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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, generally available data bases, and input from utility 
companies. Cost estimates are presented for the following control 
technologies: lime/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 reflect future changes in boiler and coal characteristics 
(e.g., capacity factors and fuel prices) or significant changes in control 

' technology cost and performance.-
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METRIC EQUIVALENTS 

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

Non-metric 

acfm 

acre 

Btu/lb 

"F 

ft 

ft 2 

ft3 

gal. 

l b/MMBtu 

psi a 

ton 

Times 

0.028317 

4046.9 

0.5556 

5/9 (°F-32) 

0.3048 
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0.028317 

3.78533 
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Yields Metric 
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m2 

kg-calories/kg 

"c 

m 

m2 

m3 

L 
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ton 



SECTION 21.0 PENNSYLVANIA 

21.1 ALLEGHENY POWER SERVICE CORP. 

21.l.l Armstrong Steam Plant 

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 
GENERATING CAPACITY (MW-EACH) 
CAPACITY FACTOR (PERCENT) 
INSTALLATION DAT£ 
FIRING TYPE 
FURNACE VOLUME (1000 CU FT) 
LOW NOx COMBUSTlON 
COAL SULFUR CONTENT (PERCENT) 
COAL HEATING VALUE (STU/LB) 
COAL ASH CONTENT (P£RCENT) 
FLY ASH SYSTEM 
ASH DISPOSAL METHOD 
STACK NUMBER 
COAL DELIVERY METHODS 

PARTlCULATE CONTROL 

TYPE 
INSTALLATION DATE 
EMISSION (LB/MM BTU) 
REMOVAL E~FICIENCY 
DESIGN SPECIFICATION 

SULFUR SPECIFICATION (PERCENT) 
SURFACE AREA (1000 SQ FT) 
EXIT GAS FLOW RATE (1000 ACFM) 
SCA (SQ FT/1000 ACFM) 
OUTL£T TEMPERATURE (°F) 

1,2 
176 
75 
1958,59 
FRONT WALL 
112 
NO 
1. 9 
12500 
11 
DRY DISPOSAL 
LANDFILL/SOLD 
1 
RAILROAD 

ESP* 
1975 
0.02 
99.5 

2.0-2.4 
138. 2 
800 
NA 
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 FACTOR DATA FOR ARMSTRONG 
UNITS 1 OR 2 * 

FGD TECHNOLOGY 

FORCED LIME 
L/LS FGD OXIDATION SPRAY DRYING 

SITE ACCESS/CONGESTION 

S02 REMOVAL LOW 
FLUE GAS HANDLING LOW 

ESP REUSE CASE 
BAGHOUSE CASE 

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

ESP REUSE NA 
NEW BAGHOUSE NA 

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 

NO 
NA 
NO 
0 
NO 

1. 20 

NA 
NA 

GENERAL FACILITIES (PERCENT) 10 

NA 
NA 

NA 

NA 
NA 

NA 
NA 
NA 
0 

NA 

NA 
NA 

0 

MEDIUM, HIGH 

HIGH 
NA 

100-300 
NA 
LOW 
NA 

NO 
NA 
NO 
0 
NO 

1.55,1.68 
'NA 
1. 16 
NA 

10 

* L/S-FGD absorbers for units 1 and 2 would be located north 
of the common chimney for units 1 and 2. LSD-FGD absorbers 
would be beside each unit's existing ESPs. 
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Table 21.1.1-3. S<mnary of FGO Control Costs for the Armstrong Plant (June 1988 Dollars) 

================================================================================================================ 
Technology Bailer Main Boiler Capacity Coal Capital Capital Annual AnrMJal 502 502 502 Cost 

NU!t>er Retrofit Size Factor Sul fur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (Mii) C'O Content ($MM) (S/kW> CSlllO Cmills/kwh> CX) c tons/yr> CS/ton) 

Factor C:~l 

----------------------------------------------------------------------------------------------------------------

LC FGD 1-2 1.20 352 75 1.9 52.9 150.3 33.4 14.4 90.0 30444 1095.9 

LC FGD·C 1·2 1.20 352 75 1.9 52.9 150.3 19.4 8.4 90.0 30444 635.7 

LFGD 1,2 1.20 176 75 1.9 46.8 265.8 24.5 21.2 90.0 15222 1611 .2 
LFGD 1-2 1.20 352 75 1.9 67.4 191.4 38.0 16.4 90.0 30444 1247.3 

LFGD·C 1,2 1.20 176 75 1.9 46.8 265.8 14.3 12.3 90.0 15222 936_9 
LFGD·C 1-2 1.20 352 75 1 .9 67.4 191.4 22.1 9.5 90.0 30444 724.5 

LSO+ESP 1 1.55 176 75 1 .9 27.4 155.9 13.9 12.0 76.0. 12905 1077.9 

LSD+ESP 2 1.68 176 75 1. 9 29.4 167. 1 14.5 12.5 76.0 12905 1122.4 

LSD+ESP·C 1 1.55 176 75 1.9 27.4 155.9 S.1 7.0 76.0 12905 627., 
LSD+ESP·C 2 1.68 176 75 1.9 29.4 167 .1 8.4 7.3 76.0 12905 653.3 

================================================================================================================ 
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Table 21.1. 1-4. SlJllT\llry of coal switching/Cleaning costs for the Armstrong Plant <June 1988 Dollars> 

=================================================================================================~============== 

Technology Boiler Ma;n Boiler Capacity Coal Ce?i tel Ca?i tal Annual Annual soz S02 S02 Cost 
Nlllb!r Retrofit Size Factor Sul fur Cost Cost Cost Cost Removed Removed E !feet. 

Di Hi cul ty (HW) (%) Content (-) (S/kWl (SMl4) (mil ls/l<wh) (%) (tons/yr) (S/ton) 
Factor (%) 

... --- ... ------ -- .......... -- . --- -.. --- ----. --- --- -- . -- -- .. -- . -- --- ............. -----. ·-- -- . -- .. -- ...... -- . -- -. --....... -.. --- .... --. 
CS/B+S15 1,2 1.00 176 75 1.9 7.0 39.6 16.9 14.6 51.0 8564 1971 .6 

CS/8+$15-C 1,Z 1.00 176 75 1.9 7.0 39.6 9.7 8.4 51.0 8564 1133.2 

CS/8+55 1,Z 1.00 176 75 1. 9 5.Z Z9.3 7.0 6.1 51.0 8564 819.0 

CS/B+S5·C 1,2 1.00 176 75 1.9 5.2 Z9.3 4.0 3.5 51. 0 8564 471.9 
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TABLE 21.1.1-5. SUMMARY OF NOx RETROFIT RESULTS FOR ARMSTRONG 

COMBUSTION MODIFICATION RESULTS 

FIRING TYPE 

TYPE OF NOx CONTROL 

FURNACE VOLUME (1000 CU FT) 

INSTALLATION DATE 

SLAGGING PROBLEM 

ESTIMATED NOx REDUCTION (PERCENT) 

SCR RETROFIT RESULTS * 

SITE ACCESS AND CONGESTION 
FOR SCR REACTOR 

SCOPE ADDER PARAMETERS--

BOILER NUMBER 

1 ' 2 

FWF 

LNB 

112 

1958,1959 

NO 

47 

LOW 

Building Demolition (1000$) 0 

Ductwork Demolition (1000$) 41 

New Duct Length (Feet) 200 

New Duct Costs (1000$) 1379 

New Heat Exchanger (1000$) --~2~6~16~-------

TOTAL SCOPE ADDER COSTS (1000$) 
INDIVIDUAL CASE 4037 
COMBINED CASE 6104 

RETROFIT FACTOR FOR SCR 1.16 

GENERAL FACILITIES (PERCENT) 20 

* Cold side SCR reactors for units 1 and 2 would be located 
north of the common chimney for units 1 and 2. 
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Table 21.1.1-6. NOX Control Cost Results for the Armstrong Plant (June 1988 Dollars) 

===============================~=====~========================================================================== 

Technology Boiler Main Soi ler Capacity coal Capital Capital Annual Amual NOx NOx NOx Cost 
NLIT'ber Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 

Difficulty (MW) ('.;) Content (5"") ($/kl/) ($MM) <mil ls/kwh) (%) <tons/yr> ($/ton> 
Factor (:;) 

----------------------------------------------------------------------------------------------------------------

LNC·LNB 1,2 1.00 176 75 1. 9 3.2 18.2 0.7 0.6 47.0 2253 308.5 

LNC·LNB·C 1,2 1.00 176 75 1.9 3.2 18.2 0.4 0.4 47.0 2253 183. 1 

SCR·3 1,2 1.16 176 75 1.9 27.9 158.4 9.8 8.5 80.0 3835 2555.3 
SCR·3 1-2 1. 16 352 75 1 .9 46.2 131 .2 17.2 7.4 80.0 7669 2237.2 

SCR·3·C 1,2 1. 16 176 75 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 75 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 14.3 ,6.2 80.0 7669 1862.4 

SCR-7-C 1 ,2 1. 16 176 75 1 .9 27.9 158.4 4.9 4.3 80.0 3835 1281 .8 
SCR-7·C 1 ·2 1. 16 352 75 1 .9 46.2 131.2 8.4 3.6 80.0 7669 1094 .0 

================================================================================================================ 
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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 
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 (1000$) 
ESP UPGRADE CASE 
A NEW BAGHOUSE CASE 

RETROFIT FACTORS 

CONTROL SYSTEM (DSD SYSTEM ONLY) 
ESP UPGRADE 
NEW BAGHOUSE 
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LOW 
LOW 
NA 

NO 
NA 

NA 
· NA 

NA 
NA 
50 
46 

46 
NA 

1.13 
1.16 
NA 



Table 21.1.1·6. S...mary of DSD/FSI Control Costs for the Armstrong Plant (June 1988 Dollars) 

======~============================================================~============================================ 

Technology Boiler Hain Boiler Capacity coal Capital Capital Amoa! Amual 502 502 S02 Cost 
Nurber Retrofit Size Factor Sul fur Cost Cost Cost Cost Removed Removed E fleet. 

Difficulty (MW) co Content CSMM) CS/kW) (SllM) Crni lls/kwh) (%) C tons/yr) ($/ton) 

Factor (%) 

----------------------------------------------------------------------------------------------------------------

DSO+ESP 1, 2 1.00 176 75 1.9 8.6 49.0 8. 1 7.0 49.0 6228 990.4 

DSO+ESP·C 1,2 1.00 176 75 1.9 6.6 49.0 4.7 4.1 49.0 8226 572. 1 

FSl+ESP·SO , ,2 1.00 176 75 1.9 9.4 53.7 8.9 7.7 so.a 8457 1047.9 

FSl+ESP·SO·C 1,2 1.00 176 75 1.9 . 9.4 53.7 5.1 4.4 50.0 8457 605.4 

FS!+ESP·70 1,2 1. 00 176 75 1.9 9.6 54.3 9.0 7.8 70.0 11839 761.Z 

FS!+ESP·70·C 1,2 1.00 176 75 1.9 9.6 54.3 5.2 4.5 70.0 11839 439.7 

============================================================:=================================================== 
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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 ch·imneys. 
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 
limestone 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 asstgned to the flue gas handling system because of the 
obstruction caused by ash removal equipment and wastewater treatment facility 
around the existing chimney. 
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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) 

21-10 

1, 2, 3 
555,555,550 
51,68,59 
1969, 70, 71 
OPPOSED WALL 
335.5 
NO 
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 low 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--
Uni ts 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 NOx performance estimate was based on the boiler 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 
UN IT l, 2 OR 3 

FGD TECHNOLOGY 

FORCED LIME 
LiLS 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 l. 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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Table 21.1.2·3. S..rmary of FGD Concrol Costs for che Hatfield Plane (June 1988 Dal lars> 

================================================================================================================ 
Technology Bailer Hain Boiler Capacity Coal Capital Capital Annual Amual 502 S02 502 Cost 

N"1"i:ler Retrofit Size Factor Sulfur Cost Cose Cost Cose Removed Removed Effect. 
Difficulty (Miil c:o Content (SHH) (S/kll) ($1410 Cmills/kwh) (%) (tons/yr) CS/ton) 

Factor (%) 

-------------------------------------------------·--------------------------------------------------------------

LC FGD 1·3 1.46 1660 59 2.4 231. 7 139.6 131.6 15.3 90.0 139539 943.2 

LC FGD·C 1·3 1.46 1660 59 2.4 231. 7 139.6 76.4 8.9 90.0 139539 547.8 

LFGD 1 1.46 555 51 2.4 117.9 212.4 56.2 22.7 90.0 40123 1401 .9 
LFGD 2 1.46 555 68 2.4 117.9 212.4 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.B 

LFGD·C 1.46 555 51 2.4 117.9 212.4 32.8 13.2 90.0 40123 816.3 
LFGD·C 2 1.46 555 68 2.4 117.9 212.4 36.1 10.9 90.0 53498 674.0 
L FGD·C 3 1.46 550 59 2.4 117.3 213.2 34.1 12.0 90.0 45999 741.3 

================================================================================================================ 
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Table 21.1.2·4. Sl.llltlary of Coal Switching/Cleaning Costs for the Hatfield Plant (June 1988 Dollars) 

==================================================================~m============================================ 

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

Difficulty {Mii) cXJ content ($MM) CS/kWJ {SMM) cmills/kwh> 1:0 <tons/yr) CS/ton> 
Factor (~) 

-·--··-·--·--·---·--·--·--··-----·-------·-------·--·-··-----·--·-----------··-··-··--·--······-···········-----
CS/8+515 1. 00 555 51 2.4 19.2 34.5 36.5 14.7 60.0 266T7 1369.9 
CS/B+S15 2 1.00 555 68 2.4 19.2 34.5 47.3 14.3 60.D 35570 1330.5 
CS/B+S15 3 1.00 550 59 2.4 19.0 34.5 41.3 14.5 60.0 30584 1348.B 

CS/B+S15·C 1.00 555 51 2.4 19.2 34.5 21.0 8.5 60.0 266T7 768. 1 
CS/B+S15·C 2 1.00 555 68 2.4 19.2 34.5 27.2 8.2 60.0 35570 764.7 
CS/B+S15·C 3 1. 00 550 59 2.4 19.0 34.5 23.7 8.3 60.0 30584 77'.i.6 

CS/B+SS 1 1.00 555 51 2.4 13.4 24.2 15. 1 6.1 60.0 266T7 564.5 
CS/B+SS 2 1.00 555 68 2.4 13.4 24.2 19.0 5.a 60.0 35570 534.5 
CS/8+$5 3 1.00 550 59 2.4 13.3 24.2 16.8 5.9 60.0 30584 548.4 

CS/B+S5·C 1 1.00 555 51 2.4 13.4 24.2 8.7 3.5 60.0 266T7 325. 7 
CS/8+S5·C 2 1. OD 555 68 2.4 13.4 24.2 11.0 3.3 60.0 35570 307.9 
CS/B+S5·C 3 1.00 550 59 2.4 13.3 24.Z 9.7 3.4 60.0 30584 316.2 

=========================================================================================2====================== 
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TABLE 21.1.2-5. SUMMARY OF NOx RETROFIT RESULTS FOR HATFIELD FERRY 

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 

21-15 

1, 2, 

OWF 

LNB 

335.3 

1969, 

NO 

40 

MEDIUM 

0 

98 

200 

2701 

5212 

8010 

1.34 

18 

3 

1970, 1971 



Table 21. 1 .2-6. NOx Control Cost Results for the Hatfield Plant (June 1988 Collars) 

================================================================================================================ 
Technology Boiler Main Boiler Capacity Coal Capital Capital Annual Annual NOx NOx NOx Cost 

Nurtler Retrofit -Size Factor Sulfur Cost cost cost cost Removed Removed Effect. 
Difficulty (Ml/) <X> Content ($MM) ($/kll) ($MM) (mills/kwh> (%) C tons/yr> ($/ton> 

Factor (%) 

----·-----------------------------------------------------------·----------------------····------·-------·--·--· 

LNC·LNB 1 1.00 555 51 2.4 5 .1 9.1 1.1 0.4 40.0 4001 27S.O 
LNC· LNB 2 1.00 555 68 2.4 5. 1 9.1 1 . 1 0.3 40.0 5335 206.2 
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 163.2 
LNC·LNB·C 2 1.00 555 68 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 5. 1 9.2 0.7 0.2 40.0 4587 141.8 

SCR-3 1.34 555 51 2.4 73.1 131 .8 26.4 10.6 80.0 8002 3297., 
SCR-3 2 1.34 555 68 2.4 73.2 131 .8 27.0 8.2 80.0 10669 2527.9 
SCR-3 3 1.34 550 59 2.4 n.1 132.2 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 68 2.4 73.2 131 .8 15.8 4.8 80.0 10669 1479.0 
SCR·3·C 3 1.34 550 59 2.4 n.1 132.2 15.5 5.4 80.0 9174 1688.0 

SCR· 7 1 1.34 555 51 2.4 73.1 131 .8 21 .9 8.8 80.0 8002 2732.5 
SCR-7 2 1.34 555 68 2.4 73.2 131.8 22.5 6.8 80.0 10669 2104.5 
SCR-7 3 1.34 550 59 2.4 n.1 132.2 22 •. 0 7.7 Sll .O 9174 2396.2 

SCR · 7-C , 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 68 2.4 73.2 131 .8 13.2 4.0 80.0 10669 1236.5 
SCR-7-C 3 1 .34 550 59 2.4 n.1 132.2 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 require 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 s1zes and high capac1ty factors. 

21.I.3 Mitchell Steam Plant 

Boiler 33 at the Mitchell plant is equipped with a Lime-FGD system; 
therefore, no further so2 contro 1 tech no l ogi es were considered for this unit. 
Boilers 1-3 were not evaluated because they are no.t 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* 
150 

33 
GENERATING CAPACITY (MW) 
CAPACITY FACTOR (PERCENt) 
INSTALLATION DATt 
FIRING TYPE 
FURNACE VOLUME (1000 CU FT) 
LOW NOx COMBUSTION 

OUT OF SERVICE 
1948 1949 1949 

PETROLEUM 
BURNING 

299 
30 
1963 

TANGENTIAL 
NA 

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 (TYPE) 
FGD SYSTEM (INSTALLATION DATE) 

PARTICULATE CONTROL 

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

SULFUR SPECIFICATION (PERCENT) 
SURFACE AREA (1000 SQ FT) 
EXIT GAS FLOW RATE (1000 ACFM) 
SCA (SQ FT/1000 ACFM! 
OUTL£T TEMPERATURE ( F) 

NO 
2.6 
12200. 
12 

DRY DISPOSAL 
STORAGE/ON-SITE 

4 
BARGE/RAILROAD 

LIME FGD 
1982 

ESP 
1973 
0.02 
99.5 

2.0-3.0 
125.4 
1100 
114 
300 

* Soi ler 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 

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 ADDE.R PARAMETERS- -

Building Demolition (1000$) 

Ductwork Demolition (1000$) 

New Duct Length (Feet) 

New Duct Costs (1000$) 

New Heat Exchanger (10ci0$) 

TOTAL SCOPE ADDER COSTS (1000$) 

RETROFIT FACTOR FOR SCR 

GENERAL FACILITIES (PERCENT) 

BOILER NUMBER · 

33 

TANG 

OFA 

NA 

1963 

NO 

25 

LOW 

0 

61 

200 

1881 

3596 

5538 

1.16 

13 

* Cold side SCR reactors for unit 33 would be located beside 
the unit 33 chimney. 

21-19 



Table 21.1.3-3. NOX Control Cose Aesul ts for the Mitchell Plant (June 1981! Dol larsl 

====================m••••===•••••••==================================================~========================== 

Technology Boiler Main Boiler Capacity Coal Capital Capital AMUal Annual NOx NOx NOx Cost 
N~r Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 

Dif1iculty (Mii) c:o Content (SMM) (S/k\I) (SMM) (mil ls/kwh) (%) (tons/yr) ($/ton) 
Factor (%) 

------------·- ---------------------.. -----------------------------------------------------------------------. -. -. -
LNC-OFA 33 1. 00 299 30 2.6 , .0 3.2 0.2 0.3 25.0 598 348.4 

LNC-OFA-C 33 1 .00 299 30 2.6 1-0 3.2 0. 1 0.2 25.0 598 206.8 

SCR-3 33 , . 10 299 30 2.6 41-3 13a.o 14.2 18.0 80.0 1914 7407. 2 

SCR ·3-C 33 1. 16 299 30 2.6 41.3 138.0 S.3 10.6 80.0 1914 4340.6 

SCR-7 33 1. 16 299 30 2.6 41 .3 13.9.0 11. 7 14.9 80.0 1914 6126.6 

SCR-7-C 33 1. 16 299 30 2.6 41.3 138.0 6.9 8.8 ao.o 1914 3606.9 

=============================================================================================================~~= 
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21.2 DUQUESNE LIGHT COMPANY 

21.2.l Cheswick Steam Plant 

The Cheswick steam plant is located in a somewhat congested residential, 
commercial, and indu~trial area about 16 miles northeast of Pittsburgh, PA at 
Springdale, PA, within Allegheny County, Pennsylvania, 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 conveyed 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. 

Lime/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 located 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 (BTU/LB) 
COAL ASH CONTENT (PrRCENT) 
FLY ASH SYSTEM 
ASH DISPOSAL METHOD 
STACK NUMBER 
COAL DELIVERY METHODS 

PARTICULATE CONTROL 

TYPE 
INSTALLATION DATE 
EMISSION (LB/MM BTU) 
REMOVAL E~FICIENCY 
DESIGN SPECIFICATION 

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



area. Another possible location for absorbers would be southwest of the 
chimney .between the coa 1 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 lines, 
towers and underground fuel lines.· For flue gas handling, a short duct run 
would be required for L/LS-FGD cases since the absorbers. are located directly 
behind ~he chimney. 

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 
access/congestion factor ~as designated which reflects th~ 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 

.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. 
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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 ACCESSLCONGESTION 

S02 REMOVAL HIGH HIGH HIGH 
FLUE GAS HANDLING HIGH HIGH 

ESP REUSE CASE NA 
BAGHOUSE CASE HIGH 

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

ESP REUSE NA NA NA 
NEW BAGHOUSE NA NA HIGH 

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 1.47 1. 50 
ESP REUSE CASE NA 
BAGHOUSE CASE 1.54 

ESP UPGRADE NA NA NA 
NEW BAGHOUSE NA NA 1.58 

GENERAL FACILITIES (PERCENT) 15 15 15 

*Chimney liner cost is 
chimney. 

included for relining of the existing 
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Table 21.2.1·3. SU1111Bry of FGD Control Costs for the Cheswick Plant (June 1988 Dollars) 

================================================================================================================ 
Technology Boiler Main Boiler Capacity Coal Capital Capital Amua l AIY1Ulll S02 S02 S02 Cost 

N~r Retrofit Size Factor Sulfur Cost Cost Cost Cost Remcved Removed Effect. 
Difficulty 0111) cu Content (SMIO (S/klll CSMIO <mil ls/kwh > c:u ( tons/.Yr) CS/ton) 

Factor (%) 

----------------------------------------------------------------------------------------------------------------

'c FGO 1.47 600 57 1.6 98.9 164.8 53.7 17.9 90.0 33885 1585.3 

LC FGO·C 1.47 600 57 1.6 98.9 164.8 31.2 10.4 90.0 33885 921.4 

'FGO 1.47 600 57 1.6 123.7 206.2 61.8 20.6 90.0 33885 1822.6 

'FGO •C 1.47 600 57 1.6 123.7 206.2 35.9 12.0 90.0 33885 1060.6 

'SD•FF 1.54 600 57 1.6 142.0 Z36.6 58.4 19.5 87.D 32567 1793.6 

'SO+FF·C 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 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 21.2.1-4. 

NOx Control Technology Costs--
This section presents the performance and costs estimated for NOx 

controls at the Cheswick steam plant. These controls include LNC modifica­
tion and SCR. The application of NOx control technologies is determined by 

several site-specific factors which are discussed in Section 2. The NOx 
technolog.ies evaluated at the steam plant were: -OFA and SCR. 

Low NOx Combustion~-
Unit 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 NOx 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 

21-27 



Table 21.2.1-4. Surmary o+ Coal Switching/Cleaning Costs for the Cheswick Plant (June 1988 Oollersl 

===================================·====·======================================================================= 
Technology 

CS/B+S15 

CS/B+S15·C 

CS/B+S5 

CS/B+S5·C 

Boiler Main Boiler 
Nurt>er Retrofit Size 

0 i ff i cul ty (Mii) 

Factor 

1.00 600 

1.00 600 

1. 00 600 

1.00 600 

Capacity Coal 
Factor Sul fur 

Cl:J Cortent 
cu 

57 1.6 

57 1.6 

57 1.6 

57 1.6 

Capital Capital Aniual Annual S02 S02 S02 Cost 
Cost Cost Cost Cost Removed Removed Effect. 
(SMll) CS/kW) ($MM) (mil ls/kwh) (l:J (tors/yr) ($/ton) 

19.5 32.5 44.5 14.9 43.0 16018 2780.4 

19.5 32.5 25.6 8.5 43.0 16018 1598.5 

13.3 22.1 18.7 6.2 43.0 16018 1167.6 

13.J 22.1 10.8 3.6 43.0 16018 672.7 

==========••••=•==============•=•=====================•=======•••=••~•••••s•••=•================================ 

21-28 



TABLE 21.2.1-5. SUMMARY OF NOx RETROFIT RESULTS FOR CHESWICK 

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 

BOILER NUMBER 

1 

TANG 

OFA 

16 

(1000 BTU/SQ FT-HR) 90.2 

FURNACE RESIDENCE TIME (SECONDS) ----=2"""'". 7---'-4 ____ _ 

ESTIMATED NOx REDUCTION (PERCENT) 25 

. 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 FACILITlES (PERCENT) 
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HIGH 

0 

104 

150 

2120 

5461 

7685 

1. 52 
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Table 21.2.1·6. NOx Control Cost Results for the Cheswick Plant (Jin! .1988 Collars) 

========a•==========2===================m••••••=====2••••====================•=====•••======~=•================= 

Technology Boil er Main Boller Capacity Coal Capital Capital Amual Amual NOx MOx NOx cost 
MU!b!r Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 

Difficulty (NII) (%) Content (SMIO (S/kll) (SllM) (mil ls/kwh) co (tons/yr) (S/ton) 

Factor ( %) 

--------------------·------------------------------------------·---------------·------------------·······----··· 

LNC·OFA 1.00 600 57 1.6 1 .3 2. 1 0.3 o. 1 25.0 2263 121.5 

LNC·OFA·C 1.00 600 57 1.6 1.3 2.1 0.2 0.1 25.0 2263 n.2 

SCR·3 1.52 600 57 1.6 83.9 139.8 29.8 9.9 80.0 7240 4111.7 

SCR·3·C 1.52 600 57 1.6 83.9 139.8 17.4 5.8 80.0 7240 2407.6 

SCR·7 1.52. 600 57 1.6 83.9 '139.8 24.9 8.3 80.0 7240 3432.5 

SCR·7·C 1.52 600 ·57 1.6 83.9 139.8 14.6 4.9 80.0 7240 2018.6 

================================================================================================================ 
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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 NOx 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 so2 
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 ~n 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 fly 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 slip, 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 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 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 in a high 
site access/congestion area between the chimney 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 applicati~n 
if the existing ESPs were used. For FSI technology, 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 plant. 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$) 
ESP REUSE CASE 
ESTIMATED COST (1000$) 

DUCT DEMOLITION LENGTH (Fi) 
DEMOLITION COST (1000$) 

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

RETROFIT FACTORS 

CONTROL SYSTEM (DSD SYSTEM ONLY) 
ESP UPGRADE (FS1) 
NEW BAGHOUSE (DSDJ . · 
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MEDIUM 
NA 
HIGH 

NO 
NA 

300 
3931 
NA 
NA 
50 
115 

NA 
4046 

1. 25 
NA 
1. 58 



Table 21.2.1·8. S<lll!lllry of DSO/FSI Control costs for the Cheswick Plant (JU'le 1988 Dollars> 

================================================================================================================ 
Technology 

DSD+FF 

OSD+FF·C 

Boiler Main Boiler Capacity Coal 
N~r Retrofit Size Factor Sulfur 

Di ff i cul ty (Mii) (Ii:) Content 
Factor <X> 

1.00 600 57 , .6 

1.00 600 57 1.6 

Capital Capital Annual 
Cost Cost Cost 
(SI04) (S/kll) (SMl4) 

84.S 140.8 39.4 

84.5 140.8 22.9 

Annual S02 S02 
Cost Removed Removed 

(mil ls/kwhJ (XJ (tons/yr) 

13.1 71.0 26638 

7.7 71.0 26638 

S02 Cost 
Effect. 
CS/ton) 

1477 .5 

860.7 

================~=•===================================================•••••=•c•=•============~••============c=== 
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21.3 METROPOLITAN EDISON COMPANY 

21.3.l Portland Steam Plant 

The Portland steam plant is located within North Hampton County, 
Pennsylvania, as part of the Metropolitan Edison Company system. 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 equipment. 

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

Particulate matter emissions from both units are controlled 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 layout 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 
lime storage/preparation 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 (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) 
EXIT GAS FLOW RATE (1000 ACFM) 
SCA (SQ FT/1000 ACFM) 
OUTLET TEMPERATURE (°F) 
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1 2 
171 255 
52 53 
1958 1962 
TANG TANG 
2.0 2.0 
12800 . 12800 
9.0 8.9 

DRY DISPOSAL 
LANDFILL/ON-SITE 

l 2 
RAILROAD 

ESP ESP 
1987 1989 
0.04 0.04 
99.6 99.6 

1.0-2.3 1.0-2.3 
113 113 

. 584 868 
166 243 
266 266 



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/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 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 low 
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 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 21.3.1-4. 
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TABLE 21.3.1-2. SUMMARY OF RETROFIT FACTOR DATA FOR PORTLAND UNITS I OR 2 

FGD TECHNOLOGY 

FORCED LIME 
L/LS FGD OXIDATION SPRAY DRYING 

SITE ACCESSLCONGEST ION 

S02 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 (1000$) 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 l. 27 
BAGHOUSE CASE NA 

ESP UPGRADE NA NA l.16 
NEW BAGHOUSE NA NA NA 

GENERAL FACILITIES (PERCENT) 5 5 5 
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Table 21.3.1·3. Sunnary of FGO Control Costs for the Portland Plant (Ju>e 1988 Ool lars) 

========~==========================z=========================================================================$== 

Technology Boiler Jilain Boiler Capacity Coal Capital Capital Amual Amual S02 S02 S02 Cost 
Nt.lltler Retrofit Size Factor Sul fur Cost cost Cost Cost RemoYed Removed Effect. 

Difficulty (MW) (%) Content ($HM) (S/kW) (-) (mil ls/k"'1) (%) (tons/yr) (S/ton) 
Factor PO 

·--------------------------------------------------------·-·----------------------------------------------------

LC FGO 1-2 1.20 426 53 2.0 58.2 136.5 32.8 16.6 90.0 26671 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 1.20 171 52 2.0 44.5 260. 1 21.3 27.3 90.0 10504 2023.B 
LFGO 2 1. 20 255 53 2.0 57. 1 224.0 27.8 23.5 90.0 15965 1739.9 

L FGO-C 1 1.20 171 52 2.0 44.5 260. 1 12.4 15.9 90.0 10504 1178.5 
LFGO·C 2 1.20 255 53 2.0 57. 1 224.0 16.2 13.7 90.0 15965 1012.9 

LSD+ESP 1 1.27 171 52 2.0 24.3 142.1 11. 7 15.0 76.0 8856 1317.3 
LSD+ESP 2 1.27 255 53 2.0 32.7 128.4 15.3 12.9 76.0 13527 1132.5 

LSD+ESP·C 1 1 .27 171 52 2.0 24.3 142.1 6.8 8.7 76.0 8856 767.0 
LSD+ESP-C 2 1.27 255 53 z.o 32.7 128.4 8.9 7.5 76.0 13527 659.7 

================================================================================================================ 
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Table 21.3. 1·4. Surmary of Coal Switching/Cleaning Costs for the Portland Plant (June 1988 Dollars) 

'=========================================================z======•======m=======•=========================•••••== 
Technology Boiler Main Boiler Capacity Coal Capital Capital Annual Annual S02 S02 S02 Cost 

NIJ!tler Retrofit Size Factor Sulfur Cost cost Cost cost Removed Removed Effect. 
Difficulty (llW) CXl Content (SHH) ($/kW) (SllM) (mills/kwh) c:o (tons/yr> (S/tonl 

Factor cXl 

------------------------------------------------------------------------------·-----------------·---------------

CS/B•$15 1 1.00 171 5Z 2.0 7.1 41.3 12.1 15.5 52.0 6047 1993.2 
CS/B•S15 2 1.00 255 53 2.0 8.9 35.0 17.7 14.9 52.0 9190 1920.7 

CS/B+$15·C 1 , .00 171 5Z 2.0 7.1 41.3 6.9 a.9 52.D 6047 1147.2 
CS/B+S15·C 2 1.00 255 53 2.0 8.9 35.0 10.2 B.6 52.0 9190 1104.8 

C5/B+S5 1.00 171 52 2.0 5.3 30.9 5.3 6.8 52.0 6047 876.7 
CS/8+$5 2 1.00 255 53 2.0 6.3 24.6 7.4 6.3 52.0 9190 805.2 

CS/B+S5·C 1.00 171 52 2.0 5.3 30.9 3.1 3.9 52.0 6047 506.2 
CS/B+S5·C 2 1.00 255 53 2.0 6.3 24.6 4.3 3.6 52.0 9190 464.4 

============·=========================2~===============================·====================·=================== 
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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 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 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·Nox 
procedures. Table 21.3.1-6 presents the cost of retrofitting OFA at the 
Portland boilers. 

Selective Catalytic Reduction--
Table 21.3.1-5 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 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 control 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 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 little 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 TANG TANG 

TYPE OF NOx CONTROL OFA OFA. 

VOLUMETRIC HEAT RELEASE RATE 
(1000 BTU/CU FT-HRJ 12.1 13.8 

BOILER/WATERWALL SURFACE 
AREA HEAT RELEASE RATE 
(1000 BTU/SQ FT-HR) 71.1 88.7 

FURNACE RESIDENCE TIME (SECONDS) 2.74 2.97 

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 0 

Ductwork Demolition (1000$) 41 55 

New Duct Length (Feet) 200 200 

New Duct Costs (1000$) 1361 1714 

New Heat Exchanger (1000$) 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.J. 1 ·6. NO• control Cost Results for the Portland ~lsnt (Ji.ne 1988 Dollars) 

===========••=======•=======•==========••z=======•=============•=====••••====•=••=============================== 
Technology Boiler Main Boiler Capacity Coal Capital Capital Amual Amual NOx NOx NOx Cost 

NU!Oer Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (MW) (%) Content ($MM) ($/kW) ($MM) (mil ls/kwhl (%) (tors/yr) ($/ton) 

Factor (%) 

··········································---··················--··················---·····------········-------

LNC·OFA 1 1.00 171 sz 2.0 0.8 4.5 0.2 0.2 20.0 449 370.5 
LNC·OFA 2 1.00 255 53 2.0 0.9 J.5 0.2 0.2 20.0 682 286.4 

LNC·OFA·C 1 1.00 171 52 2.0 o.e 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 0.1 0.1 20.0 682 170.0 

SCR·3 1 1.16 171 52 2.0 26.5 155.1 9.0 11.6 80.0 1796 5030.8 
SCR·3 2 1.16 255 53 z.o 36. 1 141.5 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 36.1 141.5 7.4 6.2 80.0 2729 2698.7 

SCR-7 1 1. 16 171 52 2.0 26.5 155.1 7.6 9.8 80.0 1796 4255.7 
SCR• 7 2 1 .16 255 53 2.0 36.1 141.5 10.5 8.9 80.0 2729 3846.3 

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 1.16 171 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--
Thi s 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 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 
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 (1000$) 
ESP UPGRADE CASE 
A NEW BAGHOUSE CASE 

RETROFIT FACTORS 

CONTROL SYSTEM (DSD SYSTEM ONLY) 
ESP UPGRADE 
NEW BAGHOUSE 
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LOW 
LOW 
NA 

NO 
NA 

NA 
NA 
NA 
NA 
50 
45 

45 
NA 

1.13 
1.13 
NA 



TABLE 21.3.1-8. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR PORTLAND UNIT 2 

ITEM 

SITE ACCESS/CONGESTION 

REAGENT PREPARATION 
ESP UPGRADE 
NEW BAGHOUSE 

SCOPE ADDERS 

CHANGE ESP ASH DISCHARGE SYSTEM TO DRY HANDLING 
ESTlMATED COST (1000$) 

ADDITIONAL DUCT WORK (FT) 
NEW BAGHOUSE CASE 
ESTlMATED 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 
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LOW 
LOW 
NA 

NO 
NA 

NA 
NA 
NA 
NA 
50 
60 

60 
NA 

1.13 
1.13 
NA 



Table 21.3.1·9. SLl!lllary of DSO/FSI Control Costs for the Portland Plant (June 1988 Ool lars) 

==============================••••••••••=====••••••••===================•======a•s=========================aazz: 
TechnoloSY Soi ler Main Boiler Capacity Coal Capital Capital Amual Amual SC2 S02 S02 Cost 

N~r Retrofit Size Factor Sul fur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (Mii) C:lia Content ($1410 CS/kW) CSMM) Cmi l ls/kwh) C X> (tons/yr) CS/ton> 

Factor CXl 
-···----------········------------------------------------------------------------------------------------------

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 11.8 46., 9.0 7.6 49.0 8626 1044.3 

DSD+ESP·C 1. 00 171 52 2.0 10.2 59.5 4.3 5.5 48.0 5654 761.0 
DSO+ESP·C 2 1.00 255 53 2.0 11.8 46. 1 5.2 4.4 49.0 8626 604.4 

FSl+ESP·50 1 1.00 171 52 2.0 11., 65.1 7.7 9.9 50.0 5836 1320.5 
FSl+ESP·50 2 1 .00 255 53 2.0 13.2 51 .9 10.1 8.5 50.0 8869 1135.8 

FSl+ESP·50-C 1.00 171 52 2.0 11. 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 8869 657.4 

FSl+ESP·70 1 1.00 171 52 2.0 11.2 65.7 7.8 10.0 70.0 8170 956.9 
FSl+ESP· 70 2 1.00 255 53 2.0 13.4 52.4 10.2. 8.6. 70.0 12417 824.2 

FSl+ESP·70·C 1 1.00 171 52 2.0 11.2 65.7 4.5 5.8 70.0 8170 554.4 
FSl+ESP·70·C 2 1.00 255 53 2.0 13.4 52.4 5.9 5.0 70.0 12417 477. 1 

==a============================================================================================================= 
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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 operational data for the existing equipment at 
the Conemaugh pl ant. Both boilers burn medium sulfur coa 1 (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 located 
north 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 at a landfill located north of the plant. 

Lime/Limestone and Lime Spray Drying FGD Costs- -
Figure 21.4.1-1 shows the general 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. recirculating 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 located 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 to general facilities. However, a storage 

·building and parking area .would need to be demolished and ~elocated in order 
to make space available for the LSD absorbers. As such, a factor of 
IO percent was assigned to LSD-FGD general facilities. The lime storage/ 
preparation area and waste handling area would be located south of the plant 
in a very large open area between the coal 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 (PERCENT} 
INSTALLATION DATE 
FIRING TYPE 
COAL SULFUR CONTENT (PERCENT) 
COAL HEATING VALUE (aTU/LB) 
COAL ASH CONTENT {PERCENT} 
FLY ASH SYSTEM 
ASH DlSPOSAL METHOD 
STACK NUMBER , 
COAL DELIVERY METHODS 

PARTICULATE CONTROL 

TYPE 
INSTALLATION DATE 
EMISSION (LB/MM BTU) 
REMOVAL E~FICIENCY 
DESIGN SPECIFICATION 

SULFUR SPECIFICATION {PERCENT} 
SURFACE AREA (1000 SQ FT) 
GAS EXIT RATE (1000 ACFM) 
SCA (SQ FT/1000 ACFMJ 
OUTLET TEMPERATURE { F} 
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I,2 
900 
87 .8, 76.2 
1970,71 
TANGENTIAL 
2.3, 1.9 
12300 
14.6 
DRY DISPOSAL 
LANDFILL/ON-SITE 
1-2 
CONVEYOR, TRUCK, RAIL 

ESP 
1970 
0.05-0.09 
99.3 

1. 5 
557.4 
3100 
185 
340 



Retrofit Difficulty and Scope 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/congestion factor for 

L/LS-FGD and LSD-FGD technologies which reflects no major obstacles or 
underground 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 developed for new FFs and a low site access/congestion 
factor was assigned. This factor.was used in the IACPS 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 low cost control case reducis 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 ACCESSLCONGESTION 

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 NA NA NA 
NEW BAGHOUSE NA NA 1.16 

GENERAL FACILITIES (PERCENT) 5 5 10 
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Table 21.4.1-3. S.mnEry of FGO Control Costs for the Conemaugh Plant (June 1988 Dollars) 

================================================================================================================ 
Technolo9y Bailer Main Boil er Capacity Coal Capital Capital Arvual Arvual S02 S02 502 Cost 

N...tler Retrofit Size Factor Sul fur cost Cost Cost Cost. Removed Removed Effect. 
Difficulty (Hll) C:ll Content (SllM) (I/kW) (SMIO (mil ls/kwh) (%) (tons/yr) (S/ton) 

Factor (Xl 
----------------------------------------------------------------------------------------------------------------

LC FGD 1-2 1. 31 1800 82 1.9 216.9 120.5 146.5 11.3 90.0 173386 844.7 

LC FGO·C 1 ·2 1.31 1800 82 1 .9 216.9 120.5 84.9 6.6 90.0 173386 489.S 

LFGO 1 1 .31 900 88 2.3 143.6 159.6 93.1 13.4 90.0 112367 828.6 
LFGO 2 1 .31 900 76 1.9 141.6 157.3 83.0 13.8 90.0 80561 1030. 1 

L FGO-C 1 1 .31 900 88 2.3 143.6 159.6 54.0 7.8 90.0 112367 480.4 
L FGO-C 2 1.31 900 76 1.9 141.6 157.3 48.2 8.0 90.0 80561 598.1 

LSO+FF 1.27 900 88 2.3 174.5 193.9 81.9 11.8 87.0 107997 758.4 
LSO+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 1.27 900 88 2.3 174.S 193.9 47.7 6.9 87.0 107997 441.7 
LSD+FF·C 2 1.27. 900 76 1.9 169.8 188.7 42.7 7 .1 87.0 77428 551.4 

======================================================================================z•~======================= 
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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 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 21.4.1-4. 

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

NOx Control Technology Costs--
This section presents the performance and costs estimated for NOx 

controls at the Conemaugh 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 NOx Combustion-- · 
Units l 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 21.4~1-5 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 NOx 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 

results include process area retrofit factors and scope adder costs. The 
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Table 21.4.1-4. Sumiary of Coal Switching/Cleaning Costs for the Conemaugh Plant (June 1988 Dollars) 

===================================================================~============================================ 

Technology Boiler Main Boiler Cap11c i ty Coal Capital Capital Amual Amual S02 S02 502 Cost 
Nli!Der Retrofit Size Factor sulfur cost cost Cost Cost Removed Removed Effect. 

Difficulty ('411) co content CSMIO ($/kW) CSMM) cmil lsJkwhl Cl> (tons/yr) CS/ton) 
Factor cl> 

----------·---------------------------------------····-----------------------------------------------------------

CS/B+S15 1.00 900 88 2.3 32.5 36. 1 95.0 13.7 60.0 74870 1269.2 
CS/B•S15 2 1.00 900 76 1 .9 32.5 36.1 63.4 13.9 52.0 46134 1808.2 

CS/8+$15-C 1 1.00 900 88 2.3 32.5. 36. 1 54.6 7.9 60.0 74870 729.1 
CS/8+$15-C 2 1.00 900 76 1.9 32.5 36. 1 47.9 8.0 52.0 46134 1039.2 

CS/B+S5 1 1.00 900 88 2.3 23.2 25.7 36.2 5.2 60.0 74870 463.7 
CS/B+SS 2 1.00 900 76 1.9 23.2 25_7 32.2 5.4 52.0 46134 697.2 

CS/B+S5·C 1 1.00 900 88 2.3 23.2 25.7 20.9 3.0 60.0 74870 278.5 
CS/B+SS·C 2 1.00 900 76 1.9 23.2 25.7 18_5 3.1 52.0 46134 401. 7 

PCC 1 1.00 900 88 2.3 15. 1 16.8 18.1 2.6 26.0 32988 549.8 
PCC 2 1.00 900 76 1.9 ·15.1 16.8 16.2 2.7 11.0 9785 1658.4 

PCC-C 1.00 900 88 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 

===============================================s~=============;================================================= 
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TABLE 21.4.1-5. SUMMARY OF NOx RETROFIT RESULTS FOR CONEMAUGH 

BOILER NUMBER 

COMBUSTION MODIFICATION RESULTS 

I 2 

FIRING TYPE TANG TANG 

TYPE OF NOx CONTROL OFA OFA 

VOLUMETRIC HEAT RELEASE RATE 
(1000 BTU/CU FT-HR) 14.2 14.2 

BOILER/WATERWALL SURFACE 
AREA HEAT RELEASE RATE 
(1000 BTU/SQ FT-HR) 84 84 

FURNACE RESIDENCE TIME (SECONDS} 3.41 3.41 

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 0 

Ductwork Demolition (1000$) 140 140 

New Duct Length (Feet) 325 325 

New Duct Costs (1000$) 5823 5823 

New Heat Exchanger (1000$) 6966 6966 

TOTAL SCOPE ADDER COSTS (1000$) 12929 12929 

RETROFIT FACTOR FOR SCR 1.16 1.16 

GENERAL FACILITIES (PERCENT) 13 l3 
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Table 21.4. 1 ·6. NOx Control cost Results for the Conemaugh Plant (June 1988 Ool larsl 

================================================================================================================ 
Technology Soi ler Main Boiler Capacity Coal Capital capital Annual /\nnual MOX NOX NOx Cost 

M..,f:)er Retrofit Size Factor Sul fur Cost Cost Cost cost Removed Removed Effect. 
Difficulty CMll) (~) Content CSHIO (S/kll) CSllM) (mil ls/kwh) (:!;) C tons/yr) CS/ton) 

Factor (:!;) 

····-······----·--·--··-······-····················-···------------------------------------·-------------------· 
LNC·OFA 1.00 900 88 2.3 1.5 1. 7 0.3 o.o 20.0 4176 77.5 
LNC·OFA 2 1.00 900 76 1.9 1.5 1. 7 0.3 o. 1 20.0 3624 89.3 

LNC·OFA-C 1 1.00 900 68 2.3 1. 5 1. 7 0.2 0.0 20.0 4176 46.0 
LNC·OFA-C 2 1.00 900 76 1.9 1. 5 1. 7 o.z o.o 20.0 3624 53.0 

SCR·3 1.16 900 88 2.3 104.8 116.4 40.6 5.9 80.0 16703 2433.3 
SCR·3 2 1.16 900 76 1.9 104. 7 116.4 40.0 6.7 80.0 14496 2760.2 

• 
SCR·3·C 1 1.16 900 88 2.3 104.8 116.4 Z3.8 3.4" 80.0 16703 1422.2 
SCR·3-C 2 1. 16 900 76 1.9 104.7 116.4 23.4 3.9 80.0 14496 1613.8 

SCR·7 1.16 900 88 2.3 104.8 116.4 33.3 4.8 80.0 16703 1992.1 
SCR-7 2 1.16 900 76 1.9 104.7 116.4 32.6 5.4 80.0 14496 2251. 9 

SCR-7·C 1 1. 16 900 88 2,3 104.8 1.16.4 19.5 Z.8 80.0 16703 1169.5 
5CR-7·C 2 1. 16 900 76 1.9 104.7 116.4 19.2 3.2 80.0 14496 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 locations for uni ts l 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 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 S02 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 21.4.1-6 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 app 1 i cabil i ty of these 
technologies at the Conemaugh plant. 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 showing the location of all boilers and major associated auxiliary 
equipment. 

Table 21.~.2-l presents operational data for th~ 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 emi~sion rate of 1.2 lb so2 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 landfill 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 is. served by its own chimney. There are three natural 
draft cooling tbwers located south of the plant close to unit 3. The 
abs.orbers for l/LS-FGD and LSD-FGD for all units would be located immediately 
behind the chimneys in a relatively open area. No major relocation or 
demolition would be required for any of the units; therefore, a factor of 
5 percent was assigned to general facilities. The lime storage/preparation 
area would be located west of the plant on the other side of the road and 
close to.the absorbers; the waste handling area would be located adjacent to 
it. 

Retrofit Difficulty and Scope Adder Costs--
The absorbers for ail units would be located west of the plant behind 

the chimney. Ample space is available for the FGD absorbers. The absorber 
locations for all units were assigned a low site access/congestion factor 
which reflects no major obstacles/obstructions around the absorbers. 

21-60 



N-----

Lime/Limestone 
Storage/Preparali on 

Area 

Not to scale 

Waste 
Handling Area 

~ 

• 

NH, Storage 
System 

FGD Waste Handling/Absorber Area 
Lime/Limestone Storage/Preparation Area 

NH, Storage System 
SCR Bo~es 
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TABLE 21.4.2-1. HOMER CITY 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 (P~RCENT) 
FLY ASH SYSTEM 
ASH DISPOSAL METHOD 
STACK NUMBER 
COAL DELIVERY METHODS 

PARTICULATE CONTROL 

TYPE 
INSTALLATION DATE 
EMISSION (LB/MM BTU) 
REMOVAL E~FICIENCY 
DESIGN SPECIFICATION 

SULFUR SPECIFICATION (PERCENT) 
SURFACE AREA (1000 SQ FT) 
EXIT GAS FLOW RATE (1000 ACFM) 
SCA (SQ FT/1000 ACFM) 
OUTL~T TEMPERATURE (°F) 

1, 2 3 
600 650 
57.5,72.4 84.7 
1969 1977 
OWF OWF 
1.6 1.6 
11300 11900 
21.9 14.9 

DRY DISPOSAL 
LANDFILL/ON-SITE 
1-2 3 

NEARBY MINE/CONVEYOR,TRUCK 

ESP ESP 
1969 1977 
0.09-0.06 0.02 
99.5 99.3 

2.8 2. l 
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. 

The absorbers for LSD-FGD would be placed in the same low site 
access/congestion locations as L/LS-FGD cases. LSD-FGD with reused ESPs was 
the only LSD-FGD technology considered 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; low 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 l 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 LSO-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. Coal 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 MEDIUM 
BAGHOUSE CASE NA 

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

ESP REUSE (l-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 l.31 
ESP REUSE CASE 1. 31 
BAGHOUSE CASE NA 

ESP UPGRADE (1-2,3) NA NA 1. 36, l.16 
NEW BAGHOUSE NA NA NA 

GENERAL FACILITIES (PERCENT) 5 5 5 
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Table 21.4.2·3. Simnary of FGO Control Costs for the Homer City Plant CJune 1988 Dollars) 

========================:::::;::;::;::;:i::;:;:::;::;::;::;::;::;::;::;::;::;::;::;::;::;::;::;::;::;::;::::::::.=======:============================================= 
Technology Soi ler Main Boiler capacity coal Capital capital Annual Amual S02 S02 S02 Cost 

Muit>er Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (Hiil (%) Content ($MM) (S/kW) ($MIO (mil ls/lcwhl (~)- (tons/yr) CS/ton) 

Factor (%) 

---------------------------------------------------------------·-----------------------------···----------------

LC FGD 1'3 1.31 1850 72 1 .6 218.8 118.3 137.6 11.8 90.0 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 1.31 600 58 1.6 104.0 173.4 52.9 17.5 90.0 37617 1406.0 
LFGD 2 1.31 600 72 1.6 104.0 173.4 57. 7 15.2 90.0 47365 1218.0 
L FG!I 3 1.31 650 85 1.6 111 .0 170.7 66.1 13.7 90.0 56569 1168.8 

• 
LFGD·C 1. 31 600 58 1.6 104.0 173.4 30.8 10.2 90.0 37617 817.9 
LFGD.·C 2 1. 31 600 72 1.6 104.0 173.4 33.5 8.8. 90.0 47365 707.7 
LFGD·C 3 1. 31 650 85 1.6 111.0 170.7 38.4 8.0 90.0 56569 678.4 

LSD•ESP 1 1.31 600 58 1.6 75.5 125.9 33.0 10.9 54.0 22439 1470 .6 
LSD•ESP 2 1.31 600 72 1.6 75.5 125.9 35.4 9.3 54.0 28254 1253. 1 

LSD•ESP 3 1.31 660 85 1 .6 67.7 102.6 34.7 7. 1 61.0 38914 890.8 

LSD•ESP·C 1.31 600 58 1.6 75.5 125.9 19.2 6.4 54.0 22439 857.7 
LSO•ESP·C 2 1. 31 600 72 1.6 75.5 125.9 20.6 5.4 54.0 28254 729.9 
LSO•ESP·C 3 1.31 660 85 1.6 67.7 102.6 20.2 4.1 61.0 38914 518.2 

================================================================================================================ 
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impact boiler performance in several ways. Key parameters of concern include 
boiler capacity, furnace slagging, pulverizer capacity, tube erosion, an~ 

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 21.4.2-4. 

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

NOx Control Technology Costs--
This section presents the performance and costs estimated for NOx 

controls at the Homer City 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 1-3 are dry bottom, opposed wall-fired boilers rated at 600, 600, 

.and 650 MW, respectively. The combustion modification technique applied for 
these boilers was LNB. As Table 21.4.2-5 shows, the LNB NOx reduction 
performance for each unit was estimated to be 50 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 NOx procedures. 
Table 21.4.2-6 presents the cost of retrofitting LNB at the Homer City 
boilers. 
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Table 21.4.2·4. SLmnBry of Coal Switching/Cleaning Costs for the Homer City Plant (June 1988 Dollars) 

========================================================================z======================================= 
Technology Boiler Main Boiler Capacity coal Capital Capital Amual Annual S02 S02 S02 Cost 

NL.lrber Retrofit Size Factor Sul fur Cost Cost Cost Cost Removed Removed Effect. 
Di Hi cul ty (Mii) c:o Content ($HM) CS/kW) ($MM) (mi I ls/kwh) on (tons/yr) ($/ton> 

Factor' (%) 

----------------------------------------------------------------------------------------------------------------

CS/B+S15 1 1.00 600 58 1.6 17. 5 29.2 41.6 13.8 48.0 19974 2081.2 
CS/8+$15 2 1.00 600 72 1.6 17 .5 29~2 51.4 13.5 48.0 25150 2042.6 

CS/B+S15·C 1 1.00 600 58 1.6 17.5 29.2 23.9 7.9 48.0 19974 1196.3 
CS/B+S15·C 2 1.00 600 72 1.6 17.5 29.2 29.5 7.8 48.0 25150 1173.4 

CS/B+S5 1.00 600 58 1.6 11.3 18.8 15.5 5. 1 48.0 19974 776.9 
, CSf8+S5 2 1.00 600 72 1.6 11 .3 18.8 18.9 5.0 48.0 25150 749.6 

CS/B+S5·C 1.00 600 58 1.6 11 .3 18.8 8.9 3.0 48.0 19974 447.7 
CS/8+S5·C 2 1.00 600 72 1.6 11 .3 18.8 10.9 2.9 46.0 25150 431.5 

PCC 1. 00 600 58 1.6 9.4 15.7 8.0 2.6 21 .0 8746 909.7 
PCC 2 1.00 600 72 1.6 9.4 15.7 9.4 2.5 21.0 11013 855.0 

PCC·C 1. 00 600 58 1.6 9.4 15.7 4.6 1. 5 21.0 8746 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 

1 2 3 

FIRING TYPE OWF OWF OWF 
-

TYPE OF 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 CONGESTION 
FOR SCR REACTOR LOW LOW LOW 

SCOPE ADDER PARAMETERS--

Building Demolition ( 1000$) 0 0 0 

Ductwork Demolition ( 1000$) 104 104 110 

New Duct Length (Feet) 125 125 150 

New Duct Costs (1000$} 1767 1767 2222 

New Heat Exchanger (1000$) 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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Tobie 21 .4.2-6. NOX Control Cost Results for the Hamer City Plant (June 1988 ool lars) 

==================================~z============================================================================ 

Technology Soi ler Hain Boiler Capacity Coal Capital Capital Amual Amual NOx NOx NO• Cost 
Nuit>er Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 

Di ffieul ty (MW) (!I;) Cont~t ($1114) ($/i<Vl CSMIO (mil ls/kwhJ (%) (tons/yr) (S/ton> 
Factor (%) 

--------------------··················------··------·--·-······················---------------···------··-------

LNC-LNB 1 1-00 600 58 , .6 5.2 8.7 ,_ 1 0,4 50.0 7033 161.4 
LNC·LNB 2 1-00 600 n , .6 5.2 8.7 ,_ 1 0.3 50.0 8855 128.2 
LNC· LNB 3 1-00 660 85 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 n 1-6 5.2 8.7 0.7 0.2 so.a 8855 76. 1 
LNC·LNB·C 3 1.00 660 85 1.6 5.4 8.2 0.7 0.1 50.0 10739 65.2 , 
SCR-3 1.16 600 58 1-6 70.3 117 .1 26.9 8.9 80.D 11253 2392.6 
SCR-3 2 1 .16 600 n 1-6 70.3 117. 1 27.5 7.2 80.0 14169 1943.8 
SCR-3 3 1.16 660 85 1.6 76.3 115 .6 30.4 6.2 80.a 1718:i! 1769.4 

SCR-3-C 1 1.16 600 SB 1.6 70.3 117.1 15. 7, 5.2 80.0 11253 1398.8 
SCR-3-C 2 1. 16 600 72 1.6 70.3 117. 1 16. 1 4.2 ea.a 14169 1135.9 
SCR-3-C 3 1. 16 660 85 1.6 76.3 115.6 17.8 3.6 so.a 17182 1033.6 

SCR-7 1 1. 16 60a 58 1.6 7a.3 117 .1 21.9 7.3 ea.a 11253 195a.6 
SCR·7 2 1.16 600 n 1-6 70.3 117. 1 22.6 5.9 80.0 14169 1592.7 
SCR-7 3 1.16 660 85 1 .6 76.3 115.6 25.a 5.1 80.0 17182 1453. 4 

SCR-7-C 1. 16 600 58 1.6 70.3 117. 1 12.9 4.3 so.a 11253 1145.5 
SCR-7-C 2 1.16 600 n 1.6 70.3 117. 1 13.2 3.5 so.o 14169 934.S 
SCR-7-C 3 1. 16 660 SS 1.6 76.3 115.6 14.6 3.0 80.0 17182 852.6 

=============================================================================================•••••••~==••••••m== 
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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 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 1-2 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 demolition would be required for any of 
the units. Therefore, the reactors for units 1-3 were assigned low access/ 
congestion factors. 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 S02 control. If both S02 and NOx 
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 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 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 injection 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 DSO 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 

presented in Section 2 were used to determine the applicability of these 
technologies at the Homer City plant. None of the boilers would 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 system. 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 conveyors 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 located 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 
ESP UPGRADE 
NEW BAGHOUSE 

SCOPE ADDERS 

.LOW 
LOW 
NA 

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 
A NEW BAGHOUSE CASE 

RETROFIT FACTORS 

CONTROL SYSTEM (DSD SYSTEM ONLY) 
ESP UPGRADE 
NEW BAGHOUSE 
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122 
NA 

1.13 
1.13 
NA 



Table 21.4.2-S. SU11110ry of DSD/FSI Control Costs for the Homer City Plant (June 1988 Dollars) 

================================================================================================================ 
Technology aoi ler Main Boiler Capacity Coal Capital Capital Annual Amual S02 S02 S02 Cost 

H'"'*>er Retrofit Size Factor sulfur cost cost Cost cost Removed Removed Effect. 
Difticul ty (Mii) c:o Content (SMIO ($/kll) (SllM) (mi lls/kwh) <Xl (tons/yr) ($/ton> 

Fae tor c:o 
-----------------------------------------------------------------·----------------------------------------------

DSD+ESP 3 1.00 660 85 1.6 21.2 32. 1 19.7 4.0 41.0 26158 752.3 

DSD+ESP-C 3 1.00 660 85 1.6 21 .2 32.1 11.4 2.3 41.0 26158 434.6 

FSI+ESP-50 3 1. 00 660 85 1.6 19.8 30.0 25.9 5.3 50.0 31910 812.3 

FSI+ESP-50-C 3 1.00 660 85 1.6 19.8 30.0 14.9 3.1 50.0 31910 468.2 

FSl+ESP-70 3 1.00 660 85 1.6 20.1 30.4 26.5 5.4 70.0 44674 592.3 

FSl+ESP-70-C 3 1.00 660 as 1.6 20.1 30.4 15.2 3.1 70.0 44674 341.4 

================================================================================================================ 
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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 (MW-each) 
CAPACITY FACTOR (PERCENT) 
INSTALLATION DATE 
FIRING TYPE 
COAL SULFUR CONTENT (PERCENT) 
COAL HEATING VALUE (BTU/LB) 
COAL ASH CONTENT (P£RCENT) 
FLY ASH SYSTEM 
ASH DISPOSAL METHOD 
STACK NUMBER 
COAL DELIVERY METHODS 

PARTICULATE CONTROL 

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

SULFUR SPECIFICATION (PERCENT) 
SURFACE AREA (1000 SQ FT) 
GAS EXIT RATE (1000 ACFM) 
SCA (SQ FT/1000 ACFM~ 
OUTL£T TEMPERATURE ( F) 

1,2 
936 
89.3, 72.7 
1967, 68 
TANGENTIAL 
1. 5 
12350 
14 .1 
DRY 
ON-SITE/LANDFILL 
1-2 

NEARBY MINE/CONVEYORS,TRUCK 
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ESP 
1967,1968 
0.05 
99.3 

1.3-1.5 
561.6 
3000 
187 
330 



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 large 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 l would be located immediately west of the 

respective chi~ney; 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 ACCESSLCONGESTION 

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 ]. 27 

ESP UPGRADE NA NA NA 
NEW BAGHOUSE NA NA 1.16 

GENERAL FACILITIES (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 ACCESSLCONGESTION 

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 I. 27 

ESP UPGRADE NA 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-FGO and LSD-FGD 
cases. The LSD-FGD costs include new FFs for boilers I and 2. The low cost 
control case reduces capital and annual operating costs due to the benefits 
of economi~s-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 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 c~als, 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 i'n 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 Control 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 21.4.3·4. SU111111ry of FGD control costs for the Keystone Plant (June 1988 Ool lars) 

================================================================================================================ 
Tecnnology Boiler Main Boiler capacity coal Capital capital Annual Annual 502 soz so2 cost 

Hurber Retrofit Size factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 
Oifficulty (14\1) (%) content CSHM) CS/kW> CSMMl Cmi LI s/kwh l (%) Ctons/yr> CS/ton) 

Factor (%) 

--------------------------------------------------------------------------------------·-----------·-------------

LC FGO 1-2 1. 31 1872 64 1.5 219.8 117.4 127.0 12.1 90.0 110594 1148.0 

LC FGO-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 11.9 90.0 77156 1131. 2 
LfGO 2 1.31 936 73 1 .5 144.8 154.7 80.4 13.5 90.0 62814 1280.4 

LFGD·C 1 1.31 936 89 1.5 142.5 152.2 50.6 6.9 90.0 77156 656.4 
LFGO·C z 1.31 936 73 1.5 144.8 154.7 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 z 1.27 936 73 1.5 171.6 183.3 70.1 11.8 87.0 60371 1161.5 

LSD+FF-C 1 .27 936 89 1. s 170.0 181 .6 43.6 6.0 87.0 74156 588.6 
LSD+FF·C 2 1.27 936 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. SY11110ry of Coal Switching/Cleaning Costs for the Keystone Plant (June 1988 Ool lars) 

================================================================================================================ 
Technology Boiler Main Boiler Capacity Coal Capital Capital Annual Amual 502 502 S02 Cost 

Nl.llber Retrofit Size Factor Sul fur cost cost Cost cost Removed Removed Effect. 
Difficulty (Mii) OD content ($1410 (S/kll) (SMIO (mil ls/kwhl (%) (tons/yr l CS/tonl 

Factor (%) 

-----------------------------------------------------------------------------·----------------------------------

CS/B+S15 1 1.00 936 89 1.5 33.2 35.5 100.4 13.7 38.0 32860 3056.9 
CS/B+S15 2 1.00 936 73 1. 5 33.2 35.5 83. 1 13.9 38.0 26752 3107.9 

CS/B+S15·C 1.00 936 89 1.5 33.2 35.5 57.7 7.9 38.0 32860 1756.0 
CS/B+S15-C 2 1.00 936 73 1.5 33.2 35.5 47.8 a.a 38.0 26752 1786.2 

, CS/B+SS 1 1. 00 936 89 1.5 23.5 25.2 38.3 5.2 38.0 32860 1164.8 
CS/B+SS 2 1.00 936 73 1.5 23.5 25.2 32.2 5.4 38.0 26752 1203.9 

CS/B+S5·C 1 1.00 936 89 1. 5 23.5 25.2 22.D 3.0 38.D 32860 670.6 
CS/B+S5·C 2 1.00 936 73 1.5 23.5 25.2 18.6 3.1 38.0 26752 693.7 

PCC 1 1.00 936 89 1.5 17.2 18.4 19.4 2.6 28.0 24052 805.4 
PCC 2 1.00 936 73 1.5 17 .2 18.4 16.6 2.8 28.0 19581 8'5.5 

PCC-C 1 1 .00 936 89 1.5 17.2 18.4 11. 2 1.5 28.0 24052 464.6 
PCC-C 2 1.00 936 73 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 level 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 add~r 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 l would be located near the chimney for unit l 
and west of the coal storage and handling area. The SCR reactor for unit 2 
would be l~cated 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 I arid 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 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 S02 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 retrofitting 
SCR at the Keystone boilers. 
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TABLE 21.4.3-6. SUMMARY OF NOx RETROFIT RESULTS FOR KEYSTONE 

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 

BOILER NUMBER 

1 

TANG 

OFA 

14.4 

2 

TANG 

OFA 

14.4 

(1000 BTU/SQ FT-HR) 84.2 84.2 

FURNACE RESIDENCE TIME (SECONDS) __ 6;....;.."'""78,;;....._ __ ........;;...6.;..;.. 7""'"8 __ _ 

ESTIMATED NOx REDUCTION (PERCENT) 20 20 

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) 

LOW 

173 

145 

150 

2750 

7131 

10199 

1.16 

13 
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LOW 

NA 

145 

150 

2750 

7131 

10026 

1.16 

13 



Table 21 .4.3·7. NOx Control Cost Results fer t~e Keystone Plant (June 1988 Dollars) 

================================================================================================================ 
Technology aoi ler Main Bailer Capacity Coal capital Capital Amual Annual NOx NOx NOx Cost 

Numer Retro'f ;t Size Factor Sul fur Cost Cost Cost Cost RemoYed RemoYed Effect. 
Difficulty (14\1) (l:) Content ($MM) <S/kll> ($1111) <mil ls/kwh) (~) <tons/yrJ ($/ton) 

Factor (%) 

--------------------------------·-------------------------------------------------------------------------------

LNC·OFA 1 1.aa 936 89 1.5 . 1.5 1 .6 0.3 a.a 20.a 4396 74.8 
LNC-OFA 2 1.oa 936 73 1.5 1.5 1 .6 0.3 o. 1 20.0 3579 91 .9 

LNC-OFA•C 1 1.00 936 89 1 .5 1;5 1.6 0.2 a.a 20.0 4396 44.4 
LNC·OFA·C 2 1.ao 936 73 1.5 1.5 1 .6 0.2 0.0 20.0 3579 54.5 

SCR·3 1 . 1 .16 936 89 1. 5 1a5.3 112.5 41.7 5.7 sa.o 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-C 1 1. 16 936 89 1.5 105.3 112.5 24.3 3.3 80.0 17586 1384.3 
SCR·3·C 2 1. 16 936 73 1.5 1a5 .1 112.3 23.8 4.a 80.0 14317 1661 .8 

SCR·7 1 1. 16 936 89 1.5 105.3 112.5 34.0 4.6 80.0 17586 1933.8 
SCR-7 2 1. 16 936 73 1 .5 105.1 112.3 33.0 5.5' 80.0 14317 2308.2 

SCR·7·C 1. 16 936 89 1 .5 105.3 112.5 20.0 2.7 80.0 17586 1134.8 
SCR·7·C 2 1. 16 936 73 1.5 105. 1 112.3 19.4 3.3 80.0 14317 1355.3 

================================================================================================================ 
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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 large 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 Pennsylvania 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 plan showing the location of all 
boilers and major associated auxiliary equipment. 

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 
located 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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Figure 21.4.4-1. Seward plant plot plan 
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TABLE 21.4.4-1. SEWARD STEAM PLANT OPERATIONAL DATA 

BOILER NUMBER 
GENERATING CAPACITY (MW) 
CAPACITY FACTOR (PERCENl) 
INSTALLATION DATt 
FIRING TYPE 
COAL SULFUR CONTENT (PERCENT) 
COAL HEATING VALUE {BTU/LB) 
COAL ASH CONTENT (PtRCENT) 
FLY ASH SYSTEM 
ASH DISPOSAL METHOD 
STACK NUMBER 
COAL DELIVERY METHODS 

PARTICULATE CONTROL 

TYPE 
INSTALLATION DATE 
EMISSION {LB/MM BTU) 
REMOVAL E~FICIENCY 
DESIGN SPECIFICATION 

SULFUR SPECIFICATION (PERCENT) 
SURFACE AREA (1000 SQ FT) 
EXIT GAS FLOW RATE (1000 ACFM) 
SCA {SQ FT/1000 ACFM) 
OUTLtT TEMPERATURE (°F) 
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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-SITE LANDFILL 

l 
TRUCK 

ESP ESP 
1960 1957 
0.06 0.06 
99.5 99.4 

NA I. 5 
29.6 180 
200 580 
148 310 
310 290-320 



relocated; therefore, a factor of 10 percent was assigned to general 
facilities .. The lime storage/handling area would be Jocated 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 low 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 ~as from the boilers to the absorbers/baghouse 
and back to the chimney. The retrofit factor determined for the LSD 
technology case was medium (l.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 LIME 
L/LS FGD OXIDATION SPRAY DRYING 

SITE ACCESSLCONGESTION 

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 (1000$) NA 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 boilers 4 and 5. 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 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 21.4.4-4. 

NOx Control Techno~ogy Costs--
This section presents the performance and cost~ estimated for NOx 

controls at the Seward steam plant. These controls include LNC modification 
and SCR. The applicat1on 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 4 and 5 are dry bottom, front wall-fi~ed boil~rs rated at 68 and 

125 MW, respectively. The combustion modification technique applied for 
these boilers 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 reduction 
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Table 21.4.4-3. SlJll!lllry of FGD Control Costs for the Seward Plant (June 1988 Dollars) 

===m=======sz============================================•=•••================================================== 
T~hnology Boiler Main Boiler Capacity Coal Capital Capital .Annual Annual S02 S02 S02 Cost 

NciiDer Retrofit Size Factor Sul fur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (MW) 01> Content ($MM) (S/kWl ($14M) <mills/kwh> <Xl (tons{yr> (S/tOM) 

Factor (!0 

---------------··-----------------------------------------------------------------------------------------------

LC FGO 4·5 1.37 200 62 1. 5 37.1 185.3 20.4 18.6 90.0 11794 1726.1 

LC FGO·C 4·5 1.37 200 62 1.5 37.1 185.3 11.8 10.8 90.0 11794 1003.0 

LFGC 4 1.37 63 63 1. 5 30.6 486.2 14. 1 40.4 90.0 3757 3747.3 
LFGO 5 1.37 137 62 1.5 44.3 323.2 20.7 27.8 90.0 8040 2580.7 

, LFGD 4·5 1.37 200 62 1.5 55.7 278.3 26.4 24. 1 90.0 11794 2236.1 

LFGD·C 4 1.37 63 63 1.5 30.6 486.2 8.2 23.6 90.0 . 3757 2183.5 
LFGD·C 5 1.37 137 62 1 .5 44.3 323.2 12.1 16.2 90.0 8040 1503.2 
LFGO-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 3611 2472.5 
LSD+ Ff 5 1.34 137 62 1.5 33.5 244.6 14.1 18.9 87.0 m1 1826.4 

LSO+FF-C 4 1.34 63 63 1.5 19.4 308.5 5.2 14.9 87.0 3611 1440.7 
LSO+FF·C 5 1.34 137 62 1.5 33.5 244.6 8.2 11.1 87.0 m1 1065.8 

=========================•z=========z••m============z===============••==•=========•=•=============•============= 
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Table 21.4.4-4. S<i111111ry of Coal Switching/Cleanil'"l!l Costs for the Seward Plant CJ..ie 1988 Dollars) 

=====================~-=~======================================================================================= 

Technology soi ler Hain Boiler Capacity Coal Capital Capital Amual Amual S02 502 S02 Cost. 
N...Ur Retrofit Sile Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 

Difficulty (1111) c:o Content (SMMl CS/kll) tSMMl (mil lsfkwhl CXl (tonsfyr) CS/ton) 
Factor (ll) 

----------------------------------------------------------------------------------------------------------------

CSfB+S15 4 1.00 63 63 1.5 3.1 48.5 5.5 15.9 40.0 1660 3326.2 
CSfB+S15 5 1.00 137 62 1.5 4.9 35.9 10.9 14.6 40.0 3552 3068. 1 

CS/B•S15-C 4 1.00 63 63 1.5 3.1 48.5 3.2 9.1 40.0 1660 1914.0 
CS/B•S15-C 5 1.00 137 62 1 .5 4.9 35.9 6.3 8.4 40.0 3552 1764.0 

CS/B+S5 4 1.00 63 63 1.5 2.4 38.1 2.5 7.l 40.0 1660 1524.2 
CS/B+S5 5 1.00 137 62 1. 5 3.5 25.6 4.5 6.0 40.0 3552 1265.0 

CS/B+S5-C 4 1.00 63 6l 1. 5 2.4 38.1 1. 5 4.2 40.0 1660 879.8 
CS/B+S5-C 5 1.00 137 62 1.5 3.5 25.6 2.6 3.5 40.0 3552 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 

VOLUMETRIC HEAT RELEASE RATE 
(1000 BTU/CU FT-HR) NA 12.9 

BOILER/WATERWALL SURFACE 
AREA HEAT RELEASE RATE 
(1000 BTU/SQ FT-HR) NA 49.8 

FURNACE RESIDENCE TIME (SECONDS) NA 3.01 

ESTIMATED NOx REDUCTION (PERCENT) 25 50 

SCR RETROFIT RESULTS 

SITE ACCESS AND CONGESTION 
FOR SCR REACTOR LOW 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 NOx 
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 NOx 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 reactor to the chimney. 

The SCR reactors for units 4 and 5 would be located 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 relocated; 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., north 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. NOx Control cost Results for tne Seward Plant (June 1988 Dollars) 

===============================================================s=====•===•s=========~==s:::::z::z::::::::::z:zs: 

Technology Soi ler Main Boiler Capacity Coal Capital Capital Arn.uil Arn.uil NOx NOX NOX Cost 
Nurber Retrofit size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 

Difficulty CMWJ (~) Content CSHM) (S/kWl ($HM) (mill s/kwh) c:o (tons/yr l CS/ton) 
Factor c::o 

-----·--------------------------------------·--------------·-------·----------------------------------------·---

LNC·LNB 4 1.00 63 63 1 .5 2. 1 33.7 0.5 1.3 25.0 375 1229.8 
LNC·LNS 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 o.s 50.0 1603 232.8 

SCR·3 4 1.16 63 63 1.5 15.9 252.9 4.9 14.2 80.0 1199 4125.2 
SCR-3 5 1.16 137 62 1.5 26.2 191.0 8.5 11 .4 80.D 2565 3310.3 

SCR·3-C 4 1. 16 63 63 1.5 15.9 252.9 2.9 8.3 80.0 1199 2423.D 
SCR·3·C 5 1.16 137 62 1.5 26.2 191.0 5.0 6.7 80.D 2565 1942.3 

SCR-7 4 1. 16 63 63 1.5 15.9 252.9 4.4 12.7 80.D 1199 3693.9 
SCR· 7 5 1.16 137 62 1.5 26.2 191.0 7.4 9.9 80.0 2565 · 28n.o 

SCR·7·C 4 1.16 63 63 1.5 15.9 252.9 2.6 7.5 80.D 1199 2175 .9 
SCR·7·C 5 1.16 137 62 1.5 26.Z 191.0 4.3 5.8 80.0 2565 1691.2 

=========================================================================~================~~==================== 
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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 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 l 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 
GENERATING CAPACITY (MW-each) 
CAPACITY FACTOR (PERCENT} 
INSTALLATION DAH 
FIRING TYPE 
FURNACE VOLUME (1000 CU FT} 
LOW NOx COMBUSTION 
COAL SULFUR CONTENT (PERCENT) 
COAL HEATING VALUE (STU/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 ACFMl 
OUTLET TEMPERATURE ( F) 

1,2 
132 
68.4,75.6 
1954 
FRONT WALL 
50.7 
NO 

2.0 
12200 
13.3 

3,4 
181. 5 
21.2,57.8 
1959,60 
TANGENTIAL 
96 
NO 

DRY DISPOSAL 
LANDFILL 

I 2 
TRUCK 

ESP ESP 
1976 1976 
0.04 0.06 
99.4 99.5 

2.0 2.0 
124 206 
550 660 
225 311 
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 d,ifficulty in accessing the 
chimney. L/LS-FGD absorbers for units 3 and 4 would be located west of the 
unit 3 and 4 chimney next to the coal pile. A high general facilities factor 
was assigned to this location because a large storage building would have to 
be relocated. The site access/congestion factor was high for this location 
because of the proximity of the coal pile and a railroad ·1ine. Between 300 
and 600 feet of ductwork would be required and a high site access/congestion 
factor ~as 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 handling for both units 
because of the congestion caused by the ductwork between the ESPs and the 
old chimneys 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 Shawville 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 ACCESSLCDNGESTION 

502 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 
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 

21-99 



TABLE 21.4.5-3. SUMMARY OF RETROFIT FACTOR DATA FOR SHAWVILLE 
UNIT 3 OR 4 

FGD TECHNOLOGY 

FORCED LIME 
LLLS FGD OXIDATION SPRAY DRYING 

SITE ACCESSLCONGESTION 

S02 REMOVAL HIGH NA · HIGH 
FLUE GAS HANDLING HIGH 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 NO NA NO 
ESTIMATED COST (1000$) 0 0 0 

OTHER YES YES 

RETROFIT FACTORS 

FGD SYSTEM 1. 91 NA 
ESP REUSE CASE 2.06 
BAGHOUSE CASE NA 

ESP UPGRADE NA NA 1.36 
NEW BAGHOUSE NA NA NA 

GENERAL FACILITIES (PERCENT} 15 0 15 
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Table 21 .4.5·4. Surmary of FGO Control Costs for the Shewville Plant (June 1988 Dollars) 

================================================================================================================ 
Technology Boiler Main Boiler Capacity Coal Capital Capital Annual Amual S02 502 502 Cost 

NU!Cer Retrofit s;ze Factor Sul fur Cost Cost Cost Cost Rem>ved Removed Effect. 
Difficulty (l'f\I) (X) Content ($MM) (S/kWJ ($MM) (mill s/kwh> CX) (tons/yr) CS/ton) 

Factor c:o 
·-----------··--·----------·-···------------······-····································-················-······· 

LC FGO 1-2 1 .91 264 n 2.0 61 .o 231.1 32.6 19.6 90.0 23n6 1376.1 
LC FGD 3-4 1.91 363 40 2.0 83.2 229.3 36.7 29.2 90.0 17897 2050.1 

LC FGO·C 1-2 1.91 264 n 2.0 61.0 231.1 19.0 11 .4 90.0 23n6 799.9 
LC FGO·C 3-4 1.91 363 40 2.0 83.2 229.3 21.4 17.0 90.0 17897 1195.4 

LFGO 1 1 .91 132 68 2.0 62.0 469.4 27.5 34.8 90.0 11270 2438.9 
LFGO 2 1.91 132 76 2.0 62.0 469.4 28. 1 . 32.2 90.0 12456 2256.8 
LFGD 3 1.91 182 21 2.0 74.3 409.3 27.8 82.5 90.0 4803 5789.4 
LFGO 4 1.91 182 58 2.0 74.3 409.6 . 32.2 35.0 90.0 13094 2456.7 
LFGD 1-2 1.91 264 n 2.0 93.7 354.9 43.3 26.0 90.0 23n6 1824.6 
LFGD 3-4 1.91 363 40 2.0 111.8 307.9 46.0 36.6 90.0 17897 2568.8 

LFGD·C 1 1.91 132 68 2.0 62.0 469.4 16.0 20.3 90.0 11270 1422.0 
LFGD·C 2 1.91 132 76 2.0 62.0 469.4 16.4 18.7 90.0 12456 1315.3 
LFGO·C 3 1.91 182 21 2.0 74.3 409.3 16.3 48.3 90.0 4803 3386.3 
LFCO•C 4 1 .91 182 58 2.0 74.3 409.6 18.8 20.4 90.0 13094 1433.0 
LFGD·C 1-2 1. 91 264 n 2.0 93.7 354.9 25.2 15. 1 90.0 23726 1063.1 
LFCD·C 3-4 1.91 363 40 2.0 111.8 307.9 26.8 21.4 90.0 17897 1499.8 

LSC+E5P 3 2.06 182 21 z,o 37.4 206.1 14.2 42.3 70.0 3732 3817.7 
LSO+ESP 4 2.06 182 58 2.0 37.4 206.1 16. 1 17.5 70.0 10176 1583.8 

LSC+ESP-C 3 2.06 182 21 2.0 37.4 206.1 8.3 24.7 70.0 3732 2232.3 
LSO+ESP-C 4 2.06 182 58 2.0 37.4 206.1 9.4 10.2 70.0 10176 923.9 

LSD+ FF 1 1.92 132 68 2.0 46.3 350.4 18.2 23.0 85.0 10627 1709.9 
LSD+ ff 2 1.92 132 76 2.0 46.3 350.4 18.5 21.2 85.0 11746 1576.9 

LSC+FF-C 1 1.92 132 68 2.0 46.3 350.4 10.6 13.4 85.0 10627 999.2 
LSD+FF-C 2 1.92 132 76 2.0 46.3 350.4 10.8 12.4 85.0 11746 921. 1 

================================================================================================================ 

21-101 



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 I and 2 and west of 
the unit 3 and 4 chimney. High general facilities values (38.percent) and 
site access/congestion factors were assigned to all of the reactor locations. 
Approximately 400 feet of ductwork would be required to span the distance 
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 I and 2 because of the difficulty in upgrading and reusing 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. Sl.llll18ry of Coal Switching/Cleaning Costs for the Shawville Plant (June 1988 Dollars) 

===========•s================••=============================••a===•============================================= 
Technology Soi ler Main Boiler Capacity Coal Capital Capital Amual Amual S02 soz 502 Cost 

NIR>er Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (MW) (l) Content (SMIO (S/kW) (Siii) (mi l l S/kwh) (l) (tons/yr) <SJ ton) 

Factor (X) 

------·--·--·--··-··-----------·-----·-------------------------·------------------------------------------------

CS/B+S15 1 1.00 132 68 2.0 4.8 36.5 11 .5 14.5 54.0 6811 1689.1 
CS/8+S15 2 1.00 132 76 2.0 4.8 36.5 12.6 14.4 54.0 7528 1673.5 
CS/B+S15 3 1.00 162 21 2.0 6.3 34.5 5.8 17.2 54.D 2903 1998.7 
CS/S+S15 4 1.00 182 58 2.0 6.3 34.5 13.4 14.5 54.D 7913 1689.3 

CS/8+515-C 1 1.00 132 68 2.0 4.8 36.5 6.6 S.4 54.0 6811 970.9 
CS/B+S15-C 2 1.00 132 76 2.D 4.8 36.5 7.2 6.3 54.D 7528 961.7 
CS/B+S15-C 3 1.00 182 21 2.0 6.3 34.5 3.4 9.9 54.0 2903 1154 .8 , 
CS/B+S15·C 4 1.00 182 58 2.0 6.3 34.5 7.7 8.4 54.0 7913 971.4 

CS/8+$5 1 1.00 132 68 2.0 3.4 26.1 4.7 6.0 54.0 6811 694.7 
CS/B+SS 2 1.00 132 76 2.0 3.4 26.1 5.1 5.9 54.0 7528 682.5 
CS/B+SS 3 1.00 182 21 2.0 4.4 24.1 2.7 8.0 54.0 2903 925.9 
CS/8+$5 4 1.00 182 58 2.0 4.4 24.1 5.4 5.9 54.0 7913 688.4 

CS/B+S5·C 1.00 132 66 2.1) 3.4 26., 2.7 3.4 54.0 6611 400.3 
CS/8+$5-C 2 1.00 132 76 2.1) 3.4 26.1 3.0 3.4 54.0 7528 393.1 
CS/8+$5-C 3 LOO 182 21 2.1) 4.4 24.1 1.6 4.6 54.0 2903 537.2 
CS/B+S5-C 4 1.00 182 58 2.0 4.4 24.1 3. 1 3.4 54.0 7913 396.9 

================================================================================================================ 
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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 

SITE ACCESS AND CONGESTION 
FOR SCR REACTOR HIGH HIGH 

SCOPE ADDER PARAMETERS--

Building Demolition (1000$) 0 0 

Ductwork Demolition (1000$) 33 42 

New Duct Length (Feet) 400 400 

New Duct Costs (1000$) 2332 2809 

New Heat Exchanger (1000$) 2202 2665 

TOTAL SCOPE ADDER COSTS (1000$) 
INDIVIDUAL CASE 4566 5516 
COMBINED CASE 6890 8324 

RETROFIT FACTOR FOR SCR 1.82 1.82 

GENERAL FACILITIES (PERCENT) 38 38 
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Table 21.4.5·7. NO~ Control Cost Results far the Shawville Plant (J~ 1988 Dollars) 

==============================================================z•============•========================~========== 

Technology 

LNC·LNB 
LNC·LNB 

LNC·LNB·C 
LNC·LNB·C 

LNC-OFA 
LNC·OFA 

LNC-OFA-C 
LNC·OFA·C 

SCR-3 
SCR-3 
SCR-3 
SCR-3 
SCR-3 
SCR·3 

SCR·3·C 
SCR·3·C 
SCR-3-C 
SCR-3·C 
SCR-3-C 
SCR·3·C 

SCR·7 
SCR·7 
SCR-7 
SCR-7 
SCR-7 
SCR-7 

SCR-7-C 
SCR·7·C 
SCR·7·C 
SCR·7·C 
SCR· 7·C 
SCR· 7·C 

Bailer Main Boiler Capiicity Coal Capitol Capital Arv"aJal 
N<ldler Retrofit Size Factor Sul fur Cost Cost Cost 

1 

2 

1 

2 

3 
4 

3 
4 

1 
2 
3 
4 

1·2 
3·4 

2 
3 
4 

1-2 
3-4 

2 
3 
4 
1·2 
3-4 

2 
3 
4 
1-2 
3-4 

Di ffi cul ty CMW> CU Content CSMIO CS/kW> <SMM> 
Factor 

1.00 132 
1.00 132 

1.00 132 
1.00 132 

1.00 182 
1.00 182 

1.00 182 
1.00 182 

1.82 132 
1.82· 132 
1.82 182 
1.82 182 
1 .82 264 
1.82 363 

1.82 132 
1.82 132 
1.82 182 
1.82 182 
1.82 264 
1.82 363 

1.82 132 
1.82 132 
1.82 182 
1.82 182 
1 .82 264 
1 .82 363 

1.82 132 
1.82 132 
1.82 182 

. 1.82 182 
1.82 264 
1.82 363 

68 
76 

68 
76 

21 
58 

21 
58 

68 
76 
21 
58 
72 
40 

68 
76 
21 
58 
72 
40 

68 
76 

21 
58 
n 
.40 

63 
76 
21 
58 
n 
40 

2.0 
2.0 

2.0 
2.0 

2.0 
2.0 

2.0 
2.0 

2.0 
2.0 
2.0 
2.0 
2.0 
2.0 

2.0 
2.0 
2.0 
2.0 
2.0 
2.0 

2.0 
2.0 
2.0 
2.0 
2.0 
2.0 

2.0 
2.0 
2.0 
2.0 
2.0 
2.0 

2.9 21.6 0.6 
2.9 21.6 0.6 

2.9 21.6 0.4 
2.9· 21.6 0.4 

0.8 4.3 0.2 
0.8 4.3 0.2 

0.8 4.3 0.1 
0.8 4.3 0.1 

33.2 251.3 10.3 
33.2 251;4 10.4 
41.3 227.4 12.5 
41.3 227.5 12.9 
54.8 207.6 17.8 
68.5 188.8 21.9 

33.2 251.3 6.1 
33.2 251.4 6.1 
,,.3 ,227.4 7.4 
41.3 227.5 7.6 
54.8 207.6 10.4 
68.5 188.8 12.9 

33.2 251.3 9.3 
33.2 251.4 9.3 
41.3 227.4 11.1 
41 .3 227.5 11.4 
54.8 207.6 15.6 
68.5 188.B 18.9 

33.2 251.3 5.4 
33.2 251.4 5.5 
41 .3 227.4 6.5 
41 .3 227.5 6.7 
54.8 207.6 9.2 
68.5 188.B 11.1 

Amual 
Cost 

N~ NOx 

Removed Removed 
NOx Cost 
Effect. 

Cmi lls/kwh) <X> (tons/yr) CS/tonJ 

0.8 
0.7 

0.5 
0.4 

0.5 
0.2 

0.3 
0. 1 

13.1 
11 .9 
37.2 
14.0 
10.7 
17.4 

7.7 
7.0 

21.9 
8.2 
6.3 

10.2 

11'. 7 
10.7 
32.8 
12.4 
9.4 

15. 1 

6.9 
6.3 

19.3· 
7;3 
5.5 
8.9 

26.0 
26.D 

26.0 
26.0 

25.0 
25.0 

25.0 
25.0 

80.0 
80.0 
80.0 
80.0 
80.0 
80.0 

80.0 
80.0 
80.0 
80.0 
ao,o 
80.0 

80.0 
80.0 
80.0 
80.0 
8().0 
80.0 

80.0 
80.0 
80.0 
80.0 
80.0 
80.0 

877 706.5 
969 639.3 

877 419.4 
969 379.4 

257 665.0 
700 243.9 

257 . 394.8 
700 144.8 

. 2697 3831.2 
2981 3487.9 

821 15275 .6 
2238 5750.2 
5678 3130.7 
3059 7157.4 

2697 2250.2 
2981 2048.2 
821 8977.3 

2238 3377.1 
5678 1836.9 
3059 4201.2 

2697 3430.0 
2981 3124.9 
821 13463.3 

2238 5085.4 
5678 2749.5 
3059 6184.9 

2697 2020.3 
2981 1840.2 

821 7939.0 
2238 2996.3 
5678 1618.6 
3059 3643.9 

===================================================================================================c============ 
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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 
ESP UPGRADE 
NEW BAGHOUSE 

SCOPE ADDERS 

CHANGE ESP ASH DISCHARGE SYSTEM TO DRY HANDLING 
ESTIMATED COST (I000$) 

ADDITIONAL DUCT WORR (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 (DSO SYSTEM ONLY) 
ESP UPGRADE 
NEW BAGHOUSE 

21-106 

LOW 
HIGH 
NA 

NO 
NA 

NA 
NA 
NA 
NA 
50 
48 

48 
NA 

1.13 
1.58 
NA 



-
Table 21.4.5·9. s ..... ry of 050/FSI Control Costs for the Shawvil le Plant (June 1988 Dol larsJ 

================================================================================================================ 
Technology Boiler Main Boiler Capacity Coal Capital Capital Annual ArnJal S02 soz 502 Cost 

Nlilb!r Retrofit Size Factor Sul fur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (Mii) co Content (S191) (I/kW) ($MM) (mil ls/kwh) "" (tons/yr) (S/tonl 

Factor (%) 

·······--·-·············-----------······················-·-----------------------------------------------------
OSD+ESP 3 1.00 182 21 2.0 10.0 54.8 6.2 18.3 45.0 2426 2535.7 
OSD+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 2.0 10.0 54.8 3.6 10.6 45.0 2426 1471 .2 
OSD+ESP·C 4 1.00 182 58 2.0 10.0 54.9 4.5 4.9 45.0 6615 685.9 

FSl+ESP·50 3 1.00 182 21 2.0 10.6 58.4 5.5 16.5 so.a 2668 2079.6 
FSl+ESP·50 4 1.00 182 58 2.0 10.6 58.4 8.4 9.1 50.0 7275 1152.8 

FSl+ESP·50·C 3 1.00 182 21 2.0 10.6 58.4 3.2 9.6 50.0 2668 1209.3 
FSl+ESP·SO·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 
FSl+ESP-70 4 1.00 182 58 2.0 10.7 59.2 S.5 9.3 70.0 10184 837.5 

FSI +ESP-70· C 3 1.00 182 21 2.0 10.7 59.1 3.3 9.7 70.0 3735 875.3 
FSl+ESP-70-C 4 1.00 182 58 2.0 10.7 59.2 4.9 5.4 70.0 10184 484.5 

================================================================================================================ 
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Atmospheric Fluidized Bed Combustion and Coal Gasification Applicability--
All 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. All boilers burn medium sulfur coal (1.9 percent 
sulfur). Coal shipments are received by railroad and conveyed to a single 
coal pile located north of the plant. 

Particulate matter emissions for unit 1 is controlled with a retrofit 
baghouse located 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 lime storage/preparation area would be located south of the 
absorbers between the railroad and ash pond. The waste handling area would 
be located ·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 personnel indicated that 
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TABLE 21.5.1-1. BRUNNER ISLAND STEAM PLANT OPERATIONAL DATA 

BOILER NUMBER 1 2 3 
GENERATING CAPACITY tMWf 363 405 790 
CAPACITY FACTOR (PER EN ) 71 71 70 
INSTALLATION DATE 1961 1965 1969 
FIRING TYPE TANG TANG TANG 
COAL SULFUR CONTENT ~PERCENT) 1.9 1. 9 1. 9 
COAL HEATING VALUE ~ TU/LB) 12500 12500 12500 
COAL ASH CONTENT (P RCENT) 12.7 12.7 12.7 
FLY ASH SYSTEM . WET SLUICE 
ASH DISPOSAL METHOD ·POND/ON-SITE 
STACK NUMBER 1 1 2 
COAL DELIVERY METHODS RAILROAD 

PARTICULATE CONTROL 

TYPE BAGHOUSE ESP ESP 
INSTALLATION DATE 1980 1965 1969 
EMMISION ~LB/MM BTU) 0.05 0.05 . 0.05 
REMOVAL E FICIENCY 99.7 99.2 99.5 
DESIGN SPECIFICATION 

SULFUR SPECIFICATION (PERCENT) NA 
SURFACE AREA (1000 SQ FT~ ' 166+248 461+952 
GAS EXIT RATE ~1000 ACFM 1100 560+840 2600+2600 
SCA (SQ FT/100 ACFM) 296 272 
OUTLET TEMPERAT~RE (°F) 310 310 .310 

21-111 



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 low site access/congestion factor was 
assigned to the unit 1-3 flue gas handling system. The retrofit factors 
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 low 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 l OR 3 

FGD TECHNOLOGY 

FORCED LIME 
LLLS FGD OXIDATION SPRAY DRYING 

SITE ACCESSLCONGESTION 

502 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 (1000$) 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 ACCESSLCONGESTION 

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. Sl.1111\ary of FGD control Costs for the Br'6V>Cr Island Plant (June 1988 Dollars) 

==============================================================================~================================= 

Technology Boiler Main Boiler Capacity Coal Capital Capital Amual Arnual S02 S02 S02 Cost 
N.irber Retrofit Size Factor Sulfur Cost Cost Cost cost Removed Removed Effect. 

Difficulty (MW) cu Content CSMIO CS/klll (SMll) (mil ls/kwhl ();) Ctons/yr l CS/ton> 
Factor m 

----------------------·-·---------------------------------------------------------------------------------------

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 65 1.9 211.5 135.8 70.5 7.9 90.0 116782 603.8 

LFGO 1 1.48 363 71 1 .9 84.6 233.2 43. 1 19.1 90.0 29n1 1450.5 
LFGO 2 1.50 405 71 1 .9 91.2 225.2 46.8 18.6 90.0 33159 1410.2 
LFGO 3 1.48 790 70 1 .9 145 .2 183.8 TT.6 16.0 90.0 63770 1217.3 

LFGD·C 1.48 363 71 1.9 84.6 233.2 25.1 11.1 90.0 29n1 843.8 
LFGO·C 2 1.50 405 71 1.9 91.2 225.2 27.2 10.8 90.0 33159 820.3 
LFGD·C 3 1.48 790 70 1.9 145.2 183.S 45. 1 9.3 90.0 63TTO 707.7 

LSD+ESP 2 1 c55 405 71 1.9 56.9 140.6 27.0 10.7 76.0 28112 959.4 
LSD+ESP 3 1.47 790 70 1.9 97.9 123.9 46.3 9.6 76.0 54063 855.9 

LSO+ESP·C 2 1.55 405 71 1.9 56.9 140.6 15.7 6.2 76.0 28112 558.8 
LSO+ESP·C 3 1.47 790 70 1.9 97.9 123.9. 26.9 5.6 76.0 54063 498.5 

LSO+PFF 1.47 363 71 1.9 45. 1 124.3 22.3 9.9 87.0 28565 781.4 

LSO+PFF-C 1.47 363 71 1.9 45. 1 124.3 13.0 5.8 87.0 28565 454.8 

========================••==========••••=========•===============••==============z•===============z•============ 
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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 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 21.5.1-5. 

NOx Control Technology Costs-­
This section presents the 

controls at the Brunner Island 
performance and costs estimated for NO . x 
steam pl~nt. 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 NOx Combustion--
Units l, 2, and 3 are dry bottom, tangential-fired boilers rated at 363, 

405, and 790 MW, respectively. The combustion modification technique applied 
for this evaluation was OFA. As Table 21.5.1-6 shows, the OFA NOx 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. SlJlll18ry of Coal Switching/Cleaning Costs for the Brunner .Island Plant (June 19111! ·Oollars) 

================================================================================================================ 
Technology Boiler "•in Boiler Capacity Coal Capi UL Capital Arv-..al · Amual 502 S02 502 Cost 

N....,.,r Retrofit Size Factor Sulfur Cost Cost Cost Cost Remcved Removed Effect. 
Difficulty (Mii) <'O Content ($MM) ($/kW) ($MM) Cmi l ls/kwh> (%) (tons/yr) (S/ton) 

Factor 00 
--------------------·-----------·------------------------------·····----~-------------------~-------------------

CS/8+S15 1.00 36J 71 1.9 9.7 26.6 30.3 13.4 51.0 16n1 1809.2 
CS/B+S15 2 1.00 405 71 1.9 12 .a 31.6 35.2 14.0 51.0 18655 1B87 .0 
CS/B+S15 3 1.00 790 70 1.9 23.6 29.8 67.0 13 .a 51.0 35877 1867.3 

CS/B+S15·C 1 1.00 363 71 1.9 9.7 26.6 17.4 7.7 51 .o 16n1 1039.2 
CS/8+S15·C 2 1.00 405 71 1.9 12.8 31.6 20.2 8.0 51 .0 18655 1084.2 
CS/B+S15·C 3 1.00 790 70 1 .9 23.6 29.8 38.5 7.9 51 .o 35877 1072.~ 

CS/B+SS 1.00 36J 71 1.9 5.9 16.3 10.9 4.8 51 .o 16n1 654.5 
CS/B+S5 2 1.00 405 71 1.9 8.6 21.2 13.7 5.4 51.0 18655 732.3 
CS/B+S5 3 1.00 790 70 1.9 15.4 19.5 25.5 5;3 51.0 35877 712.1 

CS/B+S5·C 1.00 36J 71 1.9 5.9 16.3 6.3 2.8 51.0 16n1 376.6 
CS/B+S5·C 2 1.00 405 71 1.9 8.6 21.2 7.9 3.1 51.0 18655 421.7 
CS/B+SS·C 3 1.00 790 70 1.9 15.4 19.5 14.7 3.0 51. 0 35877 409.9 

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

BOILER NUMBER 

COMBUSTION MODIFICATION RESULTS 

I 2 3 

FIRING TYPE TANG TANG TANG 

TYPE OF NOx CONTROL OFA OFA OFA 

VOLUMETRIC HEAT RELEASE RATE 
(1000 BTU/CU FT-HR) 13 15.8 14.8 

BOILER/WATERWALL SURFACE 
AREA HEAT RELEASE RATE 
(1000 BTU/SQ FT-HR) 80.8 118.5 92.5 

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$) 2106 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 l. 52 1.52 1.16 

GENERAL FACJLITIES (PERCENT) 13 13 13 
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Table 21.5.1-7. NOx Control cast Results tar the Br111ner Island Plant (June 1988 Cal lars) 

:=:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::s:::::::::E:::::::::::::::::::::::::::::::::::::::: 

Technology Boiler Ma;n Boiler Capacity Coal Cepi tal Capital Amual Annual NOX NOx NOx Cost 
Niirber Retrofit Size Factor Sul fur cost cost cost cost Removed Removed Effect. 

Difficulty (MW) (lO Content (SMM) CS/kW) (SMll) (mil ls/kwh) c:o (tons/yr) (S/ton) 

Factor co 
------------------------··········--·---·-········-··········-·········----·-····-········--···················· 

LNC-OFA 1.00 363 71 1.9 1.0 2.9 0.2 o. 1 25.0 1671 134.6 
LNC-OFA 2 1. 00 405 71 1.9 1. 1 2.7 0.2 0.1 15.0 1119 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·OFA-C 1.00 363 71 1.9 1.0 2.9 o. 1 0.1 25.0 1671 79.9 
LNC·OFA-C 2 1.00 405 71 1 .9 1 • 1 2.7 0. 1 0.1 15.0 1119 124.8 
LNC·DFA·C 3 1.00 790 70 1.9 1.4 1.8 0.2 0.0 15.0 2152 84.7 

SCR·3 1 1.52 363 71 1.9 54.6 150.4 19.1 8.5 80.0 5348 3571.1 
SCR·3 2 1.52 405 71 1.9 59.7 147.4 21.0 8.3 80.0 5967 3520.0 
SCR·3 3 1. 16 790 70 1.9 92.3 116.9 34.9 7.2 80.0 .11475 3043.7 

SCR-3-C 1 1.52 363 71 1. 9 54.6 150.4 11.2 5.0 80.0 5348 2091.8 
SCR·3-C 2 1.52 405 71 1.9 59.7 147.4 12.3 4.9 80.0 5967 2061.6 
SCR-3·C 3 1. 16 790 70 1.9 92.3 116.9 20.4 4.2 80.0 11475 1779.9 

SCR·7 1 1.52 363 71 1.9 54.6 150.4 16.1 7.1 80.0 5348 3016.7 
SCR·7 2 1.52 405 71 1.9 59.7 147.4 17.7 7.0 80.0 5967 2965.6 
SCR·7 3 1.16 790 70 1.9 92.3 116.9 28.5 5.9 80.0 11475 2481.4 

SCR-7·C 1 1.52 363 71 1.9 54.6 150.4 9.5 4.2 80.0 5348 1774.1 
SCR·7·C 2 1.52 405 71 1.9 59.7 147 .4 10.4 4. 1 80.0 5967 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 control 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 l 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 low 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 low access/congestion 
factor. Table 21.5.1-7 presents the estimated cost of retrofitting SCR at 
the Brunner Island 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 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 l 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 baghouse can handle the 
increased particulate load; 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 Pennsylvania 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 plan showing 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 to a 
coal storage and handling area located north of the plant. 

Particulate matter emissions for the boilers are controlled with 
retrofit ESPs located 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 I 

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 (1000$) 
BAGHOUSt REUSt CASE 
A NEW BAGHOUSE CASE 

RETROFIT FACTORS 

CONTROL SYSTEM (DSD SYSTEM ONLY) 
BAGHOUSE UPGRADt 
NEW BAGHOUSE 

21-122 

LOW 
NA 
NA 

YES 
2980 

NA 
NA 
NA 
NA 
50 
79 

3059 
NA 

1.13 
NA 
NA 



TABLE 21.5.1-9. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR BRUNNER ISLAND UNIT 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 (10d0$} 

TOTAL COST (1000$) 
ESP UPGAADE CASE 
A NEW BAGHOUSE CASE 

RETROFIT FACTORS 

CONTROL SYSTEM (DSD SYSTEM ONLY) 
ESP UPGRADE 
NEW BAGHOUSE 

21-123 

LOW 
HIGH· 
NA 

YES 
3285 

NA 
NA 
NA 
NA 
50 
85 

3370 
NA 

1.13 
1. 58 
NA 



TABLE 21.5.1-10. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR BRUNNER ISLAND UNIT 3 

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 (1000$} 
ESP UPG~DE CASE 
A NEW BAGHOUSE CASE 

RETROFIT FACTORS 

CONTROL SYSTEM (DSD SYSTEM ONLY) 
ESP UPGRADE 
NEW BAGHOUSE 

21-124 

LOW 
LOW 
NA· 

YES 
5983. 

NA 
NA 
NA 
NA 
50 
141 

6124 
NA 

1.13 
1.13 
NA 



Tablo> 21.5.1·11. s ....... ry of DSO/FSI Control Costs for the Brumer Island Plant (June 1988 Del LarsJ 

========================~·====================================================================================== 

Technology Soi ler Main Boiler Capacity Coal Capital Cepi tal Arnual. Arnual S02 S02 S02 Cost 
Numer Retrofit Size Factor Sulfur cost Cost cost Cost R....,ved R....,ved EHect. 

Difficulty (Miil CXl Content ($MM) ($/kWl ($191) <mil ls/kwh> c:ro (tons/yrl CS/ton> 
Factor 00 

----------------------------------------------------------------------------------------------------------------

DSD+ESP 2 1.00 405 71 1.9 20.9 51.7 15.4 6.1 49.0 17924 857.4 
DSO+ESP 3 1.00 790 70 1.9 34.9 44.2 25.9 5.4 49.0 34471 752.4 

DSD+ESP·C 2 1.00 405 71 1.9 20.9 51. 7 8.9 3.5 49.0 17924 496.5 
DSO+ESP·C 3 1.00 790 70 1.9 34.9 44.2 15.0 3. 1 49.0 34471 . 435.6 

DSD+PFF 1.00 363 71 1.9 15 .0 41.3 12.2 5.4 71.0 23364 522.7 

OSO+PFF·C 1.00 363 71 1.9 15.0 41.3 7.1 3. 1 71 .o 23364 302.3 

FSl+ESP·50 2 1.00 405 71 1.9 20.0 49.4 17.4 6.9 50.0 18422 947.0 
FSl+ESP·50 3 1.00 790 70 1.9 34.5 43.6 31.5 6.5 50.0 35428 887.7 

FSl+ESp·SO·C 2 1.00 405 71 1.9 20.0 49.4 10. 1 4.0 50.0 18422 547.4 
FSl+ESP·50·C 3 1.00 790 70 1.9 34.S 43.6 18.2 3.8 so.a 35428 513.0 

FSl+ESP-70 2 1.00 405 71 1.9 21.9 54.1 18.2 7.2 70.0 25791 706.2 
FSl+ESP·70 3 1.00 790 70 1.9 34.6 43.8 32.0 6.6 70.0 49599 645.3 

FSl+ESP·70·C 2 1.00 405 71 1.9 21.9 54.1 10.5 4.2 70.0 25791 408.4 
FSl+ESP·70·C 3 1.00 790 70 1.9 34.6· 43.8 18.5 3.8 70.0 49599 3n.9 

====================~=•=======~•=•======••s===================================================================== 
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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 (PERCENT) 
INSTALLATION DAT£ 
FIRING TYPE 
COAL SULFUR CONTENT (PERCENT) 
COAL HEATING VALUE (BTU/LB) 
COAL ASH CONTENT (PtRCENT) 
FLY ASH SYSTEM 
ASH DISPOSAL METHOD 
STACK NUMBER 
COAL DELIVERY METHODS 

PARTICULATE CONTROL 

TYPE 
INSTALLATION DATE 
EMISSION (LB/MM BTU) 
REMOVAL E~FICIENCY 
DESIGN SPECIFICATION 

SULFUR SPECIFICATION (PERCENT) 
SURFACE AREA (1000 SQ FT) 
GAS EXIT RATE (1000 ACFM) 
SCA (SQ FT/1000 ACFMl 
OUTL£T TEMPERATURE ( F) 
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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 



to the Delaware River and share a common chimney, while the two petroleum 
burning boilers are located further away beside each other. All 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 1 
ind 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 
. either side of the ESPs for easier access to the upstream of the ESPs. A 

low site access/congestion factor was assigned to the absorber locations 
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 major 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 largest 
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 be 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 low (1.20 to 1.27). 

The absorbers for LSD-FGD would be located close to 
same location and in similar fashion as L/LS-FGD cases. 
ESPs was the only LSD-FGD technology considered for both 
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TABLE 21.5.2-2. SUMMARY OF RETROFIT FACTOR DATA FOR MARTINS CREEK UNIT I 

FGD TECHNOLOGY 

FORCED LIME 
L/LS FGD OXIDATION SPRAY DRYING 

SITE ACCESSLCONGESTION 

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 MEDIUM 
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 I. 20 
·ESP REUSE CASE 1.38 

BAGHOUSE CASE NA 
ESP UPGRADE NA NA 1.36 
NEW BAGHOUSE NA NA NA 

GENERAL FACILITIES (PERCENT) IO 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 ACCESSLCONGESTION 

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 ORY 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 l.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 

21-130 



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/co~gestion 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 I 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 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 21.5.2-5. 
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Table 21.5.2·4. Simnary of FGD Control Costs for the Martins Creek Plant (June 1988 Ool lars) 

======================================================================~sm=====•~•=============================== 

Technolo9y Bailer Main Boil er Capacity coal Capital Capital Annual Annual 502 502 502 Cost 
~l.IOOer Retrofit Size Factor Sul fur cost Cost Cost Cost Removed Removed Effect. 

Difficulty (Mii) (X) Content (S*) (S/kWl (SMM) (mil ls/kwhl (%) (tons/yr) (S/tonl 
Factor (%) 

----------------------------------------------------------------------------------------------------------------

LC FGD 1-2 1.27 312 50 1.9 51. 1 163.9 26.7 19.5 90.0 17990 1481.7 

LC FGD-C 1-2 1 .27 312 50 1 .9 51. 1 163.9 15.5 11.3 90.0 17990 861.7 

LFGD 1 1.27 156 50 1.9 45.4 290.8 20.8 30.5 90.0 8995 2315.8 
LFGO 2 1.27 156 50 1.9 45.4 290.8 20.8 30.5 90.0 8995 2315.8 
LFGO 1-2 1.27 312 50 1.9 68.7 220.3 32.3 23.7 90.0 17990 1796.6 

LFGD·C 1 1.27 156 50 1.9 45.4 290.8 12.1 17.8 90.0 8995 1349.4 . 
LFGO·C 2 1.27 156 50 1.9 45.4 290.8 12.1 17.8 90.0 8995 1349.4 
LFGO-C 1-2 1.27 312 50 1.9 68.7 220.3 18.8 13.8 90.0 17990 1046.4 

LSD+E5P 1 1.38 156 50 1.9 23.4 150.3 11 .3 16.5 76.0 7626 1482.9 
LSO+ESP 2 1.38 156 50 1.9 23. 1 148.4 11.2 16.4 76.0 7626 1473.1 

LSO+ESP·C 1.38 156 50 1.9 23.4 150.3 6.6 9.6 76.0 7626 863.4 
LSD+ESP·C 2 1.38 156 50 1 .9 23. 1 148.4 6.5 9.6 76.0 7626 857.6 

================================================================================================================ 

21-132' 



Table 21.5.2-5. SlJ11!111 r y o I Coal Switching/Cleaning Costs lor the Martins Creek Plant (June 19B8 Collars) 

================================================================================================================ 
Technology Boiler Main Boiler Capacity Coal capital Capital Amual Amual S02 S02 so2 cost 

NLJTber Retrofit Size Factor Sul fur cost cost Cost Cost Removed Removed Effect. 
Oi ff icul ty (Ml/) '") Cont ant ($IOI) ($/kW) ($MM) (mi lls/kwlll <"> C tons/yr) (S/tonl 

Factor ( ") 

-----------------------------------------··---------------------------------------------------------------------

CS/B•S15 1 1.00 156 50 1.9 5.6 36.2 10.3 15.0 51.0 5060 2030.8 
CS/8•S15 2 1.00 156 50 1.9 5.6 36.2 10.3 15.0 51.0 5060 2030.8 

CS/B•S15-C 1.00 156 50 1.9 5.6 36.2 5.9 8.7 51 .0 5060 1168.5 
CS/B•S15-C 2 1.00 156 50 1.9 5.6 36.2 5.9 8.7 51.0 5060 1168. 5 

CS/B+S5 1.00 156 50 1.9 4.0 25.9 4.3 6.4 51.0 5060 859.6 
CS/B•S5 2 1.00 156 50 1.9 4.0 25.9 4.3 6.4 51.0 5060 859.6 

CS/B•S5-C 1.00 156 50 1.9 4.0 25.9 2.5 3.7 51.0 5060 496.1 
CS/B•S5-C 2 1.00 156 50 1.9 4.0 25.9 2.5 3.7 51.0 5060 496.1 

================================================================================================================ 
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NOx Control Technology Costs--
This section presents the performance and costs estimated 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 NOx reduction performance for each 
unit was estimated to be 40 percent. Table 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 retrdfit 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 evaluated 
independently from those evaluated for 502 control. 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 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 FWF FWF NA 

TYPE OF NOx CONTROL LNB LNB NA 

VOLUMETRIC HEAT RELEASE RATE 
(1000 BTU/CU FT-HR) 14.2 14.2 NA 

BOILER/WATERWALL SURFACE 
AREA HEAT RELEASE RATE 
(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 

SITE ACCESS AND CONGESTION 
FOR SCR REACTOR LOW LOW LOW 

SCOPE ADDER PARAMETERS--

Building Demolition (1000$) 0 0 0 

Ductwork Demolition (1000$) 38 38 63 

New Duct Length (Feet) 140 120 140 

New Duct Costs (1000$) 900 771 1350 

New Heat Exchanger {1000$) 2434 2434 3689 

TOTAL SCOPE ADDER COSTS (1000$) 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> 

===============================================s========•======================m================================ 
Technology Boi Ler Main Boiler Capacity Coal Capital Capital Annual Annual NOx NOx NOx Cost 

NLl!ber Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (MW) (X) Content (SllM) (S/kWl (SllM) (mil ls/kwh> CX) (tons/yr) ($/ton) 

Factor (l:) 

---·-·----------------------------------------------------------------------------------------------------------

LNC·LNB 1.00 1S6 so 1.9 3 .1 19.6 0.7 1.0 40.0 1133 584.4 
LNC·LNB 2 1.00 1S6 50 1.9 3 .1 19.6 0.7 1.0 40.0 1133 584.4 

LNC·LNB·C 1 1.00 156 50 1.9 3.1 19.6 0.4 0.6 40.0 1133 346.9 
LNC-LNB·C 2 1.00 156 50 1.9 3. 1 19.6 0.4 0.6 40.0 1133 346.9 

SCR-3 1 1. 16 156 50 1.9 24.7 158.4 8.5 12.4 80.0 2266 3738.3 
SCR-3 2 1.16 156 50 1 .9 24.6 157.S 8.4 12.4 80.0 2266 3728.2 
SCR-3 1-2 1.16 312 50 1.9 42.2 13S.4 15.0 11.0 80.0 4532 3320.6 

SCR·3·C 1 1. 16 156 50 1.9 24.7 158.4 s.o 7.3 80.0 2266 2190.7 
SCR-3-C 2 1. 16 1S6 so 1.9 24.6 1S7.5 5.0 7.2 80.0 2266 2184.6 
SCR·3·C 1-2 1. 16 312 so 1.9 42.2 135.4 8.8 6.4 80.0 4532 1944.3 

SCR-7 1 1.16 1S6 50 1.9 24.7 158.4 7.2 10.5 80.0 2266 3176.0 
SCR-7 2 1. 16 156 50 1 .9 24.6 157.S 7.2 10.5 80.0 2266 3165.9 
SCR-7 1-2 1. 16 312 50 1 .9 42.2 135.4 12.5 9.1 80.0 4532 2758.3 

SCR·7·C 1. 16 156 so 1.9 24.7 158.4 4.2 . 6.2 80.0 2266 1868.5 
SCR·7·C 2 1. 16 156 so 1.9 24.6 157.5 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/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 

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-g 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 
ESP UPGRADE 
NEW BAGHOUSE 

SCOPE ADDERS 

LOW 
MEDIUM 
NA 

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 (1000$) 
ESP UPGRADE CASE 
A NEW BAGHOUSE CASE 

RETROFIT FACTORS 

CONTROL SYSTEM (DSD SYSTEM ONLY) 
ESP UPGRADE 
NEW BAGHOUSE 
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1439 
NA 

1.1:~ 
1. 36 
NA 



TABLE 21.5.2-9. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR MARTINS CREEK UNIT 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 (1000$) 
ESP UPG~DE CASE 
A NEW BAGHOUSE CASE 

RETROFIT FACTORS 

CONTROL SYSTEM (DSD SYSTEM ONLY) 
ESP UPGRADE 
NEW BAGHOUSE 
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LOW 
LOW 
NA 

YES 
1397 

NA 
NA 
NA 
NA 
50 
42 

1439 
NA 

1.13 
1.16 
NA 



Table 21.s.2-10. SU111lary of OSO/FSI Control Costs for the Martins Creek Plant (June 1981! Col larsl 

==============================================================================================~================= 

Technology Boiler Main Boiler Capacity Coal Capital Capital Annual Amual S02 502 502 Cost 
N"1t>er Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 

Difficulty (MIO (1) Content (SMlll (S/kW) ('"'41 (mil Ls/kw/ii (%) (tons/yr) CS/ton) 
Factor (1) 

---------------------------------------------------------------------------------------~------------------------

CSC+ESP 1 1.00 156 50 1.9 10.0 64.4 7. 1 10.3 49.0 4862 1453.4 
CSO•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 64.4 4. 1 6.0 49.0 4862 842.0 
CSC+ESP·C 2 1.00 156 50 1.9 9.7 61 .9 4.0 5.9 49.0 4862 830.3 

FSl+ESP-50 1 1.00 156 50 1.9 10.6 67.7 6.9 10.1 50.0 4997 1378.3 
FSI+ESP·50 2 1.00 156 50 1.9 10.1 64.9 6.8 9.9 50.0 4997 1355.4 

FSI+ESP·SO·C 1 1. 00 156 50 1.9 10.6 67.7 4.0 5.8 50.0 4997 799.1 
FSl+ESP•50·C 2 1.00 156 50 1.9 10.1 64.9 3.9 5.7 50.0 4997 785.6 

FSI+ESP-70 1.00 156 50 1.9 10.7 68.3 7.0 10.2 70.0 6996 998.3 
FSI•ESP·70 2 1.00 156 50 1.9 10.2 65.4 6.9 10.1 70.0 6996 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.S 
FSl+ESP-70-C 2 1.00 156 50 1.9 10.2 65.4 4.0 5.8 70.0 6996 568.9 

================================================================================================================ 
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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 building 
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 (MW-each) 
CAPACITY FACTOR (PERCENT) 
INSTALLATION DATE 
FIRING TYPE 
COAL SULFUR CONTENT (PERCENT) 
COAL HEATING VALUE (BTU/LB) 
COAL ASH CONTENT (P£RCENT) 
FLY ASH SYSTEM 
ASH DISPOSAL METHOD 
STACK NUMBER 
COAL DELIVERY METHODS 

PARTICULATE CONTROL 

TYPE 
INSTALLATION DATE 
EMISSION (LB/MM BTU) 
REMOVAL E~FICIENCY 
DESIGN SPECIFICATION 

SULFUR SPECIFICATION (PERCENT) 
SURFACE AREA (1000 SQ FT) 
GAS EXIT RATE (1000 ACFM) 
SCA (SQ FT/1000 ACFMi 
OUTL£T TEMPERATURE ( F) 
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1,2 
822, 819 
75 
1972 '73 
TANGENTIAL 
I. 5 
12600 
12.2 
DRY DISPOSAL 
STORAGE AREA/ON-SITE 
1,2 
RAILROAD 

ESP 
1972-73 
0.03 
99.5 

2.7 
460.8 
2260 
204 
310 



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 ACCESSiCONGESTION 

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$) o 0 o 

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 ACCESSiCONGESTION 

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 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. 31 
BAGHOUSE CASE NA 

ESP UPGRADE NA NA 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 low 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 
existihg area. to d~termine 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 21.5.3-5. 
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Table 21.5.3·4. SU11!18ry of FGD Control Costs for tile Montour Plant (June 1988 Dollars) 

======================~========================================================================================= 

Technology Soi ler Main Soi ler Capacity Coal Capital Capital Annual Annual 502 S02 S02 Cost 
N~r Retrofit Size Factor Sulfur cost Cost Cost Cost Removed Removed Effect. 

Difficulty (Mii) CIO Content (SMIO CS/klll (SllM) (mil ls/kwhl (~) (tons/yr) (S/tonl 
Factor c:o 

............. -· .. -..... -- -· ....... ·- ............... -- ..... -. -..... ----· ... -- ---- ........................... ---- .......... --- ---- ............... ---. -- -..... -

LC FGO 1·2 1.24 1641 75 1. 5 185.7 113.2 118.1 11.0 90.0 111028 1063.5 

LC FGO·C 1·2 1.24 1641 75 1. 5 185.7 11J.2 68.5 6.4 90.0 111028 616.8 

LFGD 1 1.24 822 75 1.5 126.3 153.6 71.6 13.3 90.0 55615 1288.0 
LFGO 2 1.24 819 75 1.5 125.8 153.5 T1 .4 13.3 90.0 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 1.36 822 75 1.5 98.9 120.3 45.5 8.4 76.0 47149 964.2 
LSD+ESP 2 1.31 819 75 1. 5 94.0 114.8 44.0 8.2 76.0 46977 937.4 

LSD+ESP·C 1.36 822 75 1. 5 98.9 120.J 26.S 4.9 76.0 47149 561.8 
LSD+ESP·C 2 1.31 819 75 1.5 94.0 114.8 25.7 4.8 76.0 46977 546.1 

================================================================================================================ 
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Table 21 .5.3-5. Sl.l!lllli ry of Coal Switching/Cleaning costs for the Montour Plant (June 1988 Dollars) 

=============================================================================2================================== 
Technology Boiler Jlllain Boiler Capacity Coal Capital Capital Annual Amuat S02 S02 S02 Cost 

Num>er Retrofit Size Factor Sul fur Cost Cost Cost Cost Remo"ed Removed Effect. 
Difficulty (Mii) (%) Content (SMl4) (S/kW) (SllM) (llli l (s/kWh) (%) (tons/yr) CS/ton> 

Factor (%) 

····-------------·············-----------------····-------------------------------------------------------------

CS/B+S15 1.00 822 75 1. 5 25.2 30.7 74.7 13.8 37.0 22799 3277.4 
CS/8+115 2 1.00 819 75 1.5 25.1 30.7 74.5 13.8 37.0 22716 3277.6 

CS/B+S15-C 1 1.00 822 75 1. 5 25.2 30.7 42.9 7.9 37.0 22799 1882. 7 
CS/S+S15-C 2 1.00 819 75 1.5 25.1 30.7 42.8 7.9 37.0 22716 1882.8 

CS/B+SS 1 1.00 822 75 1.5 16.7 20.3 28.6 5.3 37.0 22799 1255.5 
CS/B+SS 2 1.00 819 75 1.5 16.7 20.3 28.5 5.3 37.0 22716 1255.6 

CS/B+S5·C , 1.00 822 75 1. s 16.7 20.3 16.5 3., 37.0 22799 722.6 
CS/B+SS-C 2 1.00 819 75 1.5 16.7 20.3 16.4 3., 37.0 22716 722.7 
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NOx Control Technology Costs-c 
This section presents the performance and costs estimated for NOx 

controls 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 NOx Combustion--
Uni ts 1 and 2 are dry bottom, tangential-fired boilers rated at 822 and 

819 MW, respectively. 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 NOx 
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 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 reactors for both units were located southwest of the plant 
between the respective chimneys and the coal pile. The SCR reactor 
locations for units 1 and 2 were assigned a low access/congestion factor 
since the reactors would be located in a relatively open area. Other than a 
storage building which would be demolished, there are no major obstacles or 
obstructi6ns; therefore, a factor of 20 percent was assigned to general 
facilities. 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. 
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TABLE 21.5.3-6. SUMMARY OF NOx RETROFIT RESULTS FOR MONTOUR 

COMBUSTION MODIFICATION RE SUL TS 

FIRING TYPE 

TYPE OF NOx CONTROL 

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

BOILER/WATERWALL SURFACE 
AREA HEAT RELEASE RATE 

BOILER NUMBER 

1 

TANG 

OFA 

14.7 

2 

TANG 

OFA 

14.7 

(1000 BTU/SQ FT-HR) 92.7 92.7 

FURNACE RESIDENCE TIME (SECONDS) __ 3_._64 ____ 3_.6_4 __ _ 

ESTIMATED NOx REDUCTION (PERCENT) 20 20 

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) 

LOW 

0 

131 

200 

3,401 

6,602 

10, 134 

1.16 

20 
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LOW 

376 

131 

200 

3,391 

6,582 

10,480 

1.16 

20 



Table 21.5.3·7. NOx Control Cost Results for the Montour Plant CJune 1988 Dol larsl 

================================================================================================================ 
Technolo9y Boiler Main Soi ler Capacity Coal Capital Capital Annual Annual NOx NOx NOx cost 

Nl.lli>er Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed E fleet. 
Difficulty (Ml/) o:i Content ($MM) ($/klll CWO (mil ls/kwhl (%) (tons/yr) CS/ton) 

Factor (%) 
····························································-··-·····-·····----·····--·····---------------------

LNC-OFA 1.00 822 75 1.5 1.4 1. 7 0.3 o. 1 20.0 3169 98.5 
LNC·OFA 2 1.00 819 75 1. 5 1.4 1.8 0.3 o. 1 20.0 3157 98.8 

LNC·OFA-C 1.00 82Z 75 1. 5 1.4 1. 7 0.2 o.o 20.0 3169 58.5 
LNC-OFA·C 2 1.00 819 75 1.5 1.4 1.8 0.2 o.o 20.0 3157 58.6 

SCR·3 1. 16 82Z 75 1.5 95.6 116•4 36.6 6.8 80.0 12676 ZM6.4 
SCR-3 2 1. 16 819 75 1. 5 95.7 116.9 36.5 6.8 ao.o 12630 2893.1 

SCR·3·C 1 1. 16 822 75 1.5 95.6 116.4 21 .4 4.0 80.0 12676 1687.5 
SCR·3·C z 1. 16 819 75 1.5 95.7 116.9 21.4 4.0 80.0 12630 1691.5 

SCR·7 1 1.16 822 75 1.5 95.6 116.4 29.9 5.5 80.0 1Z676 2357.4 
SCR·7 z 1. 16 819 75 1. 5 95.7 116.9 29.9 5.5 80.0 12630 2364.0 

SCR·7·C 1 1. 16 822 75 1.5 95.6 116.4 17.5 3.2 80.0 12676 1384.4 
SCR-7-C 2 1.16 819 75 1.5 95.7 116.9 17.5 3.3 80.0 12630 1388.4 

================================================================================================================ 
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As discussed in Section 2, all NOx control 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 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 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 the 
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 location 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 I and 2 burn low sulfur coal (0.5 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 p~rt 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 located southwest of the storage/preparation area. 

Retrofit Difficulty and Scope Adder Costs--
The absorbers for all units would be located north of plant between the 

coal pile and the powerhouse. However, units 1 and 2 are burning low sulfur 
coal (0.5 percent) and it is unlikely that these units would be scrubbed. 
As such, costs were not developed for these two units. 

21-153 



Coal Storage and 
Handling Area 

Not to scale 

----z 

~ 

• 

Swltchyard 

NH, Storage 
System 

FGD Waste Handling/Absorber Area 
Lime/Limestone Storage/Preparation Area 

NH, Storage System 
SCA Boxes 

Figure 21.5.4-L Sunbury plant plot plan 

21-154 



TABLE 21.5.4-1. SUNBURY STEAM PLANT OPERATIONAL DATA 

BOILER NUMBER 1,2 3 4 
GENERATlNG CAPACITY (MW-each) 75 103 156 
CAPAC ITV FACTOR (PERCENT) 70 70 70 
INSTALLATION DAT£ 1949 1951 1953 
FIRING TYPE VERTICAL DOWN-FIRED FRONT WALL 
COAL SULFUR CONTENT (PERCENT) 0.6 1.9 1.9 
COAL HEATING VALUE (BTU/LB) 9120 12400 12400 
COAL ASH CONTENT (PfRCENT) 10.5 10.5 10.5 
FLY ASH SYSTEM WET SLUICE 
ASH DISPOSAL METHOD POND/ON-SITE 
STACK NUMBER 1, 2 3 4 
COAL DELIVERY METHODS RAILROAD/TRUCK 

PARTICULATE CONTROL 

TYPE BAG HOUSE ESP ESP 
INSTALLATION DATE 1973 1979 1979 
EMMISION tLB/MM BTU) 0.01 0.04 0.07 
REMOVAL E FICIENCY 99.7 98.8 97.0 
DESIGN SPECIFICATION 

SULFUR SPECIFICATION (PERCENT) 0.8 0.8 
SURFACE AREA (1000 SQ FTl NA NA 
GAS EXIT RATE (1000 ACFM 222 222 
SCA ~SQ FT/1000 ACFM~ NA NA 
OUTL T TEMPERATURE ( F) 310 310 310 
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The absorbers for all units were assigned a high site access/congestion 
factor which reflects the congestion created 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 conversion of units 1. to 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 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 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/ 
congestion 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 coal conveyors. This 
factor was used in the IAPCS model to estimate particulate control upgrading 
costs. 

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, 
unfts 1 and 2 are burning low sulfur coal and it is unlikely that these 
units would need to be scrubbed. If, however, scrubbing i.s required, it 
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TABLE 21.S.4-2. SUMMARY OF RETROFIT FACTOR DATA FOR SUNBURY UNITS I OR 2 

FGD TECHNOLOGY 

FORCED LIME 
L/LS FGD OXIDATION SPRAY DRYING 

SITE ACCESSLCONGESTION 

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 I. 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 
L/LS FGD OXIDATION SPRAY DRYING 

SITE ACCESSlCONGESTION 

S02 REMOVAL HIGH HIGH HIGH 
FLUE GAS HANDLING HIGH HIGH 

ESP REUSE CASE HIGH 
BAGHOUSE CASE NA 

DUCT WORK DISTANCE (FEET) 600-1000 600-1000 
ESP REUSE 600-1000 
BAGHOUSE NA 

ESP REUSE NA NA HIGH 
NEW BAGHOUSE NA NA NA 

SCOPE ADJUSTMENTS 

WET TO DRY YES NO YES 
ESTIMATED COST (1000$) 967 NA 967 

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

OTHER NO NO NO 

RETROFIT FACTORS 

FGD SYSTEM l. 76 I. 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. simnary of FGD Control Costs for the Sunbury Plant (June 19B8 Dollars> 

==================================~============================================================~==•••=====••:ca: 

Technology Boi Lor Main Soi ler Capacity Coal Capital Capital Annual Annual 502 soz 502 Cost 
NLE'ber Retrofit Size Factor Sul fur Cost Cost Cost Cost Removed Removed Effect. 

Difficulty (M\j) (%) Content (SMll) ($/(II) ($1111) (mills/<wn) (%) (tons/yr) (S/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.B 223. 1 17.9 1 i .3 90.0 211oi 849.7 

LFGD 3 1 .76 103 70 1.9 51.0 495.2 22.8 36.1 90.0 8391 27i7.0 
LFGD 4 i. 76 i56 70 i .9 1>5.9 422.7 29.7 3i .0 90.0 12709 2335.7 

LFGD·C 3 1.76 io3 70 1.9 51.0 495.2 13.3 21.0 90.0 8391 1583.9 
LFGO•C 4 1 .76 156 70 1.9 65.9 422.7 17 .3 18. 1 90.0 i2709 1361 .5 

L SD+ESP 3 1.78 103 70 1.9 23.4 227.3 11. 1 17.6 76.0 7114 1563.4 
LSD+ESP 4 1. 78 156 70 i .9 30.8 197.4 14.2 14.9 76.0 ions 1322.5 

LSD+ESP·C 3 1.78 103 70 1.9 23.4 227.3 6.5 10.3 76.0 7114 9i0.5 
LSD+ESP-C 4 1 .78 156 70 1 .9 30.8 197.4 8.3 8.7 76.0 ions 770.5 

===============================================================================~=========z~===================== . 
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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 low 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 ash 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. 

NOx Control Technology Costs--
This section presents the performance and costs estimated for NOx 

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 NOx reduction 
performances. Since these boilers are relatively old, it is estimated that 
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Table 21.5.4·5. S Ll!l1IS ry of Coal Switching/Cleaning Costs for the Sunbury ?lant (June 1988 Dollars) 

==================================s======m====================~==========s====================================== 

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

Oifficul ty (Ml/) Cl'> Con.tent ($MIO ($/kW) ($MM) (mills/kwhJ <''> (tons/yr) (S/tonJ 
Factor (:\:) 

-- --- -- ------- ------ --. ----- ------- -- ---- --. ---- --- --- ------- -... ---- -- ---·- -- --- --- ---- --- . ------ ---- .. ---- ------
CS/S+S15 3 1.00 103 70 1.9 4.2 40.7 9.5 15.0 51 .o 4763 1994.8 
CS/8+$15 4 1.00 156 70 1.9 s .a 37.2 14.0 14.7 51.0 7214 1943.4 

CS/B+S15·C 3 1.00 103 70 1.9 4.2 40.7 5.5 8.6 51.0 4763 1146.8 
CS/B+S15·C 4 1.00 156 70 1.9 5.8 37.2 8.1 8.4 51.0 7214 1117. 1 

CS/B+S5 3 1.00 103 70 , .9 3. 1 30.3 4., 6.5 51.0 4763 860.3 
CS/S+SS 4 1.00 156 70 1.9 4.2 26.9 5.8 6.1 ,51.0 7214 808.9 

CS/B+S5·C 3 1.00 103 70 1.9 3 .1 30.3 2.4 3.7 51.0 4763 495.8 
CS/B+SS·C 4 1.00 156 70 1.9 4.2 26.9 3.4 3.5 51.0 7214 466.1 

================================================================================================================ 
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TABLE 21.5.4-6. SUMMARY OF NOx RETROFIT RESULTS FOR SUNBURY UNITS 1-2 

BOILER NUMBER 

COMBUSTION MODIFICATION RESULTS 

1 2 

FIRING TYPE . VERTICAL/DOWN-FIRED 

TYPE OF NOx CONTROL LNB LNB 

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

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

FURNACE RESIDENCE TIME '(SECONDS) NA NA 

ESTIMATED NOx REDUCTION (PERCENT) 25 25 

SCR RETROFIT RESULTS 

SITE ACCESS ANO CONGESTION 
FOR SCR REACTOR LOW LOW 

SCOPE ADDER PARAMETERS--

Building Demolition (1000$) 0 0 

Ductwork Demolition (1000$) 22 22 

New Duct Length (Feet) 500 600 

New Duct Costs (1000$) 2094 2512 

New Heat Exchanger (1000$) 1568 1568 

TOTAL SCOPE ADDER COSTS (1000$) 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 

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 

BOILER NUMBER 

3 

FWF 

LNB 

NA · 

4 

FWF 

LNB 

14.6 

(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 

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) 

LOW 

0 

28 

850 

4310 

1908 

6246 

1.16 

25 
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HIGH 

0 

38 

500 

1607 

2434 

5685 

1. 52 
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a NOx reduction of 20 to 30 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--
Thi s 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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Table 21.5.4-8. NOx Control Cost Results for the Sunbury Plant (June 1988 Dollars) 

================================================================================================================ 
Technology Boiler Main Boiler Capacity Coal Capital Capital Annual Annual NOX NOX NOx Cost 

Nl.IT"ber Retrofit Size Factor Sul fur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (Mii) (%) Content (SMM) (S/kll) (SMMJ Cmills/kwh) (%) (tons/yr) (S/ton) 

factor (%) 

----------------------------------------------------------------------------------------------------------------

LNC· LNB , 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 0.6 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 25.0 661 848.9 
LNC·LNB 4 1.00 156 70 1.9 3.1 19.6 0.7 0.7 50.0 2001 330.9 

LNC-LNB-C 1 1.00 75 70 0.6 2.3 30.3 0.3 0.6 25.0 684 428.4 
LNC-LNB-C 2 1 .00 75 70 0.6 2.3 30.3 0.3 0.6 25.0 684 428.4 
LNC·LNB-C 3 1.00 103 70 1.9 2.6 25.1 0.3 0.5 25.0 661 503.9 
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 1.16 75 70 O.t. 17.4 232.4 5.6 12.3 80.0 2190 2577.0 
SCR-3 2 1.16 r5 70 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 
SCR-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 75 70 0.6 17.4 232.4 3.3 7.2 80.0 2190 1512.1 
SCR-3-C 2 1 .16 75 70 0.6 17.9 238.0 3.4 7.3 80.0 2190 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 31.5 201.9 6.0 6.3 80.0 3202 1868.5 

SCR-7 1 1.16 75 70 0.6 17.4 232.4 5.0 10.9 80.0 2190 2283 .9 
SCR-7 2 1. 16 75 70 0.6 17.9 238.0 5., , 1. 0 80.0 2190 2318.0 
SCR-7 3 1. 16 103 70 1 .9 22.9 222.5 6.l 10.0 80.0 2114 2985.9 
SCR-7 4 1.52 156 70 1.9 31 .5 201.9 8.9 9.3 80.0 3202 2785 .8 

SCR-7-C 1 1.16 75 70 0.6 17.4 232.4 2.9 6.4 80.0 2190 1344.2 
SCR-7-C 2 1.16 75 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 31.5 201.9 5.3 5.5 80.0 3202 1640.2 

================================================================================================================ 
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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 pile. A high retrofit factor was 
assigned to the new baghouses (1.55). Long duct runs would be needed 
(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 baghouses 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 reusing the 
ESPs/baghouses for FSI technology. Tables 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. All 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 INJECTION 
TECHNOLOGIES FOR SUNBURY UNITS 1 OR 2 

ITEM 

SITE ACCESS/CONGESTION 

REAGENT PREPARATION 
BAGHOUSE 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 DEMOLI.TION LENGTH (FT) 
DEMOLITION COST (1000$) 

TOTAL COST (1000$) 
AN EXISlING BAGHOUSE CASE (FSI} 
A NEW BAGHOUSE CASE (DSD) 

RETROFIT FACTORS 

CONTROL SYSTEM CDSD SYSTEM ONLY) 
BAGHOUSE UPGRADf (FSI) 
NEW BAGHOUSE (DSD) 
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HIGH 
NA 
HIGH. 

YES 
724 

600 
2329 
NA 
NA 
50 
24 

748 
2353 

1. 37 
NA 
1. 5.5 



TABLE 21.5.4-10. DUCT SPRAY DRYCNG AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR SUNBURY UNIT 3 

ITEM 

SITE ACCESS/CONGESTION 

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

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 (DSO) 
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HIGH 
HIGH 
HIGH 

YES 
967 

6DO 
2812 
NA 
NA 
50 
31 

998 
2843 

1.37 
1. 55 
I. 55 



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

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 (FSll 
NEW BAGHOUSE (DSO) 
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HIGH 
HIGH 
HIGH 

YES 
1399 

600 
3579 
NA 
NA 
so 
42 

1441 
3621 

I. 37 
I. 55 
I. 55 



Table _21.5.4·12. S..nnary of OSO/FS! Control Costs for the Sunbury Plant (June 1988 Dollars) 

================================================================================================================ 
Technology 

DSO+FF 
OSO+FF 
OSO+FF 
DSO+FF 

DSO+FF·C 
DSO+FF·C 
OSO+FF·C 
DSO•FF·C 

FS!+ESP·50 
FS!+ESP·50 

FS!+ESP·SO·C 
FS!+ESP·SO·C 

FS!+ESP·70 
FS!+ESP·70 

FS!+ESP·70·C 
FSl+ESP·70·C 

FS!•PFF·SO 
FS!+PFF·SO 

FS!+PFF·50·C 
FS!•PFF·50·C 

FS!•PFF·70 
FS!+PFF·70 

FSl+PFF·70·C 
FS!+PFF·70·C 

Boiler Main Boiler Capacity Coal 
Murber Retrofit Sile Factor Sulfur 

Difficulty (MW) (X) Content 

1 
2 
3 
4 

2 
3 
4 

3 
4 

3 
4 

3 
4 

3 
4 

1 
2 

1 
2 

2 

1 
2 

Factor (%) 

1.00 
1.00 
1.00 
1.00 

1.00 
1.00 
1.00 
1.00 

1.00 
1.00 

1. 00 
1. 00 

1.00 
1.00 

1.00 
1. 00 

1.00 
1.00 

1.00 
1.00 

1.00 
1. 00 

1.00 
1.00 

75 
75 

103 
156 

75 
75 

103 
156 

103 
156 

103 
156 

103 
156 

103 
156 

75 
75 

75 
75 

75 
75 

75 
75 

70 
70 
70 
70 

70 
70 
70 
70 

70 
70 

70 
70 

70 
70 

70 
70 

70 
70 

70 
70 

70 
70 

70 
70 

0.6 
0.6 
1.9 
1. 9 

0.6 
0.6 
1. 9 
1.9 

1.9 
1. 9 

1.9 
1.9 

1.9 
1.9 

1.9 
1.9 

0.6 
0.6 

0.6 
0.6 

0.6 
0.6 

0.6 
0.6 

Capital Capital ArvlUal Annual S02 S02 S02 Cost 
Cost Cost Cost Cost Removed Removed Effect. 
(SMM) (S/kW) (SMM) (mills/kWh) Ci) (tons/yr) (S/ton) 

18.8 251.1 8.3 
18.8 251.1 8.3 
23.5 228.6 10.5 
31.2 200.0 13.5 

18.8 251.1 4.8 
18.8 251.1 4,8 
23.5 228.6 6.1 
31.2 200.0 7.9 

8.6 83. 7 6.2 
11.0 70. 7 8.3 

8.6 83.7 3.6 
11.0 70. 7 4.8 

8. 7 84.4 6.3 
11.1 71.2 8.4 

8.7 84.4 3.7 
11.1 71.2 4.9 

3.4 45.1 2.8 
3.4 45.1 2.8 

3.4 45.1 1.6 
3.4 45.1 1.6 

3.4 45., 2.8 
3.4 45.1 2.8 

3.4 45.1 1.6 
3.4 45.1 , .6 

18.0 
18.0 
16.5 
14. 1 

10.5 
10.5 
9.6 
8.2 

9.9 
8.7 

S.7 
s.o 

10.0 
8.8 

5.8 
5.1 

6.0 
6.0 

3.5 
3.5 

6.0 
6.0 

3.5 
3.5 

71.0 
71.0 
71 .0 
71.0 

71.0 
71.0 
71.0 
71.0 

50.0 
50.0 

so.a 
so.a 

70.0 
70.0 

70.0 
70.0 

50.0 
so.a 

50.0 
so.a 

70.0 
70.0 

70.0 
70.0 

2158 
2158 
6597 
9991 

2158 
2158 
6597 
9991 

4662 

7061 

4662 
7061 

6527 
9885 

6527 
9885 

1525 
1525 

1525 
1525 

2135 
2135 

2135 
2135 

3827.S 
3827.5 
1584.6 
1348.6 

2232.0 
2232.0 
923.9 
786.6 

1338.4 
1174.6 

775.1 
680.0 

969.0 
851. 1 

561.2 
492.6 

1815.3 
1815.3 

1050.0 
10SO.O 

1298.5 
1298.5 

751. 1 
751. 1 

================================================================~==========================2==================== 
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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 
handling 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. All 
units are equipped with new FGD units and, as such, this plant was not 
considered for further so2 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 length was estimated. All 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) 
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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, l, 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 parktng 
area have to be relocated for SCR reactor locations; 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 part of the Pennsylvania Power Company system, a subsidiary 
of Ohio Edison Company. The plant is located beside the Beaver River. The 
plant contains five coal-fired boilers with a total gross generating capacity 
of 425 MW. Figure 21.6.2-1 presents the plant plot plan showing the location 
of all boilers and major associated auxiliary equipment. 

Table 21.6.2-1 presents operational data for the existing equipment 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 l?cated between unit 5 and a common chimney. The plant has a 
dry fly ash handling system and is disposed at a landfi 11 1 ocated north of 
the plant. 

Lime/Limestone 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 absorbers 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 relatively open area. Part of 

the plant rQad 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 FOR BRUCE MANSFIELD 

BOILER NUMBER 

COMBUSTION MODIFICATION RESULTS 

1 2 3 

FIRING TYPE OWF OWF OWF 

TYPE OF NOx CONTROL LNB LNB OFA 

FURNACE VOLUME (1000 CU FT) 734 734 734 

BOILER INSTALLATION DATE 1976 1977 1980 

SLAGGING PROBLEM NO NO NO 

ESTIMATED NOx REDUCTION (PERCENT) 50 50 NA 

SCR RETROFIT RESULTS 

SITE ACCESS AND CONGESTION 
FOR SCR REACTOR LOW LOW LOW 

SCOPE ADDER PARAMETERS--

Building Demolition (1000$) 0 0 0 -

Ductwork Demolition (1000$) 133 133 133 

New Duct Length (Feet) 450 450 250 

New Duct Costs (1000$) 7717 7717 4287 

New Heat Exchanger (1000$) 6659 6659 - 6659 

TOTAL SCOPE ADDER COSTS (1000$) 14509 14509 11079 

RETROFIT FACTOR FOR SCR 1.16 1.16 1.16 

GENERAL FACILITIES (PERCENT} 20 20 20 
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Table 21.6.1 ·3. NOx Control Cost Results for the Bruce Mansfield Plant <June 1988 Ool Lars> 

================================================================================================================ 
Technology Soi ler M'a in Boiler Capacity Coe L Cepi ta I Capital Annual Annual NOx NOx NOx Cost 

Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (H\j) (%) Content (SMMJ (S/k\j) CSHMJ Cmills/kwh) (%) C tons/yr l CS/tonl 

F~ctor (%) 
---- --- ---- --- - -- ---- -- --- --- - --- --- ------- - -- --- - --- --- --- ------- --- ----- --- ---- --- ---- --- --- --- ------- ----- ---

LNC·LNB 1 1. 00 780 60 3.8 5.8 7.4 1.3 0.3 50.0 8990 140.2 
LNC· LNB 2 1.00 780 68 3.8 5.8 7.4 1.3 0.3 50.0 10189 123.7 

LNC·LNB·C 1. 00 780 60 3.8 5.8 7.4 0.7 0.2 50.0 8990 83.2 
LNC·LNB·C 2 1. 00 780 68 3.8 5.8 7.4 0.7 0.2 50.0 10189 73.4 

SCR·3 1 1. 16 780 60 3.8 94.0 120.5 35.2 8.6 80.0 14385 2446.0 
SCR·3 2 1.16 780 68 3.8 94.0 120.5 35.6 7.7 80.0 16303 2183.6 
SCR·3 3 1.16 780 71 3.8 90.5 116.1 35.1 7.2 80.0 17022 2064.7 

SCR·3·C 1 1. 16 780 60 3.8 94.0 120.5 20.6 5.0 80.0 14385 1430.7 
SCR·3·C 2 1. 16 780 68 3.8 94.0 120.5 20.8 4.5 80.0 16303 1276.9 
SCR·3·C 3 1. 16 780 71 3.8 90.5 116., 20.S 4.2 80.0 17022 1206.8 

SCR-7 1 1. 16 780 60 3.8 94.0 120.5 28.8 7.0 80.0 14385 1999.9 
SCR-7 2 1. 16 780 68 3.8 94.0 120.5 29.2 6.3 80.0 16303 1790.0 
SCR·7 3 1.16 780 71 3.8 90.5 116. 1 28.7 5 .9 80.0 17022 1687.7 

SCR·7·C 1. 16 780 60 3.8 94.0 120.5 16.9 4. 1 80.0 14385 1175., 
SCR·7·C 2 1.16 780 68 3.8 94.0 120.5 17. 1 3.7 80.0 16303 1051 .4 
SCR·7·C 3 1. 16 780 71 3.8 90.5 116., 16.9 3.5 80.0 17022 990.8 

===================~============================================================================================ 
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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 1,2 3 4,5 
GENE RAT ING CAPACITY_ (MW-each) 37.5-40 97.8 113-136 
CAPACITY FACTOR (PERCENT) 20,20 51 49,44 
INSTALLATION DATE 1939,47 1952 1958,64 
FIRING TYPE FWF FWF FWF 
COAL SULFUR CONTENT (PERCENT) 1. 5 1. 5 1.5, 1.5 
COAL HEATING VALUE (BTU/LB) 12200 12200 12200 
COAL ASH CONTENT (PERCENT) 11.1 11.1 11.1 
FLY ·°'SH SYSTEM DRY HANDLING 
ASH DISPOSAL METHOD ON-SITE/LANOF I LL 
STACK NUMBER 1 
COAL DELIVERY METHODS TRUCK 

PARTICULATE CONTROL 

TYPE ESP ESP ESP 
INSTALLATION DATE 1978 1978 1977 
EMMISION (LB/MM BTU) 0.02 0.02 0.01 
REMOVAL EFFICIENCY 98.7 99.2 99.2 
DESIGN SPECIFICATION 

SULFUR SPECIFICATION (PERCENT) 1.5-3.0 1.5-3.0 1.5-3.0 
SURFACE AREA (1000 SQ FT) 161 146 146,200 
GAS EXIT RATE (1000 ACFM) 520 450 432,635 
SCA (SQ FT/1000 ACFM) 310 324 338,315 
OUTLET TEMPERATURE ("F} 340 302 272,292 
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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-FGO 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 low 
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. 

Table 21.6.2-3 presents the estimated costs for L/LS-FGO and LSD-FGD 
cases. The LSD-FGD costs include upgrading the ESPs for boilers 1-5. The 
low 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 ACCESSLCONGESTION 

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 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. 5"1111ary of FGD Control Costs for the New Castle Plant (June 1988 Dollars) 

================================================================================================================ 
Technology 

LC FGD 

LC FGD-C 

LFGD 
LFGO 
LFGD 
LFGD 
LFGD 
LFGD 

LFGD·C 
LFGD-C 
LFGD-C 
LFGD-C 
LFGD-C 
LFGO-C 

LSO+ESP 
LSD+ESP 
LSD+ ESP 
LSD+ESP 
LSD+ ESP 

LSD+ESP-C 
LSD+ESP-C 
LSO+ESP:C 
LSD+ESP-C 
LSD+ESP-C 

Boiler Main Boiler Capacity Coal 
Nlllt>er Retrofit size Factor Sulfur 

1-5 

1-5 

1 

2 
3 
4 
5 
1-5 

1 
2 
3 
4 
5 
1-5 

1 
2 
3 
4 
5 

2 
3 
4 
5 

Difficulty (Hll) Cl:) Content 
Factor CO 

1. 19 

1. 19 

1. 19 
1.19 
1.19 
1.19 
1.19 
1. 19 

1.19 
1.19 
1. 19 
1.19 
1. 19 
1. 19 

1.24 
1.24 
1.24 
1.24 
1.24 

1 .24 
1.24 
1.24 
1 .24 
1.24 

424 

424 

38 
40 
98 

113 
136 
424 

43 

43 

20 
20 
51 
49 
44 

43 

38 20 
4D . 20 
98 51 

113 
136 
424 

38 
40 
98 

113 
136 

38 
40 
98 

113 
136 

49 
44 
43 

20 
20 
51 
49 
44 

20 
20 
51 
49 
41, 

1.5 

1.5 

1.5 
1.5 
1.5 
1.5 
1.5 
1.4 

1.5 
1.5 
1 .5 
1.5 
1.5 
1.4 

1.5 
1.5 
1.5 
1.5 
1.5 

1.5 
1.5 
1.5 
1.5 
1. 5 

Capital Annual 
Cost Cost 

Annual 
Cost 

S02 S02 
Reiooved Reiooved 

Capital 
Cost 
CSKM> (S/kW) (SMM) cmills/kwh) (%) (tons/yr> 

58.5 

58.5 

21.2 
21. 7 
33.4 
34.7 
38.8 
78.5 

137.9 

564.2 
541. 7 
341.2 
306.6 
285.1 
185.0 

21.2 . 564.2 
21.7 541.7 
33.4 341.2 

29.6 18.5 

17.2 10.8 

8. 7 132.0 
8.9 126.5 

15.3 35.1 
16.0 33.0 
17.5 33.3 
36.0 22.5 

5.1 
5.2 
8.9 

34.7 306.6 9.3 

77 .1 
73.9 
20.4 
19.2 
19.4 
13. 1 

38.8 285.1 10.2 
78.5 185.0 21.0 

8.2 218.3 4.9 
8.5 212.9 5.0 

14.7 149.9 7.8 
15 .9 140 .6 8.2 
18.3 134.2 9.1 

8.2 218.3 
8.5 212.9 

14.7 149.9 
15.9 140.6 
18.3 134 .2 

2.9 
2.9 
4.5 
4.8 
5.3 

75.0 
71.8 
17 .9 
17 .0 
17.3 

43.5 
41 .7 
10.4 
9.9 

10.1 

90.0 

90.0 

90.0 
90.0 
90.0 
90.0 
90.0 
90.0 

90.0 
90.0 
90.0 
90.0 
90.0 
90.C 

76.0 
76.0 
76.0 
74.0 
76.0 

16.0 
. 76.0 

76.0 
74.0 
76.0 

17080 

17080 

702 
749 

4669 
5184 
5602 

16254 

702 
749 

4669 
5184 
5602 

16254 

595 
635 

3958 
4242 
4749 

595 
635 

3958 
4242 
4749 

502 cost 
Effect. 
CS/ton> 

1733.4 

1008.5 

12350.7 
11840.8 
3280.6 
3084.4 
3116.2 
2213.2 

7211.2 
6913.6 
1911.6 
1797.1 
1816.4 
1289.7 

8278.5 
7928.6 
1970.9 
1940.8 
1907. 8 

4804.6 
4602.6 
1145 .8 
1128. 7 
1110.3 

===========================================z========22•=========~=============================================== 
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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 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 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 applied 

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 percent, respectively. No boiler information could be found for units 1 
and 2 to assess their NOx reduction performances. Since these boilers 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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Table 21.6.2-4. Swmary of Coal Switching/Cleaning Costs for the New Castle Plant (June 1988 Dol Lars) 

================================================================================================================ 
Technology Boiler Main Boiler Capacity Coal Capital Capital Annual Annual 502 502 502 Cost 

N"'*>er Retrofit Size Factor Sulfur Cost Cast Cost Cost Removed Removed Effect. 
Difficulty (MW) ( '.() Content ($MM) (S/kWl (SMM) <mil ls/kwhl (%) c tons/yr) (S/tonl 

Factor c:o 
-------··--------------------------------------------------------------------------------------------------------

CS/B+S15 1 1.00 38 20 1.5 2.0 54.3 1.5 22.4 39.0 306 4821.9 
CS/8+S15 2 1.00 40 20 1.5 2.1 53.0 1.5 22.1 39.0 326 4751.1 
CS/8+S15 3 1.00 98 51 1. 5 4.0 40.7 6.S 15.6 39.0 2033 3355. 1 
CS/B+Sl5 4 1.00 113 49 1. 5 4.4 39.3 7.5 15.5 39.0 2257 3333.2 
CS/B+S15 5 1.00 136 44 1.5 5.1 37.8 8. 1 15.5 39.0 2439 3339.4 

CS/8+S15·C 1 1.00 38 20 1.S 2.0 54.3 0.9 13 .0 39.0 306 2792.5 
CS/B+S15·C 2 1.00 40 20 1.5 2.1 53.0 0.9 12.8 39.0 326 2751. 1 
CSf8+S15-C 3 1.00 98 51 1.5 4.0 40.7 3.9 9.0 39.0 2033 1931. 0 
CS/8+$15-C 4 1.00 113 49 1. 5 4.4 39.3 4.3 8.9 39.0 2257 1918.6 
CS/8+$15-C 5 1.00 136 44 1.5 5.1 37.S 4.7 S.9 39.0 2439 1922.7 

CS/8+$5 1.00 38 20 1. 5 1.6 43.9 0.9 13. 1 39.0 306 2824.2 
CS/8+S5 2 1.00 40 20 1 .s 1. 7 42.7 0.9 12.8 39.0 326 2752.9 
CS/B+S5 3 1.00 98 51 1.5 3.0 30.3 3.0 6.9 39.0 2033 1492.7 
CSf8+S5 4 1.00 113 49 1. s 3.3 28.9 3.3 6.8 39.0 2257 1467. 1 
CS/8+$5 5 1.00 136 44 1. 5 3.7 27.4 3.6 6.8 39.0 2439 1463.1 

CS/B+S5·C 1.00 38 20 1.5 1.6 43.9 0.5 7.6 39.0 306 1642. 1 
CS/8+$5-C 2 1.00 40 20 1. 5 1. 7 42.7 0.5 7.4 39.0 326 1600.8 
CS/8+$5-C 3 1.00 98 51 , • 5 3.0 30.3 1.B 4.0 39.0 2033 861.7 
CS/8+S5·C 4 1.00 113 49 1.5 3.3 28.9 1.9 3.9 39.0 2257 847., 
CS/B+S5-C 5 1.00 136 44 1.5 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 

1, 2 3 4 5 

FIRING TYPE FWF FWF FWF FWF 

TYPE OF NOx CONTROL LNB LNB LNB LNB 

VOLUMETRIC HEAT RELEASE RATE 
(1000 Btu/CU.FT-HR) NA 20.2 18 21.2 

BOILER/WATERWALL SURFACE 
AREA HEAT RELEASE RATE 
(1000 Btu/SQ.FT-HR) NA 44.8 63.6 77 .5 

FURNACE RESIDENCE TIME (SECONDS) NA NA 3.75 4.38 

ESTIMATED NOx REDUCTION (PERCENT} 25 40 43 37 

SCR RETROFIT RESULTS 

SITE ACCESS AND CONGESTION 
FOR SCR REACTOR NA NA NA NA 

SCOPE ADDER PARAMETERS--

Building Demolition (1000$) NA NA NA NA 

Ductwork Demolition ( 1000$) NA NA NA NA 

New Duct Length (Feet) NA NA NA NA 

New Duct Costs (1000$) NA NA NA NA 

New Heat Exchanger (1000$) NA NA NA NA 

TOTAL SCOPE ADDER COSTS (1000$) NA NA NA NA 

RETROFIT FACTOR FOR SCR NA NA NA NA 

GENERAL FACILITIES (PERCENT) 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 

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) 
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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 NOx emissions from the total flue gas from units l to 5. Because 
the total flue gas from units l to 5 is ducted into one chimney, 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 
i~clude 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 l to 5 was assigned a low 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 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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Table 21 .6.2-7. NOx Control Cost Results for the New Castle Plant (June 198S Dollars> 

================================================================================================================ 
Technology Boiler Main Boiler Capacity Coal Capital Capital Annual Annual NOx NOx NOx Cost 

Nlilber Retrofit Size Factor Sul fur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (Mii) (%) Content ($MM) ($/kll) ($MM) (mil ls/kwh) (%) (tons/yr) ($/ton) 

Factor (%) 
---- -- -. -- ................. -. --- . -.... -. -- .... -- ---- .... -- -- --- ..................... -· ......... -.................... -- .... -- ........... -- .................. 

LNC-LNB 1 1.00 38 20 1.5 1. 7 45.6 0.4 -5.7 25.0 71 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 4 1.00 113 49 1. 5 2.7 23.7 0.6 1.2 43.0 8S9 654.9 
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 75 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 
LNC·LNB·C 4 1.00 113 49 1 .s 2.7 23.7 0.3 0.7 43.0 889 388.8 
LNC·LNB·C 5 1. 00 136 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 53.5 126.0 19.3 12.1 80.0 5450 3533.9 

SCR-3-C 1-5 1.16 424 43 1.5 53.S 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 15.8 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 
only 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 determine 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 
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 (1000$) 
ESP UPGRADE CASE 
A NEW BAGHOUSE CASE 

RETROFIT FACTORS 

CONTROL SYSTEM (DSD SYSTEM ONLY) 
ESP UPGRADE 
NEW BAGHOUSE 

2I-188 

LOW 
LOW 
NA 

NO 
NA 

NA 
NA 
NA 
NA 
50 
14 

14 
NA 

1.13 
1.13 
NA 



TABLE 21.6.2-9. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR NEW CASTLE UNIT 2 

ITEM 

SITE ACCESS/CONGESTION 

REAGENT PREPARATION 
ESP UPGRADE 
NEW BAGHOUSE 

SCOPE ADDERS 

LOW 
LOW 
NA 

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$) 15 

TOTAL COST (1000$) 
ESP UPGRADE CASE 
A NEW BAGHOUSE CASE 

RETROFIT FACTORS 

CONTROL SYSTEM (DSD SYSTEM ONLY) 
ESP UPGRADE 
NEW BAGHOUSE 
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NA 

1.13 
. 1.13 
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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 
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 (1000$) 
ESP UPGRADE CASE 
A NEW BAGHOUSE CASE 

RETROFIT FACTORS 

CONTROL SYSTEM {DSD SYSTEM ONLY) 
ESP UPGRADE 
NEW BAGHOUSE 

21-190 

LOW 
LOW 
NA 

NO 
NA 

NA 
NA 
NA 
NA 
50 
29 

29 
NA 

1.13 
1.13 

-NA 



TABLE 21.6.2-11. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR NEW CASTLE UNIT 4 

ITEM 

SITE ACCESS/CONGESTION 

REAGENT PREPARATION 
ESP UPGRADE 
NEW BAGHOUSE 

SCOPE ADDERS 

LOW 
LOW 
NA 

CHANGE ESP ASH DISCHARGE SYSTEM TO DRY HANDLING NO 
ESTIMATED COST (1000$) NA 

ADDITIONAL DUCT WORK (FT) 
NEW BAGHOUSE CASE NA 
ESTIMATED ~OST (1000$) NA 
ESP REUSE CASE NA 
ESTIMATED COST {1000$) NA 

DUCT DEMOLITION LENGTH (FT) 50 
DEMOLITION COST {1000$) 33 

TOTAL COST (1000$) 
ESP UPGRADE CASE 
A NEW BAGHOUSE CASE 

RETROFIT FACTORS 

CONTROL SYSTEM (DSD SYSTEM ONLY) 
ESP UPGRADE 
NEW BAGHOUSE 
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33 
NA 

1.13 
1.13 
NA 



TABLE 21.6.2-12. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR NEW CASTLE UNIT 5 

ITEM 

SITE ACCESS/CONGESTION 

REAGENT PREPARATION 
ESP UPGRADE 
NEW BAGHOUSE 

SCOPE ADDERS 

LOW 
LOW 
NA 

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$) 38 

TOTAL COST (1000$) 
ESP UPGRADE CASE 
A NEW BAGHOUSE CASE 

RETROFIT FACTORS 

CONTROL SYSTEM (DSD SYSTEM ONLY) 
ESP UPGRADE 
NEW BAGHOUSE 
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Table 21.6.2-13. Surrrnary of DSD/FS! Control Costs for the New Castle Plant (June 1988 Dollars) 

;:============================================================================================================== 
Technology 

DSO+ESP 
DSD+ESP 
DSD+ESP 
DSO+ESP 
DSD+ESP 

DSD+ESP-C 
DSO+ESP-C 
DSD+ESP·C 
DSD+ESP-C 
OSO+ESP-C 

FS!+ESP-50 
FSl+ESP-50 
FSl•ESP·50 
FSl+ESP-50 
FSl+ESP·SO 

FS!+ESP·SO·C 
FSl+ESP-50-C 
FSI+ESP·SO-C 
FS!+ESP·SO·C 
FSI+ESP·50·C 

FSl+ESP·70 
FSl+ESP·70 
FSl+ESP·70 
FSl+ESP-70 
FSI+ESP·70 

FS!+ESP·70-C 
FSI+ESP-70-C 
FSI+ESP·70·C 
FSI +ESP· 70·C 
FSl+ESP·70·C 

Boiler Main Boi·ler Capacity Coal 
~umber Retrofit Size Factor Sulfur 

1 
2 
3 
4 
5 

1 

2 
3 
4 

5 

2 
3 
4 

5 

1 

2 
3 
4 
5 

1 
2 
3 
4 

5 

2 . 
3 
4 
5 

Difficulty (MW) (%) Content 
Factor 

1.00 
1.00 
1.00 
1.00 
1.00 

1.00 
1.00 
1.00 
1.00 
1.00 

1. 00 
1.00 
1. 00 
1. 00 
1. DO 

1. 00 
1. 00 
1. 00 
1. 00 
1. 00 

1. 00 
1.00 
1. 00 
1. 00 

1.00 

1. 00 
1. 00 
1. 00 
1.00 
1.00 

38 
40 
98 

113 

136 

38 
40 
98 

113 

136 

38 
40 
98 

113 
136 

38 
40 
98 

113 
136 

38 
40 
98 

113 
136 

38 
40 
98 

113 
136 

20 
20 
51 
49 
44 

20 
20 
51 
49 
44 

20 
20 
51 
49 
44 

20 
20 
51 
49 
44 

20 
20 
51 
49 
44 

20 
20 
51 
49 
44 

(%) 

1. 5 
1.5 
1. 5 
1.5 
1.4 

1.5 
1. 5 
1.5 
1.5 
1.4 

1. 5 
1. 5 
1. 5 
1. 5 
1. 5 

1.5 
1.5 
1.5 
1. 5 
1. 5 

1. 5 
1. 5 
1.5 
1. 5 
1.5 

1 .'5 
1.5 
1. 5 
1.5 
1 .5 

Capital Capital Annual 
Cost Cost Cost 
($.MM) ($/kW) ($MM) 

3.5 94.3 
3.6 91.1 
5.7 58.1 
6.2 54.9 
6.8 50.3 

3.5 94.3 
3.6 91.1 
5.7 58.1 
6.2 54.9 
6.8 50.3 

4.1 108.5 
4.2 103.9 
6.1 62.4 
6.4 56.4 
7.4 54.5 

4.1 108.5 
4.2 103.9 
6.1 62.4 
6.4 56.4 
7.4 54.5 

4.1 110.0 
4.2 10S.3 
6.2 63.0 
6.5 57.1 
7.S SS .2 

4. 1 110.0 
4.2 105.3 
6.2 63.0 
6.5 57.1 
7.5 55.2 

3.6 
3.6 
5 .1 
5.3 
5.6 

2. 1 
2. 1 
2.9 
3. 1 
3.2 

2.5 
2.5 
4.4 
4.6 
5.0 

1.5 
1.5 
2.5 
2.7 
2.9 

2.5 
2.6 
4.5 
4.7 
5.1 

1.5 
1 .5 
2.6 
2.7 
3.0 

Annual 502 502 
Cost Removed Removed 

(mills/kwhl (%) (tons/yr) 

54.2 
51.4 
11.6 
10.9 
10.6 

31.3 
29.7 
6.7 
6.3 
6.2 

38.0 
36.2 
1o.1 
9.6 
9.6 

22.1 
21.0 
5.8 
5.5 
5.6 

38.4 
36.5 
10.2 
9.7 
9.8 

22.3 
21 .2 
5.9 
5.6 
5.7 

49.0 
49.0 
49.0 
47.0 
49.0 

49.0 
49.0 
49.0 
47.0 
49.0 

50.0 
50.0 
50.0 
50.0 
50.0 

50.0 
50.0 
50.0 
50.0 
50.0 

70.0 
70.0 
70.0 
70.0 
70.0 

70.0 
70.0 
70.0 
70.0 
70.0 

380 
405 

2524 
2726 
2885 

380 
405 

2524 
2726 
2!!85 

390 
416 

2594 
2880 
3112 

390 
416 

2594 
2880 
3112 

546 
583 

3632 
4032 
4357 

546 
583 

3632 
4032 
4357 

502 Cost 
Effect. 
CS/ton) 

9377.3 
8890.8 
2014.3 
1945.2 
1934. 1 

5414.5 
5134.4 
1164.2 
1124.7 
1118.7 

6408.9 
6099.4 
1694. 7 
1609.2 
1621.7 

3718. 7 
3539.4 
981. 5 
931.9 
939.8 

4614.2 
4392. 1 
1225.4 
1164. 7 
1174.4 

2677.5 
2548.8 
709.7 
674.5 
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 boi.lers are controlled with ESPs 
located 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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Figure 21.7.1-1. Eddystone plant plot plan 
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TABLE 21.7.1-1. EDDYSTONE STEAM PLANT OPERATIONAL DATA 

BOILER NUMBER 1 2 3,4 
FUEL TYPE COAL COAL PET 
GENERATING CAPACITY (MW-each) 354 354 391 
CAPACITY FACTOR (PERCENT) 43 34 
INSTALLATION DATE 1960 1960. 1976 
FIRING TYPE TANG TANG TANG 
COAL/PET SULFUR CONTENT (PERCENT) 1.5 I. 4 0.5 
COAL/PET HEATING VALUE (BTU/LB) 12700 13000 14900 
COAL ASH CONTENT (PERCENT) 7.7 8.2 
FLY ASH SYSTEM DRY HANDLING 
ASH DISPOSAL METHOD PAID/SOLD DISPOSAL/OFF-SITE 
STACK NUMBER 1 2 3 
COAL DELIVERY METHODS RAIL ROAD 
FGD SYSTEM YES YES NO 
INSTALLATION DATE 1982 1982 
FGD TYPE Mg OXIDE 

WET SCRUBBER 

PARTICULATE CONTROL 

TYPE ESP ESP ESP 
INSTALLATION DATE 1981 1982 1974-76 
EMISSION (LB/MM BTU) 0.04 0.04 0.01 
REMOVAL EFFICIENCY 99.2 99.3 NA 
DESIGN SPECIFICATION 

SULFUR SPECIFICATION (PERCENT) 2.6 2.6 0.5 
SURFACE AREA (1000 SQ FT) 122.9 122.9 961 
GAS EXIT RATE (1000 ACFM) 1050 1095 860 
SCA (SQ FT/1000 ACFM) 117 112 112 
OUTLET TEMPERATURE ("F) 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 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 and 2 are dry bottom, tangential-fired 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 NOx reduction through the use of the simplified NOx 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 low 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 Duct Costs (1000$) 3, 114 3, 114 

New Heat Exchanger (1000$) 3,979 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 (June 1988 Dollars) 

================================================================================================================ 
Technology Boiler Hain B,oi ler Capacity Coal Capital Capi tel Annual Annual NOx NOx NOX cost 

Nl..lltler Retrofit Size Factor Sul fur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (MW) (%) Content (SHH) (!/kW) (SHH) (mil ls/kwh) (%) c tons/yr) CS/tan) 

Factor (%) 

-----------------------------·-········-----------------------·····-··-----------···················-----------· 
LNC·OFA 1 1.00 354 43 1.5 1.0 2.9 0.2 0.2 25.0 969 229.9 
LNC·OFA 2 1.00 354 34 1.4 1.0 2.9 0.2 0.2 25.0 746 298.6 

LNC·OFA-C 1.00 354 43 1.5 1.0 2.9 0.1 0.1 25.0 969 136.4 
LNC·OFA-C 2 1.00 354 34 1 .4 1.0 2.9 o. 1 0. 1 2s .o 746 177.2 

SCR·3 1 1.52 354 43 1.5 54.8 154.9 18.4 13.8 80.D 3102 5931.6 
SCR·3 2 1.52 354 34 1.4 54.8 154.8 18.2 17.3 80.0 2388 7628.7 

SCR·3·C 1 1.52 354 43 1.5 54.8 154.9 10.8 8.1 80.0 3102 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 1.52 354 43 1.5 54.8 154.9 15 .5 11.6 80.0 3102 5001.6 
SCR-7 2 1.52 354 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 3783.8 

=============================================================·===·=~~=========================================== 
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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 Canadys 

Sorbent injection technologies (FSI and DSDJ 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 
GENERATING CAPACITY (MW-each) 
CAPACITY FACTOR (PERCENT) 
INSTALLATION DATt 
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) 
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1,2 
136 ' 
55,46 
1962,1964 
TANGENTIAL 
52.5 
NO 

1.5 
13000 
9.4 

3 
220 
45 
1967 
OPPOSED WALL 
89 
NO 

WET DISPOSAL 
POND/ON-SITE 

1, 2 3 
RAILROAD 

ESP ESP 
1972 1970 
o. 25 0.25 
95 95 

1. 5 1. 5 
70.6 110 
519 789 
182 186 
255 285 



TABLE 22.1.1-2. SUMMARY OF RETROFIT FACTOR DATA FOR CANADYS 
UNlT l OR 2 * 

FGD TECHNOLOGY 

FORCED LIME 
LLLS FGD OXIDATION SPRAY DRYING 

SITE ACCESSLCONGESTION 

S02 REMOVAL LOW NA LOW 
FLUE GAS HANDLING LOW NA 

ESP REUSE CASE NA 
BAGHOUSE CASE LOW 

DUCT WORK DISTANCE 
ESP REUSE 

(FEET) 100-300 NA 

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 FACJLITIES {PERCENT) 8 0 8 

* Absorbers and new FFs for unit 1 would be located north of 
unit l; and absorbers and new FFs for unit 2 would be located 
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 
LLLS FGD OXIDATION SPRAY DRYING 

SITE ACCESSLCONGESTION 

S02 REMOVAL LOW NA LOW 
FLUE GAS HANDLING MEDIUM NA 

ESP REUSE CASE NA 
BAGHOUSE CASE MEDIUM 

DUCT WORK DISTANCE 
ESP REUSE 

(FEET) 300-600 NA 

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

SCOPE ADJUSTMENTS 

WET TO DRY YES NA NO 
ESTIMATED COST (1000$) 1901 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- SU11118ry of FGO Control Costs for the Canadys Pl' ant (June 1988 Dollars> 

================================================================================================================ 
Technology Boiler Main Boiler Capacity Coal capital Capital Annual Annual S02 S02 S02 Cost 

Mureer Retrofit Size Factor Sul fur cost cost cost Cost Removed Removed Eliect. 
Difficulty (MW) (X) Content ($HM) ($/kW) ($MM) (mi lls/kwhl (%) (tons/yr) ($/ton) 

Factor c:o 
----·----------------------------------------·-------------------------------------------------------------···--
L/S FGD 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 42.9 315.1 17 .1 31.2 90.0 5445 3137.0 
L/S FGD 3 1.42 220 45 1.5 61.3 278.5 24.0 27. 7 90.0 8616 2787. 7 
L/S FGD 1·2 1.27 272 51 1 .5 63.6 233.8 26.4 21.7 90.0 12074 2188.3 

L/S FGD-C 1.27 136 55 1.5 42.9 315.2 10.3 15.8 90.0 6510 1588.9 
L/S FGD-C 2 1.27 136 46 1.5 42.9 315 •. 1 10.0 18.2 90.0 5445 1832.6 
L/S FGD·C 3 1.42 220 45 1.5 61.3 278.5 14.0 16.2 90.0 8616 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 12n.4 

LC FGD 1-2 1.27 272 51 1.5 42.3 155.4 20.1 16.5 90.0 12074 166.4.3 
LC FGD 3 1.42 220 45 1.5 41.9 190.6 18.3 21.0 90.0 8616 2118. 1 

LC FGD·C 1-2 1.27 272 51 1.5 42.3 155.4 11.7 9.6 90.0 12074 969.2 
LC FGO-C 3 1.42 220 45 1 .5 41.9 190.6 10.6 12.3 90.0 8616 1235.4 

LSO+FF 1. 16 136 55 1 .5 28.4 208.7 11. 0 16.8 86.0 6210 1m.o 
LSD+ FF 2 1.16 136 46 1.5 28.4 208.6 10.7 19.6 86.0 5194 2063.3 
LSO+FF 3 1.31 220 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 11 .4 86.0 5194 1206.7 
LSD+Ff-C 3 1.31 220 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. Simnary of Coal Switching/Cleaning Costs for the Canadys Plant (June 1988 Dollars) 

================================================================================================================ 
Technology Soi ler Main Boiler Capacity Coal capital Capital Annual Annual S02 S02 502 Cost 

N~r Retrofit Size Factor Sulfur CO$t Cost Cost Cost Removed Removed Effect. 
Di lficul ty (1111) cu Content (SMM) CS/kll) (SMM) (mi lls/kwh> c:o (tons/yr) ($/ton) 

Factor CXl 
---- -- -- ---- ---- -------- ----- ----- ----- -- -- ---- ---- ----- ---- --- ----- --- ------ ----- -- ---- -- --------------. -------
CS/B+S15 1 1.00 136 SS 1.S 5.7 41.6 10.1 1S.4 35.0 2502 4024.6 
CS/B+S15 2 1.00 136 46 1.S 5.7 41.6 8.6 1S.7 35.0 2093 4123. 1 
CS/B+S15 3 1.00 220 45 1.5 8.4 38.0 13.3 15.4 35.0 3312 4022.7 

CS/B+S15-C 1 1.00 136 5S 1.5 5.7 41.6 5.8 8.8 35.0 2502 2316.0 
CS/8+$15-C 2 1.00 136 46 1. 5 5.7 41.6 5.0 9. 1 35.0 2093 2374.4 
CS/B+S15-C 3 1.00 220 45 1. 5 8.4 38.0 7.7 8.8 35.0 3312 . 2316.0 

CS/B+SS 1 1.00 136 55 1.5 4.2 31 .2 4.4 6.7 35.0 2502 1762.9 
CS/B+SS 2 1.00 136 46 1.5 4.2 31 .2 3.9 7.0 35.0 2093 1842.1 
CS/B+S5 3 1.00 220 45 1.5 6. 1 27.6 5.8 6.6 35.0 3312 1739.0 

CS/B+SS·C 1 1.00 136 55 1.5 4.2 31.2 2.5 3.9 35.0 2502 1017.6 
CS/B+S5·C 2 1.00 136 46 1.5 4.2 31.2 2.2 4.1 35.0 2093 1064.5 
CS/B+SS·C 3 1.00 220 4S 1. s 6.1 27.6 3.3 3.8 3S .a 3312 1004.S 

================================================================================================================ 
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TABLE 22.1.1-6. SUMMARY OF NOx RETROFIT RESULTS FOR CANADYS 

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 

TANG OWF 

OFA LNB 

52.5 89 

1962,64 1967 

NO NO 

25 28 

LOW 

0 

34 

200 

1186 

2241 

3462 

1.16 

20 

LOW 

0 

49 

400 

3144 

2991 

6184 

1.16 

20 

1-2 

NA 

NA 

NA 

NA 

NA 

NA 

LOW 

0 

57 

200 

1779 

3397 

5234 

1.16 

20 

* Cold side SCR reactors for units 1, 2, and 3 would be located 
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 1968 Ool larsl 

=========================a===============3====================================================================== 
Technology Boiler Hain Boiler Capacity Coal Capital Capital Amual Annual NOx NOx NO;i, Cost 

NlJ!'ber Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 
Oifficulty (Mii) cu Content (SMM) (S/kll) CSMIO (mill s/kwh) ('Z) (tons/yr) ($/ton) 

Factor C:ll 

·····-·---········--------··-----------·-···············----------------···--··-------·-··----------············ 

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 15.9 0.4 0.5 28.0 962 453.5 

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 o. 1 0.3 25.0 368 378.8 

LNC-OFA·C 1 1.00 136 55 1.5 0.7 5 .1 0.1 0.1 25.0 464 168.3 
LNC·OFA·C 2 1.00 136 46 1.5 0.7 5. 1 0. 1 0.2 25.0 388 225. 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 34.4 156.5 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 22.8 167.9 4.3 7.9 80.0 1241 3479.4 
SCR-3-C 3 1. 16 220 45 1.5 34.4 156.5 6.6 7.6 80.0 2749 2396.2 
SCR-3-C 1-2 1. 16 272 51 1.5 38.5 141.6 7.6 6.3 80.0 2752 2771.1 

SCR-7 1. 16 136 55 1.5 22.8 167.9 6.3 9.6 80.0 1484 4256.3 
SCR-7 2 1. 16 136 46 1.5 22.8 167.9 6.3 11 .4 80.0 1241 5039. 1 
SCR-7 3 1. 16 220 45 1.5 34.4 156.5 9.4 10.9 80.0 2749 3434.6 
SCR-7 1·2 1.16 272 51 1.5 38.5 141.6 10.8 8.9 80.0 2752 3924.3 

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. 16 136 46 1.5 22.8 167.9 3.7 6.7 80.0 1241 2969.5 
SCR-7·C 3 1. 16 220 45 1. 5 34.4 156.5 5.6 6.4 80.0 2749 2024.0 
SCR· 7·C 1-2 1.16 2n 51 1. 5 38.5 141.6 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 generating 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 north of the plant. PM emissions from 
the boilers are controlled by retrofit ESPs located behind each boiler. Wet 
fly ash is ponded, then removed and landfilled. 

Lime/Limestone and Lime Spray Drying 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 
locations. No relocations or demolitions would be required for either 
location; hence, a low general facilities factor of 5 percent was assigned. 

For each unit, a short duct length 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 load 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 locations. 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 (PERCENT) 
INSTALLATION DATf 
FIRING TYPE 
FURNACE VOLUME (1000 CU FT) 
LOW NOx COMBUST(ON 
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 ACFMi 
OUTLET TEMPERATURE ( F) 
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1, 2 
147 
80 
1958 
TANGENTIAL 
52.5 
NO 
1.4 
13000 
9.0 
WET DJSPOSAL 
STORAGE/OFF-SITE 
1,2 
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 
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Table 22.1.2-3- Sunnary of FGO Control Costs for the McMeekin Plant (June 1988 Dollars) 

=========================·········=======··===================================================================== 
Technology Soi ler Main Boiler Capacity Coal Capital Capital Amual Annual S02 502 502 Cost 

N.irtler Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (H\I) (%) Content ($MM) CS/klll ($MM) Cmills/k•hl (:I) (tons/yr) ($/ton) 

Factor (%) 
-- ----------- ---- ·------- ,. ___________________ -- --- ---- --------- --- ------------------------ ---- ------ . --- ------- -

l/S FGD 1 1.37 147 so 1.4 46.S 31S.1 20.9 20.3 90.0 9553 2190. 1 
l/S FGD 2 1.37 147 80 1.4 46.8 31S.1 20.9 20.3 90.0 9553 2190. 1 

l/S FGO-C 1 t.37 147 80 1 .4 46.8 318. 1 12-2 11 .8 90.0 9553 1276. 7 
L/S FGO-C 2 1.37 147 80 1.4 46.8 318.1 12.2 11.8 90.0 9553 1276. 7 

LC FGO 1·2 t.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 ao 1.4 46.2 157.1 14.8 7.2 90.0 19106 776.2 

LSD+ FF 1 1.29 147 ao 1.4 33.5 22S. 1 13.3 13.0 87.0 9181 1453.5 
LSD+ FF 2 1.29 147 so 1.4 33.5 22S. 1 13.3 13.0 S7.0 9181 1453.5 

LSO+FF-C 1 1.29 147 80 1 .4 33.5 228. 1 7.8 7.6 87.0 9181 849.2 
LSO+FF-C 2 1.29 147 so 1 .4 33.5 22S. 1 7.8 7.6 87.0 9181 849.2 

================================================================================================================ 
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Coal Switching and Physical Coal Cleaning Costs--
Table 22.1.2-4 presents the IAPCS 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, low 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 plant 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. SlJllTlary of Coal Switching/Cleaning Coats for the McMeekin Plant (June 1988 Ool larsl 

================================================================================================================ 
Technology Soi ler Main Soi ler Capacity Coal Capital Capital Amual Annual S02 S02 S02 Cost 

~.inber Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (Ml/) c::o Content ($191) ($/kW) ($1410 (mil ls/kwhl (%) <tons/yr) ($/tonl 

Factor co 
--- --- . -. --.. -- ----- --- -- ---- ---- --- -. --- --. -· -·-. ------ -- ---- -.... -- -- -- -- --- -. -----. ------ -. - - - --- -- -------- - --

CS/S+S15 1 1.00 147 80 1.4 6.0 41. 1 15.2 . 14. 7 30.0 3176 4780.6 
CS/8+S15 2 1.00 147 80 1.4 6.0 41.1 15.2 14.7 30.0 3176 4780.6 

CS/B+S15·C 1 1.00 147 80 1.4 6.0 41. 1 8.7 8.5 30.0 3176 2747.5 
CS/8+S15·C 2 1.00 147 80 1.4 6.0 41. 1 8.7 8.5 30.0 3176 2747. 5 

CS/S+SS 1.00 147 80 1.4 4.5 30.8 6.4 6.2 30.0 3176 2017. 1 
CS/B+SS 2 1.00 147 80 1.4 4.5 30.8 6.4 6.2 30.0 3176 2017.1 

CS/8+$5-C 1 1.00 147 80 1.4 4.5 30.8 3.7 3.6 30.0 3176 1162 .1 
CS/B•SS·C 2 1.00 147 80 1.4 4.5 30.8 3.7 3.6 30.0 3176 1162. 1 

===============================================~==================================================»••»•========= 
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TABLE 22.1.2-5. SUMMARY OF NOx RETROFIT RESULTS FOR MCMEEKIN 

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 

22-14 

1,2 

TANG 

OFA 

52.5 

1958 

NO 

25 

LOW 

0 

36 

200 

1242 

2349 

3626 

1.16 

13 



Table 22.1.2-6. NOx Control Cost Results for the McMeekin Plant (June 1968 Ool lars) 

================================================================================================================ 
Technology Bailer Main Boiler Capacity Caal Capital Capital Annual Annual NOx NOx NOx Cost 

Nuri>er Retrofit Size Factor Sul fur Cast Cost Cost Cast R emaved Removed Effect. 
Oi ff icul ty (M\I) ('¥) Content (~) CS/kW) (SMM) Cmil l s/kwh l (%) (tons/yr) (S/ton) 

Factor co 
-- ---- -- -- -- -- --- - - - -- -- -- ---- -- --- ---------- - -- - -- - - -- ---- -- ---- --- ---- ---- -------- - - - - -- ---- ------ -- ----------

LNC·OFA 1.00 147 80 1.4 0.7 4.9 0.2 o. 1 25.0 729 207.B 
LNC·OFA 2 1.00 147 80 1.4 0.7 4.9 0.2 o. 1 25.0 729 207.8 

LNC·OFA·C 1.00 147 BO 1.4 0.7 4.9 0. 1 o. 1 25.0 729 123.5 
LNC·OFA·C 2 1.00 147 80 1.4 Cl. 7 4.9 0.1 0.1 25.0 729 123.5 

SCR-3 1 1.16 147 80 1.4 23.6 160.6 8.0 7.7 80.0 2333 3411 .4 
SCR-3 2 1.16 147 80 1 .4 23.6 160.6 B.O 7.7 80.0 2333 3411.4 

SCR·3·C 1.16 147 80 1.4 23.6 160.6 4.7 4.5 60.0 2333 1999.B 
SCR·3-C z 1.16 147 80 1.4 23.6 160.6 4.7 4.5 80.0 2333 1999.8 

SCR·7 1 1. 16 147 80 1.4 23.6 160.6 6.8 6.6 80.0 2333 2899.6 
SCR·7 2 1. 16 147 80 1.4 23.6 160.6 6.8 6;6 80.0 2333 2899.6 

SCR·7·C 1 1. 16 147 80 1.4 23.6 160.6 4.0 3.9 80.0 2333 1706.6 
SCR·7·C 2 1. 16 147 80 1.4 23.6 160.6 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 
GENERATING CAPACITY (MW-each) 
CAPACITY FACTOR (PERCENT) 
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 .(SQ FT/1000 ACFM) 
OUTL~T TEMPERATURE (°F) 
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1, 2' 3 
75,75,100 
50,46,70 
1953,54,55 
TANGENTIAL 
44.6,44.5,60.9 
NO 
1. 2 
12900 
9.2 
DRY DISPOSAL 
LANDFILL/ON-SITE 
1,2,3 
RAILROAD 

ESP 
1968,68,59 
0.33,0.38,0.29 
99.0 

1. 5 
45.0,45.0,60.0 
315,344,494 
199, 199, 191 
305,294,292 



TABLE 22.1.3-2. SUMMARY OF RETROFIT FACTOR DATA FOR URQUHART 
UNIT 1, 2 OR 3 * 

FGD TECHNOLOGY 

FORCED LIME 
LLLS FGD·OXIDATION SPRAY DRYING 

SITE ACCESSLCONGESTION 

S02 REMOVAL LOW NA LOW 
FLUE GAS HANDLING MEDIUM NA 

ESP REUSE CASE NA 
BAGHOUSE CASE MEDIUM 

DUCT WORK DISTANCE 
ESP REUSE 

(FEET) 300-600 NA 

BAG HOUSE 300-600 
ESP REUSE NA NA NA 
NEW BAGHOUSE NA NA LOW 

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 1.35 NA 
ESP REUSE CASE NA 
BAGHOUSE CASE 1.31 

ESP UPGRADE NA NA NA 
NEW BAGHOUSE NA NA 1.16 

GENERAL FACILITIES {PERCENT) 5 0 5 

* Absorbers and new FFs for each unit would be located behind 
their respective chimney. 
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Table 22. 1 .3·3. 5""1111ry of FGD Control Costs for the Urquhart Plant (June 1988 Dollars) 

================================================================================================================ 
Technology Soi ler Main Boiler Capacity Coal Capital Capital Amual Annual S02 502 502 Cost 

Nurber Retrofit Size Factor Sul fur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (MW) c:o Content (SHH) ($/kW) ($MM) (mill s/kwh) (%) (tons/yr) ($/ton) 

Factor (%) 

---------------------------------------------·------------------------------------------------------------------

L/S FGD 1 1.35 75 50 1.2 33.0 439.6 13.0 "39.6 90.0 2634 4935.1 
LIS FGD 2 1.35 75 46 1.2 32.9 439. 1 12.8 42.4 90.0 2424 5292.8 
LIS FGD 3 1.35 100 70 1.2 36.6 366.5 15.6 25.5 90.0 4917 3176.9 

LIS FGD-C 1.35 75 50 1.2 33.0 439.6 7.6 23.1 90.0 2634 2883.6 
LIS FGC-C 2 1.35 75 46 1.2 32.9 439. 1 7.5 24.8 90.0 2424 3093.4 
LIS FGD-C 3 1.35 100 70 1.2 36.6 366.5 9. 1 14.9 90.0 4917 1853.6 

LC FGC 1-3 1.35 250 57 1.2 41.8 167. 1 19.8 15.9 90.0 10010 1982.3 

LC FGC-C 1-3 1.35 250 57 l .2 41 .8 167. 1 11.6 9.3 90.0 10010 1154.4 

LSO+FF 1 . 1.31 75 50 1.2 20. 1 268.4 8.0 24.2 87.0 2532 3144.9 
LSO+FF 2 1.31 75 46 1.2 20.0 266.4 7.8 26.0 87.0 2329 3370.0 
LSO+FF 3 1.31 100 70 1.2 24.4 243.8 9.8 16.0 87.0 4726 2071. 9 

LSO+FF-C 1.31 75 50 1.2 20. 1 268.4 4.7 14.2 87.0 2532 1837.4 
LSO+FF-C 2 1.31 75 46 1.2 20.0 266.4 4.6 15.2 87.0 2329 1969.3 
LSD+FF-C 3 1.31 10D 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. Slill!\ary of Coal Switching/Cleaning Costs for the Urquhart Plant (June 1988 Dollars) 

================================================================================================================ 
TechMlogy Soi Ler Mein Boiler Capacity coal Capi Cal Capital Amual Amual 502 soz 502 Cost 

NlJ!ber Retrofit Size Factor Sul fur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (Mii) C:ll Content CSMM) (S/kWl ($14M) (mil ls/kwh) (%) (tons/yr> (S/tonl 

Factor (%) 

·······-··-·················-------·------------------------------·------------·--------------------------------
CS/8+$15 1 1.00 75 50 1 .2 3.5 46.6 5.3 16.3 19.0 555 9640.1 
CS/8+$15 2 1.00 75 46 1 .2 3.5 46.6 5.0 16.5 19.0 511 9765.5 
CS/8+$15 3 1.00. 100 70 1.2 4.4 43.9 9.3 15 .2 19.0 1036 9023.0 

CS/B+S15·C 1 1.00 75 50 1 .z 3.5 46.6 3. 1 9.4 19.0 555 5551.5 
CS/8+S15·C 2 1.00 75 46 1.2 3.5 46.6 2.9 9.5 19.0 511 5625.8 
CS/8+S15·C 3 1.00 100 70 1.2 4.4 43.9 5.4 8.8 19.0 1036 5188.6 

CS/B+SS 1 1.00 75 50 1 .2 2.7 36.3 2.5 7.6 19.0 555 4505.6 
CS/8+S5 2 1.00 75 46 1.2 2.7 36.3 2.4 7.8 19.0 511 4609.5 
CS/8+$5 3 1 .oo 100 70 1.2 3.4 33.6 4.1 6.7 19.0 1036 3958.5 

CS/B+S5-C 1.00 75 50 1.2 2.7 36.3 1.4 4.4 19.0 555 2603.3 
CS/B+SS-C 2 1.00 75 46 1.2 2.7 36.3 1.4 4.5 19.0 511 2664.9 
CS/B+S5-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 

BOILER NUMBER 

1,2 

TANG 

OFA 

44.6 

1953,1954 

NO 

ESTIMATED NOx REDUCTION (PERCENT) 25 

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$) 
INDIVIDUAL CASE 
COMBINED CASE (1-3) 

RETROFIT FACTOR FOR SCR 

GENERAL FACILITIES (PERCENT) 

LOW 

0 

22 

300 

1257 

1568 

2847 

1.16 

13 

5824 

3 

TANG 

OFA 

60.9 

1955 

NO 

25 

LOW 

0 

27 

300 

1487 

1864 

3378 

1.16 

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 Cost Results for the UrqUiart Plant (June 1988 Ool lars) 

================================================================================================================ 
Technology Boiler Main Boiler Capacity Coal Capital Capital Amual Amuel NOX NOX NOx cost 

NUTber Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 
o i ff i cul ty (1!11) 00 Content (SIOI) (S/lcW) (SMM) (mil ls/kwhl (%) c tons/yr) ($/ton> 

Factor (:>::) 

---·---------·--------------------------------------------------------------------------------------------------

LNC·OFA 1.00 75 so 1.2 0.6 7.4 0.1 0.4 25 .0 235 493.3 
LNC·OFA 2 1.00 75 46 1.2 0.6 7.4 0. 1 0.4 25.0 216 536.2 
LNC·OFA 3 1.00 100 70 1.2 0.6 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·OFA·C 2 1.00 75 46 1.2 0.6 7.4 o. 1 0.2 25.0 216 318.9 
LNC·OFA·C 3 1.00 100 70 1.2 0.6 6.2 0.1 a. 1 25.0 438 176.3 

SCR·3 1 1.16 75 50 1.2 15.9 211.8 4.9 14.8 80.0 751 6496. 5 
SCR·3 2 1. 16 75 46 1.2 15.9 211.6 4.9 16. 1 80.0 691 7034.8 
SCR·3 3 1. 16 100 70 1.2 18.9 188.9 6.0 9.8 80.0 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. 16 75 50 1.2 15.9 211.8 2.9 8.7 80.0 751 3817.0 
SCR·3·C 2 1.16 75 46 1.2 15.9 211.6 2.9 9.4 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 2526. 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 75 50 1.2 15.9 211 .8 4.3 13.0 80.0 751 5684. 1 
5CR·7 2 1. 16 75 46 1.2 15.9 211.6 4.2 14. 1 80.0 691 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 80.0 2852 3575.9 

5CR·7·C 1. 16 75 50 1.2 15.9 211.8 2.5 7.7 80.0 751 3351.5 
SCR·7·C 2 1. 16 75 46 1.2 15.9 211.6 2.5 8.3 80.0 691 3627.6 
SCR·7·C 3 1. 16 100 70 , .2 18.9 188.9 3.1 5.0 80.0 1401 2194.2 
SCR·7·C 1 ·3 1.16 250 57 1.2 36.5 145.S 6.0 4.8 80.0 2852 2106. 1 

=================================~============================================================================== 
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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 
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 {P~RCENT) 
FLY ASH SYSTEM 
ASH DISPOSAL METHOD 
STACK NUMBER 
COAL DELIVERY METHODS 

PARTICULATE CONTROL 

TYPE 
INSTALLATION DATE 
EMISSION (LB/MM BTU) 
REMOVAL E~FICIENCY 
DESIGN SPECIFICATION 

SULFUR SPECIFICATION (PERCENT) 
SURFACE AREA (1000 SQ FT) 
GAS EXIT RATE (1000 ACFM) 
SCA (SQ FT/1000 ACFM) 
OUTLET TEMPERATURE (°F) 
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1 2 
386 386 
65 65 
1970 1971 
OPPOSED WALL 

199 199 
NO NO 

1.4 
12800 
9.0 

WET DISPOSAL/DRY 
PONDS/ON-SITE/PAID 

I 2 
RAILROAD 

ESP ESP 
1970 1971 
0.35 0.35 
97.l 96.9 

1. 5 1. 5 
204.2 265.5 
1232 1232 
166 143 
280 270 



TABLE 22.1.4-2. SUMMARY OF RETROFIT FACTOR DATA FOR WATEREE 
UNIT 1 OR 2 * 

FGD TECHNOLOGY 

FORCED . LIME 
LLLS FGD OXIDATION SPRAY DRYING 

SITE ACCESSLCONGESTION 

S02 REMOVAL MEDIUM NA MEDIUM 
FLUE GAS HANDLING LOW NA 

ESP REUSE CASE NA 
BAGHOUSE CASE LOW 

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$) 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 FACILJTIES (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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Table 22.1.4-3. Sunnary of FGD Control Costs for the Wateree Plant (June 1988 Dollars) 

================================================================================================================ 
Technology Boiler Main Soi ler Capacity Coal Cepi tal Capital Arnuel Annual S02 S02 S02 Cost 

NU!b!r Retrofit Size Factor Sul fur cost Cost cost Cost Removed Removed Effect. 
Difficulty (M\I) (%) Content ($1410 (S/klll ($1410 (mil ls/kwhl (%) C tons/yr> ($/ton) 

Factor (%) 

----------------------------------------------------------------------------------------------------------------

LIS FGO 1 1.48 386 65 1.4 87.5 226.6 38.2 17 .4 90.0 20747 1842.6 
LIS FGO 2 1.48 386 65 1.4 87.4 226.5 38.3 17 .4 90.0 20747 1844.5 

LIS FGO-C 1.48 386 65 1.4 87.5 226.6 22.3 10.1 90.0 20747 1074 .6 
LIS FGO·C 2 1.48 386 65 1.4 87.4 226.5 22.3 10.2 90.0 20747 1075. 7 

LC FGD 1-2 1.48 m 65 1.4 110.6 143.3 55.1 12.5 90.0 41494 1328.B 

LC FGD·C 1-2 1.48 m 65 1.4 110.6 143.3 32.1 7.3 90.0 41494 773.3 

LSD+ FF 1.40 386 65 1.4 70.5 182.6 26.2 11.9 87.0 19940 1313.7 
LSD+ FF 2 1.40 386 65 1.4 69.9 181.1 26.0 11.8 87.0 19940 1305.2 

LSD+FF·C 1.40 386 65 1.4 70.5 182.6 15.3 7.0 87.0 19940 768.5 
LSO+FF·C 2 1.40 386 65 1.4 69.9 181.1 15.2 6.9 87.0 19940 763.5 

================================================================================================================ 
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Table 22.1.4-4. SU1111ary of Coal Switching/Cleaning casts for the Wateree Plant (June 198B Dollars> 

================================================================================================================ 
Technology Boiler Main Boiler Capacity Coal Capital Capital Annue l Annual 502 S02 502 Cost 

Ni.Rler Retrofit Size Factor Sul fur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty CHiil CXl Content ($1410 (S/klll (Sit!) Cmills/kwhl (%) Ctons/yrl ($/ton) 

Factor ();) 

----------------------------------------------------------------------------------------------------------------

CS/B+S15 1 1.00 386 65 1 .4 14.3 37_0 32.0 14.6 31.0 7182 4454.3 
CS/B+S15 2 1.00 386 65 1 .4 15.0 38.8 32.2 14.6 31.0 7182 4481.7 

CS/B+S15·C 1 1.00 386 65 1.4 14.3 37.0 18.4 8.4 31.0 7182 2560.9 
CS/8+115-C 2 1.00 386 65 1.4 15.0 38.8 18.5 8.4 31.0 7182 2577.1 

CS/B+S5 1 1.00 386 65 1.4 10.3 26.6 13.1 6.0 31.0 7182 1829.0 
CS/B+S5 2 1.00 386 65 1.4 11.0 28.4 13.3 6.1 31.0 7182 1856.4 

CS/B+S5-C 1 1.00 386 65 1.4 10.3 26.6 7.6 3.4 31.0 7182 1054.3 
CS/B+S5-C 2 1.00 386 65 1.4 11. 0 28.4 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 

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 

OWF 

LNB 

199 

1970, 

NO 

35 

LOW 

0 

74 

300 

3276 

4191 

7542 

1.16 

13 

1971 

* Cold side 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) 

================================================================================================================ 
Technology Boiler Main Boiler Capacity Coal Capital Capital Annual Annual MOX NOX NOX Cost 

NCIT'ber Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (1411) cu Content (S1414) (S/kWl (Siii) <mil ls/kwn) co (tons/yr) ($/ton) 

Factor ('!:) 

--- ---- ---- ----- ---- ---- ---- -- ----- ---- ---- ---------- -- -- ---- -- -- - ---- ---- --- --- - ----- -- -- -- ---- ---- ---- -- - -----

LNC·LNB 1.00 386 65 1.4 4.4 11.4 0.9 0.4 35.0 3103 296.2 
LNC·LNB 2 1.00 386 65 1.4 4.4 11.4 0.9 0.4 35.0 3103 296.2 

LNC·LNB·C 1 1 .00 386 65 1 .4 4.4 11.4 0.5 0.2 35.0 3103 176.0 
LNC·LNB·C 2 1 .00 386 65 1.4 4.4 11.4 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 65 1.4 49.6 128.6 17.7 8.1 80.0 7093 2499.5 

SCR-3·C 1 1. 16 386 65 1.4 49.6 128.6 10.4 4.7 80.0 7093 1463.4 
SCR-3-C 2 1. 16 386 65 1.4 49.6 128.6 10.4 4.7 80.0 7093 1463.4 

SCR-7 1 1. 16 386 65 1.4 49.6 128.6 14.6 6.6 80.0 7093 2056.6 
5CR·7 2 1. 16 386 65 1.4 49.6 128.6 14.6 6.6 80.0 7093 2056.5 

SCR-7·C 1 1. 16 386 65 1.4 49.6 128.6 8.6 3.9 80.0 7093 1209.7 
SCR-7-C 2 , • 16 386 65 1.4 49.6 128.6 8.6 3.9 80.0 7093 1209.6 

================================================================================================================ 
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22.2 SOUTH CAROLINA GENERATING 

22.2.1 Arthur M. Williams 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 
GENERATING CAPACITY (MW-each) 
CAPACITY FACTOR (PERCENT) 
INSTALLATION DAT£ 
FIRING TYPE 
FURNACE VOLUME (1000 CU FT) 
LOW NOx COMBUST10N 
COAL SULFUR CONTENT (PERCENT) 
COAL HEATING VALUE (0TU/LB) 
COAL ASH CONTENT (PtRCENT) 
FLY ASH SYSTEM 
ASH DISPOSAL METHOD 
STACK NUMBER 
COAL DELIVERY METHODS 

PARTICULATE CONTROL 

TYPE 
INSTALLATION DATE 
EMISSION (LB/MM BTU) 
REMOVAL E~FICIENCY 
DESIGN SPECIFICATION 

SULFUR SPECIFICATION (PERCENT) 
SURFACE AREA (1000 SQ FT) 
GAS EXIT RATE (1000 ACFM) 
SCA (SQ FT/1000 ACFM) 
OUTLtT TEMPERATURE (°F) 
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1 
608 
70 
1973 
TANGENTIAL 
270 
NO 
1. 0 
12900 
8.3 
DRY DISPOSAL 
LANDFILL/OFF-SITE 
1 
RAILROAD 

ESP 
1984 
0.02 
99.6 

1. 5 
637.6 
2800 
228 
310 



TABLE 22.2.1-2. SUMMARY OF RETROFIT FACTOR DATA FOR WILLIAMS 
UNIT I * 

FGD TECHNOLOGY 

FORCED LIME 
LL'.LS FGD OXIDATION SPRAY DRYING 

SITE ACCESS[CONGESTION 

S02 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 
BAG HOUSE 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 FACILITIES {PERCENT) 8 0 8 

* The L/LS-FGD absorbers would be located northeast of the 
chimney and the LSD-FGD absorbers would be located north of 
unit 1. 
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TABLE 22.2.1-3. SUMMARY OF NOx RETROFIT RESULTS FOR WILLIAMS 

BOILER NUMBER 

COMBUSTION MODIFICATION RESULTS 

1 

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 

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) 

LOW 

0 

105 

200 

2849 

5505 

8458 

1.16 

20 

* Cold side SCR reactors would be located northeast of the chimney. 
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Table 22.2. 1-4. NOx Control Cost Results for t~e Williams Plant (June 19613 Dol larsl 

==================~========z======•==•••••====z••••============================================================= 

Technology Boi Ler Main Boiler Capac i ty Coal Capital Capital Annual Amual NOx NOx NOx Cost 
NU'T'ber Retrofit Size Factor Sul fur Cost Cost Cost Cost Removed Removed Effect. 

Difficulty (MW) (1) Content (SMM) CS/kW) <SMMl (mills/kwhl (%) (tons/yr) ($/ton) 

Factor (:0 
----- -...... ----·- ...... ---....................................................... -- -- ............. -- .......................... -- ......... -- .... -. -......... 

LNC ·OFA 1.00 608 70 1.0 1.3 2. 1 0.3 o. 1 25.0 2662 100.5 

LNC-OFA·C 1. 00 608 70 1.0 1.3 2. 1 0.2 0.0 25.0 2662 59.7 

SCR-3 1.16 608 70 1.0 73.2 120.4 26.8 7.2 80.0 8518 3143.7 

SCR-3-C 1. 16 608 70 1. 0 73.2 120.4 15.7 4.2 80.0 8518 1839.7 

SCR-7 1. 16 608 70 1.0 73.2 120.4 21.8 5.9 80.0 8518 2563.4 

SCR-7-C 1. 16 608 70 1.0 73.2 120.4 12.8 3.4 80.0 8518 1507 .2 

========================================:::.====================================================================== 
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TABLE 22.2.1-5. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR ARTHUR M. WILLIAMS UNIT I 

ITEM 

SITE ACCESS/CONGESTION 

REAGENT PREPARATION 
ESP UPGRADE 
NEW BAGHOUSE 

SCOPE ADDERS 

CHANGE ESP ASH DISCHARGE SYSTEM TO DRY HANDLING 
ESTIMATED COST (I000$) 

ADDITIONAL DUCT WORR (FT) 
NEW BAGHOUSE CASE 
ESTIMATED COST (1000$) 
ESP REUSE CASE 
ESTIMATED COST (1000$) 

DUCT DEMOLITION LENGTH (FTl 
DEMOLITION COST (1000$ 

TOTAL COST (1000$) 
ESP UPGRADE CASE 
A NEW BAGHOUSE CASE 

RETROFIT FACTORS 

CONTROL SYSTEM (DSD SYSTEM ONLY) 
ESP UPGRADE 
NEW BAGHOUSE 

LOW 
LOW 
NA 

NO 
NA 

NA 
NA 
NA 
NA 
50 
116 

116 
NA 

1.13 
1.16 
NA 

FSI and DSD were considered due to the adequate size of the ESPs 
and the sufficient duct residence tlme between the boiler and 
ESPs. 

22-32 



Table 22.2.1·6. Surmary of 050/FSI Control Costs for the Williams Plant (June 1988 Dollars> 

==========================================================================~========================~============ 

Technology Boiler Hain Boiler Ca~city Coal Capital Capital Amual Amual 502 $02 502 Cost 
Muriler Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 

Difficulty (1411) OD Content (SMIO CS/kW) CSMIO Cmi lls/kwhl (%) (tons/yr) ($/ton) 
Factor (lr;) 

·····················------···········-----------------------------------·······----------·····················-

DSD+ESP 1.00 608 70 1.0 19.0 31.2 13.2 3.5 49.0 13467 976.8 

DSD+ESP·C 1.00 608 70 1.0 19.0 31.2 7.'6 2.0 49.0 13467 566.0 

FSI+ESP-50 1.00 608 70 1.0 23.0 37.8 15.6 4.2 so.a 13841 1129.9 

FSI+ESP·SO·C 1.00 608 70 1.0 23.0 37.8 9.1 2.4 so.a 13841 654.8 

FS I +ESP· 70 1.00 608 70 1.0 22.9 37.7 15.8 4.2 70.0 19378 815.6 

FSl+ESP·70;C 1.00 608 70 1.0 22.9 37.7 9.2 2.5 70.0 19378 4n.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 control cost and performance estimates. 

TABLE 22.3.1-1. GRAINGER STEAM PLANT OPERATIONAL DATA 

BOILER NUMBER 
GENERATING CAPACITY (MW-each) 
CAPACITY FACTOR (PERCENT) 
INSTALLATION DATt 
FIRING TYPE 
FURNACE VOLUME (1000 CU FT) 
LOW NOx COMBUSTION 
COAL SULFUR CONTENT (PERCENT) 
COAL HEATING VALUE (BTU/LB) 
COAL ASH CONTENT (PtRCENT) 
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) 
OUTL£T TEMPERATURE ("F) 
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1,2 
82 
44,50 
1966 
FRONT WALL 
NA 
NO 
1.8 
12700 
10.2 
WET DISPOSAL 
POND/ON-SITE 
1,2 
RAlLROAD 

ESP 
1966 
0.34,0.103 
95 

1. 2 
66. l 
191. 4 
345 
300 



TABLE 22.3.1-2. SUMMARY OF RETROFIT FACTOR DATA FOR GRAINGER 
UNIT 1 OR 2 * 

FGD TECHNOLOGY 

FORCED LIME 
LLLS FGD OXIDATION SPRAY DRYING 

SITE ACCESSLCONGESTION 

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 
BAG HOUSE 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) 1015 0 1015 

*Absorbers for unit 1 would be located east of unit 1. 
Absorbers for unit 2 would be located south of the unit 2 
chimney. The general facilities for unit land 2 are IO. 
and 5 percent, respectively. 
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Table 22.3.1·3. Sl.lllllary of FGO Control Costs for the Grainger Plant ( J...,., 1988 Dollars) 

================================================================================================================ 
Technology Soi ler Main Boiler Capeci ty Coal Capital Capi tat Amual Amual 502 S02 S02 cost 

NlJ!tler Retrofit s;ze Factor Sul fur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty <MW) (lO Content (-) CS/kW> (SHiil (mil ls/kwhl <lO Ctons/yrJ CS/ton> 

Factor C:IO 

----------------------------------------------------------------------------------------------------------------

l/S FGO 1 1 .27 82 44 1.8 35.5 433.0 13.8 43.8 90.0 3871 3575 .0 
l/S FGD 2 1.27 82 so 1.8 34.5 420.3 13.8 38.5 90.0 4398 3141.8 

l/S FGD·C 1 1.27 82 44 1.8 35.S 433.0 8.1 25.6 90.0 3871 2089.4 
l/S FGD·C 2 1.27 82 50 1.8 34.5 420.3 8.1 22.5 90.0 4398 1835.2 

LC FGD 1-2 1.27 164 47 1.8 33.4 203.4 15.0 22.3 90.0 8269 1818.8 

LC FGO·C 1-2 1.27 164 47 1.8 33.4 203.4 8.8 13.0 90.0 8269 1060.1 

LSO+ESP 1 1.43 82 44 1.8 15.5 188.6 7.0 22.3 76.0 3281 2144.3 
LSO+ESP 2 1.43 82 50 1.8 15.1 183.8 7.1 19.6 76.0 3729 1892.3 

LSO+ESP·C 1 1.43 82 44 1.8 15.5 188.6 4.1 13.0 76.0 3281 1249. 7 
LSO+ESP·C 2 1.43 82 50 1.8 15. 1 183.8 4. 1 11.4 76.0 3729 1102.3 

============================================================================================================···· 
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Table 22.3.1·4. S<irmary of coal Switching/Cleaning Costs for the Grainger Plant (June 198.!! Dollars) 

================================================================================================================ 
Technology Boiler Main Boiler Capacity Coal Capital Capital Annusl Amual SD2 S02 502 Cost 

N"'*>er Retrofit Size Factor Sul fur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (Mii) Cl:) Content CSMM) CS/klll ($MM) Cmi l ls/k:wh) (X) Ctonsfyr) CS/ton) 

Factor c:o 
--- ------- --- ------ --- -- ---- ---- ---- -- ------------ ---- ---- --- ---- ---- -- ---- -- ----- ---- -- ---- ---- ---- -- -- -- ---- --
CS/8+$15 1 1.00 82 44 1.8 3.6 43.5 5.1 16.3 47.0 2018 2546.0 
CS/B+S15 2 1.00 82 50 1 .8 3.6 43.5 5.7 15 .9 47.0 2294 2497 .5 

CS/B+S15·C 1 1. 00 82 44 1 .8 3.6 43.5 3.0 9.4 47.0 2018 1466.7 
CS/B+S15·C 2 1.00 82 50 1 .8 3.6 43.5 3.3 9.2 47.0 2294 1437.9 

CSfB+S5 1 1.00 82 44 1.8 2.7 33.2 2.4 7.5 47.0 2018 1178.9 
CS/8+$5 2 1.00 82 50 1 .8 2.7 33.2 2.6 7.3 47.0 2294 1139.2 

CS/B+SS·C 1 1.00 82 44 1.8 2.7 33.2 1.4 4.4 47.0 2018 681.5 
CS/B+S5-C 2 1.00 82 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 

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 COST~ (1000$) 

RETROFIT FACTOR FOR SCR 

GENERAL FACILITIES (PERCENT) 

BOILER NUMBER 

1 2 

FWF 

LNB 

NA 

1966 

NO 

40 

LOW 

0 

23 

200 

882 

1655 

2560 

1.16 

20 

FWF 

LNB 

NA 

1966 

NO 

40 

LOW 

0 

23 

200 

882 

1655 

2560 

1.16 

13 

* Cold side SCR reactors for unit 1 would be located east of 
unit 1, and cold 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 Grainger Plant (June 1988 Ool lars) 

================================================================================================================ 
Technology Soi ler Mein Boiler Capacity coe l Capital Capital Annual Amual NOx NOx NOx Cost 

Nl.lli:>er Retrofit Size Factor Sul fur Cost cost Cost cost Removed Removed Effect. 
Di ffi cul ty (Mii) Cl'> Content ($MM) ($/kW) CSMM) Cmills/kwh) c:o (tons/yr> ($/ton) 

Factor c:u 
-----------------------------------------------------------------------------------·----------------------------

LNC·LNB 1 l.00 82 44 1.8 2.4 28.8 0.5 1.6 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. 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 44 1.8 16.5 201.5 5.2 16.3 80.0 1029 5017.5 
SCR-3 2 1.16 82 50 1.8 16.2 197.3 5.1 14.2 80.0 1170 4369.5 

SCR·3·C 1 1.16 82 44 1.8 16.5 201.5 3.0 9.6 so.a 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 82 44 1.8 16.S 201.S 4.5 14.2 80.0 1029 4368.1 
SCR·7 2 1.16 82 50 1.8 16.2 197.3 4.4 12.4 80.0 1170 3798.1 

SCR·7·C 1 1.16 82 44 1.8 16.5 201.5 Z.6 8.4 80.0 1029 2574.6 
SCR·7·C 2 1.16 82 50 1.8 16.Z 197.3 2.6 7.3 80.0 1170 2238.1 

================================================================================================================ 
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TABLE 22.3.1-7. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR GRAINGER 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 WORR (FT) 
NEW BAGHOUSE CASE 
ESTIMATED COST (1000$) 
ESP REUSE CASE 
ESTIMATED COST (1000$) 

DUCT DEMOLITION LENGTH (Fl) 
DEMOLITION COST (1000$) 

TOTAL COST (1000$) 
ESP UPGRADE CASE 
A NEW BAGHOUSE CASE 

RETROFIT FACTORS 

CONTROL SYSTEM (DSD SYSTEM ONLY) 
ESP UPGRADE 
NEW BAGHOUSE 

LOW 
HIGH 
NA 

YES 
785 

NA 
NA 
NA 
NA 
50 
26 

811 
NA 

1.13 
1. 58 
NA 

Short duct residence time exists between the boilers and 
ESPs. Although 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. s ..... ry of DSO/FSI Control costs for tne Grainger Plant ( Ji;ne 1988 Dollars> 

================================================================================================================ 
Technology Boiler Main Boiler Capacity Coal Capital Capital Arviual Amual soz 502 502 Cost 

NU!t>er Retrofit Size Factor Sul fur Cost Cost Cost cost Removed Removed Effect. 
Difficulty CMW) on Content (SMll) CS/kWl ($MM) Cmi lls/kwhl CXl Ctons/yrl CS/ton) 

Factor "'' ----------------------------------------------------------------------------------------------------------------

DSD+ESP 1 1. aa 82 44 1.8 6.8 82.4 4.5 14.3 49.a 2092 2161 .6 
DSD+ESP 2 1.00 82 sa 1.8 6.8 82.4 4.6 12.9 49.a 2378 1951.1 

OSO+ESP-C 1.00 82 44 1.8 6.8 82.4 2.6 8.3 49.0 2092 1252.9 
DSD+ESP-C 2 i.oa 82 50 1.8 6.8 82.4 2.7 7.5 49.0 2378 1130.6 

FSI+ESP-Sa 1 i.ao 82 44 1.8 7.a 84.9 4.0 12.5 .so.a 21sa 1843.6 
FSI+ESP-50 2 1.00 82 50 1 .8 7.a 84.9 4. 1 11 .s so.a 2444 1697. 1 

FS!+ESP·50-C i.ao 82 44 1.8 7.0 84.9 2.3 7.3 so.a 2150 107a. 7 
FS!+ESP·50-C 2 1.00 82 50 1 .8 7.a 84.9 2.4 6.7 50.0 2444 985.1 

FSl+ESP·70 1 1.00 82 44 1.8 7.1 86.2 4.0 12.7 70.0 3010 1336.0 
FS!+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 n6.o 
FSI+ESP·70·C 2 1.00 82 50 1.8 7. 1 86.2 2.4 6.8 70.0 3421 714.1 

=======····========~=······===============================;===================================================== 
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i2.3.2 Jefferies Steam Plant 

The Jefferies Steam Plant is located in Berkley 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 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 
GENERATING CAPACITY (MW-each) 
CAPACITY FACTOR (PERCENT) 
INSTALLATION DAT£ 
FIRING TYPE 
FURNACE VOLUME (1000 CU FT) 
LOW NOx COMBUST!ON 
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 E~FICIENCY 
DESIGN SPECIFICATION 

SULFUR SPECIFICATION (PERCENT) 
SURFACE AREA (1000 SQ FT} 
GAS EXIT RATE (1000 ACFM} 
SCA (SQ FT/1000 ACFM) 
OUTL£T TEMPERATURE (°F} 

], 2 
50 
PETROLEUM 
BURNING 
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3' 4 
173 
34,45 
1970 
FRONT WALL 
82 
NO 
1.6 
12200 
11.0 
WET DISPOSAL 
POND/ON-SITE 
3, 4 
RAILROAD 

ESP 
1978 
0.079,0.061 
94.6,98.2 

I. 5-1. 9 
78.9 
307 
257 
300 



TABLE 22.3.2-2. SUMMARY OF RETROFIT FACTOR DATA FOR JEFFERIES UNIT 3 * 

FGO TECHNOLOGY 

FORCED LIME 
LLLS FGO OXIDATION SPRAY DRYING 

SITE ACCESSLCONGESTION 

S02 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 
LLLS FGD OXIDATION SPRAY DRYING 

SITE ACCESSLCONGESTION 

S02 REMOVAL MEDIUM NA MEDIUM 
FLUE GAS HANDLING HIGH 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 YES NA YES 
ESTIMATED COST (1000$) 1532 NA 1532 

NEW CHIMNEY YES NA NO 
ESTIMATED COST (1000$) 1211 0 0 

OTHER NO NO 

RETROFIT FACTORS 

FGD SYSTEM 1.59 NA 
ESP REUSE CASE 1.69 
BAGHOUSE CASE NA 

ESP UPGRADE NA NA 1.58 
NEW BAGHOUSE NA NA NA 

GENERAL FACILITIES {PERCENT) 8 0 8 

*Absorbers for unit 4 would be located east of unit 4, south 
of the coal pile. 
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Table ZZ.3.2·4. SYllll8ry of FGD Cortrol costs for the Jefferies Plant (June 1988 Ool lars) 

================================================================================================================ 
Technology Soi ler Main Bailer Capacity coal capital capital Amual Amual S02 S02 soz cost 

Muii>er Retrofit Size Factor Sul fur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty !MW) <"> Cortent (SMIO CS/kl.I) ($MM) (mil ls/kwl>l !X) (tons/yr) CS/ton) 

Factor <X> 

···--··--·--·-----··--------·--------------··--·-·····---------------·--·------------·····----·-················ 
L/S FGO 3 1.53 173 34 1.6 59.8 345.8 22.0 42.6 90.0 5873 3738.8 
L/S FGO 4 1.59 173 45 1.6 62.0 358.2 23.6 34.6 90.0 m4 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 m4 1n6.5 
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 FGO 3-4 1.56 346 39 1.6 61!.0 196.4 27.7 Z3.4 90.0 13474 2054.4 

LC FGO-C 3-4 1.56 346 39 1.6 615.0 196.4 16.2 13.7 90.0 13474 1199.6 

LSD+ESP 3 1. 56 173 34 1.6 Z7.7 160.2 10.8 21 .o 76.0 4979 2176.4 
LSD+ ESP 4 1.69 173 45 1.6 29.6 171.1 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 1.69 173 45 1.6 29.6 171.1 6.9 10.1 76.0 6590 1048.5 

======================================s•================•========•=s=====~s===================================== 
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Table 22.3.2·5. Sunnary of Coal Switching/Cleaning Costs for the Jefferies Plant (Jin! 1988 Dollars> 

===========•z~=============================================================~=~================================== 

Technology Boiler Main Boiler capacity coal ,Capita\ capital Amual Amual S02 S02 S02 Cast 
N"'*>er Retrofit Size Factor Sul fur Cost Cost cost Cost Removed Removed Effect. 

Difficulty (Mii) (%) Content (SMll) . (S/kllJ (SMllJ (mil ls/kwh) (%) (tons/yr) (I/ton) 
Factor (%) 

-----------------------------------------------------------·-·--------------------------------------------------

CS/B+S15 3 1.00 173 34 1 .6 6.3 36. 1 8.2 15.8 43.0 2806 2907 .6 
CS/B+S15 4 1.00 173 45 1.6 6.3 36.1 10.4 15.2 43.0 3713 2788.4 

CS/B+S15-C 3 1.00 173 34 1.6 6.3 36. 1 4.7 9.1 43.0 2806 1675.9 
CS/B+S15·C 4 1.00 173 45 1.6 6.3 36. 1 6.0 8.7 43.0 3713 1605. 1 

CS/B+S5 3 1.00 173 34 1.6 4.5 25.8 3.6 7.0 43.0 2806 1278.6 
CS/B+S5 4 1.00 173 45 1.6 4.5 25.8 4.4 6.5 43.0 3713 1186.8 

CS/B+S5-c 3 1.00 173 34 1.6 4.5 25.8 2. 1 4.0 43.0 2806 739. 7 
CS/B+S5-C 4 1.00 173 45 1.6 4.5 25.8 2.5 3.7 43.0 3713 685.3 

================================================================================================================ 
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TABLE 22.3.2-6. SUMMARY OF NOx RETROFIT RESULTS FOR JEFFERIES 

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 

LNB 

82 

1970 

NO 

33 

LOW 

0 

41 

300 

2048 

2590 

4679 

1.16 

20 

FWF 

LNB 

82 

1970 

NO 

33 

LOW 

0 

41 

600 

4097 

2590 

6727 

1.16 

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 (JI.Ile 1988 Dollars) 

================================================================================================================ 
Technology Soi ler ~•in Soi ler Cepeci ty Coal Capital Capi tel AIY"IUlll Amual NOx NOx NOx Cost 

N<llD!r Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 
Oifficul ty (H\I) !Xl Content CSMIO CS/kWl (1114) (mil ls/kwhl CXl (tons/yr) CS/ton) 

Factor (X) 

·-·-------------·--------------·--·------------------------------------------········--------·······-···-·····-· 

LNC·LNB 3 1.00 173 34 1.6 3.2 18.4 0.7 1.3 33.0 n5 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·LNB·C 3 1.00 173 34 1.6 3.2 18.4 0.4 0.8 33c0 n5 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 34 1.6 28.1 162.5 9.1 17.6 80.0 17'57 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 34 1.6 28.1 162.5 5.3 10.3 80.0 17'57 3024.8 
SCR·3·C 4 1.16 173 45 1.6 30.2 174.6 5.6 8.2 80.0 2325 . 2407.5 

SCR-7 3 1.16 173 34 1.6 28. 1 162.5 7.6 14.8 80.0 17'57 4347.2 
SCR-7 4 1.16 173 45 1.6 30.2 174.6 8. 1 11.9 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 17'57 2562.4 
SCR·7·C 4 1.16 173 45 1.6 30.2 174.6 4.8 7.0 80.0 2325 2058.1 

======================================================z=••====================================================== 
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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 
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 (1000$) 
ESP UPGRADE CASE 
A NEW BAGHOUSE CASE 

RETROFIT FACTORS 

CONTROL SYSTEM (DSD SYSTEM ONLY) 
ESP UPGRADE 
NEW BAGHOUSE 

LOW 
HIGH 
NA 

YES 
I532 

NA 
NA 
NA 
NA 
50 
45 

1577 
NA 

1.13 
1.58 
NA 

Short duct residence time exists between boilers 3 and 4 and 
their respective ESPs. ESP upgrade for both units was high 
because of the lack of available space around the ESPs. 
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Table 22.3.2-9. Sunna ry of 050/FSI Control Costs for the Jefferies Plant ( Jllle 1988 Ool larsl 

================================================================================================================ 
Technology Boiler Main Bailer Capacity coal Capital Capital A........,l Annual S02 502 S02 Cost 

NLITi:>er Retrofit size Factor Sulfur cost Cost Cost Cost Removed Removed Effect. 
Difficulty (MW) o:i Content ($MM) CS/klll ($MM) (mi l l S/kwh) <Xl Ctons/yr) CS/ton) 

Factor (%) 

-----------------------------------···-----------------------------------------------------------·--------------

DSO+ESP 3 1.00 173 34 1.6 11.2 64.7 6.1 11.8 49.0 3175 1919.8 
DSO+ESP 4 1.00 173 45 1.6 11.2 64.7 6.5 9.6 49.0 4202 1554.0 

DSD+ESP·C 3 1.00 173 34 1.6 11.2 64.7 3.5 6.9 49.0 3175 1115.8 
DSO+ESP·C 4 1.00 173 45 , .6 11.2 64.7 3.8 5.6, 49.0 4202 902.3 

FSI+ESP·50 3 1.00 173 34 1.6 12.5 72.1 6.0 11.6 50.0 3263 1824.8 
FSI+ESP·SO 4 1.00 173 45 1.6 12.S 72.1 6.6 9.7 50.0 4319 1532.1 

FSl+ESP·50·C 3 1.00 173 34 1 .6 12.5 72. 1 3.5 6.7 50.0 3263 1062.6 
FSJ+ESP·SO·C 4 1.00 173 45 1 .6 12.5 72.1 3.8 5.6 50.0 4319 890.7 

FS!+ESP-70 3 1.00 173 34 1 .6 12.6 72.8 6.0 11. 7 70.0 4568 1320.4 
FSl+ESP·70 4 1.00 173 45 1.6 12.6 72.8 6.7 9.8 70.0 6046 1109.7 

FSl+ESP-70-C 3 , .oo 173 34 1.6 12.6 72.8 3.5 6.8 70.0 4568 768.8 
FSl+ESP·70-C 4 1.00 173 45 1 .6 12.6 72.8 3.9 5.7 70.0 6046 645. 1 

================================================================================================================ 
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22.3.3 Winyah Steam Plant 

Units 2, 3, and 4 at the Winyah plant are equipped with FGD systems; 
therefore no further so2 control technologies were evaluated for these 
units. All units are equipped with LNBs for NOx control, hence SCR was the 
only NO control evaluated for these units. Although cost estimates are 

x 
presented for DSD and FSI, the short straight duct run distance for unit I 
makes application of these technologies difficult without enlarging the duct 

work. 

TABLE 22.3.3-1. WINYAH STEAM PLANT OPERATIONAL DATA 

BOILER NUMBER I 2 3 4 
GENERATING CAPACITY ~MWt 315 315 315 315 
CAPACITY FACTOR (PER EN ) 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 COMBUST ON YES YES YES YES 
COAL SULFUR CONTENT (PERCENT) 1.1 
COAL HEATING VALUE ~BTU/LB) 12300 
COAL ASH CONTENT (P RCENT) 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 ~LB/MM BTU) 0 .132 0.045 0.037 0.044 
REMOVAL E FICIENCY 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) 881 881.5 881.5 881.5 
SCA {SQ FT/1000 ACF ) 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 
LLLS FGD OXIDATION SPRAY DRYING 

SITE ACCESSLCONGESTION 

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 YES 
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 

* L/S-FGD and LSD-FGD absorbers for unit 1 would be located 
behind or beside the unit 1 chimney_ 
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Table 22.3.3·3. SlJTlllary of FGD Control Costs for the Winyah Plant (June 1988 Dollars) 

================================================================================================================ 
Technology Boiler Main Boiler Capacity Coal Capital Capital Annual Annual S02 S02 S02 Cost 

Nu!ber Retrofit Size Factor Sul fur Cost Cost Cost Cost Rerooved Rerooved Effect. 
Difficulty (MW) (%) Content ($MIO ($/kWl ($MM) cmil ls/kwhl c:o ctons/yr) CS/ton> 

Factor (Xl 

---- --- ---- ------ ------- ------- ---- -... ---- --- ---------- ----. ----- ------- ---- ---- -- ---- --- ---- ---- ---- ------- -- --
LIS FGD 1.35 315 58 1. 1 77.1 244.6 32. 1 20. 1 90.0 12426 2584.9 

L/S FGD·C 1.35 315 58 1 • 1 77.1 244.6 18.7 11. 7 90.0 12426 1508.8 

LC FGD 1.35 315 58 1 . 1 57.8 183.5 26.4 16.5 90.0 12426 2123.4 

LC FGC·C 1.35 315 58 1.1 57.8 183.5 15 .4 9.6 90.0 12426 1237.4 

LSC+ESP 1.35 315 58 1. 1 37.3 118.4 15.4 9.6 76.0 10534 1460.0 

LSO+ESP·C 1.35 315 58 1.1 37.3 118.4 9.0 5.6 76.0 10534 852.4 
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Table 22.3.3-4. S<1T111Bry of Coal Switching/Cleaning costs for the Winyah Plant (June 1988 Dollars) 

================================================================================================================ 
Technology Boiler Main Boiler Capacity Coal Capital Capital Annual Annual S02 S02 S02 Cost 

Nurtier Retrofit Size Factor sulfur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty <MW> CX> Content CSMM> CS/kWl CSMM> Cmi lls/kwh> <Xl Ctons/yr> CS/ton> 

Factor CX> 

CS/B+S15 1.00 315 58 1 -1 10.5 33.4 23. 2 14.5 16.0 2250 10300. 1 

CS/B+S15-C 1.00 315 58 1 • 1 10.5 33.4 13.3 8.3 16.0 2250 5922.3 

CS/B+S5 1-00 315 58 1 - 1 7.3 23.1 9.4 5.9 16.0 2250 4169.7 

CS/B+S5-C 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 

COMBUSTION MODIFICATION RESULTS 

FIRING TYPE 

TYPE OF NOx CONTROL 

FURNACE VOLUME (1000 CU FT) 

BOILER INSTALLATION DATE 

SLAGGING PROBLEM 

1 

NA 

NA 

NA 

NA 

NA 

ESTIMATED NOx REDUCTION (PERCENT} NA 

SCR RETROFIT RESULTS* 

SITE ACCESS AND CONGESTJON 
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) 

LOW 

0 

64 

200 

1939 

3710 

5713 

1.16 

38 

BOILER NUMBER 

2' 3 

NA 

NA 

NA 

NA 

NA 

NA 

HIGH 

0 

64 

200 

1939 

3710 

5713 

1. 52 

38 

4 

NA 

NA 

NA 

NA 

NA 

NA 

LOW 

0 

64 

200 

1939 

3710 

5713 

1.16 

38 

* Cold side SCR reactors for unit l 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. NCx Control cost Results for the Winyah Plant (June 1988 Dollars) 

================================================================================================================ 
Technology Boiler Main Boiler Capacity Coal Capital Capital Annual Annual NOx NOx NOx cost 

Nuli>er Retrofit size Factor Sul fur cost cost cost Cost Removed Removed Effect. 
Difficulty CMW) (") Content ($19!) ($/kW) CSMM) Cmil l s/kwh> ex> (tons/yr) ($/ton) 

Factor 
( "' 

----------------------------------------------------------------------------------------------------------------

SCR·3 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 53.9 171. 1 17.2 18.3 80.0 3169 5417.4 
SCR·3 3 l.52 315 28 1.1 53.9 171. 1 17. 1 22.1 80.0 2610 6537.6 
SCR-3 4 1.16 315 24 1. 1 45.7 145.0 15.0 22.7 80.0 2237 6723.0 

SCR·3·C 1 1. 16 315 58 1.1 45.7 145 .1 9.2 5.7 80.0 5407 1698.8 
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 53.9 171 .1 !O.O 13.0 80.0 2610 3838.2 
SCR· 3-C 4 1. 16 315 24 1. 1 45.7 145.0 8.8 13.3 80.0 2237 3943.4 

SCA· 7 1 1. 16 315 58 1. 1 45.7 145 .1 13. 1 8.2 80.0 5407 2421 .9 
SCA·7 2 1.52 315 34 1 . 1 53.9 171. 1 14.6 15.6 80.0 3169 4603.6 
SCR-7 3 1.52 315 28 1. 1 53.9 171.1 14.5 18.7 80.0 2610 5549.4 
SCR·7 4 1. 16 315 24 1 . 1 45.7 145.0 12.5 18.8 80.0 2237 5570.2 

SCR·7·C , 1. 16 315 58 1 . 1 45.7 145.1 7.7 4.8 ea.a 5407 1425.5 
SCR·7·C 2 1.52 315 34 1 • 1 53.9 171. 1 8.6 9.2 80.0 3169 2713.8 
SCR·7-C 3 1.52 315 28 1. 1 53.9 171.1 8.5 , 1. 1 80.0 2610 3272.0 
SCR· 7-C 4 1.16 315 24 1. 1 45.7 145.0 7.3 11. 1 80.0 2237 3282.9 

=================================~======~======================================================================= 
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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 (1000$) 

ADDITIONAL DUCT WORK (FT) 
NEW BAGHOUSE CASE 
ESTIMATED COST (1000$) 
ESP REUSE CASE 
ESTIMATED COST (1000$) 

DUCT DEMOLITION LENGTH (Ftl 
DEMOLITION COST (1000$ 

TOTAL COST (1000$) 
ESP UPGRADE CASE 
A NEW BAGHOUSE CASE 

RETROFIT FACTORS 

CONTROL SYSTEM (DSD SYSTEM ONLY) 
ESP UPGRADE 
NEW BAGHOUSE 

LOW 
MEDIUM 
NA 

YES 
2622 

NA 
NA 
NA 
NA 
50 
71 

2693 
NA 

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 
injection technologies. 
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Table 22.3.3·8. SlJ1'1118ry of DSD/FSI control Costs for the Winyah Plant (June 1988 Dollars) 

================================================================================================================ 
Technology eo; ler Main 8oiler Capacity Coal Capital Capital Amual Annual soz 502 soz cost 

N<ililer Retrofit Size Factor Sulfur Cost cost Cost Cost Removed Removed Effect. 
Difficulty CMW) c:u Content (SllM) ($/kW) (SllM) (mil ls/kwh) co (tons/yr) CS/ton) 

Factor (~) 

------------------------------------------··--------------------------------------------------------------------

DSD+ESP 1.00 315 58 1 . 1 13.6 43.2 8.4 .5 .2 49.0 6717 1245.3 

DSD+ESP·C 1.00 315 58 1. 1 13.6 43.2 4.9 3.0 49.0 6717 722.5 

FSl+ESP-50 1.00 315 58 1. 1 14.0 44.6 8.6 5.3 50.0 6903 1239. 1 

FSl+ESP·50·C 1.00 315 58 1 • 1 14.0 44.6 5.0 3.1 50.0 6903 719.0 

FSl•ESP-70 1.00 315 58 1 • 1 14.2 45.0 8.7 5.4 70.0 9664 899., 

FSl+ESP-70-C 1.00 315 58 1 • 1 14.2 45.0 5.0 3.Z 70.0 9664 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 location 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. All 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 located 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 control 

system. Absorbers for L/LS-FGD and LSD-FGD for all three units would be 
located 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 lime 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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Figure 23.1.1-1. Allen plant plot plan 

23-2 



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) 
OUTLET TEMPERATURE (°F) 
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1-3 
330 
44' 51, 39 
1959 
CYC 
2.20 
11700 
9.0 
WET SLUICE 
POND/ON-SITE 
l, 2, 3 
BARGE 

ESP 
1972 
0.06-0.09 
95-97.0 

2.5 
253.4 
1265 
200 
310 



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 location 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. 
All 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 low 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 associated with the location of the new 
particulate 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 l 

FGD TECHNOLOGY 

FORCED LIME 
L[LS FGD OXIDATION SPRAY DRY ING 

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 
BAG HOUSE 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 I. 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 
LLLS FGD OXIDATION SPRAY DRYING 

SITE ACCESSLCONGESTION 

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 I. 41 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 
LLLS FGD OXIDATION· SPRAY DRYING 

SITE ACCESSLCONGESTION 

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. SUT1110ry of FGO Control Costs for the Allen Plant (June 1988 Dollars) 

================================================================================================================ 
Technology Boiler Hain Soi ler Capacity Coal Capital Capital Annual Annual S02 S02 S02 Cost 

N~r Retrofit Size Factor Sul fur Cost Cost Cost Cost Reiooved Reiooved Effect. 
Difficulty (Ml.I) (X) Content (!!MM) (S/1<11) (!!MM) (mill s/i<wh) (%) (tons/yr) ($/ton) 

Factor (%) 
---- ---- -- ---- ... ---- --- -...... ---- ........................................ ··-· -------- .......... ----· -........................................ -.. 

l/S FGO 1 1.31 330 44 2.2 81.2 246.0 33.8 26.6 90.0 20917 1616.7 
L/S FGO 2 1.41 330 51 2.2 86.6 262.4 36.6 25.0 90.0 24244 1518.2 
l/S FGO 3 1.51 330 39 2.2 92.0 278.7 36.2 32. 1 90.0 18540 1954.6 

L/S FGO-C 1 1.31 330 44 2.2 81. 2 246.0 19.7 15.5 90.0 20917 943.7 
LIS FGD-C 2 1.41 330 51 2.2 86.6 262.4 21 .5 14.6 90.0 24244 885.9 
LIS FGD-C 3 1. 51 330 39 2.2 92.0 278.7 21.2 18.8 90.0 18540 1142. 1 

LC FGD 1-3 1.41 990 45 2.2 155.7 157.3 71 .3 18.3 90.0 64176 1110.9. 

LC FGD·C 1-3 1.41 990 45 2.2 155.7 157.3 41.5 10.6 90.0 64176 647.3 

LSD+ FF 1 1.27 330 44 2.2 65.2 197.5 24.0 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 
LSO+FF 3 1.53 330 39 2.2 81. 7 247.6 27.6 24.5 87.0 17819 1551 .2 

LSD+FF·C 1.27 330 44 2.2 65.2 197.5 14~0 11 .0 87.0 20103 697.3 
LSO+FF-C 2 1.40 330 51 2.2 T.l. 1 221.6 15.7 10.6 87.0 23301 6T.l.7 
LSO+FF·C 3 1. 53 330 39 2.2 81 .7 247.6 16.Z 14.4 87.0 17819 909.3 

================================================================================================================ 
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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, 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 boilers because obtaining 
a low 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 LNG 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 boilers 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 plant. 

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 in~lude 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 BTU/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 I. 52 

GENERAL FACILITIES {PERCENT} 13 13 13 
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Table 23.1.1-7. NOx Control Cost Results for the Allen Plant (June 1988 Ool lars) 

================================================================================================================ 
Technology Boiler Hain Boiler Capacity Coal Ca pi ta l Capital Annual Annual NOx NOx NO• Cost 

Nurber Retrofit Size Factor Sul fur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (Mii) (%) Content ($MM) ($/kll) ($MM) Cmi l ls/kwh) c:o (tons/yr) ($/ton) 

Factor (%) 
................... -- ........... -. -· .. -- .. --- -- .............................................. -. -... --- -- ............ -- ........................................... 

NGR 1 1. 00 330 44 2.2 5.4 16.2 7.3 5.7 60.0 5526 1314.3 
NGR 2 1. 00 330 51 2.2 5.4 16.2 8.3 5.6 60.0 6405 1295.0 
NGR 3 1.00 330 39 2.2 5.4 16.2 6.5 5.8 60.0 4898 1332.3 

NGR·C 1 1. 00 330 44 2.2 5.4 16.2 4.2 3.3 60.0 5526 757.3 
NGR-C 2 1. 00 330 51 2.2 5.4 16.2 4.8 3.2 60.0 6405 745.7 
NGR·C 3 1.00 330 39 2.2 5.4 16.2 3.8 3.3 60.0 4898 768.2 

SCR-3 1. 16 330 44 2.2 44.1 133.5 15.7 12.4 80.0 7368 2137.5 
SCR-3 2 1.34 330 51 2.2 48.0 145.4 16.9 11. 4 80.0 8540 1976.c 
SCR-3 3 1.52 330 39 2.2 51.6 156.5 17.4 15.5 80.0 6530 2669.8 

SCR·3-C 1 1 .16 330 44 2.2 44.1 133.5 9.2 7.2 80.0 7368 1251.4 
SCR-3-C 2 1.34 330 51 2.2 48.0 145.4 9.9 6.7 80.0 8540 1157.4 
SCR-3-C 3 1.52 330 39 2.2 51 .6 156.5 10.2 9.1 80.0 6530 1565. 1 

SCR-7 1 1. 16 330 44 2.2 44.1 133.5 13.0 10.2 80.0 7368 1768.1 
SCR-7 2 1.34 330 51 2.2 48.0 145.4 14.2 9.6 80.0 8540 1657.5 
SCR-7 3 1.52 330 39 2.2 51.6 156.5 14.7 13. 1 80.0 6530 2253.0 

SCR-7-C 1.16 330 44 2.2 44. 1 133.5 7.7 6.0 80.0 7368 1039.8 
SCR·7-C 2 1.34 330 51 2.2 48.0 145.4 8.3 5.6 80.0 8540 974.9 
SCR-7-C 3 1.52 330 39 2.2 51.6 156.5 8.7 7.7 80.0 6530 1326.3 

================================================================================================================ 
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All reactors were located directly behind the chimneys (south of each 
unit). 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 low factor, the 
reactor for unit 2 assigned a medium factor, and the reactor for unit 3 had a 
high factor. All 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 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 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 (<l 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 conversion 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 located 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 DSO 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 ~un 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 capacity of 950 MW. Figure 23.1.2-1 presents the 
plant plot plan showing the location of the boiler and major associated 
auxiliary equipment. 

Table 23.1.2-1 presents operational data for the existing equipment at 
the Bull Run steam plant. The boiler burns low 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 disposal is limited and TVA is considering two future 
opt i ans: - the purchase of more land adjacent to the pl ant or dry di spas i ng 
the waste off-site. -

Lime/Limestone and Lime Spray Drying FGD Costs--
Figure 23.1.2-1 shows the general layout and location of the FGO control 

system. Absorbers for L/LS-FGD and LSD-FGD could be located in three 
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TABLE 23.1.1-8. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR ALLEN UNIT 1 

ITEM 

SITE ACCESS/CONGESTION 

REAGENT PREPARATION 
ESP UPGRADE (FSIJ 
NEW BAGHOUSE (DSDJ 

SCOPE ADDERS 

LOW 
MEDIUM 
LOW 

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) 
A NEW BAGHOUSE CASE (DSD) 

RETROFIT FACTORS 

CONTROL SYSTEM (DSD SYSTEM ONLY) 
ESP UPGRADE (FSI) 
NEW BAGHOUSE (DSD) 
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2807 
2844 

1.13 
1.34 
1.13 



TABLE 23.1.1-9. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR ALLEN UNIT 2 

lTEM 

SI~E ACCESS/CONGESTION 

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

SCOPE ADDERS 

CHANGE ESP ASH DISCHARGE SYSTEM TO DRY HANDLING 
ESTIMATED COST (I000$) 

ADDITIONAL DUCT WORK (FT) 
NEW BAGHOUSE CASE 
ESTIMATED COST (I000$) 
ESP REUSE CASE 
ESTIMATED COST (1000$) 

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) 
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LOW 
HIGH 
MEDIUM 

YES 
2734 

300 
2771 
NA 
NA 
50 
73 

2807 
2844 

1.13 
1. 55 
1.34 



TABLE 23.1.1-10. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR ALLEN UNIT 3 

ITEM 

SITE ACCESS/CONGESTION 

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

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 (OSD SYSTEM ONLY) 
ESP UPGRADE (FSI) 
NEW BAGHOUSE (DSD) 
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LOW 
HIGH 
HIGH 

YES 
2734 

300 
2771 
NA 
NA 
50 
73 

2807 
2844 

1.13 
1.55 
1.55 



Table 23.1.1·11. Sl.il1ll8ry of DSD/FSI Control Costs for the Allen Plant (June 1988 Dollars> 

================================================================================================================ 
Technology Soi ler Ma;n Boiler Capacity Coal Capital Capital Annual Amual 502 S02 502 Cost 

Nurber Retrofit Size Factor Sul fur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (Miil co Content (~Ml ($/klll ($MM) Cmi l ls/kwh> (%) (tons/yr) ($/ton) 

Factor (%) 

----------------------------------------------------------------------------------------------------------------

OSO+FF 1 1.00 330 44 2.2 40.8 123.6 16.8 13.2 71. 0 16443 1020.8 
OSO+FF 2 1.00 330 51 2.2 45.4 137.7 18.7 12.7 71.0 19059 981. 1 
OSD+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 40.8 123.6 9.8 7.7 71.0 16443 596.D 
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 9.6 71.0 14574 745.7 

FSl+ESP-50 1.00 330 44 2.2 22.7 68.9 13.6 10.7 50.0 11620 1170.8 -
FSl+ESP·50 2 1.00 330 51 2.2 24.0 72.9 15. 1 10. 2 50.0 13469 1119.6 
fSl+ESP-50 3 1.00 330 39 2.2 24.0 -72.9 13.1 11.6 50.0 10300 1273. 0 

FSl+ESP-50-C 1 1. 00 330 44 2.2 22.7 68.9 7.9 6.2 50.0 11620 679.6 
FSl+ESP-50-C 2 1. 00 330 51 2.2 24.0 72.9 8.7 5.9 50.0 13469 649.4 
FS1+ESP·50·C 3 1. 00 330 39 2.2 24 .0 72.9 7.6 6.8 50.0 10300 739.8 

FSl+ESP-70 1 1.00 330 44 2.2 22.6 68.6 13.7 10.8 70.0 16268 845.0 
FSl+ESP-70 2 1.00 330 51 2.2 23.9 72.5 15.2 10.3 70.0 18857 808.3 
FSl+ESP-70 3 1.00 330 39 2.2 23.9 72.5 13.2 11.7 70.0 14420 917.3 

FSl+ESP-70·C 1.00 330 44 2.2 22.6 68.6 8.0 6.3 70.0 1626!! 490.3 
FSl+ESP-70-C 2 1.00 330 51 2.2 23.9 72.5 8.8 6.0 70.0 18857 468.8 
FSl+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 

PARTlCULATE 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) 
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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 general 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 could 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 low site access/congestion area (employee 
parking lot) with no major underground obstructions. However, this 
reduces the space available for an additional unit of similar size. 
duct runs would be required for routing the flue gas from the units 
absorbers. 

location 
Moderate 

to the 

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 scope 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 
LLLS FGD OXIDATION SPRAY DRYING 

SITE ACCESSLCONGESTION 

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 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 Bull Run steam 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 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, NOx 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. Stmnary of FGO Control Costs for the Sul l Run Plant (June 1988 Ool lars> 

================================================================================================================ 
Technology Boiler Main Soi ler Capacity Coal Capital Capital Annual Annual S02 S02 S02 Cost 

Nurber Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (MW) (l:) Content ($MM) CS/kW) ($MM) (mills/kwh) ( %) (tons/yr) (S/tonl 

Factor (%) 
-------- --- -- -- -- --- . -·-- ... ---... -.. ·- --- .. --.......... -- .... -- .. -..... --- ... ---- .............. -- .. --- -.............. --- .. -... -·-- --.... --

l/S FGO 1.38 950 62 0.8 159.2 167.6 72.5 14.1 90.0 31788 2281 .7 

L/S FGD·C 1 .38 950 62 0.8 159.2 167.6 42.3 8.2 90.0 31788 1329.7 

LC FGO 1.38 950 62 0.8 132.4 139.4 64.4 12.5 90.0 31788 2026.9 

LC FGD·C 1 .38 950 62 0.8 132.4 139.4 37.5 7.3 90.0 31788 1179.9 

LSD•ESP 1.38 950 62 0.8 100.6 105.9 40.9 7.9 76.0 26949 1516.6 

LSD•ESP·C 1 .38 950 62 0.8 100.6 105 .9 23.9 4.6 76.0 26949 ·sss.6 

================================================================================================================ 
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TABLE 23.1.2-4. SUMMARY OF NOx RETROFIT RESULTS FOR BULL RUN 

COMBUSTION MODIFICATION RESULTS 

FIRING TYPE 

TYPE OF NOx ~ONTROL 

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

BOILER/WATERWALL SURFACE 
AREA HEAT RELEASE RATE 

BOILER NUMBER 

1 

TANG 

OFA 

NA 

(1000 BTU/SQ FT-HR) NA 

FURNACE RESIDENCE TIME (SECONDS) _____ N_A _____ _ 

ESTIMATED NOx REDUCTION (PERCENT) 25 

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) 
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LOW 

0 

146 

550 

10171 

7195 

17513 

1. 22 

13 



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 simil~r 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 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 south of 

the plant in a relatively open area 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 Results for the Bull Run Plant (June 1988 Dollars) 

================================================================================================================ 
Technology Boiler Main Boiler Capacity Coal Capital Capital Annual Annual NOx NOx NOx Cost 

NlJl"ber Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (Miil (%) Content ($MM) (S/klll (SMM) (mills/lr.•hl (%) (tons/yr) (S/ton) 

Factor CZ) 
.... -. -· .. -. -... -.. -- . -- -. --- ... -- -- -- ---- ..... -. -- . -- ... -... -.. --- . --- .............. ·- -- .... ·- .... -- ............................... 

LNC·OFA 1.00 950 62 0.8 1.5 1.6 0.3 o. 1 25.0 4245 75.9 

LNC·OFA·C 1.00 950 62 0.8 1.5 1.6 0.2 0.0 25.0 4245 45.1 

SCR·3 1.22 950 62 0.8 117.3 123.5 42.4 B.2 80.0 13584 3118.4 

SCR·3·C 1.22 950 62 0.8 117.3 123.5 24.8 4.8 BO.a 13584 1825.3 

SCR· 7 1 .22 950 62 O.B 117.3 123.5 34.5 6.7 80.0 13584 2539.3 

SCR·?·C 1.22 950 62 0.8 117 .3 123.5 20.3 3.9 80.0 13584 1493.6 

================================================================================================================ 
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TABLE 23.1.2-6. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR BULL RUN UNIT 1 

ITEM 

SITE ACCESS/CONGESTION 

REAGENT PREPARATION 
ESP UPGRADE 
NEW BAGHOUSE 

SCOPE ADDERS 

LOW 
MEDIUM 
NA 

CHANGE ESP ASH DISCHARGE SYSTEM TO DRY HANDLING YES 
ESTIMATED COST (1000$) 7055 

ADDITIONAL DUCT WORK (FT) 
NEW BAGHOUSE CASE NA 
ESTIMATED COST (1000$) NA 
ESP REUSE CASE NA 
ESTIMATED COST (1000$) NA 

DUCT DEMOLITION LENGTH (FT) 100 
DEMOLITION COST (1000$) 324 

TOTAL COST (1000$) 
ESP UPGRADE CASE 
A NEW BAGHOUSE CASE 

RETROFIT FACTORS 

CONTROL SYSTEM (DSD SYSTEM ONLY) 
ESP UPGRADE 
NEW BAGHOUSE 
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technologies 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 Gas1f1cat1on Applicability--
Using the applicability criteria for AFBC retrofit and AFBC/coal 

gasification/combined cycle repowering 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 boiler size is much larger than 300 MW with 
moderate age and high to moderate capacity factor. 

23.1.3 Cumberland Steam Plant 

Information on Cumberland steam plant appears in U.S. EPA report number 
EPA-600/7-88/014 entitled "Ohio/Kentucky/TVA Coal-Fired Utility so2 and NOx 
Retrofit Study (NTIS PBSS-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 far the existing equipment at 
the Gallatin steam plant. All 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 ~rea 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 Drying 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 
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Table 23.1 .2-7. Suirnary of DSD/FSJ Control Costs for the Bull Run Plant (June 1988 Dollars) 

================================================================================================================ 
Technology Boiler Main Boiler Capacity Coal Capital Capital Annual Annual 502 502 502 Cost 

NU!Der R.etrofit Size Factor Sul fur cost Cost cost Cost Removed Removed Effect. 
Difficulty (Mii) (%) Content (SMM) (S/kll) (SJofM) (mil ls/kwh) (%) (tons/yr) ($/ton) 

Factor (%) 
----------------------------------------------------------------------------------------------------------------

DSD+ESP f.00 950 62 o_8 33.4 35_2 20. I 3_9 49.0 17183 , 172.5 

DSD+ESP-C 1.00 950 62 a.a 33.4 35.2 11. 7 2-3 49.0 17183 680.5 

FSJ+ESP-50 1.00 950 62 0.8 30.8 32.4 19.4 3.8 50.0 17660 , 100.4 

FSI+ESP-50-C 1.00 950 62 a.a 30.8 32.4 11 .3 2.2 50_0 17660 638.2 

FSJ+ESP-70 1.00 950 62 o_8 31.0 32.6 19.8 3.8 70.0 24723 799.0 

FSl+ESP-70-C 1.00 950 62 0.8 31.0 32.6 11. 5 2.2 70.0 24723 463.4 

23-29 



LEGEND 

• - SCR j/ 

~ - FGD 
pr 

0 100 200 // 
c:=-

,, 

#'s - IND! CATE 
BOILER NUMBER 

Figure 23.l.4-l. Gallatin plant plot plan 
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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) 
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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 
1979-78 
0.02 
99.5 

1. 0 
391. 7 
920 
425 
310 

ESP 
1979 
0.0235 
99.5 

1.0 
391. 7 
1000 
427 
310 



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 limestone 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 
largest scope adder for Gallatin would be the conversion of units I 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 
located 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 l.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 

502 REMOVAL LOW LOW LOW 
FLUE GAS HANDLING MEDIUM MEDIUM 

ESP REUSE CASE HIGH 
BAGHOUSE CASE NA 

DUCT WORK DISTANCE (FEET) 300-500 300-600 
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$) 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 (l.43 to l.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 sectiori 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. SU1111ary of FGC Control Costs for tne Gallatin Plant (June 1988 Ool lars> 

============================================================~~================================================== 

Technology Soi ler Main Boiler Capacity Coal Capital Capital Annual Annual S02 S02 S02 Cost 
Nurber Ret refit Size Factor Sulfur Cost Cost cost Cost Removed Removed Effect. 

Difficulty (Ml.I) co Content (SMM) ($/kl.I) (SMIO (mil ls/kwhl (%) (tons/yr) ($/ton) 
Factor co 

·························································---------------··············-························-

L/S FGO 1 1.S3 300 52 2.8 es.a 283.3 36.1 26.S 90.0 27006 1338.5 
L/S FGC 2 1.53 300 57 2.7 84.7 282.5 36.8 24.6 90.0 28545 1290.1 
L/S FGC 3 1.42 328 72 2.8 83.6 254.9 40.3 19.5 90.0 40883 985.9 
L/S FGO 4 1.42 328 76 2.7 83.3 254. 1 40.8 18.7 90.0 41613 980.3 

L/S FGO-C 1.53 300 52 2.8 85.0 283.3 21. 1 15.4 90.0 27006 781.0 
LIS FGD-C 2 1.53 300 57 2.7 84.7 282.5 21.5 14.3 90.0 28545 752.5 
L/S FGD·C 3 1.42 328 72 2.8 83.6 254.9 23.S 11.3 90.0 40883 574.0 
L/S FGO-C 4 1.42 328 76 2.7 83.3 254. 1 23.7 10.9 90.0 41613 570.6 

LC FGC 1·2 , .53 600 SS 2.7 109.3 182.2 S2.S 18.2 90.0 55088 9S3.4 
LC FGD 3-4 , .42 655 74 2.7 108.8 166. 1 60.8 14.3 9C.O 80912 751., 

LC FGC·C 1·2 1 .53 600 55 2.7 109.3 182.2 30.6 10.6 90.0 55088 555.2 
LC FGC·C 3-4 1.42 655 74 2.7 108.S 166.1 35.3 S.3 90.0 80912 436.4 

LSO+ESP 1 1.56 300 52 2.8 46.3 154.4 20.3 14.9 76.0 22895 886.6 
LSO+ESP 2 1.56 300 57 2.7 46.0 153.4 20.6 13.7 76.0 24200 850.5 
LSO+ESP 3 1.43 328 72 2.8 45.3 138.0 22.9 11. 1 76.0 34659 661.7 
LSC+ESP 4 1.43 328 76 2.7 45.0 137.1 23.1 10.6 76.0 35278 653.9 

LSO+ESP·C 1.56 300 52 2.8 46.3 154.4 11.B 8.7 76.0 22895 517.0 
LSO+ESP·C 2 1.56 300 57 2.7 46.0 153.4 12.0 8.0 76.0 24200 495.8 
LSO+ESP·C 3 1.43 328 72 2.8 45.3 138.0 13.3 6.4 76.0 34659 385.0 
LSO+ESP·C 4 1 .43 328 76 2.7 45.0 137. 1 13.4 6. 1 76.0 35278 380.4 

=======================================================·~======================================================= 
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Table 23.1.4·5. SUTl!\ary of Coal Switching/Cleaning Costs for the Gallatin Plant (June 1988 Dollars) 

================================================================================================================ 
Technology Boiler Main Boiler Capacity Coal Ca pi ta l Capital Annual Amual 502 502 502 Cost 

Nl.ll'ber Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (Miil (%) Content (~M) (S/kll) (SMM) · (mi lls/kwh) (%) (tons/yr) ($/ton) 

Factor (%) 
----- -------- . -- ----- -----. -- ----- .. -- ---- . --· -...... -- ....... -........................... -- -- -· --- -........................ -- --........ 

CS/8+$15 1.00 300 52 2.8 10.3 34.2 20.2 14.8 67.0 20139 1004.9 
CS/B+S15 2 1.00 300 57 2.7 10.3 34.2 22.0 14.7 66.0 20901 1051.2 
CS/B+S15 3 1.00 328 72 2.8 11 . 1 33.8 29.6 14.3 67.0 30487 971.8 
CS/B+S15 4 1.00 328 76 2.7 1 1 . 1 33.8 31 .1 14.3 66.0 30469 1022.1 

CS/B+S15·C 1 1.00 300 52 2.8 10.3 34.2 11.6 8.5 67.0 20139 578.1 
CS/B+S15-C 2 1.00 300 57 2.7 10.3 34.2 12.6 8.4 66.0 20901 604.5 
CS/B+S15-C 3 1.00 328 72 2.8 11 . , 33.8 17.0 8.2 67.0 30487 558.4 
CS/8+$15-C 4 1. 00 328 76 2.7 11 . , 33.8 17 .9 8.2 66.0 30469 587.2 

CS/B+S5 1.00 300 52 2.8 7.2 23.8 8.4 6.2 67.0 20139 417.4 
CS/B+S5 2 1.00 300 57 2. 7 7.2 23.8 9.1 6.0 66.0 20901 433.2 
CS/B+SS 3 1.00 328 72 2.8 7.7 23.4 11.9 5.8 67.0 30487 391.8 
CS/B+S5 4 1.00 328 76 2.7 7.7 23.4 12.5 5 .7 66.0 30469 410.6 

CS/S+S5·C 1.00 300 52 2.8 7.2 23.8 4.8 3.5 67.0 20139 240.7 
CS/B+S5-C 2 1.00 300 57 2.7 7.2 23.8 5.2 3.5 66.0 20901 249.7 
CS/S+SS·C 3 1.00 328 72 2.8 7.7 23.4 6.9 3.3 67.0 30487 225.6 
CS/B+S5·C 4 1.00 328 76 2.7 7.7 23.4 7.2 3.3 66.0 30469 236.4 

================================================================================================================ 
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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 l 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. 

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 l 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 OF NOx RETROFIT RESULTS FOR GALLATIN UNITS 1-3 

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) 

1 

TANG 

OFA 

15 .4 

34 .8 

BOILER NUMBER 

2 

TANG 

OFA 

15.4 

3 

TANG 

OFA 

16.4 

34.8 68. 7 

FURNACE RESIDENCE TI ME {SECONDS) ----"-3-'-. 8~5 __ -'-3-'-. 8"'-'5 __ __;;;;_2 .;....;;· 8...;;..9_ 

ESTIMATED NOx REDUCTION (PERCENT) 25 25 15 

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) 

HIGH 

0 

62 

500 

4711 

3603 

8376 

1.52 

13 

23-39 

HIGH 

0 

62 

500 

4711 

3603 -

8376 

1. 52 

13 

LOW 

0 

66 

490 

4864 

3801 

8732 

1.16 

13 



TABLE 23.1.4-7. SUMMARY OF NOx RETROFIT RESULTS FOR GALLATIN UNIT 4 

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 

BOILER NUMBER 

4 

TANG 

OFA 

16.4 

(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 

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) 

23-40 

LOW 

0 

66 

290 

2879 

3801 

6745 

1.15 

13 



Table 23.1.4·8. NOx Control Cost Results for the Gallatin Plant (June 1988 Dollars) 

================================================================================================================ 
Technology 

LNC·OFA 
LNC-OFA 
LNC-OFA 
LNC-OFA 

LNC-OFA-C 
LNC-OFA-C 
LNC-OFA-C 
LNC-OFA-C 

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 

Boiler Main Boiler Capacity Coal Capital Capital Annual 
N~r Retrofit Size Factor Sulfur Cost Cost Cost 

1 

2 
3 
4 

2 
3 
4 

1 

z 
3 
4 

1 

2 
3 
4 

1 

2 
3 
4 

1 
2 
3 
4 

Difficulty CM~) (%) Content ($MM) ($/k~) ($MM) 

Factor 

1.00 
1.00 
1.00 
1.00 

1.00 
1.00 
1.00 
1.00 

1.52 
1.52 
1. 16 
1.16 

1.52 
1.52 
1.16 
1. 16 

1.52 
1.52 
,_ 16 

1.16 

1 :52 
1.52 
1. 16 
1. 16 

300 
300 
328 
328 

300 
300 
328 
328 

300 
300 
328 
328 

300 

300 
328 
328 

300 
300 
328 
328 

300 
300 
328 
328 

52 
57 
72 
76 

52 
57 
72 
76 

52 
57 
72 
76 

52 
57 
72 
76 

52 
57 
72 
76 

52 
57 
n 
76 

(%) 

2.8 
2.7 
2.8 
2.7 

2.8 
2.7 
2.8 
2.7 

2.8 
2.7 
2.8 
2.7 

2.8 
2.7 
2.8 
2.7 

2.8 
2.7 
2.8 
2.7 

2.8 
2.7 
2.8 
2.7 

1.0 3.2 0.2 
1.0 3.2 0.2 
1.0 3.0 0.2 
1.0 3.0 0.2 

1.0 3.2 0.1 
1.0 3.2 0.1 
1.0 3.0 0.1 
1.0 3.0 0.1 

51.3 170.9 16.4 
51 .3 170.9 16.5 
47.5 144.8 16.3 
45.5 138.6 16.0 

51.3 170.9 9.6 
51.3 170.9 9.7 
47.5 144.8 9.5 
45.S 138.6 9.4 

51.3 170.9 14.0 
51.3 170.9 14.1 
47.5 144.8 13.6 
45.5 138.6 13.3 

51.3 170.9 8.2 
51 .3 170.9 8.3 
47.5 144.8 8.0 
45.5 138.6 7.8 

Annual NOx NOX 
Cost Removed Removed 

Cmills/k•h) (%) (tons/yr) 

o., 
0.1 
0., 
0., 

0. 1 
o. 1 
0.1 
o. 1 

12.0 
11.0 
7.9 
7.3 

7.1 
6.5 
4.6 
4.3 

10.2 
9.4 
6.6 
6.1 

6.0 
5.5 
3.9 
3.6 

25.0 
25.0 
15.0 
15 .0 

25.0 
25.0 
15 .0 
15 .0 

80.0 
80.0 
80.0 
80.0 

80.0 
80.0 
80.0 
80.0 

80.0 
80.0 
80.0 
80.0 

80.0 
80.0 
80.0 
80.0 

1030 
1130 
936 
988 

1030 
1130 
936 
988 

3297 
3615 
4992 
5269 

3297 
3615 
4992 
5269 

3297 
3615 
4992 
5269 

3297 
3615 
4992 
5269 

NOx Cost 
Effect. 
($/ton) 

197.2 
179. 9 
225. 1 
213.3 

117. 1 
106.9 
133.8 
126.7 

4984.5 
4569.3 
3260. 1 
3035.6 

2925.5 
2681. 5 
1910.5 
1777.9 

4239.6 
3889.8 
2722 .2 
2526.0 

2498.7 
2292.2 
1602.3 
1485.9 

================z=========~z==================================================================================== 
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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 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 possible 
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. 

Atmosph~ric 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 so2 
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 

ITEM 

SITE ACCESS/CONGESTION 

REAGENT PREPARATION 
ESP UPGRADE 
NEW BAGHOUSE 

SCOPE ADDERS 

MEDIUM 
HIGH 
NA 

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 (1000$) 68 

TOTAL COST (1000$) 
ESP UPGRADE CASE 
A NEW BAGHOUSE CASE 

RETROFIT FACTORS 

CONTROL SYSTEM (DSD SYSTEM ONLY) 
ESP UPGRADE 
NEW.BAGHOUSE 
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2578 
NA 

l. 25 
1. 55 
NA 



TABLE 23.1.4-10. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR GALLATIN UNITS 3~4 

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 (1000$) 
ESP UPGRADE CASE 
A NEW BAGHOUSE CASE 

RETROFIT FACTORS 

CONTROL SYSTEM (DSD SYSTEM ONLY) 
ESP UPGRADE 
NEW.BAGHOUSE 
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LOW 
HIGH 
NA 

YES 
2719 

NA 
NA 
NA 
NA 
50 
73 

2792 
NA 

1.13 
1. 55 
NA 



Table 23.1.4-11. Sunmary of OSO/FSI Control Costs for the Gallatin Plant (June 1988 Dollars) 

================================================================================================================ 
Technology Boiler Main Boiler Capacity Coal Capital Capital Annual Annual 502 soz S02 Cost 

Number Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty CMW) (%) Content ($MH) ($/kW) (SHM) (mil ls/l<Wh) (~) (tons/yr) CS/ton) 

Factor (%) 

-- ---- ---- ------- -- --- . -------- ---- ---- ---- -- -- ---- -- ------. --- ----------- ---- ---- -- ---- -- -- --------. -----. -----
DSD+ESP 1 1.00 300 52 2.8 18.4 61.4 12.0 8.8 49.0 14598 824.4 
DSO+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 59.3 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 61.4 7.0 5.1 49.0 14598 478.0 
DSD•ESP·C 2 1.00 300 57 2.7 18.2 60.6 7 .1 4.8 49.0 15430 462 .1 
DSO+ESP·C 3 1.00 328 72 2.8 19.5 59.3 8.7 4.2 49.0 22099 393.6 
OSO+ESP·C 4 1.00 328 76 2.7 19.2 58.5 8.8 4.0 49.0 22494 389.7 

FSl+ESP-50 1 1.00 300 52 2.8 17.4 58.0 14.2 10.4 50.0 15003 947.0 
FSl•ESP-50 2 1.00 300 57 2.7 17 .2 57.4 14. 7 9.8 50.0 15859 926.8 
FSl+ESP·SO 3 1.00 328 72 2.8 18.6 56.8 19.2 9.3 50.0 22713 844.9 
FSl+ESP-50 4 1.00 328 76 2.7 18.4 56.2 19.4 8.9 50.0 23118 839.5 

FSl+ESP·SO·C 1.00 300 52 2.8 17 .4 58.0 8.2 6.0 50.0 15003 547.8 
FSI+ESP·SO·C 2 1.00 300 57 2.7 17.2 57.4 8.5 5.7 50.0 15859 535.9 
FSI+ESP·50-C 3 1.00 328 72 2.8 18.6 56.8 1 1 . 1 5.4 50.0 22713 487.7 
FSI+ESP·SO·C 4 1.00 328 76 2.7 18.4 56.2 11.2 5.1 50.0 23118 484.5 

FSl+ESP·70 1 1.00 300 52 2.8 17.7 58.e 14.5 10.6 70.0 21005 690.2 
FSl+ESP·70 2 1.00 300 57 2.7 17 .5 58.2 15.0 10.0 70.0 22202 675.5 
FSl+ESP-70 3 1.00 328 72 2.8 18.9 57.6 19.6 9.5 70.0 31798 616.3 
FSl+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 1.00 300 52 2.8 17.7 58.8 8.4 6.1 70.0 21005 399.2 
FSl+ESP·70·C 2 1.00 300 57 2. 7 17.5 58.2 8.7 5.8 70.0 22202 390.5 
FSl+ESP·70·C 3 1.00 328 72 2.8 18.9 57.6 11.3 5.5 ,70.0 31798 355.8 
FSl+ESP-70-C 4 1.00 328 76 2. 7 18.7 57.0 11.4 5.2 70.0 32365 353.4 

========================•m•••••••••••••••••====c==•======•==================================================~=== 
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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). Coal 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 
retrofit 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 layout 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 located 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 limestone and lime preparation/storage area and waste handling area 
for units 1-4 were located 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 
em~loyee 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) 
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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 
1977-76 
0.02 
99.9 

0.9 
287.6 
500 
575 
310 

ESP 
1976 
0.01 
99.9 

0.9 
388.B 
700 
555 
310 



open area below (south) the powerhouse. For flue gas handling, short duct 
runs for units 1-4 would be required for L/LS-FGD because the absorbers are 
located 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 technologies are presented in Tables 23.1.6-2 and 23.1.6-3. The 
largest 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 lines 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 ran9ed 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 located in a high site access/congestion area bet~een 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 LOW 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 l.5B 
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 MEDIUM 
BAGHOUSE CASE NA 

DUCT WORK DISTANCE {FEET) 1000 + 1000 + 
ESP REUSE 0-100 
BAG HOUSE NA 

ESP REUSE NA NA HIGH 
NEW BAGHOUSE NA NA NA 

SCOPE ADJUSTMENTS 

WET TO DRY YES NO YES 
ESTIMATED COST (1000$) 1745 NA 1745 

NEW CHIMNEY YES YES NO 
ESTIMATED COST (1000$) 1400 1400 0 

OTHER (old ESP'S demolition) NO NO YES 

RETROFIT FACTORS 

FGD SYSTEM I. 71 1.63 
ESP REUSE CASE I. 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 of NO control technologies is determined by several . x 
site-specific factors which are discussed in Section 2. The NOx 
technologies evaluated at Kingston were: OFA and SCR. 

Low NOx Combustion--
Units 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. SL.ITIT\Sry of FGD Control Costs for tne Kingston Plant (June 1988 Dollars) 

================================================================================================================ 
Technology 

L/S FGO 
L/S FGD 

L/S FGD·C 
L/S FGO·C 

LC FGD 
LC FGD 

LC FGD·C 
LC FGD·C 

LSD+ESP 
LSD+ESP 
LSD+ESP 
LSD+ESP 
LSD+ESP 
LSD+ESP 
LSD+ESP 
LSD+ESP 
LSD+ESP 

LSD+ESP·C 
LSO+ESP·C 
LSD+ESP·C 
LSD+ESP·C 
LSD+ESP-C 
LSD+ESP·C 
LSD+ESP·C 
LSD+ESP·C 
LSO+ESP·C 

Boiler Main Boiler Capacity Coal 
N\.IT'lber Retrofit Size Factor Sulfur 

1 ·4 
5.9 

1-4 
5-9 

1-4 
5-9 

1-4 
5-9 

1 
2 
3 
4 

5 

6 
7 
8 
9 

1 

2 
3 
4 

5 
6 
7 
8 
9 

Difficulty <Miil (%) content 
Factor CO 

1.31 
1. 71 

1.31 
1. 71 

1 .31 
1.71 

1.31 
1. 71 

1.53 
1.53 
1.53 
1.53 
1.53 
1.53 
1.53 
1.53 
1.53 

1.53 
1.53 
1.53 
1.53 
1.53 
1.53 
1.53 
1.53 
1.53 

700 
1000 

700 
1000 

700 
1000 

700 
1000 

175 
175 
175 
175 
200 
200 
200 
200 
200 

175 
175 
175 
175 
200 
200 
200 
200 
200 

53 
67 

53 
67 

53 
67 

53 
67 

50 
40 
60 
63 
55 
79 
61 
60 
80 

50 
40 
60 
63 
55 
79 
61 
60 
80 

1 . 1 
1 . 1 

1 . 1 
1 . 1 

1 • 1 

1 • 1 

1 • 1 
1 • 1 

1 . 1 
1. 1 
1 • 1 
1 • 1 

1. 1 
1.1 
1. 1 
1.1 
1. 1 

1. 1 
1 • , 

1 • 1 
1 . 1 
1 . 1 
1 • 1 
1 • 1 
1 • 1 

1 . 1 

Capital Capital Annual Annual 502 S02 
Cost Cost Cost Cost Removed Removed 

($MM) ($/klll CSMMl cmills/kwhl C%J (tons/yrJ 

120.3 
207.9 

120.3 
207.9 

96.2 
161.0 

96.2 
161 .0 

26.3 
26.3 
26.3 
26.3 
31.6 
31 .6 
31.6 
31.6 
31 .6 

26.3 
Z6.3 
26.3 
26.3 
31.6 
31.6 
31.6 
31.6 
31 .6 

171.8 52.8 
207.9 91.5 

171.8 30.8 
207.9 53.3 

137.4 45.5 
161.0 T7.1 

137 .4 26.5 
161 .o 44.9 

150.5 11.1 
150.5 10.7 
150.5 11.4 
150.5 11.5 
157 .8 13.0 
157 .8 14.0 
157 .8 13.2 
157 .8 13.2 
157.8 14.0 

150.5 6.5 
150.5 6.3 
150.5 6.7 
150.5 6.7 
157.8 7.6 
157.8 B. 1 
157.8 7.7 
157.8 7.7 
157.8 B.Z 

16.2 
15.6 

9.5 
9. 1 

14.0 
13. 1 

8.2 
7.7 

14.4 
17.5 
12.4 
11.9 
13.5 
10.1 
12.4 
12.5 
10.0 

8.4 
10.2 
7.2 
7.0 
7.9 
5.9 
7.2 
7.3 
5.8 

90.0 
90.0 

90.0 
90.0 

90.0 
90.0 

90.0 
90.0 

76.0 
76.0 
76.0 
76.0 
76.0 
76.0 
76.0 
76.0 
76.0 

76.0 
76.0 
76.0 
76.0 
76.0 
76.0 
76.0 
76.0 
76.0 

25957 
46876 

25957 
46876 

25957 
46876 

25957 
46876 

5190 
4152 
6228 
6539 
6525 
9372 
7236 
7118 
9490 

5190 
4152 
6228 
6539 
6525 
93n 
n36 
7118 

9490 

S02 Cost 
Effect. 
C $/tonl 

2033.8 
1951.0 

1186.0 
1137. 7 

1753.0 
1645 .8 

1021 .o 
958.3 

2132 .4 
2578.5 
1835.3 
1764.6 
1986.8 
1490.0 
1825.8 
1850.4 
1475.8 

1244.5 
1505.7 
1070. 5 
1029. 1 
1160. 0 
868.8 

1065.6 
1080.0 
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 

l 2 3 

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 

BOlLER/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 RETROFCT RESULTS FOR KCNGSTON UNCTS 4-6 

BOCLER 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 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 1.34 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 

23-56 



Table 23.1.6·8. NOx Control Cost Results f<>r the Kingston Plant (June 1988 Oollars) 

========================================================:======================================================= 
Technology 

LNC·OFA 
LNC·OFA 
LNC-OFA 
LNC·OFA 
LNC·OFA 
LNC·OFA 
LNC·OFA 
LNC·OFA 
LNC-OFA 

LNC·OFA·C 
LNC·OFA·C 
LNC-OFA-C 
LNC·OFA·C 
LNC·OFA·C 
LNC·OFA·C 
LNC-OFA·C 
LNC·OFA·C 
LNC·OFA·C 

SCR·3 
SCR·3 
SCR·3 
SCR-3 
SCR·3 
SCR·3 

· SCR·3 
SCR·3 
SCR·3 

SCR·3·C 
SCR·3·C 
SCR·3·C 

Boiler Main Boiler Capacity Coal 
~unber Retrofit Size Factor Sulfur 

2 
3 
4 

5 
6 
7 
8 
9 

1 
2 
3 
4 

5 
6 
7 
8 
9 

2 
3 
4 
5 
6 
7 
8 

.9 

2 
3 

Difficulty (MW) (X) Content 
Factor 

1.00 
1.00 
1.00 
1 .00 
1.00 
1.00 
1.00 
1.00 
1.00 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

1. 16 
1. 16 
1.34 
1.34 
1.16 
1.16 
1.34 
1.34 
1.52 

1.16 
1.16 
1.34 

'175 
175 
175 
175 
200 
200 
200 
200 
200 

175 

175 
175 
175 

200 
200 
200 
200 
200 

175 
175 
175 

175 

200 
200 
200 
200 
200 

175 
175 
175 

50 
40 
60 
63 
55 
79 
61 
60 

80 

50 
40 
60 
63 
55 
79 
61 
60 
80 

50 
40 
60 
63 
55 
79 

61 
60 
80 

50 
40 
60 

(%) 

1.1 
1. 1 
1.1 
1. 1 
1.1 
1. 1 

1. 1 
1. 1 
1. 1 

1.1 
1. 1 
1. 1 
1.1 
1. 1 
1.1 
1.1 
1.1 
1.1 

1.1 
1.1 
1.1 
1.1 
1 • 1 
1 • 1 
1.1 
1 • 1 
1.1 

1.1 
1.1 
1.1 

Capital Capital Annu~l 
Cost Cost Cost 

(~M) (S/kW) ($MM) 

0.8 
0.8 
0.8 
O.B 
0.8 
0.8 
O.B 
O.B 
0.8 

0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 

27.7 
27.7 
29.6 
29.4 
30.4 
31.1 
34.3 
33.6 
37. 1 

27.7 
27.7 
29.6 
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4.4 
4.4 
4.4 
4.4 
4.1 
4.1 
4.1 
4.1 
4.1 

4.4 
4.4 
4.4 
4.4 
4., 
4.1 
4. 1 

4. 1 
4. 1 

158.3 
158.3 
169.3 
167.9 
152.1 
155.3 
171.6 
167.8 
185.4 

158.3 
158.3 
169.3 

0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 

0.1 
a. 1 
0.1 
0.1 
0.1 
0.1 
o. 1 
0. 1 
o. 1 

9.2 
9. 1 . 

9.7 
9.7 

10.2 
10.6 
11.2 
11 • 1 
12., 

5.4 
5.3 
5.7 

Annual NOx NOx 
Cost Removed Removed 

(mills/kwh) (%) (tons/yr> 

0.2 
0.3 
0.2 
0.2 
0.2 
0.1 
0.2 
0.2 
0.1 

0.1 
0.2 
0.1 
0.1 
0.1 
0.1 
o. 1 
0.1 
o. 1 

12.0 
14.8 
10.6 
10. 1 
10.6 
7.7 

10.5 
10.5 
8.6 

7.0 
8.7 
6.2 

20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
20.0. 
20.0 
20.0 

20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
20.0 

80.0 
80.0 
80.0 
so.a 
80.0 
80.0 
80.0 
80.0 
80.0 

80.0 
80.0 
80.0 

476 
381 
571 
599 

598 
859 
663 
652 
870 

476 
381 
571 
599 

598 
859 
663 
652 
870 

1903 
1522 
2283 
2397 
2392 
3436 
2653 
2609 
3479 

1903 
1522 
2283 

NOx Cost 
Effect. 
(S/ton) 

344.6 
430.7 
287. 1 
273.5 
289.3 
201.4 
260.9 
265.2 
198.9 

204.8 
256.0 
170.6 
11>2.5 
171. 7 
119.6 
154.9 
157.4 
118., 

4814.8 
5959. 1 

4268.8 
4060.8 
4274.5 
3088.3 
4231. 4 
4246.7 
3481.6 

2823.8 
3495.8 
2503.9 
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Table 23.1.6-8. NOx Control Cost Results for the Kingston Plant (June 1988 Dollars) continued 

================================================================================================================ 
Technology Baiter Main Boiler Capacity Coal Ca pi ta l Capital Annual Annual NOx NOx NOx Cost 

Nurber Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (MW) ('.l;) content ($MM) ($/kll) (SMH) Cmi l ls/kwhJ (%) (tons/yr) ($/ton> 

Factor (%) 

-------------------- --- ---- ---- -- ---- -- -- ---- . --- --- -------- --- ----- ---- ---- -- -- ----- --- -- -- ----- --- ------------

SCR-3-C 4 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 30.4 152. 1 6.0 6.2 80.0 2392 2506. 1 
SCR-3-C 6 1. 16 200 79 1 . 1 31 .1 155.3 6.2 4.5 80.0 3436 1809.9 
SCR·3·C 7 1 .34 200 61 1 . 1 34.l 171.6 6.6 6.2 80.0 2653 2482.3 
SCR-3·C 8 1.34 200 60 1.1 33.6 167.8 6.5 6.2 80.0 2609 2490.8 
SCR-3·C 9 1.52 200 80 1 . 1 37.1 185.4 7.1 5.1 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. 16 175 40 1. 1 27.7 158.3 7.6 12.4 80.0 1522 5014. 1 
SCR-7 3 1.34 175 60 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 3460.9 
SCR-7 5 1.16 200 55 1. 1 30.4 152. 1 8.6 8.9 80.0 2392 3587.5 
SCR-7 6 1 .16 200 79 1 • 1 31. 1 155.3 9.0 6.5 80.0 3436 2610.0 
SCR-7 7 1.34 200 61 1 • 1 34.3 171.6 9.6 9.0 80.0 2653 3611.9 
SCR-7 8 1.34 200 60 1. 1 33.6 167.8 9.4 9.0 80.0 2609 3617.0 
SCR-7 9 1.52 200 80 1 • 1 37.1 185.4 10.5 7.5 80.0 3479 3009.2 

SCR·7·C 1 1.16 175 so 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 29.4 167.9 4.9 5.1 ea.a 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 6 1.16 200 79 1 . 1 31.1 155.3 5.3 3.8 80.0 3436 1535.9 
SCR·7·C 7 1.34 200 61 1.1 34.3 171.6 5.6 5.3 80.0 2653 2127.4 
SCR· 7·C 8 1.34 200 60 1 • 1 33.6 167.8 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 reactor 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 low access/congestion area. The 
reactors for units 2 to 9 were located northwest of the plant .approximately 
behind the ESPs of each unit in low to high access/congestion areas. The 
ammonia storage system was located north of the plant in a relatively open 
area. 

Reactors for units I, 2, 5 and 6 were located in low access/congestion 
areas. Reactors for units I to 2 were located close to the parking lots and 
those for units 5 and 6 were located 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/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 would be 

located 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 
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TABLE 23.1.6-9. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR KINGSTON UNITS 1-4 

ITEM 

SITE ACCESS/CONGESTION 

REAGENT PREPARATION 
ESP UPGRADE 
NEW BAGHOUSE 

SCOPE ADDERS 

LOW 
HIGH 
NA 

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 
A NEW BAGHOUSE CASE 

RETROFIT FACTORS 

CONTROL SYSTEM (DSD SYSTEM ONLY) 
ESP UPGRADE 
NEW BAGHOUSE 
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1594 
NA 

l. 13 
l. 55 
NA 



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 ih 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 system. 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 exist~ng equipment at 
the John Sevier steam plant. All boilers burn medium sulfur coal· 
(1.3 percent sulfur). Coal is received by rail and conveyed to a coal 
storage and handling area located southwest of the plant. All 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. 
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. 
TABLE 23.1.6-10. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 

TECHNOLOGIES FOR KINGSTON UNITS 5-9 

ITEM 

SITE ACCESS/CONGESTION 

REAGENT PREPARATION 
ESP UPGRADE 
NEW BAGHOUSE 

SCOPE ADDERS 

LOW 
HIGH 
NA 

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 
A NEW BAGHOUSE CASE 

RETROFIT FACTORS 

CONTROL SYSTEM (DSD SYSTEM ONLY) 
ESP UPGRADE 
NEW BAGHOUSE 
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1795 
NA 

1.13 
1.55 
NA 



Table 23. 1 .6·11. SlJ1'111ary of OSD/FSl Control Costs for the Kingston Plant (June 1988 Dollars> 

================================================================================================================ 
Technology 

DSD+ESP 
DSD+ESP 
DSD+ESP 
DSD+ESP 
DSD+ESP 
DSD+ESP 
DSD+ESP 
DSD+ESP 
DSD+ESP 

DSD+ESP·C 
DSD+ESP·C 
DSD+ESP·C 
DSD+ESP·C 
DSD+ESP·C 
DSD+ESP·C 
DSD+ESP·C 
DSD+ESP·C 
DSD+ESP·C 

FSl+ESP·50 
FSl+ESP·SO 
FSl+ESP·SO 
FS l+ESP·50 
FSl+ESP·50 
FSl+ESP-50 
FSl+ESP-50 
FSl+ESP-50 
FSl+ESP-50 

FSl+ESP·50·C 
FSl+ESP·50·C 
FSl+ESP·50·C 

Boiler Main Boiler Capacity Coal Capital Capital Annual Annual SD2 502 
Nutller Retrofit Size 

Difficulty (MW) 

Factor 

1 
2 
3 
4 
5 
6 
7 
s 
9 

1 

2 
3 
4 

5 
6 
7 
a 
9 

2 
3 
4 
5 
6 
7 
8 

.9 

2 
3 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

1.00 
1.00 
1.00 
1.00 
1. 00 
1. DO 
1.00 
1.00 
1.00 

1.00 
1.00 
1.00 

175 
175 
175 
175 
200 
200 
200 

200 
200 

175 
175 
175 
175 

200 
200 
200 
200 
200 

175 
175 
175 
175 
200 
200 
200 
200 
200 

175 
175 
175 

Factor Sulfur Cost Cost 
(%) Content (SMH) (S/kW) 

(%) 

50 
40 
60 
63 
55 
79 
61 
60 
80 

50 
40 
60 
63 
55 
79 
61 
60 
so 

50 
40 
60 
63 
55 
79 
61 
60 
so 

50 
40 
60 

1. 1 

1.1 
1. 1 
1.1 
I. 1 
I. 1 
I. 1 
1. 1 
1.1 

1.1 
1. 1 
I. 1 
1.1 
1. 1 
1.1 
1. 1 
1.1 
1.1 

1.1 
1.1 
1.1 
1 • 1 
1 • 1 
1. 1 
1 . 1 
1 • 1 
1. 1 

1 • 1 
1. 1 
1.1 

9.9 
9.9 
9.9 
9.9 

11.0 
11.0 
11 .a 
11 .o 
11 .0 

9.9 
9.9 
9.9 
9.9 

11.D 
11.0 
11.0 
11.0 
11.0 

9.8 
9.8 
9.8 
9.8 

10.7 
10.7 
10.7 
10.7 
10.7 

9.8 
9.8 
9.8 
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56.3 
56.3 
56.3 
56.3 
54.9 
54.9 
54.9 
54.9 
54.9 

56.3 
56.3 
56.3 
56.3 
54.9 
54.9 
54.9 
54.9 
54.9 

56.0 
56.0 
56.0 
56.0 
53.5 
53.5 
53.5 
53.5 
53.5 

56.0 
56.0 
56.0 

Cost 
($MM) 

6.2 
5.S 
6.5 
6.6 
6.9 
7.7 
7. 1 
7.0 
7.8 

3.6 
3.4 
3.8 
3.8 
4.0 
4.5 
4. 1 
4.1 
4.5 

5.5 
5. 1 
5.9 
6. 1 
6.3 
7.4 
6.6 
6.5 
7.5 

3.2 
3.0 
3.4 

Cost Removed Removed 
(mills/k•h) (%) (tons/yr) 

8.0 
9.5 
7.0 
6.8 
7. 1 
5.6 
6.6 
6.7 
5.5 

4.7 
5.5 
4.1 
3.9 
4.1 
3.2 
3.8 
3.9 
3.2 

7.2 
8.3 
6.5 
6.3 
6.5 
5.4 
6. 1 
6.2 
5.3 

4.2 
4.8 
3.7 

49.0 
49.0 
49.0 
49.0 
49.0 
49.0 
49.0 
49.0 
49.0 

49.0 
49.0 
49.0 
49.0 
49.0 
49.0 
49.0 
49.0 
49.0 

50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
50.0 

so.a 
50.0 
50.0 

3309 
2647 
3971 
4170 
4160 
5976 
4614 
4538 
6051 

3309 
2047 
3971 
4170 
4160 
5976 
4614 
4538 
6051 

3401 
2721 
4081 
4285 
4276 
6141 
4742 
4664 
6219 

3401 
2n1 
4081 

S02 Cost 
Effect. 
(S/ton) 

1862 .4 
2207.3 
1632. 7 
1578. 1 
1648.3 
1295.0 
1533.8 
1551 .3 
1284.9 

1080.4 
1281 .3 
946.6 
914.8 
956.2 
750.2 
889.4 
899.6 
744.3 

1618. 1 
1864.5 
1454.2 
1415.3 
1464.1 
1212.7 
1382.5 
1394.9 
1205.6 

940.0 
1084.4 
843.9 



Table 23.1.6·11. Surmary of DSD/FSI Control Costs for the Kingston Plant (June 1988 Dollars) continued 

============================================================~===============~=================================== 

Technology Boiler Main Boiler Capacity Coal · capi tat Capital Annual Annual S02 S02 502 Cost 
N~r Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 

Difficulty (HI/) (%) Content ($HM) ($/(II) (SHH) (mil ls/kwh) (%) (tons/yr) (S/ton) 
Factor (%) 

---- ------------ --- ---- -- -- ------ -- -- ----. ----- ------------- .......... ---- -- -- . ·------ -- -- ----- -. -. --.. -. ------- -... 

FSl+ESP·50·C 4 1.00 175 63 1.1 9.8 56.0 3.5 3.6 50.0 4285 821.1 
FSl•ESP·SO·C 5 1.00 200 55 1.1 10.7 53.5 3.6 3.8 50.0 4276 850.0 
FSl+ESP·50·C 6 1.00 200 79 1.1 10.7 53.5 4.3 3.1 so.a 6141 702.6 
FSl+ESP·50·C 7 1.00 200 61 1.1 10.7 53.S 3.8 3.6 so.a 4742 802.2 
FSl+ESP·SO·C 8 1.00 200 60 1.1 10.7 53.S 3.8 3.6 50.0 4664 809.5 
FSl+ESP·50·C 9 1. 00 200 80 1.1 10.7 53.5 4.3 3.1 50.0 6219 698.4 

FSl+ESP-70 1.00 175 50 1 • 1 9.9 56.7 5.6 7.3 70.0 4761 1172.6 
FSl+ESP·70 z 1.00 175 40 1.1 9.9 56.7 5.1 8.4 70.0 3809 1350.1 . 
FSl+ESP·70 J 1.00 175 60 1 • 1 9.9 56.7 6.0 6.6 70.0 5714 1054.5 
FSl+ESP· 70 4 1.00 175 63 1 . 1 9.9 56.7 6.Z 6.4 70.0 5999 1026.5 
FSl+ESP· 70 5 1.00 zoo 55 1 . 1 10.8 54.Z 6.4 6.6 70.0 5986 1061.6 
FSl+ESP-70 6 1.00 200 79 1 . 1 10.8 54.2 7.6 5.5 70.0 8598 880.5 
FSl+ESP·70 7 1.00 200 61 1 . 1 10.8 54.2 6.7 6.2 70.0 6639 1002.8 
FSl+ESP·70 8 1.00 200 60 1 . 1 10.8 54.2 6.6 6.3 70.0 6530 1011.8 
FSl+ESP-70 9 1. 00 200 80 1 . 1 10.8 54.2 7.6 5.4 70.0 8707 875.4 

FSl+ESP·70·C 1 1.00 175 50 1. 1 9.9 56.7 3.2 4.2 70.0 4761 681.2 
FSl+ESP-70-C 2 1.00 175 40 1. 1 9.9 56.7 3.0 4.9 70.0 3809 785.2 
FSl+ESP·70·C J 1.00 175 60 1. 1 9.9 56.7 3.5 3.8 70.0 5714 611.9 
FSl+ESP·70·C 4 1.00 175 63 1., 9.9 56.7 3.6 3.7 70.0 5999 595.5 
FSl+ESP-70-C 5 1.00 200 55 1.1 10.8 54.2 3.7 3.8 70.0 5986 616.4 
FSl+ESP·70·C 6 1.00 200 79 1. 1 10.8 54.2 4.4 3.2 70.0 8598 510.1 
FSl+ESP·70·C 7 1.00 200 61 1 . 1 10.8 54.2 3.9 3.6 70.0 6639 581.9 
FSl+ESP-70-C 8 , .00 200 60 1 • 1 10.8 54.2 J.8 J.6 70.0 6530 587. 1 
FSl+ESP-70-C 9 1.00 200 80 1. 1 10.S 54.2 4.4 3.2 70.0 8707 507.1 

================================================================================================================ 
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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 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) 
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1-4 
200, 200, 223, 223 
68, 68, 83, 85 
1955-57 
TANG 
1.30 
12500 
11.0 
WET SLUICE 
POND/ON-SI TE 
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 located 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 low 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. However, this conversion is not necessary 

for forced oxidation L/LS-FGD. The overall retrofit factors determined for 
the L/LS-FGD cases were moderate (1.33 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. 

23-67 



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 

S02 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. S<mnary of FGD Control Costs for the John Sevier Plant (June 1988 Collars) 

================================================================================================================ 
Technology Boiler Hain Boiler Capacity Coal Capital Capital Annual Annual S02 S02 S02 Cost 

~~r Retrofit Size Factor Sul fur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (Miil (%) Content ($HM) ($/kW) <SHM) <mil ls/kwhl (%) Ctons/yrl ($/ton) 

Factor (%) 

---- -- ----------------- ------------- --- -- -- -- --- ----- ------ . --- -------- --- --------- --- ---- -- -------- -- ------. -- . 

L/S FGD 1, 2 1.38 200 68 1.3 57.0 285.0 25.0 21.0 90.0 10731 2326.4 
l/S FGD 3 1.38 223 83 1.3 60.5 271.1 28.2 17.4 90.0 14604 1930.0 
l/S FGC 4 1.38 223 85 1.3 60.5 271. 1 28.4 17. 1 90.0 14956 1898.5 

L/S FGD·C 1. 2 1.38 200 68 1.3 57.0 285.0 14.6 12.2 90.0 10731 1356.7 
L/S FGO-C 3 1.38 223 83 1.3 60.5 271.1 16.4 10.1 90.0 14604 1124.3 
LIS FGO·C 4 1.38 223 85 1.3 60.5 271.1 16.5 10.0 90.0 14956 1105 .8 

LC FGO 1-4 1.38 846 76 1 .3 112.6 133.0 61. 7 11.0 90.0 50730 1217.0 

LC FGD·C 1·4 1.38 846 76 1 .3 112.6 133.0 35.9 6.4 90.0 50730 707.2 

LSO+FF 1, 2 1. 51 200 68 1 .3 50.7 253.6 18.8 15.8 87.0 10313 1820.9 
LSD+ FF 3 1. 51 223 83 1.3 55.3 247.9 21.3 13. 1 87.0 14036 1518.3 
LSO+FF 4 1.51 223 85 1.3 55.3 247.9 21.4 12.9 87.0 14374 1491.5 

LSO+FF-C 1 • 2 1.51 200 68 1.3 50.7 253.6 11.0 9.2 87.0 10313 1065.3 
LSO+FF-C 3 1.51 223 l!3 1.3 55.3 247.9 12.5 7.7 87.0 14036 887.6 
LSO+FF-C 4 1.51 223 as 1.3 55.3 247.9 12.S 7.5 87.0 14374 871 .e 

================================================================================================================ 
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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. 

NOx Control Technology 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 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 NOx Combustion--
Units 1 to 4 are dry bottom, tangential-fired boilers. 

are each rated at 200 MW while units 3 and 4 are each rated 
Units 1 and 2 

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. Sl.1!1118ry of Coal Switching/Cleaning Costs for the John Sevier Plant (June 1988 Ool lars) 

=================================~~ms=========================================================================== 

Technolo9y Bailer Main Soi ler capacity coal Capital Capital Annual Annual 502 502 502 Cost 
Nl.lllber Retrofit Size Factor Sul fur Cost Cost cost cost Removed Removed Effect. 

Difficulty (Mii) (%) Content C~M) ($/kll) C~M) (mil ls/<wnJ (%) (tons/yr) CS/ton) 
Factor (%) 

-- -------- ---- -- ------- --- ------------- ---- -- ------ ---- -- ------ . --- -------- --- ---. ----- --- ---- . --..... --- . -- ---. -
CS/8+$15 1. ~ 1. 00 200 68 1.3 7. 1 35.4 17.2 14.5 28.0 3320 5184.8 
CS/8+S15 3 1. 00 223 83 1 .3 7.8 34.8 23.0 14.2 28.0 4519 5079.2 
CS/8+$15 4 1.00 223 85 1.3 7.8 34.8 23.5 14. 1 28.0 4628 5070 .3 

CS/B+S15·C , . 2 1.00 zoo 68 1.3 7.1 35.4 9.9 8.3 28.0 3320 2980.1 
CS/B+S15·C 3 1.00 223 83 1.3 7.8 34.8 13.2 8. t 28.0 4519 2917.8 
CS/B+S15·C 4 1.00 223 85 1.3 7.8 34.8 13.5 8.1 28.0 4628 2912.5 

CS/8+$5 1, z 1.00 200 68 1. 3 5.0 25 .0 7.0 5.9 28.0 3320 2111.8-
CS/8+$5 3 1.00 223 83 1.3 5.4 24.4 9.2 5.6 28.0 4519 2026. 1 
CS/8+$5 4 1.00 223 85 1.3 5.4 24.4 9.3 5.6 28.0 4628 2019.3 

CS/B+S5·C 1, z 1.00 200 68 1.3 5.0 ZS.O 4.0 3.4 28.0 3320 1216.7 
CS/B+SS·C 3 1.00 223 83 1.3 5.4 24.4 5.3 3.3 28.0 4519 1166.2 
CS/B+S5·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. l 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 

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) 

• 

BOILER NUMBER 

3 

TANG 

OFA 

16.1 

4 

TANG 

OFA 

16.3 

25.4 25.2 

FURNACE RESIDENCE TIME (SECONDS) __ 3_._02 ____ 3_.0_l __ _ 

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) 

20 

LOW 

NA 

45 

93 

691 

2825 

3562 

l.16 

13 

23-73 

20 

LOW 
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45 
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based on examining the effects of heat rel~ase 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 low 
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--
Thi s 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 Dal Lars) 

================================================================================================================ 
Technology Soi Ler Main Boiler Capacity Coal Capital Capital Annual Annual NOx NOx NDx Cost 

N.mier Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (Miil (%) Content CSMM) ($/kl/) ($MM) cmills/kwhl (%) Ctons/yrl ($/tonJ 

Factor (%) 
----- --- ----- ---- --------- ---- ---- --- ------ --- ------- -- ------ -- ------ ------------- ----- -- -- --- ---- ---- ---- ---- --

LNC·OFA 1, 2 1 .00 200 68 1.3 0.8 4. 1 0.2 0. 1 20.0 706 245.2 
LNC·OFA 3 1.00 223 83 1.3 0.9 3.B 0.2 0. 1 20.0 960 188.0 
LNC·OFA 4 1.00 223 85 1 .3 0.9 3.8 0.2 0. 1 20.0 983 183.6 

LNC·OFA·C 1 • 2 1.00 200 68 1.3 0.8 4.1 0.1 0.1 20.0 706 145.6 
LNC·OFA·C 3 1.00 223 83 1.3 0.9 3.8 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 BO.O 2822 3586.7 
SCR-3 3 1.16 223. 83 1.3 31.6 141.6 11 .2 6.9 so.a 3841 2927.3 
SCR-3 4 1. 16 223 85 1.3 31.6 141.6 11 .3 6.8 80.0 3933 2865.2 

SCR·3·C 1, 2 1 .16 200 68 1.3 29.2 146. 1 5.9 5.0 80.0 2822 2101 .3 
SCR·3-C 3 1. 16 223 83 1.3 31.6 141.6 6.6 4.1 80.0 3841 , 714 .0 
SCR·3·C 4 1. 16 223 85 1.3 31.6 141.6 6.6 4.0 80.0 3933 16n.6 

SCR·7 1 ' 2 1.16 200 68 1.3 29.2 146.1 8.5 7. 1 80.0 2822 3007 .8 
SCR·7 3 1.16 223 83 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 3933 2402.2 

SCR·7·C 1, 2 1.16 200 68 1.3 29.2 146., 5.0 4.2 80.0 2822 1769.7 
SCR•7•C 3 1. 16 223 83 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 31.6 141.6 5.6 3.3 80.0 3933 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 
handling 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 BAGHOUSE 

SCOPE ADDERS 

MEDIUM 
HIGH 

NA 

CHANGE ESP ASH DISCHARGE SYSTEM TO DRY HANDLING YES 
ESTIMATED COST (1000$) 1,745 

ADDITIONAL DUCT WORK (FT) 
NEW BAGHOUSE CASE 200 
ESTIMATED COST (1000$) 1,378 
ESP REUSE CASE NA 
ESTIMATED COST (1000$) NA 

DUCT DEMOLITION LENGTH (FT) 50 
DEMOLITION COST (1000$) 50 

TOTAL COST (1000$) 
ESP UPGRADE CASE 
A NEW BAGHOUSE CASE 

RETROFIT FACTORS 

CONTROL SYSTEM (DSD SYSTEM ONLY) 
ESP UPGRADE 
NEW BAGHOUSE 
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Table 23.1.7-9. SUTIT\ary of DSD/fSJ Control Costs for the John Sevier Plant (June 1983 Dol larsJ 

================================================================================================================ 
Technology Boiler Main Boiler Capacity Coal Capital Capital Annual Annual 502 S02 S02 Cost 

N"'*>er Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Etfeet. 
Difficulty (Mil) (%) Content ($HH) ($/lcll) ($MM> (mil ls/k•h) (%) (tons/yr) ($/ton) 

Factor (%) 
..... -. -. ---- ............ -. -- -. -- --. -- ---- -·- --. -. -. --- -- . ---- ---- ---- -- -- ---- ---- -- -- --. -- --- ------------- --- --- -

DSD+ESP 1 ' 2 1.00 200 68 1.3 10.9 54.4 7_4 6.2 49.0 5800 1278. 3 
DSD+ESP 3 1.00 223 83 1.3 11.6 52.1 8.6 5.3 49.0 7894 1D83.6 
OSD+ESP 4 1.00 223 85 1.3 11.6 52.1 8.6 5.2 49.0 8084 1068.7 

DSO+ESP-C 1, 2 1.00 200 68 1.3 10.9 54.4 4.3 3.6 49.0 5800 740.8 
DSD+ESP-C 3 1 .DO 223 83 1 .3 11.6 52. 1 5.0 3. 1 49.0 7894 627.4 
DSD+ESP-C 4 1.00 223 85 1.3 11.6 52. 1 5.0 3.0 49.D 8084 618.7 

FSl+ESP-50 1, 2 1.00 200 68 1.3 11.0 SS.2 7.4 6.2 so.a 5961 1238.9 
FSI+ESP-50 3 1.00 223 83 1.3 11.7 52.5 8.9 5.5 so.a 8113 1D97.0 
FSJ+ESP-50 4 1.DO 223 85 1.3 11. 7 52.5 9.0 5.4 so.a 8309 1086. 1 

FS!+ESP-50·C 1, 2 1.00 200 68 1.3 11 .a S5.2 4.3 3.6 so.a S961 718.1 
FS!+ESP-50-C 3 1.00 223 83 1.3 11. 7 52.5 5.2 3.2 so.a 8113 63S.D 
FS!+ESP-50-C 4 1.00 223 85 1.3 11. 7 52. 5 S.2 3.1 so.a 8309 628.6 

FS!+ESP-70 1, 2 1. DO 200 68 1 .3 11 . 1 55.3 7.5 6.3 70.0 8346 895.4 
FS!+ESP-70 3 1.00 223 83 1 .3 11. 7 S2.5 9.0 5.6 70.0 11358 793.8 
FSl+ESP-70 4 1.DO 223 85 1.3 11.7 52.5 9.1 5.5 70.0 11632 7116., 

FSJ+ESP-70-C 1, 2 1.00 zoo 68 1.3 11 • 1 55.J 4.3 3.6 70.0 8346 519.0 
FS!+ESP-70-C 3 1.00 223 83 1.3 11. 7 52.5 5.2 3.2 70.0 11358 459.4 
FSl+ESP-70-C 4 1.00 223 85 1.3 11 .7 52.5 5.3 3.2 70.0 11632 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 
NO 
0.8 
12800 
11.6 
DRY DISPOSAL 
LANDFILL/SOLD 
1,1,2 
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. 
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TABLE 24.1.1-2. SUMMARY OF RETROFIT FACTOR DATA FOR CLINCH RIVER 
UNIT 1, 2 OR 3 * 

FGO TECHNOLOGY 

FORCED LIME 
LLLS FGD OXIDATION SPRAY DRYING 

SITE ACCESSLCONGESTION 

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 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 

* L/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 

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 1-2 

ROOF-FIRED NA 

NA NA 

NA NA 

1958,58,61 NA 

NA NA 

NA NA 

LOW LOW 

0 0 

52 88 

400 400 

3308 4962 

3152 4777 

6511 9826 

1.16 1.16 

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) 

================================================================================================================ 
1echnoI09y Soi ler Main Soi ler Capacity Coal Capital Capital Annual Annual HOx MOX NOx Cost 

Nuat.er Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (Hiil (%) Content (SHHJ (S/klll (SHM) (mi l,ls/kwh) (%) C tons/yr) ($/ton)' 

Factor 00 
------ --- --- ----- -------- ------ ---- ---- --- --- --- ------------ --- ---------------- ---- --- --------- ---- --------- --- . 

SCR·3 1.16 240 82 0.8 36.6 152.7 12.7 7.4 80.0 5564 2278.5 
SCR·3 2 1. 16 240 88 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 8.8 80.0 4749 2717.2 
SCR-3 1-2 1. 16 480 85 0.8 61.9 128.9 22.8 6.4 80.0 11534 1974.1 

SCR-3-C 1. 16 240 82 0.8 36.6 152. 7 7.4 4.3 80.0 5564 1335.0 
SCR·3·C 2 1. 16 240 88 a.8 36.6 152.7 7.5 4.a 8a.a 5971 1253.5 
SCR-3-C 3 1.16 240 70 0.8 38.3 159.7 7.6 5.1 80.0 4749 1593.0 
SCR-3-C 1·2 1. 16 4aO as a.a 61.9 128.9 13.3 3.7 ao.o 11534 1155.1 

SCR· 7 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 a.8 38.3 159.7 11.0 7.4 80.0 4749 23a5.9 
SCR-7 1·2 1. 16 480 85 a.a 61.9 128.9 18.9 5.3 80.0 11534 1635.4 

SCR-7-C 1 1. 16 240 32 0.8 36.6 152.7 6.3 3.7 ao.a 5564 1133.8 
SCR-7·C 2 1.16 240 88 0.8 36.6 152.7 6.4 3.4 80.0 5971 1066.1 
SCR-7-C 3 1.16 240 70 0.8 38.3 159.7 6.4 4.4 80.0 4749 1357.3 
SCR-7·C 1-2 1. 16 480 85 0.8 61.9 128.9 11. 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 low 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 
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) 

3 4 5 6 
112 188 359 694 
27 58 67 46 
1952 1960 1964 1969 

TANGENTIAL 
39 NA 154.5 330 
NO 

1 

NO NO 
1.0 

12700 
8.5 

WET DISPOSAL 
POND/ON-SITE 
2 3 
RAILROAD 

ESP* 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

NO 

4 

7 
210 
COMBINED 
CYCLE 
PLANNED 

* It was assumed that units 3, 4, 5, and 6 are equipped with 
ESPs. 
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TABLE 24.2.1-2. SUMMARY OF RETROFIT FACTOR DATA FOR CHESTERFIELD 
UNIT 3, 4, OR 5 * 

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 

FGD TECHNOLOGY 

FORCED LIME 
L/LS FGD OXIDATION SPRAY DRYING 

LOW NA 
HIGH NA 

600-1000 NA 

NA NA 
NA NA 

YES NA 
1038-2949 NA 
YES NA 
784-2513 0 
NO 

1. 60 

NA 
NA 

NA 

NA 
NA 

LOW 

NA 
HIGH 

600-1000 
NA 
LOW 

NO 
NA 
YES 
784-2513 
NO 

NA 
1. 54 
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 
LLLS FGD OXIDATION SPRAY DRYING 

SITE ACCESSLCONGESTION 

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 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 l.46 NA 
ESP REUSE CASE NA 
BAGHOUSE CASE l.36 

ESP UPGRADE NA NA NA 
NEW BAGHOUSE NA NA l.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 

BOILER NUMBER 

COMBUSTION MODIFICATION RESULTS 

FIRING TYPE 

TYPE OF NOx CONTROL 

FURNACE VOLUME (1000 CU FT} 

BOILER INSTALLATION DATE 

. SLAGGING PROBLEM 

3 

TANG 

OFA 

39 

1952 

NO 

ESTIMATED NOx REDUCTION (PERCENT) 25 

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) 

HIGH 

0 

29 

250 

1324 

1995 

3348 

1. 52 

38 

4 

TANG 

OFA 

NA 

1960 

NO 

25 

HIGH 

5 6 

TANG TANG 

OFA OFA 

154.5 330 

1964 1969 

NO NO 

25 25 

HIGH LOW 

0 0 0 

43 71 116 

400 600 500 

2867 6280 7695 

2722 4013 5960 

5633 . 10363 13770 

1.52 1.52 1.16 

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 Capital Arnual .......... l NOx NOx NOx Cost 

Nurber Retrofit Size Factor Sul fur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (MW) (Xl Content (SllM) ($/kW) (SllM) (mill s/kwh) co (tons/yr) ($/ton) 

Factor 00 
---------------------------------------------------------------------------------------------------------------· 

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 1.00 188 58 1.0 0.8 4.2 0.2 0.2 25.0 694 242.B 
LNC·OFA 5 1.00 359 67 1.0 , .o 2.9 0.2 0. 1 25.0 1532 142.5 
LNC·OFA 6 1.00 694 46 1.0 1.3 1.9 0.3 0. 1 25.0 2033 139.7 

LNC·OFA·C 3 1.00 112 27 1.0 0.6 5.8 0.1 0.3 25.0 193 422.B 
LNC·OFA·C 4 1.00 188 58 1. 0 0.8 4.2 0.1 0. 1 25.0 694 144.2 
LNC·OFA·C 5 1. 00 359 67 1 .0 1.0 2.9 0.1 0.1 25.0 1532 84.6 
LNC·OFA·C 6 1.00 694 46 1 .0 , .3 1.9 0.2 a. 1 25.0 2033 83.0 .. 
SCR·3 3 1.52 112 27 1.0 25.6 229.0 7.7 28.9 80.0 616 12431.2 
SCR·3 4 1 .52 188 58 1.0 37.8 200.9 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 6 1.16 694 46 1 .0 86.7 125 .0 30.3 10.9 80.0 6505 4665.6 

SCR·3-C 3 1.52 112 27 1.0 25.6 229.0 4.5 17 .0 80.0 616 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 1.52 359 67 1.0 62.5 174.0 11.8 5.6 80.0 4901 2412.5 
SCR·3·C 6 1.16 694 46 1.0 86.7 125.D 17.8 6.4 80.0 6505 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 4 1.52 188 58 1.0 37.8 200.9 10.2 10.7 80.0 2222 4594.0 
SCR·7 5 1.52 359 67 1.0 62.5 174.0 17.2 8.2 80.0 4901 3514.2 
SCR·7 6 1 .16 694 46 1.0 86.7 125.0 24.7 8.8 80.0 6505 3796.2 

SCR·7·C 3 1.52 , 12 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 37.8 200.9 6.0 6.3 80.0 2222 2708.3 
SCR·7·C 5 1.52 359 67 1.0 62.5 174.0 10.1 4.8 80.0 4901 2070.5 
SCR·7·C 6 1 .16 694 46 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. Units 1 and 2 were not evaluated 
because they are oil-fired. 

TABLE 24.2.2-1. PORTSMOUTH STEAM PLANT OPERATIONAL DATA 

BOILER NUMBER 
GENERATING CAPACITY (MW) 
CAPACITY FACTOR (PERCENt) 
INSTALLATION DATE 

1 2 
113 113 

'RESERVE SHUTDOWN 
1953 1954 

3 
185 
45 
1959 

4 
239 
44 

FIRING TYPE 
FURNACE VOLUME (1000 CU FT) 
LOW NOx COMBUST!ON 

TANGENTIAL 
PETROLEUM 
BURNING 

FRONT WALL 
84.7 

1962 
TANGENTIAL 
122 

COAL SULFUR CONTENT (PERCENT) 
COAL HEATING VALUE (BTU/LB) 
COAL ASH CONTENT (PtRCENT) 
FLY ASH SYSTEM 
ASH DISPOSAL METHOD 
STACK NUMBER 
COAL DELIVERY METHODS 

PARTICULATE CONTROL 

TYPE 
INSTALLATION DATE 
EMISSION (LB/MM BTU) 
REMOVAL E~FICIENCY 
DESIGN SPECIFICATION 

1 

SULFUR SPECIFICATION (PERCENT) 
SURFACE AREA {1000 SQ FT) 
EXIT GAS FLOW RATE {1000 ACFM) 
SCA (SQ FT/1000 ACFM) 
OUTLET TEMPERATURE ('F) 

NO 

WET 
POND/OFF-SITE 

2 3 
RAILROAD 

ESP 
NA . 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

* The SCA s1ze of the ESPs was assumed to be 300. 
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NO 
1. 0 

12800 
7.5 

4 

ESP* 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 



TABLE 24.2.2-2. SUMMARY OF RETROFIT FACTOR DATA FOR PORTSMOUTH 
UNITS 3 AND 4 * 

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 

FGD TECHNOLOGY 

FORCED LIME 
L/LS FGD OXIDATION SPRAY DRYING 

LOW NA 
HIGH NA 

100-300 NA 

NA NA 
NA NA 

YES NA 
1627,2047 NA 
YES NA 
1295,1673 0 
NO 

1.41 

NA 
NA 

NA 

NA 
NA 

LOW 

HIGH 
NA 

300-600 
NA 
LOW 
NA 

YES 
1627,2047 
NO 
0 
NO 

1. 43 
NA 
1.16 
NA 

GENERAl FACILITIES {PERCENT) 10 0 10 

* L/S-FGD and LSD-FGD absorbers for units 3 and 4 would be 
located east of the chimneys behind the retrofit ESPs. 
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TABLE 24.2.2-3. SUMMARY OF NOx RETROFIT RESULTS FOR PORTSMOUTH 

BOILER NUMBER 

COMBUSTION MODIFICATION RESULTS 

3 4 

FIRING TYPE FWF TANG 

TYPE OF NOx CONTROL LNB OFA 

FURNACE VOLUME (1000 CU FT) 84.7 122 

BOILER INSTALLATION DATE 1959 1962 

SLAGGING PROBLEM NO NO 

ESTIMATED NOx REDUCTION (PERCENT) 31 25 

SCR RETROFIT RESULTS * 

SITE ACCESS AND CONGESTION 
FOR SCR REACTOR LOW LOW 

SCOPE ADDER PARAMETERS--

Building Demolition (1000$) 0 0 

Ductwork Demolition (1000$) 43 52 

New Duct Length (Feet) 200 200 

New Duct Costs (1000$) 1420 1650 

New Heat Exchanger (1000$) 2696 3144 

TOTAL SCOPE ADDER COSTS (1000$) 4159 4846 

RETROFIT FACTOR FOR SCR 1.16 1.16 

GENERAL FACILITIES (PERCENT) 20 20 

* Cold side SCR reactors for units 3 and 4 would be located 
beside the retrofit ESPs. 
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Table 24.2.2-4. /~ox 
,• 

Control Cost Results for the Portsmouth Plant (June 1988 Dollars) 

================================================================================================================ 
Technology Boi Ler Main Boiler Capacity Coal Capital Capital Annual Annual NOx NOx NOx Cost 

NLl!b>r Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty ('411) (%) Content ($MM) (S/kll) ($MM) (mil ls/kwh> (%) (tons/yr) ($/ton) 

Factor (:\;) 

------·--·····--·--··-------·-······----------------------------------------------------------------------------

LNC·LNB 3 1.00 185 45 1.0 3.3 17.6 0.7 0.9 31.0 912 7'.i6.5 

LNC·LNB-C 3 1.00 185 45 1.0 3.3 17.6 0.4 0.6 31.0 912 449.S 

LNC·OFA 4 1.00 239 44 1.0 0.9 3.7 0.2 0.2 25.0 664 279.4 

LNC·OFA·C 4 1.00 239 44 1. 0 0.9 3.7 0.1 0. 1 25.0 664 . 166.1 

SCR·3 3 1. 16 185 45 1.0 28.7 155.3 9.6 13.1 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 t 1.0 80.0 2353 3420.5 
SCR·7 4 1 .16 239 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 4 1.16 239 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 
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 (1000$) 
ESP UPGRADE CASE 
A NEW BAGHOUSE CASE 

RETROFIT FACTORS 

CONTROL SYSTEM (DSD SYSTEM ONLY) 
ESP UPGRADE 
NEW BAGHOUSE 

LOW 
LOW 
NA 

YES 
1627,2047 

NA 
NA 
NA 
NA 
50 

47,57 

1674, 2104 . 
NA 

1.13 
1.16 
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. S1.11111a r y of DSD/FS! Control Costs for the Portsmouth Plant (June 1988 Dollars) 

=============================================================================·================================== 
Technology Boiler Main Boiler Capac i ty Coal Capital Capital Amual Annual S02 502 S02 Cost 

Nurber Retrofit Size Factor Sul fur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty !Miil oi;i Content (SMM) CS/klll (SMl4) (mil ls/kwhl (%) (tons/yr l ($/ton) 

Factor c:o 
----------------------·--------------------------------------------------------------------------------------··· 

DSD+ESP 3 1. 00 185 45 1.0 8.4 45.4 5.3 7.3 49.0 2658 2008.0 
DSO+ESP 4 ,_ 00 239 44 LO 10.0 41.9 6.0 6.6 49.0 3357 1797.4 

DSD+ESP·C 3 1.00 185 45 1.0 8.4 45.4 3.1 4.2 49.0 2658 1164 .6 
DSD+ESP·C 4 1.00 239 44 1 .0 10.0 41.9 3.5 3.8 49.0 3357 1043.2 

FSI+ESP·50 3 1.00 185 45 1.0 10.2 55.0 S.2 7.1 so.a 2732 1899.4 
FS!+ESP·50 4 1. 00 239 44 1. 0 12.2 50.9 6.1 6.6 so.a 3451 1769.3 

FS!+ESP-50-C 3 1.00 185 45 1.0 10.2 55.0 3.0 4. 1 so.a 2732 1105.0 .. .. 
FSI+ESP-50-C 4 1.00 239 44 1.0 12.2 50.9 3.6 3.9 50.0 3451 1029.5 

FS!+ESP-70 3 1.00 185 45 1.0 10.3 55 .5 5.3 7.2 70.0 3824 1373. 1 
FS!+ESP-70 4 1.00 239 44 1.0 12.3 51.4 6.2 6.7 70.0 4831 1279.5 

FS!+ESP·70·C 3 1.00 185 45 1.0 10.3 55.5 3.1 4.2 70.0 3824 798.8 
FSI•ESP-70-C 4 1.00 239 44 1.0 12.3 51.4 3.6 3.9 70.0 4831 744.5 

==============================================================:================================================= 
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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 low 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 
GENERATING CAPACITY (MW) 
CAPACITY FACTOR (PERCENT) 
INSTALLATION DATE 
FIRING TYPE 

1 2 3 4 
69 69 114 239 

RESERVE SHUTDOWN 31 50 
1948 1951 1955 1962 

TANGENTIAL 

5 
882 
6 
1975 

FURNACE VOLUME (1000 CU FT) PETROLEUM 41 124 PETROLEUM 
LOW NOx COMBUSTlON BURNING 
COAL SULFUR CONTENT (PERCENT) 
COAL HEATING VALUE (BTU/LB) 
COAL ASH CONTENT (P~RCENT) 
FLY ASH SYSTEM 
ASH DISPOSAL METHOD 
STACK NUMBER 
COAL DELIVERY METHODS 

PARTICULATE CONTROL 

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

1 

SULFUR SPECIFICATION (PERCENT) 
SURFACE AREA (1000 SQ FT) 
EXIT GAS FLOW RATE (1000 ACFM) 
SCA (SQ FT/1000 ACFM) 
OUTLET TEMPERATURE (°F) 
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2 

NO NO BURNING 
1. 0 

12800 
8.2 

WET DISPOSAL 
POND/ON-SITE 
3 4 5 

RAILROAD 

ESP ESP 
1955 1982 
0.2 0.02 
96 99.7 

1.0 0. 7 
44.6 615.6 
360 951 
124 647 
300 265 



TABLE 24.2.3-2. SUMMARY OF RETROFIT FACTOR DATA FOR POSSUM POINT 
UNIT 3 * 

FGD TECHNOLOGY 

FORCED LIME 
LLLS FGD OXIDATION SPRAY DRYING 

SITE ACCESSLCONGESTION 

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 located south of unit 1. 
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TABLE 24.2.3-3. SUMMARY OF RETROFIT FACTOR DATA FOR POSSUM POINT 
UNIT 4 * 

FGD TECHNOLOGY 

FORCED LIME 
LLLS FGD OXIDATION SPRAY DRYING 

SITE ACCESSLCONGESTION 

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 (1000$) 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 ~nd LSD-FGD absorbers for unit 4 would be located 
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) 41 124 

BOILER INSTALLATION DATE 1955 1962 

SLAGGING PROBLEM NO NO 

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$) 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 I. 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 Control Cast Results far the Possun Point Plant (June 1988 Dollars) 

================================================================================================================ 
Technology Boi Ler Main Bci Ler Capacity Coa L Capital Capi tel AMUll AMual NOx NOx NOx Cost 

N<llK>er Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (Miil (%) content (SIOI) ($/kWl (SHMl (mil ls/kwhl (Xl (tcns/yrl ($/ton) 

Factor (%) 

--------------------·-------------------------------------------------------------------------------------------

LNC·OFA 3 1.00 114 31 1.0 0.7 5.7 o. 1 0.4 25.0 223 617.9 
LNC·OFA 4 1. 00 239 50 1.0 0.9 3.7 0.2 0.2 25.0 754 245.9 

LNC·OFA·C 3 1.00 114 31 1.0 0.7 5.7 0.1 0.3 25.0 223 367.3 
LNC·OFA·C 4 1.00 239 50 1.0 0.9 3.7 0. 1 0. 1 25.0 754 146.1 

SCR-3 3 1.52 114 31 1 .0 25.6 224.8 7.7 24.9 80.0 714 10813.0 
SCR·3 4 1.52 239 50 1.0 43.4 181. 7 13.8 13.2 80.0 2413 5726.0 

SCR·3·C 3 1.52 114 31 1.0 25.6 224.8 4.5 14.7 80.0 714 6356.t '-
SCR·3-C 4 1.52 239 50 1.0 43.4 181. 7 8.1 7.7 80.0 2413 3361.3 

SCR-7 3 1.52 114 31 1.0 25.6 224.8 6.8 21.9 80.0 714 9512. 7 
SCR-7 4 1.52 239 50 1.0 43.4 181. 7 11.9 11.3 so.a 2413 4919.7 

SCR·7·C 3 1.52 114 31 1.0 25.6 224.8 4.0 12.9 80.0 714 5611 .1 
SCR·7·C 4 1.52 239 50 1 .a 43.4 181. 7 7.0 6.7 80.0 2413 2899.4 

=================================3=============================================================================: 
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· TABLE 24. 2 .3-6 .. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR POSSUM POINT UNIT 4 

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 (lOOOSl 
. ESP UPG~DE CASE 

A NEW BAGHOUSE CASE 

RETROFIT FACTORS 

CONTROL SYSTEM (DSD SYSTEM ONLY) 
ESP UPGRADE 
NEW BAGHOUSE 

LOW 
HIGH 
NA 

YES 
2047 

NA 
NA 
NA 
NA 
50 
57 

2104 
NA 

1.13 
1.58 
NA 

Short duct residence time exists between unit 4 and the 
unit 4 retrofit ESPs. A hi~h factor was assigned to ESP 
upgrade since little space is available for upgrading. 
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Table 24.2.3-7. SLi1111ary of DSO/FSI Control Costs for the Poss1111 Point Plant (June 1988 Dollars) 

================================================================================================================ 
Technology 

OSD•ESP-C 

FS!+ESP-50-C 

FS!+ESP·70·C 

Boiler Mein Boiler Capacity Coal 
Mintier Retrofit Size Factor Sulfur 

Ci fficul ty (Mii) CC> Content 
Factor (%.) 

4 1.00 239 50 1.0 

4 1.00 239 50 1.0 

4 1.00 239 50 1.0 

Capital Capital Arnual Annual S02 S02 
Cost cost cost cost Removed Removed 

CSMM) (S/kW) (SMM) (mills/kWh) (%) (tons/yr) 

10.9 45.6 3.8 3.6 49.0 3815 

11. 7 48.9 3.6 3.5 50.0 3921 

11.8 49.5 3.7 3.5 70.0 5490 

S02 Cost 
Effect. 
CS/ton> 

987.2 

928.4 

672.7 

================================================================================================================ 
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SECTION 25.0 WISCONSIN 

25.l DAIRYLAND POWER COOPERATIVE 

25.1.l Genoa #3 Steam Plant 

The Genoa #3 steam plant is located on the Mississippi River in Vernon 
County, Wisconsin, and is operated by the Dairyland Power Cooperative. The 
Geno~ #3 plant contains one coal-fired boiler with a gross generating 
capacity of 346 MW. 

Table 25.1.1-1 presents operational data for the existing equipment at 
~he Genoa #3 plant. Coal shipments 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 FGO Costs--
L/LS-FGO 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 woul~ be required for installation of the L/LS-FGD 
system. A low site access/congestion factor was assigned to flue gas 
handling for the unit. 

LSD with reuse of the existing ESPs was not considered for this unit 
because of the sma 11 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. 

Tables 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 

1 
346 
51 
1969 
TANGENTIAL 
205 
NO 
1.8 
10500 
9.0 
WET DISPOSAL 
ON-SITE/SOLD 
l 
BARGE 

TYPE ESP 
INSTALLATION DATE 1969 
EMISSION (LB/MM BTU) 0.2 
REMOVAL EFFICIENCY 97.1 
DESIGN SPECIFICATION 

SULFUR SPECIFICATION (PERCENT) 3.0 
SURFACE AREA (1000 SQ FT) 173 
GAS EXIT RATE (1000 ACFM) 1200 
SCA (SQ FT/1000 ACFM) 144 
OUTLET TEMPERATURE (°F) 335 
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TABLE 25.1.1-2. SUMMARY OF RETROFIT FACTOR DATA FOR GENOA #3 
UNIT 1 

FGD TECHNOLOGY 

FORCED LIME 
LLLS FGD OXIDATION SPRAY DRYING 

SITE ACCESSLCONGESTION 

S02 REMOVAL LOW NA LOW 
FLUE GAS HANDLING LOW NA 

ESP REUSE CASE NA 
BAGHOUSE CASE · LOW 

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$) 2853 NA 0 

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

OTHER NO NO 

RETROFIT FACTORS 

FGD SYSTEM 1.38 NA 
ESP REUSE CASE NA 
BAGHOUSE CASE 1. 27 

ESP UPGRADE NA NA NA 
NEW BAGHOUSE NA NA 1.16 

GENERAL FACILITIES (PERCENT) 8 0 8 
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Table 25.1.1-3. S"""8ry of FGD Control Costs for the Genoa Plant (J'61e 1988 Dollars) 

================================~=============================================================================== 

Technology Soi ler Main Soi ler capeci ty coal Capi tel Capital Amual Annual 502 502 soz Cost 
N11!'ber Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 

Difficulty (Miil CX> Content CSMM) ($/kll) ($MM) (mill s/i<wh) <X> (tons/yr) CS/ton) 
Factor c:o 

--·············-·········-························-········---------------------·····---------------------------

L/S FGD 1.38 346 51 1.8 91.8 265.3 39.8 25.8 90.0 23548 1690.7 

L/S FGD·C 1.38 346 51 1.8 91.8 265.3 23.2 15.0 90.0 23548 986.Z 

LC FGD 1.38 346 51 1.8 69.6 201.2 32.9 21.3 90.0 23548 1398.0 

LC FGD·C 1.38 346 51 1.8 69.6 201.2 19.2 12.4 90.0 23548 814.2 

LSD+F F 1.27 346 51 1.8 69.9 202.1 26.9 17.4 87.0 22633 1187.7 

LSD+FF·C 1.27 346 51 1.8 69.9 202. 1 15.7 10.2 87.0 22633 694.3 

================================================================================================================ 

25-4 



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 plant. 
Performance and cost estimates developed for OFA at unit 1 are presented in 
Tables 25.1.1-5 and 25.1.1-6. 

Selective catalytic 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 at 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 large and has a long 

rema1n1ng 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. Surrnary of Coal Switching/Cleaning Costs for the Genoa Plant (June 1988 Dollars) 

========================================;======================================================================= 
. Technology Boiler Hain Boiler Capacity Coal Capital Capital Annual Amual ' S02 S02 S02 Cost 

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

Difficulty (Mii) CXl Content (SHH) (S/kWl (SHH) Cmills/kwhl (%) Ctons/yrl ($/ton) 
Factor <Xl 

CS/B+S15 1.00 346 51 1 .8 15~ 1 43.5 23.6 15.J 57.0 15003 1574. 1 

CS/B+S15·C 1.00 346 51 1.8 15. 1 43.5 13.6 8.8 57.0 15003 906.4 

CS/B+SS 1.00, '346 51 1 .8 11.5 33.2 10.2 6.6 57.0 ' 15003 681.2 

CS/8+$5-C 1.00 346 51 1.8 11 .5 33.2 5.9 3.8 57.0 15003 

================================================================================================================ 
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TABLE 25.1.1-5. SUMMARY OF NOx RETROFIT RESULTS FOR GENOA #3 

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 

25-7 

1 

TANG 

OFA 

205 

1969 

NO 

25 

LOW 

0 

69 

200 

2048 

0 

2117 

1.16 

20 



Table 25. 1.1·6. MOx Control Cost Results for the Genoa Plant (June 1988 Dollars> 

================================================================================================================ 
Technology Boiler Ma;n Boiler Capacity Coal Capital Capital Annual Annual NOX NOx NOx Cost 

NLJl'ber Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty CMW) o:i Content ($HM) (S/kW) ($HM) (mi lls/kwh) (%) (tons/yr) ($/ton) 

Facto!"' (%) 

-------------------------------·-------··-----------·-------·-----------------·---------------------------------

LNC·OFA 1.00 346 51 1.8 1.0 Z.9 0.2 0.1 25.0 1398 155.5 

LNC·OFA·C 1.00 346 51 1.8 1.0 2.9 0.1 0.1 25.0 1398 92.4 

SCR-3 1. 16 346 51 1.8 41.9 121.2 15.6 10.1 so.a 4473 3489.6 

SCR·3·C 1. 16 346 51 1.8 41.9 121 .2 9.1 5.9 80.0 4473 2041.3 

SCR·7 1.16 346 51 1.8 41.9 121.2 12.7 8.2 80.0 4473 2841.3 

SCR·7·C 1.16 346 51 1.8 41.9 121.2 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 loc~tion 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+ 
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 
120 
28,32 
1953,54 
ARCH 
107 
NO 
1. 6 
12200 
7.2 
DRY DISPOSAL 
ON-S !TE/STORED 
1 
RAILROAD 

ESP 
1970 
0.03,0.07 
99.4,99.2 

2.5 
123 .1 
600 
205 
290 

3,4 
130 
RETIRED 
1957 
ARCH 

+ Units l 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 devloped for CS because both units will be retired soon. 

NOx Control Technologies--
Both units are dry bottom, arch-fired boilers having low NOx emission 

levels. As such, LNC technologies were not considered for this plant. 

Selective Catalytic Reduction 
Cold side SCR reactors for the North Oak Creek plant would be located 

beside the chimneys toward the coal pile. High site access/congestion and 
general facility factor~ (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 
of 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-­
All 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 

S02 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 
BAG HOUSE 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 YES NA NA 
ESTIMATED COST ( 1000$) 840 0 0 

OTHER NO 

RETROFIT FACTORS 

FGD SYSTEM 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 

25-12 



TABLE 25.2.1-3. SUMMARY OF NOx RETROFIT RESULTS FOR NORTH OAK CREEK 

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$) 
INDIVIDUAL CASE 
COMBINED CASE 

RETROFIT FACTOR FOR SCR 

GENERAL FACILITIES (PERCENT) 

BOILER NUMBER 

1,2 

ARCH 

NA 

106 

1953,54 

NO 

NA 

HIGH 

0 

31 

300 

1654 

2079 

3764 
5685 

I. 52 

38 

25-13 

3,4 

ARCH 

NA 

107,106 

1955,57 

NO 

NA 

HIGH 

0 

33 

300 

1733 

2182 

3948 
5962 

I. 52 

38 



25.2.2 Pleasant Prairie Steam Plant 

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 between the boilers and ESPs and difficulties in 
upgrading the extsting ESPs due to the congestion around the units. 

TABLE 25.2.2-1. PLEASANT PRAIRIE 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 E~FICIENCY 
DESIGN SPECIFICATION 

SULFUR SPECIFICATION (PERCENT) 
SURFACE AREA (1000 SQ FT) 
GAS EXIT RATE (1000 ACFM) 
SCA ·cso FT/1000 ACFM) 
OUTLET TEMPERATURE (°F) 

* Based on 1988 data. 
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1, 2 
617 
68,74 
1980,1985 
OPPOSED WALL 
869.9 
YES 
0.4 
8400 
6.4 
ORY DISPOSAL 
SOLD/ON-SITE 
1 
RAILROAD 

ESP 
1980,1985 
0.03,0.01 
<100 

0.4 
1223.4 
4000 
306 
280 



TABLE 25.2.2-2. SUMMARY OF RETROFIT FACTOR DATA FOR PLEASANT PRAIRIE 
UNIT l* 

FGD TECHNOLOGY 

FORCED LIME 
LLLS FGD OXIDATION SPRAY DRYING 

SITE ACCESSLCONGESTION 

S02 REMOVAL LOW NA LOW 
FLUE GAS HANDLING LOW 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 NO NA NO 
ESTIMATED COST (1000$) 0 0 0 

OTHER NO NO 

RETROFIT FACTORS 

FGD SYSTEM · 1.31 NA 
ESP REUSE CASE 1.47 
BAGHOUSE CASE NA 

ESP UPGRADE NA . NA 1. 58 
NEW BAGHOUSE NA NA NA 

GENERAL FACILITIES (PERCENT} 8 0 B . 

*Absorbers for unit 1 would be located beside the common 
chimney. 
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TABLE 25.2.2-3. SUMMARY OF RETROFIT FACTOR DATA FOR PLEASANT PRAIRIE 
. UNIT 2* 

FGD TECHNOLOGY 

FORCED LIME 
LLLS FGD OXIDATION SPRAY DRYING 

SITE ACCESS[CONGESTION . 

502 REMOVAL LOW NA LOW 
FLUE GAS HANDLING LOW 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 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 NO NO 

. RETROFIT FACTORS 

FGD SYSTEM 1.31 NA 
ESP REUSE CASE 1.31 
BAGHOUSE CASE NA 

ESP UPGRADE NA NA 1.36 
NEW BAGHOUSE NA NA NA 

GENERAL FACILITIES {PERCENT) 8 0 8 

* Absorbers for unit 2 would be located beside the common 
chimney. 
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TABLE 25.2.2-4. SUMMARY OF NOx RETROFIT RESULTS FOR PLEASANT PRAIRIE 

BOILER NUMBER 

COMBUSTION MODIFICATION RESULTS 

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* 

SITE ACCESS AND CONGESTION 
FOR SCR REACTOR LOW LOW LOW 

SCOPE ADDER PARAMETERS--

Building Demolition (1000$) 0 0 0 

Ductwork Demolition (1000$) 106 106 178 

New Duct Length (Feet) 300 200 250 

New Duct Costs (1000$) 4310 2873 5388 

New Heat Exchanger (1000$) 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 

* Cold side SCR reactors for both units would be located beside the 
commo·n chimney. 
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Table 25.2.2·5. NOx Control Cost Results for the Pleasant Prairie Plant (June 1988 Doi larsl 

=m•=====•====z~===•====•====••====z•=•==•======================================================================= 

Technology Boiler Main Boiler Capacity Coal Capi tat Capital Annual Annual NOX NOX NOx Cost 
NIJ!ber Retrofit Size Factor Sulfur cost cost Cost Cost Removed Removed Effect. 

Difficulty (M\I) CXl Content ($MM) (S/k~) (SMM) (mil ls/kwh) (X) (tons/yr l ($/ton). 

Factor c::o 
----------------------------------------------------------------------------------------------------------------

SCR·3 1. 16 617 68 0.4 77.0 124. 7 29.8 8.1 80.0 19237 1548.4 
SCR·3 2 1.16 617 74 0.4 75.5 122.4 29.9 7.5 80.D 20934 1426.0 
SCR·3 1 ·2 1. 16 1234 71 0.4 142.1 115.1 57.2 7.5 80.0 40171 1424.2 

SCR-3-C 1.16 617 68 0.4 77.0 124.7 17 .4 4.7 80.0 19237 905., 
SCR·3·C 2 1.16 617 74 0.4 75.5 122.4 17 .4 4.4 80.0 20934 833.2 
SCR·3·C 1·2 1.16 1234 71 0.4 142.1 115. 1 33.4 4.4 80.0 40171 831.8 

SCR·7 1 1.16 617 68 0.4 77.0 124.7 24.4 6.7 80.0 19237 1270.6 
SCR·7 2 1 .16 617 74. 0.4 75.5 122.4 24.5 6.1 80.0 20934 1170.6 
SCR·7 1·2 1.16 1234 71 0.4 142. 1 115.1 46.5 6.1 80.0 40171 1158. 1 

SCR·7·C 1 .16 617 68 0.4 77.0 124.7 14.3 3.9 80.0 19237 745.9 
SCR-7-C 2 1 .16 617 74 0.4 75.5 122.4 14.4 3.6 80.0 20934 686.9 
SCR-7·C 1-2 1. 16 1234 71 0.4 142.1 115.1 27.3 3.6 80.0 40171 679.4 

===========================m=====~•====~•~====m=====•c====•===================================================== 
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25.2.3 Port Washington Steam Plant 

The Port Washington steam plant is located within Ozaukee County, 
Wisconsin, as part of the Wisconsin Electric Power Company system. Located 
on.the weste~n 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 ~missions for the boilers are controlled with retrofit ESPs located 
behind each unit.· The plant has a dry fly ash handling system. Fly ash is 
disposed of in a landfill five miles away from the plant. Bottom ash i~ 

dewatered in a settling basin east of the plant and south of the coal pile 
and then trucked to a landfill with the fly ash. Units I 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 parallel to Lake 

Michigan. The absorbers for units 1 through 5 would be located behind the 
chimneys south of the settling basin. The limestone preparation, storage, 
and handling area would be located behind the absorbers. Some of the roads 
east of the plant and the bottom ash settling pond would have to be 
relocated; therefore, a factor of 15 percent was assigned to general 
facilities. A temporary waste handling area would be located close to the 
storage area. However, because of the limited space available, waste 

·generated by the FGD absorbers would have to be disposed of off-site in the 
same manner as the fly ash. 

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 pl aced 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 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) 

* Based on 1988 data. 
+ 1985 data used for boiler 5. 
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1,2,3,4,S 
80 
9,23,18,20,10+ 
1935,43,48,49,50 
ARCH-FIRED 
72 
NO 
1.6 
13200 
6.0 
DRY HAND LI NG 
OFF-SITE 
7,7,7,6,6 
SHIP 

ESP 
1965-68 
0.05-0.l 
98.6-99.3 

3 .1 
87,87,87,91,87 
450 
193,193,193,202,193 
390,450,450,390,390 



access/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=l93) and would require 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 Switcning 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 NOx Combustion--
Units 1 through 5 are dry bottom, arch-fired boilers rated at 80 MW 

each. The.arch-fired boilers have very low NOX levels (<0.5 lb per million 
Btu). As such, LNC technologies were not considered for the Port Washington 
boilers. 

Selective Catalytic Reduction--
Cold side SCR reactors for all units would. be located 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. All 
reactors were assumed to be in areas with high underground obstruct ions. 
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 
p 1 ant. 
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TABLE 25.2.3-2. · SUMMARY OF RETROFIT FACTOR DATA FOR PORT WASHINGTON UNITS 1-5 
. (EACH) 

FGD TECHNOLOGY 

FORCED LIME 
LLLS FGD OXIDATION SPRAY DRYING 

SITE ACCESSLCONGESTION 

· 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 NA NA 

SCOPE ADJUSTMENTS 

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

NEW CHIMNEY NO NA NA 
ESTIMATED COST ( l 000$) a a a 

OTHER NO 

RETROFIT FACTORS 

FGD SYSTEM 1.53 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 25.2.3-3. SLmnllry of FGD control Casts for the Port Washilltlton Plant (June 198e Dollars> 

==========;===================================================================================================== 
T@ehnology eoi ler "•in &oiler Capacity Coal Capital Capital Ar'IVJ8l Ar'IVJ8l 502 502 502 Cost 

Ncirber Retrofit Size Factor Sulfur Cost Cost Cost Cost Remved Remved Effect. 
Difficylty (HIJ) <:o Content ($MM) CS!kWl (SlllO Cmi l Ls/i<whl co (tons/yr) (S/ton) 

Factcr CX> 
--------------------------------------·-----------!------------------------!------------------------------------

LC FGD 1 ·5 1 .53 400 16 1 .6 71 .3 178.3 26.3 46.9 90.0 5838 4504.3 

LC FGD·C 1·5 1.53 400 16 1.6 71.3 178.3 15.4 27.4' 90.0 5838 2635.5 

LFGO 1 1.53 80 9 1.6 39.2 490.6 13.7 217 .3 90.0 657 20870.6 
LFGO 2 1.53 80 23 1.6 39.5 494.0 14.6 90.8 90.0 1678 8721.3 
LFGO 3 1.53 BO 18 1.6 39.5 493.9 14.3 113.7 90.0 1314 10923.7 
LFGO 4 1.53 BO 20 1.6 39.3 490.8 14.4 102.7 90.0 1460 9865.9 
LFGO 5 1.53 80 10 1.6 39.3 490.6 13.8 196.6 - 90.0 730 isan.7 
LFGO 1 ·5 1.53 400 16 1.6 95.7 239.3 33.9 60.4 90.0 5838 5804.3 
LFGO 1·3 1.53 240 17 1.6 69.8 290.8 24.9 69.7 90.0 3722 6691.6 
LFGO 4·5 1.53 160 15 1.6 54.6 341.5 19.4 92.3 90.0 2189 8867.7 

L FGO ·C 1.53 80 9 1.6 39.2 490.6 8.0 127.3 90.0 657 12225.3 
LFGO-C 2 1.53 80 23 1.6 39.5 494.0 8.6 53. 1 90.0 1678 5102.3 
L FGO ·C l 1.53 80 18 1.6 39.5 493.9 8.4 66.6 90.0 1314 6393.5 
LFGO-C 4 1.53 80 20 1.6 39.3 490.8 8.4 60.1 90.0 1460 5m.1 
LFGD•C s 1.53 80 10 1.6 39.3 490.6 8.1 115. 1 90.0 730 11056.8 
LFGO·C , ·5 1.53 400 16 1.6 95.7 239.3 19.8 35.4 90.0 5838 3399.0 
LFGO-C 1-3 1.53 240 17 1.6 69.8 290.B 14.6 40.B 90.0 1n2 3917.9 
LFGC·C 4·5 1.53 160 15 1 .6 54.6 341 .5 11 .4 54. 1 90.0 2189 5192. 5 

=================m=====================================================================================:======== 
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Table 25.2.3·4, s ...... ry of Coal Switching/Cleaning Costs for the Port Washington Plant (J""' 1988 Dollars) 

================================================================================================================ 
Technology Boiler Main Boiler Capacity Coal Capiral Capital Arnl<al Annual 502 502 502 Cost 

Nl.llt>er Retrofit- Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (MW) C:l:l Content <""4> ('S/kW) (-) (mil IS/kWh) ('X) (tons/yr) (S/tonJ 

Factor ('X) 

----------------------------------------------------------------------------------------------------------------

CS/B•S15 1.00 80 9 1.6 4.3 54.0 1.9 30.4 38.0 274 697S.9 
CS/B•S15 2 1.00 80 23 1.6 4.2 52.0 3.3 20.2 38.0 701 4635.9 
CS/B•S15 3 1.00 80 18 1 .6 4.2 52.0 2.8 21 .9 38.0 549 5028.8 
CS/B•S15 4 1.00 BO 20 1.6 4.3 53.1 3.0 21.2 38.0 610 4884.1 
CS/B•S15 5 1.00 80 10 1 .6 4.3 54.0 2.0 28.7 38.0 305 6603.2 

CS/B•S15·C 1 1.00 80 9 1 .6 4.3 54.0 1.1 17.7 38.0 274 4069.0 
CS/B•S15·C 2 1.00 80 23 1 .6 4.2 52.0 1.9 11.7 38.0 701 2682.5 
CS/B•S15·C 3 1.00 80 .18 1 .6 4.2 52.0 1 .6 12.7 38.0 549 2915.2 
CS/B•S15·C 4 1.00 80 20 1 .6 4.3 53. 1 1. 7 12.3 38.0 610 2829.6 
CS/B•S15·C 5 1.00 80 10 1.6 4.3 54.0 1.2 16.7 38.0 305 3846.8 

CS/B+SS 1 1.00 80 9 1.6_ 3.5 43.6 - 1 .2 19.8 38.0 274 4549.7 
CS/B+S5 2 1.00 80 23 1.6 3.3 41.6 1.8 ,, .o 38.0 701 2529.9 
CS/B+S5 3 1.00 80 18 l.6 3.3 41.6 1 .6 12.5 38.0 549 2865.3 
CS/B+S5 4 1.00 80 20 1.6 3.4 42.8 1. 7 11.9 38.0 610 2746.9 
CS/B+SS s 1.00 80 10 1.6 3.5 43.6 1.3 18.4 38.0 305 4227.6 

CS/B+SS·C 1.00 80 9 1.6 3.5 43.6 0.7 11.6 38.0 274 2663.9 
CS/B+S5·C 2 1.00 80 23 1.6 3.3 41 .6 1.0 6.4 38.0 701 1470.7 
CS/B+SS·C 3 1.00 80 18 1.6 3.3 41.6 0.9 7.3 38.0 549 1668.9 
CS/B+SS·C 4 1.00 80 20 1.6 3.4 42.8 1.0 7.0 38.0 610 1599.0 
CS/B+SS·C 5 1.00 80 10 1.6 3.5 43.6- 0.8 10.8 38.0 305 2473.3 

================================================================================================================ 
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Table 25.2.3-5 presents the SCR process area retrofit factors and scope 
adder costs. Table 25.2.3-6 presents the estimated.cost of retrofitting SCR 
at the Port Washington boilers. 

Duct Spray Drying and Furnace Sorbent Injection--
. The retrofit of FSI and DSD technologies at the Port Washington steam 

plant for all units would be difficult for two major reasons: 1) The ESPs 
have small SCAs (<200) and probably would not be able to handle the 
increased PM thereby requiring major upgrading and plate area additions; 
2) the short duct residence time between the boilers and ESPs would not be 
sufficient for either humidification (for FSI application) or sorbent 
droplet evaporation (for DSD application), Therefore, costs were not 
developed for sorbent injection technologies for the Port Washington 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 Port Washington plant. All units might be considered 
candidates for repowering retrofit because of their small boiler sizes, 
age, and low capacity factors. 

25.2.4 South Oak Creek Steam Plant 

The South Oak Creek steam plant is located on Lake Michigan, south of 
.the North Oak Creek plant, in Milwaukee 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 dati for the existing equipment at 
the South Oak Creek plant. Coal shipments 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 u~its 7 and 8). Flue gases from the units 5 
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 

COMBUSTION MODIFICATION RESULTS 

FIRING TYPE 

TYPE OF NOx CONTROL 

FURNACE VOLUME (CUBIC 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 He~t Exchanger (1000$) 

TOTAL SCOPE ADDER COSTS (1000$) 
INDIVIDUAL 
COMBINED ~l-3i COMBINED 4-5 
COMBINED 1-5 

RETROFIT FACTOR FOR SCR 

GENERAL FACILITIES (PERCENT) 

BOILER NUMBER 

25-26. 

1-5 (each) 

ARCH 

NA 

NA 

1935-50 

NO 

NA 

HIGH 

0 

23 

200 

870 

1630 

2523 
3814 
4858 
6588 

l. 52 

38 



Table 25.2.3·6. NO• Control Cost Results for the Port Washington Plant (June 1988 Dollars) 

===================================================================s~=========================================== 

Technology 

SCR·3 
SCR·3 
SCR· 3 
SCR·3 
SCR-3 
SCR·3 
S°CR·3 
SCR·3 

SCR·3·C 
·scR·3·c 
SCR-3-C 
SCR·3·C 
SCR·3·C 
SCR·3·C 
SCR·3·C 
SCR-3-C 

SCR·7 
SCR·7 
SCR·7 
SCR·7 
SCR·7 
SCR· 7 
.SCR·7 
SCR·7 

SCR·7·C 
SCR·7·C 
·SCR·7·C 
SCR·7·C 
SCR·7-C 
SCR·7·C 
SCR·7·C 
SCR·7·C 

Boiler ~ain Boiler Capacity Coal 
Nl.IT'bEr Retrofit Size Factor Sulfur 

2 
3 
4 

1-3 
4·5 
1 ·5 

1 
2 
3 
4 
5 
1 ·3 
l.·5 
1 ·5 

1 

2 
3 

' 5 

1·3 
l.·5 
1·5 

2 
3 
4 

5 
1 ·3 
4·5 
1·5 

Oiff ieulty (HI/) (~) Content 
Factor (Xl 

1. 52 
1 .52 
1. 52 
1.52 
1.52 
1.52 
1.52 
1.52 

1.52 
1.52 
1.52 
1.52 
1.52 
1.52 
1.52 
1.52 

1.52 
1.52 
1.52 
1.52 
1.52 
1.52 
1 .52 
1.52 

1.52 
1.52 
1 .52 

. 1 .52 
1.52 
1. 52 
1.52 
1.52 

80 
80 

80 
80 
80 

240 
160 
400 

8a 
8a 
ea 
eo 
80 

240 

16a 
4aa 

8a 
80 
80 
80 
80 

24a 
160 
4aa 

80 
80 
80 
80 
80 

240 
160 
4ao 

9 
23 

. 18 
20 
10 
17 
15 
16 

9 
23 
18 
2a 
10 . 
17 
15 
16 

9 
23 
18 
20 
10 
17 
15 
16 

9 
23 
18 
20 
1a 
17 
15 
16 

1 .6 
1.6 
1 .6 
1.6 
1 .6 
1.6 
1.6 
1.6 

1 .6 
1.6 
1.6 
1.6 
1.6 
1 .6 
1.6 
1.6 

1.6 
1 .6 
1.6 
1.6 
1.6 
1.6 
1 .6 
1.6 

1.6 
1 .6 
1 .6 
1 .6 
1 .6 
1 .6 
1.6 

' 1 .6 

Capital Capital Annual 
Cost Cost Cost 
<Siii!> <Stklll CSHMl 

Annual NOx MOx 
Cost Removed Removed 

CmiHs/kwhl C'O Ctons/yrJ · 

20.7 259.a 6. 1 .96.8 so.a 
80.0 
80.a 
80.0. 
so.a 
80.0 
80.0 
80.0 

140 
359 
281 
312 
156 
795 
468 

1248 

21.0 
21 .0 
20. 7 
20.7 
43.3 
33.6 
64.2 

20.7 
21.0 
21.0 
20. 7 
20.7 
43.3 
33.6 
64.2 

19.6 
21.0 
21.0 
20.7 
20.7 
43.3 
33.6 
64.2 

19.6 
21.0 
21 .0 
20.7 
20.7 
43.3 
33.6 
64.Z 

262.3 
262.3 
259.0 
259.0 
180.6 
210. 1 
160.6 

259.0 
262.3 
262.3 
259.0 
259.0 
180.6 

·210.1 

.160.6 

244.8 
262.3 
262.3 
259.0 
259.0 
180.6 
210. 1 
160.6 

244.8 
262.3 
262.3 
259.0 
259.a 
180.6 
210. 1 
160.6 

6.2 
6.2 
6. 1 
6. 1 

13.6 
10. 1 

2a.6 

3.6 
3.7 
3.6 
3.6 
3.6 
8.0 
6.0 

12. 1 

5.2 
5.6 
5.5 
5.5 
5.5 

11 .7 

8.8 
1,7 .4 

3.0 
3.3 
3.3 
3.2 
3.2 
6.9 
5.2 

10.3 

38.5 
49. 1 
43.8 
87.2 
38.1 
48.2 
36.8 

56.9 
22.7 
28.9 
25.8 
51.3 
22.4 
28.4 
21.6 

82.0 
34.5 
44.a 
39.2 
T7.9 
32.7 

. 42. 1 
31.a 

48.4 
20.4 
25.9 
23. 1 
46.0 
19.3 
24.8 
18.3 

80.0 
80.0 
so.a. 
80.0 
80.0 
80.0 
80.0 
80.0 

so.a 
80.0 
80.0 
80.0 
80.0 
80.0 
80.0 
eo.o 

80.0 
80.0 
80.0 
80.0 
so.a 
80.0 
80.0 
80.0 

140 
359 
281 
312 
156 
795 

468 
1248 

140 
359 
281 
312 
156 
795 
468 

1248 

140 
359 
281 
312 
156 
795 
468 

.1248 

NOx Cost 
Effect. 
(S/tonl 

43494.0 
17314.9 
22064.4 
19689.3 
39167.7 
17139. 1 
21676.5 
16547.0 

25580.8 
10182.5 
12976.7 
11578. 7 
23036.2 
,.0063 .9 
12741.2 
9711. 1 

3683°5.3 
15507.4 
19755.1 
17610.9 
35010.2 
14693.7 
18904.S 
13949.0 

21729.5 
9146.9 

11653.6 
10387.8 
20654.5 
8662. 7 

11153.4 
8222.6 

================================================================================================================ 
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TABLE 25.2.4-1. SOUTH OAK CREEK 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) 

* Based on 1988 data. 
+ Installed in 1985-86. 

5,6 
275 
58,43 
1959,61 
ARCH 
172 
NO 
1.6 
12200 
7.2 

7,8 
310 
48,38 
1965,67 
TANGENTIAL 
136 
LNC+ 
1.6 
12200 
7.2 

3 

DRY DISPOSAL 
STORED IN SILOS 

4 
BARGE 

ESP 
1972 
0.09,0.01 
98.6,98.9 

2.0 
413 .3 
1200 
344 
280 
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ESP 
1965,67 
0.09,0.10 
98.5,98.6 

2.5 
155.5 
840 
185 
275 



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.the 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 
access/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 required for units 7 
and 8. A high site access/conge~tion factor was assigned to flue gas 
handling for a 11 units beca.use of the proxim.ity of Lake Mi chi gan and the 
obstruction caused by the ash. silos and the unit 7 and 8 chimney. A new 
chimney would be constructed beside the absorber~ to reduce duct length and 
congesti-0n created around the units. 

LSD with reuse of the existing fSPs was not considered for the South 
Oak Creek plant because of the lack of.access to the ductwork between the 
boilers and the ESPs. 

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 Physical Coal Cleaning Costs--
Table 25.2.4-5 presents the IAPCS.cost results for CS at the So8th 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 Technologies--
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 Catalytic 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 
located 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 
SOUTH OAK CREEK UNIT 5 OR 6 

FGD TECHNOLOGY 

FORCED LIME 
LiLS FGD OXIDATION SPRAY DRYING. 

SITE ACCESSLCONGESTION 

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 NA NA NA 

SCOPE ADJUSTMENTS 

WET· TO DRY NO NA NA 
ESTIMATED COST {1000$) NA NA NA 

NEW CHIMNEY YES NA NA 
ESTIMATED COST (1000$) 1925 0 0 

OTHER NO 

RETROFIT FACTORS 

FGD SYSTEM 1.82 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 25.2.4-3. SUMMARY OF RETROFIT FACTOR DATA FOR 
SOUTH OAK CREEK UNIT 7 OR 8 

FGD TECHNOLOGY 

FORCED LIME 
LiLS FGD OXIDATION SPRAY DRYING 

SITE ACCESSLCONGESTION 

S02 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 (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 (June 1988 Dol larsJ 

============================================================z~================================================== 

Technology Bailer Na in Soi ler Capacity Coal Capital Capital Amual Amual 502 502 soz Cost 
Nl.ll'ber Retrofit Size Factor Sul fur Cost Cost Cost Cost Removed Removed Effect. 

Difficulty 0111) (Xl Content (_Siii!) (S/klll (Siii!) (mil ls/kwhJ <Xl (tons/yr) ($/ton) 
Factor (X) 

-- -- -- . --· ......... -... -· ......... ------ ---- -- -- ----. ----. --- ---. -. -- -- -- ---- -- -- -- -- -. -- -. -- . -. -. -.... -- ...... -.... -
L/S FGO 5 1.82 275 58 1.6 93.6 340.4 38.5 27.6 90.0 . 15927 2419.5 
L/S FGO 6 1.82 275 43 1 .6 93.6 340.3 36.4 35.2 90.0 11808 3084.0 
L/S FGO 7 1. 52 310 48 1.6 84.9 '273.9 35.1 26.9 90.0 14859 2359.7 
L/S FGO 8 1.52 310 38 1.6 84.9 273.8 33.5 32.4 90.0 11763 2846.1 
L/S FGO 5·6 1.82 550 so . 1.6 143.5 261 .0 59.0 24.5 90.0 27460 2147.8 
L/S FGO 7·8 1. 52 620 43 1.6 131.9 212.8 54.6. 23.4 90.0 26621 2052.2 

L/S FGO·C 5 1 .82 275 58 1 .6 93.6 340.4 22.5 16. 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/S FGO· C 7 1.52 . 310 48 1.6 84.9 273.9 20.5 15.7 90.0 14859 1377 .6 
L/S FGD·C e 1.52 310 38 1.6 84.9 273.8 19.6 19.0 90.0 11763 1~3.0 

L/S FGO·C . 5·6 1 .82 550 50 1.6 143.5 261.0 34.4 14.3 90.0 27460 1254.0 
L/S FGO·C 7·8 1.52 620 43 1 .6 131.9 212.8 31 .9 13.7 90.0 26621 1198.0 

LC FGD 5-8 1 .66 1170 47 1.6 198. 1 169.3 87.5 18.2 90.0 54910 1593.5 

LC FGD-C 5-e 1 .66 1170 47 1.6 198. 1 169.3 51.0 10.6 90.0 54910 929.1 

=================================z============================================================================== 
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Table 25.2.4-5. SU1111ary of Coal Switching/Cleaning Costs for the South Oak Creek Plant C June 1988 Dollars) 

================================================================================================================ 
Teclinology Soi ler Main Boiler Capacity Coal Cepi tel Capital Amual Amual S02 502 502 Cost 

Nurber Retrofit Size Factor Sulfur Cost cost Cost Cost Reiroved Removed Effect. 
. Difficulty CMll) CXl Conten.t (SllM) CS/kW) CSllMl Cmil ls/ kwh l CXJ (tons/yr) ($/ton) 

Factor (X) 
-- -- --. -. --- ... -... ·-· .. --- --· -. -..... -- ·---. -................. -- -- -- --- ----- ---- ............. -- .............................. 

CS/B+S15 5 1.00 275 58 1.6 9.7 35 .1 20.7 14.8 43.0 7608 2718.2 
CS/B+S15 6 1.00 275 43 1.6 9.7 35. 1 15.9 15.3 43.0 5640 2815. 2 
CS/B+S15 7 1.00 310 48 1 .6 11.4 36.8 19.8 15.2 43.0 7097 2791. 9 
CS/B+S15 8 1.00 310 38 1.6 11 .4 36.8 16.2 15.7 43.0 5619 2884.9 

CS/S+S15-C 5 1.00 275 58 1 .6 9.7 35. 1 11 .9 8.5 43.0 7608 1563.1 
CS/8+S15·C 6 1.00 275 43 1 .6 9.7 35. 1 9.1 a.a 43.0 5640 1620.6 
CS/B+S15·C 7 1.00 310 48 1.6 11.4 36.S 11.4 8.7 43.0 7097 1606.8 
CS/B+S15·C s 1. 00 310 38 1.6 11. 4 36.8 9.3 9.0 43.0 5619 1662.0 

CS/B+S5 5 1.00 275 58 1.6 6.8 24.7 8.6 6.2 43.0 7608 1135 .6 
cs;a.s5 6 1.00 275 43 1 .6 6.8 24.7 6.8 6.6 43.0 5640 1209.6 
CS/B+S5 7 1. 00 310 48 1.6 8.2 26.4 8.5 6.5 43.0 7097 1195. 5 
CS/B+S5 8 1.00 310 38 1.6 8.2 26.4 7.1 6.9 43.0 5619 1267.7 

CS/B•S5·C 5 1.00 275 58 1.6 6.8 24.7 5.0 3.6 43.0 76oe 654.6 
CS/B+S5·C 6 1.00 27'5 43 1.6 6.e 24.7 3.9 3.8 43.0 5640 698.5 
CS/B+S5·C 7 1.00 310 48 1 .6 8.2 26.4 4.9 3.8 43.0 7097 690.2 
CS/S+S5·C 8 1.00 310 38 1.6 8.2 26.4 4.1 4.0 43.0 5619 732.B 

=z============================================================================================================== 
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facilities value (38 percent) was assigned to units 5-7 due to relocation 
and demolition of ash silos and a plant road. A medium general facilities 
value (20 percent) was assigned to units 7-8 because of a plant road 
relocation. A high site access/congestion factor was assigned to unit 5-7 
SCR reactor locations because of the congestion created by the lake and 
ESPs/chimneys. Some space is available for unit 8 SCR reactor arid a medium 
site access/congestion factor was aisigned 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 facto~s and cost estimates for installation of SC~ at 
the South Oak Creek plant. 

Furnace Sorbent Injection 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 
boilers 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 could possibly be 
modified for 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 corisidered good cindidates for AFBC/CG 

repowering because of their small boiler size. (<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 
significantly 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 NO YES 

ESTIMATED NOx REDUCTION (PERCENT) NA NA 

SCR RETROFIT RESULTS 

SITE ACCESS AND CONGESTION 
FOR SCR REACTOR HIGH HIGH,MEDIUM 

SCOPE ADDER PARAMETERS--

Building Demolition (1000$) 0 0 

Ductwork Demolition (1000$) 61 . 63 

New Duct Length (Feet) 300 300 

New Duct Costs (1000$) 2799 2881 

New Heat Exchanger (1000$) 3567 3675 

TOTAL SCOPE ADDER COSTS (1000$) 6427 6619 

RETROFIT FACTOR FOR SCR I. 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 oak Creek Plant (June 1988 Dollars) 

===============================================z===============z:zz============================================= 
Technology Boil er Main Boiler Capacity Cool Capital Capital Al"OJll l Amual NOx NOx NOx cost 

Nlllt>er Retrofit Size r·actor Sul fur Cost Cost Cost Cost Removed Removed Effect. 
Oi fficul ty (HW) c:u Content (SMIO CS/kll) CSHMl (mill s/kwh) (%) (tons/yr) CS/ton) 

Factor (%) 

. ·-· ---- -. -· ..... --- -. -...... -- . -- -. -..................................................... -· -. "' ............ -- . --· ................. 

SCR·3 5 1.52 275 58 1.6 49.5 180.0 16.0 . 11 .5 80.0 3403 4708. 9 
SCR·3 6 1.52 275 43 1.6. 49.5 180.0 15.8 15.3 80.0 2523 6265.9 
SCR·3 7 1.52 310 48 1 .6 54.3 175.0 17.5 13.5 80.0 3175 5524.6 
SCR·3 8 1.34 310 38 1.6 47.8 154.2 15.8 15.3 80.0 2513 6281 .8 

SCR·3·C 5 1.52. 275 5a 1.6 49.5 180.0 9.4 6.7 80.0 3403 2763. 1 
SCR·3·C 6 1 .52 275 43 1.6 49.5 180.0 9.3 9.0 ao.o 2523 3677.9 
SCR·3·C 7 1.52 310 48 1.6 54.3 175.0 10.3 7.9 80.0 3175 3241.8 
SCR·3·C 8 1 .34 . 310 38 1 .6 47.a 154.2 9.3 9.0 80.0 2513 3684.4 

SCR·7 5 1. 52 275 58 1 .6 49.5 180.0 13.8 9.9 80.0 3403 4046.5 
SCR·7 6 1.52 275 43 1.6 49.5 180.0 13.6 13.1 80.0 2523 5372.4 
SCR·7 7 1.52 310 48 1.6 54.3 175.0 15 .0 11 .5 80.0 3175 4724.2 
SCR·7 8 1 .34 310 38 1.6 47.8 154.2 13.2 12.8 80.0 2513 5270.8 

SCR·7·C 5 1.52 275 58 1 .6 49.5 180.0 8. 1 5.8 . 80.0 3403 2383.6 
SCR·7·C 6 1 .52 275 43 1.6 49.5 180.0 8.0 7.7 80.0 2523 3166.0 
SCR·7·C 7 1.52 310 48 1.6 54.3 175.0 8.8 6.8 80.0 3175 2783.3 
SCR·7·C 8 1.34 310 38 1 .. 6 47.8 154.2 7.8 7.6 80.0 2513 3105 .1 

================================================================================================================ 
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TABLE 25.2.4-8. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR SOUTH OAK CREEK UNIT 5 OR 6 

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 (Fl) · 
DEMOLITION COST (1000$) 

TOTAL COST (1000$) 
ESP UPGRADE CASE 
A NEW BAGHOUSE CASE 

RETROFIT FACTORS 

CONTROL SYSTEM (DSD SYSTEM ONLY} 
ESP UPGRADE 
NEW BAGHOUSE 
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LOW 
HIGH 
NA. 

NO 
NA. 

NA 
NA 
NA 
NA 
50 
64 

64 
NA 

1.13 
1.58 
NA 



Table 25.2.4-9. S.mnary of OSD/FSI Control Costs for the South Oak creek Plant (June 1968 Dollars) 

==========================================================================~·===·================================ 

Technology Boiler Main Boiler Capacity Coal Capital Capital Anooal Amual S02 502 502 Cost 
Nl!lber Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Reiroved Effect. 

Diificulty (Mii) (%) Content (SMH) (S/k~l (-) Cmills/kwh> (l!:) ( tons/y_r> ($/tonl 
Factor (l!;) 

---------· --- --- --- ---- --- --- ---------------- --- --- --- . -----· -- ----·-- --- ·--- --- --- ------· .... ------ --- --- ........... 

OSD•ESP 5 1.00 275 58 1.6 11.3 40.9 8.6 6. 1 49.0 8609 997 .5 

OSD•ESP 6 1.00 275 43 1.6 11.3 40.9 7.7 7.5 49.0 6383 1210.0 

DSD•ESP·C 5 1.00 275 58 1 .6 11.3 40.9 5.0 3.6 49.0 8609 577.4 
OSO+ESP·C 6 1.00 275 43 1.6 11.3 40.9 4.5 4.3 49.0 6383 701.1 

FSI•ESP-50 5 1.00 275 58 1 .6 12.0 43.7 9.6 6.8 50.0 6848 1079. 8 
FSI•ESP-50 6 1. 00 275 43 1.6 12.0 . 43.7 8. 1 7.9 so.a 6560 1240.7 

FS!•ESP-50·C 5 1.00 275 58 1.6 12.0 43.T. 5.5 4·.o 50.0 6848 624 .a 
FS!•ESP·50·C 6 1.00 275 43 1 .6 12.0 43.1 4.7 4.6 50.0 6560 719.1 

FS!+ESP·70 1. 00 275 58 1.6 12.Z 44.3. 9.7 7.0 70.0 12387 784. 7 
FS!+ESP·70 6 1.00 275 43 1.6 12.2 44.3 8.3 8.0 70.0 9184 900.6 

FSl+ESP·70·C 5 1.00 275 58 1.6 12.2 44.3 5.6 4.0 70.0 12387 454_.o 
FSl+ESP·70·C 6 1.00 275 43 1.6 12.2 44.l 4.8 4.6 70.0 9184 522.0 

============z======================•====~z============z======z===================~============================== 
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25.2.5 Valley Steam Plant· 

LSD with reuse of the existing ESPs was not considered for the Valley 
plant betause the ESPs are small and would not be able to handle the 
additional load. Space around the Valley plant is very limited;- therefore, 
LSD with a new baghouse was not evaluated. Furnace sorbent injection 
technologies were not considered since the ESPs are not of an adequate size 
to be reused and the duct residence time between the boilers and ESPs is 
short. · 

· TABLE 25.2.5-1. VALLEY 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) 

* Based on 1988 data. 
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1,2 3,4 
68. 68 
26 27 
1968 1969 

FRONT WALL 
41. s 41.5 
NO NO 

1.4 
12700 
9.1 

DRY DISPOSAL 
LANDFILL/OFF-SITE 

l 2 
SHIP/BARGE 

ESP 
1968 
0.05,0.11 
99.3,98.4 

2.5 
50.5 
277 
182 
310 

ESP 
1969 
0 .1, 0 .11 
98.6,99.l 

2.5 
50.5 
277 
182 
310 



TABLE 25.2.5-2. SUMMARY OF RETROFIT FACTOR DATA FOR VALLEY 
UNITS 1-2 OR 3-4* 

FGD TECHNOLOGY 

FORCED LIME 
LLLS FGD OXIDATION . SPRAY DRYING 

SITE ACCESSLCONGESTION 

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 
BAG HOUSE 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 YES 

RETROFIT FACTORS 

FGD SYSTEM 1. 73 NA 
ESP REUSE CASE NA 
BAGHOUSE CASE NA 

ESP UPGRADE NA NA NA 
NEW BAGHOUSE NA NA NA 

GENERAL FACILITIES (PERCENT} 15 0 0 

* L/LS-FGD absorbers for units 1-2 and 3-4 would be located behind 
the common chimney for units 1-2 and 3-4, respectively .. 

25-40 



Table 25.2.5·3. Slmll8ry of. FGO Control Costs fer the Valley Plant (June 1988 Col Lars) 

=========================================================~====================================================== 

Technology Boiler Ma1n Boiler Capacity Coal Capital Capital AMU.11 l Amual S02 S02 502 Cost 
Nurber Retrofit Size factor Sulfur Cost Cost Cost cost Removed Removed Effect. 

Difficulty (HWl (l') Content (SMM) ($/k~) (SMM) (mi I l s/kwh) IXl (tons/yr) ($/ton) 
F~tor c:o 

-. -· -· -··- ---- -- ---- ---- -- ---- --------- ----- ------· -----· .................. -....................... -- ......... -... --- . -

L/S FGO 1·2 1. 73 136 26 1.4 60.3 443.1 21.9 .70.7 90.0 2950 7419.3 
L/S FGO 3·4 1. 73 136 27 1.4 60.3 443. 1 22.0 68.3 90.0 3064 7169.8 

L/S FGO·C 1·2 1. 73 136 26 1.4 60.3 443.1 12.8 41.4 90.0 2950 4342.4 
L/S FGO ·C 3·4 1. 73 136 27 1 .4 60.3 443. 1 12.9 40.0 90.0 3064 4196.0 

LC FGO 1-2 1.73 136 26 1 .4 4i.5 305.3 16.0 51 .7 90.0 2950 5425.2 
LC FGO 3-4 1. 73 136 27 1.4 4i.5 305.3 16.1 50.0 90.0 3064 5249. 5 

LC FGO·C 1·2 1. 73 136 26 1.4 41 .5 305.3 9.4 30.2 90.0 2950 3171.3 
LC FGO·C 3-4 1. 73 136 27 1.4 41.5 305.3 9.4 29.2 90.0 3064 3068.4 

25-41 



Table 25.2.5·4. Scmnary of Coal Switching/Cleaning Costs for the Valley Plant (June 1988 Ool lars) 

================================================================================================================ 
Technology Boiler Hain Boiler Capacity Coal Capital Capital Annual Annual soz 502 saz Cost 

Nl.IT'Der Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty CHiil OD Content (SMH) (S/klll (-) (mil ls/kwhl (Xl (tons/yr) ($/ton) 

Factor Cl:) 
-·--- --- --- ---- --------- -------------- ----- ------- ---- --------- ------ --- ------------ --- ---- -- -------- -- --- ---- --

. CS/B+S15 1'2 1.00 68 26 1.4 3.4 49.4 3.0 19. 1 32.0 521 5681 .4 
CS/B+S15 3,4 1.00 68 27 1.4 3.4 49.4 3.0 1S.9 32.0 541 5625.0 

CS/B+S15·C 1,2 1.00 68 26 1.4 3.4 49.4 1. 7 11..0 32.0 521 3283.9 
CS/B+S15·C 3,4 1.00 68 27 1.4 3.4 49.4 1 .8 10.9 32.0 541 3250 .'7 

CS/B+SS 1,2 1. 00 68 26 1.4 2.7 39.0 1 .6 10.0 32.0 521 2987 .6 
CS/B+S5 3,4 1.00 68 27 1.4 2.7 39.0 . 1.6 9.9 32.0 54'1 2940.0 

CS/B+S5·C 1 ,2 1.00 68 26 1.4 2.7 39.0 0.9 5.8 32.0 521 1734.6 
CS/B+S5·C 3,4 1.00 68 27 1.4 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 VALLEY 

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 

l-2 3-4 

FWF 

LNB 

41. 5 

1968 

NO 

42 

• 

HIGH 

0 

34 

200 

1186 

2241 

3462 

I. 52 

38 

FWF 

LNB . 

41. 5 

1969 

NO 

40 

HIGH 

0 

34 

200 

1186 

2241 

3462 

1. 52 

38 

* Cold side SCR reactors for units 1-2 and 3-4 would be located 
behind the unit 1-2 and 3-4 chimney, respectively. 
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Table 25.2.5·6. NOX Control Cost Results for the Valley Plant (June 1988 Dollars) 

================================================================================================================ 
Technology Boiler Main Boiler Cai:>aci ty Coal Capital Capital Arn.Jal Amual NOx NOX NOX Cost 

N...t>er Retrofit Size Factor Sul fur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (M\I) Cl> Content (SMM) ($/k\j) ( Sl4M) (mi I ls/kwhl co (tons/yr) ($/ton) 

Factor (%) 
............................ ---·-- .... ---·-···- -- --·- --- ---- .............. ----·- ---- -·-----·-- -- ..... --- . ---- -. ----- --- . 

LNC·LNB 1,2 1. 00 68 26 1.4 2.2 32.2 0.5 3.0 42.0 265 1764.9 
LNC·LNB 3,4 1.00 68 27 1 .4 Z.2 32.2 0.5 2.9 40.0 262 1734. 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 40.0 262 1060. 1 

SCR·3 1-2 1.52 136 26 1 .4 28.7 . 211.2 8.8 28.6 80.0 1,009 sn1.4 
SCR·3 3-4 1.52 136 27 1.4 28.7 211.2 8.9 27.5 60.0 1047 6453.6 

SCR·3-C 1-2 1.52 136 26 1.4 28.7 211.2 5.2 16.8 so.a 1009 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 . 28.7 211.2 7.7 25.0 80.0 1009 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 60.0 1009 4523.7 
SCR·7-C 3·4 1.52 136 27 1.4 28.7 211.2 4.6 14.2 80.0 1047 4360.1 

========================~======================================================================================= 
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25.3 WISCONSLN POWER AND LIGHT 

25.3.1 Columbia Steam Plant 

The Columbia steam plant is located on the Wisconsin River in Columbia 
County, Wisconsin, and is operated by Wisconsin 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 existing equipment 

at the Columbia plant. Coal shipments are received by railroad and 
transferred to a coal storage and handling area south of the plant . 

. PM emissions from the unit l boiler are controlled by the original hot-side 
ESP located behind the unit. PM emissions from the unit 2 boiler are 
controlled by the modified ESP that was converted from h.ot-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. 

Lime/Limestone and Lime Spray Drying FGD Costs--
L/LS-FGD absorbers for both units would be located behind their 

re~pective chimney. A low site access/congestion factor was assigned to 
these locations. A plant road and ash silos would have to be relocated for 
the unit 1 absorbers; therefore, 15 percent was assigned to general 
facilities. For· unit 2, a plant road would need reloc&ting; therefcire, 
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 considered 
because the existing chimneys are carbon steel. 

LSD 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 
the _wet FGD absorbers; hence, s i mi.l ar site access/congestion ahd genera 1 
facility factors were assigned to-the locations. 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 SPECIFICATION (PERCENT) 
SURFACE AREA (1000 SQ FT) 
GAS EXIT RATE (1000 ACFM) 
SCA (SQ FT/1000 ACFM) 
OUTLET TEMPERATURE (°F) 

* 1990 estimate. 
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1,2 
527 
55,70* 
1975,1978 
TANGENTIAL 

. 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 



would be adjacent to the LSD absorbers. Duct lengths of 200 and 500 feet 
would be needed for units 1 and 2, respectively. 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 Colu~bia 
plant are burning a low sulfur coal and it is unlikely that the current low 
sulfur coal would be used if scrubbing were required. FGD.cost estimates 
based on the current low sulfur coal would result in low estimates of 
capital and operating costs and high unit costs. 

Coal Switching and Physical Coal Cleaning Costs--
CS and PCC were not considered for the Columbia plant since the boilers 

are CL ·rently burning a low sulfur coal. Plant personnel indicated that 
switching to a very low sulfur coal would require conversion of the unit 1 
ESP to cold side operation. 

NOx Control Technologies--
The boilers at the Columbia plant are probably already meeting the 

1971 NSPS emissions and were not considered for any combustion modification 
in order to reduce NOx 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 25.3.1-2. SUMMARY OF RETROFIT FACTOR DATA FOR COLUMBIA 
UNIT 1 OR 2 

· FGD TECHNOLOGY 

FORCED LIME 
L[LS FGD OXIDATION SPRAY DRYING 

SITE ACCESS[CONGESTION 

S02 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 lJ 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 C.OST .(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 1.16 

GENERAL FACILITIES (PERCENT) 15,8 0 15,8 
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TABLE 25.3.1-3. SUMMARY OF NOx RETROFIT RESULTS FOR COLUMBIA 

BOILER 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 NOx REDUCTION (PERCENT) NA NA 

SCR RETROFIT RESULTS 

SITf ACCESS AND CONGESTION 
FOR SCR REACTOR LOW LOW 

SCOPE ADDER PARAMETERS--

Building Demolition (1000$) 0 0 

Ductwork Demolition {1000$) 94 94 

New Duct Length {Feet) 200 200 

New Duct Costs (1000$) 2620 2620 

New Heat Exchanger (1000$) 0 5052 

TOTAL SCOPE ADDER COSTS (1000$) 2715 7767 

RETROFIT FACTOR FOR SCR 1.16 1.16 

GENERAL FACILITIES (PERCENT) 38 20 
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Table 25.3.1·4. MOX Control Cost Results for tile Colt.l!t>ia Plant (June 1988 Dollars> 

===zz======================~===================•========••~====•=•============================================== 

Technology Sci ler Main Boiler Capacity Coal Capi tel Capital Amual Annual NOx NOx NOx Cost 

Nurber Retrofit Site Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty CMW) on Content (SMM) CS/l<.Wl ($MIO cmi l l s/kwh l C:•l (tons/yr) ($/ton) 

Factor <Xl 
............. ---- --· --- ---· ------ --------- ---------- -------------·-- --··--- ---- -------- ------ --- -...... -- --... --- ...... -.... 

SCR-3 1 1. 16 527 55 0.6 68.6 130. 1 25.4 10.0 80.0 8999 2826.3 
SCR·3 2 1. 16 527 70 0.3 65.5 124 .3 24.9 7.7 80.0 11453 2175.6 

SCR·3·C 1 . 1. 16 527 55 0.6 68.6 130.1 14.9 5.9 80.0 8999 1653.4 
SCR·3-C 2 1 . 16 527 70 0.3 65.5 124.3 -14.6 4.5 80.0 11453 1272. 1 

SCR· 7 1 1.16 527 55 0.6 68.6 130.1 20.9 8.2 80.0 8999 2322.4 
SCR· 7 2 1 .16 527 70 0.3 65.5 124.3 20.4 6.3 80.0 11453 1779.7 

SCR-7-C 1. 16 527 55 0.6 68.6_ 130.1 12.3 4.8 80.0 8999 1364.8 
SCR·7·C 2 1. 16 527 70 0.3 65.5 124.3 12.0 3.7 80.0 11453 1045. 3 

===============================================================================================================: 
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Furnace Sorbent Injection and Duct Spray Drying .FGD Costs--
Sorbent injection technologies (FSI and DSD) were not considered for 

unit 1 because the boiler is equipped with hot side ESPs. Both technologie~ 
were considered for unit 2 because of the sufficient ESP SCA size and duct 
residence time. Tables 25.3.1-5 ahd 25.3.i-6 present retrofit data and 
costs for installation ot FSI and DSD technologies for unit 2 at the 
Columbia. plant. 

Atmospheric Fluidized Bed Combustion and Coal Gasification Applicability-­
The two 527 MW boilers at the Columbia plant are too large and their 

remaining.useful life is too long to be considered good candidates for 
AFBC/CG repowering. 

25.3.2 Edgewater Steam Plant 

The Edgewater steam plant is located on Lake Michigan in Sheboygan 
County, Wisconsin, and is operated by the Wisconsin 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 p 1 ant. Coal shipments are received by rail road and 
transferred to a coal ~torage and 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. All of the ESPs are 
located behind the boilers. Flue gases from boilers 3 and 4 are directed to 
a chimney located 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 utility. 

Lime/Limestone and Lime Spray Drying FGD Costs--
L/LS-FGD absorbers for all of the uni~s 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 buildin.gs, 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 

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 (1000$) 
ESP UPGRADE CASE 
A NEW BAGHOUSE CASE . 

RETROFIT FACTORS 

CONTROL SYSTEM (DSD SYSTEM ONLY) 
ESP UPGRADE . 
NEW BAGHOUSE 
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LOW 
MEDIUM 
NA 

NO 
NA 

NA 
NA 
NA 
NA 
50 
104 

104 
NA 

1.13 
1.34 
NA 



• 

Table 25.3.1·.6. ·su:rmary of DSD/FSI Control Costs for the Col"'*>ia Plant (June 1988 Dol larsl 

=~=============================================================m•••••••••••••••••••============================= 

Technology Boiler Main Boiler Capacity Coal Capital Capital Annual Amual 502 S02 502 Cost 
NlA!ller Retrofit Size Factor Sul fur Cost cost cost Cost Removed Removed Effect. 

Difficulty (M\.I) (%) Content (SllM) CS/kll) ($HM) (mi 1 Ls/kwh> ( :t) (tons/yr) ($/ton) 
Factor (l) 

··--·----·--·-············-········---------------------·--·-----···---------------------·----------------------
DSD+ESP 2 1.00 527 70 0.3 10.7 20.3 8.3 2.6 49.0 5433 1524.4 

DSD•ESP·C 2 1. 00 527 70 0.3 10.7 20.3 4.8 1. 5 49.0 5433 882.2 

FSl+ESP·SO 2 1.00 527 70 0.3 13.1 24.8 8.2 2.5 50.0 5583 1475. 7 

FSl+ESP·50·C 2 1.00 527 70 0.3 13. 1 24.8 4.8 1.5 50.0 5583 856.D 

FSl•ESP·70 2 1.00 527 70 0.3 .13.2 <5.0 8.4 2.6 70.0 7817 1068.3 

FSl+ESP·70·C 2 1.00 527 70 0.3 13.2 25.0 4.8 1.5 70.0 7817 •619.6 

=============================================================================================:================== 
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TABLE 25.3.2-1. EDGEWATER STEAM PLANT OPERATIONAL DATA· 

BOILER NUMBER 3 4 5 
GENERATING CAPACITY ~MW-each) 60 330 380 
CAPACITY FACTOR (PER ENT) 40 72 61 
INSTALLATION DATE 1951 1969 1985 
FIRING TYPE CYCLONE OPPOSED WALL 
FURNACE VOLUME tlOOO CU FT) 24. 1 137 355 
LOW NOx COMBUST ON NO NO NO 
COAL SULFUR CONTENT (PERCENT) 2.0 2.0 0.4 
COAL HEATING VALUE f BTU/LB) 10800 10800 8200 
COAL ASH CONTENT (P RCENT) 9.3 9.3 5.6 
FLY ASH SYSTEM DRY DISPOSAL 
ASH DISPOSAL METHOD LANDFILL/SOLD 
STACK NUMBER. I, 2 1,2 3 
COAL DELIVERY METHODS RAILROAD 

PARTICULATE CONTROL 

TYPE ESP ESP ESP 
lNSTALLATION DATE 1972 1969 1985 
EMJSSJON ~LB/MM BTU) 0.11 0 .15 0.009 
REMOVAL E FICIENCY 93.6 94.9 99.96 
DESIGN SPECIFICATION 

SULFUR SPECIFICATION (PERCENT) 2.9 2.8 0.48 
SURFACE AREA (1000 SQ FTl 95 172.8 958.5 
GAS EXIT RATE (1000 ACFM 300 1050 1700 
SCA (SQ FT/1000 ACFM) 317 165 564 
OUTLET TEMPERATURE (°F) 330 275 279 
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medium for this Jocation 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 ne~ chimney would be required for unit 5. A low site 
access/congestion factor was assigned.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 ~ue to the unit 3 and 4 chimney. 

LSD with reuse of 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 7FGD 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 ~ith a new chimney for unit 5. A high site 
access/congestion factor was assigned to flue gas handling for units 3-5 
because of the limited spa~e between the boiler and the ESPs. 

Tables 25.3.2-2 through 25.3.2-4 present retrofit factor inputs to the 
IAPCS model and cost estimates for installation of conventional FGD 
technologies 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 and Phyiical 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 
States. 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 is currently under investigation for units 3 and 4. 

NOx Control Technologies--
NGR was considered for control of NOx emissions from ~nits 3 and 4 

which are cyclone-fired. Unit 5 is an NSPS unit and probably ~eets 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 EDGEWATER 
UNIT30R4 

FGD TECHNOLOGY 

FORCED LIME 
L[LS FGD OXIDATION SPRAY DRYING 

SITE ACCESS[CONGESTION 

S02 REMOVAL .HJGH NA HIGH 
FLUE GAS HANDLING LOW NA 

ESP REUSE CASE NA 
BAGHOUSE CASE . HIGH 

DUCT WORK DISTANCE (FEET) 300-600 NA 
ESP REUSE NA 
BAG HOUSE 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 NO NO 

RETROFIT FACTORS 

FGD SYSTEM 1.52 NA 
ESP REUSE CASE NA 
BAGHOUSE CASE 1.62 

ESP UPGRADE NA NA NA 
NEW BAGHOUSE NA NA 1. 58 

GENERAL FACILITIES (PERCENT) 15 0 15 
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TABLE 25.3.2-3. SUMMARY OF RETROFIT FACTOR DATA FOR EDGEWATER 
UNIT 5 

FGD TECHNOLOGY . 

FORCED LIME 
LLLS FGD OXIDATION SPRAY DRYING 

SITE ACCESSLCONGESTION 

S02 REMOVAL · HIGH NA HIGH 
FLUE GAS HANDLING HIGH NA 

ESP REUSE CASE NA 
BAGHOUSE CA.SE 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 (I000$) NA NA NA 

NEW CHIMNEY YES NA YES 
ESTIMATED COST ( 1000$) 2660 a 2660 

OTHER NO NO 

RETROFIT FACTORS 

FGD SYSTEM ·1.63 NA 
ESP REUSE CASE NA 
BAGHOUSE CASE 1.69 

ESP UPGRADE · NA . NA NA 
NEW BAGHOUSE NA NA . 1. 58. 

GENERAL FACILITIES (PERCENT l 15 a 15 
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·Table 25.3.2-4. S\m!\Sry of FGO Control costs for the Edge•ater Plant (June 1988 Ool lars) 

================================================================================================================ 
. Technology Soi ler Main Soi ler Capoci ty Coal Capital Capi tel Annual Amuo l S02 S02 soz cost 

Nlm"lber Retrofit. Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 
Oifficulty (Hll) o:i Con.tent CSlllO ( S/klll (Siii!) (mills/k•h> ( l:) (tons/yr> (S/ton) 

Factor ( l:) 

............... ·-- -... -- ---- ·- -· ---- ... ·--- ......... ---- ... --- ---- .................. -- .. ---- ---- ··- ...... -. -- ---- ---- -- --

L/S FGD 3 1.52 60 40 2.0 39.5 658.3 15.4 73.1 90.0 3445 4461 .4 
L/S FGD 4 1. 52 330 72 2.0 98.9 299.6 46. 1 22.2 90.0 34110 1351 .9 
L/S FGO 3-4 1. 52 390 67 2.0 109.6 280.9 50.5 22. 1 90.0 37513 1347. 1 

l/S FGO ·C 3 1. 52 60 40 2.0 39.5 658.3 9.0 42.7 90.0 3445 2607 .5 
L/S FGO·C 4 1.52 330 72 2.0 98.9 299.6 26.9 12.9 90.0 34110 787.5 
L/S FGO-C 3-4 1. 52 390 67 2.0 109.6 280.9 29.4 12.9 90.0 37513 784.9 

LC FGO 3-4 1.52 390 67 2.0 83. 1 213.2 42.3 18.5 90.0 37513 1128.0 

LC FGO-C 3·4 1. 52 390 67 z.o 83. 1 213.2 24.6 10.8 90.0 37513 656.2 

LSD+ FF 3 1.62 60 40 2.0 24.0 400.1 9.3 44.1 87.0 3311 2798. 0 
LSO+FF 4 1.62 330 72 2.0 80.4 243.5 30.5 14.7 87.0 32783 931,9 

LSO+FF-C 3 1.62 60 40 2.0 24.0 400.1 5.4 25.8 87.0 3311 1635.6 
LSO+FF-C 4 1 .62 330 n 2.0 80.4 243.5 17.9 8.6 87.0 32783 544.9 

================================================================================================================ 
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TABLE 25.3.2-5. SUMMARY OF NOx RETROFIT RESULTS FOR EDGEWATER 

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$) 
COMBINED CASE 

RETROFIT FACTOR FOR SCR 

GENERAL FACILITIES (PERCENT) 

BOILER NUMBER 

3 4. 

CYCLONE CYCLONE 

NGR . NGR 

24. l 137 

1951 1969 

NO NO 

60 60 

MEDIUM MEDIUM 

O· 

18 

500 

1838 

1372 

0 

66 

500 

4981 

3815 

3228 8863 

1.34 

38 
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9785 

1.34 

. 38 

5 

NA 

NA 

NA 

NA 

NA 

NA 

HIGH 

0 

74 

100 

1082 

4152 

5308 

1. 52 

38 



Table 25.3.2·6. NOx Control Cost Results for the.Edgewater Plant (June 1988 Dollars) 

=================================••========z==============•=======================================•========s==== 
Technology Soi ler Main Soi !er Capacity Coal Capital Capital Amual Annual NOx NOx NOx Cost 

NU!Tber Retrofit Site Factor Sulfur Cost Cost Cost Cost Removed ~emo"ed Effect. 
Difficulty CH~) (:I) Content (SHH) ($/kWl (SHH) (mil ls/kwhl ( l;) (tons/yr) (S/ton) . 

Factor (%) 
--. -- -- --- ..... -- ......... -.. -.................... -- ................... -- ............ -- .......... -.......................... 
MGR 3 1. 00 60 40 2.0 1.6 26.0 1 .3 6.4 60.0 1090 1233.9 
NGR I, 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 0.8 3.7 60.0 1090 713. 3 
NGR-C 4 1.00 330 72 2.0 5.4 16.3 6.6 3.2 60.0 10787 611. 0 

SCR·3 3 1.34 60 40 2.0 17.5 291 .2 5.2 24.8 80.0 1453 3592 .8 
SCR-3 4 1.34 330 72 2.0 55.4 167.9 19.5 9.4 80.0 14382 1355 .7 
SCR·3 3·4. 1 .34 390 67 2.0. 61.3 157 .3 21.9 9.6 80.0 .15817 1383 .o 
SCR·3 5 1. 52 380 61 0.4 60.8 160.0 21. 5 . 10.6 80.0 10926 1970.2 

SCR·3·C 3 1.31, 60 40 2.0 17.5 291.2 3.1 11,.6 · 80.'o 1453 2112.4 
SCR·3·C 4 1.34 330 72 2.0 55.4 167.9 11.4 5.5 80.0 . 14382 794.0 
SCR·3·C 3·4 1.34 390 67 2.0 61.3 157.3 12.8 5.6 80.0 15817 809.8 
SCR·3-C 1.52 380 61 0.4 60.8 160.0 12.6 6.2 80.0 10926 1153.8 

SCR ·7 3 1.34 60 40 2.0 17.5 291.2 4.7 22.4 BO.O 1453 3248.2 
SCR · 7 4 1.34 330 n. 2.0 55.4 167.9 16.7 B.o 80.0 14382 1164.2 

. SCR ·7 3·4 1.34 390 67 2.0 61.3 157.3 18.6 8., 80.0 15817 i1n.3 
SCR·7 5 1.52 380 61 0.4 60.8 160.0 18.2 9.0 80.0 10926 1667.B 

SCR·7·C 3 1.34 60 40 2.0 17 .5 291.2 2.8 13.2 80.0 1453 1914.8 
SCR·7·C 4 1.34 330 n 2.0 55.4 167.9 9.8 4.7 80.0 14382 684.3 
SCR·7·C 3·4 1.34 390 67, 2.0 61.3 157.3 10.9 4.8 80.0 15817 691 .9 
SCR·7·C 5 1.52 380 61 0.4 60.8 160.0 10.7 5.3 80.0 10926 980.S 

================================================================================================================ 
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retrofit .factors and costs, respectively, for NOx control technologies at 
the Edgewater plant. 

Selective Catalytic Reduction--
Cold side SCR reactors for un~ts 3 and 4 at the Edgewater plant would 

be 1 ocated south of unit 1. A high genera 1 f.acil it i es factor ( 38 percent) 
and a medium sit~ access/congestion factor were assigned to the reactor 

.location. A cold side SCR reactor for unit 5 would be located beside its 
chimney with a high site .access/congestion and general facilities factor 
assigned 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 ioo feet would be required for unit 5. Tables 25.3.2-5 and 
25.3.2-6 present the retrofit factors and costs for installation of SCR at 
the Edgewater plant. 

Furnace Sorbent Injection and Ouct Spray Drying Costs--
FSI and DSD were not considered fo~ 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 which is old enough to 

be considered a good candidate for repowering. Untts 4 and 5 are large and. 
have long remaining useful lives; therefore, 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 were 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 (MW-each) 
CAPACITY FACTOR (PERCENT) 
INSTALLATION DATt · 
FIRING TYPE 
FURNACE VOLUME (1000 CU FT) 
LOW NOx COMBUSTION 
COAL SULFUR CONTENT (PERCENT) 
COAL HEATING VALUE (STU/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) 
OUTLtT TEMPERATURE (°F) 
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1,2 
100 
54,60 
1959,62 
CYCLONE 
NA 
NO 
1.4,0.7 
11400,10400. 
5.5,6.0 
WET SLUICE 
LANDFILL/ON-SITE 
1 
BARGE 

HOT SIDE ESP 
1974 
0.10 
95 

2.6 
132.8 
487 
273 
500,550 



TABLE 25.3.3-2. SUMMARY OF RETROFIT FACTOR DATA FOR NELSON DEWEY 
UNIT 1 OR 2 * 

FGD TECHNOLOGY 

FORCED LIME 
LLLS 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 NA 
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 

FGD SYSTEM 1. 48 NA 
ESP REUSE CASE NA 
BAGHOUSE CASE 1. 43 

ESP UPGRADE NA NA NA 
NEW BAGHOUSE NA NA . 1.16 

GENERAL FACILITIES (PERCENT) 5 0 5 

*Absorbers for units 1 and 2 would be placed southeast of unit 2. 
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Table 25.3.3·3. SlJTTl\ary of FGD Control Costs for the Nelson Dewey Plant <June 1988 Dollars) 

================================================================================================================ 
Technology Soi ler Main Boiler Capacity Coal Capital Capital Annual Annual 502 SC2 502 CoSt 

Nurber Retrofit Size Factor Sul fur Cost cost Cost Cost Ren"<lved Removed Effect. 
Difficulty CMWl CXl Content ($MM) (S/klll CSMIO Cmi l ls/kWh) c :>:J Ctons/yrl CS/ton> 

Factor (~) 

..... --· ..... -··- ---- -.. ---. -- ---- ---- -- ---- ---- --- --------. --·. --· ----- --- .. --- ------- -- ---- ---- -- -- --- -- -- ----

l/S FGD 1 ' 1 .48 100 54 1.4 45.0 450.4 18.3 38.8 90.0 5100 3596.7 
L/S FGD 2 t.48 100 60 0.7 45.0 449.7 18.4 35. 1 90.0 3148 5854.3 
L/S FGD 1·2 1 .48 200 57 1.0 67.3 336.6 27.9 28.0 90.0 8544 3267.5 

L/S FGD-C 1.48 100 54 1 .4 45.0 450.4 10.7 22.6 90.0 5100 2100.3 
L/S FGO ·C 2 1.48 100 60 0.7 45.0 449.7 10.8 20. 5 90.0 3148 3418.2 
L/S FGO-C 1 ·2 1.48 200 57 1.0 67.3 336.6 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 21.2 90.0 8544 2480.9 

LC FGD·C 1-2 1.48 200 57 1 .0 45.7 228.5 12.4 12.4 90.0 8544 1445.4 

LSD+ FF 1 1 .43 100· 54 1 .4 29.4 294.2 11. 2 23.6 87.0 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 .43 100 54 1 .4 29.4 294.2 6.5 13.8 87.0 4902 1333.0 
LSD+FF-C 2 1 .4:i 100 60 0.7 29.8 297.8 6.4 12.3 87.0 3026 2128.3 

=========================================z::2:z================~===3===~2======================================= 
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TABLE 25.3.3-4. SUMMARY OF NOx RETROFIT RESULTS FOR NELSON DEWEY 

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--

BOILER NUMBER 

1,2 

CYC 

NGR 

NA 

1959,1962 

NA 

60 

LOW 

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 (1000$) 
INDIVIDUAL CASE 4121 
COMBINED CASE 6215 

RETROFIT FACTOR FOR SCR 1.16 

GENERAL FACJLITIES (PERCENT) 13 

*Cold side SCR reactors for units and 2 would be located 
southeast of unit 2. 

25-65 



Table 25.3.3·5. NOx Control Cos.t Results for the hlel son Dewey Plant (June 1988 Dollars> 

===============================================================~================================================ 

Technology Boi 1 er Main Boiler Capacity Coal Capital Capital Arviual Annual MOX NOx MOX Cost 
Number Retrofit Size Factor Sulfu" Cost Cost Cost Cost Removed Removed Effect. 

O i ff,i cul ty (Mii) (%) Content (SMM) (S/kll) CSMIO (mill s/k•h) C:t) (tons/yr) CS/ton> 
Fae: tor (%) 

-. ---------·- ------ -----. -------------------------------------------------- -------------- --------. -------- - - -----

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 60 0.7 6.3 63.2 3.8 7.2 60.0 2845 1339.3 

NGR·C 1 1.00 100 54 1.4 6.3 63.2 2.0 4.3 60.0 2304 886.3 
NGR·C 2 1.00 100 60 o.7 6.3 63.2 2.2 4.2 60.0 2845 m.3 

SCR·3 : 1 1. 16 100 54 1.4 20.2 202.2 6.6 13.9 80.0 . 3072 2135.9 
SCR· 3 2 1. 16 100 60 0.7 20.4 204.2 6.7 12.8 ao.o 3793 1773.3 
SCR·3 1 ·2 1. 16 200 57 1.0 33.4 166.9 11.5 11.S 80.0 7206 1596.3 

SCR·3·C 1 1.16 100 54 1.4 20.2 202.2 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 1040. 1 
SCR·3·C 1·2 1.16 200 57 1.0 33.4 166.9 6.7 6.7 80.0 7206 935.4 

; 

. SCR· 7 1, 1. 16 100 54 1. 4 20.Z 202."2 5.7 1Z. 1 ao.o 3072 1666.4 
SCR· 7 2 1. 16 100 60 0.7 20.4 204.Z 5.9 11.Z 80.0 3793 1552. 1 
SCR-7 1 -2 1. 16 200 57 1.0 33.4 166.9 9.S 9.S so.a 7206 1363.4 

SCR· 7·C 1 1. 16 100 54 1.4 20.2 202.2 3.4 7. 1 80.0 3072 1098.8 
SCR·7·C 2 1. 16 100 60 0.7 20.4 204.2 3.5 6.6 80.0 3793 913.4 
SCR·7·C 1 ·2 1. 16 200 57 1. 0 33.4 166.9 5.8 5 .s 80.0 7206 801.9 

================================================================s=============================================== 
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25.3.4 Rock River Steam Plant 

Coal switching was not evaluated for the Roe~ R1ver plant because the. 
units are. cyclone boilers requiring low sulfur bitiminous coals having low 
ash fusion temperatures which are not readily ava~lable in the east (plant 
personnel indicated that coal switching is currently 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 
GENERATING CAPACITY (MW-e~ch) 
CAPACITY FACTOR (PERCENT) 
INSTALLATION DATE: 
FIRING TYPE 
FURNACE VOLUME (1000 CU FT) 
LOW NOx COMBUSTION 
COAL SULFUR CONTENT (PERCENT) 
C.OAL 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) 
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1 '2 
75 
49,39 
1954,55 
CYCLONE 
17.3 
NO 
2.0 

. 11000 
8.1 
WET SLUICE 
LANDFILL/ON-SITE 
1, 2 . 
RAILROAD 

ESP 
1971,72 
0.10,0.07 
95.3,98.6 

3.1 
63.2 
297 
213 
290,300 



TABLE 25.3.4-2. SUMMARY OF RETROFIT FACTOR DATA FOR ROCK RIVER· 
UNIT 1 OR 2 * 

25-68 



Table 25.3.4·3. Sl.1111\a ry of FGO Control Costs for the Rock River Plant (June 1988 Dollars) 

================================================================================================================ 
Technology Boiler Main Boiler Capacity Coal Capital Capital Annual Annual S02 S02 502 Cost 

~urber Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Eliect., 
Difficulty (MW) (%) Content ($MM) ($/kWl ($MM) Cmills/kMh) (%) C tons/yr l CS/ton} 

Factor C%l 
--· ---- --- --- -- -- -- ----. ------------- ---- ----- -------- ------------ ---- ------. ------ ---- ---- -- -- -- ---- -- .. -- -- -- . 

L/~ FGO 1.48 75 49 2.0 41.5 552.7 16.8 52.3 90.0 5166 3260.1 
L/S FGO 2 1.48 75 39 2.0 41.5 553.1 16.3 63.5 90.0 4112 3959.9 
l/S FCO 1·2 1.48 150 44 2.0 57.8 385.J 23.4 40.5 90.0 9278 2525.5 

L/S 1GO· C 1 1.48 75 49 2.0 41.5 552.7 9.8 30.5 90.0 5166 1903.8 
L/S fGO·C 2 1.48 75 39 2.0 41.5 553 .1 9.5 37.1 90.0 4112 2314.0 
L/S FGD·C 1-2 1..48 150 44 2.0 57.8 385.3 13.7 23.7 90.0 9278 1474 .9 

LC fGC 1-2 1.48 150 44· 2.0 39.7 264.5 17 .8 30.8 90.0 9278 1917.8 

LC FGD·C 1-2 1 .48 150 44 2.0 39.7 264.5 10.4 17 .9 90.0 9278 1118. 0 

LSO•FF 1.43 75 49 2,0 21.2 283.2 8.9 27.6 87.0 4965 1791.4 
LSO•FF 2 1.43 75 39 2.0 21.4 285. 1 8.7 34.0 87.0 3952 2203.9 
lSO+FF 1·2 1.43 150 44 2.0 35.0 233.2 13.3 23.1 87.0 8917 1494.7 

LSD+FF~C 1· 1.43 75 49 2.0 21. 2 283.2 s .. 2 16.1 ·87.0 4965 1045.6 
lSO+FF·C 2 1.43 75 39 2.0 21.4 285.1 5. 1 19.B 87.0 3952 1286.9 
LSO+FF·C 1 ·2 1.43 150 44 2.0 35.0 233.2 7.8 13.5 87.0 8917 873.9 

================================================================================================================ 
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TABLE 25.3.4-4. SUMMARY OF NOx RETROFIT RESULTS FOR ROCK RIVER 

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$) 
I ND IV IDUAL CASE 
COMBINED CASE 

RETROFIT FACTOR FOR SCR 

GENERAl FACILITIES (PERCENT) 

BOILER NUMBER 

I , 2 

CYCLONE 

NGR 

17.3 

1954,1955 

NO 

60 

LOW 

0 

22 

400 

1675 

1568 

3265 
4926 

1.16 

13 

* Cold side SCR reactors for units I and 2 would be located on 
either sides of the unit 1 and 2 ESPs, respectively. 
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Table 25 .3.4·-5. NOX Control Cost Results for the Rock River Flant (June 1988 Dollars) 

================================m•••s====m•••==================3================================================ 
Technology Soi ler Main Boiler Capacity Coal Capital Capital Annual Annual NOX MOx · NOx Cost 

Ncmber Retrofit Size Factor Sul fur Cost Cost Cost Cost Removi>d Removi>d Effect. 
Difficulty (Mii) (%) Content (Sl4M) (S/kl/) (Sl'IM) (mil ls/kwh) (%) (tons/yr) (I/ton) 

Factor (l) 
-····--· .... -.......... --- ..................... -....... -. -............................................ -....... ··-- ........ --

NCR 1.00 75 49 2.0 1.8 24.3 2.0 6.1 60.0 1634 1199.0 
NGR 2 1.00 75 39 2.0 1.8 24.3 1.6 6.3 60.0 1300 1246.6 

NGR·C 1 1.00 75 49 2.0 1.8 24.3 1. 1 3.5 60.0 1634 692.0 
NGR·C 2 1. 00 75 39 2.0 1.8 24.3 0.9 3.7 60.0 1300 720.5 

SCR ·3 1 1. 16 75 49 2.0 16.4 218.7 5.2 16.3 80.0 2178 2408.6 
SCR-3 2 1. 16 75 39 2.0 16.4 218.7 5.2 20.2 80.0 1734 2985.5 
SCR·3 1 ·2 1. 16 150 44 2.0 25.8 171.8 . 8.6 14.9 80.0 3912 2202.0 

SCR.-3·C 1. 16 75 49 2.0 16.4. 218.7 3. 1 9.6 80.0 2178 1413.7 
SCR-3-C 2 1, 16 75 39 2.0 16.4 218.7 3.0 11.9 80.0 1734 1752 .9 
SCR-3-C 1-2 1. 16 150 44 2.0 25 .8 171 .8 5.1 8.7 80.0 3912 "1291. 1 

SCR· 7 1 1. 16 75 49 2.0 16.4 218.7 "4.6 14.4 80.0 2178 2122. 1 
SCR-7 2 1. 16 75 . 39 2.0 16.4 218. 7 4.6 17.8 80.0 1734 2625.S 
SCR-7 1-2 1. 16 150 44 2.0 25.8 171.8 7.4 12.7 80.0 3912 1882.8 

SCR-7-C 1 1. 16 75 49 2.0 16.4 218.7 2.7 8.5 80.0 2178 1249.6 
SCR-7-C 2 1.16 75 39 2.0 16.4 218.7 2.7 10.5 80.0 1734 1546.7 
SCR-7-C 1-2 1. 16 150 44 2.0 25.S 171.8 4.3 7.S 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. ·Pulliam steam plant is located on Green Bay in Brown County, 
Wisconsin, and is operated by the Wisconsin Public Service Corporation .. The 
J. P. Pulliam plant contains six coal-fired boil~rs with a·gross generating 
capacity of 373 MW. 

Table 25.4.1-1 present~ operational data for the existing. equipment at 
the J. P. Pulliam plant. Coal shipments are received by rail and lake and· 
transferr~d to a coal st6fage ~nd 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. All of the ESPs are located behind their respective 
boilers. Flue gases from units 3-6 are directed to a common chimney built 
in 1985 and units 7 and 8 each have a separate chimney. Dry fly ash from 
the units is stored in silos 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 ~ommon 

chimney east of the units and 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 low (5 percent) for 
units 3-7 and medium (8 percent) for unit 8 because of the relocation of a 
plant road for the FGD absorber locations. A low site access/congestion· 
factor was assigned to the FGD absorber locations. Approximately 200 feet 
of ductwork would be required for installation of the L/LS-FGD system for 
units 3-6, 500 feet for unit 7, and 400 feet for unit 8. A low site access/ 
congestion factor was assigned to flue gas handling for units 3-6. A medium 
site access/~ongestion factor was assigned to flue gas handling for 
units 7-8 because of the obstruction caused by the coal conveyor and the 
coal pile. 

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 
GENERATING CAPACITY (MW-each) 
CAPACITr 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) 

3,4 5 6 7 8 
30 50 63 75 125 
5,7 20 21 52 55 

1943,47 1949 1951 1958 1964 
FRONT WALL 

NA NA NA · 46.l 72.7 
NO 
2.2 
11400 
9.4 
DRY DISPOSAL 
ON-SITE 

1 l 1 2 3 
RAIL/LAKE 

ESP ESP ESP ESP ESP 
1958,55 1953 1951 1958 1964 

. NA NA NA NA NA 
97.6,99 99.3 98.8 98.3 99.4 

2.3 2.3. 2.3 2.3 2.3 
33,29 51 63 45 112 

187,163 268 345 285 580 
176,178 190 183 158 193 
360;335 370 370 300 350 
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to high sulfur content of the coal being burned at the plant would not 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 preserit 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 effect 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. 

NOx Control Technologies--
. LNBs were considered for NO control for the six fro~t wall-fired, dry ' x 

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. Fo~ 

those boilers that furnace volumes were not available, furnace volumes were 
estimated based on similar size and age boiler~. 

Selective Catalytic Reduction--
Cold side SCR reactors for the J. P .. Pulliam plant would be located. 

beside the common chimney for un; ts 3-6 and south of unit 8 and west of the 
coal pile fo.r unit 8. As in the FGD case, low general facility values 
(13 percent) and site access/congestion factors were assigned to the reactor 
locations 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, OR 6 

FGD TECHNOLOGY 

FORCED LIME 
L[LS FGD OXIDATION SPRAY DRY ING 

SITE ACCESSLCONGESTION 

·so2 REMOVAL LOW NA ·· NA 
. FLUE GAS HANDLING LOW NA 

ESP REUSE CASE NA 
BAGHOUSE CASE NA 

DUCT WORK DlSTANCE (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 (1000$) NA NA NA 

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

OTHER NO 

RETROFIT FACTORS 

FGD SYSTEM· I. 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 ACCESSLCONGESTION 

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 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 1.35 NA 
ESP REUSE CASE NA 
BAGHOUSE CASE NA 

ESP UPGRADE NA NA NA 
NEW BAGHOUSE NA NA NA 

GENERAL FACILITIES {PERCENT) 528 0 0 
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Table 25.4 .• 1·4. 5..,_ry of FGD Control Costs for the Pulliam Plant (J'-'le 1988 .Dollars) 

================================================================================================================ 
. Technology Soi ler Mein Soi ler Capacity Coal C~pital Capital Amual Amual 502 502 502 Cost 

N'1!1)er Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed ~emoved Effect. 
Difficulty CHiil CX> Content ( Sl4lol) ($/kll) (SHH) (mills/kwhl CX) (tons/yr) CS/ton) 

·Factor (%) 

- ------------------------------------------------------------------·- ---------------------------- -----------------
L/5 FGD 3 1.20 30 5 2.Z 21.6 no.2 7.S 591.4 90.0 223 34910 .7 
L/5 FGO 4 1. 20 30 7 2.2 21.6 719.1 7.9 427.4 90.0 312 25226.9 
L/S FGO 5 1. 20 50 20 2.2 26.6 531.2 10.2 115.9 90.0 1434 6841 .3 
L/S FGD 6 1.20 63 21 2.2 31.2 495.6. 11.8 101 .9 90.0 1963 6016.5 
L/S FGD 7 1 .35 75 52 2.2 37.4 499.3 15.7 46.0 90.0 5788 2713.1 
LIS FGD 8 1.35 125 55 2.2 48.5 388. 1 20.7 34.4 90.0 10203 2032.7 
LIS FGD 3·6 1 .20 173 16 2.2 50.6 292.4 18.4 75.9 90.0 4108 4482.5 

L/S FGD·C 3 1.20 30 5 2.2 21.6 no.2 4.5 346.2 90.0 223 20436.7 
L/S FGD·C 4 1.20 30 7 2.2 21 .6 719.1 4.6 250.1 90.0 312 14763.7 
LIS FGO·C 5 1 .20 so 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 .z 495.6 6.9 59.6 90.0 1963 3518.4 
L/S FCO·C 7 1 .35 75 52 2.2 37.4 499.3 9.2 26.8 90.0 5788 1583. 4 
L/S FCO·C 8 1.35 125 55 2.2 48.5 388.1 12. 1 20. 1 90.0 10203 1185 .9 
LIS FGD· C 3·6 1.20 173 16 2.2 50.6 292.4 . 10.S 44.4 90.0 4108 2623.4 

LC FGO 3·7 1.25 248 27 2.2 49.4 199.1 20.3 34.6 90.0 9938 2044.0 
LC FGO 8 1.35 125 55 Z.2 33.8 270.7 16.2 26.8 90.0 10203 1583. 8 

LC FGO·C 3·7 1 .25 248 27 2.2 49.4 199.1 11 .9 20.2 90.0 9938 1193 .4 
LC FGO·C 8 1.35 125 55 Z.2 33.8 270.7 9.4 15.6 90.0 10203 922.3 

================================================================================================================ 
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Table 25.4.1-5. Scmnary of. Coal Switc.hing/Cleaning Costs for the Pulliam Plant (June'1988 Dollars) 

=================================================·=·····==========================================~========··=·= 

Technology Boiler Main. Boiler Capacity Coal· Capital Capital Amual Amual soz soz S02 Cost 
Nurt>er Retrofit Size Factor Sul fur Cost Cost Cost Cost Removed Removed Effect. 

Di ff i eul ty (NII) (%) Content ($MM) (S/kll) .(SMM) (mil ls/kwh) c:u· Uons/yr) (S/ton) 

Factor (%) 

-·-···------·-·-···········--------------------------------·-···---------------------------··········-----------
CS/B•S15 3 1.00 30 5 2.2 2. 1 69.3 0.7 55. 1 62.0 153 4750.3 
CS/B+S15 4 1.00 30 ·7 2.2 2.0 68.2 0.8 43.2 6Z.O 214 3724.3 
CS/B+S15 5 1,00 50 20 2.2 2.9 57.9 2.0 22.3 62.0 1017 1921.8 
CS/B+S15 6 1.00 63 21 2.2 . '3.5 55.0 2.5 21.2 62.0 1345 1824.2. 
CS/S+S15 7 1.00 75 52 2.2 3.7 49.0 5.6 16.3 62.0 3964 1405.8 
CS/8+$15 8 1.00 125 55 2.2 5.7 45.9 9.4 15.6 62.0 6988 1347.6 

CS/8+$15-C 3 1. 00 30 5 2.2 2.1 69.3 0.4 32.3 62.0 153 2782.S 
CS/B+S15-C 4 1. 00 30 7 2.2 2.0 68.2 0.5 25.3 62.0 214 2176.9 
CS/B+S15-C 5 1 .oo 50 20 2.2 2.9 57.9 1 .1 - 12.9 62.0 1017 1113.S 
CS/B+S15 ·C 6 1.00 63 21 2.2 3.5 55.0 1.4 12.3 62.0 1345 1056. 7 
CS/B+S15-C 7 1.00 75 52 2.2 3.7 49.0 3.2 9.4 62.0 3964 809.6 
CS/B+S15·C 8 1.00 125 55 2.2 .5.7 45.9 5.4 9.0 62.0 6988 775.S 

CS/B•S5 3 1. 00 30 5 2.2 1.8 58.9 0.6 42.7 62.0 153 3680.0 
CS/B+S5 4 1.00 30 7 2.2 1. 7 57.9 0.6 32.0 62.0 214 2756.9 
CS/B+S5 5 1.00 50 20 2.2 2.4 47.5 1 • 1 13.0 62.0 1017 1120.7 
CS/B+S5 6 1,00 63 21 2.2 2.8 44.6 1.4 . 11.9 62.0 1345 1027.4 
CS/B•S5 7 1. 00 75 52 2.2 2.9 38.7 2.6 7.7 62.0 3964 659.6 
CS/B+S5 8 1.00 125 55 2.2 4.4 35.6 4.2 7.0 62.0 6988 603.3 

CS/B+S5-C 3 . 1 .00 30 5 2.2 1.8 58.9 0.3 25.1 62.0 153 2160.4 
CS/B•S5·C 4 1.00 30 7 2.2 1. 7 57.9 0.3 18.7 62.0 214 1615.7 
CS/B+S5·C 5 1.00 50 20 2.2 2.4 47.5 0.7 7.6 62.0 1017 652.5 
CS/B+S5·C 6 1.00 63 21 2.2 2.8 44.6 0.8 6.9 62.0 1345 598.0 
CS/8+$5-C 7 1.00 75 52 2.2 2.9 38.7 1.5 4.4 62.0 3964 ~1.2 

CS/B+SS·C 8 1.00 125 55 . 2.2 4.4 . 35.6 2.4 4.0 62.0 6988 348.5 

============••=========•••••••===========&a~==========a==••••=================================================== 
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TABLE 25.4.1-6. SUMMARY OF NOx RETROFIT RESULTS· FOR J. P. PULLIAM. 

BOILER NUMBER 

COMBUSTION MODIFICATION RESULTS 

3,4,5,0R,6 7 8 

FIRING TYPE FWF FWF FWF 

TYPE OF NOx CONTROL LNB LNB LNB 

FURNACE VOLUME· (1000 CU FT} NA 46. l 72.7 

BOILER INSTALLATION DATE 1943,43,47,51 . 1958 1964 

SLAGGING PROBLEM NO NO ND 

ESTIMATED NOx REDUCTION (PERCENT} 40 42 40 

SCR RETROFIT RESULTS 

SITE ACCESS AND CONGESTION 
FOR SCR REACTOR LOW LOW LOW 

SCOPE ADDER PARAMETERS--

Building Demolition (1000$) 0 0 0 

Ductwork Demolition (1000$) 41 22 32 

New Duct Length (Feet) 200 500 400 

New Duct Costs (1000$) 1366 2094 2258 

New Heat Exchanger (1000$) 2590 1568 2131 

TOTAL SCOPE ADDER COSTS (1000$) 
INDlVIDUAL CASE NA· 3684 4421 
COMBINED CASE 3996 NA NA 

RETROFIT FACTOR FOR SCR I. 16 1.16 1.16 

GENERAL FACILITIES {PERCENT) . 13 13 . 20 
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Table 25.4.1·7. NOx Control Cost Results. for the Pulliam Plant (June 1988 Col Lars) 

==================·===============•====•======================================================================== 
Technology Boiler Mein Soi ler Capac{ty Coal Capital Capital Amual Amual NOx NOx· NO• Cost 

NlJTber Retrofit Size Factor Sulfur Cost Cost cost . cost Removed Removed Effect. 
Di ffi cul ty (Mii) 00 Content ($14N) (S/kW) ($14N) (mil ls/kwil) c:o (tons/yr) ($/ton) 

Factor co 
----------------------~--~-------------~-----------------·---------------~·-.----------------------~-------------

LNC· LNB 3 1.00 30 5 2.2 1.6 52.6 0.3 25 .6 40.0 24 13907.9 
LNC-LNS 4 1.00 30 7 2.Z 1.6 52.6 0.3 18.3 40.0 34 9934.2 
LNC·LNS 5 1'.00 . 50 20 2.2 1.9 38.7 0.4 4.7 40.0 161 2558.S 
LNC·LNS 6 1.00 63 21 2.2 Z.1 33.7 0.5 3.9 40.0 214 2122.8 
LNC·LNB 7 1~00 75 ' 52 2.2 2.3 30.3 0.5 1.4 42.0 661 735.0 
LNC·LNB 8 1.00 125 55 2.2 2.8' 22.3 0.6 1. o· 40.0 1_ 110 537.4 

LNC·LNB·C 3 1.00 30 5 2.2 1.6 52.6 0.2 15.Z 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 5899.2 
LNC·LNB·C 5 1.00 'so 20 2.2 1.9 38.7 0.2 2.8 40.0 l61 1520.0 
LNC·LNe,c 6 1. DO 63 21' 2.2 2. 1 33.7 0.3 Z.3 40.0 214 1260 .4 
LNC·LNB·C 7 1.00 75 52 2.2 2.3 30.3 0.3 o.a 42.0 661 436.5 
LNC·LNB·C 8 1.00 125 55 2.2 2.8 ·22.3 0.4 0.6 40.0 1110 319.2 

SCR·3 3·6 1. 16 173 16 2.2 27.4 158. 1 8.9 36.8 80.0 894 9973. 7 
SCR·3 7 1.16 75 5'2 2.2 16.8 . 223.8 5.2 15.3 80.0 1259 4138.8 
SCR·3 8 1.16 125 55 2.2 23. 1 185 .1 7.5 12.5 80.0 2220 3384.4 

SCR·3·C 3·6 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 3.1 9.0 eo.o 1259 2431.0 
SCR·3·C 8 1. 16 125 55 2.2 23. 1 185 .1 4.4 7.3 80.0 2220 1985.S 

SCR-7 3·6 1. 16 173 16 2.2 27.4 158. 1 7.5 ' 30.9 eo.o 894 8370.8 
SCR·7 7 1. 16 75 52 2.2 16.8 223.8 4.6 13.4 80.0 1259 3645.7 
SCR·7 8 1. 16 125 55 2.2 23. 1 185. 1 6.5 10.S 80.0 2220 2918.2 

SCR·7·C 3-6 1. 16 173 16 2.2 27.4 158., 4.4' 18.2 80.0 894 4933.2 
SCR·7·C 7 1. 16 75 52 Z.2 16.8 223.8 2.7 7.9 80.0 1259 2148.5 
SCR·7·C B 1. 16 125 55 2.2 23. 1 185.1 3.8 6.3 so.a 2220 1718.7 

=====================:========================================================================================== 
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Furnace Sorbent Injection and Duct Spray Drying FGD Costs--. 
Sorbent injection technologies (FSI and DSD) were not considered 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. 

Atmospheric Fluidized Bed Combustion.and Coal Gasification Applicability-­
All units would be good candidates for AFBC/CG repowering 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 presented since 
the unit is firing a low sulfur coal. In addition, due to the low sulfur 
coal, CS was not evaluated for unit 3. Sorbent injection technologies were 
not considered for units 1 and 2 due to the inadequate size of the ESPs for 
these units. For unit 3, SCR was the only NOx control considered since the 
unit is equipped with OFA. 

TABLE 25.4.2-1. WESTON UNIT 1, 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 (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) 

l 2 3 
60 75 322 
35 61 78 
1954 1960 1981 
FRONT WALL TANGENTIAL 
NA 49.3 NA 
NO NO YES 

1.8 0.4 
llOOO 9000 
8.5 4.6 

DRY DISPOSAL 
PAID/OFF-SITE 

l 2 3 
RAILROAD 

ESP ESP ESP 
1972 1973 1981 
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 
BAG HOUSE 300-600 

ESP REUSE NA NA NA 
NEW BAGHOUSE NA NA LOW 

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 NA 
BAGHOUSE CASE I. 27 

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 
LLLS FGD OXIDATION SPRAY DRYING 

SITE ACCESSLCONGESTION 

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 300-600 
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 (1000$) 0 0 0 

OTHER NO NO 

RETROFIT FACTORS 

FGD SYSTEM 1.35 NA 
ESP REUSE CASE 1.31 
BAGHOUSE CASE NA 

ESP UPGRADE NA 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. 
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Table 25.4.2·4. SllllllBry of FGD Control Costs for the weston Plant CJ...ie 1988 Dollars) 

=====a========================================================================c================================= 
Technology Boiler .,Mein Boiler Capacity Coal Capital Capital Annual Arroal 502 502 S02 cost 

Nurt.er Retrofit Siu Factor Sul fur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty. (MW) Oil Content (-) (S/kW) (SllM) (mi lls/kwh) (ll) (tons/yr) ($/ton) 

Factor Cl'> 
------------------------·--·--------------------------------··--······-------·----------------·············-···· 
LIS FGD 1 1.20 60 35 1.8 30.4 507.1 12.2 66. 1 90.0 2657 4577. 1 
LIS FGD 2 1.20 75 61 1.8 34.7 463.2 15.2 38.0 90.0 5788 2632.7 
LIS FGD 1-2 1.20 135 50 1.8 46.2 342.4 19.7 33.6 90.0 8471 2325.2 

LIS FGD·C 1 1 .20 60 35 1.8 30.4 507.1 7. 1 38.6 90.0 2657 2673.7 
L/S FGD·C 2 . 1 .20 75 61 1.8 34.7 463.2 8.9 22.2 90.0 5788 1535.3 
L/S FGD·C 1-2 1 .20 135 so 1.8 46.2 342.4 11.5 19.6 90.0 8471 1356.7 

LC FGD 1-2 1 .20 135 50 1 .8 31.8 235.8 15.2 26.0 90.0 8471 1798.3 

.!· 
LC FGD-C 1-2 1.20 135 50 1 .8 31:8 235.8 8.9 15.1 90.0 8471 1047.2 

LSD+FF 1.27 60 35 1.8 19.7 328.4 8. 1 44.1 87.0 2553 3174. 1 
LSO+FF 2 1 .27 75 61 1 .8 21.7 289.6 9.5 23.6 87.0 5563 1701.8 

LSD+FF-C 1 1.27 60 35 1.8 19.7 328.4 4.7 25.7 87.0 2553 1853.2 
LSD+ FM: 2 1.27 75 61 1 .8 21.7 289.6 5.5 13.8 87.0 5563 992.5 

===================================•====•===•==••••••z••••••••••••••••z•••••••••••••z•==••z•••••~=••••=•z•z=•••• 
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Table 25.4.2·5. Si.111111ry of Coal Switching/Cleaning Coats far the Welton Plant (Jirie 1988 Dollars> 

=====··=================::i=•·········========···=======··=========-===================·····====================== 
Technology Bai Ler Ila in Boiler capacity Coal capital Capital Amual Amuel soz S02 S02 Cost 

Nuiiler Retrofit Size Factor Sulfur Cast Cost Cost cost Removed Removed Effect. 
Difficulty (NII) oa Content ($191) (S/kW) (SllM) (mi l l S/kwh) (%) (tons/yr) (S/ton) 

Factor (%) 

-·-------··-·············-----------------------···············--···--------------------·-·····-················ 

CS/B+S15 1 1.00 60 35 1.8 2.9 47,B 3.3 17. 7 55.0 1624 2010.4 
CS/B+S15 2 1.00 75 61 1.8 3.4 44.B 6.3 15.7 55.0 3537 1783. 7 

CS/B+S15·C 1.00 60 35 1.8 2.9 47.8 1 .9 10.2 55.0 1624 1159. 7 
CS/B+S15·C 2 1.00 75 61 1.8 3.4 44.8 3.6 9.1 55.0 3537 1026.2 

CS/B+SS , 1.00 60 35 1.8 2.2 37.4 , .6 8.9 55.0 1624 1007 .3 
CS/B+SS 2 , .00 75 61 , .8 2.6 34.4 2.9 7., 55.0 3537 809.4 

CS/B+S5·C 1 , .00 60 35 1.8 2.2 37.4 0.9 5. 1 55.0 1624 583.3 .!· 
CS/B+S5·C 2 1.00 75 ,61 1.8 2;6 34.4 1.7 4.1 55.0 3537 467.0 

======================================================================================•••==================~=z== 
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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 

l 

FWF 

LNB 

NA 

1954 

NO 

BOILER NUMBER 

2 

FWF 

LNB 

49.3 

1960 

NO 

ESTIMATED NOx REDUCTION (PERCENT) 40 45 

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) 

LOW 

0 

18 

300 

1103 

1372 

2493 ' 

1.16 

20 

LOW 

0 

22 

300 

1256 

1568 

2846 

1.16 

20 

3 

NA 

NA 

NA 

NA 

NA 

NA 

LOW 

0 

65 

400 

3928 

3759 

7753 

1.16 

20 

* Cold side SCR reactors for units 1 and 2 would be located on 
either side of the units. Cold 1ide SCR reactors for unit 3 
would be located east of unit 3. 
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Ta~le 25.4.2·7. NOx Control Cost Results for the Weston Plant CJ...e 1988 Dollars) 

··==·==·==•==·~=·=·====·=·======·=·===·=·===========··=======···=····===··==·==============··=====~=·==========· 

Technology Boiler Ila in Boiler Capacity Coal Capital Capital Amull Amal NOX NOx NOX Cost 
NYID!r Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 

Difficulty !NII) Oi> Content ($1111) (S/kW) CSMIO Cmi l ls/kwh> oo (tons/yr> CS/ton) 
Factor c:ii 

-------····------------------------------------------------------------------------·······-------------------··· 
LNC·LNB 1 1.00 60 35 1.8 2.1 34.T 0.4 2.4 40.0 353 1258.7 
LNC·LNB 2 1.00 75 61 1 .8 2.3 30.3 0.5 1.2 45.0 866 561 .3 

LNC·LNB·C 1 1 .oo 60 35 1 .8 2. 1 34.7 0.3 1.4 40.0 353 747.4 
LNC·LNB·C 2 1.00 75 61 1.8 2.3 30.3 0.3 0.7 45.0 866 333.4 

SCR·3 1 1. 16 60 35 1.8 14.5 242.2 4.5 24.2 80.0 706 6304.0 
SCR·3 2 1 .16 75 61 1.8 16.3 217.0 5.2 13.0 80.0 1539 3381 .9 
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 1 1. 16 60 35 1 .8 14:5 242.2 2.6 14.2 80.0 706 3704. 1 
.!· 

SCR·3·C 2 1.16 75 61 1.8 16.3 . 217.0 3. 1 7.6 80.0 1539 1985.0 
SCR·3·C 3 1. 16 322 78 0.4 45.7 141.9 9.7 . 4.4 80.0 7599 1273.8 

SCR·7 1 1.16 60 35 1.8 14.5 242.2 4.0 21.5 80.0 706 5597. 1 
SCR·7 2 1.16 75 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 6.3 80.0 7599 1812.9 

SCR·7·C 1. 16 60 35 1.8 14.5 242.2 2.3 12.7 80.0 706 3299. 1 
SCR·7·C 2 1. 16 75 61 L8 16.3 217.0 2.7 6.7 80.0 1539 1752. 7 
SCR·7·C 3 1. 16 322 78 0.4 45.7 141.9 8. 1 3.7 80.0 7599 1065.7 

=::::::;::::::::;:::::~=:::;;;;a::::::a::=:::::::::=:::::::::::::G::a::::::::::::::::::::::::::::;:::::;;::::::: 
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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 
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 (Fi) 
DEMOLITION COST (1000$) 

TOTAL COST (1000$) 
ESP UPGRADE CASE 
A NEW BAGHOUSE CASE 

RETROFIT FACTORS 

CONTROL SYSTEM (DSD SYSTEM ONLY) 
ESP UPGRADE 
NEW BAGHOUSE . 

LOW 
MEDIUM 
NA 

NO 
NA 

NA 
NA 
NA 
NA 
50 
72 

72 
NA 

1.13 
1.36 
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 aro.und the ESPs. 
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Table Z5.4.2·9. s ..... ry of 050/FSI Control Coats for the lleatan Pl81'1t (Jl6>e 1988 Dollars) 

....... a=•=••a•aa=s=====•=••••====••••••••••===•========••••=•====•••••=•=~===•=-=•===•=-m:==•2==~=====-========= 
TocllnolotY Boiler Main Boiler Capacity Coal Capital Capital Amual Amual soz soz 502 Cost 

Nimtler Retrofit Size Factor Sulfur Coat Cost Cost Cost Removed Removed Effect. 
Difficulty CINI (l) Content <SMMl (S/kll) (SMM) (mil ls/kwh) (l) (tons/yr) ($/ton) 

Factor (l) 

-------------·--------·-·--------------------------------------------------··--·-·····---------------······-----
DSD+ESP 3 1.00 322 78 0.4 8.3 25.7 7.0 3.2 49.0 4806 1462.1 

DSO+ESP·C 3 1.00 322 78 0.4 8.3 25.7 4.1 1.8 49.0 4806 845.4 

FSl+ESP·SO 3 ·1.36 322 78 0.4 10.9 33.8 7.2 3.3 50.0 4939 1460.0 

FSl•ESP·50·C 3 1.36 322 78 0.4 10.9 33.8 4.2 1.9 50.0 4939 846.4 

FSl+ESP·70 3 1.36 322 78 0,4 11.0 34.1 7.3 3.3 70.0 6915 1057.3 

-!-
FSl+ESP·70·C 3 1.36 322 78 0.4 11.0 34.1 4.2 1.9 70.0 6915 612.9 

=·============================================================================================================== 
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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 26.1.1-10 summarize the plant operational data and 
present the so2 and NOx control cost and performance estimates. 

TABLE 26.1.1-1. ALBRIGHT STEAM PLANT OPERATIONAL DATA 

BOILER NUMBER 
GENERATING CAPACITY {MW-each) 
CAPACITY FACTOR (PERCENT) 
INSTALLATION DATE 
FIRING TYPE 
FURNACE VOLUME (1000 CU FT) 
LOW NOx COMBUST10N 
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 

TVPE 
INSTALLATION DATE 
EMISSION (LB/MM BTU) 
REMOVAL E~FICIENCY 
DESIGN SPECIFICATION 

SULFUR SPECIFICATION (PERCENT) 
SURFACE AREA (1000 SQ FT) 
GAS EXIT RATE (1000 ACFM) 
SCA (SQ FT/1000 ACFM) 
OUTLET TEMPERATURE ("F) 
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1,2 
69 
81,82 
1952 
FRONT WALL 
44.2 
NO 

l. 7 
12300 
12.8 

3 
140 
86 
1954 
TANGENTIAL 
93 
NO 

DRY DISPOSAL 
LANDFILL/OFF-SITE 
I, 2 3 

TRUCK 

ESP ESP 
1975 1975 
0.02 0.02 
NA NA 

1.0-1.3 
144 259.2 
375 675 
384 384 
400 385 



TABLE 26.1.1-2. SUMMARY OF RETROFIT FACTOR DATA FOR ALBRIGHT 
UNIT l OR 2 * 

FGO TECHNOLOGY 

FORCED LIME 
LLLS FGO OXIDATION SPRAY DRYING 

SITE ACCESSLCONGESTION 

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 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 1.36 
BAGHOUSE CASE NA 

ESP UPGRADE NA NA 1.58 
NEW BAGl:IOUSE NA NA NA 

GENERAL FACILITIES {PERCENT} 10 0 10 

*Absorbers for units 1 and 2 would be located behind their· 
respective chimneys. 
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TABLE 26.1.1-3. SUMMARY OF RETROFIT FACTOR DATA FOR ALBRIGHT UNIT 3 * 

FGD TECHNOLOGY 

FORCED LIME 
LLLS FGD OXIDATION SPRAY DRYING 

SITE ACCESSLCONGESTION 

S02 REMOVAL LOW NA LOW 
FLUE GAS HANDLING LOW NA 

ESP REUSE CASE MEDIUM 
BAGHOUS£ CASE NA 

DUCT WORK DISTANCE (FEET) 100-300 . NA 
ESP REUSE 300-600 
BAG HOUSE NA 

ESP REUSE NA NA MEDlUM 
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 1.31 
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 Z6. 1 .1-4. SUll!lery of FGD Control Costs for the Albright Plant (June 1988 Dollars) 

==•=============•==•=c•==•==*===a=c==========a===•=•====••=====•==a==•=•==•a==•==••==••=•==•==•c=======z======== 
Technology Boiler Main Boiler Capacity Coal Capital Capital AIYIUSl Arrual S02 502 S02 Cost 

NlJ!D!r Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (IN) "') Content (-) (S/kWl (-) cmi l ls/kwh> (l() <tons/yr) (S/ton) 

Factor (%) . 

-------------------------------·--·---·--------~-~-------------------·--··-----------··--·--------·········-···· 

L/S FGD 1 1.20 69 81 1.7 30.0 434.3 14.4 29.5 90.0 5874 2457.3 
L/S FGD 2 1.20 69 82 1.7 30.0 434.3. 14.5 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 1 .20 69 81 1.7 30.0 434.3 8.4 17.2 90.0 5874 1430.8 
L/S FGO·C 2 1 .20 69 82 1 .7 30.0 434.3 8.4 17.0 90.0 5947 1417.3 
L/S FGD·C 3 1.20 140 86 1.7 42.6 304.5 12._5 11 .8 90.0 12654. 984.6 

LC FGD 1 ·3 t.zo 278 84 1.7 42.6 153.2 26.0 12.7 90.0 24543 1060.3 

LC FGO·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 69 81 1. 7 14.3 207. 1 8.0 16.3 76.0 4980 1605.5 
LSCHSP 2 1.36 69 82 1.7 14.3 207.2 8.D 16.2 76.0 5042 1589.8 
LSO+ESP 3 1 .31 140 86 1. 7 21.7 154.9 11.9 11.2 76.0 10na 1105. 1 

LSO+ESP·C 1 1.36 69 81 1.7 14.3 207. 1 4.6 9.5 76.0 49eo 932.7 
LSD+ESP·C 2 1.36 69 82 1. 7 14.3 207.2 4.7 9.4 76.0 5042 923.6 
LSO+ESP·C 3 1 .31 140 86 1. 7 21. 7 154.9 6.9 6.5 76.0 10728 642;2 

=========================·~=-~==··==================================~=========================================== 

26-4 



Table 26.1.1·5. S\lllllllry of Coal Switching/Cleaning costs for the Albright Plant (June 1988 Dollars> 

==================================•==•===-•== .. =•======•====s-======================•==~===================••=••• 
Technology Boiler Mein Boiler Capeclty Coal Capital Capital Al'Nal ~l . S02 S02 S02 Cost 

N...t>er Retrofit size Factor Sulfur Cost Cost cost Cost Removed Removed et feet. 
Difficulty (Mii) (1:) content (-) ($/1<\1) ,_, cmll ls/kwhl (1:) (tons/yr) <Sftonl 

Factor cu 
--·--------------------·---·--··---------------------------------·-------------····-·····----···-··-······-····· 
CS/8+S15 1 1.00 69 81 1.7 3.0 43.0 7.4 15. 1 46.0 2992 2471 .3 
CS/B+S15 2 1.00 69 82 1.7 3.0 43.0 7.5 15.1 46.0 3029 2468.5 
CS/B+S15 3 1.00 140 86 1.7 5.1 36.5 15.1 14.3 46.0 6445 2335.5 

CS/B+S15·C , 1.00 69 81 1. 7 3.0 43.0 4.2 8.7 46.0 2992 1420.4 
CS/B+S1S·C 2 1.00 69 82 1.7 3.0 43.0 4.3 8.7 46.0 3029 1418.7 
CS/B+S15·C 3 1.00 140 86 1.7 5.1 36.S 8.6 B.2 46.0 6445 1341.6 

.CS/B•S5 1 1.00 69 81 1.7 2.2 32.6 3.2 6.6 46.0 2992 1077 .8 
CS/B•SS 2 1.00 69 82 1.7 2.2 32.6 3.3 6.6 46.0 3029 1075.5 
CS/B+SS 3 1.00 140 86 1.7 3.7 26.2 6. 1 5.8 46.0 6445 944.4 

CS/B+SS·C 1 1.00 69 81 1.7 2.2 32.6 1.9 3.8 46.0 2992 620.9 
CS/B+SS·C 2 1.00 69 82 1. 7 2.2 32.6 1.9 3.8 46.0 3029 619.5 
CS/B+S5·C 3 1.00 140 86 1. 7 3.7 26.2 3.5 3.3 46.0 6445 543.6 

==·============================================================================================================= 
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TABLE 26.I.l-6. SUMMARY OF NOx RETROFIT RESULTS FOR ALBRIGHT 

BOILER NUMBER 

COMBUSTION MODIFICATION RESULTS 

1,2 3 

FIRING TYPE FWF TANG 

TYPE OF NOx CONTROL LNB OFA 

FURNACE VOLUME (1000 CU FT) 44.2 93 

BOILER INSTALLATION DATE 1952 1954 

SLAGGING PROBLEM NO NO 

ESTIMATED NOx REDUCTION (PERCENT) 44 25 

SCR RETROFIT RESULTS * 

SITE ACCESS AND CONGESTION 
FOR SCR REACTOR LOW LOW 

SCOPE ADDER PARAMETERS--

Building Demolition (1000$) 0 0 

Ductwork Demolition (1000$) 20 35 

New Duct Length (Feet) 200 200 

New Duct Costs (1000$) 798 1207 

New Heat Exchanger (1000$) 1492 2281 

TOTAL SCOPE ADDER COSTS (1000$) 2310 3522 

RETROFIT FACTOR FOR SCR 1.16 1.16 

GENERAL FACILITIES (PERCENT) 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. NOii Control Cost Results for the Albright Plant (J..,., 1988 Dol l1rsl 

==••==•===c=========~==================================================••=••==a===i:==============•==s============ 

Technology Boiler Main Boiler Capacity Coal Capital Capital Annual ArnJ11l NOx NOx NOx Cost 
N<lltler Retrofit Size Factor Sulfur Cost Cost cost Cost R!!RIOVed Removed E fleet. 

Difficulty (Mii) c:o Content (Sl94) (S/kW) {-) (mil IS/kWh) ( %.) <tons/yr> CS/ton) 
Factor (%.) 

·------·-------·-----·-------------------··-··-······----------------------------------------------·-----------· 

LNC·LNB 1 1.00 69 81 1.7 2.2 31.9 0.5 1.0 44.0 910 524.3 
LNC·LNB 2 1.00 69 82 1.7 2.2 31 .9 0.5 1.0 44.0 921 517.9 

LNC·LNB·C 1 1.00 69 81 1. 7 2.2 31.9 0.3 0.6 44.0 910 311.2 
LNC·LNB·C 2 1.00 69 82 1. 7 2.2 31 .9 0.3 0.6 44.0 921 307.4 

LNC·OFA 3 1.00 140 86 1. 7 0.7 5. 1 0.2 0.1 25.0 795 193.0 

LNC·OFA·C 3 1.00 140 86 1. 7 0.7 5. 1 0.1 o. 1 25.0 795 114.7 

SCR·3 1 1. 16 . 69 81 1.7 15.2 220.2 5.0 10.2 80.0 1654 3031. 7 
SCR·3 2 1.16 69 82 1.7 15.2 220.2' 5.0 10. 1 80.0 1674 2997.6 
SCR-3 3 1. 16 140 86 1. 7 23.9 170.4 8.2 7.8 80.0 2545 3231.6 

SCR·3·C 1 1.16 69 81 1.7 15.2 220.2 2.9 6.0 80.0 1654 1778.2 
SCR·3·C 2 1. 16 69 82 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 23.9 170.4 4.8 4.6 80.0 2545 1893.S 

SCR·7 1 1. 16 69 81 1. 7 15.2 220.2 4.4 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·T 3 1.16 140 86 1. 7 23.9 170.4 7. 1 6.7 80.0 2545 2781.3 

SCR·7·C 1 1.16 69 81 1 .7 15.2 220.2 2.6 5.3 80.0 1654 1582.4 
SCR·7·C 2 1.16 . 69 82 1. 7 15.2 220.2 2.6 5.3 80.0 1674 1564.8 
SCR·7·C 3 1.16 140 86 1.7 23.9 170.4 4.2 3.9 80.0 2545 1635.S 

================================================================================================================ 
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TABLE 26.1.1-8. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR ALBRIGHT UNIT I 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 (1000$) 
ESP UPG~DE CASE 
A NEW BAGHOUSE CASE 

RETROFIT FACTORS 

CONTROL SYSTEM (DSD SYSTEM ONLY) 
ESP UPGRADE 
NEW BAGHOUSE 

LOW 
HIGH 
NA 

NO 
NA 

NA 
NA 
NA 
NA 
50 
23 

23 
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 
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 (1000$) 
ESP UPG~DE CASE 
A NEW BAGHOUSE CASE 

RETROFIT FACTORS 

CONTROL SYSTEM (DSD SYSTEM ONLY) 
ESP UPGRADE 
NEW BAGHOUSE 

LOW 
MEDIUM 
NA 

NO 
NA 

NA 
NA 
NA 
NA 
50 
38 

38 
NA 

1.13 
1.36 
NA 

ESP size was adequate and sufficient duct residence time 
exists between boiler 3 and the unit 3 ESPs. 

26·9 



Toble 26.1.1·10. Sunnory of DSD/FSI Control Costs for the Albright Plant (June 1988 Dollars> 

=•••••===•=======================m•==============================•========•~==================================== 

Technology Boiler Main Boiler' Capacity Co.I Capital Capital Arn>al Amual 502 502 502 Cost 
Mi.m.er Retrofit Siz• Factor Sulfur Cost Cost Cost Cost Removed ~emoved Effect. 

Difficulty (MWl (%) Content (-l (Sfkll) (-) (mtl ls/kwhl (%) Ctons/yr) ($/ton) 
Factor (Xl 

----·-----·--------------------·--------------------·-------------------------------------··--·-·--·-··········· 

DSO+ESP 1 1.00 69 81 1.7 5.7 82.6 5.4 10.9 49.0 3175 1687.0 
DSD+ESP 2 1.00 69 82 1. 7 5.7 82.6 5.4 10.8 49.0 3215 1671 .8 
DSO+ESP 3 1.00 140 86 1. 7 8.0 56.9 7.6 7.2 49.0 6841 1108.2 

DSD+ESP·C 1.00 69 81 1. 7 5.7 82.6 3. 1 6.3 49.0 3175 974 .6 
DSO+ESP·C 2 1.00 69 82 1.7 5.7 82.6 3., 6.3 49.0 3215 965.8 
DSD•ESP·C 3 1.00 140 86 1.7 8.0 56.9 4.4 4.2 49.0 6841 640.1 

FSl+ESP·50 1 1.00 69 81 1.7 5.8 84.8 4.7 9.7 50.0 3264 1455.3 
FSl+ESP·50 2 1.00 69 82 1.7 5.8 84.8 4.8 9.6 50.0 3304 1445.S 
FSl+ESP·50 3 1.00 140 86 1.7 7.8 55.8 7.6 7.2 50.0 7030 1079. 7 

FSl+ESP·50·C 1 1.00 69 81 , • 7 5.8 84.8 2.7 5.6 so.a 3264 841.9 
FSl+ESP·50·C 2 1.00 69 82 1. 7 5.8 84.8 2.8 5.6 50.0 3304 836. 1 
FSl+ESP·50·C 3 1.00 140 86 , . 7 7.8 55.8 4.4 4.2 so.a 7030 623.6 

FSl+ESP-70 , 1.00 69 81 1 .7 6.0 86.2 4.8 9.9 70.0 4569 1055. 7 
FSl+ESP-70 2 1.00 69 82 1. 7 6.0 86.2 4.8 9.8 70.0 4625 101,8.5 

. FSl +ESP· 70 3 1.00 140 86 1.7 7.9 56.7 7.7 7.3 70.0 9843 784.8 

FSl+ESP·70·C 1 1.00 69 81 , .7 6.0 86.2 2.8 5.7 70.0 4569 610.7 
FSl+ESP·70·C 2 1.00 69 82 1 .7 6.0 86.2 2.8 S.7 70.0 4625 606.5 
FSl+ESP·70·C l 1.00 140 86 1. 7 7.9 56.7 4.5 4.2 70.0 9843 453.3 

================================================================================================================ 
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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-ffred boilers with a gross generating capacity of 
l,107 MW. 

Table 26. I. 2-1 presents ope rational dat.a for the existing equipment at 
the Fort Martin plant. Coal shipments are received by barge and transferred 
to a coal storage and handling area east of the plant. PM emissions from 
the boilers are controlled by retrofit ESPs which augment ESPs put i.n at the 
time of construction. The old and new ESPs are installed in series behind 
the boilers. Flue gases from each boil er 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 Drying 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, waste handling area, and absorbers. The site 
access/congestion factor is high for these locations because of interfer­
ences caused by acid/caustic storage, fuel oil storage, miscellaneous 
buildings, transmission line and wastewater treatment tank. Approximately 
400 feet of ductwork would be required to span the dist.ance from the 
chimneys to the absor.bers 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 con.sidered for the 
Fort Martin plant. The LSD absorbers would be located similarly to the wet 
FGD a~sorbers with similar site access/congestion and general facilities 
factors as well as ductwork requirements. 

Tables 26.1.2-2 and 26.1.2-3 present retrofit factor and cost results 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-L FORT MARTIN 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 
552 555 
72 68 
1967 1968 
TANGENTIAL OPPOSED WALL 
NA NA . 
NO NO 
1.8 1.8 
12500 12500 
11.3 11.3 

DRY DISPOSAL 
LANDFILL 

1 2 
BARGE 

ESP 
1967,82 
0.01 
99.7 

1.5-3.5 
475.5 
2150 
221 
310 
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.ESP 
1968,82 
0.01 
99.7 

1.5-3.5 
475.5 
2150 
221 
310 



TABLE 26.1.2-2. SUMMARY OF RETROFIT FACTOR DATA FOR FORT MARTIN 
UNIT 1 OR 2 

FGD TECHNOLOGY 

. FORCED LIME 
LLLS FGD OXIDATION SPRAY DRYING 

SITE ACCESS[CONGESTION 

S02 REMOVAL HIGH NA HIGH 
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 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 NO NO 

RETROFIT FACTORS 

FGD SYSTEM L57 NA 
ESP REUSE CASE 1.58 
BAGHOUSE CASE NA 

ESP UPGRADE NA NA .1. 36 
NEW BAGHOUSE NA NA NA 

GENERAL FACILITIES (PERCENT) 15 0 15 
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Table 26. 1.2·3. SciT11111ry of FGO Control Costs for tile Fort Martin Plant ( JLl'\e 1988 Ool Lars) 

=============================== ... ·============================================================================== 
Technology Boiler Main Boiler Capacity Coal Capit~l Capital AR'Ual Arn;al 502 soz 502 Cost 

N...tler Retrofit Size Feii:tor Sulfur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (HW) CX) Content (SMM) CS/kW) (SMMJ cmi l ls/kwhJ (:!;) I tons/yrJ CS/ton) 

Factor (:!;)_ 

----------.. ---.. -. -----. --.. --.- . --... --------.. -----.. ---. ---.... ----. -.... -... -.. ----... -.. ---.. -......... -. ---.. -...... -.. 

LIS FGO 1 1.57 552 n 1.8 128.1 232.1 61.3 17.6 90.0 43419 1412.7 
LIS FGO 2 1.57 555 68 1.8 128.5 231.6 60.5 18.3 90.0 41230 1467.3 

LIS FGD·C 1 L57 552 72 , .8 128. 1 232. 1 35.7 10.3 90.0 43419 822.6 
L/S FGO·C 2 1.57 555 68 1 .8 128.5 231.6 35.2 10.7 90.0 41230 854.7 

LC FGO 1.57 552 72 1.8 95.0 172.2 50.7 14.6 90.0 43419 1167.2 
LC FGO 2 1. 57- 555 68 1.IS 95.5 172.0 49.8 15.1 90.0 41230 1209.0 

LC FGO·C 1.57 552 72 1.8 95.0 172.2 29.5 8.5 90.0 43419 678.6 
LC FGO·C 2 1 .57 555 68 1 .8 95.5 172.0 29.0 8.8 90.0 41230 703.0 

LSO+ESP 1 1 .58 552 n 1.8 79.4 143.8 35.7 10.3 76.0 36810 969.6 
LSO+ESP 2 1.58 555 . 68 1.8 79.6 143.5 35.2 10.7 76.0 34954 1007.8 

LSD+ESP·C 1 1.58 552 n 1.8 79.4 143.8 20.8 6.0 76.0 :36810 565.2 
LSO+ESP·C 2 1.58 555 68 1.8 79.6 143.5 20.5 6.2 76.0 34954 587.6 

================================================================================================================ 
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Coal Switching and Physical Coal Cleaning Costs--
Table 26.1.2-4 presents the IAPCS.cost results for CS at the Fort 

Martin plant. These costs do not include boiler and pulverizer operating 
cost changes or any coal handling systeni modifications that may be 
necessary. PCC was not considered for this plant because it is not a mine 
mouth plant. 

NOx Control Technologies~-

OFAs and LNBs were co~sidered for NOx emissions control for boilers 1 
and 2, respectively. Furnace values were not available for units 1 and 2 
and were estimated based on similar size and age boilers. Tables 26.1.2-5 
and 26.1.2-6 present performance and cost estimates for installation of LNC 
technologies at the Fort Martin plant. 

Selective Catalytic Reduction--
Cold side SCR reactors for boilers at the Fort Martin plant 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 bet~een the SCR reactor~ 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 Sorbent Injection and Duct Spray Drying FGO Costs--
Sorbent injection technologies (FSI 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 w~s assigned to 
the ESP locations because of the proximity of the ESPs to the river. 
However, plate 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 IAPCS model and costs for installation of sorbent injection technologies 
at the Fort Martin plant. 
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Table 26.1.2·4. Sunnary of Coal Switching/Cleaning Costs for the Fort Martin Plant (June 19S8 Ool larsJ 

&==================================================================================================~·=========== 

Technology Boiler Main Boiler Capecity Coal Capital Capital A.......,l A.......,l S02 502 502 Cost 
Nurber Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 

Difficulty ONJ (1) Content CIMM) CS/kW) (~) Cmills/kwh> (%) (tons/yr) CS/ton> 
Factor (%) 

-· -- . ·--. -- .... -- ..... -... -- . -- . ·-·. -- -. --- ..... ---- . -- ... ------ ----- --- .. ----· ..... -.... ··- -.. --.. -- .. -- ....... --- ... --- . --
CS/B+S15 1 1.00 552 n 1.8 17.2 31. 1 48.7 14.0 48.0 23104 2106.7 
CS/B+S15 2 1.00 sss 68 1.8 17.2 31.1 46.4 14.0 48.0 21939 2115.9 

CS/8+S15·C , 1.00 552 n 1.8 17.2 31.1 Z8.0 8.0 48.0 23104 1210.4 
CS/8+115-C 2 1.00 555 68 1 .8 17.2 31. 1 26.7 8.1 48.0 21939 1215.8 

CS/B+S5 1 1.00 552 n 1.8 11.4 20.7 18.9 5.4 48.0 23104 818.7 
CS/B+S5 z , .00 555 68 1.8 11. 5· 20.7 18. 1 5.5 48.0 21939 825.4 

CS/B+S5·C 1 1.00 552 n 1.8 11.4 20.7 10.9 3.1 48.0 23104 471 .3 
CS/B+SS·C 2 1.00 555 68 1 .8 , 1.5 20.7 10.4 3.2 48.0 21939 475.3 

================================================================================================================ 
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TABLE 26.1;2-5. SUMMARY OF NOx RETROFIT 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 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) 
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BOILER NUMBER 

1 2 

TANG 

OFA 

NA 

1967 

NO 

25 

OWF 

LNB 

NA 

1968 

NO 

40 

MEDIUM MEDIUM 

0 

97 

400 

5384 

5195 

10677 

1.34 

20 

0 

98 

400 

5402 

5212 

10711 

1.34 

20 



Table 26.1.2-6. NO• Control Cost Results for the For"'t Martin Plant (June 198a Dollars) 

==================================-=================================s====s====~•====•============================ 

Technology Boiler Main Boiler Capacity Coal Capital Capital .ArYUll Amual NOx NOX NOx Cost 
Nurber Retro!; t Size Fact er sulfur Cost cost Cost Cost Removed Removed Effect. 

O i ffi cul ty (""' l ( %) Content (Site) (S/k~) (Site) (mil ls/kwh) (%) (tons/yr) (Sf ton) 
Fer: tor (X) 

-----. -- --- ------- -------. -- --- ------ -- -. -- --- . -- ----. ----- . ------ --- . -----. --- --. ----- --- --- --·-. -- --... -- -- -.. -
LNC·LNB 2 1.00 555 68 1.8 5. 1 9.1 , • 1 0.3 40.0 5482 200.3 

LNC·LNB·C 2 1.00 555 68 1.8 5.! 9'.1 0.7 0.2 40.0 5482 118.9 

LNC·OFA 1.00 552 .n 1.8 1.2 2.2 0.3 o. 1 25.0 2577 103. 1 

LNC·OFA-C 1.00 552 n 1.8 1.2 2.2 0.2 0.0 25 .0 2577 61.2 

SCR·3 1 1.34 552 n 1.8 76.3 138.2 . 27.3 7.8 80.0 8247 3309. 7 
SCR·3 2 1.34 555 68 1.8 76.7 138.1 27.-7 8.4 80.0 10963 2522.7 

SCR·3·C 1 1.34 552 n 1.8 76.3 138.2 16.0 4.6 80.0 8247 1937.7 
SCR·3·C 2 1.34 555 68 1.8 76.7 138. 1 16.2 4.9 80.0 1096]< 1476. 7 

SCR·7 1 . 1 .34 552 n 1.8 76.3 138.2 22.8 6.5 80.0 8247 2763.0 
SCR·7 z 1.34 555 68 1.8 76.7 138.1 23. 1 7.0 80.0 10963 2109.3 

SCR·7·C 1 1.34 552 n 1.8 76.3 138.2 13.4 3.8 80.0 8247 1624.5 
SCR·7·C 2 1.34 555 68 1.8 76.7 138. 1 13.6 4.1 80.0 10963 1239.8 

====================================================================•c====~====•================================ 
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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 

REAGENT PREPARATION 
ESP UPGRADE 
NEW BAGHOUSE 

SCOPE ADDERS 

LOW 
MEDIUM 
NA 

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$) 111 

TOTAL COST (1000$) 
ESP UPGRADE CASE 
A NEW BAGHOUSE CASE 

RETROFIT FACTORS 

CONTROL SYSTEM (DSD SYSTEM ONLY) . 
ESP UPGRADE 
NEW BAGHOUSE 
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111 
NA 

1.13 
1.36 
NA 



Table 26. 1 .2-a. Sunnary of OSO/FSI Control Cosu for the Fort Martin Plant (June 198S Ool lers) 

================================================================================================================ 
Technology Soi ler Main Boiler Capaei ty coal Capital Capital Al'Rlll Amu11 l S02 502 soz Cost 

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

Diffieul ty (Ml.I) (%) Content ($MM) (S/kW) .(SIOI) (mil ls/kwh) (%) (tons/yr) (S/ton) 
Factor (%) 

--- ---- --- --- - --- --- -------- ------- ------- ------- ------ --- ---- --- - --- -- ----- -- ---- -------- ------- ------- -- ----- -

DSO+ESP 1 1.00 552 n 1.8 24.6 44.6 19.0 5;5 49.0 23470 B08.6 
DSO+ESP 2 1.00 555 68 1.8 24.7 44.6 1a.5 5.6 49.0 22287 830.4 

DSO+ESP·C 1 1.00 552 n 1.8 24.6 44.6 11.0 3.2 49.0 23470 468.0 
DSO+ESP·C 2 1.00 555 68 1.8 24.7 44.6 10.7 . 3.2 49.0 22287 480.7 

FSl+ESP-50 1.00 552 n 1 .8 26.5 48.0 ZJ. 1 6.6 50.0 24122 956.3 
FSl+ESP·SO 2 1.00 555 68 1.8 26.6 47.9 22.3 6.8 so.a 22905 974.7 

FSI+ESP·50·C 1 , .00 552 n 1.8 26.5 48.·a 13.3 3.8 so.a 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 

FSl+ESP·70 1 1.00 552 n 1.8 26.5 48.0 23.4 6.7 70.0 33no 693.6 
FSI+ESP·70 z 1.00 555 68 1.8 26.6 47.9 22.7 6.9. 70.0 32068 706.7 

FSl+ESP-70·C 1. 00 552 n 1.8 26.5 48.0 13.5 3.9 70.0 33no 400.9 
FSl+ESP·70·C 2 1.00 555 68 1.8• 26.6 47.9 13.1 4.0 70.0 32068 408.6 

================================================================================================================ 

26-20 



Atmospheric Fluidized Bed Combustion and Coal Gasification Applicability-­
The boilers at the Fort Martin plant are too· large and new to be 

considered for repowering technologies. 

26.1.3 Harrison Steam Plant 

The Harrison steam plant is located on the West Fork River in Harrison 
County, West Virginia, as part of the Allegheny Power Service system and 
operated by Monongahela Power Company. The Harrison plant contains three· 
coal-fired boilers with a gross generating capacity of 1920 MW. 

Table 26.1:3-1 presents o~erational data for the existing equipment at 
the Harrison plant. Coal shipments are received by railroad and transferred 
to a coal storage and handling area east of the ~lant. PM emissions 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 serves unit 3. Flue 
gases from unit 2 are distributed between the two chimneys. Dry fly ash 
from the units is landfilled by the util-ity. 

Lime/Limestone and Lime Spray Drying FGD Costs--
L/LS-FGD absorbers for the three units wo~ld be located west of unit 3 

in a relatively 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 
1 ocat ion. 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. 
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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 DtSPOSAL 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) 
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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 of retrofit data and costs, 
respectively, for installation of L/LS-FGD technologies at the Harrison 
plant. 

Coal Switching and Physical Coal Cleaning Costs--
Table 26.l.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 handling system modifications that may be necessary. 
PCC was not evaluated because the Harrlson plant is not' a mine mouth plant. 

NOx Control Technologies--
LNBs wer~ considered for control of NOx 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 results, respectively, for NOx control technologies at 
the Harrison plant. 

Selective Catalytic Reduction--
Cold side SCR reactors for the boilers at the Harrison plant would be 

locat~d behind the chimneys. A medium general facilities value of 
20 percent and a medium 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 
_installation of SCR at the Harrison plant. 

Furnace Sorbent Injection and Duct Spray Drying FGD Costs--
Sorbent injection technologies {FSI and DSD} were not considered 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 Combustio~ ahd Coal Gasification Applicability-­
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 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 YES NA NA 
ESTIMATED COST (1000$) 4480 0 0 

OTHER NO 

RETROFIT FACTORS 

FGD SYSTEM I. 41 NA 
ESP REUSE CASE NA 
BAGHOUSE CASE NA 

ESP UPGRADE NA . NA NA 
NEW BAGHOUSE. NA NA NA 

GENERAL FACILITIES (PERCENT) 8 0 0 
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Table 26.1.3·3. .SLmllil ry of FGO Control Costs for the Harrison Plant (June 1988 Dollars) 

=================================:=================================-====-=============-= .. ======;====='===·======== 
Technology Boiler Main Boiler Capacity Coal Capital ,Capital Annual Annual S02 S02 502 Cost 

Nlilt>er Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (MW) (%) Content ($MM) ($/kW) ($MM) Cmi ll s/kwh l (%) (tons/yr) ($/ton) 

Factor (%) 

------------------------------·-·------·--------·------------------···------------------------------------------

L/S FGD 1 1.41 640 59 3.0 129.3 202.1 63.8 19.3 90.0 65729 970.0 
L/S FGD 2 1.41 640 65 3.0 129.3 202.1 65.9 18.1 90.0 72413 910. 5 
L/S FGD 3 1. 41 640 48 3.0 129.3 202,0 59.8 22.2 90.0 53474 .1117.7 
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 FGD·C 1 1.41 640 59 3.0 129.3 202. 1 37. 1 11.2 90.0 65729 564.6 
L/S FGD·C 2 1.41 640 65 ' 3.0 129.3 202.1 38.4 10.5 90.0 72413 529.6 
L/S FGO·C 3 1.~1 640 48 3.0 129.3 202.0 34.8 12.9 '90.0 53474 651.2 
L/S FGO·C 1 ·3 1.41 1920 57 3.0 294.9 153.6 88.9 9.3 90.0 190502 466.6 

LC FGD 1·3 1. 41 1920 57 3.0 263.3 137.2 142.8 14.9 9o.o 190502 749.4 

LC FGD·C 1 ·3 1.41 1920 57 3.0 263.3 137.2 83.0 8.7 90.0 190502 435.5 

================:=============================================================================================== 

26-25 



Table 26. 1 .3-4. 5"1Jllary of Coal Switching/Cleaning Costs for the Harrison Plant (June 1988 Ool larsJ 

================================================================================================================ 
Technology Boiler Main Boil er Capacity Coal Capital Capital Annual Annual so2. 502 502 Cost 

NUTi:Jer Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Ettect. 
Difficulty (MW) OD Content, CSMM) ($/kW) ($MM) <mi l ls/kwh l (%) (tons/yr) ($/ton) 

, Factor (%) 

----------------------------------------------------------------------------------------------------------------

CS/8+$15 1.00 640 59 3.0 26.7 41.7 49.S 15.0 67.o ·49146 1012.6 
CS/8+$15 2 1.00 640 65 3.0 26.7 41 .7 54.2 14.9 67.0 54144 1001 .3 
CS/8+$15 3 1.00 640 48 3.0 26.7 41. 7 41.6 15.5 67.0 39963 1040.6 

CS/8+$15-C 1 1.00 640 59 3.0 26.7 41.7 28.6 8.7 67.0 49146" 582.6 
CS/8+S15-C 2 1.00 640 65 3.0 26.7 41. 7 31.2 8.6 67.0 54144 575.9 
CS/B+S15·C 3 1.00 640 46 3.0 26.7 41.7 24.0 6.9 67.0 39983 599.2 

CS/B+S5 1 1.00 640 59· 3.0 20. 1 31.3 21.3 6.4 . 67.0 49146 433.1 
CS/B+S5 z 1.00 640 65 3.0 zo. 1 31.3 23.0 6.3 67.0 54144 424 .0 
CS/B+SS 3 1.00 640 48 3.0 20.1 31 .3 18.2 6.8 67.0 39983 455.6 

CS/B+S5·C 1 1.00 640 59 3.0 20.1 31.3 12.3 3.7 67.0 49146 249.9 
CS/B+$5·C 2 1.00 640 65 3.0 20. 1 31 .3 13.2 3.6 67.0 54144 244.6 
CS/B+SS·C 3 1.00 640 48 3.0 zo. 1 31.3 10.5 3.9 67.0 39983 263.3 

================================================================================================================ 
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TABLE 26.1.3-5. SUMMARY OF NOx RETROFIT RESULTS FOR HARRISON 

COMBUSTION MODIFICATION RESULTS 

FIRING TYPE 

TYPE OF NOx CONTROL . 

FURNACE VOLUME (1000 CU FT) 

BOILER INSTALLATION DATE 

SLAGGING PROBLEM 

EST I MATED NOx REDUCTION (PERCENT) 

SCR RETROFIT RESULTS 

SITE ACCESS AND CONGESTION 
FOR SCR REACTOR 

SCOPE ADDER PARAMETERS-­

Building Demolition (1000$) 

Ductwor~ 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 
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1,2. OR 3 

OWF 

LNB 

431 

1972,1973,1974 

NO 

43 

MEDIUM 

0 

109 

300 

4403 

5677 

10189 

1.34 

20 



Table 26.1.3-6. NOx Control Cost Results for the Harrison Plant (Jl.llle 1988 Dal larsl 

==========================================================================~===================================== 

Technology soi Ler Main Boiler Capacity Coal Capital Ca pi ta l Annual AMual NOx NOx NOx Cost 
NLnber RetrofH Size Factor Sulfur Cost cost Cost Cost Removed Removed Effect. 

Difficulty (HW) {%) Content (SHH) . ($/kW) <SHH) cmi l l s/kwh l (%) (tons/yr) ($/ton) 
Factor (%) 

---------------------····-··········---------------------------------------------------.-------------------------

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 4586 253.5 

LNC·LNB'C 1 1.00 640 59 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 5.4 8.4 0.7 0 . .2 43.0 6210 111.1 
LNC-LNB·C 3 1.00 640 48 3.0 5.4 8.4 0.7 0.3 43.0 4586 150.5 

SCR-3 1 1.34 640 59 3.0 84.4 131.9 30.6 9.2 80.0 10486 2913.4 
SCR·3 2 1.34 640 65 3.0 84.4 131.9 30.8 8.4 80.0 11553 2665.2 
SCR-3 3 1.34 640 48 3.0 84.4 131.9 30.1 11.2 80.0 8531 3531. 5 

SCR-3·C 1.34 640 59 3.0 84.4 131.9 17.9 5.4 80.0 10486 .1705 .3 
SCR:3·C 2 1.34 640 65 3.0 84.4 131.9 18.0 4.9 80.0 11553 1559.8 
SCR-3·C 3 1.34 640 48 3.0 84.4 131.9 17.6 6.6 80.0 8531 2067.7 

SCR-7 1.34 640 59 3.0 84.4 131.9 25.4 7.7 80.0 10486 2417.8 
SCR-7 2 1 .34 640 65 3.0 84.4 131.9 25.6 7.0 80;0 11553 2215.3 
SCR-7 3 1.34 640 48 3.0 84.4 131.9 24.9 9.3 80.0 8531 "2922.4 

SCR-7·C 1.34 640 59 3.0 84.4 131.9 14.9 4.5 80.0 10486 1421.4 
SCR-7·C 2 1.34 640 65 3.0 84.4 131.9 15.0 4 .1 80.0 11553. 1302.0 
SCR·7·C 3 1.34 640 48 3.0 84.4 131.9 14.7 5.4 80.0 8531 1718. 7 

================================================================================================================ 
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26.l.4 Pleasants Steam Plant 

Both units at the Pleasants plant are equipped with a Lime Tray FGD 
system; therefore, no further so2 control technologies were considered for 
these units .. Unit 2 has LNBs so SCR was the only NOx control considered_ for 

this unit. 

TABLE 26.1.4-1. PLEASANTS 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 (TYPE) . . 
FGO SYSTEM (INSTALLATION DATE) 

PARTICULATE CONTROL. 

TYPE 
INSTALLATION DATE 
EMlSSION (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) 
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1, 2 
684 
81, BO 
1979, 1980 
OPPOSED WALL 
503 
NO, YES 
2.7 
12400 
12 
ORY DrSPOSAL 
STORAGE/ON-SITE 
1, 2 
RAILROAD/BARGE 
WET LIME FGD 
1979, 1980 

ESP 
1979, 1980 
0.02 
NA 

l.B-3.5 
746.5 
2400 
311 
200-300 



TABLE 26.1.4-2. SUMMARY OF NOx RETROFIT RESULTS FOR PLEASANTS 

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 

OWF OWF 

LNB EQUIPPED WITH LNB 

503 503 

1979 1980 

NO NO 

51 NA 

HIGH LOW -

0 0 

114 114 

300 300 

4578 4578 

5908 5908 

10600 10600 

};52 1.15 

20 20 

* Cold side SCR reactors for unit l would be located northeast 
of the unit 1 chimney beyond the coal conveyor. Cold side SCR 
reactors for unit 2 would be located 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 Pleasants Plant (JUM 1988 Doi Lars) 

======================•=======z======•====•==•~====~==•=====•======••==========z====•=========================== 

Technology Boiler Jilain Boiler Caplici ty Coal Capital Capital Amual Arriuat NO• NO• NO• Cost 
Niiitler Retrofit Size Fae: tor Sul fur Cost Cost Cost Cost Removed R emovEd Effect. 

DI fficul ty ["" l CX> Con cent [-) [$/k\I) (-) (mil IS/kWh) <Xl c cons/yr> <S!tonJ 
Factor c:o 

........................................ -- ..... --- -.. -- ..................... -- .................................................................. 

LNC·LNB 1.00 684 81 2.7 5.5 ' 8.1 1.<! .0.2 51.0 10355 115. 3 

LNC·LNB·C 1. 00 684 81 2.7 5.5 8.1 0.7 o. 1 51. 0 10355 ·6$.4 

SCR·3 1 1. 52 684 81 2.7 97.4 142.4 35.6 7.3 80.0 16244 2189.0 
SCR·3 2 1. 16 684 80 2.7 82.9 121.Z 31.9 6.7 80.0 16043 1987.3 

SCR·3·C 1 1.52 684 81 2.7 97.4 142.4. 20.8 4.3 80.0 16244 1281 .1 
SCR-3-C z 1. 16 684 80 2.7 82.9 121.2 IB.6 3.9 80.0 16043 1161.8 

SCR-7 1 1.52 684 81 2.7 97.4 142.4 30.0 6.2 so.a 16244 1844. 7 

SCR·7 2 1.16 684 80 2.7 82.9 121.2 26.3 5.5 80.0 16043 1638.7 

SCR·7·C 1 1.52 684 81 2.7 97.4 142.4 17 .6 3.6 ati.o 16244 1083.8 
SCR·7·C 2 1. 16 684 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 1 an.t; however, costs are not presented .due to the low sulfur content of the 

coal that is presently being fired. CS was not evaluated since the boilers 
currently fire a low sulfur coal. 

TABLE 26:2.1-1. AMOS STEAM PLANT OPERATIONAL DATA 

BOILER NUMBER 1 2 3 
GENERATING CAPACITY ~MWf 816 816 1300 
CAPACITY FACTOR ~PER EN ) 44 71 ' 56 
INSTALLATION DAT · 1971 . 1972 1973 
FIRING TYPE . OPPOSED WALL 
FURNACE VOLUME f 1000 CU FT) NA 480 NA 
LOW NOx COMBUST ON NO NO NO 
COAL SULFUR CONTENT (PERCENT) 0.7 
COAL HEATING VALUE PTU/LB) 12260 
COAL ASH CONTENT (P RCENT) 10.8 
FLY ASH SYSTEM DRY DRY WET 
ASH DISPOSAL METHOD LANDFILL POND 
STACK NUMBER 1 1 2 
COAL DELIVERY METHODS BARGE/RAILROAD 

PARTICULATE CONTROL 

TYPE ESP ESP ESP 
INSTALLATION.DATE 1978 1977 1973 
EMISSION ~LB/MM BTU} 0.01 0.01 0.05 
REMOVAL E FICIENCY 99.8 99.8 99.5 
DES[GN 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 AlOOO 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 l AND 2 * 

FGD TECHNOLOGY 

FORCED LIME 
L[LS FGD OXIDATION SPRAY DRYING 

SITE ACCESSlCONGESTION 

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 
BAG HOUSE NA 

ESP REUSE NA NA MEDIUM, 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 1.38 NA 
ESP REUSE CASE I. 49 
BAGHOUSE CASE NA 

ESP UPGRADE NA NA . 1. 37' 1.16 
NEW BAGHOUSE NA NA NA 

GENERAL FACILITIES (PERCENT) 15 0 15 

* L/S-FGD and LSD-FGD absorbers for units l and 2 would be 
located 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 · 
low) to account for moving the above mentioned buildings. 

26-33 



TABLE 26 .. 2.1-3. SUMMARY OF RETROFIT FACTOR DATA FOR AMOS UNIT 3 * 

FGD TECHNOLOGY 

· FORCED ·LIME 
· LlLS FGD OXIDATION SPRAY DRYING 

SITE ACCESSlCONGESTION 

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 100-300 
BAGHOUSE NA 

ESP REUSE NA NA LOW 
NEW BAGHOUSE NA NA NA 

SCOPE ADJUSTMENTS 

WET TO DRY YES NA YES 
ESTIMATED COST (1000$) 9346 NA 9346 

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

OTHER NO NO 

RETROFIT FACTORS 

FGD SYSTEM 1. 27 NA 
ESP REUSE CASE I. 35 
BAGHOUSE CASE NA 

ESP UPGRADE NA NA 1.16 
NEW BAGHOUSE NA NA NA 

GENERAL FACILITIES (PERCENT) 8 0 8 

* L/S-FGD ~nd LSD-FGD absorbers for unit 3 would be.located 
beside the unit 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 

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$) 
INDIVIDUAL CASE 
COMBINED CASE 

RETROFIT FACTOR FOR SCR 

GENERAL FACILITIES (PERCENT) 

BOILER NUMBER 

1, 2 

OWF 

LNB 

NA, 480 

1971, 

NO 

40 

MEDIUM 

0 

131 

300 

5076 

6568 

11774 
17788 

1.34 

38 

1972 

3 

OWF 

LNB 

NA 

1973 

NO 

55 

LOW 

0 

185 . 

200 

4444 

8685 

13314 
NA 

1.16 

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 located beside the unit 3 chimney. 
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Table 26.2.1-5. ND• Control Cost Results for the Amos Plant (June 1988 Dollars)' 

========~========================z=========================•==================================================== 

Technology Boiler Main Boiler Capacity coal capital capital Amual· AMUal NOX NOx NOX Cost 
Nl.l!tier Retrofit Si2e · Factor Sulfur Cost Cost cost cost Retb>ved Removed Effect. 

Difficulty (Mii) (%) Cori tent (SMM) (S/kll) (SMM) (mill s/kwh) (%) < toris/yr> CS/ton> 
Factor (~) 

-- -- --- ---- --- ----- -- -------- -------- ------ --- --- -- ---- ---- ------ ------ --- ---- ---- --- ------ -------------- -------
LNC·LNB 1 1.00 816 44 0.7 5.9 7.2 1.3 0.4 40.0 5332 240.3 -
LNC·LNB 2 1.00 816 71 0.7 5.9 7.2 1.3 0.3 40.0 8604 148.9 
LNC·LU 3 1.00 1300 56 0.7 7.1 5.5 1.5 0.2 55.0 141166 103.8 

LNC·LNB·C 1 1.00 816 44 0.7 5.9 7.2 o.a 0.2 40.0 5332 142.6 
LNC·LNB·C 2 1.00 816 71 0.7 5.9 7.2 0.8 0.1 40.0 8604 88.4 
LNC·LNB·C 3 1.00 1300 56 0.7 7.1 5.5 0.9 0.1 55.0 14866 61.6 

SCR·3 1 1.34 816 44 0.7 111.8 137.0 39.4 12.5 80.0 10665 3698.4 
SCR·3 2 1.34 816 71 0.7 111.8 137 .1 40.8 8.0 80.0 17209 2373.2 
SCR·3 1 ·2 1.34 1632 58 0.7 210.6 ·129'.0 n.z 9.3 80.0 28116 2747.4 .! 

SCR·3 3 1.16 1300 56 0.7 146.0 112.3 56.1 8.8 80.0 21624 2592.8 

SCR·3-C 1 1.34 816 44 0.7 111.8 137.0 23. 1 7.3 80.0 10665 2165.9 
SCR·3·C 2 1.34 816 71 0.7 111.8 137. 1 23.9 4.7 80.0 17209 1388.8 
SCR·3·C 1·2 1.34 1632 58 0.7 210.6 129.0 45.Z 5.5 80.0 28116 1607.6 
SCR·3·C 3. 1. 16 1300 56 0.7 146.0 112.3 32.8 5.1 80.0 21624 1515.8 

SCR·7 1 1.34 816 44 0.7 111.8 137.0 32.8 10.4 80.0 10665 3071.6 
SCR-7 2 . 1.34 816 71 0.7 111.8 137.1 34.2 6.7 so.a 17209 1984.8 
SCR·7 1 ·2 1.34 1632 58 0.7 210.6 129.0 63.9 7.7 80.0 28116 2271.9 
SCR·7 3 1. 16 1300 56 0.7 146.0 112.3 45.4 7.1 80.0 21624 2100.4 

SCR·7·C 1 1.34 816 44 0.7 111.8 137.0 19.3 6.1 80.0 10665 1806.8 
SCR-7-C 2 1.34 816 71 0.7 111.S 137.1 20.1 4.0 80.0 17209 1166.3 
SCR·7·C 1 ·2 1.34 1632 58 0.7 210.6 129.0 37.5 4.5 80.0 28116 ' 1335.Z 
SCR·7·C 3 1. 16 1300 56 ·0.7 146.0 112.3 26.7 4.2 so.o 21624 1233.7 

================================================================================================================ 
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TABLE 26.2.1-6. DUC.T SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR AMOS UNITS l 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 (1000$) 
DUCT DEMOLITION LENGTH (Ft) 

DEMOLITION COST (1000$) 

TOTAL COST (1000$). 
ESP. UPGAADE CASE 
A NEW BAGHOUSE CASE 

RETROFIT FACTORS 

CONTROL SYSTEM (DSD SYSTEM ONLY) 
ESP UPGRADE 

NEW BAGHOUSE 

LOW 
LOW 
NA 

NO 
NA 

NA 
NA 
NA 
NA 
50 
144 

144 
NA 

1.13 
Ll6 

NA 

Long due~ residence time exists between the units and their 
respective ESPs. · 
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TABLE 26.2.1-7. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR AMOS UNIT 3 

. 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 (1000$) 
ESP UPGRADE CASE 
A NEW BAGHOUSE CASE 

RETROFIT FACTORS 

CONTROL SYSTEM (DSD SYSTEM ONLY) 
ESP UPGRADE . 
NEW BAGHOUSE 

LOW 
LOW 
NA 

YES 
9346 

NA 
NA 
NA 
NA 
50 
205 

9551 
NA 

L 13 
1.16 
NA 

Short duct residence time exists between unit 3 and the 
unit 3 ESPs. A low 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 technologies will not be able to achieve 50-70% 
reduction. 
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Table 26.2.1·8. SUT1Tlary of DSO/FSI Control Costs for the· Amos Plant CJune 1982 Ool lars) 

================================================================================================================ 
Technology Boller Main Boiler Capacity Caal Capital Capital Annual Annual soz soz so2 cost 

MUT'ber Retro Ii t Size Factor Sulfur cost Cost ·cost Cost Removed Removed Effect. 
Oifficulty.(M~l (:\:) Content (SMMl ($/klll !SMMl (m{l ls/kwhl CXl (tons/yr) CS/ton) 

Factor (%) 
--- --... ---.... -- ---. ----- ... ---- -... --- ---- -- ------- ------- -.. --- --. --- -- --- --- .. -. --- --. -- -- -. -----. --- - -- ----

DSO•ESP 1. OD 816 44 0.7 19. 1 23.4 12.6 4.0 49;0 8431 1495.4 
DSD+ESP 2 1. 00 816 71 0.7 19. 1 23.4 15.6 3. 1 49.0 13605 1143.2 
OSD•ESP 3 1.00 816 56 0.7 29.0 35.5 15.6 3.9 49.o· 10730 1449 .5 

CSO•ESP·C 1 1.00 816 44 0.7 19. 1 23.4 7,3 2.3 49.0 8431 866.9 
OSO•ESP-C 2 1.00 816 71 0.7 19.1 23 .. 4 9.0 LB 1;9.0 13605 661 .3 
CSC•ESP·C 3 1 .oo 816 56 0.7 29.0 35.5 9.0 2.3 49.0 10730 842.6 

. FS!•ESP-50 1.00 816 41; 0. T 20.3 24.9 12.2 3.9 50 .0 8665 1402.~ 

FS!+ESP·50 2 1.00 816 11 0.7 20.3 24.9 15.7 3. 1 50.0 13982 1122.3 
FS!•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 1.00 816· 44 0.7 20.3 24.9 7. 1 2.2 50.0 8665 . 813.9 
FSl+ESP-50-C 2 1.00 816 71 0.7 20.3 24.9 9.1 1.8 50.0 13982 649.6 
FS!•ESP-50-C J 1.00 1300 56 0.7 . 38.5 29.6 12.7 2.0 50.0 17569 721.9 

FSJ+ESP·70 1 1. 00 816 44 0.7 20.5 25. 1 12.3 J.9 70.0 12131 1015.5 
FSl•ESP-70 2 1. 00 816 71 . 0.7 20.5 25. 1 15.9 J. 1 70.0 19575 814.3 
FSI +ESP-70 3 1. 00 1300 56 o. 7· 38.7 29.8 22.2 3.5 70.0 24597 900.7 

FSl•ESP-70-C 1.00 816 44 0.7 20.5 25. 1 7.1 Z.3 70.0 12131 589.4 
FSl+ESP-70-C 2 1.00 816 71 0.7 20.5 25. 1 9.2 1.8 70.0 19575 471 .2 
FSl+ESP·70·C · 3 1. 00 1300 56 0.7 3B.7 29.8 12.9 2.0 70.0 24597 523., 

================================================================================================================ 
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26.2.2 Mountaineer Steam Plant 

The Mountaineer steam plant is located on the Ohio River in Mason 
County, West Virginia, and is operated by the Appalachian Power Company . 

. The Mountaineer plant contains une coal-fired boiler with a gross generating 
capacity of 1,300 M~. 

Table 26.2.2-1 presents 6perational data for the existing equipment at 
· the Mountaineer p 1 ant. Coa 1 shipments are received by barg_e and trans fer red 
to a coal storage and handling 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. Flue gases from the boile~ 
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, so2 and 
NOx control costs were not developed for many of the technologies. 

Lime/Limestone and Lime Spray Drying FGD Costs--
L/LS-FGD absorbers would be located behind the chimney. The general 

facilities factor is medium (8 percent) for the FGD absorber location 
because a plant road would have to be relocated. The site a.ccess/congestion 
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. 

LSD with reuse of the existing ESPs was considered for the ~ountaineer 
plant because of the large size of the existing ESPs. The LSD absorbers 
would be located 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) be~ause a road would have to be relocated. 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 retrofit factor data for installing L/LS 
and LSD-FGD technologies at the Mountaineer plant. FGD cost estimates are 
not presented because it is unlikely that the current low sulfur coal would 
be used if scrubbing were required. FGD ~ost estimates based on the low 
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TABLE 26.2.2-1. MOUNTAINEER STEAM PLANT OPERATIONAL DATA 

BOILER NUMBER 
GENERATING CAPACITY (MW-each) 
CAPACITY FACTOR (PERCENT) 
INSTALLATION DAT( 
FIRING TYPE 
FURNACE VOLUME (1000 CU FT) 
LOW NOx COMBUSTlON . 
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) 
OUTLtT TEMPERATURE (°F) 
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1 
1300 
79 
1980 
OPPOSED WALL 
NA 
YES 
0.7 
12600 
10.2 
DRY 
PAID DISPOSAL 
1 
BARGE 

ESP 
1980 
0.01 
99.9 

0.0-1.0 
4390 
5100 
861 
355 



TABLE 26.2.2-2. SUMMARY OF RETROFIT FACTOR DATA FOR MOUNTAINEER 
UNIT I 

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 
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 ] • 20. NA 
ESP REUSE CASE I. 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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sulfur coal would result in low estimates of capital/operating costs and 
h.igh cost effectiveness values. 

Coal Switching and Physical Coal Cleaning Costs--
CS and PCC were not considered for the Mountaineer plant because low 

sulfur coal is already being burned at the plant. 

NOx Control Technologies--
The Mountaineer plant has.LNBs installed; therefore, additional 

combustion modification technjques for control of NOx emissions were not 
considered. · 

Selective Catalytic Redu~tion--
Hot side SCR reactors for the boil er at the Mountaineer pl ant would be 

located adjacent to the ESPs riorth of the ai~ preheaters. A medjum general 
facilities value (20 percent) and a low site access/congestion 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 pr~sent the retrofit factors and cost estimates for 
installation of SCR at the Mountaineer plant. 

Furnace Sorbent Injection and Duct Spray Drying FGD Costs--
Sorbent injection technologies (FSI and DSD) would be particularly well 

suited for the Mountaineer plant because of the sufficient duct residence 
time between the boiler and the ESPs and the large si~e of the ESPs. 
Tables 26.2.2-5 and 26.2.2-6 present retrofit factors and costs for 
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 plant is.too large ~nd new to be 

considered for AFBC/CG repowering. 
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TABLE 26.2.2-3. SUMMARY OF NOx RETROFIT RESULTS FOR MOUNTAINEER 

COMBUSTION MODI FI CATION RESULTS 

FIRING TYPE 

TYPE OF NOx CONTROL 

FURNACE VOLUME (1000 CU FT) 

BOILER'INSTALLATION DATE 

SLAGGING PROBLEM 

ESTIMATED NOx REDUCTJON (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 
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1 

NA 

NA 

NA 

NA 

NA 

NA 

LOW 

0 

185 

300 

6665 

0 

6851 

1.16 

20 



Table 26.2.2·4. NOx Control Cost Results for the Mountaineer Plant (June 1988 Collars) 

•••••••===••••••••••••••m==============s==•===•••=====================••=••==============================•===•== 
Technology 8oiler Main Boiler Capacity Coal Capital Capital Amual Amual NOx Nox· NOx Cost 

N'11t>er Retrofit Size Factor Sul fur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (M~) (%) Content (SllM) CS/k~) (SMM) (mil ls/k•hl (%) (tens/yr) (S/tcn) 

Factor (%) 

·-·-------·------------------------------------------------------···--------------------------------------------

SCR·3 1. 16 1300 79 0.7 139.9 107.6 56.S 6.3 so.a 29562 1921 .6 

SCR·3·C 1. 16 1300 79 0.7 139.9 107.6 33.2 3.7 80.0 29562 1122.2 

SCR·7 1 .16 1300 79 0.7 139.9 107.6 46.2 5. 1 so.a 29562 1562.8 

SCR-7-C 1.16 1300 79 0.7 139.9 107 .6. 27.1 3.0 80.b 29562 916.6 

======================================•=========================•••=••=========•s••••c•sc:•===================== 
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TABLE 26.2.2-5. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR MOUNTAINEER UNIT l 

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 (1000$) . 
ESP UPGRADE CASE 
A NEW BAGHOUSE CASE 

RETROFIT FACTORS 

CONTROL SYSTEM (DSD SYSTEM ONLY) 
ESP UPGRADE 
NEW BAGHOUSE · 

26-46 

LOW 
LOW 
NA 

NO 
NA 

NA 
NA 
NA 
NA 
50 
205 

205 
NA 

l.13 
1.16 
NA 



Table 26.2.2·6. Sumiary of DSO/FSI control Coses tor the Mountaineer Plant (June 1988 Dollars) 

=======================================================================================================~======== 
Technology Soil er Main Soi ler Capecity Coal Capital Capital Arviut l AMUll $02 S02 S02 Cost 

Nurt>er Retrofit Slze Factor Sulfur Cost Cost Cost Cost Removed Removed -Effect. 
Ci ff i cul ty (MW) CXJ Content ($MMJ (S/k~l ($MM) Cmills/kwhl (:i) (tons/yr) CS/to~> 

Fee tor c Xl 
...... -...... -............... -.... -............. -.......................... · .................. -. ·-. -- ··-·. -- .. -· --- -- .. --- ..................... -............................ 

DSD+ESP 1.00 1300 79 0.7 27.0 20.8 23.1 2.6 49.D 23371 91!7.1 

DSO+ESP·C 1.00 1300 79 0.7 27.0 20.8 13.3 1.5 49.0 23371 570.7 

FSl+ESP-50 1 1.00 1300 79 0.7 29.4 22.6 24.7 2.7 50.0 24019 1028.0 

FSl+ESP·50·C 1.00 1300 79 0.7 29.4 22.6 14.3 1.6 50.0 24019 594.5 

FSl+ESP-70 1.00 1300 79 0.7 29.6 22.B 25.1 · 2.8 70.0 33627 746. 7 

FSl+ESP·70·C 1.00 1300 79 0.7 29;6 22.8 14.S 1.6 70.0 33627 431.7 
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26.3 'CENTRAL OPERATING COMPANY 

26.3.l Philip Sporn Steam Plant 

The Philip Sporn steam plant is located· on the Ohio River in Mason 
County, West Virginia,· and is operated by the Central Operating Company. 
The Philip Sporn plant contains five coal-fired boilers with a total gross 
generating capacity of 1,108 MW. 

Table 26.j,l-l presents operational data for the existing.equipment at 
the Sporn plant. Coal shipments are received by barge and transferred to a 
coal storage and handling area north of the plant. PM emissi6ns from the 
boilers are controlled by retrofit ES~s. 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 
LSD absorbers for units 1 and 4 would be located on the north and south 
sides of the unit l and 4 ESPs, respectively. The absorbers for 
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TABLE 26.3.1-1. PHILIP SPORN STEAM PLANT OPERATIONAL DATA 

BOILER NUMBER 
GENERATING CAPACITY (MW-each) 
CAPACITY FACTOR (PERCENT) 
INSTALLATION DAT~ · 
FIRING TYPE 
FURNACE VOLUME (1000 CU FT) 
LOW NOx COMBUSTION · 
COAL SULFUR CONTENT (PERCENT) 
COAL HEATING VALUE (aTU/LB) 
COAL ASH CONTENT (PERCENT) 
FLY ASH SYSTEM 
ASH DISPOSAL METHOD 
STACK NUMBER 
COAL DELIVERY METHODS 

PARTICULATE CONTROL . 

TYPE 
£NSTALLATION 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) 
OUTL~T TEMPERATURE ("F) 

1,2,3,4 5 
153 496 
39,32,45,36 50 
1950,50,51,52 . 1960 
FRONT WALL OPPOSED WALL 
NA NA 
NO NO 
-1.0 1.0 
12300 12300 
11.5 11.5 
DRY WET 
SILOS POND . 
l 2 

BARGE . 

ESP 
1980,80,79,79 
0.01 . 
99.6 

2.0 
424.2 
600 
707 
315 
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ESP 
1978 
0.01 
99.6 

2.0 
424.2 
1759 
241 
310 



units 2 andl would be located between the unit 2 and 3 ESPs and the unit 5 
absorbers would be located on the west side of the unit 5 boil~r. The 
general facilities value for the unit 1,_ 3, 4, and S locations is medfum 
(8 percent) and high (15 percent) for unit 2 because several ash silos and a 
plant road would have to be relocated. The site access/congestion factor is 
low for these locations. The flue gas handling site access/congestion 
factor is low for units 1~4 absorber locations and medium for the unit 5 
location because of the 1 imited space between the ESPS and the boiler for 
this unit, About 300 feet of ductwork would be required for installation of 
the LSD system for units 1"4 and 400 feet would be required for unit 5. 

Tables 26.3.1~2 through 26.3.1-5 present th~ retrofit factors and cost 
estimates for installation of conventional FGD technologies at the Philip 
Sporn steam plant. 

Coal Switching and Physical Coal Cleaning Costs--
CS and PCC WE;re not considered for the Philip Sporn plant because low 

sulfur coal _is already being burned at the plant. 

NOx Control Technologies--
LNBs were considered for NOx emissions control 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 estimates 
for installation of NOx emission control technologies at the Philip Sporn 
plant. 

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 low site access/congestion factor were assigned to the reactor 
locations. 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 i nsta 11 at ion of 
SCR at the Philip Sporn plant. 
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TABLE 26.3.1-2. SUMMARY OF RETROFIT FACTOR DATA FOR PHILIP SPORN 
UN IT 1, 3 OR 4 

FGD TECHNOLOGY 

FORCED· LIME 
L[LS FGO OXIDATION SPRAY DRYING 

SITE ACCESSLCONGESTION 

S02 REMOVAL LOW NA LOW 
FLUE GAS HANDLING MEDIUM NA 

.ESP REUSE CASE LOW 
BAGHOUSE CASE 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 (1000$) 0 0 0 

OTHER . NO NO 

RETROFIT FACTORS 

FGD SYSTEM . 1.35 NA 
ESP REUSE CASE 1.27 
BAGHOUSE CASE NA 

ESP UPGRADE NA NA 1.16 
NEW BAGHOlJSE NA NA NA 

GENERAL FACILITIES (PERCENT) 15 0 8 
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TABLE 26.3.1-3. SUMMARY OF RETROFIT FACTOR DATA FOR PHILIP SPORN 
UNIT 2 

- FGD TECHNOLOGY 

FORCED LIME 
LLLS FGD OXIDATION SPRAY DRYING 

SITE ACCESSLCONGESTION 

S02 REMOVAL LOW NA LOW 
FLUE GAS HANDLING MEDIUM NA 

ESP REUSE CASE LOW 
BAGHOUSE CASE 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 (1000$) 0 0 0 

OTHER NO NO 

RETROFIT FACTORS 

FGD SYSTEM 1.35 NA 
ESP REUSE CASE 1. 27 
BAGHOUSE CASE NA · 

ESP UPGRADE NA 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 
UNIT 5 
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Table 26.3.1-5. S"""8ry of FGO Control Cosu for the Sporn Plant (J ..... 1988 Dollars) 

======================================================================·==·=======·============================== 
Technology Boiler Main Boiler capad ty Coal Capital Capital Arn...l ArYUal S02 soz S02 Cost 

Hlft>er Retrofit Size Fae ror Sul fur Cost cost Cost ,Cost Removed Removed Effect. 
Difficulty 0111) (ll) Content (Slfl) ($/kll) (Siii) Cmil ls/kwhl 00 <tons/yr) (S/tonl 

Factor O:> 
----------------------------------------------------------·--·······································-····-------
L/S FGO 1 . 1.35 153 39 1.0 50.2 327.9 20.4 39.1 90.0 3689 5533.5 
L/S FGO 2 1.35 153 32 1.0 50.2 327.8 19.9 46.l 90.0 3027 6562.B 
L/S FGO l 1 .35 153 45 1.0 50.2 327.9 20.9 34.6 90.0 4257 4904.2 
L/S FCi.D 4 1 .35 153 36 1.0 50.2 327.8 20.2 41.8 90.0 3405 5926.0 
L/S F CiO 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 39 1.0 50.2 327.9 11.9 22.8 90.0 3689 3231. 3 
L/S FGO ·C 2 1.35 153 32 1.0 50.2 327.8 11 .6 27. 1 90.0 3027 3834.3 
L/S FGD:C 3 1.35 153 45 1.0 50.2 327.9 12.2 20.2 90.0 4257 2!!62.6 
LIS FGD·C 4 1.35 153 36 1.0 50.2 327.8 11.8 24.4 90.0 3405 3461.2 
L/S FGD·C 5 1.42 496 50 1 .o 100. 1 201 .8 25.4 11. 7 90.0 15333 1658.0 
L/S FGD·C, 1-4 1 .35 612 38 1.0 115 .7 189.1 27.9 13.7 90.0 14379 1937.8 

LC FGO 1-4 1.35 612 38 1.0 92.1 150.6 40.2 19.7 90.0 14379 2793.8 
LC FGD 5 1.42 496 50 1.0 75.2 151. 7 35.6 16.4 90.0 15333 2323.5 

LC FGD·C 1-4 1.35 612 38 1.0 92.1 150.6 Zl.4 11.5 90.0 14379 1629.4 
LC FGD·C 5 1 .42 496 so 1.0 75.2 151. 7 2o.7 9.6 90.0 '15333 1353.2 

LSO•ESP 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 3609 2571 .3 
LSO•ESP 4 1.27 153 36 1.0 19.6 128.4 9.0 18.7 76.0 2887 3124.6 
LSD+ESP 5 1 .38 496 50 1.0 57.7 116.3 Zl.5 10.8 76.0 12999 1807.8 

LSD•ESP·C 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 20.4 133. 1 5,.3 12.4 76.0 2566 2071.6 
LSD•ESP·C 3 L27 153 45 1.0 19.6 128.4 5.4 9.0 76.0 3609 1497.6 
LSD+ESP·C 4 1 .27 153 36 1.0 19.6 128.4 S.3 10.9 76.0 2887 18Z0.7 
LSD+ESP· C 5 1 .38 496 50 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 FWF OWF 

TYPE OF NOx CONTROL LNB LNB 

FURNACE VOLUME (1000 CU FT) NA NA 

BOILER INSTALLATION DATE 1950,50,51,52 1960 

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 

Ductwork Demolition (1000$) 37 90 

New Duct Length (Feet) 400 400 

New Duct Costs (1000$) 2537 5058 

New Heat Exchanger (1000$) 2401 4972· 

TOTAL SCOPE ADDER COSTS (1000$) 
INDIVIDUAL CASE 4975 10020 
COMBINED CASE 11351 NA 

RETROFIT FACTOR FOR SCR 1.16 1.16 

GENERAL FACILITIES (PERCENT) 20 20 
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fable 26.3.1-7. NOx Control Cost Results for the Sporn Plant (Jt.ne 1988 Oollars> 

=================================~=========================c======••=================================~========== 

rechnclogy 

LNC-LNB 
LNC-LNB 
LNC-LNB 
LNC-LNB 

LNC-LNB 

LNC-LNB-C 
.LNC·LNB-C 
LNC-LNB·C· 

LNC-LNB-C 
LNC-LN·a-c 

SCR-3 

SCR·3 
SCR-3 
SCR·3 
SCR-3 
SCR-3 

SCR-3-C 
SCR·3·C 

SCR·3·C 
SCR-3-C 
SCR-3-C 

SCR·3·C 

SCR·7 
SCR·7 
SCR-7 

SCR·7 
SCR·7 
SCR-7 

SCR-7·C 
SCR-7-C 
SCR-7·C 
SCR-7·C . 
SCR-7·C 

SCR·7·C 

Boiler Na in Boller Capacity Coal Capital Capital AMUlll AMUlll NOX NOx NOx Cost 
Nl.IT'ber Retrofit Size Factor Sulfur Cost Cost Cost Cost Reinoved Removed Effect. 

1 
2 
3 
4 

5 

1 

2 
3 
4 
5 

1 
z 
3 
4 
1·4 
5 

1 
z 
3 
4 
1·4 
5 

1 
z 
3 
4 
1 ·4 

5 

1 
·2 

3 
4 
1-4 

5 

Oifficulty (NW) (X) Content Clllll (S/klll (SMM) (mi lls/kwlll CX) (tons/yr> (S/ton> 

Factor 01) 

1.00 153 
1.00 153 
1.00 153 
1.00 153 
1.00 496 

1.00 153 
1.00 153 
1.00 153 
1.00 . 153 
1.00 496 

1.16 153 
1.16 153 
1.16 153 
1.16 153 
1.16 612 
,_ 16 496 

,_ 16 
1. 16 
1. 16 
1. 16 
1.16 
1.16 

1. 16 
1.16 
1. 16 
1. 16 
1.16 
1. 16 

1. 16. 
1.16 
1.16 

. 1 .16 

1.16 
1.16 

153 
153 
153 
153 
612 
496 

15] 
153 
153 
153 
612 
496 

153 
153 
15] 
15] 
612 
496 

39 
32 
45 
36 
50 

39 
32 
45 
36 
50 

39 
32 
45 
36 
38 
50 

39 
32 
45 
36 
38 
50 

39 
32 
45 
36 
38 
50 

39 
32 
45 
36 
38 
50 

1.0 
1.0 
1 .0 
1. 0 
1.0 

1.0 
1.0 
1.0 

1.0 
1.0 

1 .0 
1.0 
f.o · 
1 .0 
1.0 

. 1 .o 

1 .o 
1.0 
1.0 
1.0 
1 .0 
1.0 

1.0 
1.0 
1.0 
1.0· 
1.0 
1.0 

1.0 
1.0 
1.0 
1.0 
1.0 

1.0 

3.0 19.8 0.7 1.3 
3.0 19.8 0.7 1.5 
3.0 19.8 0.7 -1.1 
3.0 19.8 0.7 1.4 
4.8 9.8 1.0 0.5 

3.0 19.B 0.4 0.7 
3.0 19.B 0.4 0.9 
3 .o 19.8 0.4 o.6 
3.0 19.8 0.4 0.8 
4.8 9.8 0.6 0.3 

26.4 172.8 8.6 16.5 
26.4 172.8 ·8.6 20.0 
26.4 172.8 8.7 14.4 
26.4 172.8 8.6 17.8 
76.7 125.3 27.5 13.5 
64.2 129.5 23.0 10.6 

26.4 172.8 5. 1 
26.4 172.8 5.0 
26.4 172.8 5. 1 
26.4. 172.8 5. 1 
76.7 125.3 16.1 
64.2 129.5 13.5 

26.4 
26.4 
26.4 
26.4 

. 76.7 
64.2 

26.4 
26.4 
26.4 
26.4 
76.7 
64.2 

172.8 
172.8 
172.8 
172.8 
125.3 
129.5 

7.4 
7.3 
7.4 
7.4 

. 22.4 
18.9 

172.8 4.3 
172.8 4.3 
172.8 4.4 
172.8 4.3 
125.3. 13.Z 
129.5 11.1 
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9.7 
11. 7 
8.5 

10.5 
7.9 
6.2 

14. 1. 
17.1 
12.3 
15.2 

. ,, .0 

8.7 

e.1 
10. 1 
7.3 
9.0 
6.5 
5 .1 

40.0 
40.0 
40.0 
40.0 
40.0 

40.0 
40.0 
40.0 
40.0 
40.0 

80.0 
80.0 
80.0 
80.0 
80.0 
80.0 

80.0 
80.0 
80.0 
80.0 
80.0 
80.0 

80.0 
80.0 
80.0. 

80.0 
80.0 
80.0 

8() .o 
8().0 

80.0 
80.0 
80.0 
80.0 

883 
724 

1019 
815 

3669 

883 
724 

1019 
815 

3669 

1766 
1449 
2037 
1630 
6882 
7339 

1766 
1449 
2037 
1630 
6882 
7339 

1766 
1449 
2037 
1630 
6882 

. 7339 

1766 
1449 
2037 
1630 
6882 
7339 

742.9 
905.4 
643.9 
804.8 
286.1 

441.1 
537.5 
382.2 
477.8 
169.9 . 

4890.9 
5917.9 
4265.7 
5282.0 
3989. 0 
3130.7. 

2869.3 
3472.4 
2502. 1 
3099.0 
2335.4 
1832.9 

4181 .5. 
5053.2 
3650.8 
4513.4 
3260.9 
2577.4 

2462.8 
2977.0 
2149.9 
2658.6 
1918.3 
1515.9 



Furnace Sorbent Injection and Duct Spray Drying FGD Costs--
Sorbent injection technologies (FSI and DSD) would be well suited for 

units 1-4 at the Philip Sporn plant because of the length ~f ductwork 
between the boilers and the ESPs and the large sizes of the ESPs. Unit 5 
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 ~f sorbent injection technologies for units 1-4 at the Philip 
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 repowering. 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 technol,ogy program. 
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TABLE 26 .. 3.1-8. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR PHILIP SPORN UNITS l,2,3 OR 4 

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 WORR (FT} 
NEW BAGHOUSE CASE 
ESTIMATED COST {1000$) 
ESP REUSE CASE 
ESTIMATED COST (1000$) 

DUCT DEMOLITI.ON LENGTH (Fl) 
DEMOLITION COST (1000$) 

TOTAL. COST ( l 000$) 
.ESP UPGRADE CASE 
A NEW BAGHOUSE CASE 

RETROFIT FACTORS 

CONTROL SYSTEM (DSD SYSTEM ONLY) 
ESP UPGRADE 
NEW BAGHOUSE 
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LOW 
LOW 
NA 

NO 
NA 

NA 
NA 
NA 
NA 
50 
41 

41 
NA 

1.13 
1.16 
NA 



Table 26.3.1-9. SU!lllllrr of 050/FSI ContrOl Costs for the Sporn Plant (JLIM! 1.988 Dollars) 

===~=============================-=====z=========•===========~======a============================================ 

Technology Boiler Main Boiler Ca~ity Coal Capita I Cap! tal Amual Amual soz 502 soz Cost 
N<llt>er Retrofit Size Factor Sulfur Cost Cost Cost Cost Rl!lllCYed RemoYed Effect. 

Di ffi cul ty CMWl <XJ Content (11410 (S/kllJ (SHiil cmil lstkwhl IX> (tons/yr) CS/ton> 

Factor .. (ll) 

-----··-----------·---········-··-----·-····--------·-··························-·-·----------···············-·-

OSD+ESP 1 1 .DO 153 39 1.0 6.7 43.6 5.2 10.0 . 49.0 1994 2628.1 
OSD+ESP 2 1.00 153 32 1.0 6.7 43.6 5.1 11.S 49.0 1636 3094 .8 
DSD+ESP 3 1.00 153 45 1.0 6.7 43;6 5.4 B.9 49.0 2301 2343.8 
OSD+ESP 4 1.00 153 36 1.0 6.7 43.6 5.2 10.7 49.0 1841 2805.9 

DSD+ESP·C 1 1.00 153 39 1.0 6.7 43.6 3.0 5.S 49.0 1994 1520.8 
DSO+ESP·C 2 1.00 153 32 1.0 6.7 43.6 2.9 6.8 49.0 1636 1791. 4 
OSO+ESP·C 3 1.00 153 45 1.0 6.7 43.6 3.1 5.2 49.0 2301 1355.8 
OSD+ESP·C 4· 1.00 153 36 1.0 6.7 43.6 3.0 6.2 49.0 1841 1623.9 

FSl+ESP·SO 1 1.00 153 39 1.0 6.9 45.2 4.3 8.2 50.0 2050 2088.1 
FSl+ESP·50 2 1.00 153 32 1.0. 6.9 45.2 4.0 9.4 so.a 1682 2405.6 
fSJ+ESP·SO 3 1.00 153 45 1.0 6.9 45.2 4.5 7.4 50.0 2365 1894.7 
FSJ+ESP·SO 4 1. 00 153 36 1.0 6.9 45.2 4.2 8.7 50.0 . 1892 2209.1 

FSl+ESP·SO-C , 1.00 153 39 1.0 6.9 45.2 2.5 4.8 50.0 2050 1211.4 
FS!+ESP-50-C 2 1.00 153 32 1.0 6.9 45.2 2.3 5.5 50.0 161!2 1396.7 
FSJ+ESP·SO·C 3 1.00 153 45 1.0 6.9 45.Z 2.6 4.3 50.0 2365 1098. 7 
FS!+ESP·SO·C 4 1. 00 153 36 1.0 6.9 45.2 2.4 5.0 50.0 1892 1282.1 

FSI+ESP-70 1. 00 153 39 1.0 7.0. 45.7 4.3 8.3 70.0 2869 1509.5 
FS!•ESP·70 z 1.00 153 32 1.0 7.0 45.7 4.1 9.5 70.0 2354 1737.8 
FS!+ESP-70 3 1.00 153 45 1.0 7.0 45.8 4.5 7.5 70.0 3311 1370.4 
FS!+ESP·70 4 1.00 153 J6 1.0 7.0 45. 7 4.2 8.8 70.0 2649 1596.4 

FSl•ESP·70·C 1. 00 153 39 1.0 7.0 45.7 2.5 4.8 70.0 2869 ar.; .a 
FSl+ESP·70·C 2 1.00 153 3Z , .o 7.0 45.7 2.4 5.5 70.0 2354 1009.0 
fSl+ESP·70·C 3 1.00 153 45 1.0 7.0 45;8 2.6 4.4 . 70.0 3311 794.6 
FS!+ESP-70-C 4 1.00 153 36 1.0 7.0 45.7 2.5 5. 1 70.0 2649 926.5 

========================================================================================·=·=·=·=·=·=·=========== 
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26.4 OHIO POWER COMPANY 

26.4.l Kammer Steam Plant 

The Kammer steam plant is located on the Ohio River in Marshall County, 
West Virginia, and is 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 equipment 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 control le~ by retrofit ESPs. The ESPs are located 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 located 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 ab1orber location. 
The site access/congestion factor would also be low for this location. 
Approximately 500 feet of ductwork would be required for installation of the 
L/LS-FGD system. A medium site access/congestion 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 handling site access/congestion 
factor is low for installation of LSD for all units. A low site access/ 
congestion factor was also assigned to the ESP location for upgrading. 

Tables 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 (PERCENT) 
INSTALLATION DATE 
FIRING TYPE 
FURNACE VOLUME (1000 CU FT) 
LOW NOx COMBUST!ON 
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) 
OUTLtT TEMPERATURE (°F) 
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1,2,3 
238 
72,73,76 
1958 
CYCLONE 
NA 
NO 
4.2 
11900 
14.0 
WET DISPOSAL . 
PONDS/ON-SITE 
J 
BARGE 

ESP 
1978 
0.05 
99.8 

1.0-6.0 
925.3 
835 
1108 
360 



TABLE 26.4.1-2. SUMMARY OF RETROFIT FACTOR DATA FOR KAMMER 
UNIT 1,2 OR"3 . 

FGD TECHNOLOGY 

FORCED LIME 
L[LS FGD OXIDATJON SPRAY DRYJNG 

SITE ACCESSLCONGESTION 

S02 REMOVAL LOW NA .LOW 
FLUE GAS HANDLJNG MEDJUM NA 

ESP REUSE CASE LOW 
BAGHOUSE CASE NA 

DUCT WORK DISTANCE (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 
ESTJMATED COST (1000$) 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 I.16 
. NEW BAGHOUSE NA NA NA 

GENERAL FACILITIES {PERCENT) 5 . 0 5 
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Table 26.4 .. 1 ·3.· sunnary of FGD Control costs for the (81!111er Plant (Jll'e 1968 Doi lars) 

==============z=========•====•=m=•==•===~•=•=========•=•••=••============•===•=•================================ 

Technology 8oi ler Main 8oiler Capacity Coal Cepi t1I Capi tel Amuel Amue l 502 S02 S02 Cost 

H im>er Ret rof i t Size Fee tor ·su I fur Cost Cost Cost Cost Removed Removed Effect. 

o i ff i cul ty <"'1> • (%) Content ($MIO CS/kW) ,_, Cmil ls/kwltl on (tons/yr> CS/ton> 
Factor (J;) 

............ -... -.............................. -........................................................ -........ -... -.. -.............................. -................. 

L/S FGD 1 1.42 Z38 72 4.2 711 ;7. 'l97. 1 36.4 24.2 90.D 46217 786.8 
L/S FGD 2 1.42 238 7J 4.2 70.7 'l97., 36.5 24.0 90.0 46859 779.7 
L/S FGD 3 1.42 238 76 4.2 70.7 297.2 37.0 23.4 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·C 1 1.42 238 72 4.2 i0.7 297.1. 21.2 14.1 90.0 46217 457.6 
LIS FCD-C 2 1.42 238 T.l 4.2 70.7 297.1 21.2 14.0 90.o 46859 453.5 
L/S FCO·C 3 1.42 238 76 4.2 70. 7. 297.2 21 .5 13.6 90.0 45785 441.6 
L/S FGO·C 1:3 1.42 714 74 4.2 148.4 207.9 48,9 10.6 90.0 142503 343,0 

LC FGD 1·J 1.42 714 74 4.2 122.2 171. 1 75.7 16.4 90.0 142503 531.4 

LC FGD·C 1·3 1.42 714 74 4.2 122.2 171.1 43.9 9.S 90.0 142503 308.3 

lSD•ESP 1.2J 238 72 4.2 J5.7 150.0 20.9 13.9 76.0 39183 534.4 
LSO+ESP 2 1. 23 238 73 4.2 35.7 150.0 21.1 13.8 76.0 39727 530.0 
LSD•ESP 3 L23 238 76 4.2 35.7 150.0 21.4 1J.5 76.0 41359 517.7 

lSO•ESP-C 1 1.23 238 72 4.2 35.7 150.0 12.2 s. 1 76.0 39183 310.2 
LSO•ESP·C 2 1.23 2:Jl! 73 4.2 35. 7 150.0 12.2 8.0 76.0 39727 307.7 
LSD•ESP·C 3 1.23 238 76 4.2 35.7 150.0 12.4 7.8 76.0 41359 300.5 

================z=================•===============•================•===========~=~============================== 
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Coal Switching and Physical. Coal Cl~aning Costs--· 
CS was not considered for the three. cyclone boilers at the.Kammer plant 

because low sulfur, low ash fusion temperature bituminous coals are not 
~eadily available in the e~stern United States. PCC was not considered at 
the Kammer plant because it is n~t a mine mouth plant. 

NO Control Technologies-­. x 
NGR was considered for NOx emissions control at the Kammer plant. 

Performance results and costs developed for the three 238 MW cycl6ne boilers 
are presented in Tables 26.4.1-4 and 26~4.l-5. 

Selective Cat~lytic Reduction--
Cold side SCR reactors for the Kammer plant would be located 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 location. Approximately 200 feet of 
·ductwork would be required to span the distance between the SCR reactors and 
the chimney for the units. A low 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. 

Furnate Sorbent Injection and Duct Spray Drying FGD Costs--
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 retrofft factors and costs, respectively, for installation of sorbent 
injection technologies at the Kammer plant. 

Atmospheric Fluidized 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 1 ife. 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 

F CR ING 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$) 
INDIVIDUAL CASE 
COMBINED CASE 

RETROFIT FACTOR FOR SCR 

GENERAL FACILITIES (PERCENT) 

BOILER NUMBER 
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1,2 OR .3 

eve 

NGR 

NA 

1958 

NA -

60 

LOW 

0 

52 

200 

1646 

3136 

4833 
9302 

1.16 

13 



TABLE 26.4.1-6. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR KAMMER UNIT 1,2 OR 3 

ITEM 

SITE ACCESS/CONGESTION 

REAGENT PREPARATION 
ESP UPGRADE . 
NEl>I 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 (Fi) 
. DEMOLITION COST (1000$) 

TOTAL COST (1000$) 
. ESP UPGRADE CASE 

A NEW BAGHOUSE CASE 

RETROFIT FACTORS 

.CONTROL SYSTEM (DSD SYSTEM ONLY) 
ESP UPGRADE 
NEW BAGHOUSE 
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LOW 
LOW 
NA 

YES 
2040 

NA 
NA 
NA 
NA 
50 
57 

2097 .. 
NA 

1.13 
1.16 
NA 



Table 26.4. 1-7. SU1111Sry of OSD/FS! Control Costs for the kenmer Plant· (June 1988 Ool lars) 

================================================================================================================ 
Technol'ogy Boiler Hein Seiler Capacity Coal Cepi tel Capital Annual AMUll S02 S02 S02 Cost 

WIJl'ber Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 
Oifficul ty CMllJ (Xl Content (Sit!) CS/lcW) (-) cmil lsJk.til · (li;) C tons/yr l CS/ton) 

Factor ( ") 
............. --. --. -----·- -----. ----.. -. --... -.. --. -... -... -... -.... -.. -........... --... ---........ --. -.... -...... -... -.. --. --... ----. ----
DSO+ESP 1 i.oo 238 72 4.2 17.9 75.0 15.3 10.2 49.0 24983 611.4 
OSO+ESP z 1.00 238 73 4.2 17.9 75.0 15.4 10.1 49.0 25330 607.5 
DSD+ESP 3 1.00 238 76 4.Z 17.9 75.0 15.7 9.9 49.0 26371 596.4 

OSO+ESP·C 1.00 238 72 4.2 17.9 75.0 8.8 5.9 49.0 24983 353.5 
DSD•ESP·C z 1.00 238 73 4.2 17.9 75.0 8.9 5.8 49.0 25330 351.2 
OSO•ESP·C 3 1.00 238 76 4.2 17.9 75.0 9.1 5.7 49.0 26371 344.8 

FSl+ESP·50 1.00 238 n 4.2 16.8 70.6 20.7 13.8 50.0 256n. 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 
FSl+ESP·SO J 1.00 238 76 4.2 16.8 70.6 21.6 13.6 50.0 27103 797.4 

FSI+ESP·50·C 1 1.00 238 72 4.2 16.8 70.6 12.0 8.o 5o.'o 2s6n 465.8 
FSl+ESP·SO·C 2 1.00 238 73 4.2 16.8 70.6 12. 1 7.9 50.0 26033 46".2 
FSl+ESP-50·C 3 , .00 .238 76 4.2 16.8 70.6 12.5 7.9 50.0 27103 459.6 

FSI+ESP·70 , 1.00 238 72 4.2 17., 71. 7 21.2 14.1 70.0 35947 589.6 
FSJ+ESP· 70 2 1.00 238 73 4.2 17.1 71.7 21.4 14.1 70.0 36447 567.7 
FSl+ESP·70 3 1.00 238 76 4.2 17. 1 71 .7 22. 1 13.9 70.0 37944 582.0 

FSl+ESP·70·C 1.00 238 72 4.Z 17. 1 71.7 12.2 8. 1 70.0 35947 340.0 
FSl•ESP·70·C 2 1.00 238 73 4.2 17., 71 .7 12.3 8., 70.0 36447 338.8 
FSl+ESP·70·C 3 1.00 238 76 4.2 17.1 71. 7 12.7 8.0 70.0 37944 335.5 

·====================•====z=======•=====•==z==============•=====•==•==•===•====•================================= 
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26.4.2 Mitchell Steam Plant 

The Mitchell steam plant is located on the Ohio River in Marshall 
County, West Virginia, and is operated by the Oh.io Power Company. The 
Mitchell plant contains two coal-fired boilers with a gross generating 
capacity of 1,632 MW. 

Table 26.4.2;1 presents operati-0nal data for the existing equipment at the 
Mitch~ll ~lant. Coal shipments are received by either bargs or railroad and 
~ransferred to a coal storage and handling area north of the-plant. PM 
emissions from the two units are controlled by retrofit ESPs. The ESPs are 
located behind the boilers. Flue gases from the units are directed t~ a 
commoh chimney located between the ESPs. Wet fly ash from the units is 
disposed of in ponds to the. sciuth of the plant. 

Lime/Limestone and Lime Spray Drying FGD Costs--
L/LS-FGD absorbers for the two units would be located at the north and 

south ends of the ESPs. The general facilities factor would be low 
(5 percent) for the unit I FGD absorber location .and medium (8 percent) for 
the unit 2 location. A. parking lot and road would have to be relocated 
before installation of the unit 2 absorbers. The site access/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 low 
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 ~nd south 
ends of the plant beside the boilers. A low site access/congestion factor 
was assigned to both locations. A low general facilities factor was assigned 
to the unit I 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 low 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 {PERCENT) 
INSTALLATION OATt 
FIRING TYPE 
FURNACE VOLUME (1000 CU FT) 
LOW NOx COMBUSTION 
COAL SULFUR CONTENT (PERCENT) 
COAL HEATING VALUE (STU/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) 
OUTLtT TEMPERATURE (°F) 
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1, 2 
816 
51,52 
1971 
OPPOSED WALL 
477 
NO 
1.4 
11950 . 
15.6 
WET DISPOSAL 

· PONDS/ON-SITE 
l 
BARGE/RA I LROAO 

ESP 
1978 
0.02 

·99_3 

1.0-6.0 
2195 
3000 
731. 5 
370 



TABLE 26.4.2-2 .. SUMMARY OF RETROFIT FACTOR DATA FOR MITCHELL 
. UNIT 1 

FGD TECHNOLOGY 

FORCED LIME 
LLLS FGD OXIDATION SPRAY DRYING 

SITE ACCESSLCONGESTION 

S02 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 
BAG HOUSE NA 

ESP REUSE NA NA LOW 
NEW BAGHOUSE NA NA NA 

SCOPE ADJUSTMENTS 

WET TO DRY YES NA YES 
ESTIMATED COST (1000$) 6156 NA 6156 

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

OTHER J NO NO 

RETROFIT FACTORS 

FGD SYSTEM l.27 NA 
ESP REUSE CASE 1.34 
BAGHOUSE CASE NA 

ESP UPGRADE NA NA 1.16 
NEW BAGHOUSE NA NA NA 

GENERAL FACILITIES (PERCENT) 5 0 5 
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TABLE 26.4.2:3. SUMMARY OF RETROFIT FACTOR DATA FOR MITCHELL 
UNIT 2 

FGD TECHNOLOGY 

FORCED LIME 
LL'.LS FGD OXIDATION SPRAY DRYING 

SITE ACCESSLCONGESTION 

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 LOW 
NEW BAGHOUSE NA NA NA 

SCOPE ADJUSTMENTS 

WET TO DRY YES NA YES 
ESTIMATED COST (1000$) 6155 NA 6156 

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

OTHER NO NO 

RETROFIT FACTORS 

FGD SYSTEM 1. 27 NA 
ESP REUSE CASE 1.38 
BAGHOUSE CASE NA 

ESP UPGRADE NA NA 1.15 
NEW BAGHOUSE NA NA NA 

GENERAL FACILITIES (PERCENT) 8 0 8 
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Table 26.4.2·4. Surmary of FGll Cortrol Costs for the Mitchell Plant (June 1988 Dollars) 

========================================================================================z======================= 
Technol.ogy Boiler Hain Soi ler Capacity Coal Capita I Capital Annual Annual 502 S02 $02 Cost 

Wurt>er Retrofl t size Factor Sul fur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (M~) (X) Content (SHH) · ($/k~) (SHM) (mil l.s/kwhl (%) (tons/yr) ($/ton) 

Factor (X) 
-- ------ -- ---- --------------- --- --- --- --- --- --- -- --- --- --- --- ------ ----------- --- --- ----------- -- ----- -- --- -- ---

L/S FGD 1.27 816 51 1.4 131.0 160.5 60.5 16.6 90.0 37234 1623.8 
L/S FGD 2 1.27 816 52 1.4 133.2 163.3 61.5 16.6 90.0 37964 1621.0 

l/S FGD·C 1.27 816 51 1.4 131.0 160.5 35.2 9.7 90.0 37234 946.1 
L/S FGD·C 2 1.27 816 52 1.4 133.2 163.l 35.9 9.6 90.0 37964 944.5 

LC FGO 1 1.27 816 51 1.4 102.9 126. 1 51.5 14. 1 90.0 37234 1382.6 
LC FGO 2 1.27 816 52 1.4 104 .6 128.2 52 .4 14.1 90.0 37964 1380.1 

" FGD-C 1.27 816 51 1.4 102.9 126. 1 30.0 8.2 90;0 37234 804.5 
LC FGO-C 2 1.27 816 52 1.4 T04 .6 128.2 30.5 8.t 90.0 37964 803.0 

LSO+ESP 1.34 816 51 1.4 92.5 113.4 39.8 10.9 76.0 31567 1261.4 
LSO+ESP z 1.38 816 ·52 1.4 96.6 118.4 41.2 ,., . 1 76.0 32186 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 1.38 816 52 1.4 96.6 118.4 24.1 6.5 76.0 32186 747.4 

========~======================================================================================================= 
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Coal Switching and Physical Coal Cleaning Costs--
CS was considered for the. Mitchell plant. Table 26.4.2-5 presents costs 

for CS. These costs do· not include boiler and pulverizer operating cost . 
changes or any .coal handling system modifications that may be necessary. PCC 
was not.considered at the Mitchell· plant because it is not a mine mouth 
pl ant. 

NOx Control Technologies--
LNBs were considered for NOx emissions control at the Mitchell plant. 

Performance and cost estimates developed 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 rea.ctors for the Mitchell plant would be located at the 

north and south sides of the boilers. A low general facilities value 
(13 percent) was assigne~ to the unit 1 location and a medium general 
facilitiei value (20 percent) was assigned to the unit 2 location. A low 
site access/congestion factor was also assigned to the absorber locations. 
Approximately 400 feet of ductwork would be required to span the distance 
between the SCR reactors and the chimney. A low site a~cess/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 
Mitche 11 pl ant. 

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 large and the extensive ductwork 
di stance between the boilers and the ESPs make .these uni ts particularly we 11 
suited for FSI or DSD technologies. ~ables 26.4.2-8 and 26.4.2-9 present the 
retrofit factors and cost estimates, respectively, for i~stallation 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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Table 26.4.2-5. S""""ry of Coal Swit_c/'\ing/Cleaning Costs for the Mitchell Plant (June 1988 Ool. lars) · 

==========================a::a=======•==a::&::•===========c========•=•~===•====•==a=========================a=== , 
Technology Boiler Hain Boiler Capacity Coal capital Capital Annual Annual S02 S02 S02 Cost 

Nurber Retrofit Size ~actor Sul fur Cost' Cost Cost Cost Removed Removed Effect. 
Difficulty (Mii) (%) Content (SMM) (S/kll) (~M) (mil ls/kwh) (X) (tons(yr) CS/ton) 

Factor: (l) 

--- ----- --- --- --- ---- -------.. ------ --------- ------ -- ---- -- --------- ---- --- ------- --------.-- ----- --- ---- ----- ----

CSfS+S15 1 1.00 816 51 1.4 23.2 28.4 50.7 13.9 36.0 15049 3366.2 
CS(B+S15 2 1.00 816 52 1.4 23.2 28.4 51.6 13.9 36.0 15344 3359.9 

CS(B+S15-C 1 1.00 816 51 1.4 23.2 28.4 29. 1 8.0 36.0 15049 1935.5 
CS/S+S15-C 2 1.00 816 52 1.4 23.2 28.4 29.6 s.o 36.0 15344 1931.S 

CS/S+SS 1 1.00 816 51 1.4 14. 7 18.0 19.1 5.2 36.0 15049 1266.8 
CS/S+S5 2 1.00 816 52 1.4 14. 7 18.0 19.4 5.2 36.0 15344 1262.5 

CS/9+$5-C 1.00 816 51 1.4 14.7 18.0 11 .0 3.0 36.0 15049 730.2 
CS(B+S5-C 2 1.00 816 52 1.4 14.7 18.0 11 .2 3.0 36.0 15344 727.6 
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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 OWF OWF 

TYPE OF NOx CONTROL LNB LNB. 

FURNACE VOLUME (1000 CU FT) 477 477 

BOILER INSTALLATION DATE 1971 1971 

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 

Ductwork Demolition {1000$) 131 131 

New Duct Length (Feet) 400 400 

New Dtict 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 

GENERAL FACILITIES (PERCENT) 13 20 
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Table 26.4.2·7. NO• Control Cost ReSults for the Mitchell Plant (June 1988 Dollars) 

================================================================================================================ 
Technology Boiler Hain Boiler Capacity.Coal Capitol Capita! ArYll.lal ArYll.lal NO• NO• NO• Cost 

N<l!t>er Retrofit Slze Factor sulfur Cost Cost Cost Cost Removed Removed Effect. 
Diffic~lty CHll) (X) Content CSHMJ CS/kW) CSHIO (mill S/k•h) !Xl Ctons/yrl CS/ton> 

Fae tor C:IO 
............................................ -· ........................................ -.. -· ............................................................. 
LNC·LNB 1 1.00 816 51 1.4 5.9 7. 2 1.J 0.4 40.0 6365 201.3 
LNC·LNB 2 1.00 816 52 1.4 5.9 7. 2 1.3 0.3 40.0 6490 197.4 

LNC·LNB·C 1 1.00 816 51 . 1.4 5.9 7.2 0.8 0.2 40.0 6365 119.S 
LNC·LNB·C 2 1.00 816 52 1.4 5.9 7.2 0.8 0.2 40.0 6490 117 .2 

SCR·3 1 1.16 816 51 1.4 97.8 119.9 36.2 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. 

SCR·J·C 1 1.16 816 51 1.4 97.8 119.9 21.2 5.8 80.0 12730 1663.4 
SCR·J·C 2 1.16 816 52 1.4 87.3 . 107.0 20.2 5.4 80.0 12980 1555.3 

5CR·7 1 1.16 .816 51 1.4 97.8 119.9 29.5 8. 1 so.a 12730 . 2316.2 
SCR-7 2 1. 16 816 52 1.4 87.3 107.0 27.8 7.5 80·.o 12980 2145.0 

SCR· 7-C 1 1.16 816 51 1.4 97.8 119.9 17.3 4.8 80.0 12730 1361.5 
SCR-7·C 2 1.16 816 52 1.4 87.3 107.0 16.3 4.4 80.0 12980 1259.1 

================================================================================================================ 
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TABLE 26.4.2-8. DUCT SPRAY DRYING AND FURNACE ~ORBtNT INJECTION 
TECHNOLOGIES FOR MITCHELL UNIT f OR 2 

ITEM ' 

SITE ACCESS/CONGESTION 

REAGENT PREPARATION 
ESP UPGRADE 
NEW BAGHOUSE 

SCOPE ADDERS 

CHANGE ESP ASH DISCHARGE SYSTEM TO ORY 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 
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LOW 
LOW 

· NA 

YES 
6156 

NA 
NA 
NA 
NA 
50 
144 

6300 
NA 

1.13 
1.16 
NA 



Table 26.4.2·9. sunnary of DSD/FSI Control Costs for the Mitchell Plant (June 1988 Dol larsl 

================================================================================================================ 
Technology Bed ler ·Hain Soi Ler Capacity Coal Capital Capital Anriual Amuat SD2 502 502 Cost 

Nl.IT'ber Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 
Oifficulty (Mii) (%) Content (Sl<MJ (S/kll) (SMM) (mi lls/kwh) CX) (tons/yr) (S/ton) 

Factor (%) 
. ---.. --. --. -.. -... --. ---. ----.. ---. -------------... --. ---------.. ---... -... --. -. --... --.... ---. ----.. -----.. -.. -.... -.. ---------
OSO•ESP 1 1.00 816 51 1.4 34.3 42. 1 21.1 5.8 49.0 20128 1049.2 
OSD•ESP 2 1.00 816 52 1.4 34.3 "2. 1 21.3 5.7 49.0 20522 1038.4 

OSO•ESP·C 1 1.00 816 51 1.4 34.3 42.1 12.3 3.4 49.0 2012e 60B.8 
OSO•ESP·C 2 1.00 816 52 1.4 34.3 42.1 12.4 3.3 49.0 20522 602.4 

FSl•ESP·50 1 1.00 816 51 1.4 30.3 37.2 21.4 5.9 50.0 20686 1032.6 
FSl•ESP·SO z 1.00 816 52 1.4 30.3 37.2 21.6 5.8 50.0 21092 1024 .8 

FSJ•ESP·50·C 1 1.00 816 51 1.4 30.3 37.2 12.4 3.4 50.0 20686 598.2 
FSI•ESP·SO·C 2 1.00 816 52 1.4 30.3 37.2 12.5 3.4 50.0 21(X>2 593.6 

FS!•ESP-70 1 1.00 816 51 1.4 30.6 37.5 21. 7 6.0 70.0 28961 750.4 
FSl•ESP-70 2 1.00 816 52 1.4 30.6 37.5 22.0 >.9 70.0 29528 71.4.8 

FSl•ESP-70-C 1 1.00 816 51 1 .4 30.6 37.5 12.6 3:5 70.0 25961 434.6 
FSl+ESP-70-C. 2 1. 00 816 52 1.4. 30:6 37.5 12.7 3.4 70.0 29528 ~31.1. 

================================================================================================================ 
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26.5 VIRGINIA ELECTRIC AND POWER COMPANY 

26.5.1 Mount Storm Steam Plant 

The Mount Storm steam plant is located 6n the Stony River in Grant 
County, West Virginia, and is operated by the Virginia Electric and Power 
Company. The Mount Storm plant contains three coal-fired boilers with a 
gross generating capacity of 1,662 MW. 

Table 26.5.1-1 presents operational data for the existing equipment at -
the Mount Storm plant. Coal shipments are received by railroad and 
transferred to a coal st~rage and handling area north of the plant. PM 
emissions are controlled by ESPs located behind the boilers. Units l and 2 
ha~e retrofit 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 chimney located behind the unit 3 ESPs. 
Dry fly ash from the units is landfilled by the utility. 

Lime/Limestone and Lime Spray Drying FGD Cost~-~ 
L/LS-FGD absorbers for units I and 2 would be located on the north side 

of the unit 1 and 2 chimney and the absorbers for unit 3 would be located on 
the south side of the unit 3 ESPs. The general facilities factor is low 
(5 percent) for both locations because no major demolition or relocation 
would be required. The site access/congestion factor is low for the unit 
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 I and 2 absorbers .a~d 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 
St6rm 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 absorbers at the north and south ends of 
the units. Low general facilities factors were assigned to both locations. 
A low site access/congestion factor was assigned to the unit l and 2 
location and to the unit 3 location. Approximately 500 feet of ductwork 

26-80 



TABLE 26.5.1-1. MOUNT STORM STEAM PLANT OPERATIONAL DATA 

BOILER NUMBER 
GENERATING CAPACITY (MW-each) 
CAPACITY FACTOR (PERCENT) 
INSTALLATION DATt 
FIRING TYPE 
FURNACE VOLUME (1000 CU FT) 
LOW NOx COMBUST10N 
COAL SULFUR CONTENT (PERCENT) 
COAL HEATING VALUE (STU/L8) 
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) 

5~~LtfQT~~~~~~U~~F~~F) 
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1, 2 3 
570 522 
66,75 71 
1965,66 1973 

TANGENTIAL 
310 313 
NO NO 
1.8 1.8 
12100 12100 
14.s 14,s 

DRY DISPOSAL 
LANDFILL 

1 3 
RAILROAD 

ESP ESP 
NA NA 
NA NA 
NA NA 

NA NA 
NA NA 
NA NA 
NA · NA 
NA NA 



would be required to access the upstream side of the retrofit ESPs· for 
unit 1, 800 feet would .be required for unit 2, and about 400 feet would be 
requtred for unit 3. A medium site access/congestibn factor was assigned to 
flue gas handling for units 1 and 3 and a high site access/congestion factor 
was assigned to unit 2 because of the congestion between the old and new 
ESPs. 

Tables 26.5.1-2 through 26.5.1-5 p'resent a summary of retrofit data and 
costs for installation of conventional FGD technologies at the Mount Storm 
plant. 

Coal Switching and Physical Coal Cleaning Costs--
Table 26.5.1-6 ~ummarizes the IAPCS cost results for CS at the Mount 

Storm plant. These costs do not include pulverizer and boiler operating 
cost changes or any system modifications that may be necessary for coal 
blending. PCC was not evaluated because the Mount Storm plant is not a mine 
mouth plant. 

NOx Control Technologies"-
OFA was considered for control of NOx emissions from the three 

tangential-fired boilers. Tables 26.5.1-7 and 26.5.1-8 present performance 
and cost estimates for NOx control technologies at the Mount Storm plant. 

Selective Catalytic Reduction--
Cold side. SCR reactors for units 1 and 2 and cold side SCR reactors for 

unit 3 at the Mount Storm ~lant would be located similarly to the wet FGD 
absorbers. The unit 1 and 2 reactors would be located beside the unit 1 
retrofit ESPs and the unit 3 reactors would be located beside the unit 3 
ESPs. As in the FGD case, low· general facilities values of 13 percent were 
assigned to both of the reactor locations. Low site access/congestion 
factors were also assigned to the reactor locations. Approximately 200 feet 
of ductwork would be required to span the distance between the SCR. reactors 
and the unit 1 and 2 chimney and about 300 feet wou 1 d 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 i nsta 11 at ion of SCR at the Mount Storm p 1 ant. 
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TABLE 26.5.1-2. SUMMARY OF RETROFIT FACTOR DATA FOR MOUNT STORM 
UNIT 1 · . 

FGD TECHNOLOGY 

FORCED LIME 
LLLS FGD OXIDATION SPRAY DRYING 

SITE ACCESSLCONGESTION 

S02 REMOVAL LOW NA LOW 
FLUE GAS HANDLING. LOW NA 

ESP REUSE CASE MEDIUM 
BAGHOUSE CASE NA 

DUCT WORK DISTANCE (FEET) 300-600 NA 
ESP REUSE 300-600 
BAG HOUSE 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 NO NO 

RETROFIT FACTORS 

FGD SYSTEM 1. 31 NA 
ESP REUSE CASE 1.31 
BAGHOUSE CASE NA 

ESP UPGRADE NA NA l.36 
NEW BAGHOUSE NA NA NA 

GENERAL FACILITIES (PERCENT) 5 0 5 
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TABLE 26.5.1-3. SUMMARY OF RETROFIT FACTOR DATA FOR MOUNT STORM 
UNIT 2. . 

FGD TECHNOLOGY 

FORCED LIME 
LLLS FGD OXIDATION SPRAY DRYING 

SITE ACCESSLCONGESTION 

S02 REMOVAL LOW NA LOW 
FLUE GAS HANDLING LOW NA 

ESP REUSE CASE HIGH 
BAGHOUSE CASE NA 

DUCT WORK DISTANCE {FEET) 300-600 NA 
ESP REUSE 600-1000 
BAG HOUSE 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 NO NO 

RETROFIT FACTORS 

FGO SYSTEM 1. 31 NA 
ESP REUSE CASE 1.47 
BAGHOUSE CASE NA 

ESP UPGRADE NA NA 1.36 
NEW BAGHOUSE NA NA NA 

GENERAL FACILITIES {PERCENT) 5 0 5 
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TABLE 26.5.1-4. SUMMARY OF RETROFIT FACTOR DATA FOR MOUNT STORM 
UNIT 3 

FGD TECHNOLOGY 

FORCED LIME 
LlLS FGD OXIDATION SPRAY DRYING 

SITE ACCESSlCONGESTION 

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 · · NO NA NO 
ESTIMATED COST (1000$) 0 0 0 

OTHER NO NO 

RETROFIT FACTORS 

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) 5 0 5 
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Tobie 26.5. 1·5. SUTmary of FGO Centro! Costs for the Moi.nt Storm Plant CJU"W! 1988 Dollars> 

================================================================================================================ 
Technology. Boiler Main Boiler Capacity Coal capital Capital Amual Amual 502 . so2 502 Cost 

Wurber Retrofit Size Factor sulfur Cost Cost Cost Cost RetrDved RetrDved Effect. 
Difficulty (M\j) <Xl Content ($MM) ($/kW) (SMH) <mil ls/kwn> (Xl (tons/yr) (S(ton) 

Factor (~) 

-------------------------------------------------------------------·--------------------------------------------

L/S FGD 1 1. 31 570 66 1.8 104. 7 183.6 52.6 15.9 90.0 42662 1232.0 
L/S FGO 2 1.31 570 75 1 .8 104. 7 183.7 55.0 14.7 90.0 48480 1134.B 
L/S FGO 3 1.20 522 71 1.8 92.3 176.9 48.4 14.9 90.0 42029 1152.2 
L/S FGO 1 ·2 1. 31 1140 71 1.8 183.6 161.0 96.5 13.6 90.0 917S8 1051 .6 

L/S FGD-C 1 1.31 570 66 1 .s 104. 7 183.6 30.6 9.3 90.0 42662 716.9 
L/S fGO-C 2 1.31 570 7'5 1.8 104. 7 183.7 32.0 8.s 90.0 48480 659.9 
.L/S fGO-c 3 1.20 522 71 1.8 92.3 176.9 28.2 8.7 90.0 42029 670.0 
L/S FGO·C 1·2 1.31 1140 71 1.8 183.6 161.0 56.1 7.9 90.0 91788 611.5 

LC FGO 1,2 1.31 1140 71 1.8 151 .6 132.9 86.3 12.2 90.0 91788 940.0 
LC. FGO · 3 1.20 522 71 1.8 68.8 m.7 40.9 12.6 90.0 42029 9n.9 

LC FGD·C 1 ·2 1.31 1140 71 , .8 151.6 132.9 50. 1 7.1 90.D 91781! 545.9 
LC FGD·C 3 1.20 522 71 1.8 68.8 131 .7 23.7. 7.3 90.0 42029 564.7 

LSD+ESP 1 .31 570 66 1.8 65.0 114., 31.3 9.5 71.0 33818 926.7 
LSD+ESP 2 1.47 570 75 1 .8 n.o 126.2 3'.S 9.3 71.0 38430 905.2 
LSD+ES? 3 1 .31' 522 . 71 1.8 58.0 111 • 1 29.2 9.0 71. 0 33317 875.6 

LSO+ES?·C 1 1.31 570 66 1.8 65.0 114., 18.2 5.5 71.0 33818 539.5 
LSD+ES?·C 2 1.47 570 75 1.8 n.o 126.2 20.3 5.4 71.0 38430 527.0 
LSD+ES?·C 3 1.31 522 71 1.8 58.0 1, 1. 1 17.0 5.2 71.0 33317 509.5 

===========================================·=~·==·=~============================================================ 
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Table 26.5.1.-6. sunnary cf Cea! Switching/Cleaning Costs for the MOU'lt Stenn Ptan.t (Jlile 1988DollarsJ 

==================z============================================================================================= 
Technology Boiler Main Boiler Ca?Gcity Coal Capital Capital Amual Amual 502 502 502 Cost 

~Lllt>er Retrofit s;z.e Fact er Sul fur cost Cost Cost Cost Removed Removed Effect. 
Difficulty (Mii) on Content (SMM) ($/k\I) ($1411) (mil l S/kwh) Oil C tons/yrJ (S(ton) 

Factor CX> 
····--·--·····-··-···------------------················--·-······-·····-··------------·--··-·····-·············· 

CS/B+S15 1 1.00 570 66 1.8 16.9 29.7 45.4 13.8 50.0 23606 1922.2 
CS/B+S15 2 1.00 570 75 1.8 16.9 29.7 51 .1 13.6 50.0 26825 1903.B 
CS/B•S15 3 1. 00. 522 71 1.8 15.6 29.9 44.5 13.7 50.0 23256 1914.2 

CS/B+S15-C 1 1.00 570 66 1.8 16.9 29.7 26.1 7.9 50.0 23606 110•.s 
CS/B+S15·C 2 1.00 57'1J 75 1.8 16.9 29.7 29.3 7.8 50.0 26825 1093.6 
CS/8+S15·C 3 1.00 522 7t 1.8 15.6 29.9 25.6. 7.9 50.0 23256 1099.7 

CS/8+$5 1.00 570 66 1.8 11.0 19.3 17. 1 5.2 50.0 23606 725.3 
CS/8+$5 2 1.00 sro 75 1.8 11. 0 19.3 19.1 5.1 50.0 26825 712.2 
CS/B+S5 3 1.00 522 71 1 .8 10.2 19.5 16.8 5.2 50.0 23256 720.4 

CS/B+S5·C 1.00 570 66 1.8 11 .o 19.3. 9.9 3.0 5o;o 23606 417.6 
CS/B+S5·C 2 1.00 570 75 1.8 11.0 19.3 11. 0 Z.9 50.0 26825 409.9 
CS/B•S5-C 3 1.00 522 71 1 .8 10.2 19.5 9.6 3.0 50.0 23256 41.:0.7 

================================================================================================================ 
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TABLE 26.5.1-7: SUMMARY OF NOx RETROFIT RESULTS FOR MOUNT STORM 

BOILER NUMBER 

COMBUSTION MODIFICATION RESULTS 

. 1, 2 3 

FIRING TYPE TANG TANG 

TYPE OF NOx CONTROL OFA · OFA 

FURNACE VOLUME (1000 CU FT) 310 313 

BOILER INSTALLATION DATE 1965,66 1973 

. SLAGGING PROBLEM NO NO 

ESTIMATED NOx REDUCTION (PERCENT) 25 25 

SCR RETROFIT RESULTS 

SITE ACCESS AND CONGESTlON 
FOR SCR REACTOR LOW LOW 

SCOPE ADDER PARAMETERS--

Building Demolition (1000$) 0 0 

Ductwork Demolition (1000$) 100 93 

New Duct Length {Feet) 200 . 300 

New Duct Costs (1000$) 2743 3909 

New Heat Exchanger (1000$) 5296 5024. 

TOTAL SCOPE ADDER COSTS (1000$) 
INDIVIDUAL CASE 8139 9026 
COMBINED CASE 12310 NA 

RETROFIT FACTOR FOR SCR 1.16 1.16. 

GENERAL FACILITIES (PERCENT) 13 13 
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Table 26.5. 1-8. NOx Control Cost Results for the Houit Storm Plant CJl.l'le 1988 Dol tars> 

==========~=================.=============================:::::c::=============================================== 
Technology Boiler .-lain Boiler Capacity Coal Capital Capital Ar'l"<Jal Arnual NOx NOx. NOx Co,st 

N"'*>er Aet rof it Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (Mii) (ll) Content (SHM) (S/lclll (-) Cmi l ls/kwhf. Oil (tons/yr) CS/ton) 

Factor ():J 
-··-·····-·································--··································--····--····················-···· 

LNC·OFA 1 ' 1.00 570 66 1.8 1.2 2.2 O.J 0.1 25.0 2532 106.3 
LNC·OFA 2 1.0a 570 7'5 1.S 1.2 2.2 O.J a.1 25.0 2877 93,5 
LNC·Of A 3 1.00 522 71 1.8 1.2 2.3 O.J . 0.1 25.0 2495 104.1 

LNC·OFA·C 1 1.0a 570 66 1.8 1.2 2.2 0.2 a.a 25.0 2532 63.1 · 
LNC·OFA·C 2 1.00 57a 75 1.8 1 .2 2.2 0.2 a.o 25.0 . 2877 55.5 
LNC·OFA·C 3 1.ao 522 71 1.8 1.2 2.3 0~2 o.o 25.0 i!495 61.8 

SCR-3 1 1.16 570 66 1.8 61!. 1 . 119.4 25.6 7.8 80.0 8103 3158. 1 
SCR·3 2 1.16 570 75 1.8 61!. 1 119.4 25 .• 9 6.9 80.0 9208 2811.4 
SCR·3 3 1.16 522 71 1.8 64.3 123.2 24.a 7.4 80.0 7983 3005.2 
SCR·J 1 ·2 1. 16 1140 71 1.S 1;!6.3 110.8 49.1 6.9 80.0. 17433 2818.9 

SCR·3·C 1 . 1. 16 570 66 1.8 68.1 119.4 15.a 4.5 80.0 8103 1847.1 
SCR·3·C 2 1.16 570 75 1.8 68. 1 119.4 15.1 4.0 80.0 9208 1643.9 
SCR·3·C 3 1. 16 522 71 1.8 64.3 123.2 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 61!. 1 119.4 20.9 6.3 80.0. 8103 2ssa.8 
SCR·7 2 1. 16 570 75 1.8 68.1 119.4 21 .2 5.7 81l.O 9208 2303 .4 
SCR-7 3 1 .16 522 71 1.8 64.J 123.2 19.7 6. 1 80.0 7983 2468.6 
SCR· 7 1-2 1. 16 1140 71 1.8 126.3 110.8 39.8 5.6 80.0 17433 2282.2 

SCR·7·C 1 1.16 570 66 1.8 68.1 119.4 12.3 J.7 80.0 8103 1516.3 
SCR·7·C 2 1.16 570 75 . 1.8 68:1 119.4 12.5 3.3 80.0 9208 1352.S 
SCR·7·C 3 1. 16 522 71 1.8 . 64.3 123.2 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 

===============··===···=·=··===···===·······============··===···==······==·==···==···===····====··===·====·===== 
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Furnace Sorbent Injection and Duct Spray Drying FGD Costs--
So~bent injection technologies (FSI.and DSD) were considered for the 

boilers at the Mount Storm plant. There is sufficient duct residence ti me 
between the old and new ESPs for units 1 and 2 but limited residence time 
exists before the unit 3.ESPs. Although ESP data was not available, the. 
ESPs appear to be large enough to accommodate the additional particulate 
load. Tables 26.5.1-9 and 26.5.1-10 present the retrofit factors and costs 
for installation of sorbent injection technolog.ies at the 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 currently be considered as candidates 
for AFBC/CG repowering. 
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TABLE 26.5.1-9. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR MOUNT STORM UNIT l, 2 OR 3 

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 (1000$) 
ESP UPGRADE CASE 
A NEW BAGHOUSE CASE 

RETROFIT FACTORS 

CONTROL SYSTEM. (DSD SYSTEM ONLY) 
ESP UPGRADE 
NEW BAGHOUSE 
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LOW . 
MEDIUM 
NA . · 

NO 
NA 

NA 
NA 
NA 
NA 
50 
110 

110 
NA 

l.13 
l.36 
NA 



Table 26.5.1·10: s""""ry ·of DSD/FS l control costs for the Mount StOMll Plant ( J<M'll! 1988 Collars) 

================================================================================================================ 
Technology Soi ler Main Boiler Capacity Coal Capital Capit•l Amual Amual 502 502 SU2 Cost 

N<l!Cer Retrofit Size Factor Sul fur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (Ml/) (ll:) Content (SMIO IS/klll ($MM) Cmills/kwn> OD (tons/yrl IS/ton> 

Factor <"> 
---------··--··---------·-·---·----------------------------·-···-··--------------·--------·--·------------------

OSO•ESP 1 1. 00 570 66 1.8 21 .9 38.5 17.9 5.4 46.0 21886 817.3 
OSO•ESP 2 1.00 570 75 1.8 21 .9 38.5 19.2 5.1 46.0 24871 no.a 
OSO+ESP 3 1.00 522 71' 1.8 20.1 38.6 17.2 5.3 46.0 21562 799.5 

OSO•ESP·C 1.00 570 66 1.8 21.9 38.5 10.3 3.1 46.0 21886 472.7 
DSO+ESP-C 2 1.00 570 75 1.8 21.9 38.5 11. 1 3.0 46.0 24871 445.6 
OSO+ESP·C 3 1.00 522 71 1.8 20.1 38.6 10.0 3.1 46.0 21562 462.2 

FSl+ESP-50 1 1.00 570 66 1.8 22.4 39.4 21.6 6.5 50.0 23701 910.0 
FS!+ESP-50 2 1.00 570 75 1 .a 22.5 39.4 23.6 6.3 50.0 26933 875.6 
FSl•ESP·50 3 1.00 522 71 1.8 20.9 40. 1 . 21.0 6.5 50.0 23349 898.2 

F51•ESP·50-C 1 1.00 570 66 1.8 22.4 39.4 12.5 3.8 50.0 23701 525.6 
FSl+ESP-50-C 2 1.00 570 75 1.8 22.5 39.4 13.6 3.6 50.0 26933 505.4 
FSl+ESP·50·C 3 - 1.00 522 71 1.8 20.9 40., 12.1 3.7 50.0 2331,9 518.6 

FSl+ESP-70 1 1.00 570 66 1.8 22.6 39.7 ·22.0 6.7 70.0 33181 662.1 
FSl+ESP-70 2 1.00 570 75 1.8 22.6 39.7 24.0 6.4 70.0 3no6 637.4 
FSl+ESP-70 3 1.00 522 71 1.8 21.1 40.5 21.4 6.6 70.0 32689 653.7 

FSl+ESP·70·C 1.00 570 66 1 .8 22.6 39.7 12.7 3.9 70.0 33181 382.4 
FSHESP-70-C 2 1.00 570 75 1 .8 . . 22~6 39.7 13.9 3.7 70.0 37706 367.9 
FSl+ESP-70-C 3 1.00 522 71 1 .8 21. 1 40.5 12.3 3.8 70.0 32689 3n.4 

=====================================~========================================================================== 
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