effect.
Difficulty (MW} (X) Content (SMH) (3/kW) (BMM) (mills/kwh) (%) (tons/yr) (%/ton).

Factar . (%)
NGR 3 1.00 ‘ 60 40 2.0 1.6 26,0 1.3 6.4 60.0 1090 1?33.9
NGR [ 1.00 330 72 . 2.0 = 5.4 16.3 11.5 5.5 60.0 10787 1062.5
NGR-C 3 1.00 60 40 2.0 1.6 26.0 8 5.7 60.0 1090 713.3
NGR-C ) 4 1.00 - 330 e 2.0 5.4 16.3 ) 3 50.0 10787 611.0
SCR-3 3 1.34 60 40 2.0 17.5 291.2 5.2 26.8 80.0 1453 31592.8
SCR-3 4 1.34 330 7e 2.0 55.4 167.9 19.5 2.4 80.0 14332 1355.7
SCR-3 3.4 1.34 190 67 2.0 - 61.3° 157.3 21.9 9.6 80.0 15817 1383.0
SCR-3 5 1.52 380 81 0.4 60.8 160.0 21.5 ~10.6  80.0 10926 1970.2
SCR-3-C 3. 1.34 60 a0 2.0 175 291.2 3.1 14.6 ' 80.0 1453 2112.6
SCR-3-C -4 1.34 330 72 2.0 55.4  167.9 1.4 5.5 a0.0 14382 9.0
SCR-3-¢ 3-4 7 1.34 3%0 &7 2.0 61.3  157.3 12.8 5.6 80.0 15817 B0%.8
SCR-3-C 5 1.52 380 61 D.& 60.8 160.0 12.8 6.2 80.0 10926 1153.8
SCR-7 3 1.34 40 &0 2.0 17.5 291.2 4.7 22.4 80.0 1453 3248.2
SCR-7 4 1.34 330 72 2.0 55.4 167.9 18.7 8.0 80.0 14282 1164.2
_SCR-T 3-4 1,34 390 67 2.0 61.3 157.3 18.% 8.1 80.0 15817 1177.3
SCR-T 5 1.52 380 &1 0.4 60.8 160.0 18.2 9.0 80.0 10926 1667.8
. SCR-7-C 3 1.34 60 40 2.0 7.5 291.2 2.8 13.2 -~ 80.0 1453 1914.8
SCR-7-C 4 1.34 3% 2. 2.0 55.4 167.9 9.8 4.7 80.0 14382 684.3
SCR-7-C 3-é 1.34 390 67, 2.0 61.3 157.3 10'? 4.8 80.0 15817 £91.9
SCR-7-¢ 5 t.52 lgo - A1 0.4 60.8 160.0 10.7 5.3 80.0 10926 %80.5
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retrof1t factors and costs, respect1ve1y, for NO contro1 techno]og1es at
the Edgewater plant o

Se]ect1ve Cata]ytlc Reduct1on-- ~
Cold s1de SCR reactors for un1ts 3 and 4 at the Edgewater p]ant would

be located south of unit 1. A h1gh general facilities factor (38‘percent)
~and a medium site access/congest1on factor were ass1gned to the reactor
Jocation. A cold side SCR reactor for unit 5 would be located beside its
chimney with a high site access/congestion and general facilities factor
ass{gned to it. Approximately 500 feet of ductwork would be required to
- span the distance between the SCR reactors and the chimney for units 3 and 4
and about 100 feet would be required for unit 5. Tables 25.3.2-5 and |
25.3.2-6 present the retrofit factors and costs for 1nsta11at10n of SCR at
the Edgewater plant. '

Furnace Sorbent Injection and Duct Spray Drying Costs--

_ FSI and DSD were not considered for units 3 through 5 because of the
short duct residence time and/or the ESPs not being large enough to handle

the additional particulate load.: ' '

Atmospheric Fluidized Bed Combustion and Coal Gasification Applicability-

Unit 3 is the only boiler at the Edgewater plant whith'is old enough to
be considered a good candidate for repowering. Units 4 and 5 are large and -
have long remaining useful lives; therefdre, are .not considered good
candidates for AFBC/CG technologies.

25.3.3 Nelson Dewey Steam Plant

The units at the Nelson Dewey plant have hot side ESPs for control of
their particulate matter, hence LSD with reuse of the existing particulate
control was not an option. Sorbent injection technologies wére not
considered again because the existing particulate control device cannot be
reused. '
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TABLE 25.3.3-1. NELSON DEWEY STEAM PLANT OPERATIONAL DATA

BOILER NUMBER

GENERATING CAPACITY éMN-each)
- CAPACITY FACTOR éPER ENT)
INSTALLATION DAT

FIRING TYPE

FURNACE VOLUME (1000 CU FT)
LOW NOx COMBUSTION

COAL SULFUR CONTENT éPERCENT)
COAL HEATING VALUE (BTU/LB)
COAL ASH CONTENT (PERCENT)
FLY ASH SYSTEM

ASH DISPOSAL METHOD

STACK NUMBER

COAL DELIVERY METHODS

PARTICULATE _CONTROL

TYPE
INSTALLATION DATE
EMISSION (LB/MM BTU)
REMOVAL EFFICIENCY
DESIGN SPECIFICATION
SULFUR SPECIFICATION (PERCENT)
SURFACE AREA (1000 3Q FT
GAS EXIT RATE (1000 ACFM
"SCA éSQ FT/1000 ACFM)
OUTLET TEMPERATURE (°F)

1,2

100
54,60
1959,62
CYCLONE
NA

NO o
1.4,0.7

11400 10400

5.5,6.0

WET SLUICE

%ANDFILL/ON-SITE :

BARGE -

HOT .SIDE ESP .

1974
0.10
95

2.8
132.8
487

273
500,550




TABLE 25.3.3-2. SUMMARY OF RETROFIT FACTOR DATA FOR NELSON DEWEY
: o ~UNIT 1 0R 2 * o

FGD TECHNOLOGY

: FORCED . LIME
L/LS FGD OXIDATION SPRAY DRYING

SITE ACCESS/CONGESTION |
S02 REMOVAL LOW NA - LOW

FLUE GAS HANDLING HIGH NA
ESP REUSE CASE NA
BAGHOUSE CASE =  HIGH
DUCT WORK DISTANCE (FEET)  300-600  NA
ESP REUSE | : ONA
BAGHOUSE ' - 300-600
ESP REUSE \ NA NA NA
NEW BAGHOUSE - - | NA - NA LOW
SCOPE ADJUSTMENTS |
WET-TO DRY YES NA NA
ESTIMATED COST (1000§) 938 " NA NA
NEW CHIMNEY | YES NA YES
ESTIMATED COST (1000§) . 700 0 700
OTHER NO NO NO
RETROFIT FACTORS | S '
‘ FGD SYSTEM . 1.48 .~ NA
ESP REUSE CASE NA
BAGHOUSE CASE o 1.43
ESP UPGRADE | NA NA NA
NEW BAGHOUSE ~ NA NA 1.1
GENERAL FACILITIES (PERCENT) § 0 '7' 5

* Absorbers for units 1.and 2 would be p]ated southeast of unit 2.
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Table 25.3.3-3. Summary of FGD Control Ceosts for the Nelson Dewey Plant (June 1983 Dollars)

Technology "Boiler Main Boiler Capecity Coal Capital Capital Annual  Annual " 502 s02 S02 Cost
Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect,

CDifficulty (MW) (%) Content (SMM} ($/kW) (SMM) (mills/kwh) (X) (tons/yr) ($/ton)
. Factor %) ’

45.0 450.4 18.3 38.8 0.0 5100  3596.7

L/S FGD 1 ©1.48 100 S 1.4

L/8 FGD 2 1.48 100 60 . C.7 45.0 4497 184 35.1 90.0 3148 5854.3
L/5 FGD 1-2 1.48 0 97 1.0 67.3 336.6 27.9 28.0 $0.0 8544 3267.5
L/ FGD»CF 1. o T.48 100 . 54 1.4 45.0  450.4 10.7 22.4 . 90.0 5100 . 2100.3
L/S FGD-C 2 ©o1.68 100 60 0.7 45.0 4497 10.8 20.5 20.0 1148 3618.2
L/$ FGD-C 1-2 1.48 200 57 1.0 £7.3  336.6 16.3 16.3 90.0 8544 1907.4
LC FGD 1-2 1.48. 200 57 1.0 45.7  228.5  21.2 e1.2 90.0 8544 2480.9
LC FGD-C 1-2 1.48 200 57 1.0 45.7  228.5 12.4 12.4  §0.0 8544 1445.4
LSD+FF 1 1.43 100- 54 1.6 9.4 294.2 . 23.6 gr.¢ 4902 2279.7
LSD+FF 2 1.43 100 60 0.7 29.8 297.8 11.0, 20,9 87.0 3026 3637.7
LSD+FF-C 1 1.43 1 - S5é 1.4 29.4 294.2 6.5 13.8. 87.0 4902 1333.0
LSO+FF-C . 2 1.43 100 60 0.7 29.8 297.8 6.4 12.3 87.0 3026 2128.3
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TABLE 25.3.3-4. SUMMARY OF NOx RETROFIT RESULTS FOR NELSON DEWEY

BOILER NUMBER

COMBUSTION‘MODIFICATION RESULTS

‘ 1,2
CFIRING TYPE -~ - eYe
TYPE OF Nox CONTROL " NGR
FURNACE VOLUME (1000 CU FT) NA
BOILER INSTALLATION DATE - | 1959,1962
SLAGGING PROBLEM - NA
ESTIMATED NOx REDUCTION (PERCENT) &0
_ SCR_RETROFIT RESULTS *
SITE ACCESS AND CONGESTION = .
FOR SCR REACTOR | LOW
SCOPE ADDER PARAMETERS-- |
Building Demolition (1000%) 0
Ductwork Demolition (1000§) . ) 27
New Duct Length (Feet) - 450
New Duct Costs (1000$) \ 2230
New Heat Exchanger (1000%) ' 1864 .
TOTAL SCOPE ADDER COSTS (10008) B
COMBINED CASE ~ gl
* RETROFIT FACTOR FOR SCR | 1.16
GENERAL FACILITIES (PERCENT) 13

* Cold side SCR reactors for units 1 and 2 would be 1ocated
southeast of unit 2.
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Table 25.3.3-5. NOx Control Cost Results for the Nelson Dewey Plant (June 1988 Dollars)

Technology Boiler Main Boiler Capacity Cval Capital Capital Annual  Annuat- - NOx NOX NOx Cost
Number Retrofit Size Factor Sulfur  Cost Cost Cost Cost Removed Removed Effect.
Difficulty (MW) (%) Content (SMM)' ($/kW) (SMM) (mills/kwh) (%) (tons/yr) ($/ton)

Factor (X} ‘ . e '
'NGR_ ‘ 1 1.00 100 ‘ 54 1.4 6.3 63.2 3.5 7.4 60,0 2304 1525.5
NGR | 2 ' 1.00 100 40 0.7 6.3  &3.2 3.8 7.2 60.0 2845 1339.3
NGR-C 1 1.00 100 S 1.6 63 632 2.0 4.3 0.0 2306 8863
NGR-C 2 1.00 . 100 60 0.7 6.3 83.2 2.2 4.2 60.0 2845 7.3
SCR-3 1 1.16 100 5 1.4 2002 202.2 © 6.6 13.9 80.0 .3om 2135.9
SCR-3 2 1.16 - 100 &0 0.7 20,4 204.2° 8.7 12.8 80.0 3793 1773.3
SCR-3 1-2 1.16 200 57 1.0 33.4 166,92 105 N5 80.0 7206 1596.3
SCR-3-C 1 .18 100 Sé 1.4 . 20.2 ZDé.Z 3.9 8.1 80.0 . 3072 1253.2
SCR+3-C 2 1.16 100 60 0.7 20.4  204.2 3.9 7.5 80.0 3793 10401
SCR-3-C 1-2 116 200 57 1.0 T 336 166.9 6.7 6.7 80.0 7206 935.4
" SCR-7 1 1.16 100 54 1.4 0.2 | 202.2 5.7 . 80.0 307¢ 1854.6
SCR-7 2 1.16 100 60 0.7 20.4 204.2 5.9 1.2 80.0 3793 155¢.1
SCR-7 1-2 1.16 200 57 1.0 33.4  166.% 9.8 ¢.8 80.0 7206 1383 4
SCR-7-C 1 1.186 100 5¢ 1.4 0.2  202.2 3.4 7.1 80.0 SO?é : 1098.8
SCR-7-C 2 1.16 100 40 6.7 ' 20,4 204.2 3.5 6.6 80.0 3793 913.4
SCR-7-C 1-2 . 1.16 200 57 1.0 33.4 - 188.9 5.8 5.8 80.0 7206 801.9
IR s SRR LS RS E S E RS S CSSEERESSSSESERZ====SsE===S 3 st PP R R R R R R R E b
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25.3.4 Rock River Steam Plant

Coal switching was not evaluated for the Rock River plant because the
units are cyclone boilers fequiring low sulfur bitiminous coals having Tow
ash fusion temperatures which are not readily available in the -east (plant
personnel 1nd1cated that coal switching is current]y under investigation by

"the plant). The: duct residence time between the boilers and the roof-
mounted ESPs is short for both units and the ESPs are small; therefore,
sorbent injection technologies (FSI and DSD) were also not considered.

TABLE 25.3;4-1. ‘ROCK RIVER STEAM PLANT OPERATIONAL DATA

BOILER NUMBER B 1,2

GENERATING CAPACITY éMw-each) 75
CAPACITY FACTOR EPER ENT) . 49,39
INSTALLATION DATE g . 1954,55
FIRING TYPE | ‘ CYCLONE
FURNACE VOLUME (1000 CU FT) . - 17.3
LOW NOx COMBUSTION NO
COAL SULFUR CONTENT (PERCENT) | 2.0
COAL HEATING VALUE (BTU/LB) = - - 11000
COAL ASH CONTENT (PERCENT) . 8.1
FLY ASH SYSTEM " WET SLUICE
ASH DISPOSAL METHOD LANDFILL/ON-SITE
STACK NUMBER S 1,2 .
COAL DELIVERY METHODS . - RAILROAD
* PARTICULATE CONTROL |
TYPE | ESP
INSTALLATION -DATE | 1971,72
EMISSION (LB/MM BTU) -~ 0.10,0.07
REMOVAL EFFICIENCY 95.3,98.6
DESIGN SPECIFICATION '
SULFUR SPECIFICATION (PERCENT) / 3.1
- SURFACE AREA (1000 SQ FT) 63.2
GAS EXIT RATE (1000 ACFM) . 297
SCA éSD FT/1000 ACFM) - 213
QUTLET TEMPERATURE (°F) . 290,300
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TABLE 25.3.4-2. SUMMARY OF RETROF&?TF?CSSRZDATA FOR ROCK RIVER -

FGD TECHNOLOGY

'FORCED LIME
L/LS FGD OXIDATION SPRAY DRYING

SITE ACCESS/CONGESTION

502 REMOVAL LOW NA LOW
FLUE. GAS HANDLING HIGH NA
ESP REUSE CASE . NA.
BAGHOUSE CASE - HIGH
DUCT WORK DISTANCE (FEET) 300-600  NA
ESP REUSE - \
BAGHOUSE ' S 300-600
ESP REUSE - 4 CNA NA . NA
NEW BAGHOUSE . NA NA LOW
SCOPE_ADJUSTMENTS
WET TO DRY YES NA ©NO
ESTIMATED COST (10005) 724 NA NA
NEW CHIMNEY ©YES NA -~ YES
ESTIMATED COST -(1000$) 525 0 525
OTHER | _NO | . NO™
RETROFIT FACTORS
FGD SYSTEM ‘ 1.48 NA
ESP REUSE CASE | NA
BAGHOUSE CASE _ 1.43
ESP UPGRADE S NA NA . NA
NEW BAGHOUSE ~NA NA 1.16
GENERAL FACILITIES (PERCENT) 5 0 5

* Absorbers and new FFs for units 1 and 2 would be located on
either side of umt 1 and 2, respectively.
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Table 25.3.4-3, Summary of FGD Control Costs for the Rock River Plant {June 1988 Dotlars)

Technology = Boiler Main Roiler Capacity Coal Capital Capital Anmual  Annual s02 <02 S02 Cost
Number Retrofit. Size Factor Sulfur Cost Cost Cost Cost Removed Remcved Effect..
Diffigulty (MW) (X) Content (BMM) (3/kW) (3MN) (mills/kwh) (%) (tons/yr) ($/ton)
Factor . &3] ' . '
L/S fGD 1.48 75 49 41.5 552.7 - 16.8 52.3 © 90.0 5168 3260.1

1 . 2.0
L/S FGD 2 1.48 75 39 2.0 41.5 553.1 16.3 ° 63.5 §0.0 4112 3959.9
L/§ FGD 1-2 1 1.48 150 bé 2.0 57.8 385.3 23.4 405 §0.0 9278 2525.5

41.5 '552.7

/S FGD~C 1 148 TS 49 2.0 9.8 30.5 0.0 - 5166  1903.8
L/S FGD-C 2 1,48 75 39 2.0 41,5 5531 9.5 37,1 - $0.0 4112 2314.0
L/S FGD-C -2 148 150 46 2.0 57.8 385.3 13.7 23.7 90,0 9278 14749
LCRD 1.2 148 150 4 2.0 39.7 2645 17.8  30.8  90.0 9278  1917.8
-LC FED-C 1.2 148 150 46 2.0 39.7 266.5 10.4 17.9  90.0 9278 1118.0
LSDSFF - 1 1.3 75 9 2.0 21,2 281.2 8.9 27.6  B7.0 4965 - 1791.4
LSDeFF 2 143 7 39 2.0 21.6 285.1 8.7 34,0  87.0 3952  2203.9
LSD+FF 1.2 1.3 150 44 2.0 233.2 3.3 231 . .E7.0 8917 149¢.7
LSD+FFC 1 .63 75 49 2.0 1.2 283.2 5.2 161  -87.0 4965  1045.6
LSOVFFeC 2 143 75 39 2.0 21,4 285.1° 5.1 19.8 7.0 3952  1286.9
LSD#FF-C -2 143 150 44 2.0 0 2332 7.8 135 87.0. 8917 873.9
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TABLE 25.3.4-4. SUMMARY OF NOx RETROFIT RESULTS FOR ROCK RIVER

BOILER NUMBER

. COMBUSTION MODiFICATION RESULTS

1,2

FIRING TYPE S | CYCLONE

TYPE OF NOx CONTROL o ~NGR

FURNACE VOLUME (1000 CU FT) | 173

BOILER INSTALLATION DATE : “1954,1955‘
 SLAGGING PROBLEM o __NO '

ESTIMATED NOx REDUCTION (PERCENT) | éo;
SCR_RETROFIT RESULTS *

R e,

SCOPE ADDER PARAMETERS-- '

Building Demolition (1000%) 0

Ductwork Demolition (1000%) 22
“New Duct Length (Feet) ' o 400

New Duct Costs (1000§) 1675
New Heat Exchanger (1000$) 1568
TOTAL SCOPE ADDER COSTS (1000$)

e B
RETROFIT FACTOR FOR SCR 116
GENERAL FACILITIES (PERCENT) 13

* Cold side SCR reactors for units 1 and 2 would be located on
either sides of the unit 1 and 2 ESPs, respectively.

25-70



i

Table 25.3.4-5. NOx Control Cost Results for the Rock River Plant '(June 1988 Dollars)

ST EEES LTI SR I T IAR RS ECSINR NS SRS S S SEEC IS s SEECEC S EEESESasSC ST EEEEESEZ =SS SSsSE=S==SSSsIaE=ss==x
Technology . Boiler Main Boiler Capacity Coal Capital Capital Anmual  Annuasl NOxX NOx ©  NOx Cost
Number Retrofit 'Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.
Difficulty (MW) (X} Content (SHM) (B/kW) (SMM) (mills/kwh) ' (%) (teons/yr) (%/ton)

Factor {%) ' '

60.0 1634 1199.0

oo .

NGR 1 100 7T 4 2. 1.8 2.3 2.0 64 7

NGR - 2 100 T8 9 2. 1.8 2.3 1.6 63  60.0 1300 1246.6
NGR-C 1 1.00 75 49 2.0 1.8 263 1.1 35 60.0 1636 692.0
NGR-C 2 11.00 75 39 2.0 1.8 24.3 3.7 60.0 1300 720.5
SCR-3 1 1.6 75 49 2.0 16.4 218.7 5.2 163  B0.0 2178  2608.6
SCR-3 2 . 1 TS 3% 2.0 16.4 218.7 5.2 20.2  80.0 1736 2985.5
scR-3 1.2 1.16 150 4é 2.0 5.8 171.8 "B.6 1.9  80.0 3912 2202.0
scR:3-c 1 1.9 75 4@ 2.0 16.4 - 218.7 3.1 9.6  8C.0 2178 16137
SCR-3-C 2 1.6 75 % 2.0 6.4 218.7 3.0 1.9  80.0 173 1752.9
SCR-3-C 1-2 116 150 4 2.0 5.8 1718 5.1 8.7 © 80.0 3912 12911
_SCR-7 1 1.15 75 69 2.0 16,4 21B.7- 4.6 14,4 80.0 2178 21221
SCR-7 2 - 16 TS .39 2.0 6.4 218.7 . 4.6 17.8  80.0 1734 2625.5
SCR-7 1.2 116 150 & 2.0 5.8 1M.8 7.4 12.7  80.0 3912 1882.3
SCR-7-C 1 1.16 5 W 2.0 16.6 218.7 © 2.7  8.5. B80.0 2178 1249.6
SCR-7-C 2 1.16 s 3% 2.0 6.4 218.7 2.7 10.5  80.0 1734 15467
SCR-7-C 1.2 116 150 46 2.0 ®.8 171.8 4.3 7.5 80.0 3912 1108.3
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'25.4  WISCONSIN PUBLIC SERVICE CORPORATiON

25.4.1 J. P. Pulliam Steam Plant

‘ The J.. P. Pu111am steam plant is located on Green Bay in Brown County,
- Wisconsin, and is operated by the Wisconsin Pub11c Service Corporation. .The
- J. P Pu111am plant contains six coal-fired boilers with a gross generatlng
capac1ty of 373 MW. ' ' _ o

Table 25.4.1-1 present§ oberationa] data for the.existing;equipment at
the J. P. Puliiam plant. Coal shipments are received by rail and lake and -
transferred to a coal storage and handling area.south'of the plant. PM
emissions from units 3, 4, and 5 are controlled by retrofit ESPs and
emissions from units 6, 7, and 8 are controlled by ESPs installed at the
time of construction. A1l of the ESPs are located behind their respective
boilers. Flue gases from units 3-6 are directed to a common‘chimney‘ij1t
in 1985 and units 7 and 8 each have a separate chimney. Dry fly ash from
the units is_stored‘in si1os for use in road construction or disposal
off-site. ' ' ' ”

Lime/Limestone and Lime.Spray Drying FGD Costs-- -
L/LS-FGD absorbers for units '3-7 would be located behind the common
chimney east of the unitslahd north of the coal pile toward the bay.
Absorbers for unit 8 would be located west of the coal pile and south of
unit 8. The general facilities factor would be Tow (S percent) for
units 3-7 and medium (8 percent) for unit 8 because of the relocation of a
p1ant road for the FGD absorber lTocations. A Tow site access/congestion
factor was ass1gned to the FGD absorber 1ocat1ons Approx1mate1y 200 feet
- of ductwork would be required for 1nsta11at1on of the L/LS-FGD system for
units 3-6, 500 feet for unit 7, and 400 feet_for unit 8. A-Tow site access/
congestion factor was assigned to flue gas handling for units 3-6. A medium
site access/congestion factor was assigned to flue gas handling for
units 7-8 because of the obstruction caused by the coal conveyor and the
coal pile. R : o
LSD with reuse of the existing ESPs was not considered for the J. P.
Pulliam plant because of the small sizes of the existing ESPs. The medium
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.~ TABLE 25.4.1-1. PULLIAM STEAM PLANT OPERATIONAL DATA -

BOILER NUMBER | 3. 5 6 7 8

GENERATING CAPACITY (MW-each) = 30 50 83 .75 125
CAPACITY FACTOR (PERCENT) - 9,7 20 21 %2 5%
INSTALLATION DATE . ‘ 1943,47 1949 1951 1958 1964
FIRING TYPE o - FRONT WALL -
FURNACE VOLUME (1000 CU FT) NA NA  NA " 46.1 72.7
LOW NOx COMBUSTION NO B A
COAL SULFUR CONTENT (PERCENT) 2.2
COAL HEATING VALUE (BTU/LB) - 11400
COAL ASH CONTENT (PERCENT) : 9.4
FLY ASH SYSTEM DRY DISPOSAL
- ASH DISPOSAL METHOD ON-SITE
STACK NUMBER -1 1 1 2 3

COAL DELIVERY METHODS ‘ RAIL/LAKE

PARTICULATE CONTROL
TYPE o ESP  ESP ESP ESP ESP

INSTALLATION DATE | ~ 1958,55 1953 1951 1958 1964
EMISSION (LB/MM BTU). NA NA NA NA NA
REMOVAL EFFICIENCY 97.6,99 99.3 98.8 98.3 99.4

DESIGN SPECIFICATION ,
SULFUR SPECIFICATION (PERCENT) . 2.3 2.3.2.3 2.3 2.3

SURFACE AREA (1000 SQ FT} 33,29 51 63 45 112
GAS EXIT RATE (1000 ACFM) 187,163 268 345 285 580
SCA {SQ FT/1000 ACFM) 176,178 190 183 158 193

QUTLET TEMPERATURE (°F) 360,335 370 370 300 350
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to high_su1fﬁr content of the coal being burned at the plant would nbt_be
ideal for LSD with a new baghouse. ' Therefore LSD-FGD was not considered for
this plant. ' ‘ '

Tables 25.4.1-2 through 25.4.1-4 present retrofit factors and cost
estimates for installation of L/LS-FGD at the J. P. Pulliam plant.

Coal Switching and Physical Coal Cleaning Costs-- ,

~Table 25.4.1-5 presents the IAPCS cost results for CS at the J. P.
Pulliam plant. . These costs do not include the efféct of any changes to
boiler and pulverizer operation. PCC was not considered at the J. P.
_Pulliam plant because it is not a mine mouth plant. .

N0, Control Technologies- - ‘

- LNBs were considered for NDx control for the six front wall-fired, dry
bottom boilers at the J. P. Pulliam plant. Performance results and costs
developed for the six units are presented in Tables 25.4.1-6 and 25.4.1-7.. For

~those boilers that furnace volumes were notrava11éb1e, furnace volumes were
'estimated based on.similar size‘and‘age bbi]ers.

Selective Catalytic Reduction--

Cold side SCR reactors for-the J. P. Pulliam p]ant would be Tocated
beside the common ch1mney for units 3-6 and south of unit 8 and west of the
coal pile for unit 8. As in the FGD case, low general faci]ity'values
(13 percent) and site access/congestion factors were assigned to the reactor
Tocations for units 3-7. For unit 8, a medium general facilities value
(20 percent) was assigned and a low site access/congestion factor was
assigned because a plant road has to be relocated. Approximately 200 feet
of ductwork would be required for units 3-6, 500 feet for unit 7, and about
400 feet for unit 8. Tables 25.4.1-6 and 25.4.1-7 present the retrofit
factors and cost estimates for installation of SCR at the J. P. Pulliam
plant.
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TABLE 25.4.1-2. SUMMARY OF RETROFIT FACTOR DATA FOR J. P. PULLIAM |
: _ » UNIT 3,4,5,-0R 6

FGD TECHNOLOGY -

FORCED ‘LIME
L/LS FGD OXIDATION SPRAY DRYING

SITE ACCESS/CONGESTION

'S02 REMOVAL ' LOW NA - NA
- FLUE GAS HANDLING ) LOW . NA o
ESP REUSE CASE : : NA
BAGHOUSE CASE ' : : NA
DUCT WORK D1STANCE (FEET) 100-300 NA o
- ESP REUSE : - NA
BAGHOUSE : ' Co NA- -
ESP REUSE © NA NA NA
- NEW BAGHOUSE , - NA ‘NA NA
SCOPE ADJUSTMENTS
WET TO DRY NO -~ NA NA
ESTIMATED COST (1000%) . NA ‘NA - NA
NEW CHIMNEY NO NA NA
- _ESTIMATED COST (1000%) 0 0 0
OTHER NO
RETROFIT FACTORS
FGD SYSTEM- ‘ - 1.20 NA '
- ESP REUSE CASE : NA
. BAGHOUSE CASE - ' : NA
ESP UPGRADE © NA NA - NA
NEW BAGHOUSE - : - NA NA NA
GENERAL FACILITIES {PERCENT) 5 0 0
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TABLE 25.4.1-3. SUMMARY OF RETROFIT FACTOR DATA FOR J. P. PULLIAM
UNIT 7 OR 8 -

FGD TECHNOLOGY

- FORCED LIME
L/LS FGD OXIDATION SPRAY DRYING

SITE‘ACCESS/CONGESTION |
S02 REMOVAL LOW " NA ‘NA

FLUE GAS HANDLING : MEDIUM  NA _
 ESP REUSE CASE - ‘ ' NA'
BAGHOUSE CASE , . NA
- DUCT WORK DISTANCE (FEET)  300-600 NA

ESP REUSE T NA
BAGHOUSE | e NA

ESP REUSE ' NA NA NA

NEW BAGHOUSE NA NA NA .

SCOPE_ADJUSTMENTS

WET TO DRY | NO NA NA
ESTIMATED COST (1000$) NA NA NA

NEW CHIMNEY NO . NA NA
ESTIMATED COST (10008) O 0 0

OTHER CNo |

'RETROFIT_FACTORS |

FGD SYSTEM ©1.35 N
ESP REUSE CASE - | NA
BAGHOUSE CASE . : NA

ESP UPGRADE NA NA NA

NEW BAGHOUSE - NA NA NA

GENERAL FACILITIES (PERCENT) 5,8 0 0
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- Teble 25.4.1-4. Summary of FGD Control Costs far the Pulliam Plant (Jume 1988 .Dollars)

(=)

- .Technology Boiler Mein Bailer Capacity Coal ' Capital Capital Annual = Annual $02 s02 $02 Cost
Number Retrofit Size. Factor Sulfur Cost  Cost Cost Cost Removed Removed Effect.
Difficulty (MW) (X) Content ($MM) ($/kW) (SMM) (mills/kwh) (X) (tons/yr} ($/ton)
" “Factor - x) .
L/S FGD 3 1.20 30 ] 2.2 21.6 70,2 7.8 591.4 90.0 223 34910.7
L/5 FGD 4 1.20 . 30 4 2.2 1.6 7941 7.9  427.4 $0.0 312 25225.9
L/S FGD 5 1.20 50 20 2.2 26.6 531.2 10.2 115.9 90.0 1484 4841.3
L/S FGD & 1.20 63 4l S 2.2 . 312 495.6° 118 101.9 %0.0 C 1963 6016.5
L/S FGD 7 1.35 s 52 2.2 376 499.3  15.7 46.0 0.0 5788 2713.1
L/S FGD 8 1.35 125 55 2.2 48.5 388,1 20.7 3.4 90.0 10203 2032.7
L/S FGD 3-6 1.20 -~ 173 16 2.2 ' 50.4  292.4 1B.4 75.9 90.0 4108 44B2.5
L/% FGD-C 3 1.20 30 5 2.2 21.6 720.2 4.5 346.2 90.0 223 20435.7
L/S FGD-C 4 1.20 30 7 2.2 21.6 7191 4.6  250.1 $0.0 312 14763.7
L/S FGD-C 5 11,20 50 20 2.2 26.6 531.2 5.9 67.8 90.0 1484 3999.8
L/S FGD-C 6 1.20 63 21 2.2 31.2 495.6 6.9 59.6 90.0 1943 . 3518.4
L/S FGD-C 7 1.38 s 52 2.2 37.4  499.3 9.2 25.8 90.0 5788 1583.4
L/S FGD-C 8 1.35 125 55 2.2 - 48.5 388.1 12.1 20.1 90.0° 10203 1185.%
L/S FGD-C 3-6 1,20 173 16 2.2 50.6 2%2.4 10.8 [ 90.0 4108 .  2623.4
- LC FGD 3.7 1.25 248 27 2.2 49.4  199.1 203 34.6 . 90.0 9938 2044,
LC FGD 8 1.35 125 85 . 2.2 33.8 ' 270.7 1&.2 26.8 90.0 . 10203 1583.8
LC FGD-C 3-7 1.25 248 27 2.2 9.4 199.7 11.9 20,2  90.0 38 1193.4
5 125 55 2.2

LC FGD-C 8 1.3 33.8 270.7 9.4 15.6 90.0 10203 922.3
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Table 25.4.1-5. Summary of Coal Suifching/:leaning Costs for the Pulliem Plant (June 1988 Dallars)

Technolagy  Boiler Main. Boiler Capacity Coal Capital Capital Annual Amnusl - S02 - 502 . SO2 Cost

Nutber Retrofit 5ize = Factor Sulfur Cost . Cost tost Cost Removed Removed = Effect.
Difficulty (MW) (%) Content (SMM) (B/kW) {SHM) (mills/kwh) (%) (tons/yr) ($/ton)
Factor , %) ‘ ‘

. £5/B+8$15 3 1.00 30 5 2.2 2.1 69.3 0.7  55.1 62.0 153 4750.3
£S/B+$15 4 1.00 - -7 2.2 " 2.0 68,2 0.8 3.2 62.0 214 3724.3
CS/B+815 5 1.00 50 20 2.2 . 2.9 579 2.0 2.3 62.0 1017 . 1921.8
CS/B+$15 6 1.00 &3 21 2.2 ‘3.5  55.0 2.5 - 21.2 62.0 1345 - 1824.2 .
CS/B+815 7 1.00 e} 52 2.2 S 3.7 49.0 5.6 16.3 62.0 3964 1405.8
£S/B+$15 g 1.00 125 55. 2.2 5.7 45.9 9.4 15.6 62.0 6988 1347.6
£5/6+$15-C 3 1.00 30 5 2.2 2.1 69.3 0.4  32.3 62.0 153 2782.8
CS/B+$15-C 4 1.00 30 7 2.2 2.0 68.2 0.5 25.3 62.0 214 2176.9
.C5/B+815-C 5 1.00 50 20 2.2 2.9 57.9  1.1..12.9 62.0 1017 1113.8
€S/B+815-C é 1.00 & 21 2.2 3.5 550 1.4 12.3 62.0 1345 1056.7
C5/B+815-C 7 1.00 75 52 2.2 3.7  4&9.0 . 3.2 9.4 . 62.0 . 396 809.6
C5/6+815-C 8 1.00 125 55 2.2 5.7 - 45.9  S.4 9.0 62.0 6988 75,8
C5/B+85 3 1.00 30 5 2.2 1.8 58.9 0.6 2.7 62.0 153 3680.0
C5/8+35 4 1.00 30 7 2.2 1.7 §7.9 0.6 32.0 62.0 214 2756.9
C5/B+35 5 1.00 50 20 2.2 2.6 47,5 1,1 3.0 62.0 1017 1120.7
CS/B+$5 6 1.00 &3 21 2.2 2.8 446 1.4 1.9 62.0 1348 1027.4
CS/B+$5 7 1.00 s 52 2.2 2.9 38.7 2.6 7.7 62.0 3964 659.6
CS/B+55 8 .00 125 S5 2.2 4.4 35,6 4.2 7.0 62.0 6988 603.3
C$/B+$5-C 3 1.00 30 5 2.2 1.8 5859 0.3  25.1 62.0 153 2160.4
C$/8+$5-C 4 1.00 30 7 2.2 - 1.7 S7.% 0.3 8.7 62.0 214 . 1815.7
C5/8+35-C 5 1.00 50 20 2.2 2.4 475 0.7 7.6 62.0 1017 652.5 .
CS/B+$5-C 3 1.00 &3 21 2.2 2.8 44.6 0.8 6.9 62.0 1345 508.0°
"C5/B+$5-C 7 j.00 7S 52 2.2 2.9 38.7 1.5 4.4 82.0 3064 381.2
CS/B+85-C 8 1.00 125 .55, 2.2 46 -6 2.4 4.0 62.0 5988 348.5

25-78



" TABLE 25.4.1-6. SUMMARY OF NOx RETROFIT RESULTS FOR J. P. PULLIAM .

-COMBUSTION MODIFICATION‘RESULTS

FIRING TYPE
TYPE OF NOX CONTROL
FURNACE VOLUME (1000 CU FT)
BOILER INSTALLATION DATE
SLAGGING PROBLEM

ESTIMATED NOx REDUCTiON (PERCENT).

SCR_RETROFIT RESULTS
SITE ACCESS AND CONGESTION
FOR SCR REACTOR ,
SCOPE ADDER PARAMETERS--
Building Demolition (1000%)
Ductwork Demo]ition'(IOOOS)
New Duct Length (Feet)
New Duct Costs (1000$) .
New Heai Exchangér (10005)
TOTAL SCOPE ADDER COSTS (10005)
INDIVIDUAL CASE
COMBINED CASE -

RETROFIT FACTOR FOR SCR.
GENERAL FACILITIES (PERCENT)

BOILER NUMBER

3,4,5,08,6 7 8
BWE FWF FWF
LNB CLNB . LNB
NA 4.1 727

11943,43,47,51 1958 . 1966
NO NO NO.
40 42 40

LOW LW LOW
0 0 0
41 22 32
200 500 400
1366 2004 2258
2590 1568 2131
we W@
1.16 1.16  1.16
13 13 20
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Table 25.4.1-7. NOx Control Cost Results for the Pullism Plant (June 1988 Dollars)

SEEEZES=Ps=ssas ===~ FE=SasaSS=SSaEsSsSsssss=ssss== === s====
Techholdgy Boiler Mein Boiler Capacity Coal Capital Cepital Arnnual ~ Annual ~  NOX NOx:  WOx Cost
' Number Retrofit Size Factor Sulfur  Cost Cost Cost - Cost Removed Removed Effect.
Difficulty (MW) (%) Content ($HM) ($/kW) (SHM) (mills/kwh) (%) (tons/yr) ($/ton)

Factor i Fed) :
© - LNC-LNE 3 1.00 . 30 5 2.2 1.6 52.6 0.3 25.6 40.0 24 13907.9
LNC-LNB 4 1.00 30 7 2.2 1.6 52.6 0.3 18.3 40.0 34 $934.2
LNGC-LKB 5 1.00 - 50 20 2.2 1.9 33.7 0.4 4,7 40.0 - 161 2558.8
LNC-LNB ] 1.00 &3 21 2.2 2.1 3.7 0.5 3.9 40.0 214 2122.8
LNC-LNB 7 1.00 75 . 52 2.2 S 2.3 303 0.5 1.4 . 4.0 681 735.0
LNC-LKB 8 1.00 125 55 2.2 2.8 22.3 0.8 1.0 40.0 1110 537.4
LNC-LNB-C 3 T1.00 30 5 2.2 1.4 52.6 0.2 15.2 40.0 24 8258.9
LNC-LNB-C 4 1.00 . 30 7 2.2 1.6 52,6 0.2 10.9 40.0 34 589%.2
LNC-LNB-C 5 1.00 30 20 2.2 1.9 -38.7 0.2 2.8 40.0 181 1520.0
LNC-LNB-C [} 1.00 43 Fak 2.2 2.1 33.7 0.3 2.3 40.0 216’ 12560.4
LNG-LNB-C 7 1.00 75 52 2.2 2.3 " 3.3 0.3 0.8  42.0 641 4346.5
LNC-LNB-C 8 1.00 2 - 55 2.2 2.8 22.3 0.4 0.6 ~40.0 1110 319.2
SCR-3 3-4 1.16 173 18 2.2 27.4 1581 8.9 3.8 80.0 894 9973.7
SCR-3 7 1.16 75 52 2.2 16.8 223.8 5.2 15.3 €0.D 1259 41318.8
SCR-3 8 1.16 125 55 - 2.2 23.1  185.1 7.8 12.5 80.0 2220 3384.4
SCR-3-C 3-8 1.16 173 16 2.2 27.4 158.1 5.2. 21.6 80.0 894 5851.5
SCR-3-C 7 1.16 75 52 2.2 16.8 223.8 3. 9.0 80.0 1259 - 2631.0
SCR-3-C 8 1.16 125 55 2.2 231 185.1 4.4 7.3 80.0 2220 1985.8
5CR-7 - 1.16 173 16 2.2 27.4 158.1 7.5 30.9¢  BO.O 894 8370.8
'SCR-T- 7 1.% - 75 52 2.2 16.8 223.8 4.6 13.4 80.0 = 1259 . 3&45.7
SCR-7 8. 1.18 125 55 = 2.2 23.1 1851 .5 10.8 B0.0 2220 2918.2
SCR-7-C 3-8 1.18 173 16 2.2 27.4 158,19 4.4 18.2 80.0 894 4933.2
SCR-7-C 7 1.16 75 s2 ' 2.2 16.8° 223.8 2.7 7.9 80.0 1259 2148.5
SCR-7-C 8 2.2 23.1  185.1 3.8

6.3 80.0 2220 1718.7
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Furnace Sorbent Injection and Duct Spray Drying FGD Costs--,

Sorbent 1nJect1on techno10g1es (FSI and DSD) were not cons1dered for
the J.. P. Pulliam plant because of the small sizes of the ESPs and short
- duct residence time between the boilers and the ESPs.

Atmospher1c Fluidized Bed Combustion’ and Coal Gasification App11cab111ty——
| A11 units would be good candidates for AFBC/CG repower1ng because of
their small boiler size and limited remaining useful life. This is
particularly .true for units 3-6 which have low capacity factors. -
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25.4.2

Weston Unit 1.2.3 Steam Plant

Although FGD was evaluated for unit 3, costs were not presénted‘since
the unit is firing a low sulfur coal.
coal, CS was not evaluated for unit 3.
" not considered for units 1 and 2 due to the inadequate size of the ESPs for

these units,

unit is

equipped with OFA.

TABLE 25.4.2-1. WESTON UNIT 1,

In addition, due to the low sulfur
Sorbent injection technologies were

For unit 3, SCR was the only NOx control considered since the

2, 3 STEAM PLANT OPERATIONAL DATA *

BOILER NUMBER

GENERATING CAPACITY (MW-each)

CAPACITY FACTOR (PERCENT)

INSTALLATION DATE

FIRING TYPE

'FURNACE VOLUME (1000 CU FT)

LOW NOx COMBUSTION

'COAL SULFUR CONTENT (PERCENT)
~ COAL HEATING VALUE (ETU/LB)

COAL ASH CONTENT (PERCENT)

FLY ASH SYSTEM

ASH DISPOSAL METHOD

STACK NUMBER

COAL DELIVERY METHODS

PARTICULATE CONTROL

TYPE

INSTALLATION DATE
EMISSION (LB/MM BTU)
REMOVAL EFFICIENCY
DESIGN SPECIFICATION

SULFUR SPECIFICATION (PERCENT)
SURFACE AREA (1000 SQ FT}

GAS EXIT RATE (1000 ACFM

SCA (SQ FT/1000 ACFM)

OUTLET TEMPERATURE (°F)

1 2 3
- 60 75 - 322
35 61 78
1954 1960 1981
FRONT WALL = TANGENTIAL
NA 43.3  NA
NO NO YES

1.8 0.4
11000 9000
8.5 4.6

DRY DISPOSAL

PAID/OFF-SITE
1 2 3

RAILRCAD

ESP ESP ESP
1972 1973 1981l
NA NA NA

99.2 99.5 99.5

1.9 1.9 0.3
NA NA 404
NA NA 1405
NA NA 287
410 330 353

*

Some information obtained from plant personnel.
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'TABLE 25.4.2-2. SUMMARY OF RETROFIT FACTOR DATA FOR WESTON
UNIT 1 OR 2*

FGD TECHNOLOGY

FORCED LIME
L/LS FGD OXIDATION SPRAY DRYING

SITE ACCESS/CONGESTION

S02 REMOVAL LOW NA LOW
FLUE GAS HANDLING LOW NA

ESP REUSE CASE NA

BAGHOUSE CASE - | LOW
DUCT WORK DISTANCE (FEET) 100-300  NA

ESP REUSE .

BAGHOUSE | | 300-600
ESP REUSE - NA NA NA
NEW BAGHOUSE .~ NA NA LOW

SCOPE_ADJUSTMENTS
WET TO DRY NO NA NO

ESTIMATED COST (10005)  NA - NA NA
NEW CHIMNEY NO NA NO

ESTIMATED COST (10005) 0 0 0
OTHER - NO NO

RETROFIT FACTORS
FGD SYSTEM - 1.20  NA |

ESP REUSE CASE ‘ NA

BAGHOUSE CASE | 127
ESP UPGRADE NA _NA NA
NEW BAGHOUSE NA " NA 1.16
GENERAL FACILITIES (PERCENT) 8 0 8

*‘L/LS-FGD and LSD-FGD absorbers for units 1 and 2 would be located
on either side of the units. The new FFs would be located
adjacent to the LSD-FGD absorbers.
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TABLE 25.4;2-3. SUMMARY OF RETROFIT FACTOR DATA FOR WESTON UNIT 3*

FGD TECHNOLOGY

‘ FORCED LIME
L/LS FGD OXIDATION SPRAY DRYING

SITE ACCESS/CONGESTION

S02 REMOVAL - LOW NA' LOW
FLUE GAS HANDLING MEDIUM  NA
ESP REUSE CASE ' MEDIUM
BAGHOUSE CASE . NA
'DUCT WORK DISTANCE (FEET) 300-600  NA
ESP REUSE 300-500
BAGHOUSE - NA
ESP REUSE . NA NA MEDIUM
NEW BAGHOUSE NA - NA NA
SCOPE ADJUSTMENTS
'WET TO DRY NO NA NO
ESTIMATED COST (1000$) NA NA NA
NEW CHIMNEY - NO NA NO
ESTIMATED COST (1000$) 0 0 0
OTHER ©ND NO
RETROFIT FACTORS
FGD SYSTEM 1.35 NA
~ ESP REUSE CASE . 1.31
BAGHOUSE CASE » NA
ESP UPGRADE A NA 1.36
NEW BAGHOUSE NA NA NA
GENERAL FACILITIES (PERCENT) 8 0 8

* L/LS-FGD and LSD-FGD absorbers for unit 3 would be located east
of unit 3. o ‘
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Table 25.4.2-4. Summary of FGD Control Costs for the Weston Plant (June 1988 Dollars)

Technology Boiler .Main Boiler Capacity Coal Capital Capital Annual  Annual $02 so2 $02 Cost

Number Retrofit Size Factor Sulfur Cost Cost Cost = Cost Removed Removed Effect.
Difficulty (MW) {X)- Content ($hMM) (S/kW) (SMM) (mills/kwh) (%) (tons/yr) ($/tonm)
Factor (%)

L/S FGD 1 1.20 60 35 1.8 30.4 507.1 2.2 66,1 90.0 2657 577.1
L/S FGD 2 1.20 5 61 1.8 3.7 463 15.2 38.0 90.0 5788 2632.7
L/S FGD 1-2 1.20 135 50 1.8 46.2 32.4 19.7 33.6 90.0 BL71 2325.2
L/S FGD-C 1 - 1.20 60 35 1.8 30.4 507.1 71 38.46 90.0 2657 2673.7
L/S FGD-C 2 .1.20 e 61 1.8 %7 463.2 8.9 22.2 90.0 5788 1535.3
L/S FGD-C - 1-2 1.20 138 50 1.8 66.2 342.& 1.5 19.6 90.0 8471 1356.7
LC FGD 1-2 1.20 135 50 1.8 3.8 235.8 15.2 6.0  90.0 87 1798.3
LC FGD-C 1-2 1.20 135 50 1.8 ‘ 3.8 235.8 8.9 15.1 90.0 8471 1047.2
.LSD‘+FF : 1 1.27 60 35 1.8 19.7 328.4 8.1 4. 87.0 2553 31751
LSD+FF : 2 1.27 ™ &1 1.8 21.7 289.6 9.5 3.6 87.0 5563 1701.8
LSD+FF-C 1 1.27 &80 35 1.8 19.7  328.4 4.7 25.7 87.0 2553 1853.2
LSD+FF-T 2 -1.27 75 61 1.8 21.7 289.6 5.5 13.8 87.0 5563 992.5
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Table 25.4.2-5. Summary of Coal Switching/Clesning Costs for the Weaton Piant (June 1988 Dollars)

Technology Boiler Main BHoiler Cepacity Coal Cepital Capital Annual  Annusl 502 s02 $02 Cost
Number Retrofit Size Factor Sulfur Cost Cost Cost Cost  Removed Removed Effect.
Difficulty (Md) %) Content (SMM)  (S/kW) (SMM) . (mills/kwh) (%) (tons/yr) ($/ton)

Factor (%)
CS/8+815 1 100 &0 3% 1.8 - 2.9 47.8 3.3 177  55.0 1626 2010.¢
€S/B+815 2 1.00 75 61 1.8 3.4 .8 63 157  55.0 3537 1783.7
Ce/pesi5-¢ 1 100 & 35 1.8 2.9 47.8 1.9 10.2  %55.0 162  1150.7
CS/BesiS-C 2 .00 0 75 & 1.8 3.4 4.8 3.6 9.1  S5.0 3537 1026.2
CS/B+85 ) 1.00 60 35 1.8 2.2 3.4 1.6 8.9  55.0 162  1007.3
C5/B+35 2 100 7 61 1.8 2.6 3.4 2.9 7.1 55.0 3537 809.4
£S/B+%5-C 1 " 1.00 &0 35 1.8 2.2 7.6 0.9 5.1 55.0 1624 583.3
7 2.6 4.4 1.7 41  55.0 3537 w670 ©

£S/8+85-C 2 1.00 . 61 1.8.
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TABLE 25.4.2-6. SUMMARY OF NOx RETROFIT RESULTS FOR WESTON

COMBUSTION MODIFICATION RESULTS

FIRING TYPE

TYPE OF NOx CONTROL

FURNACE VOLUME (1000 CU FT)
'BOILER INSTALLATION DATE
'SLAGGING PROBLEM

ESTIMATED NOx REDUCTION (PERCENT)

SCR RETROFIT RESULTS*

- SITE ACCESS AND CONGESTION
FOR SCR REACTOR

‘SCOPE ADDER PARAMETERS- -
Building Demolition (1000%)
Ductwork Demolition (1000§%)

New Duct Length (Feet)

New Duct Costs (1000%)
New Heat Exchanger (1000%)

TOTAL SCOPE ADDER COSTS (1000$)
RETROFIT FACTOR FOR SCR
GENERAL FACILITIES (PERCENT)

BOILER NUMBER

1 2 3
" FWF FWF NA
LNB LNB NA
NA 149.3 NA
1954 1960 NA
NO NO NA
40 45 NA
LOW LOW LOW
0 0 0
18 22 65
300 300 400
1103 1256 3928
1372 1568 3759
2493 2846 7753
'1.16 1.16 1.16
20 20 20

* Cold side SCR reactors for units 1 and 2 would be located on
either side of the units. Cold side SCR reactors for unit 3

would be located east of unit 3.
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Table 25.4.2-7. NOx Control Cost Results for the Weston Plant (June 1938 Dollars)

Technelogy ﬁoiler ‘ Main Boiler Capacity Coal ' Capital Capital Anvusl  Annual NOX Nbx NOX Cost
Number Retrofit Size Factor Sulfur Cost cost Cost  Cost Removed Removed . Effect.

bifficutty () (X) Content ($MM) (S/kW) (SMM) (mitlss/kwh) (X) (tons/yr) ($/ton)

Factor (%) :

LNC-LNB 1 1.00 60 35 1.8 2.1 34.7 0.4 2.4 40.0 353 1258.7
LNC-LNB 2 1.00 ™ 61 1.8 2.3 30.3 0.5 1.2 45.0 | B&S 561.3
LNC-LNB-C 1 1.00 60 35 1.8 3 34.7 0.3 1.4 40.0 353 747.4
LNC-LNB-C 2 1.00 75 &1 1.8 30.3 . 0.3 0.7 45.0 B&S 333.4
SCR-3 1. 1.6 ., & 35 1.8 14,5  242.2 4.5 24.2 80.0 . 706 6304.0
SCR-3 2 . i) 61 1.8 6.3  217.0 5.2 13.0 80.0 1539 3381.%
SCR-3 3 1.16 322 78 0.4 45.7 141.9 16.5 7.5 80.0 7599 2176.3
SCR-3-C o1 1.16 &0 35 1.8 14,5 262.2 2.6 14.2 80.0 ) 3704.1
SCR-3-C 2 1.16 ™ & . 1.8 . 163 .217.0 3.1 7.5 80.0 1539 1985.0
S$CR-3-C 3 1.16 322 8 0.4 - 45.7  141.9 9.7 N A 80.9 7599 1273.8
5CR-7 ' 1 1.16 &0 35 1.8 14.5 262.2 4.0 1.5 80.0 706 5597.‘1 ‘
5CR-7 - 1.16 b 61 1.8 16.3 217.0 4.6 11.4 80.0 1539 2976.3
SCR-7 3 1.16 322 78 0.4 45.7 141.9 13.8 4.3 80.0 599 1812.¢9
SCR-7-C 1 .16 &0 35 1.8 %.5 2422 2.3 12T 80.0 08 3299.1
SCR-7-C o2 1.16 ™ 61 1.8 - 16.3  217.0 2.7 6.7 80.0 1539 1752.7
SCR-7-C - 3 1.16 322 78 0.4 &5.7 1619 B.1 3.7 80.0 7999 1065.7

==== R Sg==z=—Sazs========c==3
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TABLE 25.4.2-8. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION
TECHNOLOGIES FOR WESTON UNIT 3

ITEM

SITE ACCESS/CONGESTION
REAGENT PREPARATION ' | - LOW
ESP UPGRADE : " MEDIUM

NEW BAGHOUSE | - ~NA
SCOPE ADDERS | |
CHANGE_ESP ASH DISCHARGE SYSTEM TO DRY HANDLING . NO

ESTIMATED COST (1000%) NA
ADDITIONAL DUCT WORK (FT)

NEW BAGHOUSE CASE o NA

ESTIMATED COST (1000$) NA

~ ESP REUSE CASE ) NA

ESTIMATED COST 1000$ NA
DUCT DEMOLITION LEN TH F 50

DEMOLITION COST 10005 ‘ 72
TOTAL COST IOOOSA

ESP UPGRADE CASE 72

A NEW BAGHOUSE CASE - NA

RETROFIT FACTORS

CONTROL SYSTEM (DSD SYSTEM ONLY) 1.13
ESP UPGRADE , , 1.36
NEW BAGHOUSE - NA

Medium duct residence time exists between unit 3 and the unit
3 ESPs. A medium factor was assigned to ESP upgrade due to the
congestion around the ESPs.
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Table 25.4.2-9. Summary of DSD/FSI Control Costs for the Weston Plant (June 1988 Dollars)

Technology Boiler - Main Boiler Capacity Coal Capital Capital Annusl  Annual $02 se2 $02 Cost
Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.
Difficulty (M) (X) Content (3MM) (S/kW) ($MM) (mills/kwh) (X) (tonms/yr) (%/ton)

Factor ' X)
nsmesé 3 - 1,08 322 78 0.4 83 25,7 7.0 3.2 49.0 4806 1442.1
DSD+ESP-C 3 1.00 322 78 0.4 T a3 BT 44 1.8 49.0 4806 'B45.4
FSI+ESP-50 3 1.3 322 T 0.4 10. 338 7.2 3.3 50.0 4939 1460.0
FSI*ESP-50-C '3 1.36 322 78 | 0.4 0.9 33.8 4.2 1.9 50.0 4539 846.4
FSI+ESP-70 3 1% 32 m™ 0.4 11.0 341 7.3 3;3 70.0 6915  ° 1057.3 -
FSI+ESP-70-C 3 136 32 7 04 10 % 42 1.9 0 s 612.9

asae
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SECTION 26.0 WEST VIRGINIA

26.1 ALLEGHENY POWER SERVICE CORPORATION

26.1.1 Albright

The Albright Steam Plant is located in Preston County, West Virginia,
as part of the Allegheny Power Service Corp. system. The plant contains
three coal-fired boilers with a total gross generating capacity of 278 Mw.
Tables 26.1.1-1 through‘26.l.l-10 summarize the plant operational data and

., present the 502 and Nox contro] cost and performance estimates.

TABLE 26.1.1-1. ALBRIGHT STEAM PLANT OPERATIONAL DATA

BOILER NUMBER 1,2 .3
GENERATING CAPACITY éMH-each) 69 140
CAPACITY FACTOR éPER ENT) 81,82 86
INSTALLATION DAT 1952 1954
FIRING TYPE FRONT WALL TANGENTIAL
. FURNACE VOLUME {1000 CU FT) , 44.2 a3
LOW NOx COMBUSTION ~NO - NO
COAL SULFUR CONTENT éPERCENT) 1.7
COAL HEATING.VALUE é TU/LB 12300
COAL ASH CONTENT (P RCENT) 12.8
FLY ASH SYSTEM ORY DISPOSAL
ASH DISPOSAL METHOD : LANDFILL/CFF-SITE
STACK NUMBER - 1,2 . 3
COAL DELIVERY METHODS TRUCK
PARTICULATE CONTROL
TYPE ' o ESP ' ESP
INSTALLATION DATE , 1975 1975
EMISSION éLB/MM BTU) 0.02 0.02
REMOVAL EFFICIENCY o NA -NA
DESIGN SPECIFICATION ‘ '
SULFUR SPECIFICATION (PERCENT) 1.0-1.3
SURFACE AREA (1000 SQ FT 144 259.2
GAS EXIT RATE (1000 ACFM 375 675
SCA éSQ FT/1000 ACFM) 384 384
OUTLET TEMPERATURE  (°F) : 400 385
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TABLE 25.1.1-2.7 SUMMARY OF RETROFIT FACTOR DATA FOR ALBRIGHT

UNIT 1 OR 2 *

FGD TECHNOLOGY

' FORCED
L/LS. FGD OXIDATION SPRAY DRYING

LIME

SITE ACCESS/CONGESTION

502 REMOVAL

- FLUE _GAS HANDLING
ESP REUSE CASE
BAGHOUSE CASE

DUCT WORK EISTANCE {FEET)

ESP REU
BAGHOUSE

. ESP REUSE

~ NEW BAGHOUSE

SCOPE_ADJUSTMENTS

WET TO DRY

ESTIMATED COST (1000%)
NEW CHIMNEY

ESTIMATED COST (1000%)
OTHER :

RETROFIT FACTORS

FGD SYSTEM
ESP REUSE CASE
BAGHOUSE CASE
ESP UPGRADE
NEW BAGHOUSE

LOW
LOW

100-300

NA
NA

NO
NA
NO
0

NO

1.20

NA
NA

GENERAL FACILITIES (PERCENT) 10

NA
NA

NA

NA

NA

NA

NA -

NA

NA

NA
0

LOW

HIGH
‘NA

300-600
NA
HIGH

- NA -

NO
NA
NO
0

NO

* Absorbers for units 1 and 2 would be located behind the1r

respect1ve ch1mneys
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TABLE 26.1.1-3. SUMMARY OF RETROFIT FACTOR DATA FOR ALBRIGHT UNIT 3 *

FGD TECHNOLOGY

FORCED - LIME
L/LS FGD OXIDATION SPRAY DRYING

~ SITE ACCESS/CONGESTION |
S02 REMOVAL LOW NA LOW

FLUE GAS HANDLING LOW NA :
ESP REUSE CASE . _ MEDIUM
BAGHOUSE CASE NA
DUCT WORK DISTANCE (FEET) 100-300° NA
ESP REUSE ‘ 300-600
BAGHOUSE NA
ESP REUSE NA NA MEDIUM
NEW BAGHOUSE NA NA NA
SCOPE ADJUSTMENTS
WET TO DRY NO NA NO
ESTIMATED COST (1000%) NA NA ~ NA
NEW CHIMNEY o NO ~ NA NO
ESTIMATED COST (1000%) 0 0 0
OTHER NO - ND-
RETROFIT FACTORS I
FGD SYSTEM . 1.20 . NA !
ESP REUSE CASE : ‘ 1.31
BAGHOUSE CASE _ NA
ESP UPGRADE = - NA NA 1,36
NEW BAGHOUSE NA NA NA
GENERAL FACILITIES (PERCENT} 10 0 10
* Absorbers for unit 3 would be located behind the unit 3 '
. chimney." '
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Table 26.1.1-4. Summary of FGD Control Costs for the Albright Plant (June 1988 Dollars)

Technology Boiler Main Boiler Capacity Coal Capital Capital Annusl  Annual s02 502 502 Cost

Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.
Difficulty (M) (R) Content ($MM) ($/kW) (SMM) (mills/kwh) (%) (tens/yr) (3/ten)
Factor . %)

............................................... ameereemesmemmesadavemtmEseeamEroTromstartennemaennanyon et~
L/S FGD | 1.20 &9 a1 1.7 30.0 4343 144 29.5 $0.0 587( 2457.3
L/S FGD . 2 1.20 . 69 B2 1.7 30.0 43430 4.5 29.2 90.0 5947 2434.2
L/S FGD - 3 1.20 140 86 - 1.7 42.6 304.5 21.4 20.3 90.0 12654 1692.2
L/s FGD;C 1 C1.20 - 69 a1 1.7 30.0 _- 434.3 B.4 17.2 . %0.0 5874 1430.8
L/S FGD-C .2 1.20 69 a2 1.7 30.0 434,3 8.4 17.0 - 90.0 5947 1417.3
L/$ FGD-C 3 1.20 140 84 1.7 42.6 304.5 12.5 11.8 90.0 12654, 984.6
LC FGD 1-3 1.20 - 278 84 1.7 £2.6 153.2 26.0 12.7 $0.0 24543 1060.3
LC FGD-C 1-3 1.20 . 278 = 84 1.7 42.6. 153.2 15.1 7.4 90.0 24543 . 615.3
LSD+ESP -1 1,36 &9 81 1.7 14,3 207.1 8.0  156.3 76.0 4980 1605.5°
LSO+ESP 2 1.36 69 a2 1.7 1.3 207.2 8.0 16.2 76.0 5042 1589.8
LSC+ESP 3 1.1 140 84 1.7 21.7 1569 11.9 11.2 76.0 10728 1105.1
LSD+ESP-C 1 1.386 &9 ‘81 1.7 14.3 2071 4.6 9.5 76.0 4980  932.7
LSD+ESP-C P4 1.36 &9 82 1.7 . 207.2 4.7 9.4 76.0 50642 923.6
LSD+ESP-C I 1.:1 140 86 1.7 6.5 76.0 10728 642.2

21.7  154.9 5.9
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Table 26.1.1-5. Sumnary of Coal Switching/Cleaning Costs for the Aibright Plant (June 1988 Dollars)

Teéhnoloqy ~ Boiler Main Boiler Capacity Coal Cepital Cepital Annual  Arnual . 502 502 502 Cost -

Number Retrofit Size Fector Sulfur Cost Cost Cost Cost Removed Removed Effect.
Difficulty (M) (%) Content (SMM) (S/kW) (SMM) (mflls/kwh) (X) (tons/yr) ($/tom)
Factor . X

C£5/8+%15 1 1.00 &9 81 1.7 3.0 3.0 7.8 . 46.0 2592 2671.3
CS/B~§15 2 1.00 . 69 82 1.7 3.0 43.0 7.5 A 46.0 3029 2468.5
CS/B+8$15 3 1.00 140 B4 1.7 5.1 36.5 15.1 14.3 46.0 6445 2335.9
CS/8+815-¢ 1100 & 81 1.7 3.0 43.0 4.2 8.7 46.0 2992 1420.4
CS/D+$15-C 2 1.00 &9 82 1.7 3.0 43.0 - 4.3 8.7 46.0 3029 1418.7
CS/B+315-C 3 1.00 140 . 85 1.7 5.1 36.5 8.6 8.2 46.0 6445 1341.6
CS/B+35 1 1.00 69 81 1.7 2.2 32,6 3.2 6.6 46.0 2992 1077.8
CS/B+$5 2 1.00 &9 a2 1.7 2.2 32.6 3.3 6.6 45.0 3029 1075.5
CS/B+$5 , 3 1.00 140 85 1.7 1.7 26.2 6.1 5.8 46.0 6445 94d .4
CS/B+$5-C 1 1.00 &9 81 1.7 2.2 3.6 1.9 l.n 46.0 2992 620.9
CS/B+$5-C 2 1.00 &9 82 1.7 2.2 32.¢6 1.9 3.8 46.0 3029 619.5
£5/8+85-C 3 1.00 140 86 1.7 3.7 26.2 3.5 3.3 46.0 6445 543.6
==z ST=IS=ISTESTIISTISTRATITITISITEISZ
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TABLE 26.1.1-6. SUMMARY OF NOx RETROFIT RESULTS FOR‘ALBRIGHT

COMBUSTION MODIFICATION RESULTS

FIRING TYPE

TYPE OF NOx CONTROL

FURNACE VOLUME (1000 CU FT)
BOILER INSTALLATION DATE
- SLAGGING PROBLEM

ESTIMATED NOx REDUCTION (PERCENT)

SCR _RETROFIT RESULTS *

SITE ACCESS AND CONGESTION
FOR SCR REACTOR

'SCOPE ADDER PARAMETERS--
Building DemoTition (1000$)
Ductwork Demolition (1000%)
New Duct Length (Feet)

New Duct Coﬁts (1000%)

New Heat Exchanger (1000§)

TOTAL SCOPE ADDER COSTS (1000%)
RETROFIT FACTOR FOR SCR
GENERAL FACILITIES (PERCENT)

BOILER NUMBER

1,2 3
" FWF TANG
LNB OFA
44.2 93
1952 1954
_NO NO
44 25
LOW LOW
0 0
20 35 .
200 200
798 1207
1492 2281
2310 3522
1.16 1.16
20 20

* Cold side SCR reactors for all units would be located behind

their respective chimneys.
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Table 26.1.1-7. NOx Control Cost Results for the Albright Plant (June 1988 Dollars)

Technology BoilerA Main Boiler Capacity Coal Capital Capitel Annual  Annual NOX NOX NOx Cost

Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.

Difficulty (M) (X) Content (SMM) ($/kw) (SMM) (mille/kwh) (X) (tons/yr) (S/ton)

Factor (¢9] : '

LNC-LNB 1 1.00 69 B1 1.7 2.2 319 0.5 1.0 44.0 910 5264.3
LNC-LN8 . 2 1.00 69 B2 1.7 2.2 3.9 0.5 1.0 44.0 21 517.9
LNC-LNB-C 1 1.00 . ‘69 B1 -I.T 2.2 0.3 0.6 440 910 311.2
LNC-LNB-C 2 . 1.00 &9 82 1.7 2.2 . 0.3 0.6 - 4.0 e21 - . 307.4
LNC-OFA 3 1.00 140 B 1.7 07 5.1 0.2 0.4 25.0 795 1930
LNC-QFA-C 3 - 1.00 140 ‘& T 0.7 5.1 0.1 0.1 . 25.0 ™5 114.7
SCR-3 1 1.16 .69 . A 1.7 15.2 220.2 5.0 10.2 80.0 1654 3031.7
SCR-3 2 1.16 69 a2 1.7 15.2 220,2- 5.0 10.1 80.0 1674 2997.6
SCR-3 3 1.16 140 88 1.7 " 23.9  170.4 8.2 7.8 B0.0 2545 3231.6
SCR-3-C 1 1.16 69 a 1.7 15.2 220.2 2.9 8.0 80.0. 1654 1778.2
SCR-3-C 2 116 49 a2 1.7 15.2 220.2 2.9 5.9 80.0 1674 1758.1
SCR-3-C 3 1.16 140 86 1.7 3.9 17D.4 4.8 4.6 80.0 2545 1893.5
SCR-7 : 1 1.14 & - M 1.7 15.2 220.2 4.6 9.1 80.0 1654 2690.1
SCR-7 2 1.16 69 82 1.7 15.2 220.2 4.5 9.0 80.0 1674 2660.2
SCR-7 3 1.16 140 as 1.7 23.9  170.4 7.1 8.7 80.0 2545 2781.3
SCR-7-C | 1.18 69 81 1.7 15.2 220.2 2.6 5.3 80.0 1654 1582.4
SCR-7-C 2 1.14 - 49 a2 1.7 15.2  220.2 2.6 5.3 80.0 1674 1564 .8
B8& 1.7 23.9 170.4 4.2 3.9 80.0 2545 1635.5

SCR-7-C 3 “ 1.6 140
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TABLE 26.1.1-8. DUCT_SPRAY DRYING AND FURNACE SORBENT INJECTION
TECHNOLOGIES FOR ALBRIGHT UNIT 1 OR 2

ITEM

SITE ACCESS/CONGESTION

REAGENT PREPARATION
ESP UPGRADE
NEW BAGHOUSE

SCOPE ADDERS

CHANGE_ESP_ASH DISCHARGE SYSTEM TO DRY HANDLING
. ESTIMATED COST (1000%)
ADDITIONAL DUCT WORK (FT)
NEW BAGHOUSE CASE
ESTIMATED COST (1000$)
ESP REUSE CASE
ESTIMATED COST (1000%)
_DUCT DEMOLITION LENGTH (FT;'
DEMOLITION cOST (1000$

TOTAL COST 10005&
ESP UPGRADE CASE
"A NEW BAGHOUSE CASE

RETROFIT FACTORS
CONTROL SYSTEM (DSD SYSTEM ONLY) -

ESP UPGRADE
NEW BAGHOUSE

- LOW
HIGH
NA

1.13
1.58 -
NA

ESP size was adequate and sufficient duct residence time
exists between the boilers and their respective ESPs.
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TABLE 26.1.1-9. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION
TECHNOLOGIES FOR ALBRIGHT UNIT 3

ITEM |
SITE ACCESS/CONGESTION _
REAGENT PREPARATION - LoW
ESP UPGRADE MEDIUM
NEW BAGHOUSE | NA

SCOPE ADDERS
CHANGE ESP ASH DISCHARGE SYSTEM TO DRY HANDLING NO

ESTIMATED COST (1000$) ~NA
ADDITIONAL DUCT WORK (FT)
NEW BAGHOUSE CASE , NA
ESTIMATED COST (1000%). NA
ESP REUSE CASE | NA
: ESTIMATED COST 10005 ~NA
DUCT DEMOLITION LEN TH (F ; | 50
DEMOLITION COST (1000$ 38
TOTAL COST £A000$A
P UPGRADE CASE : 38
A NEH BAGHOUSE CASE | NA
RETROFIT_FACTORS
CONTROL SYSTEM (DSD SYSTEM ONLY) 1.13
ESP UPGRADE , 1.36
NEW BAGHOUSE NA

ESP size was adequate and sufficient duct residence time
exists between boiler 3 and the unit 3 ESPs.
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Table 26.1.1-10. Summary of DSb/FS] Control Costs for the Albright Plant (June 1988 Dollars)

zgz== =xoo=sssoosra

Technology Boilar Main Boiler Capacity Coal Capital Cepital Annual . Annual 502 S02 502 Cost

Number Retrafit Size Factor Sulfur Cost  Cost  Cost Cost  Removed Removed Effect.
‘Difficulty (M) (%} Content (3MM) ($/kW) (SMM) (mills/kwh) (%) (toms/yr} ($/ton)

factor (%) '
DSD+ESP 1 1.00 &9 81 1.7 5.7 82.6 5.4 10.¢ 49.0 317 1637.0
DSD+ESP 2 1.00 69 82 1.7 5.7 B2.6 5.4 10.8 49.0 3215 1671.8
DSD+ESP 3 1.00 140 88 1.7 8.0  56.9 7.6 - 7.2 49.0 64_541 1108.2
0SO+ESP-C 1 . 1.00 &9 81 1.7 5.7 82.6 3.1 5.3 49.0 N P74.6
DSD+ESP-C 2 1.00 &9 82 1.7 5.7 82.4 3.1 6.3 49.0 3215 985.8
DSD+ESP-C ‘ 3 ‘1.00 140 B& 1.7 8.0 56.9 4.4 4.2 - 49.0 6841 540.1
FSI1+ESP-50 71 1.00 49 81 1.7 5.8 B..8 4.7 9.7 - 50.0 3264 1455.3
. FSI+ESP-50 2 1.00 &9 8e 1.7 5.8 8.8 4.8 9.6 50.0 3304 1445.5
FS1+ESP-50 3 1.00 140 86 1.7 7.8 55.8 7.6 7.2 50.0 7030 107%.7
FSI+ESP-50-C 1 1.00 69 81 1.7 5.8 B4 .8 2.7 5.6 50.0 3264 8it.9
FSI+ESP-50-C 2 1.00 69 a2 1.7 5.8 B84.8 2.8 5.6 50.0 3304 836.1
FSI+ESP-50-C 3 . 1.00 140 B& - 1.7 7.8 55.8 4.4 4.2 50.0 7030 823.6
FS1+ESP-70 1 1.06 &9 81 1.7 5.0 Bé6.2 4.8 9.9 70.0 4569 10585.7
FSI+ESP-T0 2 1.00 &9 B2 1.7 6.0 B5.2 4.8 9.8 70.0 4625 1048.5
_FSI+ESP-7Q 3 1.00 140 [-"] 1.7 7.9 56.7 7.7 7.3 70.0 9843 784 .8
‘FSI+ESP-70-C 1 1.00 &9 81 1.7 6.0 Bs.2 2.8 5.7 70.0 4569 610.7
FSI+ESP-T70-C 2 1.00 &9 82 1.7 6.0 Bs6.2 2.8 5.7 70.0 4625 &06.5
-7 1.7 7.9 56.7 4.5 4.2 70.0 ‘ 6843 . 453.3

FS[+ESP-70-C 3 1.00 140

26-10



26.1.2 fort Martin Steam Plant

The Fort Martin steam plant is located on the Monongahela River in
Monongalia County, West Virginia, as part of the Allegheny Power Service
system and is operated by the Monongahela Power Company. The Fort Martin
plant contains two coal-fired boilers with a gross generating capacity of
1,107 MW. | . | ' |

Table 26.1.2-1 presents operational data for the existing equipment at
the Fort Martin plant. Coal shipments are received by barge and transferred
“to a coal stdrage and handling area east of the plant. PM emissions from
_the boilers are controlled by retrofit ESPs which augment ESPs put in at the
time of constructioh. The old and new ESPs are installed in series behind
 the boilers. Flue gases from each boiler are directed to a chimney between
the old and new ESPs. The utility landfills the dry fly ash from the plant.

Lime/Limestone and Lime Spray Dryihg'FGD Costs--

L/LS-FGD absorbers would be located beside the boilers at the east and
west sides of the respective units. The general facilities factor is high
(15 percent) for the FGD absorber locations because several storage
buildings and plant roads would have to be relocated to accomodate space for
a.sorbent preparation, waiie hand1ing area, and absorbers.. The site
access/congestion factor is high for these locations because of interfer-
ences caused by acid/caustic storage, fuel ail storage, miscellaneous

‘bui1d1ngs, transmission line and wastewater treatment tank. Approximately
400 feet of ductwork would be required to span the distance from the
chimneys to the absorbers and back to the chimneys. 'A medium site ]
access/congestion factor was assigned to flue gas handling because of the
congestion around the chimneys due to the ESPs.

LSD-FGD with'reuse of the existing ESPs was considered for the _
Fort Martin plant. The LSD absorbers would be located similarly to the wet
FGD absorbers with similar site access/congestion and general facilities

- factors as well as ductwork regquirements.

Tables 26.1,2-2vand 26.1.2-3 present retrofit factor and cost resuits for
installation of FGD technologies at the Fort Martin plant.- The low cost
option shows the effect of eliminating spare absorber modules and large
absorber size (-300 MW). '
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TABLE 26.1.2-1.

FORT MARTIN STEAM PLANT OPERATIONAL DATA

BOILER NUMBER

GENERATING CAPACITY (M- each)
CAPACITY FACTOR (PERCENT)
INSTALLATION DATE ‘
FIRING TYPE

FURNACE VOLUME (1000 CU FT)
LOW NOx COMBUSTICN

COAL SULFUR CONTENT (PERCENT) .
- COAL HEATING VALUE (BTU/LB)
COAL ASH CONTENT (PERCENT)
FLY ASH SYSTEM

ASH DISPOSAL METHOD

STACK NUMBER

COAL DELIVERY METHODS

'PARTICULATE CONTROL

TYPE
INSTALLATION DATE
EMISSION (LB/MM BTU)
REMOVAL EFFICIENCY
DESIGN SPECIFICATION
SULFUR SPECIFICATION (PERCENT)
SURFACE AREA (1000 SQ FT)
GAS EXIT RATE (1000 ACFM)
SCA (SQ FT/1000 ACFM)
OUTLET TEMPERATURE (°F)

1 2
552 555
72 68
1967 1968
TANGENTIAL OPPOSED WALL
NA . ONA
NO NO
1.8 1.8
12500 12500
11.3 11.3
DRY DISPOSAL
LANDFILL
1 2
BARGE
ESP ESP
1957, 82 1968, 82
0.01 0.0l
99.7 99.7
1.5-3.5 1.5-3.5
475.5 475.5
2150 2150
221 221
310 310
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TABLE 26.1.2-2. SUMMARY OF RETROFIT FACTOR DATA FOR FORT MARTIN

UNIT 1 OR 2

FGD TECHNOLOGY

- FORCED ~ LIME

SITE ACCESS/CONGESTION

L/LS FGD OXIDATION SPRAY DRYING

HIGH NA HIGH

1502 REMOVAL 3
FLUE GAS HANDLING MEDIUM  NA :
ESP REUSE CASE - MEDIUM
BAGHOUSE CASE S NA
DUCT WORK DISTANCE (FEET)  300-600  NA o
ESP. REUSE e 300-600
~ BAGHOUSE NA
ESP REUSE NA NA MEDIUM
 NEW BAGHOUSE NA NA NA
SCOPE_ADJUSTMENTS ]
WET TO DRY NO . NA NO
ESTIMATED COST (1000%) NA NA-~ - NA
NEW CHIMNEY NO NA NO
~ ESTIMATED COST (1000S) 0 0 0 .
OTHER NO ~NO
- RETROFIT FACTORS
FGD SYSTEM 1.57 ~ NA
ESP REUSE CASE. 1.58
 BAGHOUSE CASE - o NA
ESP UPGRADE NA . NA 1.36
NEW BAGHOUSE NA NA NA
GENERAL FACILITIES (PERCENT) 15 0 15

26-13



Table 26.1.2-3. Summary cf FGD Control Costs for ;:he Fort Hartin'Plant (June 1988 Dollars)

Techralogy Boiler Main Boiler Capacity Coal Capital Capital Arrual  Annual 502 . S02 502 Cost

Number Retrofit Si2e Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.
Difficulty (M) (X) Content (SMM) (S/kW) (S4M) (mills/kwh) (X) (tons/yr) ($/ton)

Factor X). -
L/S FGD 7 1.57 552 hr 1.8 126.1 2321 61.3  17.6 -90.0 43419 1412.7
L/S FGD -2 1.57 555 68 1.8 128.5 231, 60.5 18.3 90.0 41230 1467.3
L/S FBD-C 1 . 1.57 552 b 1.8 128.1 232.1 35.7 10.3 §0.0 ] 43415 822.6
L/S FGD-C 2 1.57 555 - &8 1.8 128.5 231.6 35.2 10.7 90.0 41230 854.7
LC FGD 1 1.57 552 72 1.8 9.0 172.2 50.7 14.6 90.0 43419 1167.2
LC FGD 2 1.57 555 68 1.8 95.5 1r2.0 49.8 151 90.9 41230 120%.0
LC FGD-C 1 1.57 ‘ 552 7 1.8 §5.0 172.2 - 29.5 8.5 90.0 43419 678.6
LC FGD-C 2 1.57 555 68 1.8 95.5 172.0 29.0 8.8 %0.0 41230 703.0
LSD+ESP 1 1.58 552 e 1.8 7.4 143,88 35.7 10.3 76.0 36810 945.4
_ LSD+ESP 2 1.58  555° 58 1.8 79.6 143.5 35,2 10.7 76.0 34954 1007.8
LSD+ESP-C 1 1.58 552 I3 1.8 79.4 143.8 20.8 6.0 76.0 34810 565.2
LSD+ESP-C 2 158 555 58 1.8 79.6 143.5 20.5 6.2 76.0 34954 587.6
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Coal SW1tch1ng and Physical Coa] C]ean1ng Costs--
' Table 26.1.2- 4 presents the IAPCS. cost resu]ts for CS at the Fort
Martin plant. These costs do not 1nc1ude boiler and pulverizer operat1ng
‘cost changes or any coal handling system modifications that may be
necessary. PCC was not considered for this plant because it is not a mine
.mouth plant. | ' '

NO Control Techno]og1es--.

OFAs and LNBs were cons1dered for NO emissions control for b011ers 1
and 2, respectively. Furnace values were not available for units 1 and 2
and were estimated based on similar size and age‘boi1ers.‘ Tables 26.1.2-5
and 26.1.2-6 present performance and cost estimates fbr installation of LNC
‘technologies at the Fort Martin plant. '

Selective Catalytic Reduction--

Cold side SCR reactors for boilers at the Fort Mart1n p1ant would be
located adjacent to the ESPs and chimney. ‘A medium site access/congestion
factor was assigned to the locations. Approximately 400 feet of ductwork
would be required to span the distance between the SCR reactors and the
chimneys for a cold side application. Tables 26.1.2-5 and 26.1.2-6 present
the retrofit factor inputs to the IAPCS model and cost estimates for
. installation of SCR at the Fort Martin plant. '

Furnace Sorbeht Injection and Duct Spray Drying FGD Costs--

Sorbent injéction-technd]ogies (FST and DSD) were considered for the
‘Fort Martin plant because of the long duct residence time between the old
and retrofit ESPs. A medium site access/congestion factor was assigned to
the ESP Tocations because of the proximity of the ESPs to the river.
However, p}ate area can be added on the east or west side of the ESPs, if
‘required. Tables 26.1.2-7 and 26.1.2-8 presents retrofit factor inputs to
the TAPCS model and costs for installation of sorbent injection techno]ogies
at the Fort Martin plant. o
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' Table 26.1.2-4. Summary of Coal Switching/Cleaning Costs fgr‘the FoEt Martin Plant (June 1988 Dollars)

Teéhnoloqy Boiler #ain Boiler Capecity Cosl - Capital Capitai Annull- Annual 502 so2 $02 Cost
Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.
Difficulty (M) (X) Content ($MM) ($/ki) (M) (mills/kKwh) (%) (tons/fyr) (3/ton)
factor (X) T

CS/8¢$15 1 ‘ 1.00 552 Hr4 1.8 17.2 1.1 48.7 14.0 48.0 - ‘23104 2106.7
. C5/8+%15 2 1.00 555 &8 1.8 17.2 3.1 46.4 14.0 48.0 21939 2115.9
CS/B+315-C 1 1.00 552 » 72 1.8 7.2 31.1‘ 28.0 8.0 48.0 23104 1210.4
C5/8+%15-C 2 1.00 555 [ ] 1.8 17.2 3.1 26.7 8.1 48.0 21939 1215.8
C5/8+35 1 1.00 552 72 1.8 . 20.7 5.4 48.0 23104 818.7
C5/8+85 P4 1.00 555 68 1.8 20.7 i 5.5 48.0 21939 825.4
CS/B+$5-C ‘_ 1 1.00 552 72 1.8 11.4 20.7 10.9 3.1 48.0 23104 471.3

C5/8+85-C 2 1.00 555 -] 1.8 11.9 20.7 10.4 3.2

48.0 21939 475.3
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TABLE 26.1:2-5. SUMMARY OF NOx-RETRDFIT RESULTS FOR FORT MARTIN

COMBUSTION MODIFICATION RESULTS

FIRING TYPE

TYPE OF NOx CONTROL |

- FURNACE VOLUME (1000 CU FT)
BOILER INSTALLATION DATE
 SLAGGING PROBLEM

ESTIMATED NOx REDUCTION (PERCENT)

SCR_RETROFIT RESULTS

SITE ACCESS AND CONGESTION
FOR SCR REACTOR

 SCOPE ADDER PARAMETERS--
Building Demo1itfon (1000%)
Ductwork Demalition (1000$)
Néw Duct Length (Feet)

‘New Duct Costs (1000%)

New Heat Exchanger (1000$)

TOTAL SCOPE ADDER COSTS {10008)
_RETROFIT FACTOR FOR SCR
GENERAL FACILITIES (PERCENT)

BOILER NUMBER

1

CTANG OWF
OFA . LNB
~NA NA
1967 1968
NO NO
25 40
MEDIUM MEDIUM
0 0,
97 98
400 400
5384 5402
5195 5212
10677 10711

1.3 1.34
20 20
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Table 26.1.2-6. WNOx Control Cest Results for the Fort Martin P

lent (June 1988 Dollars)

Te‘chnolog)'fr‘ Boiler Main Boiler Capacity Coal Capital cepital Annual

: Number Retrofit S5ize Factor Sulfur Cost Cost Cost

Difficulty (W) (%) Content (M) (S/ki) (5MM)

Factor [£3)

LNC-LN 2 1.00 555 &8 1.8 5.0 91 1.
" LNC-LNB-C 2 1.00 S5 68 1.8 5.9 9.1 0.7
LNC-OFA 1 1.00 5§52 72 1.8 1.2 2.2 0.3
LNC-QFA-C 1 .00 552 72 . 1.4 1.2 2.2 0.2
- SCR-3 1 1.34 552 7 1.8 76,3 138.2° 27.3
SCR-3 2 1.34 555 68 1.8 76.7 138.1 27.7
SCR-3-C 1 1.3 552 72 1.8 76.3 138.2 18.0
SCR-3-C 2 1.34 555 48 1.8 76.7 138.1 18.2
SCR-7 1 1.34 552 I 1.8 76.3 138.2 22.8
SCR-7 2 1.34 555 68 1.8 76.7 1381 23.1
SCR-7-C 1 1.34 552  Te- 1.8 7.3 1383.2 13.4
SCR-7-C 2 1.34 555 48 1.8 138.1  13.¢

Annual HOx . NOx  NOx Cost ’
Cost Removed Removed Effect.
(mills/kuh)‘ (1) (tons/yr) ($/ton)

0.3 40.0 200.3
0.2 40.0 5482 118.9
0.1 25.0 2577 103.1

0.0 25.0 2577 61.2
7.8 80.0 8247 3309.7
3.4 80.0 10963 2522.7
4.6 80.0 827 1937.7
“.9 80.0 10963  1476.7
6.5 - 80.0  Ba47  2763.0
7.0 80.0 - 10963 2109.3
3.8 8c.0 8247 1624.5
4.1 80.0 10963
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TABLE 26.1.2-7. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION
TECHNOLOGIES FOR FORT MARTIN UNIT 1 OR 2

ITEM

SITE ACCESS/CONGESTION | | A
REAGENT PREPARATION , CLOW
ESP UPGRADE ‘ ,  MEDIUM

NEW BAGHOUSE o , NA
SCOPE ADDERS '
CHANGE ESP ASH DISCHARGE SYSTEM TO DRY HANDLING NG

ESTIMATED COST (10008%) _ NA
_ADDITIONAL DUCT WORK (FT)

NEW BAGHOUSE CASE . | NA

ESTIMATED COST (1000%) o NA

ESP REUSE CASE o NA

ESTIMATED COST (1000§) - : NA
DUCT DEMOLITION LENGTH (FT) o | 50

DEMOLITION COST (1000§) 111
TOTAL COST (1000$) a | -

ESP UPGRADE CASE L 111

A NEW BAGHOUSE CASE NA
RETROFIT FACTORS | '

CONTROL. SYSTEM (DSD SYSTEM. ONLY) ‘ 1.13
ESP UPGRADE R 1.36
NEW BAGHOUSE ___NA
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Table 26.1.2-8. Summary of DSD/FS1 Control Costs for the Fort Martin Plent (June 1988 Dol lars)

Technology Boiter Main Boiler Capacity Coal Capital Capitel Annual Annual  SO2 $02 - 502 Cost
Number Retrofit Size Factor Sulfur  Cost Cost Cost Cost Removed Removed Effect.
Difficulty (W) (X) Content (%) (S/kW) .(ShM) (mills/kuh) (%) (tons/yr) ($/ton)

Factor ) (£3)

DSD+ESP 1 1.00 552 e 1.8 24.6 4.6 .0 5.5 " 49.0 23470 808.6
_ DSD+ESP ) 2 1.00 555 68 1.8 24.7 4.6 18.5 5.6  49.0 22287 830.4
DSD+ESP-C 1 - 1.00 552 72 1.8 24.6 44 .6 11.0l ‘ -3.2 49.0 23470 468.0
DSD+ESP-C 2 1.00 555 &8 1.8 24,7 4.6 10.7 - 3.2 4%.0 22287 480.7
FSI+ESP-50 1 - 1.00 552 7 . 1.8 26.5 48.0 23.1 5.6 50.0 24122 956.3
FSI+ESP-50 2 1.00 555 68 1.8 . 26.6 7.9 22.3 6.8 , 50.0 22905 = 97..7
FSI+ESP-50-C 1 1.00 552 2 1.8 26.5 48.0 133 3.8 s0.0 24122 552.8
FSI+ESP-50-C 2 1.00 555 68 1.8 26.6 47.9 12.9 3.9 50.0 22905 563.6
F§I+ESP-7D 1 1.00 52 72 ' 1.8 26.5 48.0 23.4 6.7  70.0 33770 653.6
FSI+ESP-70 2 1.00 555 &8 1.8 26.6 47.9  22.7 6.9 70.0 32068 706.7
FSI+ESP-TO-C 1 1.00 552 e 1.8 26.5 8.0 13.5 3.9 70.0 33770 400.9

68 1.8 4.0 70.0 32068 40B.6

FSI+ESP-70-C 2 1.00 555 2.6 T 47.9 130
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Atmospher1c F1u1d1zed Bed Combust1on and Coal- Ga51f1cat1on App11cab111ty--
The bo11ers at the Fort Martin plant are too 1arge and new to be
considered for repower1ng techno]og1es

26.1.3 Harrisoh‘Steam E]ant

The Harrison steam plant is'1ocatéd on the West Fork River in Harrison
County, West Virginia, as part of the Allegheny Power Service system and
operated by Monongahela Power Cdmpany. The Harrison plant contains three
coa]-fired b6i1ers ﬁith a gross generating capacity of 1920 MW.

. Table 26.1:3-1 presents operational data for the existing equipment at
- the Harrison-p]ant. Cba] shipments‘are received by railroad and transferred
"to a coal storage and handling area east of the plant. PM emissidns from
"the boilers are controlled by ESPs which were installed at the same time as
the boilers. The ESPs are located behind the boilers. Flue gases from the
three boilers are directed to two chimneys located behind the ESPs. The
first chimney serves unit 1 and the second chimney sefves unit 3. Flue
gases from unit 2 are distributed between the two chimneys. Dry fly ash
from the units is landfilled by the utility.

Lime/Limestone and Lime Spray Drying FGD Costs--

| L/LS-FGD absorbers for the three units would be located west of unit 3
in a re1at1ve1y open area. The general facilities factor is medium
(8 percent) for the FGD absorber location because several plant roads would
have to be relocated. The site access/congestion factor is low for this
location. From 300 feet (for unit 3) and 600 feet (for unit 1) of ductwork
would be required to span the distance from the chimneys, to the absorbers,
to a new chimney for each of the units. Because of the access difficulties
and duct length required to reuse the existing chimneys, a new chimney would
be constructed adjacent to the absorbers. A high site access/congestion
factor was assigned to flue gas handling.

LSD-FGD with reuse of the existing ESPs was not considered for the
Harrison plant because of the small sizes of the ESPs. LSD with new
baghouses was not considered because of the high sulfur content of the coal
being burned. L '
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TABLE 26.1.3-1. HARRISON STEAM PLANT OPERATIONAL DATA

BOILER NUMBER

GENERATING CAPACITY (MW-each)
CAPACITY FACTOR (PERCENT)
INSTALLATION DATE |
FIRING TYPE |
FURNACE VOLUME (1000 CU FT)
LOW NOx COMBUSTION

COAL SULFUR CONTENT (PERCENT)
COAL HEATING VALUE (BTU/LB)
COAL ASH CONTENT (PERCENT)
FLY ASH SYSTEM

ASH DISPOSAL METHOD .

STACK NUMBER ,

COAL DELIVERY METHODS

PARTICULATE CONTROL

TYPE

INSTALLATION DATE
EMISSION (LB/MM BTU)
REMOVAL EFFICIENCY

~ DESIGN SPECIFICATION

SULFUR SPECIFICATION (PERCENT)

SURFACE AREA (1000 SQ FT)
GAS EXIT RATE (1000 ACFM)
SCA (SQ FT/1000 ACFM)
OUTLET TEMPERATURE (°F)

1,2,3
640 -
59,65,48

1972,73,74

- OPPOSED WALL.

431

NO

3.0

13000

7.7

DRY DISPOSAL

 LANDFILL

1;1,2;2
RAILROAD

ESP .
1972,73,74

- 0.01

99.5

2.5-4.5
187.2
2060
91
270




Tables 26.1.3-2 and 26.1.3-3 give a summary‘pf kefrofit data éhd'costs,
respectively, for 1nsta11at1on of L/LS- FGD techno]og1es at the Harr1son
p1ant

Coal Sw1tch1ng and Phys1ca1 Coa1 C]ean1ng Costs--

Table 26.1.3-4 summarizes the IAPCS results for CS at the Harrison
plant. These costs do not include boiler and pulverizer operating cost
changes or any coal hand]ing system'modificatfonS'that may be neceSsary.
PCC was not evaluated because the Harrison p]ant_is npt'a mine mouth plant.

NO Contro1 Techno]og1es--

LNBs were considered for control of NO emissions from the three |
opposed wall-fired furnaces. Tables 26.1.3- 5 and 26.1.3-6 give a summary of
performance and cost re;u]ts, respect1ve1y, for NOx contro]vtechno1og1es at
~ the Harrison plant. ’

Selective Catalytic Reduction--

Cold side SCR reactors for the boilers at the Harr1son plant would be
located behind the chimneys. A medium general facilities value of ‘
20 percent and a med ium site access/congestion factor were assigned to the
reactor locations. Approximately 300 feet of ductwork would be required to
‘span the distance between the SCR reactors and the chimneys. |
Tables 26.1.3-5 and 26.1.3-6 summarize the retrofit factors and costs for
_1nsta11at1on‘of SCR at the Harrison plant.

Furnace Sorbent Injection and Duct Spray Drying FGD Costs--

Sorbent injection technologies (FS1 and DSD) were not cons1dered for
the boilers at the Harrison plant because of the small size of the ESPs and
short duct residence time between the boilers and the ESPs.

Atmospheric Fluidized Bed Combustion and Coal Gasification App]icabi]jty-F

The three 640 MW boilers at the Harrison plant are too large to be
considered for AFBC/CG technologies.
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TABLE 26.1.3-2. SUMMARY OF RETROFIT FACTOR DATA FOR HARRISON
‘ : UNIT 1,2 OR 3 ‘

FGD TECHNOLOGY

FORCED LIME

L/LS FGD OXIDATION SPRAY DRYING
SITE ACCESS/CONGESTION _ '
S02 REMOVAL LOW ~ * NA . NA

FLUE GAS HANDLING HIGH NA
- ESP REUSE CASE - . - S NA
. BAGHOUSE CASE u ~NA
DUCT WORK DISTANCE (FEET)  300-600 NA
- ESP REUSE | | NA
BAGHOUSE 3 , A
ESP REUSE o NA NA NA
NEW BAGHOUSE ~ ~ °  NA - NA A
~ SCOPE ADJUSTMENTS |
WET TO DRY NO NA . NA
'ESTIMATED COST (10005)  NA NA NA
* NEW CHIMNEY YES NA - NA
ESTIMATED COST (10005) 4480 0 0
OTHER | NO
RETROFIT FACTORS _ - |
FGD SYSTEM 1.4 N
ESP REUSE CASE _ : NA
BAGHOUSE CASE - NA
ESP UPGRADE - NA * NA NA
NEW BAGHOUSE . . NA NA NA
GENERAL FACILITIES (PERCENT) 8 0o 0
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TaBle 26.1.3-3. _Surlnar"y of FGD Control Costs for _the‘HBrrison Plant (June 1988 Dollars)

Technology Boiler Main Boiler Capacity Coal Capital Cepital Apnual  Annual $02 02 . 502 Cost
. Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.
Difficulty (MW) (%) Content (3MM) - (3/kW) (SMM) (mills/kwh) (%) (tons/yr) ~($/tom)

' Factor . (%) : o
L/S FGD 1 T 141 640 59 3.0 129.3  202.1 63.8 i9.3 0.0 65729 $70.0
L/S FGD : 2 840 &5 3.0 - 129.3  202.7 5.9 18.1 90.0 72413 210.5
L/S FGD 3 1.41 640 48 - 3.0 129.3  202.0 59.8 22.2 90.0 53474 1mzq.7
L/S FGD 1-3 1.41 1920 57 3.0 294.9 153.6 152.8 15.9 90.0 190502 802.3
_L/s FaD-C 1 1.41 &40 59 3.0 129.3  202.1 371 1.2 90.0 65729 564.68
L/S FGD-C 2 1.41 640 65 3.0 129.3 202.1 3B.4 10.5 90.0 72413 529.6
L/S FGD-C 3. . 640 48 3.0 129.3  202.0 34.8 12.9 90.0 . 53474 651.2
© L/S FGD-C 1-3 .47 1920 - 57 3.0 294.9 153.6 88.9 ¢.3 90.0 190502 486.6
LC FGD 137 141 1920 . 57 ) 3.0 263.3  137.2 142.8 14.9 90.0 190502 749.4

LC FoD-C 13 141 1920 ° 57 3.0 263.3 137.2° 83.0 8.7  90.0 190502  435.5
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Table 26.1.3-4. éunnary of Coal Switching/Cleaning Costs for the Harrison Plant (June 1988 pollars)

Technology Boiler Main Boiler Cepacity Coal Capital Capital Annual  Annual s02. $02 . sD2 Cost
Number Retrofit' Size Factor Sulfur . Cost Cost Cost Cost Removed Removed Effect.
Difficulty (MW) (%) Content. ($MM) (3/kW) (BMM) (milis/kwh) (%) (tons/yr) (§/ton)

Factor . (%
CS/B+315 S 1.00 640 59' N 26.7 41.7 49.8 15.0 _ 67.0 " 49146 1012.6
- [S/B+%$15 2 1.00 640 &5 3.0, . 26.7 617 54.2 164.9 67.0 54146 1001.3
. CS/B+$15 3 1.00 840 48 . 3.0 26.7 417 41,6 15.5 67.0 39983 . 1040.6
CS/B+815-C 1 1.00 640 59 3.0 2.7 AT 28.6 8.7 67.0 49146° . 582.6
CS/B+815-C 2 ~1.06 640 65 3.0 26.7 41.7 31.2 B.6° 67.0 54144 573.9
_Cs/B+315-C 3 1.00 &40 48 3.0 26,7 - 41.7 24.0 8.9 67.0 39983 - 599.2
CS/B+35 L 1.00 640 59 - 3.0 20.1 - 31,3 21.3 6.4 "47.0 49146 433 .1
CS/B+35 2 - 1.00 640 65 3.0 20.1 31.3 23.0 6.3 47.0 54144 - 424.0
CS/B+85 3 1.00 640 48 3.0 20,1 31.3 18.2 6.8 67.0 39983 455.6
CS/B+85-C . 1 1.00 &40 59 3.0 20.1 3.3 123 3.7 67.0 49146 249.9
£5/B+%5-C 2 1.00 640 65 ‘3.0  20.7 . 31,3 13.2- 3.6 67.0 - 54164 244.6
CS/B+$5-C 3 1.00 = &40 48 3.0 20.1 3.3 10.5 3.9 67.0 19983 263.3
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TABLE 26.1.3-5. SUMMARY OF NOx RETROFIT RESULTS FOR HARRISON

BOILER NUMBER

COMBUSTION MODIFICATION RESULTS

S - 1,2-0R 3
CFIRING TYPE OMF
TYPE OF NOx CONTROL . S LNB
* FURNACE VOLUME (1000 CU FT) o 431 _4l
BOILER INSTALLATION DATE | 1972,1973,1974
'SLAGGING PROBLEM N0
ESTIMATED NOx REDUCTION (PERCENT) .43
SCR_RETROFIT RESULTS
* SITE ACCESS AND CONGESTION. S
FOR SCR REACTOR . MEDIWM
SCOPE ADDER PARAMETERS--
-‘Bui1ding Demolition (1000%) ‘7 p
Ductwork Demolition (1000%) . 109
~New Duct Length (Feet) - , _ 300
New Duct Costs (1000%) 4403
New Heat Exchanger (1000%) | 5677
TOTAL SCOPE ADDER COSTS (10005) | 10189
RETROFIT FACTOR FOR SCR o 1.34
GENERAL FACILITIES (PERCENT) 20
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Table 26.1.3-6. NOx Control Cosf Results for tha Harrison Plant (June 1988 Dollars)

Technology Boiler Main Boiler Capacity Coal = Capital Capital Annual  Annual NOx NOx NOx Cost
Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.
Difficulty (MW) (X) Content (SMM) .($/kW) (3MM) (mills/kwh) (%) (tons/yr) (%/ton)

Factor (%) : ’ ’ S
LNC-LNB 1 - 1.00 640 . 59 3.0 5.4 8.4 1.2 0.4 43.0 5636 206.3
- LNC-LNB 2 1.00 - 640 65 3.0 5.4 8.4 1.2 0.3 43.0 _6210 187.2
. LNC-LNB 3 - 1.00 640 48 3.0 5.4 8.4 1.2 0.4 43.0 4585 253.5
. LNC-LNB-C 1 1.00 640 5% 3.0 5.4 8.4 0.7 0.2 43.0 5636 122.4
" LNC-LNB-C 2 : 1.00 640 65 3.0 B 8.6 0.7 0.2 43.0 6210 1111
LNC-LNB-C 3 1.00 840 43 3.0 S.4 8.4 0.7 0.3 43.0 4584 150.5
SCR-3- ' 1 1.34 640 59 3.0 84.4 131.9 30.6 9.2 B0.O - 10485 29134
SCR-3 2 1.34 &0 - 65 . 3.0 8.4 131.9 30.8 8.4 80.0 11553 2665.2
SCR-3 3 - &40 48 3.0 C o844 1319 30,1 11.2 . 80.0 8531 3531.5
SCR-3-C 1 1.3 &40 . 59 3.0 8.4 1319 17.9° 5.4 B0.0 10486 1705.3
SCR-3-C 2 1.34 &0 65 3.0 84.4 131.9 18.0 4.9 80.0 11553 1559.8
SCR-3-C - -. 3 1.34 &40 48 3.0 B4 131.9  17.6 6.6 80.0 8531 2067.7
SCR-7 . 1 1.34 640 5¢ 3.0 CB4.4 131.9 25.4 7.7 B80.0 | 10488 2417.8
SCR-7 3 2 1.34 &840 é5 3.0 . B4.4 1319 25.6 . 7.0 280.0 11553 2215.3
SCR-7 3 1.34 &40 48 3.0 84.4 131.9 24.9 ¢.3 80.0 8531 2922.4
SCR-7-C 1 1.34 &840 ' 59 3.0 ‘844 13 9 4.9 4.5 80.0 10484 1421.4
SCR-7-C 2 1.34 &40 6 . 3.0 84.4 131.9 15.0 4.1 80.0  .11553 1302.0
" SCR-7-C 3 1.3, &0 48 3.0 84.4 131.9 14.7 5.4 80.0 8531 17M8.7
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26.1.4 ‘P1easants:Steam Pjant

Both units at the Pleasants plant are equipped with a Lime Tray FGD
system; therefofe, no further SO2 control techno1ogie$ were cohsidered‘for
these units.. Unit 2 has LNBs so SCR was the only NOx control -considered for
this unit. o |

TABLE 26.1.4-1. PLEASANTS‘STEAM PLANT OPERATIONAL DATA

1

BOTLER NUMBER - y 2
GENERATING CAPACITY éMN-each) 684
CAPACITY FACTOR éPER ENT) 81, 80
INSTALLATION DAT 1979, 1980

FIRING TYPE

-QPPOSED WALL

FURNACE VOLUME {1000 CU FT) - 503

LOW NOx COMBUSTION - NO, YES
COAL SULFUR CONTENT (PERCENT) 2.7 .
COAL HEATING VALUE (BTU/LB) 12400
‘COAL ASH CONTENT (PERCENT) 12

FLY ASH SYSTEM
ASH DISPOSAL METHOD

DRY DISPOSAL
STORAGE/ON-SITE -

STACK NUMBER 1, 2
COAL DELIVERY METHODS , RAILROAD/BARGE
FGD SYSTEM (TYPE) . ‘ WET LIME FGD
FGD SYSTEM (INSTALLATION DATE) 1979, 1980
PARTICULATE CONTROL -
TYPE : ESP
INSTALLATION DATE 1979, 1980
EMISSION (LB/MM BTU) 0.02
REMOVAL EFFICIENCY NA
DESIGN SPECIFICATION

SULFUR SPECIFICATION (PERCENT) 1.8-3.5

SURFACE AREA (1000 SQ FT; 7465

GAS EXIT RATE (1000 ACFM 2400

SCA éso FT/1000 ACFM) 311

OUTLET TEMPERATURE (°F) 200-300
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' TABLE 26.1.4-2. SUMMARY OF NOx RETROFIT RESULTS FOR PLEASANTS

* BOILER NUMBER

-~ COMBUSTION MODIFICATION RESULTS

- L2
FIRING TYPE - W OWF |
* TYPE OF NOx CONTROL = ~ LNB EQUIPPED WITH LNB
FURNACE VOLUME (1000 CU FT) | 503 503 |
BOILER INSTALLATION DATE 1979 . 1980
SLAGGING PROBLEM O NO
ESTIMATED NOx REDUCTION (PERCENT) 51 . .NA -
SCR RETROFIT RESULTS *
SCOPE ADDER PARAMETERS-- |
Building Demolition (1000§) 0 0
Ductwork Demolition (1000$) 114 114
New Duct Length (Feet) 300 300
New Duct Costs (1000) B 4578 4578
New Heét Exchanger (10005), 5908 5908
TOTAL SCOPE ADDER COSTS (1000$) 10600 10600
RETROFIT FACTOR FOR SCR © 1:52 0 1.16
GENERAL FACILITIES (PERCENT) 0 2

* Cold side SCR reactors for unit 1 would be located northeast
of the unit 1 chimney beyond the coal conveyor. Cold side SCR
reactors for unit 2 would be Tocated southwest of the unit 2
chimney next to the coal pile.
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" Table 26.1.4-3. ~ NOx Control Cost Results for.the Plessants Plant (June 1988 Dollars)

Stzcszc=zs=zsscEcscsFamssssEssz=so=seas =cmzzzaczmszz =zaz==z=zzzzzssszazzzszszszz=sss

Technolugy' Boiler Main  Boiler Capﬁcj:y Coal Capital Cepital Annual Arnal NOX NOX NOx Cost
Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.
Difficulty (M) (X) Content (SMM) ($/kW) (%mM) (milis/kwh) (%) (tons/yr) (%/tom)
Factor ¢ 3} : o

LNC-LNB 1 1.00 684 a1 2.7 5.5 . 8.1 1.2 0.2  51.0 10355 - 115.3
LNC-LNB-C 9 1.00 584 8 2.7 5.5 8.1 0.7 0.1 51,0 10355 -68.4
SCR-3 1 &84 81 2.7 97.4  142.4 35.8 » 7.3 80.0 146265 2189.0
SCR-3 2 é 634 ‘80 2.7 82.9 121.2 . I¢ 4.7  80.0 16043 . 1987.3
SCR-3-C 1 1.52 684 a1 2.7 97,4 142.4  20.8 ‘4.3 80.0 1bé44 1281.1
SCR-3-C- 2 584 80 2.7 82.9 121.2 18.6 3.9 80.0 16043 1161.8
SCR-7 1 $.52 634 a1 2.7 97.4 142.4 30.0 6.2 80.0 16244 - 1844.7
SCR-7 2 1.1 &84 80 2.7 §82.9 121.2 '26.3 5.5 ' 80.0 16043 1638.7
SCR-7-C 1 sz ess 81 a? 97.64 142.4 17.6 3.6  80.0 1s264  1083.8

SCR-7-C 2 1.18 &84 80 2.7 82.9 121.2 15.4 3.2

80.0 16043 962.0
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- 26.2 APPALACHIAN POWER. COMPANY

»26.2.1, J.E. Amos Steam Plant.

" . Retrofit factors for FGD were evaluated for the boilers at the Amos .

: p]ant however, costs are not presented due to the Tow sulfur content of the

~ coal that is present]y being fired. CS was not evaluated since the boilers
cufreht1y‘fire a Tow sulfur coal.

TABLE 26.2.1-1. AMOS STEAM PLANT OPERATIONAL DATA

BOILER NUMBER 1 2 3

GENERATING CAPACITY é % ‘ 8l6é ' 8l6 1300
CAPACITY FACTOR éPER EN ) 44 - 71 - 5B
INSTALLATION DAT 1971 - 1972 1973
FIRING -TYPE S - . OPPOSED WALL
FURNACE VOLUME (1000 CU FT) NA 480 NA
LOW NOx COMBUSTICN NO NO NO
COAL SULFUR CONTENT (PERCENT) - 0.7 -
COAL HEATING VALUE éBTU/LB) 12260
COAL ASH CONTENT (PERCENT) . 10.8
FLY ASH SYSTEM DRY - DRY WET
ASH DISPOSAL METHOD - : LANDFILL POND
STACK NUMBER R |

- COAL DELIVERY METHODS ‘ : BARGE/RAILROAD
PARTICULATE CONTROL .
TYPE ‘ ESP  ESP ° ESP
INSTALLATION DATE : 1978 - 1977 1873
EMISSION éLB/MM BTU) 0.01 0.01 0.05
REMOVAL EFFICIENCY ] 99.8 99.8 99.5

DESIGN SPECIFICATION :
SULFUR SPECIFICATION (PERCENT) 0.8 0.8 0.8
SURFACE AREA (1000 SQ FT) 2194.9 2194.9 1773.9
EXIT GAS FLOW RATE élOUO ACFM) 3000 3000 4402
SCA (SQ FT/1000 ACF 732 732 403
OUTLET TEMPERATURE (°F) - 370 370 328
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TABLE 26.2.1-2. SUMMARY OF RETROFIT FACTOR DATA FOR AMOS
: UNITS 1 AND 2 * .

FGD TECHNOLOGY

FORCED LIME

, Lz;s FGD OXIDATIDN SPRAY DRYING
SITE ACCESS/CONGESTION | |
S02 REMOVAL ‘ MEDIUM NA . MEDIUM

FLUE GAS HANDLING MEDIUM "NA
ESP REUSE CASE - _ HIGH
BAGHOUSE CASE ‘ ' NA

DUCT WORK DISTANCE (FEET)  100-300  NA ;
ESP REUSE ' 300-600
BAGHOUSE ' ’ : NA ‘

ESP REUSE ‘ NA NA MEDIUM, LOW

NEW BAGHOUSE . NA . NA NA :

SCOPE ADJUSTMENTS

WET TO DRY "~ NO NA NO
ESTIMATED COST (10005) ~ NA NA - NA

NEW CHIMNEY NO NA NO
ESTIMATED COST (rooos) - 0 0 : 0 -

| OTHER NO NO
RETROFIT FACTORS. '

FGD SYSTEM 1.38 NA |
"ESP REUSE CASE 1.49
BAGHOUSE CASE ‘ NA

ESP UPGRADE NA NA .1.37, 1.16

NEW BAGHOUSE _ NA NA NA

GENERAL FACILITIES (PERCENT) 15 0 15

* |/S-FGD and LSD-FGD absorbers for units 1 and 2 would be
Tocated behind the common chimney and ESPs for units 1 and 2,
after relocating a warehouse and maintenance buildings. A
medium site access/congestion factor was selected (instead of
Tow) to account for moving the above menticned buildings.
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TABLE‘26;2.1-3; SUMMARY OF RETROFIT FACTOR DATA FOR AMOS UNIT I

FGD TECHNOLOGY

: : - FORCED “LIME
- L/LS FGD OXIDATION SPRAY DRYING

SITE ACCESS/CONGESTION

SO2 REMOVAL . LOW NA LOW
FLUE GAS HANDLING = LOW NA
ESP REUSE CASE g - pied
BAGHOUSE CASE NA
DUCT WORK DISTANCE (FEET) 100-300  NA
ESP REUSE | ©100-300
BAGHOUSE | . S NA T
ESP REUSE - NA NA LOW
NEW BAGHOUSE NA  NA NA
SCOPE_ADJUSTMENTS
WET TO DRY | YES  NA YES |
. ESTIMATED COST (1000$) 9346 . NA 9336
_ NEW CHIMNEY NO NA NO -
ESTIMATED COST (1000§) - 0 0 0
OTHER NO T NO
RETROFIT FACTORS |
FGD SYSTEM 1.27.  NA
ESP REUSE CASE R 1.35
BAGHOUSE CASE ‘ | NA_
ESP UPGRADE CNA NA O 1.16
NEW BAGHOUSE ‘ NA NA NA
GENERAL FACILITIES (PERCENT) 8 0__ 8

* L/S-FGD and LSD-FGD absorbers for unit 3 would be_1ocated
~ beside the upit 3 chimney. The LSD-FGD absorbers would be
located beside the ESPs.
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TABLE 26.2.1-4. SUMMARY OF NOX RETROFIT RESULTS FOR AMOS

BOILER NUMBER

COMBUSTION MODIFICATION RESULTS

. 1, 2 3
FIRING TYPE OWF OWF
TYPE OF NOx CONTROL LNB LNB
FURNACE VOLUME (1000 CU FT) NA, 480 NA
~ BOILER INSTALLATION DATE 1971, 1972 1973
SLAGGING PROBLEM | NO NO
~ ESTIMATED NOx REDUCTION (PERCENT) 40 55
~ SCR RETROFIT RESULTS *
§55E59ﬁ°£§§c¢88 CONGESTIOX MEDIUM Low
SCOPE ADDER PARAMETERS--
Buiiding Demolition {(1000%) 0 o
Ductwork Demolition (1000§) 131 185 .
- New Duct Length (Feet) 1300 200
New Duct Costs (1000%) 5076 4444
New Heat Exchanger (1000%) 6568 8685
TOTAL SCOPE ADDER COSTS (10005)
COMBINED CASE — 17788 ha
" RETROFIT FACTOR FOR SCR 1.34 1.1
GENERAL FACILITIES (PERCENT) 38 20

* Cold side SCR.reactors for units 1 and 2 would be located
beside their common chimney. Cold side SCR reactors for
unit 3 would be Tocated beside the unit 3 chimney.
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Table 26,2.1-5. NOx Control Cost Results for the Amos Plgnt (June 1988 Dollars).

Technol

ogy Boiler
Number Retrofit

Main

Boiler Capacity Coal

Size- Factor Sulfur

Difficulty (M) (%)
Facter

Content

%

Capital Capital Amnusl- Annual

NOX

Removed ﬁemoved ‘
(mills/kwh) (X) (tons/yr) (%/ton)

" NOX

NOx Cost
Effect.

LNC-LNB
LNC-LNE
LNC-LNB

+ LNC-LNB
LNC-LNB
LNC-LNB

SCR-3
SCR-3
scr-3
SCR-3

SCR-3-C
SCR-3-C
SCR-3-C
SCR-3-C

SCR-7
SCR-7
SCR-7
SCR-7

SCR-7-C
SCR-7-C
SCR-7-C
SCR-7-C

-C |
-C 2
-C 3

W = B -
-
~

1
1
1

t.

1
1
1

- -

- A s

.00
.00
.00

.34
.34
.18

i

.16

X1 LN

s¥R¥

34

816 44

816 71
1300 . 56
816 644
816 7N
1300 56
8156 44
Bl 71
1632 58
1300 56
816 44
816 14l
1632 58
1300 56
816 44
816 n
1632 58
1300 56
816 44
816 M
1632 58
1300 56

146.0  112.3
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Cost Cost Cost Cost
(SMM)  (S/kW) (SMM)

5.9 7.2 1.3 04 40.0
5.9 7.2 1.3 0.3 40,0
7.1 5.5 1.5 0.2 55.0
5.9 7.2 0.8 0.2 40,0
5.9 7.2 0.8 0.1 40.0
7.1 5.5 0.9 0.1 55.0
111.8 137.0 . 39.4 12.5 80.0
118 1371 40.8 8.0 80.0
210.6 129.0 77.2 9.3 80.4
146.0 112.3  S56.1 8.8 80.0
111.8 137.0 231 7.3 80,0
11,8 137.1  23.9 6.7 80.0
210.68 129.0 45.2 5.5 80.0
146.0 1123 32.8 5.1 80.0
11.8 137.0 32.8 10.4 80.0
11.8 137.1 3.2 6.7 80.0
210.6 129.0 " &3.9 7.7 80.0
146,00 112.3  45.4 7.1 80.0
111.8  137.0 19.3 6.1 80.0
111.8 137.1  20.1 4.0 .80.0
210.6 129.0 37.5 4.5 80.0
26.7 4,2 80.0

5332

8404

16866

10665
17209
28118
21624

105665
17209
28116
21624

10665
17209
28118
21624

-240.3
148.9
103.8

142.6
88.4
41.6

3698.4
2373.2
27476
2592.8

2165.%
1388.8
1607.6

1515.8

3071.6
1984.8
2271.9
2100.4

1806.8
1166.3
1335.2
1233.7



TABLE 26.2.1;6. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION
' : TECHNOLOGIES FOR AMOS UNITS 1 AND 2

ITEM

SITE ACCESS/CONGESTION

REAGENT PREPARATION
ESP UPGRADE
NEW BAGHOUSE

SCOPE_ADDERS

CHANGE ESP ASH DISCHARGE SYSTEM TO DRY HANDLING
-~ ESTIMATED COST (1000$).
ADDITIONAL DUCT WORK (FT)
NEW ‘BAGHOUSE CASE
ESTIMATED COST (1000%)
ESP REUSE CASE
-~ ESTIMATED COST 10005
DUCT DEMOLITION LENGTH F
DEMOLITION COST (10005

TOTAL COST (1000%).
ESP.UPGRADE CASE
A NEW BAGHOUSE CASE
RETROFIT FACTORS

CONTROL SYSTEM (DSD SYSTEM ONLY)
ESP UPGRADE

_ NEW BAGHOUSE

LOW
LOW
NA

1.13
- 1.16.
NA

Long duct residence time exists between the units and their

respect1ve ESPs.
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_ TABLE 26.2.1-7. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION
C . : TECHNOLOGIES FOR AHOS UNIT 3 ‘

" ITEM
SITE ACCESS/CONGESTION
_REAGENT PREPARATION o LOW
ESP UPGRADE o | LOW

NEW BAGHOUSE ‘ - g NA
SCOPE ADDERS '
CHANGE ESP ASH DISCHARGE SYSTEM TO DRY HANDL ING YES

ESTIMATED COST (1000§) . 9346
ADDITIONAL DUCT WORK (FT)
NEW BAGHOUSE CASE - NA
ESTIMATED COST (1000$) | ©NA
ESP REUSE CASE NA
~ ESTIMATED COST (1000$) S NA
DUCT DEMOLITION LENGTH (FT) 50
DEMOLITION COST (10005) | - 205
TOTAL COST (10008) |
ESP UPGRADE CASE o 9551
A NEW BAGHOUSE CASE . NA
RETROFIT FACTORS
'CONTROL SYSTEM (DSD SYSTEM ONLY) - 1.13
ESP UPGRADE | , 1.16
NEW BAGHOUSE _NA_

Short duct residence time exists between unit 3 and the
unit 3 ESPs. A tow factor was assigned to ESP upgrade
since space is available around the ESPs. If the duct
residence time at full load is less than 1-2 seconds,
these techno]og1es will not be able to achieve 50-70%
reduction.
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Table 26.2.1-8. Summary of DSD/FS! Control Costs for the Amos Plamt (June 1988 Dollars)

P Bttt ====a==2 oIS SoZISCOERIZSSSSESES
Technology Boiler Main Boiler Capacity Coal Capital Capitat Anmual  Annual s02 502 S02 Cost
Number Retrofit Size Factor Sulfur Cost cost | "cés: Cost = Removed Removed Effect.

pifficulty. (Mw) (X) Content (SMM) ($/kW) - (SMM) (mills/kwh} (X) .(tons/yr) ($/ton)

Factor ‘ %)
DSD+ESP 1 " 1.00 818 44 0.7 i9.1 23.64 12.6 - 4.0 49.0 8431 1495.4
DSDHESP 2 1.60 814 71 0.7 19.1 23 .4 15.6 3.1 49.0 13605 1143.2
DSD+ESP 3 1.00 814 56 0.7  29.0 - 35.5 15.6 3.9 49.0° 10730 1&69.5
DSD+ESP-C 1 1.00 816 44 0.7 19.1 23.4 7:3 2.3 '49.0 . 8431 8466.9
DSD+ESP-C 2 1.00 816 71 0.7 19.1 3.4 9.0 1.8 49.0 13605 661.3
DSD-ESP-C 3 .00 816 6 0.7 29.0 3.5 9.0 2.3 49.0 10730 842.6
- FSI+ESP-50 1 1.00 816 44 0.7 20.% 2.9 12.2 . 3.9 50.0 8665 1402.3
FSI+ESP-50 2 1.00 814 ral 0.7 20.3 24.9 15.7 ) I 50.0 13982 1122.3
FSI+ESP-50 3 1.00 1300 56 0.7 38.5. 29.6 21.8 3.4 50.0 17569 1242.8
FSI+ESP-50-C 1 1.00 814 | 44 ‘ 0.7 20.3 24.9 7.1 2.2 50.0 8665 . 813.9
FSI+ESP-50-C 2 1.00 816 T 0.7 20.3 2.9 2.1 1.8 50.0 13982 649.6
FSI+ESP-50-C 3 . 100 1300 56 0.7 33.5 9.6 12.7 2.0 50.0 17569 721.9
FSI+ESP-70 1 1.00 B16 44 0.7 20.5 25.1  12.3 1.9 70.0 12131 " 1015.5
FSI+ESP-70 "2 1.00 816 71 . 0.7 20.5 2.1 159 3.1 70.0 19575 814.3
FSI+ESP-70 3 ~ .00 1300 56 a.7 38.7 9.8 2.2 “3.5 70.0 . 24597 900.7
FSI+ESP-70-C 1 1.00 816 44 0.7 20.5 25.1 7.1 2.3 70.0 12131 - 589.4
FSi+£SP-70-c 2 1.00 - 816 71 0.7 20:5 25.1 9.2 1.8 70.0 19575 471.2
0.7

FSI+ESP-70-C- 3 1.00 1300 56 38.7 29.8 12.9 2.0 70.0 24597 523.1
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26.2.2 Mountaineer Steam Plant

The Mountaineer steam plant is located on the Ohio River in Mason
Connty, West Virginia, and is operated by fhe Appalachian Power Company.;‘
_The Mountaineer plant contains one coal-fired boijer with a gross generatingf

capacity of 1,300 MW. ' o i

Table 26.2.2-1 presents operat1ona1 data for the existing equipment at
“the Mounta1neer plant. Coal sh1pments are received by barge and transferréd
to a coal storage and hand11ng area north of the plant. PM emissions from
the boiler are controlled by ESPs which were built at the same time as the
boiler. The ESPs are located behind the boiler. FJue gases from the b011er
are directed to a chimney behind the ESPs. The utility pays for disposal of
fly ash off site. Because the boiler complies with the 1971 NSPS, 502 and
NO contro1 costs were not deve]oped for many of the technologies.

Lime/Limestone and Lime Spray Drying‘FGD Costs-- :

L/LS-FGD absorbers would be located behind the chimney; The generaT
facilities factor is medium (8 percent) for the FGD absorber location
because a plant road -would have to be relocated. The site access/congesfion
factor is low for this location. Approximately 200 feet of ductwork would
- be required'to span the distance from the chimney to the absorber and back
~ to the chimney. A low site access/congestion factor was assigned to flue
gas handling. o . _ 4

LSD with reuse of the existing ESPs was considered for the Mountaineer
plant because of the large size of the existing ESPs. The LSD absorbers
would be Tocated on the north side of the ductwork leading from the boiler
to the ESPs} The general facilities value for this location is medium
. (8 percent) because a road would have to be.reTocated. "The site access/
congestion factor for the location is low. Approximately 400 feet of
ductwork would be required and the site access/congestion factor for flue
gas handling is low. |

Table 26.2.2-2 presents the retrof1t factor data for installing L/LS
and LSD-FGD technologies at the Mounta1neer plant. FGD cost estimates are
not presented because it is unTikely that the current low sulfur coal would
be used if scrubbing were required. FGD cost estimates based on the low
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 LOW NOx COMBUST

TABLE 26.2.2-1. MOUNTAINEER STEAM PLANT OPERATIONAL DATA

BOILER NUMBER

GENERATING CAPACITY (MW- each)
CAPACITY FACTOR éPERCENT)
INSTALLATION DAT

- FIRING TYPE

‘FURNACE VOLUME %éﬁoo CU FT)
COAL SULFUR CONTENT éPERCENT)
COAL HEATING VALUE (BTU/LB)
COAL ASH CONTENT (PERCENT)
FLY ASH SYSTEM .

ASH DISPOSAL METHOD

STACK NUMBER

+ COAL DELIVERY METHODS

PARTICULATE CONTROL

- TYPE

INSTALLATION DATE
EMISSION éLB/MM BTU)
REMOVAL EFFICIENCY
DESIGN SPECIFICATION

SULFUR SPECIFICATION (PERCENT)

SURFACE AREA (1000 SQ FT;
GAS EXIT RATE (1000 ACFM
SCA éSQ FT/1000 ACFM)
OUTLET TEMPERATURE (°F)

1

1300

79 .

1980

OPPOSED WALL
NA

YES

0.7

12600
10.2
DRY

o fAID DISPOSAL

BARGE

ESP-
1980
0.01
99.9 .

0.0-1.0
4390
5100
861

355




TABLE 26.2.2-2. SUMMARY OF RETROEé}TF?CTOR DATA FOR MOUNTAINEER

FGD TECHNOLOGY

FORCED LIME

L/LS FGD OXIDATION SPRAY DRYING

SITE ACCESS/CONGESTION )
S02 REMOVAL ‘ LOW NA . LOW

FLUE GAS HANDLING LOW - NA
© ESP REUSE CASE ‘ LOW
BAGHQUSE CASE o " NA
'DUCT WORK DISTANCE (FEET) 100-300 NA _
ESP REUSE - S 300-600
BAGHOUSE - _ NA
ESP REUSE ' NA NA - LOW
NEW BAGHOUSE ~ NA - NA NA
SCOPE ADJUSTMENTS
~ WET TO DRY = . NO ‘NA ND
ESTIMATED COST (1000S) NA - ‘NA NA
NEW CHIMNEY N0 NA NO -
ESTIMATED COST (1000$) 0O 0 0
OTHER NO NO
RETROFIT FACTORS
FGD SYSTEM 1.20° NA- '
ESP REUSE CASE o 1.27
BAGHOUSE CASE NA
ESP UPGRADE . NA NA 1.16
NEW BAGHOUSE NA NA NA
GENERAL FACILITIES (PERCENT) ‘8 0 8
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su]fur coa1 wou]d resu1t in low est1mates of cap1ta1/operat1ng costs and
h1gh cost effectiveness values. '

- Coal Switching and Physical Coal Cleaning Costs--
€S and PCC were not considered for the Mountaineer p1ant because low
sulfur coal is already being burned at the piant

NO Contro1 Technologies--

‘The Mountaineer plant has LNBs installed; thereFore, add1t10na1
combustion mod1f1catlon techn1ques for control of NO emissions were not
considered.

Selective Catalytic Reduct1on-- :

Hot side SCR reactors for the boiler at the Mountaineer p]ant would be
located adjacent to the ESPs north of the air preheaters. A medium genera1
facilities value (20 percent) and a low site access/congest1on factor were
assigned to the location. About 300 feet of ductwork would be required to
span the distance between the SCR-reactors and the ESPs. Tables 26.2.2-3

and 26.2.2-4 present the retrofit factors and cost est1mates for
| 1nsta11at1on of SCR at the Mounta1neer plant.

Furnace Sorbent Injection and Duct Spray'Drying FGD Costs-- ‘
Sorbent injection technologies (FSI and DSD) would be particular]y well

suited for the Mountaineer plant because of the sufficient duct residence

time between the boiler and the ESPs and the large size of the ESPs.

Tables 26.2.2-5 and 26.2.2-6 present retrofit factors and costs foh‘

installation of sorbent injection technologies -at the Mountaineer plant.

Atmospheric Fluidized Bed Combustion and Coal .Gasification Applicability--

~ The 1,300 MW boiler at the Mountaineer p]ant is.too Targe and new to be
considered for AFBC/CG repower1ng
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TABLE 26.2.2-3. SUMMARY OF NOx RETROFIT RESULTS FOR HOUNTAINEER

_BOILER NUMBER

 COMBUSTION MODIFICATION RESULTS

FIRING TYPE AT NA
TYPE OF NOx CONTROL IR NA

FURNACE VOLUME (1000 CU FT) =~ © NA
BOILER 'INSTALLATION DATE o m
SLAGGING PROBLEM S NA
ESTIMATED NOx REDUCTION (PERCENT) - NA

SCR_RETROFIT RESULTS

B L

'SCOPE ADDER PARAMETERS--

"Building Demolition (1000%) 0
Ductwork Demolition (1000§) 188
New Duct Length (Feet) 300

~ New Duct Costs (1000$) . 6665
New Heat Exchanger (1000%) , 0

TOTAL SCOPE ADDER COSTS (1000$) | 6851
'RETROFIT FACTOR FOR SCR | 1.16
GENERAL FACILITIES (PERCENT) 20
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Table 26.2,2-4, 'NOx Control Cost Results for the Mountaineer Plant (June 1983 Dollers)

asgwEmEaSSIRSwE =EEEEEEE =z=====camcaas==== ¥ SS=======z======Z3EZEXEapsazc
Technology Boiler Main Boiler Capacity Coal Capital Capital Annual  Anrual NOx NOX" NOx Cost
Number Retrofit Size Factor Sulfur Cost Cost -Cost Cost Removed Removed Effect.

Difficulty (MW) (X} Content (3MM) ($/kiW) (SMM) (miils/kwh) (X) (tons/yr) ($/ton)

Factor ' (%)

w3 1.6 1300 M 0.7  139.9 107.6 56.8 6.3  80.0 29562  1921.6
‘ scn-i-; i 116 1300 .79 0.7 139.5 107.6 33.2 3.7  BO.0. 29562  1122.2
SCR-7 | 146 10 . T 07 1.9 1076 .2 54 8.0 9% 1562.8
" SCR-7-C 1 1e 1 7 07 1.9 10m6 21 30 a0 29se2 916.6
SSsss=======% ‘ '"—"" === SsESIsSSaEaam SE=IER PR PR S
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TABLE 26.2.2-5. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION
‘ ‘ TECHNOLOGIES FOR MOUNTAINEER UNIT 1 :

1TEM

SITE ACCESS/CONGESTION
'REAGENT PREPARATION | | LW
ESP UPGRADE . o LW

NEW BAGHOUSE o NA
SCOPE_ADDERS |
CHANGE ESP ASH DISCHARGE SYSTEM TO DRY HANDLING "~ NO

ESTIMATED COST (1000%) . NA-
ADDITIONAL DUCT WORK (FT)
NEW BAGHOUSE CASE ‘ ‘ - NA
ESTIMATED COST (1000%) . NA
ESP REUSE CASE : NA
ESTIMATED COST (1000$ . NA
CUCT DEMOLITION LENGTH (F - 50
DEMOLITION COST (1000$ - - 205
TOTAL COST (1Q00%) : -
ESP UPGRADE CASE ' , - 205
A NEW BAGHOUSE CASE ' - NA
RETROFIT FACTORS
CONTROL SYSTEM (DSD SYSTEM ONLY) ' 1.13
ESP UPGRADE : 1.16

NEW BAGHOUSE - NA
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Table 26.2.2-6. Summary of DSD/FSI Control Costs for the Mountaineer Plant (June 1988 bellars)

Techrology Boiler Mainm  Boiler Capacity Coal Capital Cepitai Arnual  Annusal 502 ‘502 502 Cost
Number Retrofit Size  Factor Sulfur Cost Cost Cost Cost Removed Removaed Effect.
Difficulty (Mw) (X) Content (SMM) (S/kW) (SHM) (mills/kwh) (X) (tons/yr) (S/tom)
Factor R (%) o -

DSD+ESP 1 S 1.00 1300 7% 0.7 27.0 20.B 23.1 2.8 L 49.0° 23371 987.1
DSD+ESP-C 1 1.00 1300 ‘™ 0.7 27.0 20.8 13.3 - 1.5 4£9.0 2337 570.7 .

- FSI+ESP-50 1. 1.00 . 1300 79 0.7 29.4  22.6 24.T 2.7 50.0 24019 1028.0

FSI+ESP-50-C 1» 1.00 1300 7'9 0.7 29.4 "22.6 14.3 1.8 7'50.0 24019 5%94.5

FSI+ESP-70 1 1.00 1300 i‘ v 0.7 29.6 22.8 25.1 2.8 70.0 33627 46,7

' FSI+ESP-70-C 1 1.00 1300 % 0.7 29.6 22.8  14.5 1.6 TOlU 33627 431.7

R ET SR E N AR N ARSI NS AN SRS SRS SN S SRNSES RS EFEErE EAANSNZANE
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© 26.3 "CENTRAL OPERATING COMPANY

26.3.1 Philip Sporn Steam Plant

. The Philip Spofn steam plant is 1o¢afed'on-the Ohio River in Mason
County, West‘V1rginia,‘énd is operated by the Central Operating Company.
The Ph111p Sporn plant conta1ns five coa1 fired boilers w1th a total gross
generating capacity of 1,108 MW.

Table 26.3.1-1 presents operat1ona1 data for the ex1st1ng ‘equipment at

the Sporn plant. _Coal sh1pments are received by barge and transferred to a
coal storage and handling area north of the plant. PM emissions from the
boilers are controlled by retrofit ESPs. The ESPs are located behind the
boilers and stacks. Flue gases from the boilers are directed to two
chimneys; one for units 1-4 and one for unit 5. The chimney for units 1-4
is located between the unit 2 and unit 3 ESPs. The chimney for unit 5 is
located behind the unit 5 boiler. Fly ash from the units is disposed of in
ponds to the north of the plant or stored in ash silos. ‘

Lime/Limestone and Lime Spray Drying FGD Costs--

L/LS-FGD absorbers for units 1-4 would be located behind the unit 1-4
chimney and absorbers for unit 5 would be located on the west side of the
unit 5 ESPs. The general facilities factor is high (15 percent) for the
unit 1-4 L/LS-FGD absorber location because a plant road, several ash silos,
and part of an employee parking area would have to be relocated. The
general facilities value is medium (8 percent) for the unit 5 location
because a storage building would have to be relocated. The site access/
congestion factor is low for all the absorber locations. Approximately
400 feet of ductwork would be required to span the distance from the chimney
to the absorber and back to the chimney for units 1-5. A medium site
access/congestion factor was assigned to flue gas handling for the L/LS-FGD
absorbers for all units because of the obstruction caused by the ESPs.

LSD with reuse of the existing ESPs was considered for units 1-5 at the
Philip Sporn plant because of the adequate sizes'of the existing ESPs. The
LSO absorbers for units 1 and 4 would be located on the north and south
~ sides of the unit 1 and 4 ESPs, respectively. The absorbers for
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TABLE 26.3.1-1. PHILIP SPORN STEAM PLANT OPERATIONAL DATA

BOILER NUMBER - 1,2,3,4 , 5

GENERATING CAPACITY (Mw each) 153" ' 496
CAPACITY FACTOR éPERCENT) 39,32,45,36 50 .
INSTALLATION DAT S '1950,50,51,52 1960
FIRING TYPE L ‘ FRONT WALL OPPOSED WALL
"~ FURNACE VOLUME ilOOO CU FT) NA NA

LOW NOx COMBUSTION = NO NO
COAL. SULFUR CONTENT (PERCENT) 1.0 C 1.0
COAL HEATING VALUE (BTU/LB) 12300 ' 12300
COAL ASH CONTENT (PERCENT) . 11,5 - 11.5
FLY ASH SYSTEM DRY WET -
ASH DISPOSAL METHOD SILOS POND
STACK NUMBER ‘ 1 : 2
COAL DELIVERY METHODS Lo BARGE .
PARTICULATE CONTROL ™
TYPE ‘ - ESP ESP
INSTALLATION DATE - ‘ 1980,80,79,79 . 1978
EMISSION (LB/MM BTU) 0.0l 0.0l
REMOVAL EFFICIENCY 99.6 . 99 6
DESIGN SPECIFICATION : '

SULFUR SPECIFICATION (PERCENT) - 2.0 2.0
- SURFACE AREA (1000° SQ FT - 424.2 : 424.2

GAS EXIT RATE (1000 ACFM) 600 1759

86$L§SQ FT/1000 ACFM) 707 . 241

T TEMPERATURE (°F) , 315 310
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units 2 and3 would be 1ocated between the un1t 2 and 3 ESPs and the un1t 5
absorbers would be located on the west side of the unit 5 boiler. The
genera1 facilities value for the unit 1, 3, 4, and 5 1ocat1ons is medium
(8 percent) and high (15 percent) for unit 2 because several ash silos and a
plant road would have to be re]ocated ‘The site access/congest1on factor is
Tow for these locations. The flue gas handling site access/congestion
factor is low for units 1-4 absorber Tocations and medium‘for the unit 5 =
location because of the limited space between the ESPS and the boiler for
this unit. About 300 feet of ductwork would be required for installation of
the LSD system fnr units 1-4 and 400 feét would be required for unit 5.

~ Tables 26.3.1-2 through 26.3.1-5 present the retrofit factors and cost
estimates for installation of conventional FGD technologies at the Philip
Sporn steam p]ant. | ' |

Coal Sw1tch1ng and Physical Coa] Cleaning Costs-- . _
€S and PCC were not conSIdered for the Philip Sporn p]ant because low
su]fur coal is already be1ng burned at the p]ant

NO Contro] Technolegies-- .

LNBs were considered for NO emissions contro] for the four front
wall-fired furnaces and one opposed wall-fired furnace at the Philip Sporn
plant. Tables 26.3.1-6 and 26.3.1-7 present performance and cost estjmates
for installation of NOx emission control technologies at the Philip Sporn
plant, o '

Selective Catalytic Reduction-- ‘ | |

Cold side SCR reactors for the boilers at the Philip Sporn plant would
be located beside the ESPs. A medium general facilities value (20 percent)
and a Tow site acceSs/congestibn factor were ASSigned to the reactor
Jocations. About 400 feet of ductwork would be required to span the
distance between the SCR reactors and the chimneys. Tables 26.3.1-6 and
26.3.1-7 present the retrofit factors and cost estimates for installation of
SCR at the Ph111p Sporn plant.
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TABLE 26.3.1-2.

UNIT 1,

SUMMARY OF RETROFIT F§C82R4DATA FOR PHILIP SPORN

FGD TECHNOLOGY

FORCED®

LIME

L/LS FOD OXIDATION SPRAY DRYING

SITE ACCESS/CONGESTION

502 REMOVAL

FLUE GAS HANDLING
ESP REUSE CASE"
BAGHOUSE CASE

. DUCT WORK DISTANCE (FEET)_

ESP REUSE
‘BAGHOUSE
ESP REUSE
- NEW BAGHOUSE

SCOPE ADJUSTMENTS

WET TO DRY

ESTIMATED COST (1000$)
NEW CHIMNEY

ESTIMATED COST (10005)
OTHER

. RETROFIT FACTORS

LOW
MEDIUM

300-600

- NA
NA

NO
NO
"NO

FGD SYSTEM .
ESP REUSE: CASE

* BAGHOUSE CASE
ESP UPGRADE

NEW BAGHOUSE .

1.35

NA
NA

GENERAL: FACILITIES (PERCENT) 15

NA

NA
NA

~NA

NA

NA

NA

NA

NA
NA

0

LOW

LOW -
NA

300-600

. NA

LOW
NA

NO
NA
NO
0

‘NO

1.27

1.16
NA

8
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 'TABLE 26.3.1-3. SUMMARY 0F'RETR055{{F§CTOR'DATA FOR PHILIP SPORN

. FGD TECHNOLOGY
FORCED

LIME

SITE ACCESS/CONGESTIQN

L/LS FGD OXIDATION SPRAY DRYING

NA

LOW

S02 REMOVAL' LOW
~ FLUE GAS HANDLING MEDIUM  NA -
- "ESP REUSE CASE LOW
BAGHOUSE CASE N NA
DUCT WORK DISTANCE (FEET)  '300-600 NA
ESP REUSE : 300-600
BAGHOUSE - “NA
ESP REUSE NA “NA LOW
~ NEW BAGHOUSE NA NA NA
SCOPE_ADJUSTMENTS
WET TO DRY NO NA NO
ESTIMATED COST (1000$) NA NA NA
NEW CHIMNEY . NO NA NO
ESTIMATED COST {10005) 0 0 0
OTHER NO NO
RETROFIT FACTORS
FGD SYSTEM = 1.35 NA
ESP REUSE CASE . \ - 1.27
BAGHOUSE CASE NA -
ESP UPGRADE CNA NA 1.16
NEW BAGHOUSE ~ NA NA' NA
GENERAL_FACILITIES (PERCENT) 15 0 15
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TABLE 26.3.1-4.

SUMMARY OF RETROFIT FACTOR DATA FOR PHILIP SPORN

FGD TECHNOLOGY

FORCED

LIME

L/LS FGD OXIDATION SPRAY DRYING

SITE ACCESS/CONGESTION

S02 REMOVAL -
FLUE GAS HANDLING
- ESP REUSE CASE i
BAGHOUSE CASE )
- DUCT WORK DISTANCE (FEET)
ESP REUSE ‘
- BAGHOUSE
ESP REUSE
NEW BAGHOUSE

SCOPE ADJUSTMENTS

WET TO DRY:

ESTIMATED COST (1000$)
NEW CHIMNEY

ESTIMATED COST (10005)
OTHER

RETROFIT FACTORS

FGD SYSTEM
ESP REUSE CASE
BAGHOUSE CASE
ESP UPGRADE
NEW BAGHOUSE

LOW:
MEDIUM

300-600

" NA
NA

YES
-3940
NO
0
NO

1.42

NA
NA

GENERAL FACILITIES (PERCENT) 8

NA
NA

NA

NA
NA

NA

"NA

NA

0

NA

NA

NA
0

LOW

MEDIUM
NA

300-600
NA -
MEDIUM

NA

YES
3940
NO

0
NO
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Table 25.3.1-5. summary of FG Control Costs for the Sporn Plant (June 1988 Dollars)

__________ agz

Technol ogy Boiler Main Boiler Capacity Coal Capitsl Capital Annual  Annual $02 s02 © S02 Cost
Nunber Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.
Difficulty (MW) . (X) Content ($MM)  ($/kW) (SMM) (mills/kwh) (X) (tons/yr) ($/ton)
Factor ¢ 1] .
L/S FGD 1 1.35 153~ 39 1.0 50.2 327.9 20.4 39.1 90.0 3689 5533.5
L/S FGD 2 1.35 153 32 1.0 50.2 327.8 19.¢9 45.3 90.0 3027 4562.8
L/S FGD 3 1.35 153 45 1.0 50.2 327.9 20.9 34,6 90.0 4257 4904.2
L/S FGD 4 1.35 153 35 1.0 50.2 327.8 20.2 41.8 £0.0 3405  5926.0
L/S FGD 5 1.42 496 50 1.0 100.1 201.8 43.6 20.1 90.0 15333 2842.8 .
L/5 FGD - 1-4 1.35 612 38 1.0 115.7  189.1  47.7 23.4 90.0 14379 3319.3
L/S FGD-C- 1 1.35 153 3¢ 1.0 50.2 327.% 1.9 22.8 90.0 3489 3231.3
L/S FGD-C 2 . ~ 153 32 1.0 50.2 327.8 1.4 27.1 90.0 3027 3834.3
L/S FGD-C 3 1.35 153 45 1.0 50.2 3279 12.2 20.2 90.0 4257 28482.4
L/S FGD-C 4 135 153 38 1.0 50.2 327.8 11.8 244 90.0 - 3405 3461.2
L/S FGD-C 5 ' 496 50 1.0 100.1 201.8- 25.4 - 1.7 20.0 15333 ° 1458.0
L/S FGD-C. . 1-4 s 612 k¥l 1.0 115.7 1891 27.9 13.7 90.0 14379 1937.8
LC FGD 1-4 1.35 612 38 .0 92.1 150.6 40.2 19.7 90.0 14379 2793.8
LC FaD 5 1.42 496 50 1.0 . 75.2 151.7 35.6 . 16.4 0.0 15333 2323.5
LC FGD-C 1-4 1.35 612 . 38 1.0 2.1 150.6 23.4 11.5 90.00 14379 - 1629.4
LC FGD-C 1.42 496 50 1.0 ‘75,2 1517 20.7 9.6 90.0 15333 1353.2
LSO+ESP 1 1.27 153 39 1.0 19.6 128.4 9.1 17.4 76.0 3128 2911.7
LSD+ESP 2 1.27 153 32 1.0 20.4 133.1° 9.1 21.3 76.0 2566 3553.7
LSD+ESP 3 1.27 153 - 45 1.0 19.6 128.4 9.3 15.4 - 76.0 3509 2571.3
LSD+ESP 4 1.27 153 35 1.0 19.6  128.4 9.0 18.7 76.0 2887 3124.6
LSD+ESP 5 1.38 456 SQ t.0 57.7 116.3 23.5 10.8 76.0 12999 1807.8
LSD+ESP-C 1 1.27 153 39 1.0 19.6 128.4 5.3 10.2 76.0 3128 1696.4
LSD+ESP-C 2 1.27 153 32 1.0 20.4 1331 5.3 12.4 76.0 2566 2071.6
LSD+ESP-C 3 1.27 153 45 1.0 19.6 128.4 5.4 2.0 76.0 3509 1497.6
LSD+ESP-C 4 1,27 153 35 1.0 19.6 128.4 5.3 10,9 76.0 2887 1820.7
LSD+ESP-C 5 1.38 1+ Sa 1.0 57.7  116.3 13.7 6.3 76.0° 12999 1055.7
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TABLE 26.3.1-6.  SUMMARY OF NOx RETROFIT RESULTS FOR PHILIP SPORN

BOILER NUMBER

COMBUSTION MODIFICATION RESULTS

1,2,3,4 5

'FIRING TYPE I FWF ~ OWF
TYPE ‘OF NOx CONTROL | N8 LNB -
FURNACE VOLUME (1000 CU FT) N NA
BOILER INSTALLATION DATE - 1950,50,51,52 1960
'SLAGGING PROBLEM NO NO
ESTIMATED NOx REDUCTION (PERCENT) - 40 ‘ 40
SCR_RETROFIT RESULTS
Sk Lt S
SCOPE ADDER PARAMETERS-- |
Building Demolition (1000%) : 0 0
Ductwork Demolition (1000%) 37 90
New Duct Length (Feet) - a0 400
New Duct Costs (1000$) 2537 5058
New Heat Exchanger‘(IOOOS) _ | 2401 ' 4872
TOTAL SCOPE ADDER COSTS (1000)
s T e
RETROFIT FACTOR FOR SCR - 1.16 1.16
GENERAL FACILITIES (PERCENT) 20 20
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Table 26.3.1-7. NOx Control Cost Results for the Sporn Plent ' (June 1988 Dallers)

Technol ogy Boiler Main Boiler Capacity Coal Cspital Capital Annusl  Annual - NOx - NOx NOx Cost
’ Nunber Retrofit Size Factor Sulfur Cost  Cost Cost Cost "Removed Removed Effect.
Difficulty (M) (X) Content (SMM) (S/kW) ($MM) (mills/kwh) (X} (tons/yr) ($/ton)
factor x) ’ R
LNC-LNB 1 1.00- 153 39 1.0 3.0 19.8 0.7 1.3 40.0 883 742.9
LNC-LNB 2 1.00 ~ 153 32 1.0 3.0 1.8 0.7 1.5 40.0 ) 905.4
LNC-LNB 3 1.00 153 45 1.0 3.0 19.8 0.7 1.1 . 40.0 1019 . 643.9
LNC-LNB [ 1.00 153 3% 1.0 3.0 19.8 0.7 1.4 40.0 815 804.8
LNC-LWB 5 1.00 454 50 1.0 4.8 9.8 1.0 0.5 0.0 3669 286,11
LNC-LWB-C 1 0 153 39 1.0 3.0 1.8 0.4 0.7 40.0 883 441.1
‘LNC-LNB-C - 2 .00 155 32 1.0 3.0 19.8 0.4 0.9  40.0 T2 537.5
© LMC-LNB-C 3 1.00 153 45 1.0 3.0 19.8 0.4 0.5 40.0 101% 382.2
" LNC-LNB-C 4 1.00 153 3 1.0 3.0 19.8 0.4 0.8 40.0 815 477.8
LNC-LNB-C 5 1.00 4% 50 1.0 “«.8 9.8 06 03 40.0 3469 169.9 °
SCR-3 1 1.16 153 39 1.0 26.6 - 172.8 8.6 16.5 80.0 1766 4890.9
SCR-3 Z 1.16 183 ° 52 1.0 .64 172.8 8.6 20.0 . 80.0 1649  5917.9
SCR-3 A 3 1.16 153 5 1.0 26.4 172.8 8.7 16.4 80.0 2037 4265.7
SCR-3 4 1.16 153 36 1.0 26.6 172.8 8.8 17.8 80.0 1630 5282.0
-SCR-3 1-4 1.16 612 38 1.0 76.7- 125.3  27.5 13.5 80.0 6882 3589.0
SCR-3 5 1.1 456 50 1.0 .2 1295 '23.0 . 10.6 80.0 7339 3130.7°
SCR-3-C 1 1.1 153 39 1.0 26.4 172.8 5.1 9.7 80.0 1766 2869.3
SCR-3-C Z 1.16 153 32 1.0 26.6 172.8 5.0 11.7 80.0 1449 3472.4
SCR-3-C k] 1.16 153 45 1.0 26.4 172.8 5.1 8.5 80.0 2037 2502.1
SCR-3-§ 4 1.16 153 35 1.0 26.64. 172.8 5.1 10.5 80.0 1630 3099.0
SCR-3-C 1-4 1.16 812 38 1.0 76.7 125.3 161 7.9 80.0 6882 2335.4
SCR-3-C H 1.16 3] 50 1.0 &.2 120.5 13.5 6.2 80.0 7339 1832.¢
SCR-7 1 1.16 153 39 1.0 26,6 172.8 7.4 14,1 80.0 1766 - 4181.5 .
SCR-7 e 1.16 153 32 1.0 26.4 172.8 7.3 17.1 80.0 1449 5053.2
SCR-7 3 1.16 153 45 1.0 26,6 172.8 7.4 12.3 80.0 2037 3650.8
SCR-7 4 1.16 153 35 1.0- 264 172.8 7.4 15.2 80.0 14630 4513.4
SCR-7 1-4 1.16 812 38 1.0 - 76,7 125.3 22.4  11.0 80.0 6882 3260.9
SCR-7 5 1.16 496 50 1.0 6.2 129.5 18.%9 8.7 80.0° . 7339 2577.4
SCR-7-C 1 1.16 + 133 3¢ 1.0 26.4 172.8 6.3 8.3 80.0 1766  2462.8
~ SCR-T-C 2 1.16 . 153 32 . 1.0 26.4 172.8 4.3 10.1 80.0 1649 2977.0
SCR-7-C 3 1.16 153 45 1.0 26.4 172.8 4.4 7.3 80.0 2037 2148.9
SCR-7-C 4 -1.16 153 3 1.0 26,4 172.8 4.3 9.0 80.0 1630 2658.5
SCR-7-C 1-4 1.16 612 38 1.0 76.7  125.3 13.2 6.5 80.0 6882 1918.3
5 1,0 &4.2 1295 1. 5.1 80.0 7339 1515.9

1.16 496 50
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Furnace Sorbent InJect1on and Duct Spray Dry1ng FGD Costs--

" Sorbent 1nJect1on techno]og1es (FSI and DSD) would be well su1ted for
units 1-4 at the Philip Sporn p]ant because of the 1ength of ductwork
‘between the boilers and the ESPs and the large sizes of the ESPs. Unit §
was not considered for sorbent injection technologies because of the small
size of the ESPs and short duct residence time before the ESPs.
‘Tables 26.3.1-8 and 26.3.1-9 present the retrofit’factors and costs for
installation of sorbent injection techno1og1es for units -1-4 at the Ph111p
Sporn plant. ' :

Atmospheric Fluidized Bed Combustion and Coal Gasification Applicability--
| The four 153 MW boilers at the Philip Sporn plant would be considered
good candidates for AFBC/CG fepowering. The unit 5 boiler is too large to
be considered for AFBC/CG‘repowering. Two of the units will ‘be repowered
with a 330 MW Pressurized Fluidized Bed Combustion (PFBC) unit under the
~ clean coal techno]dgy program. | ) '

 26-57



TABLE 26.3.1-8. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION
‘ .~ TECHNOLOGIES FOR PHILIP SPORN UNITS 1,2,3 OR 4

ITEM
SITE ACCESS/CONGESTION )

- REAGENT. PREPARATION - B LOW

ESP UPGRADE y g LOW

NEW BAGHOUSE o | S
SCOPE_ADDERS | |
CHANGE_ESP_ASH DISCHARGE SYSTEM TO DRY HANDLING MO

ESTIMATED COST (1000$) NA
ADDITIONAL DUCT WORK (FT) ‘ |

NEW BAGHOUSE CASE NA

ESTIMATED COST (1000$) ; ~NA

ESP REUSE CASE | NA

ESTIMATED COST 1ooos% . - NA
DUCT DEMOLITION LENGTH (F .50

DEMOLITION COST (1000$ \ ‘ 41
TOTAL COST (10008) ;

'ESP UPGRADE CASE - 41

A NEW BAGHOUSE CASE Y

RETROFIT FACTORS

CONTROL SYSTEM (DSD SYSTEM ONLY) : 1.13
ESP UPGRADE | 1.16
NEW BAGHOUSE , : NA
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Table 26.3:1-9. Sumary of 0SD/FSI Control Costs for the Sporn Plant (June 1988 Dollars)

Technology Boiler Main Boiler Cepacity Coal Capital Cepital Annual Anrwal 502 502 502 Cost -

Number Retrofit Size Factor Sulfur Cost Cogt Cost Cost Removed Removed Effect.
‘Difficulty (M) (X) Content (3MM) (3/kiW) (SMM) (mills/kwh) (X) (tons/yr) ($/ton)
Factor %) : a
DSD+ESP 1 1.00 153 v 1.0 6.7 43.6 5.2 10.0 - 49.0 1994 2628.1
DSD+ESP 2 1.00 153 32 1.0 6.7 43,6 5.1 11.8 49.0 1636 3094.8
DSD+ESP 3 1,00 153 45 1.0 8.7 3.6 5.4 8.9 49.0 230 2343.8
DSD+ESP 4 1.00 153 38 1.0 6.7 43.8 5.2 10.7 4%.0 1841 2805.°9
DSD+ESP-C 1 153 30 1.0 -4 43.6 3.0 5.8 49.0 1994 1520.8
DSD+ESP-C 2 153 R} 1.0 8.7 43.4 2,9 6.8 49.0 1434 1791.4.
DSO+ESP-C 3 1.00 153 45 1.0 8.7 43.6 3.1 5.2 49.0 2301 1355.8
DSD+ESP-C 4 1.00 - 153 35 1.0 5.7 43.6 3.0 é.2 49.0 1841 1623.9
FSI+ESP-50 1 1.00 153 39 1.0 T 6.9 45.2 4.3 8.2 50.0 . 2050 2088, 1
FSi+ESP-50 2 1.00 153 32 1.0. 6.9 45.2 4.0 ¢.4 - 50.0 14682 2405.4
FSI+ESP-50 3 1.00 153 - 45 1.0 6.9 45,2 4.5 7.4 50.0 2345 1894.7
FSI+ESP-50 4 1.00 153 36 1.0 6.9 45.2 6.2 8.7 50.0 - 18f2  2209.1
FSI+ESP-50-C 1 1.00 153 38 1.0 6.9 45.2 2.5 4.8 50.0 2050 1211.4
FSI+ESP-50-C - 2 1.00 153 32 1.0 6.9 45.2 2.3 5.5 50.0 1882 1396.7
FSI+ESP-50-C 3 1.00 153 45 1.0 6.9 45.2 2.6 4.3 - 50.0 2365 1098.7
FSI+ESP-50-C 4 1.00 153 3% 1.0 6.9 5.2 2.4 5.0 50.0 1892 1282.1
FSI+ESP-70 1 1.00 153 3% 1.0 7.0 45.7 4.3 8.3 70.0 2869  1509.5
FSI+ESP-70 2 1.00 153 32 1.0 , 7.0 45,7 4.1 ¢.5 70,0 2354 1737.8
FSI+ESP-T0 3 1.00 153 45 1.0 7.0 45.8 4.5 7.5 70.0 13N 1370.4
FSI+ESP-70 4 1,00 153 36 1.0 7.0 45,7 4.2 8.8 70.0 2649 1596.4
FSI+ESP-70-C 1 1.00 153 3% 1.0 7.0 45.7 2.5 4.8 70.0 2849 875.8
FSI+ESP-70-C 2 1.00 153 32 1.0 1.0 45.7 2.4 5.5 70.0 . 2354 1009.0
FSI+ESP-70-C 3 1.00 153 45 1.0 7.0 45.8 2.6 4.4 . 70.0 311 794.6
FSI+ESP-70-C 4 1 1.0 7.0 45.7 2.5 S.t 70.0 2649 926.5%

.00 153 3

Sss=S=Sss=sssssssSEsassasstsa==s z==3 Sssasss=scsssasESIc=sSa
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26.4 OHIO POWER COMPANY

- 26.4.1 Kammer Steam P1aht .

- The Kammer steam plant is located on the Chio-River in Marshall County,
West Virginia, anq'ié'operated by the Ohio Power Company. The Kammer plant
contains three coal-fired boilers with a gross generating capacity of 714 MW,

Table 26.4.1-1 presents operational data for the existing equipmént at
the Kammer plant, Coal shipments are received by barge and transferred to a
coal storage and handling area north of the plant. PM emissions from the
three units are controlled by retrofit ESPs. The ESPs are Tocated beside
boiler 3, west. of the plant. Flue gases from the units are directed to a
© common chimney beside unit 3. Wet fly ash from the unit is disposed of in a
‘pond west of the plant. '

Lime/Limestone and Lime Spray Drying FGD Costs--

L/LS-FGD absorbers for the three units would be 1ocated at the west end
of the units beside the unit 3 boiler and retrofit ESPs. The general
facilities factor would be low (5 percent) for the FGD absorber lTocation.
The site access/congestion factor would also be Tow for this location.
Approximately 500 feet of ductwork would be required for installation of the
L/LS-FGD system. A med1um site access/congestlon factor was assigned to .
flue gas handling.

LSD-FGD with reuse of the existing ESPs was considered for the Kammer
- plant. The LSD absorbers would be located similarly to the wet FGD
absorbers with similar general facilities and site access/congestion
factors. '~ About 200 feet of ductwork would be required for installation of
LSD absorbers for all units. The flue gas hand]ing'site access/congestion
factor is low for installation of LSD for all units. A low site access/
congestion factor was a]so‘assigned to the ESP location for upgrading.

Tabtes 26.4.1-2 and 26.4.1-3 give a summary of retrofit factor inputs
to the IAPCS model and estimated costs for installation of conventional FGD
technologies at the Kammer plant.
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TABLE 26.4.1-1. KAMMER STEAM PLANT OPERATIONAL DATA

BOILER NUMBER ;
GENERATING CAPACITY (MW-each)
CAPACITY FACTOR éPERCENT)
INSTALLATION DAT

FIRING TYPE

FURNACE VOLUME §1000 CU FT)
LOW NOx COMBUSTION

COAL SULFUR CONTENT éPERCENT)-
COAL HEATING VALUE (BTU/LB)
COAL ASH CONTENT (PERCENT)
FLY ASH SYSTEM

ASH DISPOSAL METHOD

STACK NUMBER ‘

COAL DELIVERY METHODS

PARTICULATE CONTROL

TYPE
INSTALLATION DATE
EMISSION (LB/MM BTU)
REMOVAL EFFICIENCY
DESIGN SPECIFICATION
SULFUR SPECIFICATION (PERCENT)
SURFACE AREA (1000 SQ FT
GAS EXIT RATE (1000 ACFM
SCA éSQ FT/1000 ACFM)
-, OUTLET TEMPERATURE (°F)

- 1,2,3
238
- 72,73,76
- 1958 -
CYCLONE -
NA
NO
4.2
11900 :
14.0 -
WET DISPOSAL: -
PONDS/ON-SITE

]
"BARGE .

ESP
1978
0.05
99.8
1.0-6.0
925.3
835
1108
360

26-61



SUMMARY OF RETROFIT FACTOR DATA FOR KAMMER

TABLE 26.4.1-2.
e UNIT 1,2 OR'3

FGD TECHNOLOGY

FORCED . LIME
L/LS FGD OXIDATION SPRAY DRYING

SITE ACCESS/CONGESTION
" $02 REMOVAL | LOW NA . LOW

FLUE GAS HANDLING MEDIUM  NA . 4
ESP REUSE CASE : LOW
BAGHOUSE CASE | NA

DUCT 'WORK DTSTANCE (FEET) 300-600  NA ‘

ESP REUSE 100-300
BAGHOUSE | - NA
ESP REUSE NA NA LOW -
NEW BAGHOUSE NA NA NA

SCOPE ADJUSTMENTS

WET TO DRY YES NA YES

"UESTIMATED COST (10005) 2040 NA . 2040

NEW CHIMNEY NO NA NO
ESTIMATED COST (1000$) 0 0 0

OTHER NO : NO

RETROFIT FACTORS

FGD SYSTEM 1.42 NA
ESP REUSE CASE 1.23
BAGHOUSE CASE NA

ESP UPGRADE NA NA 1.16

_ NEW BAGHOUSE NA “NA NA

GENERAL FACILITIES (PERCENT) § . 0 5
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Table 26.4.1-3.- sSunmary of FGD Control Costs for the Kasmmer Plant (June 1988 Dollars)

sS=s=s=s=T =I==S assy E=az== =====

Technology . Boiler Main Boiler capacitg Cosl Capital Capital Annual -Annual 502 502  -502 Cost
' Number Retrofit Size  Factor Sulfur Cost  Cost  Cost Cost  Removed Removed  Effect,
Difficulty (MW) . (X) Content ($MM) ($/kW) (SMM) (mills/kwh) (X) (tons/yr) (8/ton)

Factor : ‘ (%) ‘
L/S FGD 1 142 238 72 42 707 T 364 2.2 $0.0  4e2A7  786.8
L/S EGD 2 142 28 7 4.2 70.7 2971 3.5 2.0 90.0 44859 L 79.7
L/s F60 .3 1.42 238 76 4.2 70.7 297.2 37.0 3.4 90.0 48785  759.5
L/S FGD 1-3 1.42 714 74 4.2 148.4 207.9 84.1  18.2 90.0 142503 590.4
L/s FGD-€ - 1 1.4 238 ” 4.2 70.7  297.1.. 21,2 14.1 9.0 46217 657.6
L/S FGD-C 2 1.42 238 73 4.2 70.7 P71 21.2 14.0 %0.0 46859 £53.5
LIS FGD-C 3 1.42 238 76 &2 70.7° 297.2 21.5  13.6 90.0  4B78S 441.6
L/S FGD-C 1-3 1.62 716 - T4 4.2 148,64 207.9 48,9 10.6 90.0 142503 343:0
LC FGD 1-3 1.42 T 74 4.2 122.2 171 ST 164 90,0 142503 531.4
SLCFED-C | 1-3 1,42 74 76 6.2 122.2 1711 43.9 9.8 90.0 142503 308.3
LSO+ESP 1 1.3 238 R 4.2 35.7 150.0 20.9 13.9 76.0 - 39183 534.4
LSD+ESP r4 1.23 238 I 4.2 35.7 150.0 21,1 13.8 760 3927 . 530.0
LSD+ESP 3 1,23 238 76 4.2 35.7 150.0 21.4  13.5 76.0 41359 517.7
LSD+ESP-C 1 1.23 238 7 4.2 35.7  150.0 12.2 8.1 76.0 39183 310.2
LSD+ESP-C 2 1.23 238 73 4.2, 35.7 150.0 12.2 8.0 76.0 © 39727 307.7
LSD+ESP-C 3 1.23 238 7% 4.2 35.7 © 150.0  12.4 7.8 7.0 41359 300.5
s=sz=s=szzzs=s s=g=3=zz==g===c===
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Coal Sw1tch1ng and Phys1ca1 Coal CTean1ng Costs-- ,

- CS was not considered for the three cyclone boilers at the Kammer plant
because Tow- sulfur, low ash fusion temperature bituminous coals are not
readi1y available in the eastern Unitéd States. PCC was not cons1dered at
the Kammer p]ant because it is not a mine mouth p1ant

NO, Control Technologies-- |

NGR was considered for NO emissions control at the Kammer plant.
Performance results and costs deve]oped for the three 238 MW cyclone boilers
_are presented in Tab1es 26. 4 1-4 and 26.4.1-5.

Se1ect1ve Cata]yt1c Reduct1on--

Cold side SCR reactors for the Kammer plant wou]d be 1ocated adJacent
to the common chimney. As in the FGD case, a low general facilities value
| (13 percent) was assigned to the location. A low site access/congestion
factor was also assigned to the reactor Tocation. Approximately 200 feet of
ductwork would be required to span the distance between the SCR reactors and .
the chimney for the units. A 1ow site access/congestion factor was assigned
" to the flue gas handling system Tables 26.4.1-4 and 26.4.1-5 summarize the
retrofit factors and costs for installation of SCR at the‘Kammer plant.

FurnacefSorbent Injection and Duct Spray Drying FGD Coste-;

‘_ Sorbent injection technologies (FSI and DSD).were considered for the
Kammer plant. The ESPs are large and the extensive ductwork distance
_ between the boilers and the ESPs make these units particularly well suited
for sorbent injection technologies. Tables 26.4.1-6 and 26.4.1-7 summarize .
the retrofit factors and costs, respectively, for installation of sorbent
“injection technologies at the Kammer plant.

Atmospheric'F1u1dized Bed Combustion and Coal Gasification Applicability--

The three boilers at the Kammer plant would be good candidates for
AFBC/CG repowering because of their small boiler size and likely short
remaining service life. However, the high capacity factors could result in
high replacement power costs for extended downtime.
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TABLE 26.4.1-4. SUMMARY OF NOx RETROFIT RESULTS FOR KAMMER _

COMBUSTION MODIFICATION RESULTS

BOILER NUMBER

1,2 OR 3

FIRING TYPE cye
TYPE OF NOx CONTROL - NGR'
FURNACE VOLUME (1000 CU.FT) NA
BOILER INSTALLATION DATE 1958
- SLAGGING PROBLEM ) NA -
ESTIMATED NOx REDUCTION (PERCENT) 60
'SCR_RETROFIT RESULTS
SITE ACCESS AND CONGESTION
" FOR SCR REACTOR ~LOW
SCOPE ADDER  PARAMETERS- - _
Building Demolition "(1000$) 0
Ductwork Demolition (1000%) 52
New Duct Length (Feet) 200
New Duct Costs {1000%) 1646
New Heat Exchanger (1000%) 3136
TOTAL SCOPE ADDER COSTS (1ooos)
INDIVIDUAL CASE 4833
COMBINED CASE 9302
RETROFIT FACTOR FOR SCR 1.16
GENERAL FACILITIES (PERCENT) 13
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TABLE 26.4I1-6, DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION
' L TECHNOLOGIES FCR KAMMER UNIT 1,2 OR 3 -

ITEM -

SITE ACCESS/CONGESTION , | |
REAGENT PREPARATION = . . . LOW
ESP. UPGRADE - , 3 . . LOW

NEW BAGHOUSE - . ‘ NA
SCOPE ADDERS ' ;
CHANGE ESP_ASH DISCHARGE SYSTEM TO DRY HANDLING  YES

ESTIMATED COST éIOOOS) ‘ 2040
ADDITIONAL DUCT WORK (FT) o
NEW BAGHOUSE CASE - o NA -
ESTIMATED COST (1000%) ' © NA
ESP REUSE CASE ~ NA
ESTIMATED COST 10005 . NA
. DUCT DEMOLITION LEN TH (F : . 50 -
- DEMOLITION COST (1000% ‘ 57
TOTAL COST (1000%) _
' 'ESP UPGRADE CASE . 2097
A NEW BAGHOUSE CASE NA
RETROFIT FACTORS-
CONTROL SYSTEM (DSD SYSTEM ONLY) ' 1.13
ESP ‘UPGRADE : ‘ -1.16

NEW BAGHOUSE ' NA
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Table 24.4.1-7. sumery of DSO/FSI Control Costs for the Kammer Flant® (June 1988 Dollars)

SEISFETESs=Sas=sE = SESZSITSsE== 2IS== STSETISTIE=23 ==S== ==

Technology Boiler‘_ Main Boiler Capecfty_Coal Capital Cnpitﬁl Al  Annwal - $02 502 S02 Cost
‘Number Retrofit Size Factor Suifur Cost ' Cost Cost Cost Removed Removed - Effect.
Difficulty (Mw) (X) Content . (%) (S/kW) (SMM) (millsskwh) (%) (tons/yr) (3/tan}
Factor (%) . .
DSD+ESP - 1 1.00 238 i 4,2 17.9 75.0 15.3 10.2 49.0 24983 411.4
DSO+ESP 2 ©1.00 238 73 4.2 17.9 7.0 15.4 10.1 49.0 - 25330 4607.5
DSD+ESP 3 1.00 238 76 6.2 17.9 75.0 5.7 9.9 49.0 26371 594.6
DSD+ESP-C 1 1.00 238 72 4,2 17.9  75.0 8.8 5.9 49.0 24983 353.5
DSD+ESP-C 2 1.00 238 3 6.2 17.9 75.0 8.9 5.8 - 4%9.0 25330 151.2°
DSD+ESP-C 3 1.00 238 76 4.2 17.9. 75.0 -9.1 §.7  49.0 26371 344.8
FSI+ESP-50 ' 1 1.00 238 72 4.2 - 16,8 70.6 20.7 13.8 50.0 25677, 807.9
FSI+ESP-50 2 1.00 238 73 4.2 16.8 70.6 21.0. 13.8 50.0 26033 805.2
FSI+ESP-50 3 - 1,00 238 75 4.2 16.8 70.67 21.4 13.6  50.0 27103 797.4
FSI+ESP-50-C 1 1.00 234 '72 4.2 16.8 70.6 12.0 . 4.0 50.0 25877 4658
FSI+ESP-50-C 2 1.00 218 73 4.2 16.8 70.6 121 7.9 - 50.0 26033 464.2
FSI+ESP-50-C 3 1.00 238 76 4,2 16.8 70.6 12.5 7.9 50.0 27103 459.6
FSI+ESP-70 1 ~1.000 238 72 4.2 7.1 7.7 21.2 14.1 70.0 35947 ~ 5B9.4
FSI+ESP-70 2 1.00 2318 73 4.2 17.1 7.7 21.4 1%.1 70.0 36447 587.7
FSI+ESP-70 3 1,00 76 4,2 17.1 7.7 22.1 13.9 70.0 3IT944 582,0
FSI+ESP-70-C 1 1.00. 238 72 4.2 17,10 .y 1.2 - 8Ad 70.0 15947 340.0
FSI+ESP-70-C 2 . 1.00 - 238 73 4.2 17.1 7.7 12.3  an 70.0 36447 338.8
FSI+ESP-70-C 3 1.00 238 76 4.2 7.1 .7 1.7 8.0 70.0 37944 335.5
e EsSESEESSaZIEEEEE sa=x BE= RE=E = SSISSTESE
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26.4.2 Mitchell Steam Plant

‘The Mitchell steam plant is Tocated on the Ohio:Rfver in Marshall
County, West Virgihia and is operated by thé Chio Powe%'COmpany The
Mitchell plant contains two coal-fired bo11ers with a gross generating
capacity of 1,632 M. '

Table 26.4.2-1 presents operat1ona1 data for the ex1st1ng equipment at the
Mitchell p]ant Coal shipments are received by either barge or railroad and
transferred to a coa] storage and handling area north of. the -plant. PM

_emissions from the two units are controlled by retrofit ESPs. The ESPs are
Tocated behind the boilers. Flue gases from the units are directed to a
common chimney located between the ESPs. Wet fly ash from the units is
dﬁsposed pF in ponds to the south of the'p1ant.

L1me/L1mestone and L1me Spray Dry1ng FGD Costs--

L/LS-FGD absorbers for the two units would be 1ocated at the north and
south ends of the ESPs. The general facilities factor would be Tow
(5 percent) for the unit 1 FGD absorber location and medium (8 percent) for
the unit 2. location. A parking lTot and road would have to be relocated
before installation of the unit 2 absorbers. The site éccess/congestion
factor was low for these locations. Less than 200 feet of ductwork would be
required for installation of the L/LS-FGD system for either unit and a Tow
site access/congestion factor was assigned to flue gas handling.

LSD-FGD with reuse of the existing ESPs was also considered for the
Mitchell plant. The LSD absorbers would be located at the north 'and south
ends of the plant beside the boilers. A low site access/congestion factor
was assigned to both Tocations. A Tow general facilities factor was assigned
to the unit 1 absorber location. A medium general facilities factor was
assigned -to the unit 2 absorber location since a road would have to be
relocated before LSD absorbers could be installed. Between 300 and 600 feet
of ductwork would be required for installation of LSD absorbers. The flue
gas handling site access/congestion factor would be lTow for unit 1 but medium
for unit 2 because of the obstruction caused by the coal conveyor.’

Tables 26.4.2-2 through 26.4.2-4 present retrofit factor and cost estimates
for installation of conventional FGD technologies at the Mitchell plant.
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TABLE 26.4.2-1. MITCHELL STEAM PLANT OPERATIONAL DATA

BOILER NUMBER

GENERATING CAPACITY (MW-each)
CAPACITY FACTOR éPERCENT)
INSTALLATION DAT :
FIRING TYPE - :
FURNACE VOLUME §1000 CU FT)
LOW NOx COMBUSTION

COAL SULFUR CONTENT éPERCENT)
COAL HEATING VALUE (BTU/LB)

" COAL ASH CONTENT (PERCENT)
FLY ASH SYSTEM

ASH DISPOSAL METHOD

STACK NUMBER

. COAL DELIVERY METHODS

- PARTICULATE CONTROL

TYPE _
INSTALLATION DATE
EMISSION (LB/MM BTU)
REMOVAL EFFICIENCY

. DESIGN SPECIFICATION

~ SULFUR SPECIFICATION (PERCENT)

SURFACE AREA (1000 SQ FT
GAS EXIT RATE (1000 ACFM
SCA ESQ FT/1000 ACFM)
OQUTLET TEMPERATURE (°F)

1,2
gl6
51,52
1971

- OPPOSED WALL

477

15.6

 WET DISPOSAL
- PONDS/ON-SITE

1
BARGE/RAILROAD

ESP

1978
0.02

"99.8

1.0-6.0
2195
3000
731.5 -
370




‘TABLE 26.4.2-2.

SUMMARY OF RETROFIT FACTOR DATA FOR MITCHELL

FGD_TECHNOLQOGY

FORCED *

LIME

SITE ACCESS/CONGESTION

S02 REMOVAL -~

'FLUE GAS HANDLING
ESP REUSE CASE
BAGHOUSE CASE

DUCT WORK DISTANCE (FEET)
ESP REUSE
BAGHOUSE -

ESP REUSE - .

NEW BAGHOUSE

SCOPE ADJUSTMENTS

WET 70 DRY
ESTIMATED COST (1ooos)
NEW CHIMNEY
ESTIMATED COST (1000$)
OTHER ~ -

RETROFIT FACTORS

FGD SYSTEM
ESP REUSE CASE
BAGHOUSE CASE
. ESP UPGRADE
NEW BAGHOUSE

LOW
LOW

100-300

NA
NA

YES
6156
NO

NO

1.27

NA
NA

NA

NA

NA

NA

CNA

NA
NA

NA

NA

. NA

0

L/LS FGD OXIDATION SPRAY DRYING

LOW

LOW
NA

300-600
NA

LOW

NA

YES
6156
NO

-NO

1.34

1.16
NA

5

GENERAL FACILITIES (PERCENT} 5
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-_TABLE 26.4.2-3.

UNIT 2

SUMMARY OF RETROFIT FACTOR DATA FOR MITCHELL

FGD TECHNQLOGY

FORCED

CLIME

SITE ACCESS/CONGESTION

LOW

| L/LS FGD'OXIDATION SPRAY DRYING

. 502 REMOVAL : NA LOW
~ FLUE GAS HANDLING LOW NA
ESP REUSE CASE MEDIUM
BAGHOUSE CASE NA
- DUCT WORK DISTANCE -(FEET) 100-300 NA
ESP REUSE o : 300-600
-~ BAGHOUSE NA
ESP REUSE ‘NA NA LOW
NEW BAGHOUSE NA NA - NA
SCOPE ADJUSTMENTS
WET TO DRY YES NA - YES
ESTIMATED COST (10005) 6156 NA 6156
NEW CHIMNEY . - NO NA NO
ESTIMATED CDST (10005) -0 0 0
OTHER - NO NO
RETROFIT FACTORS
FGD SYSTEM . 1.27 NA
ESP REUSE CASE 1.38
BAGHOUSE CASE NA
ESP UPGRADE NA NA 1.16
NEW BAGHOUSE NA NA NA
GENERAL FACILITIES. (PERCENT) 8 0 8
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 Table 26.4.2-4. Summary of FGD Control Costs for the Mitchell Plant (Jume 1988 Dollars)

Technology  Boiler Main Boiler Capacity Coal Capital Copital Annual  Annwal - 502 . S02 $S02 Cost
~ Rumber Retrofit Size Factor Sulfur Cost  Cost Cost Cost - Removed Removed Effect.

. Difficulty (MW) (X) Content (SMM) - (S/kW) (3MM) (mills/kwh) (%) ~(tons/yr) (s/ton)

Factor ‘ (%) ‘ | ‘

L/S FGD 1 1.27 816 - 51 1.4 131.0 160.5 60.5 16.6 . 90.0 37234 o 1623.8
L/8 FGD . 2 1.27 816 52 1.4 133.2 163.3 61.5 16.6 20.0 37964 1621.0
L/$ FGD-C -1 1.27 816 51 1.4 131.0  160.5 - 35.2 9.7 - %0.0 37234 945.1
L/S FGD-C 2 1.27 816 52 1.4 133.2 153.3 35.9 9.6 90.0 37964 9445
LC Fed o S127 816 ST 1.4 102.9 1261 515 141 90,0 37234 1382.6
LC FGD 2 1.27 816 52 1.4 104.6 1283.2 52.4 14.1 0.0 37964 1380.1
Lc FhD-C 1 .27 815 51 1.4 102.9 126.1 30.0 8.2 0.0 37234 804.5
LC FGD-C 2 1.27 a1¢ 52 1.4 Wé.6 128.2 30.5 8.2 90.0 37984 803.0
LSD+ESP 1 ©1.34 . 816 51 1.4 92.5 113.4 39.8 0.9 76.0 31567 1261.4
LSD+ESP 2 1.38 ‘816 52 1.4 96.6 118.4 41,2 . 111 76.0 32136 . 1281.1
LSD+ESP-C | 1 1.34 816 51 1.4 - 92.5 113.4 23.2° 6.4 76.0 31567 735.8
LSD+ESP-C 2 1.38 a6 - 52 1.4 $6.6 118.4 24,1 6.5 76,0 32186 747.4
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Coal Switching and Phys1ca1 Coal C]eanmng Costs--

CS was considered for the Mitchell p1ant Table 26. 4 2-5 presents costs
for CS. These costs do not include boiler and pulverizer operating cost
changes or any coal hand11ng system mod1f1cat1ons that may be necessary. PCC

. was not.considered at the M1tche1] p]ant because it is not a mine mouth

p]ant

NO Control Techno1og1es-?

LNBs were considered for NO emissions contro] at the M1tche1l plant.
Performance and cost estimates deve]oped for the two 816 MW opposed wall-
fired boilers are presented in Tables 26.4.2-6 and 26.4.2-7.

Selective Catalytic Reduction-- : _ ‘

Cold side SCR reactors for the Mitchell plant would be located at the
north and south sides of the boilers. A low general facilities value
(13 percent) was ass1gned to the unit 1 location and a medium general
facilities value (20 percent) was assigned to the unit 2 Tocation. A Tow
site access/congestion factor was also ass1gned to the absorber locations.
Approx1mate1y 400 feet of ductwork would be requ1red to span the d1stance
between the SCR reactors and the chimney. A low site access/congestion
~ factor was assigned to flue gas handling for the units. Tables 26.4.2-6 and
26.4.2-7 present the retrofit factors and costs for installation of SCR at the
M1tche11 plant.

Furnace Sorbent Injection and Duct Spray Drying FGD Costs--

The Mitchell plant would be a good candidate for sorbent injection
technologies (FSI and DSD). The ESPs are 1arge and the extensive ductwork
distance between the boilers and the ESPs make these units particularly well
~ suited for FSI or DSD technologies. Tables 26.4.2-8 and 26.4.2-9 present the
retrofit factors and cost estimates, respectively, for installation of sorbent

" injection technologies at the Mitchell plant.

Atmospheric Fluidized Bed Combustion and Coal Gasification Applicability--
The two 816 MW boilers at the Mitchell plant are too large to be
considered good candidates for AFBC/CG repowering.
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Teole 26.4.2-5. Sumary of Coal SwitchingsCleaning Costs for the Mitchell Plant (June 1983 Dollars)-

---- = = =az SITET=ITTASIAZZEZS SEEErcdzINSE=cE==I= SIS ITSSISTIZIERSEISSSII=RFT
Technology Boiler Main Boiler Capacity Coal Capital Cepital Apnual  Annual §02 - 802 502 Cost
' © Number Retrofit S5ize Factor Sulfur Cost’  Cost. Cost Cost = Removed Removed - Effect.
Difficulty (Mw) (X) Content (SMM) (S/kW) (3MM) (mills/kwh) (X) {tomasyr) (3/tom)

Factor (¢ 3] '

CS/8+815 . | 1 1.00 . 816 51 1.4 23.2 28.(_ 50.7 13.9 36.0 15049 3386.2
CS/B+815 2 1.00 816 52+ 1.4 3.2 28.4 51.6 13.9 35.0 15344 3359.9
CS/B+3$15-C 1 1.00 816 51 1.4 23.2 28.4 29.1 8.0 36.0 15049 1935.5
CS/B+$15-C 2 1.00 816 52- 1.4 | 23.2 28.4 29.6 8.0 36.0 15344 1931.8
CS/B+85 1 . 1,00 816 51 1.4 . 18,0 19.1 5.2 - 3s6.0 15049 1266.8
CS/B+85 2 1.00 - 816 52 1.4 . 00 19.4 5.2 36.0 15344 12862.5
£5/8+85-C 1 1.00 8146 51 1.4 14.7 18.0 11.0 3.0 36.0 . 15049 730.2
CS/B+85-C 2 1.00 816 52 1.4 14.7 18.0 3.0 36.0 15344 . T27.6
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- TABLE 26.4.2-6.

SUMMARY OF NOx RETROFIT RESULTS. FOR MITCHELL

BOILER NUMBER

- COMBUSTION MODIFICATION RESULTS

1 2
FIRING TYPE | COWF - OWF
TYPE OF NOx CONTROL LNB LNB.
FURNACE VOLUME (1000 CU FT) 477 477
BOILER INSTALLATION DATE 1971 1971
SLAGGING PROBLEM N NO -
ESTIMATED NOx REDUCTION (PERCENT) 40 40
SCR_RETROFIT RESULTS
A,
SCOPE ADDER PARAMETERS-- ‘
Building Demolition (1000§) 0 0
 Ductwork Demolition (1000$) 131 131
New Duct Length (Feet) 400 400
New Duct Costs (1000%) 6768 6768
New Heat Exchanger (1000%) 6568 6568
TOTAL SCOPE ADDER COSTS (1000$) 13466 13466
RETROFIT FACTOR FOR SCR 1.16  1.16
13 20

GENERAL "FACILITIES (PERCENT)
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Table 26.4.2-7. NOX Control Cost Results for the Mitchell Plant’ ({June 1988 Dollars)

---------------- == ExRESESof===
Technology Boiler Main Boiler Capacity Coat Cepital Capital Annual  Annual NOx NOx NOx Cost
Nurber Retrofir Size = Factor Sulfur . Cost - Cost Cost Cost Removed Removed Effect.
Difficulty (MW) (%) Content (3MM) ($/kW) (3HMM) (millsskwh) (%) (tons/yr) (%/ton)

Factor : ¢ 3 ‘ C . ) ‘
LNC-LNB ) : 1 1.06 818 51 1.4 5.9 7.2 1.3 0.4 40.0 6365 201.3
LNC-LNB 2 1,00 816 5e _ 1.4 . 5.9 7.2 1.3 0.3 40.0 &490 . 197.4
LNC-LNB-C 1 1.00 816 51 1.4 5.9 7.2° 0.8 0.2  40.0 6365 ~ 115.5
LNC-LNB-C 2 1.00 816 52 1.4 5.9 7.2 0.8 0.2 40.0 8490 117.2
SeR-3 1 1.16 816 51 1.4 $7.8  119.9 - 38.2 - 9.9 80.0 12730 2843.2
SCR-3 2 “1.16 816 52 1.4 87.3  107.0 34.6 9.3 80.0 . 12980 - 2661.9
fCR-3°C 1 1.16 816 51 1.4 ' 97.5. 119.9 21.2 5.8 80.0 - 12730 1663.4
SCR-3-C 2 7 1.6 816 52 1.4 87.3 .107.¢ 20.2 5.4 80.0 12980 1555.3
SCR-7 . T 1.18 818 51 1.4 7.8 119.9 29.5 8.1 80.0 1273C -2316.2
SCrR-7 P ‘ 1.14 814 52 1.4 87.3 107.¢ . 27.8 7.5 80.0 12980 2145.0
SCR-7-C ) 1 1.16 816 51 1.4 97.8 119.9¢ 17.3 ' 4.8 20.0 12730 1361.5
1.4

SCR-7-C e 1.16 816 52 87.3 1e7.0  16.3 4.4 80.0 12980 . 125%9.1
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TABLE 26.4.2-8.  DUCT SPRAY DRYING AND FURNACE'SORBENT INJECTION
R - TECHNOLOGIES FOR MITCHELL UNIT 1 OR 2

ITEM |

SITE ACCESS/CONGESTION |

. REAGENT PREPARATION . o Low
ESP UPGRADE _ - LOW

NEW BAGHOUSE o NA
SCOPE ADDERS | ' |
CHANGE ESP ASH DISCHARGE SYSTEM TO DRY HANDLING YES

ESTIMATED COST (1000$) 6156
ADDITIONAL DUCT WORK (FT)
NEW BAGHOUSE CASE R NA
ESTIMATED COST (1000$) | - NA
ESP REUSE CASE . “NA
ESTIMATED COST (1000% SR NA
DUCT DEMOLITION LENGTH (F ; 500
DEMOLITION COST (10008} | : 144
TOTAL COST (1000%) , |
ESP UPGRADE CASE ' 6300
A NEW BAGHOUSE CASE - NA
RETROFIT FACTORS
CONTROL SYSTEM (DSD SYSTEM ONLY) | 1.13
ESP UPGRADE ' . 1.16

NEW BAGHOUSE ~__NA
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Table 26.4.2-9. Summary of DSD/FSI Contrel Costs for the Mitchell Plant“tJune 1988 Dollars)

- Technology Bailer ‘Main  Boiler Capacity Coal Capital Capital Anrual  Annual so2 sa2 $02 Cost
Number Retrofit Size Factor Sulfur Cost Cost Cost Cost  Removed Removed Effect.
Difficulty (Mw) (%) Content (SMM) (S7kN) (SHMM) (mil;s/kuh) (X) (tons/yr) (!/ton)

- Factor . L ' : i '
DSD+ESP 1 1.00 816 51T 7 1.4 . 34.3 w20 21 5.8 4.0 -20128 1049.2
DSD+ESP . 2 .00 814 52 1.4 34.3 2.1 1.3 5.7 49.0 20522 1038.4
DSO+ESP-C o1 1.00 816 51 - 1.4 34.3 «2.1 12.3 3.4 49.0 20128 608.8
DSD+ESP-C 2 1.00 818, Sz - 1.4 34.3 42.1 4 3.3 49.0 20522 &02.4
FS1+ESP-50 1 1.00 816 - 51 1.4 30.5 7.2 2.4 5.9 50.0 20686 1032.6
FSI+ESP-50 2 1.00 816 52 1.4 30.3 7.2 2.6 5.8 50.0 21092 1024 .8
FSI+ESP-50-C 1 1.00 815 51 1.4 30.3 7.2 2.4 3.4 50.0 20686 598.2
FSI+ESP-50-C 2 1,00 816 52 1.4 30.3 7.2 2.5 3.4 50.0 21092 593.6
(FSI*ESP-70 1 1.00 814 51° 1.4 30.6 375 2.7 6.0 70.0 28967 750.4
FSI+ESP-70 2 1.00 816 . 52 1.4 30.8 37.5  22.0 5.9 70.0 29528 7448
FSI+ESP-70-C 1 1.00 816 51 1.4 0.6 375 126 35 70.0 2896 4346

FSI4ESP-70-C. 2 1.00 816 52 .4 .7

3.4 70.0 - 29528 431.4

i
]
1)
3
I
i
4
1]
.
4
I
1
13
1
"
13
1
it
13
1)
1
"
]
)
L
It
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- 26.5A VIRGINIA ELECTRIC AND POWER CdMPANY

26.5.1 Mount Storm Steam Plant

- The Mount Storm steam plant is located On:the.Stony River in Grant
County, West Virginia, and is operated by the Virginia Electric and Power
Company. The Mount Storm plant contains three coail- f1red bo11ers with a
gross generating capacity of 1,662 MN. .

Table 26.5.1-1 presents operational data for the ex1st1ng equipment at -
_ the Mount Storm piant. Coa] shipments are received by railroad ‘and
transferred to a coal storage and handling area north of the plant. PM
emissions are controlled by ESPs located behind the b011ers Units 1 and 2
 'haVearetrof1t ESPs which were installed behind the original chimneys for the
units. Flue gases exiting these ESPs are directed to a new chimney. Flue
gas from unit 3 is directed to a ch1mney ]ocated behind the unit 3 ESPs.
Dry fly ash from the units is ]andf11]ed by the utility. '

L1me/L1mestone and L1me Spray Drying FGD Costs--

L/LS-FGD absorbers for un1ts 1 and 2 would be 10cated on the north side
of the unit I and 2 chimney and the absorbers for unit 3 would be Tocated on
the south side of the unit 3 ESPs. The geneka] facilities factor is low
(5 percent) for both locations because no major demolition or relecation
would be required. The §1te access/congeetion factor is low for the unit 1
and 2 FGD absorber locations. The. site access/congestion factor is low for
the unit 3 location. Between 300 and 600 feet of ductwork would be required
for installation of the unit 1 and 2 absorbers .and between 100 and 300 feet
would be required for the unit 3 absorbers. A low site access/congestion
factor was assigned to flue gas handling for all of the units.

LSD-FGD with reuse of the existing ESPs was considered for the Mount
Storm plant. It was assumed that the existing ESPs would be large enough to
handle the additional load imposed by LSD. The LSD absorbers would be
~located similarly to the wet FGD absarbers at the north and south ends of
the units. Low general facilities factors were assigned to both locations.
A Tow site access/congestion factor was assigned to the unit 1 and 2
location and to the unit 3 location. Approximately 500 feet of ductwork
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" TABLE 26.5.1-1. MOUNT STORM STEAM PLANT OPERATIONAL DATA

BOILER NUMBER

GENERATING CAPACITY (MW-each)
CAPACITY FACTOR éPERCENT)
INSTALLATION DAT

FIRING TYPE -
FURNACE VOLUME 11000 CU FT) -
LOW NOx COMBUSTION , ]
COAL SULFUR CONTENT éPERCENT)
COAL HEATING VALUE (BTU/LB)
COAL ASH CONTENT (PERCENT)

FLY ASH SYSTEM -

ASH DISPOSAL METHOD

STACK NUMBER ‘

COAL DELIVERY METHODS

PARTICULATE CONTROL

TYPE .
INSTALLATION DATE
EMISSION (LB/MM BTU)
REMOVAL EFFICIENCY
DESIGN SPECIFICATION
SULFUR SPECIFICATION (PERCENT)
SURFACE AREA (1000 SQ FT;
GAS EXIT RATE (1000 ACFM
SCA éso FT/1000 ACFM)
OUTLET TEMPERATURE (*F)

1,2 3.
570 522
66,75 71
1965,66 1973
TANGENTIAL .
310 313
NO NO
1.8 1.8
12100 -~ 12100
14.5 14:5
DRY DISPOSAL
LANDFILL
RAILROAD
ESP ESP
NA NA
NA NA -

" NA NA
NA NA
NA - NA
NA - NA
NA NA
NA -~ NA
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would be requiréd tovaccess the upstream side of the retrofit ESPs- for
unit 1, 800 feet would be requ1red for unit 2, and about 400 feet would be
required for unit 3. A medium site access/congest1on Factor was assigned to
flue gas hand]ing'for units 1 and 3 and a high site access/congestion factor
- was assigned to unit 2 because of the congest10n between the old and new
ESPs.

~ Tables 26.5.1-2 through 26 5.1-5 present a summary of retrofit data and
costs for 1nsta1]at1on of convent1ona1 FGD technologies at the Mount Storm
plant. ' ‘

CoaT Sw1tch1ng and Physical Coa] C1ean1ng Costs--

Table 26.5.1-6 summarizes the IAPCS cost results for CS at the Mount
. Storm plant. These costs do not include pulverizer and boiler operating
cost changés or any system modifications that may be necessary for coal
biending. PCC was not evaluated because the Mount Storm plant is noct a mine
mouth plant. B ' '

NDX Control Technologies--

OFA.was considered for control of NO emissions from the three
‘tangent1a1 -fired boilers. Tables 26.5.1- 7 and 26.5.1-8 present perFormance
and cost estimates for NOx,conﬁrol technologies at the Mount Storm plant.

Se]ect1ve Catalytic Reduction--

~ Cold side SCR reactors for units 1 and 2 and cold side SCR reactors for
unit 3 at the Mount Storm plant would be Tocated s1m11ar1y to the wet FGD
absorbers. The unit 1 and 2 reactors would be ]ocated beside the unit 1
retrafit ESPs and thé unit 3 reactors would be located beside the unit 3
ESPs. As in the FGD case, low general facilitie$ values of 13 percent were
assigned to both of the reactor locations. Low site access/congestion
factors were also assigned to the reactor Jocations. Approximately 200 feet
of ductwork would be requiréd to span the distance between the SCR reactors
and the unit 1 ahd 2 chimney and about 300 feet would be required for the
unit 3 reactors. . Low site access/congestion factors were assigned‘to flue
gas handling for the three units. Tables 26.5.1-7 and 26.5,1-8 present the
‘retrofit factors and costs for installation of SCR at the Mount Storm plant.
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TABLE 26.5.1-2.

SUMMARY OF RETSSE%TIFACTOR DATA FOR MOUNT STORM

'FGD TECHNOLOGY

FORCED

- LIME

L/LS FGD OXIDATION SPRAY DRYING

SITE ACCESS/CONGESTION

S02 REMOVAL

FLUE GAS HANDLING
ESP REUSE CASE
- BAGHOUSE CASE -

DUCT WORK DISTANCE (FEET)
ESP REUSE '

- BAGHOUSE
ESP REUSE
NEW BAGHOUSE

SCOPE ADJUSTMENTS

WET TO DRY
ESTIMATED COST (10005)
NEW CHIMNEY
ESTIMATED COST (1000$)
OTHER

RETROFIT FACTORS

FGD SYSTEM
ESP REUSE CASE
BAGHOUSE CASE
ESP UPGRADE
NEW BAGHOUSE

LOW
LOW
300-600

NA
NA

NO
NO
“NO

1.31

NA
NA

- NA

NA
NA
NA
NA

NA
NA

NA

NA
NA

0

~ LOW

MEDIUM
NA

300-600 -

NA

~ MEDIUM
NA

NO
NO

" GENERAL FACILITIES (PERCENT) 5
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TABLE 26.5.1-3.

UNIT 2

 SUMMARY OF RETROFIT FACTOR DATA FOR MOUNT STORM

FGD TECHNOLOGY

LIME

.‘SITE ACCESS[CONGESTION

S02 REMOVAL

FLUE GAS HANDLING
ESP REUSE CASE
BAGHOUSE CASE -

DUCT WORK DISTANCE (FEET)
ESP REUSE
BAGHOUSE

ESP REUSE

NEW BAGHOUSE

SCOPE ADJUSTMENTS

WET, TO DRY

ESTIMATED COST (1000%)
NEW CHIMNEY

ESTIMATED COST (1000%)
OTHER

RETROFIT_FACTORS

FGD SYSTEM
ESP REUSE CASE"
BAGHOUSE CASE
ESP UPGRADE
NEW. BAGHOUSE

" LOW
LOW

300-600

NA -
NA

N0
NA
NO
0
NO

1.31

NA
NA

NA

NA

NA

NA

~NA

NA
NA
NA

NA

NA
NA

- FORC
L/LS FGD OXIDATION SPRAY DRYING

-~ LOW

HIGH
NA

600-1000
NA

MEDIUM
NA

1.47

1.36
NA

5

GENERAL-FACILITIES.(PERCENT)75
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TABLE 26.5.1-4. SUMHARY 0F;RETROE§¥TF§CTOR DATA FOR MOUNT STCRM

FGD TECHNOLOGY

FORCED

LIME -

SITE ACCESS/CONGESTION

S02 REMOVAL

FLUE GAS HANDLING
ESP REUSE CASE
BAGHOUSE CASE

DUCT WORK DISTANCE (FEET)
ESP REUSE
BAGHOUSE

ESP REUSE

NEW BAGHOUSE

SCOPE_ADJUSTMENTS

WET TO DRY

ESTIMATED COST (1000$)
NEW CHIMNEY

ESTIMATED COST (10005)
OTHER

- RETROFIT FACTORS

FGD SYSTEM
ESP REUSE CASE
BAGHOUSE CASE
ESP UPGRADE
NEW BAGHOUSE

L/LS FGD OXIDATION SPRAY DRYING

LOW
LOW

100-300

NA
NA

NO
NO
NO

1.20

NA
NA

GENERAL FACILITIES {PERCENT) 5

NA

NA

NA

NA

NA

NA

. NA

NA

NA

NA
NA
0

- LOW

MEDIUM .
NA

300-600

- NA

MEDIUM -
NA

NO

N0

NO

1.31

1.36
NA

5
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Table 26.5,1-5. Sumary of FGD Contral Costs for the Mount .Storm Plant ¢June 1988 Dollars)

ss====3= : ArEmt—aEmEm—sE—an=x Eesss=s—ssEzzs—ossso=roszs=scc

Technology. Eoilér Main Boiler Capacity Coel cﬁpitél Capital Anmual  Annual 502 - sp2 s02 cost
- Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect.
Difficulty (M) (%) Content (SMM) (S$/kW) (SMM) {mills/kwh) (X) (tons/yr) ($/ton)
Factor , - (%) .

L/S FED 1 131 S0 e 1.8 106.7 185.6 52.6 15.9  90.0 42862  1232.0
L/S 'FGD 2 1.31 570 75 1.8 104.7 1837 S$5.0 ' 14.7 90.0  4B4ED 1134.8
L/S FGD 3 1.20 | 522 Al 1.8 92.3 176.% 48.4 4.9 . §0.0 42029 1152.2
L/5 FGD - 1-2 1.3 1140 7 1.8 183.6- 141.0 96.5 ~ 13.6  90.0 91788 1051.6
L/S‘ FGD-C 1 1.1 570 &6 _1.8 104.7 183.6 30.6 . 9.3 $0.0 42562 714.9
L/S FGD-C 2 1.31 . - 570 75 - 1.8 104.7 183.7 32.0 8.5 90.0 48480 659.9
L/S FGD-C 3 1.20 522 Al 1.8 92.3  176.9 28.2 ‘8.7 90.0 42029 - 670.0
L/5 FGD-C 1-2 1.3 1140 71 1.8 183.6 161.0 54.1 7.9 90.0 91788 611.5
LC FGD 1.2 ' 1.31 1140 7 1.8 151;6 132.9 86.3 12.2 $0.0 91788 940.0
LC.FGD - 3 1.200 s2 ™ 1.8 68.8  131.7 © 40.9 12.6 $0.0 ~ 42029 §72.%
LC FGD-C 1-2 1.3 7 1140 ‘ ta! 1.8 151.6 132.9 50.1 7.1 90.0 Q1788 545.9
LC FGD-C '3> 1.20 S22 Fal 1.8 68.8 131.7 23.7. 7.3 . Q0.0 42029 564.7
LSD+ESP 1 1.3 570 s 1.8 65.0 1141 31.3 9.5 710 33818 526.7
LSD+ESP - 2 - 1.47 570 75 1.8 ‘ 72.0 126.2 34.8 - 9.3 71.0 38430 905.2
LSD+ESP 1. 1.31° 522 s 1.8 58.0 1111 29.2 -~ 9.0 71.0 33317 875.6
LSD+ESP-C 1 1.7 570 & 1.8 65.0 114.1 8.2 5.5 71.0 33813 539.5
LSD+ESP-C 2. 1.47 570 Ié] 1.8 72.0 126.2 20.3 5.4 7.0 38430 527.0
LSD+ESP-C 3 1.51 522 71 1.8 58.0 114.1° 17.0 5.2 7.0 33317 509.5
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Table 26.5.1-6. Sumhary of Coal Switching/Cleaning Costs for the Mount Storm Plant (June 1988‘Do‘ltars)

Technology Boiler Main Boiler Capac>i ty Cosl Capital Cepital Annual  Annual so2 s02 §02 Cost
Number Retrofit Size Factor Sulfur Cost Cost Cost . Cost Removed Removed Effect.
CDifficulty (MW) (X) Content (SMM) ($/kwW) (SMM)y (mills/kwh) (X) (tons/yr) ($/ton)
Factor N ¢ 5] : o
C5/8+815 1 1.00 570 & 1.8 169 29.7 5.6 13.8  50.0 23606  1922.2
CS/B+$15 - 2  %1.00 570 75 1.8 16.9 29.7 51,1 13.6 .50.0 26825 1503.8
CS/B+$15 3 - 1.00. 52 M 1.8 15.6. ° 29.9 44,5 13.7 50.0 ©  2325& 1914.2
£5/8+815-C 1- 1.00 570 66 1.8 16.% 29.7  26.1 7.9 50.0 23606  1104.5
CS/B+$15-C 2 1.00 570 s 1.8 16.9 29.7 293 7.8 50.0 26825 1093.6
CS/B+$15-C 3 7 100, s b4l 1.8 15.6 9.9 25.8. 7.9 "50.0 23256 1099.7
£s5/8+%5 1 1.00 570 b6 1.8 19.3 17,1 5.2 _ 50.0 23606 725.3
CS/B+$5 2 1.00 570 s 1.8 . 19,3 191 5.1 50.0 26825 712.2
CS/B+85 3 1.00 522 fal 1.8 10.2, 1.5 16.8 - 5.2 50.0 23256 720.4
Cs/a+85-c - 1 1.00 570 & 1.8 11.0 19,3 9.9 3.0 50.0 23806 417.%
CS/B+85-C 2 1.00 ‘570 s 1.8 11.0 19.3 11,0 2.9 50.0 26825 409.9
. CS/B+85-C LI 1.00 522 7 1.8 3.0 50.0 23256 Ce%6.7

10.2 - 19.5 9.6
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' TABLE 26.5.1-7. SUMMARY OF NOx RETROFIT RESULTS FOR MOUNT STORM

BOILER NUMBER

- COMBUSTION MODIFICATION RESULTS

- SEEEE
FIRING TYPE o © TANG - TANG
TYPE OF Nox CONTROL . -OFA T OFA
FURNACE VOLUME (1000 €U FT) 30 33
_BOILER INSTALLATION DATE . 1965,66 1973
SLAGGING PROBLEM NO - NO
ESTIMATED NOx REDUCTION (PERCENT) 5 25
SCR RETROFIT RESULTS
SITE ACCESS AND CONGESTION
FOR SCR REACTOR o LOW  LOW
SCOPE ADDER PARAMETERS-- ‘
Building Demolition (10008} - - 0 0
Ductwork Demolition (1000$) 100 93
New Duct Length (Feet) : 200 300
New Duct Costs (1000$) 2143 3909
New Heat Exchanger (10005) | __ 529 5024 -
TOTAL SCOPE ADDER COSTS (10005) ‘ o
GRS owm
‘RETROFIT FACTOR FOR SCR 1.16  1.16
GENERAL FACILITIES (PERCENT) 13 13
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Table 26.5,1-8. NOx‘Ccnn'trol Cost Results for the Mount Storm Plant (Jure 1988 ‘Dollars)

== msrozmEmamass

ATechnol.ngy Boiter Main Boiler Capacity Coal ‘:apital Cupitai Anmual  Annmual NOx ' NCx . NOx Cost
Number Retrofit Size Fector Sulfur Cost  Cost Cost Cost Removed Remaved Effect.

pifficulty (M} (X) ' Content (SMM) ($/kW) (3MM) (mills/kwhy, (X) (tons/yr) ($/ton)

Factor - % '

LNC-OFA> ' 1 : 1.0D: 570 &6 1.8 1.2 2.2 0.3 a1 25.0 - 2532 106.3
LNC-OFA . 2 "1.00 570 75 1.8 1.2 2.2 03 0.1 25.0 2877 93.5
LNC-CFA k] 1.00 522 4! 1.8 1.2 2.3 0.3 0.1 25.0 2495 104.1
LNC-OFA-C 1 ©1.00 570 . 46 1.8 1.2 2.2 0.2 0.0 25.0 2532 63.1:
LMC-OFA-C 2 .00 570 4] 1.8 1.2 2.2 0.2 0.0 25.0 . 2877 55.5
LNC-OFA-C 3. . 100 522 71 1.8 1.2 2.3 0.2 0.0 25.0 2495 61.8
_SCR-3 1 1.16 570 &5 1.8 48,1 1194 25.6 7.8 831.0 - 8103 3158.1
SCR-3 2 - 1.16 570 75 1.8 48.9 119.4 25.9 6.9 80.0 9208 2811.4
SCR-3 3 1.16 522 71 1.8 £4.3  123.2 - 24.0 7.4 80.0 7983 3005.2
SCR-3 1-2 - 116 140 n 1.8 126.3  110.8 49.% 4.9 80.0- 17433 2818.9
SCR-3-C 1 116 570 65 1.8 68.1 119.4 15.0 . 4.5 ' 80.0 8103 18471
SCR-3-C -2 1.16 570 7 1.8 68.1 119.4 15.1 4.0 ~ 8a.0 9208 1643.9
SCR-3-C 3 1.16 522 7 1.8 6.3 123.2 14.0 4.3 80.0 7983 1757.9
SCR-3-C 1-2 1.16 1140 71 1.8 126.3 110.8 28.7 4.1 80.0 17433 1647.5
SCR-7 -1 1.16 570 66 1.8 68.1 119.4 20.9 6.3 80.0 . 3103 2580.8
SCR-7 2 1.16 570 be 1.8 63,1 119.4 21.2 5.7 80,0 9203 2303.4
SCR-7 3 1.16 522 7 1.8 .3 123.2 19.7 8,1 80.0 7983 2668.68
SCR-7 1-2 116 1140 71 1.8 126.3  110.8 39.8 5.6 80.0 - 17433 2282.2
SCR-T-ﬁ 1 1.16 570 & 1.8 63.1 119.4 12.3 3.7 80.0 8103 1516.3
SCR-7-C 2 1.16 s70 e 1.8 68.1 119.4 12.5 3.3 80.0 9208 1352.8
SCR-7-C 3 1.16 522 ] m 1.8 84,3 123.2 11,6 3.6 80.0 7983 1450.4
SCR-7-C 1-2 1.16 1140 71 1.8 126.3 110.8 23.4 3.3 80.0 17433 1340.0
.......... =amzmn=z =
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Furnace Sorbent InJect1on and Duct Spray Drying FGD Costs--'

Sorbent 1nJect1on techno]ogwes (FSI and DSD) were. cons1dered for the:
boilers at the Mount Storm plant. " There is sufficient duct residence time
between the old and new ESPs for units 1 and 2 but Timited residence time
exisﬁs before the unit 3 ESPs. Aithough ESP data.was not available, the. 
ESPs appear to be large énough to accpmmbda;e the additional particulate
load. Tables 26.5.1-9 and 26.5.1-10 present‘the:retrofit factors and costs
for insfa11atibn-of sorbent'inject}on technologies at-ihe Mount Storm plant.

Atmospheric Fluidized Bed Combustion and Coal Gasification Applicability--

The boilers at the Mount Storm power plant are too large and have too
long a remaining useful lifetime to current1y be considered as candidates
for AFBC/CG repowering.
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TABLE 26.5.1-9. DUCT SPRAY DRY.ING AND FURNACE SORBENT INJECTION

TECHNOLOGIES FOR MOUNT STORM UNIT 1, 2 OR 3
1TEM
SITE ACCESS/CONGESTION
REAGENT PREPARATION LoW
ESP. UPGRADE HEDIUM
~ NEW BAGHOUSE NA .
SCOPE ADDERS
CHANGE_ESP_ASH DISCHARGE SYSTEM TO DRY HANDLING N
ESTIMATED COST (10005) NA
ADDITIONAL DUCT WORR (FT)
NEW BAGHOUSE CASE NA
ESTIMATED COST (10008) NA
ESP REUSE CASE NA
ESTIMATED COST (10008 NA
DUCT DEMOLITION LENGTH (F } 50
DEMOLITION COST (1000$ 110
TOTAL COST (10008) .
ESP UPGRADE CASE . 110
A"NEW BAGHOUSE CASE NA.
RETROFIT FACTORS '
CONTROL SYSTEM (DSD SYSTEM ONLY) 1.13
ESP UPGRADE 1.36
NEW BAGHOUSE NA
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Table 26.5.1-10. Summary of DSD/FSI Control Costs for the Mount Starm Plant (June 1985 Dollars)

Technology Boiler Main Boiler Capacity Coal ' Capital Capital Annual
' Number Retrofit Size  Factor Sulfur Cost Cost Cost
Difficulty () (X) Content ($MM) ($/kW) ($MM)
Factor X) -
(DSDsESP - .1 100 570 66 1.8 215 385 17.9
OSD+ESP o2 1.00 570 s 1.8 21.9 38.5 19.2
DSO+ESP 3 1.00 . 522 71 1.8 20.1 38.6 17.2
DSDESP-C 1 1.00 5700 6 1.8 2 8.5 10.3 -
DSD+ESP-C - 2 .00 570 - ™ 1.8 2 38.5 11,1
DSD+ESP-C 3 .00 - S22 m 1.8 2 '38.6 10.0
.FSI+E5P-50 1 '1.00 570 ) 1.8 22;4 .4 21.6
FSI+ESP-50 F 1.00 570 75 1.8 22.5 39.4  23.6
FSI+ESP-50 3 1.00 522 7 1.8 20,9 40,1 .21,
FSI+ESP-50-C. 1 1.00 570 &b 1.8 22.4 9.4 2.5
FSI+ESP-50-C 2 1.00 ° 570 7S 1.8 22.5 39.4 13,6
FSI+ESP-50-C 3 . 1.00 ‘522 M 1.8 20.9 40.1 12.1
FSI+ESP-70 1 1,00 570 88 1.8 2.6 9.7 -22.0
FSI+ESP-70" - 2 1. 570 7 . 1.8 é2. 19,7  2¢.0
ES{+ESP-70 3 1. 522 el 1.8 21.1 40.5 21.4%
FSI+ESP-70-C 1 1.00 570 66 1.8 2.6 9.7 12.7
FSI+ESP-70-C 2 1.00 570 75 1.8° 22,6 39,7 13.9
1.00 522 7 1.8 21.1 40,5

FS1+ESP-70-C 3 12.3

Annual §02 - s02  Sc2 Cost

Cost  Removed Removed Effect.
(mills/kwh) (X) (tons/yr) ($/ton)

4.0

L

5.4 21886
2.1 - 46,0 . 24871 770.8
5.3 45.0 21562 799.5
3.1 46.0 21886 2.7
3.0 46.0 26871 5.6
30 46,0 21562 462.2
8.5 SU.D - 23701 210.0
6.3 . 50.0 26933 875.6
6.5  S0.0  23%9  898.2
3.8 50.0 23700 525.6
3.6 50.0 26933 505,

3.7 50.0 238 518.4
8.7 70,0 3318 562.1
6.6  70.0 37706 637.4
6.6  70.0 32689 6537
3.9 7.0 3318 382,

3.7 70,0 37706 367,

3.8 70.0 32689 377.

£ 0
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