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capacity factors and fuel proces) or significant changes in control technology and per-
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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 estimate~ curr~ntly 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. 

NOTICE 

This document has been reviewed in accordance with 
U.S. Environmental Protection Agency policy and 
approved for publication. Mention of· trade names 
or collUTlercial products does not constitute endorse­
ment or recouunendation for use. 
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SECTION 3.0 ALABAMA 

3 .l ALABAMA· POWER COMPANY 

3.1.1 Barry Steam Plant 

The Barry steam plant is located within Mobile County, Alabama; as part· 
of the Alabama Priwer Company system. The plant ts located adjacent to ·the 
Mobile River and contains five coal-fired boilers with a total gross 
ge.nerating capacity of l,525 MW. 

Table 3.1.l~l presents operational daia for the existi~g equipmenf at 
the Barry plant. The boilers burn low sulfur coal. Coal shipments are 
received by barge and unloaded through a water channel to a.coal~storage •nd 
handling area west of the plant and close to the river.· 

PM emissions for the boilers are controlled with retrofit ESPs located 
behind old ESPs. Units 1~3 have hot side ESPs. The plant has a wet fly ash 
handling system and ash is disposed of in an ash pond southeast of the 
plant. Units 1-3 are ducted to a common retrofit chimney .and units 4 and 5 
have separate chimneys. Two old chimneys behind units 1-3 are left intact 
along with the old ESPs. The following evaluation is based on a 1980 aerial 
photograph of the p 1 ant. Any additions to th.e pl ant layout s i nee that ti me 
should be taken into consideration. 

Lime/Limestone and Lime Spray Drying FGD Costs--
. The five boilers are located beside each other adjacent to the river. 

The absorbers for units 1-3 would be located close to unit 1 between the 
common chimney and the coal pile and adjacent to the employee parking area. 
The absorbers for units 4 and 5 would be located on the other side of the 
pllnt (to the east) and adjacent to th~ unit 5 chimney. The limestone 
preparation, storage, and handling area would be located behind the unit 1-3 
absorbers. A plant road and part of ihe emplOyee parking area would have to 
be relocated for unit 1-3 absorbers; therefore, a factor of 10 percent was 
assigned to general facilities~ For unit.4-5 absorbers, some storage 
buildings and oil tanks would have to be demolished and relocated; as such, 

3-1 



TABLE 3.1.1-1. BARRY STEAM PLANT OPERATIONAL DATA 

BOILER NUMBER 1, 2 3 4 5 
GENERATING CAPACITY ~MW, EACH) 125 . 225 350 700 
CAPACITY FACTOR tPER ENT) . 65,67 74 57 76 
INSTALLATION DAT 1954 1959 . 1969 1971 
FIRING TYPE TANGENTIAL 
FURNACE VOLUME i 1000 CU FT) 93 147 NA 334 
LOW NOx COMBUST ON NO 
COAL SULFUR CONTENT (PERCENT) 0.8 
COAL HEATING VALUE ~BTU/LB) 12,000 
COAL ASH CONTENT (P RCENT) 13.0 
FLY ASH SYSTEM WET SLUICE 
ASH DISPOSAL METHOD . PONDS/ON-SITE 
STACK NUMBER 1 1 2 3 
COAL DELIVERY METHODS BARGE 

PARTICULATE CONTROL 

TYPE ESP 
INSTALLATION DATE 1976 
EMISSION }LB/MM BTU) 0.05 0.04 0.01 NA 
REMOVAL E FICIENCY NA 99.9 99.9 99.9 
DESIGN SPECIFICATION . 

SULFUR SPEC I FI CATION (PERCENT) 0.1 to 5·.o . 0; 5 to 3. O 
SURFACE AREA (1000 SQ FT~ 183.6 316.6 451.2 635.0 
GAS EXIT RATE (1000 ACFM · 714 1274 .1367 2427 
SCA (SQ FT/1000 ACFM) 257 249 330 262 
OUTLET TEMPERATURE (°F) 655 721 269 266 
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a factor of 10 percent was assigned to general facilities for these 
absorbers~ A low site access/congestion factor was assigned to all of the 
FGD absorber locations refl~cting the easy accessibilit~ to the absorber 
locations and the low congestion. 

For units 1-3 and_ 5, short duct runs would be required-for L/LS-FGD 
cases (about 100 to 300 feet) and a .low site access/congestion factor was 
also assigned to the flue gas handling system because of no major 
obstacles/obstructions in the surrounding areas. Absorbers for unit 4 would 
be pl~ced beside unit 5 ESPs resulting in a duct length of 500 feet and a 
new chimney for this unit. A high site access/congestion factor was 
assigned to the unit 4-flue gas handling· system because.the unit 4 chimney 
and unit 5 ESP makes access difficult. The major scope adjustment costs and 
retrofit factors estimated for the FGD technologies are presented in 
Tables 3.1.1-2 through 3.1.1-4. 

LSD with reuse of the existing ESPs was not considered for units 1-4. 
Units 1, 2, and 3 have hot side ESPs and for unit 4 reuse of the existing 
ESPs would be very difficult; Therefore, LSD with a new baghouse was 
considered for units 1-4. LSD with reuse of the existing ESPs· was 
considered for unit 5. The.absorbers and new baghouses for all units would 
be located in similar locations as the absorbers. in the L/LS-FGD case. For 
all units, moderate flue gas handling duct lengths were required. For all 
units, the locations of the baghouses would be close to the absorbers and, 
as such. a low site access/congestion factor was assigned to these 
locations. 

FGD cost estimates for the Barry p 1 ant are not :presented because it is 
unlikely that the current low sulfur coal would be used if scrubbing ~ere 
required. FGD cost estimates based.on the current coal would result in low 
e~timates of capital/operating costs and high cost effectiveness values. 

Coal Switchtng and Physical Coal Cleaning Costs--
Because the Barry plant is.already using low sulfur coal, CS and PCC 

were not considered in this study. 
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TABLE 3.1.1-2. SUMMARY OF RETROFIT FACTOR DATA FOR BARRY 
UNITS l, 2, OR 3 

FGD TECHNOLOGY 

FORCED LIME 
L/LS 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) 100-300 NA 
ESP REUSE 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$) 1145, 1940 NA NA 

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

OTHER NO NO 

RETROFIT FACTORS 

FGD SYSTEM 1. 27 NA 
ESP REUSE CASE NA 
BAGHOUSE CASE 1.16 

ESP UPGRADE NA NA NA 
NEW BAGHOUSE NA NA 1.16 

GENERAL FACILITIES (PERCENT) 10 0 IO 
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TABLE 3 .1.1-3. SUMMARY OF RETROFIT FACTOR DATA FOR. BARRY UNIT 4 

FGD TECHNOLOGY 

FORCED LIME 
L[LS FGD OXIDATION SPRAY DRYING 

SITE ACCESS[CONGESTION 

S02 REMOVAL LOW NA LOW 
FLUE GAS HANDLING · HIGH NA 

ESP REUSE CASE 
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 NO 
ESTIMATED COST (1000$) 2882 NA NA 

NEW CHIMNEY YES NA NO 
ESTIMATED COST (1000$) 2450 0 0 

OTHER NO NO 

RETROFIT FACTORS 

FGD SYSTEM 1.48 NA 
ESP REUSE CASE NA · 
BAGHOUSE CASE 1.36. 

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

GENERAL FACILITIES {PERCENT) 10 0 IO 
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TABLE 3.1.1-4. SUMMARY OF RETROFIT FACTOR DATA FOR BARRY UNIT 5 

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 
BAGHOUSE NA 

ESP REUSE NA NA MEDIUM 
NEW BAGHOUSE NA NA NA 

SCOPE ADJUSTMENTS 

WET TO DRY . YES NA YES 
ESTIMATED COST (1000$) 5365 NA 5365 

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 1.36 
NEW BAGHOUSE NA NA NA 

GENERAL FACILITIES (PERCENT} 10 0 10 

3-6 



Low NOx Combustion--
Units 1-5 are dry bottom, tangential-fired boilers. The combustion 

modification technique applied. to all boilers was OFA. Table 3.1.1-5 shows 
the OFA NOx reduction performance for ea.ch unit. Table 3 .1.1-6 presents the 
NOx cost results of retrofitting .OFA at the Barry plant.· 

Selective Catalytic Reduction-- · 
Hot side SCR reactors for units 1-3 would be located beside unit 1 in a 

low site access/congestion area .. The cold side SCR reactor for unit 4 would 
·be placed behind unit 5 ESPs adjacent to unit 4 ESPs/chimney .. A high site 

. ' 

access/congestion factor would be assigned to this lo.cation due to the 
-limited space available behind unit 5~ The cold side SCR reactor for unit 5 
would be located adjacent to unit 5 in a low site access/congestion area. 
For flue gas handling, a duct length of 250 feet would b~ required for all 
units. · Because units 1-3 have high temperature ESPs, flue gas preheat for 
the SCR unit is_ not required. The ammonia storage system was p 1 aced close 
to the ~orbent storage preparation area west·of the plant.· A factor of 
20 percent was assigned to general faciliti~s for all units due to the need 
to relocate plant roads and storage buildi~gs; 

·table 3.1.1-5 presents the SCR process ~rea retrofit factors and scop~ 

adder costs. Table 3.1.1-6 presents the estimated cost of retrofitting SCR 
at the Barry boilers. 

Duct Spray Drying and Furnace Sorbent Injection--
DSD and FSI with ESP reuse were not evaluated for units 1-3 because 

these units have hot side ESPs. For unit 4, .it appe~rs that sufficient duct 
residence time is available between the boilers and the retrofit ESPs or the 
old ESPs could be .used for sorbent injection or humidification. By contrast, 
for unit 5, there does not appear to be sufficient duct residence time 

·between the boiler and the ESPs. However, sorbent injection was evaluated 
because the first ESP section could be modified for sorbent injection or 

' . 
humidification and additional plate area could be added downstream of the 
ESPs. A high site access/congestion factor was.assigned for upgrading the 
ESPs for unit 4 because of the access difficulty to the ext.sting ESPs. A. 
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TABLE 3.1.1-5. SUMMARY OF NOx RETROFIT RESULTS FOR BARRY 

BOiLER NUMBER 

COMBUSTION MODIFICATION ·RESULTS 

1,2 3 4 5 

FIRING TYPE TANG TANG TANG TANG 

TYPE OF NOx CONTROL OFA OFA . OFA OFA 

FURNACE VOLUME (1000 CU FT) 93 147 NA 334 

BOILER INSTALLATION DATE· 1954 .. 1959 1969 1971. 

SLAGGING PROBLEM NO NO NO NO 

ESTIMATED NOx ·REDUCTION (PERCENT) 25 25 25 25 

SCR RETROFIT RESULTS 

SITE ACCESS AND CONGESTION 
FOR SCR REACTOR LOW LOW · HIGH LOW 

SCOPE ADDER PARAMETERS--

New Chimney (1000$) 0 0 0 0 

Ductwork Demolition (1000$) . 32 50 69 116 

New Duct Length (Feet) 250 250 250 250 

New Duct Cost~ (1000$) 1411 1991 257B 3867. 

New Heat Exchange~ (1000$) 0 0 3952 5991 

TOTAL SCOPE ADDER COSTS (1000$) 1443 2041 6599 9974 

RETROFIT FACTOR FOR SCR 1.16 1.16 1.52 . 1.16 

GENERAL FACILITIES (PERCENT) 20 20 20 20 
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Table 3.1.1·6. NOx Control Cost Results for the Barry Plant (J~ 1988 Dollars) 

========================================•==•======•===•==============c======•a••=•=====D.2======~================ · 
Technology 

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 

SCA·3 
SCA·3 
SCA·3 
SCR·3 
SCR·3 

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

SCA·7 
SCR· 7 
SCR·7 
SCR,7 
SCR·7 

SCA·7·C 
SCA·7·C 
SCR· 7·C 
SCA·7·C 
SCR·7·C 

Boiler Main Boiler Capacity Coal 
Nli!Cer Retrofit Size · Factor Sul fur 

1 
2 
3 
4 
5 

2 
3 
4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 

5 

2 
3 
4 
5 

1 
2 
3 
4 
5 

Difficulty (1111) <Xl Content 
Factor (X) 

1.00 
1.00 
1;00 
1.00 
1.00 

1.00 
1.00 
1.00 
1.00 
1.00 

1.16 
1.16 
1.16 
1.52 
1.16 

1.16 
1. 16 
1. 16 
1.52 
1.16 

1.16 
1.16 
1.16 
1.52 
1.16 

1.16 
1.16 
1.16 
1.52 
1.16 

125 
125 
225 
350 
700 

125 
125 
225 
350 
700 

125 
125 
225 
350 
700 

125 
125 
225 
350 
700 

125 
125 . 
225 
350 
700 

125 
125 
225 
350 
700 

65 
67 
74 
57 
76 

65 
67 
74 
57 
76. 

65 
67 
74 
57 
76 

65 
67 
74 
57 
76 

65 
67 
74 
57 
76 

65 
67 
74 
57 
76 

0.8 
0.8 
0.8 
0.8 
0.8 

0.8 
0.8 
0.8 
0.8 
0.8 

0.8 
0.8 
0.8 
0.8 
0.8 

0.8 
0.8 
0.8 
0.8 
0.8 

0.8 
0.8 
0.8 
0.8 
0.8 

0.8 
0.8 
0.8 
0.8 
0.8 

Capital 
Cost 
CSMMl 

Capital Amual 
Cost Cost 

($/kWl CSMM) 

0.7. 
0.7 
0.9 
1.0 
1.3 

0.7 
0.7 
0.9 
1.0 
1 .3 

20.9 
20.9 
31.4 
56.4 
83.4 

20.9 
20.9 
31.4 
56.4 
83.4 

20.9 
20.9 
31.4 
56.4 
83.4 

20.9 
20.9 
31.4 
56.4 
83.4 
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5.4 . 0.1 
5.4 0.1 
3.8 0.2 
2.9 0.2 
1.9 0.3 

5.4 
5.4 
3.8 
2.9 
1.9 

167;5 
167.6 
139.4 
161.1 
119.2 

167.5 . 
167.6 
139.4 
161.1 
119.2 

167.5 
167.6 
139.4 
161.1 . 
119.2 

167.5 
167.6 
139.4 . 
161. 1 
119.2 

0.1 
0.1 
0.1 
0.1 
0.2 

7. 1 
7.1 

11.2 
18.6 
31.2 

4. 1 
4.2 
6.6 

10.9 
18.2 

6.0 
6.1 
9.4 

15.8 
25.4 

3.6 
3.6 
5.5 
9.3 

14.9 

Amual NOx NOx NOx Cost 
Cost Removed Removed Effect. 

<mil ls/kwhl (X) (tons/yr) ($/ton) 

0.2 
0.2 
o.1 
0.1 
0.1 

0.1 
0.1 · 
0.1 
0.1 
o.o 

9.9 
9.7'. 
7.7 

10.7 
6.7 

5;8 
5.7 
4.5 
6.3 
3.9 

8.5 
8.3 
6·.4 
9.0 
5.5 

.5.0 
4.9 
3.8 
5.3 
3.2 

25.0 
25.0 
25.0 
25.0 
25.0 

25.0 
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 

80.0 
80.0 
80.0 
80.0 
80.0 

80.0 
80.0 
80.0 
80.0 
80.0 

552 
569 

1131 
1356 
3615 

552 
569 

1131 
1356 
3615 

1767 
1821 
3621 
4338 

11568 

1767 
1821 
3621 
4338 

11568 

1767 
1821 
3621 
4338 

. 11568. 

1767 
1821 
3621 
4338 

11568 

. 259.2 
251 .4 
160.1 
159.3 
78.8 

154.0 
149.4 
95.1 
94.6 
46.8 

4002.7 
3891.2 
3100. 1 
4295.2 
2694.6 

2346.5 
2281.0 
1815.0 
2519.1 
1576.2 

3421.5 
3327.3 
2589.5 
3632.3 
2197.4 

2013.5 
1957. 9 
1522.4 
_2139.3 
1291.3 



moderate access/congestion difficulty factor.was assigned for upgrading the 
unit 5 ESP. 

Tables 3.1.1-7 and 3.1.1-8 present a summary of the site access/ 
congestion factors for FSI and DSil technologies at the Barry steam plant. 
Table 3.1.1-9 presents the costs estimated to retrofit sorbent injection 
technologies at the Barry boilers .. Because the plant is burning low sulfur 
coal, the estimated unit costs are high. 

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 Barry plant. Units 1-3 would be considered good 
candidates for repowering/retrofit because of their small boiler sizes. 
Units 4 and 5 would not be considered good candidates because they are more 
than 300 MW units. All units have high capacity factors making the cost of 
repowering less attractive due to downtime cost (replacement power). 
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TABLE 3.1.1-7. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR BARRY 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 (1000$) 
ESP UPGRADE ·cASE 

. A NEW BAGHOUSE CASE 

RETROFIT FACTORS 

CONTROL SYSTEM (DSD SYSTEM ONLY) 
ESP UPGRADE 
NEW BAGHOUSE 

3-11 

LOW 
HIGH 
NA 

YES 
2882 

NA 
NA 
NA 
NA 
50. 
77 

2959 
NA 

1.13 
1.58 
NA 



TABLE 3.1.1-8. DUCT SPRAY DRYING ANO FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR BARRY UNIT 5 . 

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 (OSO SYSTEM 'ONLY) 
ESP UPGRADE . 
NEW BAGHOUSE 
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LOW 
MEDIUM 
NA 

YES 
5365 

NA 
NA 
NA 
NA 
50. 
129 

5494 
NA 

1.13 
1.36 
NA 



Table 3.1.1-9. SY!lllary of DSD/FSI Control Costa for the Barry Plant (J161e 1988 Dollars) 

=========================================================a=••••••===m======•====•=•========s==================== 
Technology Boiler Main Boiler Capacity Coal Capital Cap! tel Amual AmJ.l 502 502 502 Cost 

N<ft:>er Retrofit Size Factor Sulfur cost Cost Cost Cost Removed Removed Effect. 
Difficulty (MW) (X) Content (SMM) (S/lcll) (SMM) (mil ls/kwh) (1') (tons/yr) CS/ton) 

F.actor (1') 

·--·----··----···----------------------------------------------------------------------------------------------- ' 

OSD+ESP 4 1.00. 350 57 0.8 14.7 42.0 8.6 4.9 46.0 5234 1646.2 
OSD+ESP 5 1.00 700 76 0.8 26.3 37.6 16;3 3.5 46.0 . 13764 1183.1 

DSD+ESP·C 4 1.00 350 57 0.8 14. 7 42.0 5.0 2.9 46.0 5234 955.7 
DSO+ESP·C 5. 1.00 700 76 0.8 26.3 37.6 9.4 2.0 46.0 13764 686.4. 

FSl+ESP·50 4 1.00 350 57 0~8 15.4 44.0 8.2 4.7 50.0 5640 1462.0 
FSl+ESP-50 5 1.00 700 76 0.8 29. 7 42.4 17.8 3.8 50.0 15039 1183.0 

FS!+ESP·50·C 4 1.00 350 57 0.8 15.4 44.0 4·,8 2.7 50.0 5640 849.8 
FSl+ESP-50·C 5 1.00 700 76 0.8 29. 7 42.4 10.3 2.2 50.0 15039 686.6 

FSl+ESP-70 4 1.00 350 57 0.8. 15.5 44.3 8.4 4.8 70.0 7895 1057.8 
FSl+ESP·70 5 1.00 700 76 0.8 29.9· 42.7 18.1 3.9 70.0 21054 857.6. 

FS!+ESP·70·C 4 1.00 350 57 0.8 15.5 44.3 4.9 2.8 70.0 7895 614.9 
FSl+ESP-70·C 5 1.00 700 76 0.8 29.9 42.7 10.5 2.2 70.0 21054 497.7 

================================================================================================================ 
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3.1.2 Gadsden Steam Plant 

The Gadsden Steam Plant is located in Etowah County, Alabama, as part 
of the Alabama Power Company system. The pla_nt contains two coal-fired 
boilers with a total gross generating capacity of 120. MW. Tables 3~1.2-1 
through 3. I. 2-8 summarize the plant ope rat ion al data and present the so2 and. 
NOx control cost and performance· estimates. 

TABLE 3. l.2- l. GADSDEN STEAM PLANT OPERATIONAL DATA 

BOILER NUMBER 
GENERATING CAPACITY (MW) 
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 (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 ACFMl 
OUTL£T TEMPERATURE ( F) 

1,2 
60 
48, 75 
1949 

· TANGENTIAL 
NA 
NO 
1. 5 
12500 . 
11.3 
WET DISPOSAL 
POND/ON-SITE 
1 
TRUCK/RAILROAD 

ESP* 
1975 
0.05, 0.02 
99.95 

·NA 
NA 
300 
NA 
315 

* An SCA size of 300 was assumed for both units. 
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TABLE 3.1.2-2. SUMMARY OF RETROFIT FACTOR DATA FOR GADSDEN. 
UNITS 1 OR 2 * . 

FGD TECHNOLOGY 

FORCED LIME 
L/LS FGD OXIDATION SPRAY DRYING 

SITE ACCESS/CONGESTION 

S02 REMOVAL LOW NA 
FLUE GAS HANDLING ' LOW NA 

ESP REUSE CASE 
BAGHOUSE CASE 

DUCT WORK DISTANCE (FEET} . 100-300 . NA 
ESP REUSE 
BAGHOUSE 

ESP REUSE NA NA 
NEW BAGHOUSE NA . 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 . 

YES 
593 
NO 
0 
NO 

1. 27 

NA 
NA 

GENERAL FACILITIES (PERCENT} 8 

NA 
NA 
NA 
0 

NA 

NA 
NA 

0 

HIGH 

HIGH 
NA 

100-300 
NA 

MEDIUM 
NA 

YES 
593 
NO 
0 
NO 

1.61 
NA 
1.37 
NA 

8 

* L/S-FGD absorbers for units 1 and 2 would be located south 
of the common chimney for units 1 and 2. LSD-FGD absorbers 
would be located beside the unit ESPs. 
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Table 3.1.2-3. Sllmlllry of FGO Control Costs for the Gadsden Plant (June 1988 Dollars). 

================================================================================================================ 
Technology Boiler Main Boiler Capacity Coal Capital Capital Amual ArnJal 502 502 502 Cost 

N<IT'ber Retrofit Size Factor .Sul fur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (M\I) cu Content (SMIO (S/kWl (SllM) Cmi l ls/kwh l c::o Ctons/yrl CS/ton) 

Factor <lO 
-------------------------------·-----------------~------------------------------------------·------------------~-

L/S FGD 1 1.27 60 48 1.5 29.1 484.5 11.8 46.6 90.0 2622 4488.4 
L/S FGO 2 1.27 60 75 1.5 29.1 484.8 12.8 32.4 90.0 4097 3117. 5 
L/S FGO 1 -2 1.27 120 62 1.5 41.0 341.5 17,5 26.9 90.0 6m 2588.2 

L/S FGD-C 1 1 .27 60 48 1.5 29. 1 484.5 6.9 27.2 90.0 2622 2621.3 
L/S FGO·C 2 1.27 60 75 1.5 29.1 484.8 7.4 18.9 90.0 4097 1818.0 
L/S FGO-C 1·2 1.27 120 62 1.5 41.0 341.5 10.2 15.7 90.0 6m 1510.0 

LC FGO 1-2 1.27 120 62 1.5 28.6 238 •. 1 13.8 21; 1 90.0 6m 2032.6 

LC FGO·C 1-2 1.27 120 62 1.5 28.6 238. 1 8.0 12.3 90.0 6m 1183;5 

LSD+ ESP 1 1.61 60 48 1.5 13,;6 225.9 6.4 25.5 76.0 2223 2897,7 
LSD+ ESP 2 1.61 60 75 1.5 13.6 225.9 6.8 17.3 76.0 3473 1967.1 

LSD+ESP·C 1 1.61 60 48 1.5 13.6 225·.9 3.8 .. 14.9 76.0 2223 1687. 5 
LSD+ESP-C 2 1.61 60 75 1.5 13.6 225.9 4.0 10.1 76.0 3473 1144.5 

================================================================~=========•••============••===zz=•============== 
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Tab.le 3.1.2·4. Sunnary of Coal SNitching/Cleaning Costs for the.Gadsden Plant (June 1988 Dollars) 

=========================================================================================·=======····=========== 
Technology a.oiler Main Boiler Capacity coal Capital Capital Amual Amual 502 502 S02 Cost 

NlJID!r Retrofit Size Factor Sul fur . Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (Mii) (%) Content ($MM) ($/lc\I) (SllM) cmH ls/kNhl (%) (tons/yr) ($/ton) 

Factor . (ll:) 

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

CS/8+S15 , 1.00 60 48 1.5 2.8 46.5 4.2 16.5 37;0 1092 3812.1 
CS/8+$15 2 1.00 60 75 1.5 2.8 46.5 6.1 15.6 37.0 1706 3594.7 

CS/B+S15·C 1 1 .oo 60 48 1.5 2.8 46.5 2.4 9.5 37.0 1092 2195 .5 
CS/B+S15·C 2 1.00 60 .75 1.5 2.8 46.5 3.5 8;9 37.0 .1706 2066.9 

CS/B+S5 1.00 60 48 1.5 2.2 36.1 2.0 7.8 37.0 1092 1803.2 
CS/B+S5 2 1.00 60 75 1.5 2.2 36.1 2.8 7.0 37.0 1706 1621. 9 

CS/B+.S5·C , 1.00 60 48 1 .5 2.2 36.1 1.1 4.5 37.0 1092 1042.0 
CS/B+S5·C 2 1.00 60 75 1.5 2.2 36.1 1.6 4.0 37.0 1706 934.9 

===========================================================•=====••===••••======••••••========••=•=======s====== 
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TABLE j.1.2-s. SUMMARY OF NOx RETROFIT RESULTS FOR GADSDEN 

BOILER NUMBER 

COMBUSTION MODIFICATION RESULTS 

l, 2 

FIRING TYPE TANG 

TYPE OF NOx CONTROL OFA 

FURNACE VOLUME (1000 CU FT) NA 

BOILER INSTALLATION DATE 1949 

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$) 
. INDIVIDUAL CASE . 

COMBINED CASE 

RETROFIT FACTOR FOR SCR 

GENERAL FACILITIES (PERCENT) 

LOW 

0 

18 

200 . 

735 

1372 

2125 
3213 

1.16 

20 

* Cold side SCR reactors for units 1 and 2 would be located 
south of the common chimney for units 1 and 2. 
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Teble3.1.2·6. NOx Control cost Results for the Gadsden Plant (June 1988 Dollars) 

=================================··====··====·=·································===·············============·=== 
Technology Boiler Main Boiler Capacity Coal Capital Capital Amual Amual NOx NOx NOJ< Cost 

Nl.IT'ber Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Renioved Effect. 
Difficulty.· (MW) (%) Content (Siii) ($/kW) (SMM) (mi l l S/kwh) (%) (tons/yr> CS/ton) 
·Factor c:o 

,• 

-------------------------·-----------~--------------------------------------------------'··------------·········· 

LNC·OFA 1 1.00 60 48 1.5 0.5 8.'4 o. 1 0.4 25.0 187 571.4 
LNC·OFA 2 1.00 60 75 1.5 0.5 8.4 o. 1 . 0.3 25.0 292 365.7 

LNC·OFA·C 1 1.00 60 48 1.5 0.5 8.4 o. 1 0.3 25.0 187 339.5 
LNC·OFA·C 2 1.00 60 7S 1.5 0.5 8.4 0.1 0.2 25.0 292 217.3 

SCR·3 1 1.16 60 48 1.5 14.0 232.6 4.3 17.0 80.0 598 7163.3 
SCR·3 2 1.16 60 75 1.5 14.0 232.6 4.4 11.1 80.0 934 4681.6 
SCR·3 l-2 1.16 120 62' 1.5 21.3 177.2 6.9 10.6 80.0 1544 4488.4 

SCR·3·C 1 1.16 60 48 1.5 14.0 232.6 2.5 10.0 80.0 598 4208. 7 
SCR·3·C 2 1.16 60 75 1.5 14.0. 232.6 2.6 6.5 80.0 ~34 2749.3 
SCR·3·C 1·2 1. 16 120 62 1.5 21 .3 177.2 4.1 6.2 80.0 1544 . 2633.3 

SCR·7 1 1. 16 60 48 1.5 14.0 232.6 3.8 . 15.0 80.0. 598 6343.5 
SCR·7 2 1. 16 60 75 1.5 14.0 232.6 3.9 9.8 80.0 934 4156.9 
SCR·7 1·2 1.16 120 62 1.5 21.3 177.2 6.0 9.Z 80.0 1544 3879.8 

SCR.·7·C 1 1.16 . 60 48 1.5 14.0 232.6 2.2 8.9 . 80.0 598 3739.0 
SCR·7·C 2 1. 16 60 75 1.5 14.0 232.6 2.3 5.8 80.0 934 2448.7 
SCR·7·C 1·2 1.16 120 62 1.5 21 .3 177.2 3.5 5.4 80.0 1544 2284.6 

=========================================================~========·==•========================================== 
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TABLE 3.1.2-7. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR GADSDEN UNITS 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 YES 
ESTIMATED COST (1000$) 593 

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

DUCT DEMOLITION LENGTH (FT) 50 
DEMOLITION COST (1000$) 20 

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

RETROFIT FACTORS 

CONTROL SYSTEM (DSD SYSTEM ONLY) 
ESP UPGRADE 
NEW BAGHOUSE 

613 
. NA 

1.13 
1.36 
NA 

Medium duct residence time exists between the boilers and 
their respective ESPs. A medium factor was assigned to ~SP 
upgrade since there is some congestion among the ESPs. 
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Table 3.1.2·8. Slml\ary of OSO/FSI Control Costs for the Gadsden Plant (June 1988 Dol larsl 

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

Technology Boiler Main Bai Ier Capacity Coal Capital Capital Annual Amual S02. S02 S02 Cost 
H'61'ber Retrofit Size Factor Sul fur Cost cost Cost Cost Removed Removed. E fleet. 

Difficulty (MW) <Xl Content CSMMl ($/kW) (SllM) (mil ls/kwh> co (tons/yr) (S/tonl 
Factor CX) 

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

OSO+ESP 1 1.00 60 48 1.5 5.3 88.4 4.0 16.0 . 49.0 1417 2852.0 
OSO+ESP 2 1.00 60 75 1.5 5.3 88.4 4.4 11.1 49.0 2215 19B4.3 

DSO+ESP·C , 1.00 60 48 1.5 5.3 88.4 2.3 9.3 49.0 1417 1650.8 
OSD+ESP·C 2 LOO 60 75 1.5 5.3 88.4 2.5 6.4 49.0 2215 1147.6 

FSl+ESP-50 1.00 60 48 1.5 5.9 98.2 3.4 13.4 50.0 1457 2313.0. 
FSI+ESP·SO 2 1.00 60 75 1.5 5.9 98.2 3.9 9.9 so.a· 2276 1710.0 

FSl+ESP·50·C 1 1.00 60 48 1. 5 ·5.9 98.2 2.0 7.8 50.0 1457 1343.4 
FSI+ESP·50·C 2 1.00 60 75 1.5 5.9 98.2 2.3 5.7 50.0 2276 991.4 

FSI+ESP·70 1 1.00 60 48 1 ;5 5.9 99.0 3.4 13.5 70.0 2039 1667.8 
FSl+ESP·70 2 1.00 60 75 1.5 5.9 99.0 3.9 10.0 70.0 3186 1235.2 

FSl+ESP·70-C 1.00 60 48 1.5 5.9 99.0 2.0 . 7.8 70.0 2039 968.6 
FSl+ESP·70·C 2 1.00 60 75 1.5 5.9 99.0 2.3 5.8 70.0 3186 716.1 

================================================================================================================ 
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3.1:3 Gaston Steam Plant 

The. Gaston steam plant is located within Shelby County, Alabama, as 
part of the Alabama Power Company system. The plant is located on· the west 
bank of·the Goosa River and contains five coal~fired boilers with a total 
gross generating capacity of 1,880 MW. 

Table 3~1.3-1 presents operational data for the existing equipment at 
the Gaston plant. The boilers burn medium sulfur coal. Coal _shipments are 
received by railroad and transferred to a coal storage and h_andl ing area 
south of the plant and adjacent to the river. 

PM emissions for all boilers are controlled with retrofit ESPs located 
behind each unit and close to the river. The plant has a dry fly. ash 
-handlin~ system. Fly ash is disposed of in a landfill adjacent to the cbal 
pile. Part of the fly ash -is sold. Units 1 through 4 are 5erved by ~ 

common chimney located. adjacent to unit 1 north of the plant. Unit 5 has 
its own chimney south of the plant. Four old chimneys, whi.ch were serving 
units 1-4, are left intact behind the units. A coal conveyor stret.ches from 
the ~oal pile to unit 1 runs behind the old ~himneys ahd retrofit ESPs to 
each unit. The following evaluation is based on a 1981 aerial photograph, 
and any alterations made to the plant layout since this ti~e should be taken 
into consideration. 

lime/Limestone and Lime Spray Drying FGD Costs~-
. The five boilers are located beside ~ach other and parallel to the 

river: The absorbers for units .1-4 would be located beside the unit 1-4 
common chimney to the north of the plant. The •~sorbers for unit 5 would be· 
located adjacent to.its chimney south of the plant. The limestone 
preparation, storage~ and handlirig area would b~ located west of the plant 
and close to the cooling towers. For unit 1-4 absorber locations, part of 
the employee parking area has to be relocated and, as such, a base factor of 
8 percent was assigned to general facilities .. For the unit 5 absorber 
location, some of the oil sto~age tanks have to be relocated resulting in a 
10 percent general facilities. 
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TABLE 3.1.3-1. GASTON STEAM PLANT OPERATIONAL DATA 

BOILER NUMBER 
GENERATING CAPACITY (MW) 
CAPACITY FACTOR (PERCENt) 
INSTALLATION DATE 
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 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) 

1,2,3,4 5 
250 880 
72,70,60,70 68 
1960,60,61,62 1974 
OPPOSED WALL TANG 
NA. 400 
NO NO 
1.4 1.4 
12,300 . 12,300 
12.0 12.0 

DRY DISPOSAL· 
ON-SITE/SELL 

1 . 2 
RAILROAD 

ESP . ES~ 
1974-76 1974 
0.05-0.07 0.12 
99.1-98.7 98.4 

NA NA 
342,363,342,342 1175 
1250 4100 
274,290,274,274 287 
650 630 
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A medium site access/congestion factor ~as assigned to all of the FGD 
absorber locations.· For units 1-4 absorbers, this was due to being located 
close to the water channel and water intake structure (underground 
obstructions). The medium site access/congestion factor for unit 5 absorber 
location ts due to the coal conveyor and oil .storage tanks. 

For flue gas handling, short duct runs would be required for the 
L/LS-FGD cases (about 200 feet) because the absorbers are placed immediately 
behind the chimneys. Low site access/congestion factors were also assigned 
to the flue gas handling system because of the easy accessibility to the 
existing chimneys. 

LSD with reuse of the existing ESPs was not considered for this plant 
because the ESPs operate ~t temperatures greater than 600°F. This 
eliminates the benefits of gas cooling/humidification on ESP performance. 
Additionally, access to the ESPs is extremely difficult and might result in 
a long boiler downtime. Therefore, LSD with a new baghouse was considered 
for the Gaston plant. LSD absorbers would be located close to the chimneys 
and the baghouses would be located adjacent to the absorbers. A medium site 
access/congestion factor was also assigned to the absorber/baghouse 
locations. 

The major scope adjustment costs and retrofit factors estimated for the 
FGD technologies are presented in Tables 3.1.3-2.and 3.1.3-3 .. Table 3.1.3-4 
presents the capital and operating costs for commercial FGD technologies. 
The low cost FGD option reduces costs for units 1-4 due to the elimination 
of spare absorber modi.Iles and economy of scale that occurs when combining 
process areas and maximizing absorber size. For unit 5, the low cdst option 
reduces cost due to the. e 1 i mi nation of the spare absorbers and increased 
absorber size. 

Coal Switchirig and Physical Coal Cleaning Costs--
Table 3.1.3-5 presents the IAPCS cost results for CS at the Gaston 

plant. These costs do not include boiler and pulverizer operating cost 
changes or any system modifications that may be necessary to blend coal. 
Coal switching for a fuel price differential of $15 per ton is higher than 
that of $5 per ton because of inventory capital and preproduction costs, 
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TABLE 3.1.3-2. SUMMARY OF RETROFIT FACTOR DATA FOR GASTON UNITS 1, 
2, 3, OR 4 

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) .. 100-300 NA 
ESP REUSE 

. BAGHOUSE 300-600 
ESP REUSE · NA NA NA 
NEW BAGHOUSE . NA NA MEDIUM 

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 1.30 NA 
ESP REUSE CASE NA·. 
BAGHOUSE CASE 1.40 

ESP UPGRADE NA NA NA 
NEW BAGHOUSE NA NA 1.37 

GENERAL FACILITIES (PERCENT} 8 o· 8 
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TABLE 3.1.3-3. SUMMARY .OF RETROFIT FACTOR DATA FOR GASTON UNIT 5 

· 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} 100-300 . NA 
ESP REUSE. 
BAG HOUSE 300-600 

ESP REUSE NA NA NA 
NEW BAGHOUSE NA · NA MEDIUM 

SCOPE ADJUSTMENTS 

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

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

OTHER NO NO 

RETROFIT FACTORS 

FGD SYSTEM I. 30 NA 
ESP REUSE CASE NA 
BAGHOUSE CASE 1 .. 40 

ESP UPGRADE NA NA NA· 
NEW BAGHOUSE NA NA 1.37 

GENERAL FACILITIES {PERCENT} 10 0 10 
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Table 3.1.3·4. Sli!lnllry of FGO Control costs for the Gaston Plant (June 1988 Dollars) 

==========::ir.=====================··======·====·=·====•:11••••••=======·======-111:=========================='=========== 
· T eehno logy Soi ler Main Boiler Capacity Coal Capital Capital Amual Annual S02 S02 S02'Cost 

Numer·Retrofit Size Factor Sulfur Cost cost cost Cost Re"':"'ed Removed Effect. 
D.ifficul ty (M\j) <Xl Content ($MM) CS/k\j) (SMM) <mills/kwh> c:o (tons/yr) (S/ton) 

Factor . (Xl 
·------·-----·---------------------------------------------------------------------------------------------------

L/S FGD 1 1.30 250 72 1.4 65.8 263.3 28.8 18.3 90.0 15578 1851.0 
L/S FGD 2 1.30 250 70 1.4 65.8 263.3 28.6' 18. 7 . 90.0 15145 1889.5 
L/S FGD 3 1.30 250 60 1.4 65.8 263.2 27.5 20:9 90.0 12982 ·2120.4 
LIS FGD 4 1.30 250 70 1.4 65.8 263.3 28.6 18.7 90.0 15145 1889.5 
L/S FGD 5 1.30 880 68 1.4 150.3 170.8 69.S. 13.2 . 90.0 51789 1341. 1 

L/S FGD·C 1 1.30 250 72 1.4 65.8 263.3 16.8 10.7 90.0 15578 1079.4 
LIS FGD·C 2 1.30 250 70 1.4 65.8 263.3 16.7 10.9 90.0 15145 1102.0 
L/S FGD·C 3 1.30 250 60 1.4 65.8 263.2 16.1 12.2 90.0 12982 1237.6 
L/S FCO-C 4 1.30 250 70 1.4 65.B 263.3 16.7 10.9 90.0 15145 1102.0 
L/S FCO-C. 5 1.30 880 68 1.4 150.3 170.8 40.5 7.7 90.0 51789 781.4 

LC FGD 1-4 1.30 1000 68 1.4 142.6 142.6 69.9 11.7. 90.0 58851 1188.2 
LC FGO 5 1.30 880 68 1.4 125.7 142.9 62.1 11.8 90.0 51789 1198.4 

LC FGD·C 1-4 1.30 1000 68 1.4 142.6 142.6 40.7 6.8 90.0 58851 691 .6 
LC FGD-C 5 1.30 880 68 1.4 125.7 142.9 36. 1 6.9 90.0 51789 697.5 

LSO+FF 1 1.40 250 n 1.4 74. 1 296.4 26.8 17.0 87.0 14974 1791 .6 
LSD+ FF 2 1.40 250 70 1 .4 74. 1 296.4 26.7 17.4 87.0 14558 1831 .o 
LSD+ FF 3 1.40 250 60 1.4 74. 1 296.4 25.8 19.6 87.0 12479 2068.2 
LSD+ FF 4 1.40 250 70 1 .4 74.1 296.4 26.7 17.4 87.0 14558 1831 .0 
LSD•FF 5 1.40 880 68 1.4 237.1 269.4 81.7 15.6 87.0 49782 1641.5 

LSO+FF-C 1.40 250 n 1.4 74.1 296.4 15.7 10.0 87.0 14974 1048.7 
LSO+FF-C 2 1.40 250 70 1.4 74. 1 296.4 . 15.6 10.2 87.0 14558 1071.9· 
LSO+FF·C 3 1.40 250 60 1 .4· 74. 1 296 .• 4 15.1 11.5 87.0 12479 1211.5 
LSO+FF-C 4 1.40 ·250 70 1.4 74 •. 1 296.4 15.6 10.2 87.0 14558 1071.9 
LSD+FF·C s 1.40 880 68 1.4 237.1 269.4 47.9 9.1 87.0 49782 961.8 

=================================ma========•=====================•==i===••=c--==================================== 
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Table 3:1.3·5. SUll1ll1ry of Coal_ Switch irig/C.leaning Costs for the Gaston Plant C Jurie 1988 Dol larsl 

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

Technology Boiler Hain Bo tl er Capacity Coal Capital Capital Annual Annual S02 S02 . S02 Cost. 
N...tler Retrofit Size Factor Sulfur cost Cost· Cost ·cost Removed Removed Effect. 

. Oifficu.lty CHiil on Content CSMH) CS/kW) (SllH) (mil ls/kwh) (X) (tons/yr) CS/ton) 
Factor (%) 

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

CS/8+S15 1 : 1.00 250 n 1.4 8.4 33.7 22.4 14.2 34.0 5926 3.m.1 
CS/8+S15 2 1.00 250 70 1.4 8.4 33;7 21 .8 14.2 34.0 5761 3781. 1 
CS/B+S15 3 1.00 250 60 1.4 8.4 33.7 18.9 14.4 34.0 4938 3834.9 
CS/B+S15 4 1.00 250 70 . 1.4 8.4 33.7 21.8 14.2 34.0 5761 3781.1 
CS/B+S15 5 1.00 880 68 1.4 26.2 29.7 n.1 13.9 34.0 19701 . 3691.1 

CS/8+S15·C 1 1.00 250 n 1.4 8.4 33.7 . 12.8 8. 1 34.0 5926 2167.6 
CS/8+S15·C 2 1.00 250 70 1.4 8.4· 33.7 12.5 8.2 34.0 5761 21n.9 
CS/8+S15·C 3 1.00 250 60 1.4 8.4 33.7 10.9 8.3 34.0 4938 2204.8 
CS/S+S15·C 4 1.00 250 70 1.4 '8.4 33.7 12.S 8.2 34.0 5761 21n.9 
CS/B+S15·C 5 1.00 880 68 1.4 26.2 29.7 41.8 8.0 34.0 19701 2120.7 

CS/8+S5 1 1.00 250 n 1.4 5.8 23.3 8.9 5.6 34.0 •5926 1497.8 
CS/8+S5 2 1.00 250 70 1.4 5.8 23.3 8.7 5.7 34.0 5761 1504.6 
CS/S+SS 3 1.00 250 60 1.4 5.8 23.3 7.6 5.8 34.0 4938 . 1545.2 
CS/B+SS 4 1.00 . 250 70 1.4 5.8 23.3 8.7 5.7 34.0 5761 1504.6 
CS/B+SS 5 1.00 880 68 1.4 17.1 19.4 27.8 5.3 34.0 19701 1412.2 

CS/B+S5·C 1 1.00 250 n 1.4 5.8 23.3 5.1 3.2 34.0 5926 862.6 
CS/8+S5·C 2 1.00 250 70 1.4 5.8 23.3 5.0 3.3 34.0 5761 866.6 
CS/8+S5·C · 3 1.00 250 60 1.4 . 5.8 23.3 4.4 3.3 34.0 4938 890.6 
CS/8+S5·C 4 1.00 250 70 1.4 5.8 23.3 s.o 3.3 . 34.0 5761 866.6 
CS/B+S5·C 5 1.00 880 68 1.4 17.1 19.4 16.0 3. 1 34.0 19701 813.0 

==========================•=============••===============~==~==a=====•=a•=•================~==================== 
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which are a function of variable .Costs (e.g. fuel costs). PCC was not 
evaluated because this is not a.mine mouth plant. · 

Low NOx Combustion--
Units 1-4 are dry bottom, opposed wall ~fired boilers rated at 250 MW 

each and unit 5 is a dry bottom, tangential-fired boiler rated at 880 MW. 
The combustion modification technique applied to boilers 1-4 was LNB and for 
unit 5 was OFA. Tables 3.1.3~6 and 3.1.3~7 present the NOx performance and 
cost .results of retrofitting LNB and OFA at the Gaston pl ant. Although 
boiler volumetric data was not available for units 1-4, a moderate NOx 
.reduct.ion was assumed to be typical for these boilers. 

Selective Catalytic Reduction~~ 
Hot side SCR reactors for all units would be located immediately behind 

the chimneys in low site access/congestion areas~ This is due to the 
small~r space needed for the SCR reactors compared to the FGD absorbers. A 
duct length of 250 feet was estimated for the flue gas handling system. The 
ammonia storage system was placed close to the sorbent storage area adjacent 
to the air cooling towers. Some plant roads have to be relocated; 
therefore, a factor of 15 percent was assigned to general facilities. 

Table 3.1.3-6 presents the SCR process area retrofit factori and scope 
adder costs. Table 3.1.3-7 presents the estimated co~t of retrofitting SCR 
at the Gaston boilers. 

Duct Spray Drying and Furnace Sorbent Injection--
The retrofit of FSI and DSD technologies at the Gaston steam plant is 

not feasible. This is due. to the inadequate duct residence time between the 
boilers and the retrofit ESPs for either humidification (for FSI 
application) or sorbent droplet evaporation (for DSD application). Also, 
because the ESP temperatures are high (>600°F), gas cooling/humidification 
would not significantly improve ESP performance and would hurt air heater 
heat recovery. 
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TABLE 3.1.3-6. SUMMARY OF NOx RETROFIT RESULTS FOR GASTON 

BOILER NUMBER • 

COMBUSTION MODIFICATION RESULTS 

1,2,3,4 5 

FIRING TYPE OWF TANG 

TYPE OF NOx CONTROL · lNB OFA 

FURNACE VOLUME (1000 CU FT) NA 400 

BOILER INSTALLATION DATE 1960 1974 

SLAGGING PROBLEM NO NO 

ESTIMATED NOx REDUCTION (PERCENT) 40 35 

SCR RETROFIT RESULTS (EACH UNIT) 

SITE ACCESS AND CONGESTION 
FOR SCR REACTOR LOW LOW 

·SCOPE ADDER PARAMETERS-'-

Building Demolition (1000$) 0 0 

Ductwork Demolition (1000$) 54 138 

New Duct Length (Feet) 250 250 

New Duct Costs (1000$) 2117 . 4421 . 

New Heat Exchanger (1000$) 0 0 

TOTAL SCOPE ADDER COSTS (1000$) 2171 4559 

RETROFIT FACTOR FOR SCR 1.16 1.16 

GENERAL FACILITIES (PERCENT) 15 15 
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Table 3.1.3-7. NOx Control Cost Results for the Gaston Plant (J..ne 1988 Doller&)" 

····=·=====····=·===···===·=·=······===·=========······=====····======·========--·······====···=·····=========== 
Technology Boiler Mein Boiler Capacity Coal Capital Capital Al'rlUll l .Arruil NOx NOx NOx Cost 

Nim-r Retrofit She Factor Sulfur Cost' ·Cost Coat cost Removed Removed Effect.-
Difficulty CMW> (ll) Content (Siii) - (S/kW) (SMIO (mi I l1/kwhl Cllll (tons/yr> CS/ton) 

Factor Cllll 
- -

~~-------·----------------------------------------------------------~---------~~-------------------------------~ ,-

LNC·LNB 1 1,00 250 n 1.4 3.7 14.7 0.8 0.5 40.0 2663 292.2 
LNC-LNI 2 1.00 250 10 1.4 3.7 14.7 0.8 0.5 40.0' 2589 300.6 
LNC·LNB 3 1.00 250 60 1 .4 ,3.7 14.7 0.8 0.6 40.0 2219 350,7· 
LNC-LNB 4, 1.00 250 70 1.4 3.7 14.7 0.8 0.5 40.0 2589 300.6 

LNC-LNB·C 1 1.00 250 n 1.4 3.7 14.7 - 0.5 0.3 40.0 2663 173.6 
LNC-LNB·C 2 1 .oo 250 10 1.4 3.7 14.7 0.5 0.3 40.0 2589, 178.6 
LNC-LNB·C 3 1 .00 250 60 1.4 3.7 14;7 0.5 0.4 40.0 2219 208.3 
LNC·LNB·C 4 1 .00 250 10 1.4 3.7 14.7 0.5 0.3 40.0 2589 178.6 

1 .oli -LNC-OFA 5 880 '68 1.4 1.5 1. 7 0.3 o. 1 35.0 5534 56.4 

LNC-OFA·C 5 1.00 880 68 1.4 1.5 1. 7 ' 0.2 o.o 35.0 5534 33.5 

SCR-3 1 1. 16 250 n 1.4 33.3 133. 1 12.2 7.1 80.0 5327 2289.6 
SCR-3 2 1. 16 250 10 1 .4 33.3 133. 1 12.2 1.9 80.0 5179 2348.5 
SCR·3 3 1 .16 250 60 1.4 33.3 133.1 12.0 9.1 80.0 4439 2703.0 
SCR·3 4 1.16 250 70 1.4 33.3 133. 1 12.2 7.9 80.0 5179 ' 2348.5 
SCR-3 5 I. 16 880 68 1 .4 99. 1 112.6 .37.7 7.2 80;0 12649 2977.0 

SCR-3;C 1 1.16 250 n 1.4 33.3 133.1 7 .1 4.5 80.0 5327 1339.8 
SCR-3·C 2 1. 16 250 70 1.4 33.3 133. 1 7. 1 4.6 80.0 5179 1374.3 
SCR-3-C 3 1 .16 250 60 1.4 33.3 133. 1 7.0 5.3 80.0 4439 1582.2 
SCR-3·C 4 1. 16 250 10 1.4 33.3 133.1 7. 1 ' 4.6 80.0 5179 1374.3 
SCR-3·C 5 1.16 880 68 1.4 99.1 112.6 ' 22.0 4.2 80.0 12649 1740.7 

SCR-7 1 1.16 250 n 1:4 33.3 133. 1 10.1 6.4 80.0 5327 1905.3 
SCR·7 2 1. 16 250 70 1.4 33.3 133. 1 10.1 6.6 80.0 5179 1953.2 
SCR-7 '3 1. 16 250 60 1 .4 33.3 133. 1 10.0 7.6 80.0 4439. 2241.9 
SCR-7 4 1. 16 250 70 1.4 33.3 133.1 10. 1 6.6 80.0 5179 1953.2 
SCR·7 5 1.16 880 68 1.4 99. 1 112.6 30.5 5.8 80.0 12649 2407.4 

SCR-7-C 1 1.16 '250 72 1.4 33.3 133.1 6.0 3.8 80.0 5327 1119.6 
SCll-7·C 2 1. 16 250 70 1.4 33.3 133.1 5.9 3;9 80.0 5179 1147.9 
SCR-7-C 3 1. 16 250 60 1.4 33.3 133.1 5.9 4.5 80.0 4439 1318. 1 
SCR·7·C 4 1.16 250 70 1.4. 33.3 133.1 5.9 3.9 80.0 5,179 1147.9 
SCR-7-C 5 1.16 880 68 1 .4 99.1 112.6 17.9 3.4 80.0 12649 1414.4 

~••---••=••r.m••--•~•~• ...... •••• ... a.,...asa••••••••-=aaa•• • ............. =1U11••••.-..a•=•s• .. ••••••2•••• 
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Atmospheric -Fluidized Bed Combtistion 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 Gaston plant. Units 1-4 would be considered good 

candidates for repowering or retrofit because of their small boiler sizes. 

However, the long remaining boiler life and high capacity factors reduce the. 

applicability of these technologies.· Unit 5 is even less likely a candidate 

for repoweri ng/retrofi t because of the 1 arge bo1l er size, 1 ong remain; ng 

life,· and high capacity factor. 
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3.1.4 . Gorgas Steam Plant 

. Sorbent injection technologies (FSI and DSD) were not considered for 
the boilers at the Gorgas plant due to the short duct residence t.ime between 
the boilers and the ESPs and the lack of ESP information. 

TABLE 3.1.4-1. GORGAS STEAM PLANT OPERATIONAL DATA 

BOILER NUMBER 5 6,7 8, 9 . 10 
GENERATING CAPACITY ~MWf . 60 100 156,165 700 
CAPACITY FACTOR ~PER EN ) 41 42,48 63,55 79 
INSTALLATION DAT 1944 1951,52 1956,58 1972 
FIRING TYPE TANG FRONT WALL TANGENTIAL 
FURNACE VOLUME. {1000 CU FT) NA NA,58.9 NA 334 
LOW NOx COMBUSTION NO 
COAL SULFUR CONTENT 'PERCENT) 1.5 
COAL HEATING VALUE ( TU/LB) 12500 
COAL ASH CONTENT (PERCENT) 11 
FLY ASH SYSTEM WET DISPOSAL 
ASH DISPOSAL METHOD . POND/ON-SITE 
STACK NUMBER 1 1 2 2 
COAL DELIVERY METHODS RAILROAD/TRUCK 

PARTICULATE CONTROL 

TYPE ESP ESP ESP ESP 
INSTALLATION DATE · NA NA NA 1972 
EMISSION (LB/MM BTU) NA . NA NA 0.06 
REMOVAL EFFICIENCY NA NA NA 99.4 
DESIGN SPECIFICATION 

SULFUR SPECIFICATION (PERCENT) NA NA NA NA 
SURFACE AREA (1000 SQ FT).· . NA NA NA NA 
EXIT GAS FLOW RATE (IOOO ACFM) NA NA NA 320 
SCA ~SQ FT/1000 ACFM) . NA NA NA NA 
OUTL T TEMPERATURE (°F) NA NA NA NA 



TABLE 3.1.4-2. SUMMARY OF RETROFIT FACTOR DATA FOR GORGAS 
UNITS 5, 6 AND 7 * 

FGD TECHNOLOGY 

·FORCED LIME 
L/LS 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) 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$) 593,938 NA NA 

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

OTHER NO NO 

RETROFIT FACTORS 

· FGD SYSTEM l.38 NA 
ESP REUSE CASE NA 
BAGHOUSE CASE I. 27 

ESP UPGRADE NA NA NA 
.NEW BAGHOUSE NA NA 1.16 

GENERAL FACILITIES {PERCENT} 10 0 10 

* L/S-FGD absorbersi LSO-FGD absorbers and new FFs for units 5, 
6 and 7 would be ocated east of their common chimney. 
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TABLE 3.1.4-3. SUMMARY· OF RETROFIT FACTOR DATA FOR GORGAS 
UNITS 8, 9 AND 10 * 

FGD TECHNOLOGY 

FORCED LIME 
L[LS FGD OXIDATION SPRAY DRYING 

SITE ACCESS[CONGESTION 

S02 REMOVAL HIGH NA HIGH 
FLUE GAS HANDLING HIGH NA 

ESP REUSE CASE NA 
BAGHOUSE CASE HIGH 

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

ESP REUSE NA NA NA 
NEW BAGHOUSE NA NA HIGH 

SCOPE ADJUSTMENTS 

. WET TO DRY YES NA NO 
ESTIMATED COST (1000$) 1397-5365 NA NA 

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

OTHER · NO NO 

RETROFIT FACTORS 

FGD SYSTEM 1.68 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 

* L/S-FGD absorbers, LSD-FGD absorbers and. new FFs. for units 8, . 
9 and 10 would be located north of their common chimney. 

3-35 



Table 3.1.4-.4. S~ry of FGD Control Costs for the Gorgas Plant (June 1988 Ool lars) 

. ' . . . 
========ss====================================================================================================== 

. Technology 

L/S FGD 
L/S FGD 
L/S FGD 
L/S FGD 
L/S FGD 
L/S FGD 
L/S FGD 
LIS FGD 

L/S FGO·C 
L/S FGD-C 
LIS FGO-C 
LIS FGD-C 
LIS FGD-C 
L/S FGD-C 
LIS FGD-C 
L/S FGD-C 

LC FGO 
LC FGD 

LC FGD-C 
LC. FGO·C 

LSO+FF 
LSD+ FF 
LSD+ FF 
LSD+ FF 
LSD+ FF 
LSD+ FF 

LSD+FF-C 
LSD+FF·C 
LSD+FF"C 
LSD+FF·C 
LSD+FF·C 
LSDof.fF•C 

Boiler Main Boiler Capacity Coal Capital Capital Arr.ual Annual so2 so2 S02 Cost 
N<.ll'ber Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 

5 
6 
7 
8 
9 
10 
5-7 
8-10 

5 
6 
7 
8 
9 
10 
5-7 
8-10 

5·7 
8-10 

5-7 
8-10 

5 
6 
7 
8 
9 
10 

5 
6 
7 
8 
9 
10 

Difficulty (Mio') (l) Content CSllll) CS/k\I) (Sii!) (mil ls/kwh> (%) (tons/yr) CS/ton) 
-. Factor (l'J 

1 .38 60 
1.38 100 
1.38 100 
1.68 156 
1.68 165 
1.68 700 
1 .38 260 
1 .68 1021 

1.38 
1.38 
1.38 

"1.68 
1.68 
1.68 
1.38 
1.68 

1.38 
1.68 

1.38 
1.68 

1.27 
1.27 
1.27 
1.62 
1.62 
1.62 

1.27 
1.27 
1.27 
1.62 
1.62 
1 ;62 

60 
100 
100 
156 
165 
700 
260 

1021 

260 
1021 

260 
1021 

60 
100 
100 
156 . 
165 
700 

60 
100 
100 
156 
165 
700 

41 
42 
48 
63 
55 
79 
44 
66 

41 
42 
48 
63 
55 
79 
44 
66 

44 

66 

44 
66 

41 
42 
48 
63 
55 
79 

41 
42 
48 
63 
55 
79 

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 

LS 
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 

31.8 529.3 12.3 
40.6 405.7 15.8 
40.6 405.7 16.1 
62.5 400.6 25.2 
64.7 392.3 -25.5 

155.2 221.7 72.2 
68.9 265.0 27.4 

221.2 216.7 96.8 

31 .8 
40.6 
40.6 
62.5 
64.7 

155.2 
68.9 

221.2 

45._8 
172.6 

45.8 
1n.6 

16.6 
23.8 
23.8 
43.4 
45.3 

153.6 

16.6 
23.8 
23.8 
43.4 
45.3 

153.6 

529.3 
405.7 
405.7 
400.6 
392.3 
221.7 
265.0 
216.7 

176.1 
169.1 

176.1 
169.1 

277.3 
237.8 
237.8 
278.3 
274.2 
219.4 

277.3 
237.8 
237.8 
278.3 
274.2 
219.4 

7.2 
9.2 
9.4 

14.7 
14.9 
42. 1 
16.0 
56.5 

20.4 
82.1 

11 .9 
47.8 

7 .1 
9.5 
9.7 

16.2 
16.5 
58.3 

. 4.2 
5.5 
5.6 
9.5 
9.6 

34.1 

57.3 90.0 
42.9 . 90.0 
38.4 90.0 
29.3 90.0 
32.0 90.0 
14.9 90.0 
27.4 90.0 
16.4 90.0 

33.5 
25.1 
22.4 
17 .1 
18.7 
8.7 

16.0 
9.6 

20.4 
13.9 

11.9 
8. 1 

33.1 
25.8 
23.0 
18.9 
20.7 
12.0 

19.3 
15.1 
13.4 
11.0 
12. 1 
7.0 

90.0 
90.0 
90.0 
90.0 
90.0 
90.0 
90.0 
90.0 

90.0 
90.0 

90.0 
90.0 

87.0 
87.0 
87.0 
87.0 
87.0 
87.0 

87.0 
87.0 
87.0 
87.0 
87 •. 0 
87.0 

.Z240 
3824 
4370 
8947 
8262 

50345 
10415 
61348 

2240 
3824. 
4370 
8947 
8262 

50345. 
10415 
61348 

10415 
61348 

10415 
61348 

2153 
3675 
4200 
8599 
7941 

48387 

2153 
3675 
4200 
8599 
7941 

48387 

5510.4 
4132 .1 
3694. 1 
2818.9 
3081.0 
1434.3 
2632.4 
1578.4 

3220.7 
2415.0 
2158. 1 
1646.4 
1800.3 
835.6 

1537.9 
920.5 

1960.5 
1337 .4 

1143.0 
778.9 

3318.8 
2579.9 
2298.6 
1887 .4 
2074.8 
1204.6 

1936. 1 
1507., 
1342.3 
1104.0 
1214.3 
704.4 

===-::===-======================~====================--=;a:=a=a:na:==========i===================~=======•s============= 
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Table 3. 1.4·5. S~ry of Coal Switching/Cleaning Costs for .the Gorgas Plant ( Juie 1988 Dollars) 

===============================================================================;================================ 
Technology Boiler Main Boiler Capacity Coal Capital Capital AM.al Amual S02 S02 S02 Cost 

N..rt>er Retrofit Size Factor Sulfur Cost ·Cost . Cost cost Removed Removed Effect. 
Difficulty .(Miil Cl'l Content CSMIO ($/kW) (SMll) <mill s/kwhl CX) c tons/yr) ($/ton) 
·Factor <X> 

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

CS/8+S15 5 1.00 60 41 1.5 2.8 46.8 3.7 17.0 37.0 932 3923.2 
CS/B+S15 6 1.00 . 100 42 1.5 4.1 40.7 5.9 16.0 . 37.0 1592 3696.3 
CS/B+S15 7 1.00 100 . 48 1.5 4.1 40.7 6.6 . 15.7 37.0 1819 3623.4 
CS/B+S15 8 1.00 156 63 1.5 5.8 37.0 12.7 14.7 37.0 3ns 3403.2 
CS/B+S15 9 1.00 165 55 1.5 6.0 36.6 11.8 14.9 37.0 3440 3442.7 
CS/B+S15 10 1.00 700 79 1.5 21.4 30.6 67.0 13.8 37.0 20960 3198.3 

CS/B+S15·C 5 1.00 60 41 1.5 2.8 46.8 2.1 9.8 37.0 932 2261.3 
CS/B+S15·C 6 1.00 100 42 1.5 4.1 . 40.7 ·3,4 9.2 37.0 1592 . 2129.2 
CS/B+S15·C 7 I.OD 100 48 1.5 4. 1 40.7 3.8 9.0 37.0 1819. 2086.0 
CS/B+SIS·C. 8 1.00 156 63 1.5 5.8 37.0 7.3 . 8.5 37.0 3n5 1956.8 
CS/B+S15·C 9 1.00 165 55 1,5 6.0 36.6 6.8 8,.6 37.0 3440 1980.3 
CS/B+S15·C 10 1.00 700 79 1.5 21.4 30.6 38.5 7.9 37.0 20960 1837.0 

CS/8+S5 5 1.00 60 41 1.5 2.2 36.4 1.8 8.2 37.0 932. 1897.5 
CS/B+SS 6 1.00 100 42 1.5 3.0 30.3 . 2.7 . 7.2 37.0 ·1592 1673.3 
CS/B+S5 7 1.00 100 48 1.5 3.0 30.3. 2.9 7.0 37.0 1819 1614.6 
CS/B+S5 8 1.00 156 63 1'. 5 4.2 26.6 5.3 6.1 37.0 3n5 1418.2 
CS/B+S5 9 1.00 165 55 1.5 4.3 26.3 5.0 6.3 37.0 3440 1446.6 

.CS/8+S5 10 1.00 700 79 1.5 14.1 20.2 25.8 5.3 37.0 20960 1228.7 

CS/B+S5·C 5 1.00 60 41 1.5 2.2 36.4 1 .o 4.7 37.0 932 1097.6 
CS/B+S5·C 6 1.00 100 42 1.5 3.0 30.3 1.5 4.2 37.0 1592 967.2 
CS/B+S5·C 7 1.00 100 48 1.5 3.0 30.3 1. 7 4.0 37.0 1819 932.6 
CS/B+SS·C 8 1.00 156 63 1.5 4.2 26.6 3.0 3.5 37.0 3n5 817.6 
CS/8+S5·C 9 1.00 165 55 1.5 4.3 26.3 2.9 3.6 37.0 3440 834.5 
CS/B+S5·C 10 1.00 700 79 1.5 14.1 20.2 14.8 3.1 37.0 20960 707.0 

==••=m:ni::••========::s=&ma:cmi=:::•a=•=====••===========•==m==••••••=m••m====-=c=================================== 
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TABLE 3.1.4-6. SUMMARY OF NOx RETROFIT RE SUL TS FOR GORGAS UN ITS 5- 7 

BOILER NUMBER 

COMBUSTION MODIFICATION RESULTS 

5 6, 7 5-7 

FIRING TYPE TANG · FWF .. NA 
.. 

TYPE OF NOx CONTROL OFA LNB NA 

FURNACE VOLUME (1000 CU FT) NA NA, 58.9 NA 

BOILER INSTALLATION DATE 1944 1951, 52 NA 

SLAGGING PROBLEM NO NO NA 

ESTIMATED NOx ~EDUCTION (PERCENT) 25 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$) 18 27 55 

New Duct Length.(Feet) 200 200 - 200 

New Duct Costs (1000$) 735 991 1733 

New Heat Exchanger {1000$} 1372 1864 3307 

TOTAL SCOPE ADDER COSTS (1000$) 2125 . 2882 5095 

RETROFIT FACTOR FOR SCR 1.16 1.16 1.16 

GENERAL FACILITIES (PERCENT} 20 20 20 

* Cold side SCR reactors for units 5; 6 and 7 would be located 
east of their common chimney. 
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TABLE 3.1.4-7. SUMMARY OF NOx RETROFIT RESULTS FOR GORGAS UNITS 8-10 

BOILER NUMBER 

COMBUSTION MODIFICATION RESULTS 

8 9 10 8-10 

FIRING TYPE ·TANG TANG TANG NA 

TYPE OF NOx CONTROL OFA OFA OFA NA 

FURNACE VOLUME (1000 CU FT) NA NA 334 NA 

BOILER INSTALLATION DATE 1956 1958 1972 NA 

SLAGGING PROBLEM NO NO NO NA 

ESTIMATED NOx REDUCTION (PERCENT) 25 25 25 NA 

SCR RETROFIT RESULTS * 

SITE ACCESS AND CONGESTION 
FOR SCR REACTOR HIGH HIGH HIGH HIGH 

SCOPE ADDER PARAMETERS--

Building Demolition (1000$) 0 0 0 0 

Ductwork Demolition (1000$) 38 39 116 154 

New Duct length (Feet) 300 300 300 300 

New Duct Costs (1000$) 1928 1992 4640 5787 

New Heat Exchanger (1000$) 2434 2517 5991 7513 

TOTAL SCOPE,ADDER COSTS (1000$) 4400 4549 10747 13454 

RETROFIT FACTOR FOR SCR 1.52 1. 52. 1.52 L52 

GENERAL FACILITIES (PERCENT) 38 38 38 38 

* Cold sfde SCR reactors for units 8, 9 and 10 would be located 
north of their common chimney. 
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Table 3.1.4·8. NO~ Con.trol Cost Results for the Gorgas Plant (June 1988 Dol'tars)· 

======•s========•m•~•======================================:=====================~================~============= 

Technology 

lNC·lNB 
lNC·lNB 

lNC·LNB-C 
LNC·LNB·C 

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 
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·3·C 
SCR·3·C 

SCA-7 
SCR-7 
SCR·7 
SCA-7 
SCA·7 
SCR· 7 . 
SCR·7 
SCR-7 

SCR· 7-C 
SCA· 7·C 
SCR·7·C 
SCR·7·C 
SCR • 7· C 
SCA·7·C 
SCR·7-C 
SCR·7·C 

Boiler Main Boiler Capacity Coal Capital Capital Annual 
N<Mltler Retrofit Size Factor Sulfur Cost Cost· Cost 

6 
7 

6 
7 

5 
8 
9 
10 

5 
8 
9 
10 

5 
6 
7 
8 
9 
10 
5·7 
8·10 

5 
6 
7 
8 
9 
10 
5·7 
8·10 

5 
6 
7. 
8 
9 
10 
5·7 
8· 10 

5 
6 
7 
8 
9 
10 
5·7 
8·10 

Difficulty (MW) CXl. Content CSMIO CS/kW! CSMIO 
Factor c:o 

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 
1.16 
1.52 
1.52 
1.52 
1.16 
1.52 

·1.16 
1.16 
1.16 
1.52 

" 1.52 
1.52 
1.16 
1.52 

1. 16 
1. 16 
1.16 
1.52 
1.52 
1.52 
1. 16 
1.52 

1.16 
1 .16 
1. 16 
1.52 
1.52 
1.52 
1.16 
1.52 

100 
100 

100 
100 

60 
156 
165 
700 

60 
156 
165 
700 

60 
100 
100 

156 
165 
700 
260 

1021 

60 
100 
100. 
156 
165 
700 
260 

1021 

60 
100 
100 
156 
165 
700 
260 

1q21 

60 
100 
100 
156 
165 
700 
260 

1021 

42 
48 

42 
48 

41 
63 
55 
79 

41 
63 
55 
79 

41 
42 
48 
63 

"55 
79 
44 
66 

41 
42 
48 
63 
55 
79 
44 
66 

41 
42 
48 
63 
55 
79 
44 
66 . 

41 
42 
48 
63 
55 
79 
44 
66 

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 

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 
1.5 
1.5 
1.5 
1.5 

2.6 25.5 o:5 
2.6 25.5 0.5 

2.6 25.5 0.3 
2.6 25.5 0.3 

0.5 8.4 0.1 
0.7 4.7 0.2 
o.8 . 4.6 0.2 
1~3 "1.9 0.3 

0.5 8.4 0.1 
0.7 4.7 0.1 
0.8 4.6 0.1 
1.3 1.9 0.2 

13.9 232.1 
18.8. 187.8 
18.8 187 .9 
32.3 207.0 
33.6 203.5 

104.7 149.6 
37 .6 144.6 

146.6 143.6 

13.9 
18.8 
18.8 
32.3 
33.6 

104. 7 
37.6 

146.6 

13.9 
18.8 
18.8 
32.3 
33.6 

104. 7 
37.6 

146.6 

13.9 . 
18.8 
18.8 
32.3 
33.6 

104.7 
37.6 

146.6 

232.1 
187.8 
187.9 
207.0 
203.5 
149.6 
144.6 
143.6 

232.1 
187.8 
187.9 
207.0 
203.5 
149.6 
144.6 
143.6 

232.1 
187.8 
187.9 
207.0 
203.5 
149.6 
144.6 
143.6 

4.3 
6.0 
6.0 

10.1 
10.4 
36.3 
12.7 
50.8 

2.5 
3.5 
3.5 
5.9 
6.1 

21.2 
7.5 

29.8 

3.8 
5.2 
5.2 
8.8 
9.1 

30.6 
10.6 
42.5 

2.2 
3.0 
3 .1 
5.2 
5.4 

18.0 
6.3 

25.0 

Amual 
Cost Removed Removed 

Cmi l l s/_kwh I CX> C tons/yr) 

1.5 
1.3 

0.9 
0.8 

0.5 
0.2 
0.2 
0.1 

0.3 
0.1 
o. 1 
o.o 

19.7 
16.3 
.14 .3 
11. 7 
13.1 
7.5 

12.7 
8.6 

11.6 
9.5 
8.4 
6.9 
7.7 
4.4 
7.5 
5.0 

17 .5 
14.0 
12.4 
10.2 
11.4 
6.3 

10.6 
7.2 

10.3 
8.3 
7.3 
6.0 
6.7 
3.7 
6.2 
4.2 

40.0 
40.0. 

40.0 
40.0 

25.0 
25.0 
25.0 
25;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 
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 
80.0 
80.0 
80.0 
so.a 

610 
697 

610 
697 

160 
637 
588 

3586 

160 .· 

637 
588 

3586 

510 
1220 
1394 
2039. 
1883 

11475 
3323 

13982 

510 
1220 
1394 
2039 
1883 

11475 
3323 

13982 

510 
1220 
1394 

. 2039 
1883 

11475 
3323 

. 13982 

510 
1220 
1394 
2039 
1~ 

11475 
3323 

13982 

-~Ox Cost 
Effect. 
CS/ton) 

884".4 
·m.a 

525.4 
459.7 

668.9 
245 .1 " 
271.6 

79.5 

397.5 
145.6 
161 .4 
47.2 

8331.2 
4905.0 
4317.7 
4939.5 
5545.3 
3160.9 
3833.6 
3634.3 

4895.6 
2879.3 
2534.2 
2901.0 
3257.0 
1851. 9 
2247.1 
2129.2 

7371.3 
4235.5· 
3731 .9 
4314.7 
4829.6 
2662.6 
319.4.6 
3037 .9 

4345.7 
2495.7 
2198.5 
2543.0 
2847.0 
1566.4 
1881 .a 
1787. 5 

' ====================================::o.===========================is===-=====··=======·============================= 
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3.1.5 Greene County Steam Plant 

The Greene County steam plant is located within Greene County,_ Alabama, 
and is part of the Alabama Power Company. The plant houses two coal-fired 
boilers with a gross generating cap~city of 506 MW.· The plant is adjacent to. 
the Black Warrier River with a water channel extendirig from the south loop of 
the river to the east side of the coal pile. 

Table 3.1.5-1 presentl the operational data for the Greene County plant. 
Both boilers burn moderate sulfur coal. Coal shipments are received by barge 
or railroad and conveyed to a coal storage and handling area south of the 

·plant. The coal is crushed and then conveyed to the boilers. 
PM emissions for both boilers are controlled with retrofit hot side 

ESPs. The ESPs are located behind each boiler. The units are ducted to a 
common retrofit chimney built southwest of unit 2. The two original chimneys 
are left intact and are located directly behind the retrofit ESPs. Ash from 
the units. is wet sluiced to pohds located to the south of the coal pile. The 
following evaluation is based on a 1981 aerial photograph, and any 
alterations made to the plant ~1nce that time should be taken into 
consideration. 

Lime/Limestone and Lime Spray Drying FGD Costs~-. 
For L/LS-FGD system, the absorbers would be placed in a low site access/ 

congestion area south of and close to the ·common. chimney. A short duct run 
(100-300 feet) having a low access/congestion retrofit difficulty would be 
required. The lime/limestone preparation and waste handling area would be 
located close ta the absorbers and north 6f the coal pile. A storage 
building would have to. be relocated for the placement of the absorbers. 
Therefore, a factor of 8 percent was assigned to general facilities. 

LSD with reuse of the existing ESps was not considered for this plant 
because the ESPs are hot side and access to them is difficult. LSD with a 
new baghouse was considered with the baghouses being located adjacent to 
their respective absorbers which would be placed in a similar fashion as the 
L/LS-FGD absorbers. 
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TABLE 3 .1. 5-1. GREENE COUNTY STEAM PLANT OPERATIONAL DATA 

BOILER NUMBER 
GENERATING CAPACITY (MW) 
CAPACITY FACTOR (PERCENl) 
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 (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) 
OUTLET TEMPERATURE (°F) . 

1 2 
250 256 
70 59 
1965 1966 

OPPOSED WALL 
124 124 
NO NO 
1.4 1.4 
12,500 12,500 
11.0 11.0 

WET DISPOSAL 
PONDS/ON-SITE 

1 1 

ESP 
1975 
0.06 
99.7 

BARGE/RAILROAD 

0.7 to 5.0 

ESP 
1975 
0.06 
99.7 

394.0 394.0 
1400 ·1400 
281.4 281.4 
715 715 . 
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A moderate duct run (300-600 feet) would be required fot the application 
of LSD technology .. A low ductwork site access./congestion factor was assigned 
to both LSD and installation of ducting to the baghouse.· 

The major scope adjustmerit costs and·estimated retrofit factors for the 
·. FGD technologies are presertted in Table 3.1.5~2. · Table 3.1;5-3 presents .the 

process retrofit factors· and capital and operating costs for com~ercial FGD 
technologies; The low cost FGD case shows the impact of eliminating spare 
absorbers and maximizing absorber size. 

Coal Switching and_ Physical Coal Cleaning Costs--
Table 3.1.5-4 presents the IAPCS results for CS at the Greene County 

plant .. These costs do not include changes in boiler and pulverizer operating 
costs. Coal switching for a fuel price differential of $15 per ton is higher - . 
than that of $5 per ton because of inventory capital and preproduction costs, 
which are a function of variable costs (e.g. fuel costs). PCC was not 
evaluated because the coal sulfur level is relatively low and this is not a 

· mine mouth plant. 

Low NOx Combustion--
·untts 1 and 2 are opposed wall-fired boilers rated at 250 and 256 MW, 

respectively. The combustion modification technique applied to unit 2 was 
LNB. LNBs were not considered for unit 1 since unit 1 has all burners, and 
LNBs are not yet satisfactorily demonstrated nor commercially available for 
all burner units. As Table 3.1.5-5 shows, the LNB NOx reduction performance 
for unit 2 was assessed based on volumetric heat relea~e rate (MW per furnace 
volume). Table 3.1.5-6 presents the cost of retrofitting LNB at the Greene 
County plant. 

Selecttve Catalytic Reduction--
Two SCR configurations are possible at the Greene C6unty plant. Because 

the units have hot· ESPs, the SCR reactors could be located adjacent to the 
·old chimneys and would have a high acc~ss/congestion factor. Cold side SCR 
reactors for units 1 and 2 would be located south of the common chimney and 
would have a low access/congestion factor and the need for flue gas reheat. 
Both cases were evaluated. . The ammonia storage is pl aced south of the 
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TABLE 3.1.5-2. SUMMARY OF RETROFIT FACTOR DATA FOR GREENE COUNTY 
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 NA 
BAGHOUSE CASE LOW 

DUCT WORK DlSTANCE (FEET) 100-300 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$) 2132 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 1.27 

ESP UPGRADE NA NA NA 
NEW BAGHOUSE NA NA 1.16 

GENERAL FACILITIES {PERCENT} 8 0 8 
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Table 3.1.5·3. 5<mnary of FGD Control Costs for the Greene County Plant (June 1988 Dollars> 

===================================z==z•=============================================•=•=====c================== 
Technology Boiler Hain Boiler Capacity Coal Capital Capital Arviual ArviuaL 502 502 S02 Cost 

N<llber Retrofit Size Fact~r Sul fur Cost cost Cost Cost Removed Removed Effect. 
Difficulty (HW) <X> Content (SKH) (S/kll) .. (SllH) (mil ls/kwh > (X) (tons/yr) ($/ton) 

Factor' (X) . ~ 
-·····--·---------------------------------------··············----------------------------------------------·----
L/S FGD 1 1 .27 250 76 1.4 64.6 258.3 28.8 17.3 90.0 16142 1781. 5 
L/S FGD 2 1.27 256 59 1.4 65.5 255.9 27.3 20.7 90.0 12832 2130.2 
L/S FGD 1 ·2 1.27 506 65 1.4 9'9.9 197.4 44.2 15.3 90.0 27942 1581. 7 

L/S FGD·C 1.27 250 76 1.4 64.6 258.3 16.8 10.1 90.0 16142 1038.6 
L/S FGD·C 2 1.27 256 59 1.4 65.5 255.9 16.0 12. 1 90.0 12832 1243.4 
L/S FGD-C 1-2 1 .27 506 65 1.4 9'9.9 197.4 25.8 8.9 90.0 27942 9Z2.2 

LC FGD 1 ·2 1 .27 506 65 1.4 80.2 158.5 38.3 13.3 90.0 27942 1369.1 

LC FGD·C 1-2 1 .27 506 65 1.4 80.2 158.5 22;3 7.7 90.0 27942 797.3 

LSD+ FF 1·2 1.27 506 65 1.4 132.3 261.4 46.2 16.0 87.0 26860 1n1.4 

LSO+FF·C 1 ·2 1.27 506 65. 1.4 132.3 261.4 . 27. 1 9.4 87.0 26860 1008.3 

==============================•==z=============================•================================================ 
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Table 3.1.5-4; s~ry of Coal Switching/Cleaning Costs for the Greene County Plant (June 1988 Dollars) 

================================================================================================================ 
Technology Soi ler· Main Soi ler Capacity Coa·l Capital Capital Annual. Annual S02 S02 S02 Cost 

Nl.lfber Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty ON) OD Content (SMM) (S/klll <SHH> (mill s/kwh) !Xl (tons/yr) ($/ton) 

Factor !Xl 

·-·------------------·-------------------------~------~-----------------------------------------------------·---

CS/B+S15 1 1.00 250 70 1.4 8.6 34.2 21.9 14.3 33.0 5453 4024.3 
CS/B+S15 2 1.00 256 59 1.4 8.7 34.1 19.2 14.5 33.0 4706 4085.6 

CS/8+$15-C 1 1.00 250 70 1.4 8.6 34.2 12.6 8.2 33.0 5453 2312.7 
CS/8+$15-C 2 1.00 256 59 1.4 8.7 34.1 11.1 8;4 33.0 4706 2349.1 

CS/8+S5 1 1.00 250 70 .1.4 6.0 23.8 8.8 5.8 33.0 5453 1618.9 
CS/B+S5 2 1.00 256 59 1.4 6.1 23.7 7.8 5.9 33.0 4706 1664.7 

CS/B+S5-C 1 1.00 250 70 1.4 6.0 23.8 5., 3.3 33.0 5453 932.5 
CS/B+S5-C 2 1.0b 256 59 1.4 6.1 23.7 4.5 3.4 33.0 4706 959.6 

================================================================================================================ 
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TABLE 3.1.5-5. SUMMARY OF NOx RETROFIT RESULTS FOR GREENE COUNTY 

BOILER NUMBER 

COMBUSTION MODIFICATION RESULTS 

1 2 

FIRING TYPE NA OWF 

TYPE OF NOx CONTROL NA LNB 

FURNACE VOLUME (1000 CU FT) NA 124 

BOILER INSTALLATION DATE NA 1965 

SLAGGING PROBLEM NA NO 

ESTIMATED NOx REDUCTION (PERCENT) NA 34 

SCR RETROFIT RESULTS COLD SIDE HOT SIDE 

SITE ACCESS. AND CONGESTION 
FOR SCR REACTOR LOW HIGH 

SCOPE ADDER PARAMETERS--

· Building Demolition (1000$) 0 0 

Ductwork Demolition {1000$) 54 200 

New Duct Length (Feet) 200 200 

New Duct Costs {1000$) 2541 1694 

New Heat Exchanger (1000$) 4895 0. 

TOTAL SCOPE ADDER COSTS (1000$) 7527 1894 

RETROFIT FACTOR FOR SCR 1.16 1.52 

GENERAL FACILITIES (PERCENT) 13 13 
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Table 3.1.5·6. NOx Control cost Results for the Greene C°'61ty Plant (Jllle 1988 Dollars> 

===============================:.======-~-================================m==••••••=•••••••===•••••=============== 

Technology Boiler Main Boiler Capacity Coal Capi tel Capital Amuel ArnJlll NOx NOx NOx Cost 
N..nber Retrofit Size Factor Sulfur Cost Cost Cost Co5t Removed Removed Effect. 

Difficulty (NII) Cl) Content (Siii) (S/kW) (Siii) cmi l ls/kwhl CX) (tons{Yr) (S/!on) 

Factor (%)· 

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

LNC·LNB 2 1.00 256 59 1.4 3.7 14.5 0:8 0.6 34.0 1865 421.3 

LNC·LNB·C 2 1 .00 256 59 1.4 3.7 14.5 0.5 0.4 34.0 1865 250.3 

SCR·3 (CS) 1 1.16 250 70 1.4 l8.7 154.7 13.1 8.5 80.0 5084 2574.0 
SCR·3 (CS) 2 1.16 256 59 1.4 39.3 153.6 13.2 9.9 80.0 4388 2998.6 

SCR·3 (HS) 1 1.52 250 70 1.4 39.1 156.2 13.5 8.8 80.0 5084 2664.9 
SCR·3 (HS) 2 1.52 256 65 1.4 39.8 155.5 13.7 9.4 80.0 4834 2843.1 

SCR-3-C <CS) 1 1.16 250 70 1.4 l8.7 154.7 . 7.7 5.0 80.0 5084 1508.9 
SCR·3·C (CS) 2 1.16 256 59 1.4 39.3 153.6 7.T 5.8 80.0 4388 1758.2 

SCR·3·C (HS) 1.52 250 70 1.4 39.1 156.2 7.9 5.2 . 80.0 5084 1561.3 
SCR·3·C (HS) 2 1.52 256 65 1.4 39.8 155.5 8. 1 5.5 80.0 4834 1665.8. 

SCR·7 CCS) 1 1. 16 . 250 70 1.4 38.7 154.7 11. 0 7.2 80.0 5084 2172.4 
SCR·7 (CS) 2 1.16 256 59 1.4 39.3 . 153.6 11.1 8.4 80.0 4388 2522.1 

SCR·7 (HS) 1 1.52 250 65 '1.4 39.1 156.2 11.4 8.0 80.0 4721 2419.9 
SCR·7 (HS) 2 1.52 256 65 1 .4 39.8 155.5 11.7 8.0 80.0 4834 2410.5 

SCR·7·C (CS) 1 1.16 250 TO 1.4 l!.T 154.7 6.5 4.2 80.0 5084 1278.7 
SCR·7·C (CS) 2 1 .16 256 59 1.4 39.3 153.6 6.5 4.9 80.0 4388 1485.2 

SCR·7·C (HS) 1 1.52 250 65 1.4 39. 1 156.2 6.T 4.7 80.0 4721' 1423.5 
SCR·7·C CHS) 2 1.52 256 65 1.4 39.8 155.5 6.9 4.7 80.0 4834 1418.0 

===================================•c&a::========================-================:============================== 
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reactors and is ~ssigned a low access/congestion factor. For both cases, 
200 feet of duct is r_equired to span the distance between the reactors and 
the existing duct work; no major demolition/relocation is required and the 
base value of 13 percent was assigned to general facilities. 

Table 3.1.5-5 presents the SCR process area retrofit factors and scope 
adder costs. Table 3.1.5-6 presents the estimated cost ofretrofitting SCR 
at the Greene County plant. 

Furnace Sorbent Injection and Duct Spray Drying-~ 
Because of the short duct residence time between the boilers and the 

ESPs, the marginal size of the ESPs, the congestion around the ESPs area, and 
the hot side ESPs (715°F), FSI and DSD were not considered her~. 

Atmospheric Fluidized Bed Combustion and Coal Gasification Applicability--
The AFBC retrofit and AF BC/CG repoweri ng applicability criteria 

presented in Section 2 were used_to determine the applicability of these 
technologies at the Green• County plant. Both units would be considered 
candidates for repowering or retrofit because they are less than 300 MW. 
However, the high capacity factors could fesult in high costs associated with 
downtime (replacement power costs) and the moderate unit age makes these 
units unlikely fepowering candidates in the _near future. Space availability 
adjacent to both units enhances the potential for equipment reuse and reduces · 
construction costs and downtime. 
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3.1.6 Miller Steam Plant 

Both units at the Miller plant .are currently burning a low sulfur c6al; 
therefore, FGD costs were not presented since the low sulfur coal would yield .. 
hig~ unit costs and CS wa~ not. considered for the plant •. The only technology 
considered for control of NOx emissions was SCR since both units are equipped 
with LNBs. Sorbent injection technologies. (FSI and DSD) were not evaluated 
for this plant because the boilers are equipped with hot side ESPs which can 
not be reused. 

TABLE 3.1.6-L MILLER STEAM PLANT OPERATIONAL DATA. 

BOILER NUMBER 
· GENERATING CAPACITY (MW) 

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) · 
EXIT GAS FLOW RATE (1000 ACFM) 

g~~LHQr~~~~~~u~~F71FJ 
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1,2 
660 
38,39 
1978,85 
OPPOSED. WALL 
526 
YES 
0.6 
12500 
11.2 
WET DISPOSAL 
POND/ON-SITE 
1 
RAILROAD/TRUCK 

ESP 
1978,85 
0.02,0.03 
99.1 

0.5 
1037 
3888 
267 
679 

3,4 
660 

1989,91 
PLANNED 
FOR 
CONSTRUCTION. 



TABLE 3.1.6-2. SUMMARY OF. RETROFIT FACTOR DATA FOR MILLER 
UNIT 1 OR 2 * 

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 
LOW NA 

100-300 NA 

NA · NA 
NA NA . 

YES NA 
5090,9475 NA 
NO NA 
0 0 
NO 

1.27 

NA 
NA 

NA 

NA 
NA 

LOW 

NA 
LOW 

300-600 
NA 
LOW 

NO 
NA 
NO 
0 
NO 

NA 
1.27 
NA 
1.16 

. GENERAL FACILITIES (PERCENT) 10 . 0 10 

* Absorbers and new FFs for units 1 and 2 would be located behind 
the common chimney for units I and 2 .. 
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TABLE 3.1.6-3. SUMMARY OF NOx RETROFIT RESULTS FOR MILLER 

COMBUSTION MODIFICATION RESULTS 

FI RING 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) 

BOIL ER NUMBER 

1, 2 . 

OWF 

EQUIPPED WITH LNBs. 
,, 

526,NA 

1978,85 

NA 

NA 

LOW 

0 

111 . 

250 

3736 

0 

3847 
5792 .. 

1.16 

20 

*Hot side SCR reactors for· units land 2 would be located.behind 
the common chimney for units 1 and 2. 
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Table 3.1.6·4. NOx Control Cost Results for the Hiller Plant (June 198S Dollars) 
' -

=========================================================================•============~•••=•====a•=•============ 

Technology Boiler Main Soi ler Capacity Coal Capi tel Capital Amual Amual NOx NOx NOx Cost 
Nurber Retrofit Size Factor Sul fur Cost Cost Cost Cost Removed Removed Effect. 

Oifficul~y (H\j) 00 Content (SMK) (S/k\j) (SMH) (mil Ls/kwh) < XJ (tons/yr) CS/ton) 
Factor <X> 

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

SCR·3 1 1. 16 660 38 0.6 n.9 118.0 28.3 12.9 80.0 n86 3886.5 
SCR·3 2 1. 16 660 39 0.6 n.9 118.0 28.4 12.6 80.0· 14n 3791 :9 
SCR·3 1·2 1. 16 1320 39 0.6 147.9 112.0 54.7 12. 1 80.0 14955 ' 3660.9 

SCR·3·C 1 1.16 660 38 0.6 n.9 118.0 16.6 7.5 80.0 n86 2274.6 
SCR·3·C 2 1.16 660 39 0.6 n.9 118.0 16.6 7.4 80.0 74n 2219.2 
SCR·3·C 1 ·2 1.16 1320 .39 0.6 147.9 112.0 32.0 7.1 80.0 14955 2141.8 

SCR·7 1 1.16 660 38 0.6 n.9 118.0 22.9' 10.4 80.0 n86 3146.6 
SCR-7 2 ·1. 16 660 39 0.6 n.9 118.0 23.0 10.2 80.0 14n 3071 .o 
SCR· 7 1·2 1. 16 1320 39 0.6 147.9 112.0 44.0 9.7 80.0 14955 2940.0 

SCR·7·C 1 1. 16 660 38 0.6 n.9 118.0 13.5 6. 1 80.0 n86 1850.7 
SCR·7·C 2 1. 16 660 39 0.6 n.9 , 18.0 13.5 6.0 80.0 74n · 1806.2 
SCR·7·C 1-2 1.16 1320 39 0.6 147.9 112.0 25.9 5.7 80.0 14955 1n8.7 

===~============================================================================================================ 
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3.2 TENNESSEE VALLEY AUTHORITY 

3.2.l Colbert Steam Plant 

Information for Colbert 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). · . 

3.2.2 Wido~s Creek Steam Plant 

The Widows Creek steam plant is located within Jackson County, Alabama, 
as part of the TVA system. The plant contains eight boilers with a total 
gross generating capacity of 1,965 MW. Figure 3.2.2-1 presents the plant plot 
plan showing the location of all boilers and major .associated auxiliary 
equipment. 

Table 3.2.2-1 presents operational data for the existing equipment at the 
Widows Creek steam plant. Boilers 1 to 6 burn low sulfur coal (0.8 percent 
sulfur). Half of the coal shipments are received by freight barge and the 
other half is received by rail and conveyed to a coal storage and handling 
area located west of th~ plant. 

Particulate matter emissions for boilers 1-6 are controlled with 
retrofit ESPs located behind the old ESP bo~es. Ash from all units is wet 
sluiced to ponds on the far side of the coal storage area northwest of the 
plant. On-site waste. disposal is limited and TVA is considering two 
options: the purchase of more land adjacent to the plant or dry disposing 
the waste off-site. 

Boilers 7 and 8 burn high sulfur coal (3.5 percent) and have limestone 
flue gas scrubbing units. As such, cost estimates for so2 controls for 
units 7 and 8 are not presented. 

Lime/Limestone and Lime Spray Drying FGD Costs--
Fi~ure 3.2.2-1 shows the general layout and location of the FGD control 

system. Absorbers for L/LS-FGD and LSD-FGD for units 1 to 6 would be 
located in a relatively small area southeast of unit 1. They were not 
located in the space available west of unit 6 due to the location of the 
preparation area for units 1 to 6. The preparation area is located to the 
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TABLE 3.2.2-1. WIDOWS CREEK STEAM PLANT OPERATIONAL DATA 

BOILER NUMBER 1-6 7 
GENERATING CAPACITY (MW-each) 140 . 575 
CAPACITY FACTOR (PERCENT) 29,26,37,35,29,35 24 
INSTALLATION DATE · 1952-54 1961 
FIRING TYPE · FWF TANG 
COAL SULFUR CONTENT (PERCENT) 0. 8-1.1 3. 4 
COAL HEATING VALUE (BTU/LB) 12000 12000 
COAL ASH CONTENT (PtRCENT) 10 11 
FLY ASH SYSTEM WET SLUICE . 
ASH DISPOSAL METHOD POND/ON-SITE 

8 
550 
38 

1965 
TANG 
3.6 
12000 

11 

STACK NUMBER 1. 2 3 
COAL DELI VERY METMODS BARGE/RAIL 
FGO (TYPE) NA LIMESTONE 

PARTICULATE CONTROL 

TYPE ESP ESP ESP 
INSTALLATION DATE 1977 1981 1978 
EMISION ~LB/MM BTU)·. 0.05 0.06 0.07 
REMOVAL FFICIENCY 99.2 99.2 99.2 
DESIGN SPECIFICATION 

SULFUR SPECIFICATION (PERCENT) 0.7 4.0 4.5 
SURFACE AREA (1000 SQ FT~ . 322.6 217.7 217.7 
GAS EXIT RATE {1000 ACFM 575 1624. 1473 
SCA {SQ FT/1000 ACFM) 561 134 134 
OUTLET TEMPERATURE (°F) 310 175 175 

3~56 



east of unit·l on the other side. of the water channel,.which would make it 
difficult tci reach the other side of unit 6 if the absorbers were located to 
the west. In addition, flue gas from uni ts 4-6 are converged into a common 
duct. An easier approach, which would require a shorter breaching duct, 
would be the diversion of this flue gas to the southeast of unit 1 for the 
L/LS-FGD absorbers. The coal conveyor running to units 7 and 8 would be 
relocated to make more space available for the FGD equipment; therefore, a 
factor of 10 percent was assigned to generai facilities for units 1-6. The 
limestone preparation/storage area.for units 1 to 6 was placed by the corner 
(southwest) of the powerhouse and the waste handling area was placed 
adjacent to the limestone preparation and storage area for units 7 and 8 
east of the plant. 

Retrofit Difficulty and Scope Adder Costs--
Units 1-6 already have switched to low sulfur coal. It i~ unlikely 

that scrubbing would be needed~ If this becomes needed, however, it is more 
cost effective to switch to a high ~ulfur coal taking into accourit the fuel 
cost differential for estimation of cost effectiveness. Costs presented in 
this section, it must be noted, are dependent upon acid r~in legislation and 
the type of coal chosen for use. 

The FGD scrubbing .equipment for units 1 to 6 was assumed to be located 
in a high access/congestion area east of unit 1. This area is bounded by 
the cooling water intake channel to the east, the Tennessee River to the 
south, the coal conveyor to the north, and a powerhouse to the west. A high 
underground obstruction factor wa~ assumed due to the underground discharge 
tunnels. 

Boilers 1 to 3 and 4 to 6 presently converge into two separate duct 
runs before going to a common chimney. As a result, a modest duct run would 
be required for boilers_ 1 to 6. 

For L/LS-FGD, a low ductwork access/congestion factor was assigned to. 
units 1 to 3 because sufficient layout space was available. A medium 
ductwork access/congestion factor was assigned to units 4 to 6 because it 
would be necessary to route the ductwork around the existing chimney. 

The major scope adjustment costs and estimated retrofit factors for the 
FGD control technologies are presented in Tables 3.2.2-2 and 3.2.2-3. The 
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TABLE 3.2.2-2 .. SUMMARY OF RETROFIT FACTOR DATA FOR WIDOWSCREEK UNITS 1-3 

FGD TECHNOLOGY 

FORCED LIME 
L[LS FGD OXIDATION SPRAY DRYING 

SITE ACCESS[CONGESTION 

S02 REMOVAL .HIGH HIGH HIGH 
FLUE GAS HANDLING LOW LOW 

ESP REUSE CASE MEDIUM 
BAGHOUSE CASE NA 

DUCT WORK DISTANCE (FEET) . 300.-600 300-600 
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$) 1268 NA 1268 

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

OTHER NO NO NO 

RETROFIT FACTORS 

FGD SYSTEM 1.59 1.56 
ESP REUSE CASE l. 73 
BAGHOUSE CASE NA 

ESP UPGRADE. NA NA 1.58 
NEW BAGHOUSE NA NA . NA 

GENERAL FACILiTIES (PERCENT) 10 10 10 
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TABLE 3.2.2-3. SUMMARY OF RETROFIT FACTOR DATA FOR WIDOWS CREEK UNITS 4-6 

. FGD TECHNOLOGY 

FORCED LIME 
LLLS FGD OXIDATION SPRAY DRYING 

SITE ACCESSLCONGESTION 

S02 REMOVAL HIGH HIGH HIGH 
FLUE GAS HANDLING MEDIUM MEDIUM 

ESP REUSE CASE HIGH 
BAGHOUSE CASE NA 

DUCT WORK DISTANCE (FEET) 300-600 300-600 
ESP REUSE 1000 + 
BAGHOUSE NA 

ESP REUSE NA NA HIGH 
NEW BAGHOUSE NA NA NA 

SCOPE ADJUSTMENTS 

WET TO DRY YES NO YES 
ESTIMATED COST (1000$) 1268 NA 1268 

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

OTHER . NO NO NO 

RETROFIT FACTORS 

FGD SYSTEM 1.64 1.60 
ESP REUSE CASE 2.03 
BAGHOUSE·CASE NA 

ESP UPGRADE NA NA 1.58 
NEW BAGHOUSE NA NA NA 

GENERAL FACILITIES {PERCENT} 10 10 10 
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largest scope adder for Widows Creek would be the conversion of units 1 to.6 
fly ash conveying/disposal system from .wet to dry for conventional L/LS-FGD 
and LSO-FGD cases.· It was assumed that dry fly ash would be necessary to 
stabilize L/LS-FGO scrubber sludge waste and to prevent plugging of sluice 
lines in LSO-FGD cases. However, this conversion would not be necissary for 
the forced oxidation case. The overall ret~ofit factors determined for the 
L/LS-FGD cases were moderate to high for units 1 to 6 (l.56 to 1.64). 

The LSD with reused ESP was evaluated for units 1-6. For LSD-FGD, a 
medium ductwork access/congestion factor was.assigned to units 1 to 3, while 
a high factor was assigned to units 4 to 6. The ESPs at units 1 to 6 have 
large SCAs (>500) and, as such~ it is likely that little or no ESP plate 
area addition would be required for spray drying at these units. The 
process area retrofit difficulty factors ranged from moderate to extreme for 
units 1 to 6 (1.73 to 2.03}. A separate retrofit factor (1.58) was 
developed for the upgrade of the ESPs for units 1 to. 6 and was used in the 
IAPCS model to estimate the particulate control costs if additional plate 
area was required. 

Table 3.2.2-4 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 1-6. 

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 opt i mi za.t ion of scrubber size. 

Coal Switching Costs--
Because units 1-6 have already switched to low sulfur coal and 

~nits 7-8 have limestone FGD units, coal switching was not evaluated. 

NOx Control Technology Costs--
This section presents the performance and various related costs 

estimated for NOx controls at the Widows Creek steam plant. These tontrols 
·include LNC modifications and SCR. The application of NOX control 
technologies is determined by several site-specific factors which are· 
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Table 3.2.2-4. Siimiary of FGO Control Costs for the .Widows Creek Plant (June 1988 Dollars) 

================================================================================================================ 
Technology 8oi ler Hain Boiler Capacity Coal Capital Capital Amual Annual S02 S02 S02 Cost 

Niiriler Retrofit Size Factor Sulfur Cost cost · cost cost Removed Removed Effect. 
Difficulty (MW) (:Cl Content (SMH) (S/kW) (SHH) (mil ls/kw.h l (le) (tons/yr) ($/ton) 

Factor (le) 

···-·····-········----·--·---------------------------------------------------------------------················· 
L/S FGO 1-3 1 .59 421 31 .0.8 102.6 243.7 37.5 32.8 90.0 6641 5644.9 
LIS FGO 4-6 1.64 421 33 1 • 1 106.6 253.2 39.4 32.4 90.0 9no 4054.7 

LIS FGO-C 1-3 1.59 421 31 0.8 102.6 243.7 21 ;9 19.2 90.0 6641 3303.4 
L/S FGO-C 4-6 1.64 42f 33 1.1 106.6 253.2 23.1 18.9 90.0 9no 23n.2 

LC FGO 1-3 1.59 421 . 31 0.8 76.8 182.5 29.7 26.0 90.0 6641 4468.9 
LC FGO 4-6 1.64 421 33 1.1 79.7 189.2 31 .2 25.6. 90.0 9637 3237.5 

LC FGO·C 1-3 1.59 421 31 0.8 76.8 182.5 17.3 15.2 90.0 6641· 2612.3 
LC FGO·C 4·6 1.64 421 33 1. 1 79.7 189.2 18.2 15.0 90.0 9637 1892.0 

LSD+ESP 1 1. 73 140 29 0.8 24.1 1n.5 9.3 . 26.2 76.0 1751 5317.0 
LSD+ESP 2 1.73 140 26 0.8 24.2 1n.6 9.2 29.0 76.0 1570 5890.7 
LSD+ESP 3 1.73 140 37 0.8 24.2 1n.1 9.5 21.0 76.0 2235 4254.4 
LSD+ESP 4 2.03 140 35 0.8 27.7 198.1 10.4 24.3 76.0 2114 4938.5 
LSD+ ESP 5 2.03 140 29 0.9 28. 1 200.7 10.5 29.4 76.0. 1970 5306.2 
LSD+ ESP 6 2.03 140 35 1.1 28.7 205.0 10.9 25.4 76.0 2906 3743.9 

LSD+ESP-C 1 1. 73 140 29 0.8 24. 1 1n.5 5.4 15.3 76:0 1751 3108.1 
LSO+ESP-C 2 1. 73 140 26 0.8 24.2 1n.6 5.4 17.0 76.0 1570 3444.0 
LSO+ESP·C 3 1. 73 140 37 0.8 24.2 172.7 5.6 12.2 76.0 2235 2486.0 
LSD+ESP·C 4 2;03 140 35 0.8 .-27.7 198.1 6.1 14.2 76.0 2114 2888._3 
LSD+ESP·C 5 2.03 140 29 o.9. 28., 200.7 6., 17.2 76.0 1970 3104. 1 
LSD+ESP·C 6 2.03 140 35 1 • 1 28.7 205.0 6.4 14.8 76.0 2906 2189.3 

=···====···======······===······=====•••&;1•==······===···====··========================~======================== 
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discussed in Section 2. The NO~ technologies evaluated at the steam plant . 
were: LNB - unfts 1 to 6, OFA - units 7 to 8, and SCR for all units . 

. Low·NOx Combustion~~ 
Units 1 to 6 are dry bottom, front wall-fired boilers rated at 140 MW 

each. Units 7 to ~ are dry bottom, tangential-fired boilers rated at 575 MW 

and 550 MW, respectively. Thus, the NOx combustion control considered for 
units 1 to 6 was LNB and the NOx combustion control considered for units 7 
and 8 was OFA. Tables 3.2.2-5 through:3.2.2-7 present the NOx reduction. 

~performance results for units. 1 to 8. The NOx reduction performance. 
estimated for unit~ 1 to 6 (equipped with LNBs} would be 30 percent while the 
NOx reduction performance results for units 7 and 8 (equipped with OFA) would 
be 25 and 20 percent, respectively. The NOx reduction performances were 
determined by examining the effl:lcts of heat release rates and furnace 
r~sidence time on NOx reduction through the use of the simplified procedure. 
Tabl~ 3.2.2-8 presents the estimated cost of retrofitting LNB and OFA ports 
on the Widows Creek boilers. 

Selective Catalytic Reduction--
Tables 3.2.2-5 through 3.2.2-7 present the SCR retrofit results fo~ each 

unit. The results include process ~rea retrofit difficulty factors and scope 
adder costs. For scope adders, costs were estimated for ductwork demolition, 
new flue gas heat exchanger, and new duct runi to divert the flue ~as from 
the ESP to the reactor and from the reactor to the chimney. 

The. SCR reactor-for unit 1 was located east of the unit's ESPs, the 
reactors for units 2 and 3 were located behind their respective ESPs, and 
the reactors for units .4 to 6 were located west of the unit 6 ESPs. The 
reactor for unit 7 is 1 ocated at the southwest corner of the boil er house in 
a highly congested area adjacent to the ESP while the reactors for unit 8 

were 1 ocated northeast of the boil er in an uncongested area. 
Medium access/congestion factors were assigned to the reactors for 

units 1 to 6. These reactors were located in the relatively low access/ 
congestion areas but general access to these areas is poor. The reactor for 
unit 7 was given a high access/congestion factor because the reactor would 
be blocked by the service bay, the ESPs, and the electrical power yard. The 
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TABLE 3.2.2-5. SUMMARY OF NOx RETROFIT RESULTS FOR WIDOWS CREEK UNITS 1-3 

BOILER NUMBER 

COMBUSTION MODIFICATION RESULTS 

1 2 3 

.FIRING TYPE FWF FWF FWF 

TYPE OF NOx CONTROL LNB LNB LNB 

VOLUMETRIC HEAT RELEASE RATE 
(1000 BTU/CU FT-HR) 21.5 21.5 . 21.5 

BOILER/WATERWALL SURFACE 
AREA HEAT RELEASE RATE 
(1000 BTU/SQ FT-HR) . 64. 2 64.2 64.2 

· FURNACE RESIDENCE TIME (SECONDS) 1. 73 1. 73 1.73 

ESTIMATED NOx REDUCTION (PERCENT) 30 30 30 

SCR RETROFIT RESULTS 

SITE ACCESS AND CONGESTION 
FOR SCR REACTOR MEDIUM MEDIUM MEDIUM 

SCOPE ADDER PARAMETERS--

Building Demolition (1000$) 0 NA NA 

Ductwork Demolition (1000$) 35 35 35 

New Duct Length (Feet) 350 283 217 

New Duct Costs (1000$) 2120 1714 1315 

New Heat Exchanger (1000$) 2291 2291 2291 

TOTAL SCOPE ADDER COSTS (1000$) 4446 4040 3640 

RETROFIT FACTOR FOR SCR I. 34 1.34 1.34 

GENERAL FACILITIES (PERCENT) 13 13 13 
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TABLE 3.2.2-6. SUMMARY OF NOx RETROFIT RESULTS FOR WIDOWS CREEK UNITS 4-6 

BOILER NUMBER 

COMBUSTION HOOi FI CATION RESULTS 

4 5 6 

. FIRING TYPE . FWF FWF FWF 

TYPE OF NOx CONTROL LNB LNB LNB 

VOLUMETRIC HEAT RELEASE RATE 
(1000 BTU/CU FT-HR) . 21.5 21.4 21.4 

BOILER/WATERWALL SURFACE 
AREA HEAT RELEASE RATE 
(1000 BTU/SQ FT-HR) 64.2 67.5 67. 5 . 

FURNACE RESIDENCE TIME (SECONDS) 1.-73 1.66 1.66 

ESTIMATED NOx REDUCTION (PERCENT) 30 30 30 

SCR RETROFIT RESULTS 

SITE ACCESS AND CONGESTION 
· FOR SCR REACTOR MEDIUM MEDIUM MEDIUM 

SCOPE ADDER PARAMETERS--

Building Demolition (1000$) 0 NA NA 

Ductwork Demolition (1000$) 35 35 35. 

New Duct Length ( F.eet) 650 650 684 

New Duct Costs (1000$) 3938 3938 4144 

New Heat Exchanger (1000$) 2291 2291 2291 

TOTAL SCOPE ADDER COSTS (1000$) 6263 6263 6469 

RETROFIT FACTOR FOR SCR 1.34 1.34 1.34 

GENERAL FACILITIES (PERCENT) 13 13 13 
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TABLE 3.2.2-7. SUMMARY OF NOx RETROFIT RESULTS FOR WIDOWS CREEK UNITS 7-8 
. . . ' . 

BOILER NUMBER 

COMBUSTION MODIFICATION RESULTS 

7 8 

FIRING TYPE TANG TANG 

TYPE OF NOx CONTROL OFA OFA 

VOLUMETRIC HEAT RELEASE RATE 
(1000 BTU/CU FT-HR) 11.2 11. 7 

BOILER/WATERWALL SURFACE 
AREA HEAT RELEASE RATE 
(1000 BTU/SQ FT-HR) 88.7 103.1 

FURNACE RESIDENCE TIME (SECONDS) 3.84 2.83 

ESTIMATED NOx REDUCTION (PERCENT) 25 20 

SCR RETROFIT RESULTS 

SITE ACCESS AND CONGESTION 
FOR SCR REACTOR HIGH LOW 

SCOPE ADDER PARAMETERS--

Building Demolition (1000$) 0 NA 

Ductwork Demolition (1000$) 100 97 

New Duct Length (Feet) 367 333 

New Duct Costs (1000$) 5060 4473 

New Heat Exchanger (1000$) 5324 5184 

TOTAL SCOPE ADDER COSTS (1000$) 10484 9754 

RET~OFIT FACTOR FOR SCR 1.52 1.16 

GENERAL FACILITIES (PERCENT) 13 13 
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Table 3.2.2·8. NOx Control Cost Results for the Widows Creek Plant (June 1988 Dollaral 
. . 

============~=============================================•~==========================c========================= 

Teehnology Boiler Main Boiler Capacity Coal Capital Capital Amual Amual NOx NOx NOx Cost 
NU!i)er Retrofit Size Factor Sulfur Cost Coat. Cost Cost Removed Removed Effecc.· 

Difficulty (MW) (X) Content ($MIO (S/kWl (SMll) <miilstkwhl <Xl (tons/yr> CS/ton> 
Factor (Xl 

·-----··-------------------------~--·----------···-------~--------------~-----------------------·---------------·-. 

LNC·LNB 
LNC·LNB 
LNC·LNB 
LNC·LNB 
LNC·LNB 
LNC·LNB 

LNC·LNB·C 
LNC·LNB·C 
LNC·LNB·C 
LNC·LNB·C 
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 
SCR•3 

SCR·3·C 
SCR·3·C 
SCR·3·C 
SCR·3·C 

2 
. 3 

4 
5 
6 

1 
2 
3 
4 
5 
6 

7 
8 

7 
8 

1 

2 
3 
4 
5 
6 
7 
8 

1 
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 

1.34 
1 .34 
1.34 
1.34 
1.34 
1.34 
1.52 
1.16 

. 1.34 
1 .34 
1.34 
1.34 

140 
140 
140' 
140 
140 
140 

140 
140 
140 
140 
140 
140 

575 
550 

575 
550 

140 
140 
140 
140 
140 
140 
575 
550 

140 
140 
140 
140 

29 
26 
37 
35 
29 

'35 

29 
26 
37 
35 
29 
35 

24 
38 

24 
38 

29 
26 

,37 
35 
29 
35 
24 
38 

29 
26 
37 
35 

0.8 
0.8 
0.8 

. 0.8 
0.9 
1 • 1 

0.8 . 
0.8 
0.8 
0.8 
0.9 
1.1 

3.4 
3.6 

3.4 
3.6 

0.8 
0.8 
0.8 
0.8 
0.9 
1. 1 
3.4 
3.6 

0.8 
0.8 
0.8 
0.8 

2.9 20.9 
2.9 20.9 
2.9 20.9 
2.9 20.9 
2.9 20.9 
2.9 20.9 

2.9 20.9 
2.9 20.9 
2.9 20.9 
2.9 20.9 
2.9 '20.9 
2.9 20.9 

1.2 2.2 
1.2 2.2 

1.2 2.2 
1.2 2.2 

26.2 187 .5 
25.8 184.5 
25.4 181.6 
28.1 200.7 
28. 1 200. 7 
28.3 202.2 
81.6 141 .8 
66.6 121 .o 

26.2 187.5 
25.8 184.5 
25.4 181 .6 
28.1 200.7 

0.6 1. 7 
0.6 1 .9 
0.6 1.4 
0.6 1.4 
0.6 1.7 
0.6 1.4 

0.4. 1.0 
0.4 1.1 
0;4 0.8 
0.4 0.9 
0.4 . 1.0 
0.4 0.9 

0.3 0.2 
0.3 0.1 

0.2 0.1 
0.2 0.1 

8.2 23.0 
8. 1 25.3 
9;1 11.8 
.8.5 19.9 
8.5 23.9 
8.6 20.0 

27.1 22.4 
23.6 12.9 

4.8 13.5 
4.7. 14.9 
4.7 10.5 
5.0 11.7 

30.0 
30.0 
30.0 
30.0 
30.0 
30.0 

30.0 
30.0 
30.0 
30.0 
30.0 
30.0 

25.0 
20.0 

25.0 
20.0 

80.0 
80.0 
80.0 
80.0 
80.0 
80.0 
80.0 
so.a 

80.0 
80.0 
80.0 
80.0 

464 
416 
591 
559 
464 
559 

464 
416 
591 
559 
464 
559 

938 
1136 

938 
1136 

1236 
1108 
15n 
1492 
1236 
1492 
3001 
4545 

1236 
11'oa 

15n 
1492 

1331 .4 
1485.0 
1043.5 
1103.2 
1331.4 
1103.2 

791.0 
882.2 
619.9 
655.4 
791 ;O 
655.4 

281.0 
227.7 

167.0 
135.3 

6609.5 
nes.2. 
5130.4 
5n1.1 
6872.5 
5751.8 
9026,4 
5183.5 

3882.0 
4278.4 
3011. 7 
3365. 7 

======================================================================================·========================= 
continued ... 
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Table 3.2.2·8. NOx Control Cost Results for the Widows Creek Plant (J<11e 1988 Dollars) continued • 

==·········========···====······========··=================·=·==•==:ii============================================= 
Technology Boiler Main Boiler Capacity Coal CapiUl Capital ArwJal Amual NOx NOX NOX Cost 

NIJl"ber Retrof.i t She Factor Sulfur Coat Colt cost Cost Remo"ed Removed Effect. 
Difficulty (Miil cu Content (SMMl <S/kWl (SHH) <mil ls/kwh) (:I;) (tons/yr) (S/tonl 

Factor cu 
---~-------------------------------------------------~--~------------------------------------'·------------------

SCR·3·C 5 1.34 140 29 0.9 28.1 200.7 5.0 14.0 80.0 1236 4039.4 
SCR·3·C 6 1.34 140 35 1.1 28.3 202.2 5.0 11.7 80.0 1492 3380.5 
SCR·3·C 7 1.52 575 24 3.4 81.6 141.8 15.9 13.1 so.a 3001 5293.4 
SCR·3·C 8 1.16 550 38 3.6 66.6 121.0 13.8 7.5 80.0 4545 3035.5 

SCR·7 1 1.34 140 29 0.8 26.2 187.5 . 7.0 19.7 80.0 1236 . 5678.8 
SCR·7 2 1.34 140 26 0.8 25.8 184.5 6.9 21 .7 80.0 1108 6246.9 
SCR·7 3 1.34 140 37 O.B 25.4 181 .6 . 6.9 15.3 80.0 1577 4401.0 
SCR·7 4 1.34 140 35 O.B 28.1 200.7 7.4 17;2 80;0 ·1492 4955.9 
SCR·7 5 1.34 140 29 0.9 28. 1 200.7 8.5 23.9 BO.O 1236 6872.5 
SCR·7 6 L34 140 35 1 .1 28.3 202.2 7.4 .17.3 B0.0 1492 498a.7 
SCR·7 7 1.52. 575 24 3.4 81 •. 6 141.8 22.4 18.5 8a.o 3aa1 7451 .8 
SCR·7 8 1.16 55a 38 3.6 66.6 121.1 19.a 10.4 80.0 4545 4190.7 

SCR·7·C 1 1.34 140 29 0.8 26.2 187.5 4. 1 11.6 BO.O 1236 334a.8 
SCR·7·C 2 1 .34 14a 26 O.B 25.8 184.5 4.1 12.8 BO.O 1108 3683.6 
SCR·7·C 3 1.34 140 37 0.8 25.4 181.6 4., 9.0 BO.O 1577 2593.7 
SCR·7·C 4 1 .34 140 35 0.8 28.1 200.7 4.4. 10.2 BO.O 1492 2923.9 
SCR·7·C 5 1.34 140 29 0;9 28.1 200.7 5.0 14.0 BO.O 1236 4039.4 
SCR·7·C 6 1.34 140 35 1 • 1 28.3 202.2 4.4 1a.2 BO.a 1492 2938.7 
SCR·7·C 7 . 1 .52 575 24 3.4 81.6 141 .8 13.2 10.9 BO.a 3001 4391.2 
SCR·7·C 8 1. 16 55"0 38 3.6 66.6 121.1 11.2 6. 1 80;0 4545 2466.7 

=======================================================·=·=··===========·=·===================================== 
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reactor for unit 8 was assigned a low access/congestion factor due to its 
easy accesstbility. All reactors were assumed to be in areas with high 
underground obstructions. Table 3.2.2-8 presents the estimated cost of 
retrofitting SCR at the Widows Creek boilers. 

Sorbent Injection. and Repowering--
Thi s section presents the cost/performance estimates for so2 control 

technolOgies that are under development but have not bt!en 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 units I through 6 

were located east of boiler I. The retrofit of DSD and FSI technologies at 
the Widows Creek·steam plant for units I to 6 would be relatively easy. 
This is due to the large ESPs (SCA >500} long flue gas duct rYns and the 
subsequent long residence time between the .boilers and the ret('ofit ESPs. If 
ESP upgrading was required, a high site access/congestion factcr was assigned 
to the ESPs upgrade (1.55) because of the close proximity of the ESP3. The 
conversion of wet to dry fly ash handling system would also be. required for 

reusing the ESPs. Table 3.2.2-9 presents a summary of site access/congestion 
factors, scope adders, and retrofit factors for DSD and. FSI technologies at 
the Widowi Creek stea~ plant. Table.3.2.2-10 presents tht c6sts estimated 
for FSI and OSD retrofit at Widows Creek for boilers 1-6. 

Atmospheric Fl~idized Bed Cbmbu~tion and Coal Gasification Applicability--
. Using the applicability criteria presented in Section 2 for AFBC 

retrofit and AFBC/CG/combined cycle .repowering, boilers 1 to 6 at Widows 
Creek would be considered good candidates for AFBC retrofit and AFBC or 
CG/combined cycle repowering because of their small boiler sizes and low 
capacity factors. Boilers 1 and 8 would not be .considered candidates for 
this retrofit technology because both boilers are equipped with retrofit FGD 
units. 
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TABLE 3.2.2-9. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR WIDOWS CREEK UNITS 1-6 

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 (FT) 
DEMOLIT.ION 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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MEDIUM 
HIGH 
NA 

YES 
1268 

NA 
NA 
NA 
NA 
50 
38 

1306 
NA 

l.25 
l ;55 
NA 



Table 3.2.2_·10, Slmllary of. DSD/FSI Control Costs for the Widows Creek Plant _(June 1988 Dollars) 

=================·==================::=======================================================?================== 
Technology- Beiler Main Beiler Capacity Coal Capital. Capital "nnual Amual S02 S02 S02 Cost_ 

Nurber Retrofit Size Fact_or Sulfur Cost Cost Cost Cost - Removed Removed - Effect. 
-Difficulty (MW) CX) _Content (SMll) (S/kW) (SMM) Cmi I ls/kwh) CXl (tons/yr) (S/ton) 

Factor CX) 
·---------------·-·---------------~----------~-------.---------------------------~-------------------------------

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 

FSl+ESP-50 
FSl+ESP-50 
FSl+ESP-50 
FSl+ESP-50 
FSJ+ESP-50 
FSJ+ESP-50 

FSJ+ESP-50-C 
FSl+ESP-50-C 
FSJ+ESP-50-C 
FSl+ESP-50-C 
FSl+ESP-50-C 
FSl+ESP-50-C 

FSl+ESP-70 
FSl+ESP-70 
FSl+ESP-70-

-FSl+ESP-70 
FSJ+ESP-70 
FSI+ESP-70 

FSI+ESP-70-C 
FSI+ESP-70-C 

- FSI+ESP-70-C 
FSl+ESP-70-C 
FSl+ESP-70-C 
fSl+ESP-70-C 

1 

2 
3 
4 

5 
6 

1 
2 
3 
4 

5 
6 

1 
2 
3 
4 

5 
6 

1 
2 
3 
4 

5 
6 

1 
2 
3 
4 
5 
6 

2 
3 
4 
5 
6 

1.00 140 
1.00 140 
1 .00 140 
1 .oo 140 
1.00- 140 
1.00 140 

1.00 140 
1 .OD 140 
1.00 - 140 
1 .OD 140 
1 .OD 140 
1.00 140 

1.00 140 
1.00 140 
1.00 140 
1.00 140 
1.00 140 
1.00 140 

1.00 140 
1.00 140 
1.00 140 
1.00 140 
1.00 140 
1.00 140 

1 .00 140 
1 .00 140 

-1.00 140 
1 .00 140. 
1.00 140 
1.00 140 

1.00 140 
1. 00 140 
1.00 - 140 
1.00 140 
1.00 140 
1.00 140 

29 
26 
37 
35 
29 
35 

29 
26 
37 
35 
29 
35 

29 
26 
37 
35 
29 
3S 

29 
26 
37 
35 
29 
35 

29 
26 
37 
35 
29 
35 

29 
26 
37 
35 
29 
35 

0.8 
0.8 
o.8 
0.8 
0.9 
1 • 1 

0.8 
0.8 
0.8 
0.8 
0.9 
1 • 1 

0.8 
0.8 
0.8 
0.8 
0.9 
1. 1 

0.8 
0.8 
0.8 
0.8 
0.9 
1.1 

0.8 
0.8 
0.8 
0.8 
0.9 
1., 

0.8 
0.8 
0.8 
0.8 
0.9 
1. 1 

7.9 56.4 4.6 
7.9 56.5 4.6 
7.9 56.6 4.8 
7.9 56.3 4.7 
9;1 58.o 4.7_ 
8.5 60.8 5.1 

7.9 56.4 2.7 
7.9 56.5 2.7 
7.9 56.6 2.8 
7.9 56.3 - 2.8 
8.1 58.0 2.8 
8.5 60.8 3.0 

8. 1 58.0 3. 7 
8.1 58.0 3.6 
8.1 58.0 3.9 
8.1 58.0 3.9 
8.3 59.0 3.8 
8.5 60.8 4.3 

8.1 S8.0 2.2 
8.1- 58.0 2.1 
8.1 58.0 2.3 
8. 1 58.0 2.2 
8.3 59.0 - 2.2 

_ a.5 60.8 2.5 

8.2 58.7 3.7 
8.2 --58.7 3.7 
8.2 58.7 3.9 
8.2 58.7 3.9 
8.4 59.7 3.9 

- 8.6 61.6 4.3 

8.2 58.7 2.2 
8.2 58.7 2.1 
8.2 58.7 2.3 
8.2 58.7 2.3 
8.4 59.7 2.2 
8.6 61.6 2.5 
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13.0 49.0 
14.3 49.0 
10.6 49.0 
11.0 49.0 
13.3 49.0 
11 .8 - 49.0 

7.6 49.0 
8.3 49.0 
6.1 49.0 
6.4 49.0 
7.7 49.0 
6.9 49.0 

10.4 50.0 
11.4 50.0 
- 8.6 50.0 

9.0 50.0 
10.7 50.0 
9.9 50.0 

6.1 50.0 
6.6 50.0 
5.0 50.0 
5.2 so.a 
6.2 so.a 
s.8 so.a 

10.5 70.0 
11.5 70.0 
8. 7 -70.o 
9.1 70.0 

10.8 70.0 
10.0 70.0 

6.1 70.0 
6.7 70.0 
5. 1 70.0 
5.3 70.0 
6.3_ 70.0 
S.8 70.0 

1117 
1001 
1425 
_1348 
1256 
1853-

1117 
1001 
1425 
1348 
1256 
1853 

1148 
1029 
1464 
1385 
1291 
1905 

1148 
1029 
1464 
138S 
1291 
1905 

1607 
1441 
2050 
1939 
1808 
2666 

1607 
1441 
2050 
1939 
1808 
2666 

_4142.8 
4S66. 1 
3366.8 
3517.3 
3770.7 
2743.2 

2405.3 
26S1.5 
1953.9 
2041 .4 
2189.3 
1592.3 

3221.3 
3518.7 
2664.2 
2779.5 
2953.9 
2231.5 

1877.3 
2051 .4 
1551.3 
1618.8 
1n1.o 
1298.6 

2326.2 
2540.4 
1925.0 
2008.0 
2134.2 
1614.7 

1355.7 
1481.1 
1120.9 
1169.5 
1243.5 
939.6 



SECTION 4.0 DELAWARE 

4.1 DELMARVA POWER AND LIGHT COMPANY 

4 .1.1 Indian River "Steam Pl ant 

The Indian River steam plant is located. withfn Sussex County, Delaware, 
as part of the Delmarva Power artd Light Company system. Adjacent to the 
Indian River, the plant contains four coal-fired boilers and has a total 
gross generating capacity of 780 MW. 

Table 4.1.1-1 presents operational data for the existing equipment at 
the Indian River plant. Boilers 1-3 burn 1.4 percent sulfur coal .and unit 4-
burns 0.75 percent sulfur coal (1971 NSPS unit). Coal shipments are 
received by railroad and transferred to a coal storage and handling area 
east of the plant and beside the Indian Rivet. 

PM emissions for the boilers are controlled with ESPs located behind 
each unit. The plant has a dry fly ash handling system. Fly ash is 
disposed of in an ash pond east of the coal pile. Units 1 through 4 ~re 

. served by their own chimneys located behind the ESPs. 

Lime/Limestone and Lime Spray Drying FGD Costs--
The four .boilers are ldcated beside each other with boiler 1 being 

close to the Indian River and boiler 4 being away from the river. The 
absorbers for units I through 4 would be located behind the unit 4 chimney 
and close to the coal pile. Unit 4 is currently burning low sulfur coal 
and, as such, scrubbing would not be. required._ Although retrofit factors 
were developed for-this unit, capital and operating costs were not. The 
limestone preparation, storage, and hand1ing area would be located south and 
east of the coal pile. Some of the plant roads, coal storage a~ea, and a 
coal conv.eyor would have to be relocated to make space available for the FGD 
absorbers. Therefore, a factor of 15 percent was assigned to general 
facilities. 

The Indian Ri.ver pl ant is surrounded by water and very 1 imi ted space is 
available for locating FGD absorbers. FGD absorbers for units 1-3 were not 
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TABLE 4 .1.1-1. INDIAN RIVER STEAM PLANT OPE.RATIONAL DATA 

BOILER NUMBER 1,2 3 4 
GENERATING CAPACITY lMW~each) Bl 176 442 
CAPACI.TY FACTOR (PER ENT) 73 64 54. 
INSTALLATION DATE 1957,59 1970 1980 
FIRING TYPE FRONT FRONT OPPOSED 

WALL WALL WALL 
FURNACE VOLUME 11000 .CU FT) 47.6,36.5 91.4 NA 
LOW NOX COMBUST ON NO NO NO 
COAL SULFUR CONTENT ~PERCENT) 1.4 1.4 . 0 . 75 
COAL HEATING VALUE ~ TU/LB) 12700 12700 13200 
COAL ASH CONTENT (P RCENT) 10.5 10.5 7.5 
FLY ASH SYSTEM · DRY HANDLING 
ASH DISPOSAL METHOD ON-SITE 
STACK NUMBER 1,2 3 4 
COAL DELIVERY METHODS RAILROAD 

PARTICULATE CONTROL 

TYPE ESP ESP . ESP 
INSTALLATION DATE 1977 I 78 1981 1980 
EMISSION (LB/MM BTU) 0.18,0.11 0.07 0.04 
REMOVAL EFFICIENCY 99.5 . 99. 5 .99.5 
DESIGN SPECIFICATION 

SULFUR SPECIFICATION (PERCENT) 1.8 1.8 0.9 
SURFACE AREA (1000 SQ FTJ . 99.4 207.4 1210 
GAS EXIT RATE (1000 ACFM 298 525 1956 
SCA ~SQ FT/1000 ACFMi 333 395 618 

.OUTL T TEMPERATURE ( F} . 270 285 300 
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located behind their respective chimneys due to major demolition/relocation 
that would be necessary. Therefore, the site behind unit 4 was selected for 
all units. This location has a high site access/congestion factor due to 
the access/congestion difficulties created by the coal_ pile and coal 
conveyors. 

For flue gas handl'ing, long duct runs (over 1000 feet) would be_ 
required for units 1-3 if chimneys are reused. Therefore, a new chimney was 
assumed to reduce.the need for long return duct runs. Short duct runs were 
ass i g_ned to the unit 4 flue gas handli.ng system because its absorbers can be 
placed immediately behind the unit 4 chimney._ A high site access/congestion 
factor was assigned to the flue gas handling systems due to the access/ 
congestion difficulties of this locati~n. 

LSD with reuse of the existing ESPs ·was not considered for units 1-3. 
Even though the ESPs are large (SCA >300) and would probably handle the 
increased load from LSD application, access to the inlet of the ESPs is_ 
extremely difficult. This ~ould result in long boiler downtimes for tie-in. 
LSD with a new baghouse was not considered for units 1-3 because of a 
limited space available to loc~te both the absorbers, baghouses, a new 
chimney, and the long duct run requirements. For unit 4, ESPs may be 
accessed from the north side and absorbers would be located behind the 
chimney. A high site access/congestion factor was assumed for the absorber 
locations and the flue gas handling system. No major ESP upgrade woUld be 
anticipated because the ESPs are large (SCA >600)~ 

The major scope adjustment costs and retrofit factors estimated for the 
FGD technologies ~re presented in Table 4.1.1-2 and 4.l._l-3. Table 4.1.1-4 
presents the capital and operating costs for commercial FGD technologies. 
Costs for unit 4 are not presented because .the unit is burning low sulfur 
coal. The low cost FGD system for units 1-3 reduces _capital costs because 
of the economies of-scale obtained-by combin1ng the FGD systems and using 
large absorber sizes and eliminating spare. absorber modules_. 

Coal Switching and Physical Coal Cleaning Costs-~ 
Tabl_e 4_. l. l-5 presents the IAPCS cost results for CS at the Indian 

River boilers 1-3. - These costs do not include boiler and pulverizer 
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TABLE 4.1.1-2. SUMMARY OF RETROFIT FACTOR DATA FOR_ INDIAN RIVER UNITS 1-3 
(EACH) 

FGD TECHNOLOGY 

FORCED LIME 
LLLS FGD OXIDATION SPRAY DRYING 

SITE ACCESSLCONGESTlON 

S02 REMOVAL HIGH NA NA 
FLUE GAS HANDLING HIGH NA 
- ESP REUSE CASE NA 

BAGHOUSE CASE NA 
DUCT WORK D·ISTANCE (FEET) 600-1000 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$) 567 0 0 

OTHER NO NO NO _ 

RETROFIT FACTORS 

FGD SYSTEM . 1. 76 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 4.1.1-3. SUMMARY OF RETROFIT FACTOR DATA FOR INDIAN RIVER UNIT 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) 100-300 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 NO 

RETROFIT FACTORS 

FGD SYSTEM 1.53 NA 
ESP REUSE CASE 1. 76 
BAGHOUSE CASE NA 

ESP UPGRADE NA . NA 1.58 
'NEW BAGHOUSE NA NA NA 

GENERAL FACILITIES (PERCENT} 15 . 0 8 
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Table 4.1.1'4. Sunnary of F.@ Control Co~ts for the Indian River Plant <June 1988 Dollars) 

==============================·=====··===·====···=====··================·======================================= 
Technology Boiler Main Boller Capacity Coal Capital Capital Amual Amual. 502 502 S02 Cost 

N~r Retrofit .size Factor Sulfur Cost Cost coat Cost Removed Removed Effect. 
Difficulty (MW)· CX) Content (SMM) CS/kW) CSMM) . (mills/kwhJ CXJ (tons/yr) (S/ton) 

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

LC FGD 1·3 1.76 338 68 1.4 70.S 208.6 36.4 18.0 90.0 . 18753 1939.0 

LC FGD·C l-3 1. 76 338 68 1.4 70.S 208.6 21.1 10.5 90.0 18753 1127 .8 

LFGD 1 ,2 1.76 81 7J 1.4 44.3 546.8 20.1 38.7 90.0 4934 4066.1 
LFGD. 3 1.76 176 64 1.4 64.6 367.2 29.2 29.6 90.0 9398 3108.8 

LFGD·C 1,2 1.76 81 7J 1.4 44.3 546.8 11. 7 22.6 90.0 4934 2369.8 
LFGD·C 3 1.76 176 64 1.4 . 64.6 367.2 17.0 17.3 90.0 9398 1811.9 

==========================================••======================c==========•••ca-m======•=•==================== 
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Table 4_.1.1:5. S1m1111ry of .·coal Switching/Cleaning costs for the Indian River Plant (June 1988 Dollars) 

=?====================================~========================================================================= 

Technology Boiler Main Boiler Capacity Coal Capital Capital Amual Annual S02 S02 S02 Cost 
NlJl'berRetrofit si.ze Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 

Difficulty (Miil oa· Content ($MM) CS/kW) (SMM) (mil ls/kwhl c:u (tons/yr) CS/ton) 
Factor c:o 

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

CS/B+S15 1, 2 1.00 81 73 1.4 3.5 43.5 7.9 15.3 32.0 1742 4556.3 
CS/B+S15 3 1.00 176 64 1.4 6.4 36.6 14,5 14.7 32.0 3318 4382.7 

CS/B+Sl5-C 1 • 2 1.00 81 73 1 .4 3.5 43.5 .4.6 8.8 32.0 1742 2619.5 
CS/B+S15-C 3 1.00 1.76 64 1.4 6.4 36.6 8.4 8.5 32.0 3318 2519.7 

CS/B+S5 1, 2 1.00 81 73 1.4 2.7 33.1 3.5 6.8 32.0 1742 2015.5 
CS/B+S5 3 1.00 176 64 1.4 4.6 26.2 6. 1 6.2 32.0 3318 1829.9 

CS/B+SS-C I • 2 1.00 81 73 1.4 2.7 33. 1 2.0 3.9 32.0 1742 1161.6 
CS/B+S5·C 3 1.00 176 64 1.4 4.6 26.2 3.5 3.5 32.0 3318 1054.6 

=~========s===================================================================================================== 
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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 ~lant. 

Low NOx Combustion 
Units 1-3 are dry bottom, wall-fired boilers. The combustion 

modification technique applied to these boilers was LNB. Tables 4.1.1-6 and 
4 .1.1-7 present the performance and cost results of retrofitting LNB at the 
Indian River plant. Uni.t 4 was assumed to already have LNBs as an NSPS 

·Unit. 

Selective Catalytic Reduction 
Cold side SCR reactors for units 1-3 would be located in the small 

space available between the coal pile and units 1 and 2. The SCR reactor 
for unit 4 would be located immediately behind. the unit 4 chimney. Reactors 
for units 1~3 are located in high site access/congestion.areas. The space 
between units 1-2 and the coal pile is very congested because of the ash 
silos, coal conveyors, and ESPs. Two of the ash silos have to be relocated 
to open up~ore space for units 1-3 reactors; therefore, a factor of 
35 percent was assigned to general facilities. Access to unit 4 reactor 
area is difficult because of the coal conveyor. However; sufficient space · 
is available behind the chimney and a medium site access/congestion factor 
was assigned to the unit 4 reactor location. All reactors were assumed to 
be in areas with high underground obstructions. The ammonia storage· system 
was placed close to the coal pile in a similar layout as the sorbent storage/ 
preparation area for the case of wet FGD. Duct lengths of 250 feet were 
estimated for the flue gas handling systems. 

Table 4.1.1-6 presents the SCR process area retrofit factors and scope 
adder costs. Table 4.1 .. 1-7 presents the estimated co~t of retrofitting SCR 
at the.Indian River boilers. 

Duct Spray Drying and Furnace Sorbent Injection-_. 
The retrofit of sorbent injection technologies at the Indian River 

steam plant for all units would.be difficult because the short duct 
·residence time between the boilers and the ESPs would not be sufficient for 
either humidification (FSI application} or sorbent evaporation (DSD 
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TABLE 4.1.1-6 .. SUMMARY OF NOx RETROFIT RESULTS FOR INDIAN RIVER 

BOIL ER NUMBER 

COMBUSTION MODIFICATION RESULTS 

1,2 3 ' 1-3 4 

FIRING TYPE FWF FWF NA OWF 
'' TYPE OF NOx CONTROL LNB LNB NA LNB 

FURNACE VOLUME (1000 CU FT) 47.6 91.4 NA NA 
'' 

BOILER INSTALLATION DATE 1959 1970 NA 1980 

SLAGGING PROBLEM NO NO NA NO 

ESTIMATED NOx REDUCTION (PERCENT) 40 36 ' NA NA 

SCR RETROFIT RESULTS 

SITE ACCESS AND CONGESTION 
FOR SCR REACTOR HIGH HIGH HIGH MEDIUM 

SCOPE ADDER PARAMETERS--

Building Demolition (1000$) 0 0 0 0 

Ductwork Demolition (1000$) 23 41 67 82 

New Duct Length (Feet) 250 250 250 250 

New Duct Costs (1000$) 1095 1724 ' 25Z6 2955 

_New Heat Exchanger (1000$) 1642 2616 3870 4546 

TOTAL SCOPE ADDER COSTS (1000$) 2761 4382 ' 6464 7584 ' 

RETROFIT FACTOR FOR SCR 1.52 1.52 1. 52 1.34 

GENERAL FACILITIES (PERCENT} 35 35 35 13 ' 
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Table 4.1.1·7. NOx Control Cost Results for the Indian River Plant (June 1988 Dollars) 

======================================================··========·=============================================== 
Technology Boiler Hain 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 (HW) c::o Content ($MM) (S/kW). (SHM) tmills/kwh) c::o <.tons/yr) (S/tonJ 

Factor (%) 

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

LNC•LNB 1. 2 1.00 81 73 1.4 Z.3 29.0 0.5 1 :o 40.0 843 610.4 
LNC·LNB 3 1.00 176 64 . 1.4 3.2 18.2 0.7 0.7 36.0 1446 485.7 

LNC·LNB·C 1 • 2 1.00 81. 73 1.4 2.3 29.0 0.3 0.6 40.0 843 362.2 
LNC·LNB·C 3 1.00 176 64 1.4 3.2 18.2 0.4 0.4 36.0 1446 288.2 

SCR·3 1 • 2 1.52 81 73 1.4 20.8 256.4 . 6.6 ·12.8 80.0 1687 3924. 7 
SCR·3 3 1.52 1!6 64 1.4 34.5 196.1 11.4 11.6 80.0 3213 3555.5 
SCR·3 4 1.34. 442 54 0.8 59.9 135.6 21.5 10.3 80.0 6513 . 3295.6 
SCR·3 1·3 1.52 338 68 1.4 57.3 169.5 19.7 9.8 80.0 6556 3000.8 

SCR·3·C . 1, 2 1.52 81 73 1.4 20.8 256.4 3.9 7.5 80.0 1687 2303.8 
SCR·3·C 3 1.52 i.76 . 64 1.4 34.5 196.1 6.7 6.8 80.0 3213 2085.2 
SCR·3·C 4 1.34 442 54 0.8 59.9 135.6 12.6 6.D 80.0 6513 1929.4 
SCR·3·C 1·3 1.52 338 68 . 1.4 57.3 169.5 11.5 5.7 80.0 6556 1758.4 

SCR·7 1, 2 1.52 81 73 1.4 20.8 . 256;4 6.0 11.5 80.0 1687 3533.3 
SCR·7 3 1.52 176 64 1.4 34.5 196.1 10.0 10.1 80.0 3213 3109.1 
SCR·7 4 1 .34 442 54 0.8 59.9 135.6 17.9 8.6 80.0 6513 2745.7 
SCR~7 1·3 . 1 .52 338 68 1.4 57.3 169.5 16.9 8.4 80.0 6556 2580.7 

SCR·7·C 1, 2 1. 52 81 73 1.4 20.8 256.4 3.5 6.8 80.0 1687 2079.6 
SCR·7·C 3 1.52 176 64 1.4 34.5 196.1 5.9 . 6.0 80.0 3213 1829.4 
SCR·7·C 4 1.34 442 54 0.8 59.9 135.6 10.5 5.0 80.0 6513 1614.4 
SCR·7·C 1 ·3 1.52 338 68 1.4 57.3 169.5 10.0 4.9. 80.0 6556 1517.7 

====C=================a==~=•======•==•==•==========~===========================•••s==a========================== 
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application). · However, both technologies were considered for this pl ant 
because the ESPs are 1 arge enough to modify the first ESP sections for 
humidification and sorbent injection. The sorbent.rece1ving/storage/ 
preparation areas. were located behind the unit 4. chimney. 

Tables 4.1.1-8 and 4.1.1-9 present a summary of the site access/ 
congestion factors for sorbent injection technologies at the Indian River 
steam plant. Table 4.1.1-10 presents the costs estimated to retrofit FSI 
and OSO at the Indian River boilers. 

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

presented in Section 2 were used to determine the applicability of these 
technologies at the Indian River plant. Units 1-2 would be considered good 
candidates for repowering or retrofit because of their small boiler sizes. 
Units 3-4 would not be considered because of their age and/or size. 
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TABLE 4.1.1-8. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR INDIAN RIVER UNITS 1-3 (EACH) 

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 (1060$) 

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

RETROFIT FACTORS 

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

NO 
NA 

NA 
NA NA. 
NA 
50 
26 

26 
NA 

1.25 
1.58 
NA 



TABLE 4.1.1-9. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR INDIAN RIVER 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$) 

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

RETROFIT FACTORS 

CONTROL SYSTEM {DSD SYSTEM ONLY) 
ESP UPGRADE · . ..· 
NEW BAGHOUSE . 
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MEDIUM 
HIGH 
NA 

NO 
NA 

NA 
NA 
NA 

. NA 
50 
91 

91 
NA 

1.25 
1.58 
NA 



Table 4.1.1· 10. S<l!lllary of DSD/FSI C0ntrol Costs for the Indian River Plant (June 1988 Dollars) 

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

Technology Boiler Hain Boiler Capacity Coal Capital Capf tal Annual Amual S02 S02 502 Cost 
NU!Cer Retrofit Size Factor· Sulfur Cost Cost Cost Cost Removed Removed Effect. 

Difficulty (MW) !Xl Content CSMH) ($/kill (SHH) (mil ls/kwh) (Xl (tons/yr) (S/tonl 
Factor (X) 

------·------------··---------------------------------------------~---------------------------------------------

DSD+ESP 1, 2 1.00 81 73 1.4 5.5 68.3 5.3 10.2 49.0 2667 1972.7 
DSC+ESP 3 1.00 176 64 1.4 8.4 47.7 7.1 7.2 49.D 5080 1401.a 
DSD+ESP 4 1.00 442 54 a.8 11.4 25.7 8.6 4.1. 49.0 5885 1460.2 

DSC+ESP·C 1, 2 1.00 81 73 1.4 5.5 68.3 3.0 5.9 49.0 2667 1139.5 
DSD+ESP·C 3 1.00 176 64 1.4 8.4 47.7 4. 1 4.2 49.a 5a8o 810.1 
DSD+ESP·C 4 1.00 442 54 0.8 11.4 25.7 5.0 2.4 . 49.a . 5885 845.2 

FSl+ESP·5a .1 • 2 1.00 81 73 1.4 5.9 73.3 4.6 8.8 sa.o 2741 1661.4 
FSl+ESP·50 3 1.00 176 64 1.4 8.5 48;4 6.8 6.8 50.0 5221 1292.8 
FSl+ESP·50 4 1.00 442 54 0.8 12.9 29.2 8.6 4. 1 so.a 6a48 1420., 

FSl+ESP·Sa·C 1, 2 1.00 81 73 1.4 5.9 73.3 2.6 5.1 50.0 2741 961.6 
FSl+ESP·SO·C 3 1.0a 176 64 1.4. 8.5 48.4 3.9 4.0 so.a 5221 746.0 
FS!+ESP·SO·C 4 1.0a 442 54 a.8 12.9 29.2 5.0 2.4 so.a 6048 823.2 

FS!+ESP·7a 1, 2 1.00 81 73 1.4 6.0 74.6 4.6 li.9 70.0 3837 1203.9 
FSl+ESP·70 3 1.00 176 64 1.4 8.6 49.1 6.9 7.0 70.0 7310 938.8 
Fsl+ESP·70 4 1.00 442 54 0.8 13., 29.5 8.7 4.2 70.0 8467 1029.7 

FSl+ESP·70·C 1 • 2 1.00 81 73 1.4 6.0 74.6 2.7 5.2 70.0 3837 696.8 
FSl+ESP·7a·C 3 1.aa 176 64 1.4 8.6 49. 1 4.0 4.0 70.0 7310 543.2 
FS!+ESP·70·C 4 t.ao 442 54 0.8 13., 29.5 5.1 2.4 70.0 8467 596.9 

==============•======s====•••=====••====•••====•================================================================ 
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SECTION 5.-0 FLORIDA 

5.1 FLORIDA POWER CORPORATION 

·. 5.1.1 Crystal River Steam Plant 

The Crystal River steam plant is located.within Cittus County, Florida, 
as part, of the Florida Power Corporation ~ystem. The plant is located near 
Crystal River City and adjacent to Crystal River. Bay on the Gulf of Mexico .. 
The plant contains four coal-fired and ohe nuclear boiler with a total gross 
generating capacity of 3,116 MW. 

Table 5.1.1-1 presents operational data fot the existing equipment at 
the Crystal River plant. The boilers burn_ low sulfur coal (0.7 to 
1.0 percent). Coal shipments are received by barge/railroad ~nd are 
transferred to the units 1-2 coal storage and handling area, Part of the 
coal is then transferred by a coal conveyor to a second coal pile east of 
units 4-5. Units 4-5 comply with the 1971 NSPS emission limit of <1.2 lbs 
so2 per MM Btu. 

PM emissions for the boilers are controlled_ with new or retrofit ESPs 
located behind each unit. The pl ant has a dry fly ash handling system. 
Almost half of the fly ash is sold while the rest of it is disposed of 
on-site. In addition, the plant has the capability to sluice the fly ash in 
case of an emergency. All. units have separate chimneys located behind .each 
unit. 

Lime/Limestone and Lime Spray Drying FGD Costs--
Units 1-2 are located besi.de each other and between the water channel 

and the water intake channel. Uriit 3 (nuclear) is located east of unit 1. 
·The absorbers for units 1~2 for both conventi~nal and'LSD-FGD cases would be 
located west of unit 2 in an open space b_etween the unit 2 retrofit ESPs and 
the oil tanks; Space is also available east of unit_ I. However, unit 1 is 
located very close to _the nuclear unit and might cause some interferences. 

·Therefore, this location was not considered in this study. 
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TABLE 5 .1, 1-1. CRYSTAL RIVER STEAM PLANT OPERATIONAL. DATA 

BOILER NUMBER l 2 4, 5 - 3 
GENERATING CAPACITY ~MW-each) 420 476 665 890 
CAPACITY FACTOR f PER ENT) 63 63 80 31 
INSTALLATION DAT · 1966 1969 1982, 84 1977 
FIRING TYPE TANGENTIAL FRONT NUCLEAR 

WALL POWER 
FURNACE VOLUME pooo cu FT) 228.5 NA 734 
LOW NOx COMBUST ON - NO NO YES 
COAL SULFUR CONTENT 'PERCENT) 1.0 LO 0.7 
COAL HEATING VALOE ( TU/LB} 12300 12300 12500 
COAL ASH CONTENT (PERCENT} NA NA NA 
FLY ASH SYSTEM DRY HANDLING 
ASH DISPOSAL METHOD ON-SITE/SOLD 
STACK NUMBER 1 . 2 3-4 
COAL DELIVERY METHODS BARGE/RAILROAD 

PARTICULATE CONTROL 

TYPE ESP ESP ESP 
INSTALLATION DATE 1979 1979 1982, 84 
EMISSION (LB/MM BTU) 0.05. 0.02 0.02-0 .. 01 
REMOVAL EFFICIENCY 99.5 99.5 99.8 
DESIGN SPECIFICATION · 

SULFUR SPECIFICATION (PERCENT) 1.3 1.3 0.8 
SURFACE AREA (1000 SQ FT~ 432 1351 1582 
GAS EXIT RATE (1000 ACFM 1415 1930. 2348 
SCA f SQ FT/1000 ACFM~ 305 700 674 
OUTL T TEMPERATURE ( F) 292 300 282, 287 
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The absorbers for units 4-5 would be 1 ocated behind the chimneys on 
either-side of the coal conveyor for conventional FGD .cases and on the side 
of each unit for the LSD case. No major demolition or' relocation would be 
necessary.for any of the units except units 4-5 in the LSD case. Because 
the absorbers for units· 4-S ih the LSD-FGD case are located on the side of 
each unit, some of the storage .areas and one of the ash s i 1 os would have to 
be relocated. Therefore, general fa~ilities factors of 5 and 10. percent 
were assigned to the FGD costs accordingly. Sorbent storage and handling 
areas would be located south of the coal pile serving units 4-5 and close to 
the yailroad tracks so that the existing tracks can be used f6r sorbent 
transfer. 

A medium site access/congestion factor was assigned to the FGD abso~ber 
locations serving units 1-2 due to some access difficultiei to this area 

. ' 

created by t~e water channel, oil tanks, and, units 1-2. For units 4-5, a 
low site access/congestion factor wes assigned for the conventional FGD 
absorber locations. For flue gas handling, a long dutt length with a high 
~ite access/congestion factor would be required for unit 1 beca~se the 

·chimney serving unit 1 is located away from the absorbers and access to this 
chimney is difficult. Because river 1,000 feet of duct would be needed to 
reuse the existing chimney, a new chimney would be located ldjacent to the 
absorbers for unit 1. For units 2 and 4-5, a low site access/congestion 
factor was assigned due to relatively short duet runs and because of the 
open space available around the existing chimneys. 

LSD with a new baghouse was considered for unit 1 because plant 
personnel indicated that on occasion so3 conditioning is necessary to meet' 
the emission levels. Because of this problem and the location of the ESPs 
(away from the ·absorb~r 1 ricat ion), the ESPs for unit 1 were not reused for 
the LSD-FGD case. ·A new baghouse and chimney were located close to the LSD 

· absorbe~s which were located in a similar layout to the.conventional wet 
FGD. A medium site access/congestion factor was also assigned to the new 
baghouse location. Reuse of the existing ESPs was considered for the other 
three units .. For unit 2, a low site access/congestion factor was assigned 
to the flue gas handling system with a short to moderate duct run being 
required .. For units 4-5, LSD absorbers would be located on either side of 
the units. However, access to th~ existing ESPs would be difficult due to 
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the limited space available between· the ESPs and the boilers. A high site 
access/~ongestion facior was assigned to the flue gas handling system .. 

The· major· scope adjustment costs and retrofit factors. estim'ated for the 
FGD technologies are presented in Tables 5.1.1~2 through 5.1.1-4. ·Because all 

.boilers currently. burn low sulfur coal, an FGD system.would only be 
considered at the plant .if so2 ,emission levels were very low (<l.2 lbs per 
MM Btu} or t.he price differential between. low and high suifur coal made 
scrubbing ~conomical. As such, FGD cost estimates are not' presented for th~ 
currently used coal. 

Coal Switching and Physical Coal Cleaning Costs-- . 
Because the .Crystal River plant already burns a low sulfur coal, costs 

were not developed for CS or PCC. 

Low NOx Combustion--
Units 1-2 are dry bottom, tangential-fired boilers rated at 420 and 

476 MW, respectively. The combustion modification techniqu~ applied to 
these b6ilers was OFA .. As Table .5.1.1-5 shows, the OFA NO reduction ' x 
performance level was based on the low volumetric heat release r~te; 
Units 4-5 are already equipped with LNB and are not considered a$ LNC 
candidates. Table 5.1.1-6 presents the cost of retrofitting OFA at the 
Crystal Ri.ver plant. 

Selective Catalytic Reductton--
Cold side SCR reactors for all ~nits would be located behind the 

chimney or to the side of the unit. A ·1ow sit_e access/congestion factor was 
assigned to all reactor locations. Approximately 200 feet of duct would be 
required for all units .. No major demolition/relocation would be required 
for placement of the SCR reactors; therefore,· a base factor of 13. percent· 
was assigned to general facilities. The ammonia storage system was placed 
near the railroad tracks and close to the coal ~ile serving units 4-5.· 

Table 5. l.1-5 presents the SCR retrofit factors and scope adder costs. 
The scope adders include costs estimated for ductwork demolition, flue gas 
heat exchangers, and new duct runs to divert the flue gas fro~ the ESPs to 
the reactor and from the reactor to the chimney. Table 5.1.1-6 presents the 
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TABLE 5.1.1-2. SUMMARY OF RETROFIT FACTOR DATA FOR CRYSTAL RIVER 
UNIT 1 

FGD TECHNOLOGY 
.. 

FORCED ·LIME· 
LLLS FGD OXIDATION SPRAY DRYING 

SITE ACCESSLCONGESTION 

S02 REMOVAL MEDIUM NA MEDIUM 
FLUE GAS HANDLING . HIGH NA 

ESP REUSE CASE NA 
BAGHOUSE CASE HIGH 

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

ESP REUSE .NA NA NA 
NEW BAGHOUSE NA NA MEDIUM 

SCOPE ADJUSTMENTS 

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

NEW CHIMNEY YES NA YES 
.ESTIMATED COST (1000$) 2940 0 ·2940 

OTHER NO NO 

RETROFIT FACTORS 

FGD SYSTEM 1.65 NA 
ESP REUSE CASE NA 

· BAGHOUSE CASE 1.69 
ESP UPGRADE NA NA NA 
NEW BAGHOUSE NA NA· 1. 36 

GENERAL FACILITIES (PERCENT} 5 0 5 
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·TABLE 5.1.1-3. SUMMARY OF RETROFIT FACTOR DATA FOR CRYSTAL RIVER 
UNIT 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. LOW 
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 1.41 NA 
ESP REUSE CASE 1.40 
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 5.1.1-4. SUMMARY .OF RETROFIT FACTOR DATA FOR CRYSTAL RIVER 
UNIT 4 OR 5 

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 
BAGHOUSE 300-600 

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 

RETROF.IT FACTORS 

FGD SYSTEM 1.20 NA 
ISP REUSE CASE 1.36 
BAGHOUSE CASE NA 

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

GENERAL FACILITIES (PERCENT) 5 0 10 . 
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TABLE 5.1.1-5. SUMMARY .OF NOx RETROFIT RESULTS FOR CRYSTAL RIVER 

· BOILER NUMBER 

COMBUSTION MODIFICATION RESULTS 

1 2 4,5 

FIRING TYPE TANG TANG FWF 

TYPE OF NOx CONTROL OFA OFA LNB 

FURNACE VOLUME (1000 CU FT) 228.5 NA 734 

BOILER INSTALLATION DATE 1966 1969 1982 

SLAGGING PROBLEM NO NO NO 

ESTIMATED NOx REDUCTION (PERCENT) 25 25 NA 

SCR RETROFIT RESULTS 

SITE ACCESS AND CONGESTION 
FOR SCR REACTOR LOW LOW LOW 

SCOPE ADDER PARAMETERS--

N~w Chimney (1000$) 0 0 0 

Ductwork Demolition {1000$) 79 87 . 112 

New Duct Length {Feet) 200 200 200 

New Duct Costs {1000$) 2294 2469 3002 

New Heat. Exchanger (1000$) 4409 4753 5809 

TOTAL SCOPE ADDER COSTS (1000$) 6782 7309 8923 

RETROFIT FACTOR FOR SCR 1.16 1.16 1.16 

GENERAL FACILITIES (PERCENT) 13 13 13 
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Table 5.1.1-6. NOx Control Cost Results for the Crystal River Plant (June .1988 Dollars) 

===============s=====sz=============================================••=====m•e•z======z•==========z•============ 
T.echnology . Boiler Main Boiler Capacity Coal Capital Capital Annual Annual NOx NOx NOx. Cost 

Nli!l)er Retrofit Size Factor Sulfur Cost Cost Cast· Cost Removed Removed ·Effect. 
Difficulty <Miil (1') Content· (SMMl . (S/kll). ($MM) Cmi l ls/kwhl (1') (tans/yr> CS/ton>· 

Factor (1') 
. ' 

··-------------------------------·----------------------------------------------------------------·--,----------

LNC-OFA. 1 1.00 420 63 1. 0 1 • 1 2.6 0.2 0.1 25.0 1748 133;2 
LNC·OFA 2 1.00 476 63 1.0 1.2 2.4 0.2 0.1 25.0 1981 123.5 

LNC-OFA-C 1 1.00 420 63 1 .0 1.1 2.6 0.1 o. 1 25.0 1748 79.1 
LNC-OFA·C 2 . 1.00 476 63 1.0 1.2 2.4 o. 1 o. 1 25.0 1981 73.4· 

SCR-3 1.16 420 63 1.0 52. 1 124. 1 18;8 8. 1 80.0 5593 3364.6 
SCR-3 2 1 .16 476 63 1 .0 58. 1 122.2 21.1 8.0 so.o 6339 3328.3 
SCR-3 4,5 1. 16 665 BO 0.7 T7.5 116.6 29.8 6.4 80.0 15454 1929.5 

SCR-3-C 1 1.16 420 63 1.0 52. 1 124. 1 11.0 4.8 80.0 ' 5593 1969.5 
SCR-3-C 2 1. 16 476 63 , .o 58.1 122.2 12.3 4.7 80.0 6339 1948.0 
SCR·3-C 4,5 1.16 665 80 0.7 TT.5 116.6 17.4 3.7 80.0 15454 1128.0 

SCR-7 1.16 420 63 1.0 52.1 124.1 15.4 6.6 80.0 5593 2749.8 
SCR-7 2 1.16 476 63 1 .0 58. 1 122.2 17.2 6.5 BO.O 6339 2713.5 
SCR-7' '4,5 1. 16 665 BO 0.7 T7.5 116.6 24.4 5.2 80.0 15454 1578.0 

SCR-7-C. 1 1. 16 420 63 1.0 52.1 124.1 9.0 3.9 so;o 5593 1617.2 
SCR-7-C 2 1. 16 476 63 1 .o 58.1 122.2 10.1 3.9 80.0 6339 1595.8 
SCR-7-C 4,5 1.16 665 80 0.7 T7.5 116.6 14.3 3. 1 80.0 15454 926.6 

======================================================================================================~========= 
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estimated cost of retrofitting SCR at the Crystal River boilers. Retrofit 
of hot side _SCR system would result in a unit downtime penalty. The 
replacement' cost could be significant for these large baseload units. -

Duct Spray Drying and Furnace Sorbent ·Injection~-
. The retrofit of FSI and DSD technologies at the Crystal River steam 

plant would be difficult for unit 1 for two major reasons: 1) the retrofit 
ESPs might not be able to handle the increased .PM and would require major 
ESP upgrades ·and additional-plate area; and 2) the short duct residence time 
between the boilers and ESPs would not be sufficient for either · 
humidification (FSI application) or for sorbent evaporation (DSD 
application). By contrast, retrofit of FSI and DSD technologies on unit 2 
would b~ easy. This is due to the long duct run between the boile~ and 

·retrofit ESP and t~ the fact that this ESP is-oversized for its current 
load. For these reasons, unit 2 is a good candidate for DSD or FSI 
technologies. For units 4-5, the applicati-0n of these two technologies 
would also be difficult· for the latter reason. However, FSI arid DSD 
technology was considered for_ these units because the ESPs could- be modified 
for humi~ification and additional plate area could be added downstream of 

· the ESPs. 
A high site access/congestion factor was assigned for upgrading· the 

unit 1· ESP because of access difficulty and some congestion that is created 
by the office building, ash silos, and chimney. For units 4-5, a low site 
access/congestion factor was assigned for the ESP upgrades because of the 
space availability behind the ESPs. The. sorbent receiving/storage/ 
preparati-0n areas would be located west of unit 2 for units 1-2 ,~d east of 
unit-4 for units 4-5. 

Tables 5.1.1-7 through 5.1.1-9 present a .summary of the site access/ 
congestion factors for FSI and OSD technologies at the Crystal River steam. 
plant. Table 5.1.1-10 presents the costs estimated to retrofit FSl_and DSD 
at the Crystal River boilers. The high unit costs are a result of units 
burning low sulfur coal. 
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TABLE 5.1.1-:7. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR CRYSTAL RIVER 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 DE. M.OL IT ION 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 
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MEDIUM 
HIGH 

··NA 

NO 
NA 

NA 
NA 

· NA 
NA 
50 

. 88 

88 
NA 

l.25 
; 1.58 

NA 



. . 

TABLE 5.1.1-8. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR CRYSTAL ·RIVER 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 LEN~TH_ (ft) 

DEMOLITION COST (1000$) 

TOTAL COST 0000$) 
· ESP UPG~DE CASE 

A NEW BAGHOUSE CASE 

RETROFIT FACTORS 

CONTROL SYSTEM (DSD SYSTEM ONLY) 
ESP UPGRADE · . · . . 

· ·. NEW BAGHOUSE 

5-12 

MEDIUM 
LOW 
NA 

NO 
NA 

NA 
NA 
.NA 
NA 
50 
96 

96 
NA 

1.25 
1.16 ,. NA 



TABLE 5.1.1-9. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR CRYSTAL RIVER UNITS 4 OR 5 

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 
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LOW 
LOW 
NA 

NO 
NA 

NA 
NA 
NA 
NA 

.SO 
124 

124 
NA 

1.13 
1.16 
NA 



Table 5.1.1·10. S<J11118ry of DSD/FS! Control Costs for the Crystal River Plant (June 1988 Dollars) 

==================================·========================·==================================================== 
Technology Soi ler Hain Boiler Capacity Coal Capital Capital Arn.J8l Amual S02 S02 S02 Cost 

N<irber Retrofit Size Factor Sul fur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (Mii) (%) Content (SHH) CS/kW) (SHH) Cmills/kwh) (%) (tons/yr) CS/ton) 
. Factor (%) 

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

DSD+ESP 1 1.00 420 63 1 .0 13.2 31.5 9.8 4.2 49.0 8843 1107.9 
DSD+ESP .2 1.00 476 63 1 .o 13.5 2S.3 10.4 4.0 49.0 10022 1042.7 
DSD+ESP 4,5 1.00 665 so 0.7 15.4 23. 1 12.8 2.8 49.0 12218 1051.5 

DSO+ESP·C 1.00 420 63 1.0 13.2 31.5 5.7 2.4 49.0 8843 641.5 
DSO+ESP-C 2 1.00 476 63 1.0 13.5 2S.3 6.0 2.3 49.0 10022 603.4 
DSO+ESP-C 4,5 1.00 665 so 0.7 15.4 23.1 7.4 1.6 49.0 12218 608.1 

FS!+ESP·SO 1 1.00 420 63 1.0 15.7 37.3 10.7 4.6 50.0 90S9 11SO. 5 
FSl+E.SP·50 2 1.00 476 63 1.0 13. 7 2S.S 11.0 4.2 50.0 10300 1063.9 
FSJ+ESP·50 4,5 1.00 665 so 0.7 . 16.0 24.1 13.2 2.S 50.0 12557 1050.3 

FSl+ESP-50-C 1 1.00 420 63 1.0 15.7 37.3 6.2 2.7 so.a 9089 684.1 
FSl+ESP-SO·C 2 1.00 476 63 1.0 13.7 2S.8 6.3 2.4 so.a 10300 615.5 
FSl+ESP·SO·C 4,5 1.00 665 so 0.7 16.0 24.1 7.6 1.6 50.0 12557 607.5 

FSJ+ESP·70 1.00 420 63 1.0 15.S 37.6 10.9 4.7 70.0 12n4 856.0 
FSl+ESP-70 2 1.00 476 63 1.0 13.9 29.1 11 • , 4.2 70.0 14420 m.9 
FSl+ESP-70 4,5 1.00 665 so 0.7 16.3 24.5 13.4 2.9 70.0 17579 764.4 

FS!+ESP-70-C 1 1.00 420 63 1.0 15.8 37.6 6.3 2.7 70.0 12n4 496.0 
FS!+ESP·70·C 2 1.00 476 63 1.0 13.9 29.1 6.4 2.5 70.0 14420 447., 
FSJ+ESP·70·C 4,5 1.00 665 so 0.7 16.3 24.5 7.S 1.7 70.0 17579 442.1 

=================================================2============================================================== 
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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 Crystal River plant. None of the boilers would be 
considered good candidates for repowering and retrofit because of their 
large size, short service life, and high capa~ity factor. 
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5. 2 GULF POWER COMPANY . 

5.2.l Crist Electric Generating Plant 

The Crist Electric Generating Plant is located near the mouth of the 
Escambia River in Escambia County near Pensacola, Florida, and is owned and 
operated by the Gulf Power Company. The Crist plant contains four 
coal-fired and three oil and gas-fired boilers with a total gross generating 

. capacity of 1107 .MW. The generating capacity of the four coal-fired boilers 
is 1022 MW. 

Table 5.2.1-1 presents operational data for the existing equipment at 
the Crist plant. Shipments of coal are received by barge and transferred to 
a coal storage and handling area adjacent to the plant. PM emissions· from 
two of the coal-fired boilers (6 and 7) are controlled by ESPs installed at 
the time of construction. PM emissions from the other two coal-fired 
boilers are controlled by retrofit ESPs in series with original ESPs. ESPs 
for all fou~ units ar~ located behind the boilers. Flue gases from boilers 
1-5 are ducted to one chimney while the flue gas from boilers 6-7 is ducted 
to another chimney. Flyash from the coal-fired generating units is 
collected, dried, and pneumatically conveyed to storage tanks on the west 
side of the property. This ash is sold, when possible, otherwise it is 
transported by truck to a state permitted landfill on the west edge of the 
property. 

Lime/Limestone and Lime Spray Drying FGD Costs--
Because the coal pile is located directly behind units 4-7, the 

absorbers for units 4-5 would be located east of unit 1 after relocating 
demineralizer/condensate storage tanks and No. 2 oil .storage tanks adjacent 
to unit I. These tanks would be re.located to a new location further south. 
For units 6-7, absorbers would be located west of unit 5 adjacent to the 
cooling towers, west of the office and general repair building. Additional 
ductwork would be required to go around the existing dry ash handling 
bridge. 

A high site access/congestion factor would be assigned to the FGD 
absorber locations because of the space limitation created by the proximity 
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TABLE 5.2.1-1. CRIST POWER COMPANY OPERATIONAL DATA 

BOILER NUMBER 
GENERATING CAPACITY (MW-each) 
CAPAC ITV FACTOR (PERCENT) 
INSTALLATION DAT( 
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 

rARTICULATE 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) 

1-3 
28, 28, 38 
2,3 
1945,52 
GAS 
FIRED 

4-5 6 
88,89 327 

. 46 44 
. 1958,61 1970 

TANG FRONT 
WALL 

4'2.4 158 
NO 
2.4 
12100 
9.4 
WET 

ON-SITE/SOLD 

7 
519 
27 
1973 
OPPOSED 
WALL 
282 

1 2 2 
BARGE 

ESP ESP 
(COLO & HOT SIDE) 

NA NA 
0.02 0.04 

. 99. 0 98. 5 

0.5-3.5 0.6-3.5 
184 69.1 
515 505 
357 137 
650 283 
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ESP 

NA 
0.08 
98.5 

0.6-3.5 
1582 
2348 
158 
285 



of the river, the channels, and auxil i.ary equipment. In the L/LS-FGD case, 
medium to long duct runs would be required. A high site access/congestion 
factor was assigned to the flue gas handling system because of the 
difficulties accessing the downstream of the ESPs. For units 6-7, a new 
chimney would need to be installed close to the absorbers to reduce the duct 
lengt~ and congestion. Plant personnel indicated that construction of a new 
chimney may be difficult due to the close proximity of the Municipal 
airport. 

·LSD with reuse of the existing ESPs was not considered for units 4-5 
because the units are equipped with an arrangement of cold and hot side ESPs 
which are not easy to reuse. For units 6~7, the access to the ESPs is 
difficult; therefore, reuse of the existing ESPs was not considered. LSD 
with a new baghouse was not considered for units 6-7 because the boilers are 
burning medium to high sulfur coal. (Gulf Power, under contract to EPRI, 
has been operating a high sulfur coal baghouse test facility at its Scholz 
steam pl ant.) 

Tables 5.2.1-2 and 5.2.1-3 give a summary of retrofit data for 
commercial FGD technologies. Table 5.2.1-4 presents the FGD capital and 
operating cost results. The low cost FGD cases show the benefits of 
combinino rGD systems to obtain economy of scale, eliminating spare absorber 
modules, and maximizing absorber size. Limited space is available on site 
for waste disposal. Plant personnel indicated that the wet sludge has to be 
transported by truck to a disposal site approximately ten miles away (this 
value was used in this study}. 

Coal Switching and Physical Coal Cleaning Costs--
Table 5.2.1-5 presents the IAPCS cost results for CS at the Crist 

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--
Boilers 4-7 at the Crist steam plant are rated at 88, 89, 327, and 

519 MW, respectively. The combustion modification techniques applied to 
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TABLE 5.2.1-2. SUMMARY OF RETROFIT FACTOR DATA FOR CRIST 
UNIT 4 OR 5 

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) 300-600 NA 
ESP REUSE NA 
BAGHOUSE NA 

ESP REUSE NA NA NA 
NEW BAGHOUSE NA NA NA 

SCOPE ADJUSTMENTS 

WET TO DRY YES NA NA 
ESTIMATED COST (1000$) 887 NA NA 

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

OTHER YES NO 

RETROFIT FACTORS 

FGD SYSTEM 1.88 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 5.2.1-3. SUMMARY OF RETROFIT FACTOR DATA FOR CRIST 
UNIT 6 OR 7 

FGD TECHNOLOGY 

FORCED LIME 
LLLS FGD OXIDATION SPRAY DRY ING 

SITE ACCESSLCONGESTION 

S02 REMOVAL HIGH NA NA 
FLUE GAS HANDLING HIGH NA 

ESP REUSE CASE NA 
BAGHOUSE CASE NA 

DUCT WORK DISTANCE (FEET) 600"1000 NA 
ESP REUSE NA 
BAG HOUSE NA 

ESP REUSE NA NA NA 
NEW BAGHOUSE NA NA NA 

SCOPE ADJUSTMENTS 

WET TO DRY YES NA NA 
ESTIMATED COST (1000$) 4519 NA NA 

NEW CHIMNEY YES NA NA 
ESTIMATED COST (1000$) 4046 0 0 

OTHER YES NO 

RETROFIT FACTORS 

FGD SYSTEM 2.00 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 5.Z.1·4. S11111111ry of FGD Control Costs for the Crist Plant (Jll'I! 1988 Dollars) 

•=======•=•••==••==••=••m••••••••=••==•••=•••==••==••==••=•••••••••=••==••==•==•==••==••==•••=•===••••••==••==•= 
Technology Boiler Main Boiler Capacity Coal Capital C1pit1I Annual Amual S02 502 S02 Cost 

Nuitler Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (Mii) Cl'> Content (114") (S/kW) (11111) <mil ls/klolh) (:l) Ctont/yr) CS/ton) 

Factor (%) 

················-··--·····--·------------····-·····-········-···········-------------------------------------·--
L/S FGD 4,5 1.88 88 46 2.4 66.9 760.4 Z4.3 68.5 90.0 61ZO 3967.4 
L/S FGD 4·5 1.88 .177 46 2.4 89.9 508.0 33.2 46.6 90.0 12309 2701.0 
LIS FGD .6 2.00 327 44 2.4 127.9 391.0 4a.4 38.4 90.0 217'5 2222.7 
LIS FGD 7 2.00 519 27 2.4 168.6 324.9 60.2 49.0 90.0 21188 2839.0 
L/S FGD 6·7 2.00 846 34 2.4 237.4 280.6 88.6 35.2 90.0 43492 2037. 7 

LIS FGD·C 4,5 1.88 88 46 2.4. 66.9 760.4 14.2 40.1 90.0 6120 2322. 1 
L/S FGO·C 4·5 1.88 177 46 2.4 89.9 508.0 19.5 27.3 90.0 12309 1580.2 
L/S FGD ·C 6 2.00 327 44 2.4 127.9 391.0 28.3 22.4 90.0 217'5 1299.8 
L/S FGO·C 7 2.00 519 27 2.4 168.6 324.9 35.2 28.7 90.0 21188 1662.2 
L/S FGO·C 6·7 2.00 846 34 2.4 237.4 280.6 51.8 20.6 90.0 43492 1191. 9 

LC FGD 4·5 1.88 177 46 2.4 64.4 363.7 25.4 35.7 90.0 12309 2066.8 
LC FGD 6·7 2.00 846 34 2.4 200.3 236.8 77.3 30.7 90.0 43492 1m.J 

LC FGD·C 4·5 1.88 171 46 2.4 64.4 363.7 14.9 20.8 90.0 12309 1207.6 
LC FCD·C 6·7 2.00 846 34 2.4 200.3 236.8 45.2 17.9 90.0 43492 1038.9 

=======•••••=~===••====•=••==~•••••••••=•••=•••••••=•••=•••••••••••••••==••••••==••=•••=••••=••••••••••••••=s••= 
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Table 5.2.1·5. s..,..ry of Coal Swttchint/Cleanlnt Costs for the Crtst Plant (June 1988 Dollars> 

··==···=·······=··=·=·······=·······==·=···=========·==•=2=•==·············=========·====·=··===··=····=·=··===· 
Technology Bot ler Main Boller Capacity Coal Capital Capttal AIY'IUlll AIY'IUll l 502 502 502 Cost 

NLl!Cer •etrofft Size Factor Sulfur Cost Cost Cost Cost •emoved •emoved Effect. 
Difficulty (Ill/) (%) Content (Siii!) (S/kW) (Siii!) <mt l ls/kwh) (%) <tons/yr> CS/ton> 

Factor (%) 

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

CS/B+l15 4, 5 1.00 88 46 2.4 J.8 42.9 5.7 16.1 62.0 4240 1349.5 
CS/8+S15 6 1.00 327 44 2.4 13.0 39.8 19.4 15.4 62.0 15071 1288.9 
CS/8+115 7 1.00 519 27 2.4 18.9 36.3 20.1 16.4 62.0 14679 1369.5 

CS/B•S15·C 4, 5 1.00 88 46 2.4 3.8 42.9 3.3 9.3 62.0 4240 m.2 
CS/B+S15·C 6 1.00 327 44 2.4 13.0 39.8 11.2 8.9 62.0 15071 742.3 
CS/B+S15·C 7 1.00 519 27 2.4 18.9 36.J 11.6 9.5 62.0 14679 790.4 

CS/8+15 4, 5 1.00 88 46 2.4 2.9 32.5 2.6 7.4 62.0 4240 621.0 
CS/8•55 6 1.00 327 44 2.4 9.6 29.4 8.4 6.7 62.0 15071 558.8 
CS/B+S5 7 1.00 519 27 2.4 13.5 26.0 9.0 7.3 62.0 14679 614.6 

CS/B+S5·C 4, 5 1.00 88 46 2.4 2.9 32.5 1.5 4.3 62.0 4240 358.8 
CS/B+S5·C 6 1.00 327 44 2.4 9.6 29.4 4.9 3.9 62.0 15071 323.0 
CS/B+SS·C 7 1.00 519 27 2.4 13.5 26.0 5.2 4.3 62.0 14679 356.2 

=====·===··=====····====·····===·····==········=====··==·=====···=····=·····=·====····======····====········==== 
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TABLE 5.2.1-6. SUMMARY OF NOx RETROFIT RESULTS FOR CRIST 

BOILER NUMBER 

COMBUSTION MODIFICATION RESULTS 

4' 5 6 7 

FIRING TYPE TANG FWF OWF 

TYPE OF NOx CONTROL OFA LNB LNB 

FURNACE VOLUME (1000 CU FT) 42.4 158 282 

BOILER INSTALLATION DATE 1959 1970 1973 

SLAGGING PROBLEM NO NO NO 

ESTIMATED NOx REDUCTION (PERCENT) 25 29 34 . 

SCR RETROFIT RESULTS 

SITE ACCESS AND CONGESTION 
FOR SCR REACTOR HIGH HIGH HIGH 

SCOPE ADDER· PARAMETERS--

Building Demolition (1000$) 0 0 0 

Ductwork Demolition (1000$) 26 72 101 

· New Duct Length (Feet) 500 250 250 

New Duct Costs {1000$) 2389 2663 3457 

New Heat Exchanger (lOOOS) 0 4086 5340 

TOTAL SCOPE ADDER COSTS (1000$) 
INDIVIDUAL CASE 2415 6821 8898 
COMBINED CASE 3628 11950 

RETROFIT FACTOR FOR SCR I. 72 1. 72 1. 72 

GENERAL FACILITIES (PERCENT) 38 38 38 
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Table 5.2.1·7. NO• Control Cost Results for the Crist Plant (J~ 1988 Dollars> 

=•==•a==•=========•=======•=====••••••==•======•==•======•==•==•••••••==•••••=======•======•••••=•==•=•==•===•== 
Technology Boiler M•ln Boller Capacity C081 Capital Capful AITU8l A,.,,....l NOX NOx llOx Cost 

NU!i»r Retrofit Size Factor Sui fur cost Cost Cost Cost Removed Removed Effect. 
Difficulty (1111) c:u Content (1191) (S/kW) (1191) Cmi lls/kwh J Cl'> (tons/yr) (S/ton) 

Factor CX) 

·---··--·--·------·----------------------------------------------------------------------------------------·----
LNC·LNB 6 1.00 327 44 2.4 4.1 12.5 0.9 0.7 29.0 1573 552.0 
LNC·LNB 7 1.00 519 27 2.4 4.9 9.5 1.0· 0.9 34.0 17'96 5111 .6. 

LNC·LNB·C 6 1.00 327 44 2.4 4.1 12.5 0.5 0.4 29.0 1573 3211.0 
LNC·LNB·C 7 1.00 519 27 2.4 4.9 9.5 0.6 0.5 34.0 17'96 345.5 

LNC·OFA 4, 5 1.00 88 46 2.4 0.6 6.7 0.1 0.4 25.0 273 457.7 

LNC·OFA·C 4, 5 1.00 88 46 2.4 0.6 6.7 0.1 0.2 25.0. 273 271.6 

SCR·3 4, 5 1.n 88 46 2.4 24.2 275.4 7.2 20.2 80.0 an 11205.9 
SCR·3 4·5 i.n 177 46 2.4 311.7 218.9 11 .9 16.6 80.0 1754 6763.6 
SCR·3 6 i.n 327 44 2.4 61.4 187.7 19.4 . 15.4 80.0 4339 4478.2 
SCR·3 7 1.n 519 27 2.4 87.4 168.5 28. 1 22.9 80 .• o 4226 6651 .3 
SCR·3 6·7 1. 72 846 34 2.4 134.2 158.6 44.1 17.5 80.0 8674 5085. 1 

SCR·3·C 4, 5 1. 72 88 46 2.4 24.2 275.4 4.2 11.9 80.0 872 4826.1 
SCA·3·C 4·5 1.n 177 46 2.4 38 - 218.9 7.0 9.8 80.0 1754 3974.2 
SCA·3·C 6 1. 72 327 44 2.4 c ... 4 187.7 11.4 9.1 80.0 4339 2629.2 
SCR·3·C 7 1 .72 519 27 2.4 87.4 168.5 16.5 13.4 80.0 4226 3903.5 
SCR·3·C 6·7 1. 72 846 ' 34 2.4 1].i..2 158.6 25.9 10.3 80.0 8674 2982.8 

SCR·7 4, s 1 .72 88 46 2.4 24.2 275.4 6.4 111. 1 80.0 872 7377.6 
SCR·7 4·5 1.72 177 46 2.4 JS.7 218.9 10.4 14.6 80.0 1754 5935. 1 
SCR·7 6 1. 72 327 44 2.4 61.4 187.7 16.7 13.3 80.0 4339 31159.7 
SCR·7 7 1.n 519 27 2.4 87.4 168.5 23.8 19.4 80.0 4226 5643.2 
SCR·7 6·7 1 .72 846 34 2.4 134.2 158.6 37.2 14.7 80.0 8674 4284.6 

SCA· 7·C 4, 5 1. 72 88 46 2.4 24.2 275.4 3.8 10.7 80.0 872 4351. 5 
SCA·7·C 4·5 1. 72 177 46 2.4 JS.7 218.9 6. 1 8.6 80.0 1754 3499.4 
SCA·7·C 6 1.72 327 44 2.4 61 .4 187.7 9.9 7.8 80.0 4339 2274.8 
SCA·7·C 7 1.72 519 27 2;4 87.4 168.5 14.1 11.4 80.0 4226 3326.0 
SCA· 7·C 6·7 1. 72 846 34 2.4 134.2 158.6 21.9 8.7 80.0 8674 2524.2 

•••••••••••m••••••••••••••••••••••••••••aa••••••••••~•••••••••••••••••• .. ••••••••--••••• .. •••••••• ... ••••••••••• 
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these boilers are OFA for units 4-5 and LNB for units 6-7. Tables 5.2.1-6 
and 5.2.1-7 give a summary of NOx retrofit performance and cost results. 

Selective Catalytic Reduction--
Hot side SCR reactors for units 4 and 5 would be located east of 

unit L Cold side SCR reactors for units 6 and 7 would be located beside 
the common chimney for units 6 and 7. High general facility factors were 
assigned to both locations. High site access/congestion factors were 
assigned to both locations due to the limited space available. 
Tables 5.2.1-6 and 5.2.1-7 summarize the estimated retrofit factors and 
costs of retrofitting SCR at the Crist plant. 

Furnace Sorbent Injection and Duct Spray Drying--
Sorbent injection technologies (FSI and DSD} were not evaluated for 

units 4-5 because the units are equipped with hot side ESPs which are not 
feasible to reuse. Units 6-7 have inadequate size ESPs and were not 
evaluated for the sorbent injection technologies. 

Atmospheric Fluidized Bed Combustion and Coal Gasification Applicibility--
The AFBC retrofit and AFBC/CG repoweri ng ?"lp l i cabil ity criteria 

presented in Section 2 were used to determine the applicability of these 
technologies at the Crist plant. Units 4-5 would be considered good 
candidates for repowering or retrofit because of their small boiler sizes 
and low capacity factors. Units 6-7 are large and have high capacity 
factors and would not be good candidates. 
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5.2.2 Lansing Smith Steam Plant 

Both units are equipped with retrofit hot-side ESPs and were not considered 
for LSD or furnace sorbent injection technologies. 

TABLE 5.2.2-L LANSING SMITH STEAM PLANT OPERATIONAL DATA 

BOILER NUMBER 
GENERATING CAPACITY (MW) 
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) 
EXIT GAS FLOW RATE (1000 ACFM) 
SCA (SQ FT/1000 ACFM) 
OUTLET TEMPERATURE (°F) 

1 2 
150 190 
73 75 
1965 1967 

TANGENTIAL 
92 NA 
NO NO 

2.4 
12100 
9.4 

WET DISPOSAL 
POND/ON-SITE 

1 1 
BARGE 

ESP ESP 
NA NA 
0.04 0.02 
99 99 

0.5-3.5 0.6-3.5 
303.3 379 
1313 1640 
231 - 231 
260 260 

* Both units are retrofitted with hot side ESPs. 
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TABLE 5.2.2-2. SUMMARY OF RETROFIT FACTOR DATA FOR LANSING SMITH 
UNITS 1 OR 2* 

SHE 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 

300-600 NA 

NA NA 
NA NA 

YES · . NA 
1348,1667 NA 
YES NA 
1050,1330 0 
NO 

l.48 

NA 
NA 

NA 

NA 
NA 

NA 

NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NO 

NA 
NA 
NA 
NA 

GENERAL FACILITIES (PERCENT) 15 0 NA 

* L/S-FGD and LSD-FGD absorbers for units 1 and 2 would be located 
east of the unit 2 retrofit ESPs. 
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TableS.2.2·3. SLm!lllry of FGD Control Costs for the Lansing smith Plant (June 1988 Ool lars) 

=============•============s==•z•••••••••s=====================s•=••=•••========================================= 
Technology Boiler Main Boiler Capacity Coal Capital Capital Amual Amual S02 S02 S02 Cost 

N<irtler Retrofit Size Factor Sul fur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (MW) (%) Content ($MM) (S/kW) ($194) (mill s/kwh > (%) (tons/yr) (S/ton) 

Factor (%) 

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

L/S FGD 1.48 150 73 2.4 56.6 377.1 25.0 26. 1 90.0 16557 1511 .0 
LIS FGO 2 1.48 190 75 2.4 63.9 336.2 28.9 23.2 90.0 21547 1342. 1 
LIS FGD 1·2 , .48 340 74 2.4 90.2 265.3 42.3 19.2 90.0 38043 1112.6 

LIS FGO·C 1 1.48 150 73 2.4 56.6 377. 1 14.6 15.2 90.0 16557 881.0 
LIS FGO·C 2 1.48 190 75 2.4 63.9 336.2 16.9 13.5 90.0 21547 782.3 
LIS FGO·C 1·2 1.48 340 74 2.4 90.2 265.3 24.7 11.2 90.0 38043 648.1 

LC FGD 1·2 1.48 340 74 2.4 68.4 201.2 35.7 16.2 90.0 38043 937.9 

LC FGD·C 1 ·2 1.48 340 74 2.4 68.4 201.2 20.7 9.4 90.0 38043 545.4 

================================================================================================================ 
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Table 5.2.2·4. SU'T'IT'lary of Coal S~itching/Cleaning Costs· for the Lansing Smith Plant (June 1988 Dollars) 

================================================================================================================ 
Technology Bailer Main. Bailer Capacity Coal Capital Capital Annual Annual S02 soz SOZ Cost 

Nunber Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (Mii) (%) Content ($MM) CS/kll) CSMIO (mi! ls/kwh) C:ID Ctons/yr) CS/ton> 

Factor (%) 

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

CS/B+S15 1 1.00 150 73 2.4 5.7 37.9 14.1 14.7 62.0 11470 1225.6 
CS/B+S15 2 1.00 190 75 2.4 6.9 36.3 18.0 14.5 62.0 14927 1209. 1 

CS/B+S15·C 1 1.00 150 73 Z.4 5. 7 37.9 8.1 8.4 62.0 11470 704.4 
CS/B+S15·C 2 1. 00 190 75 2.4 6.9 36.3 10.4 8.3 62.0 14927 694.8 

CS/B+SS 1 1.00 150 73 2.4 4. 1 27.6 5.9 6.1 62.0 11470 511.1 
CS/B+S5 2 1.00 190 75 2.4 4.9 25.9 7.4 5.9 62.0 14927 495.2 

CS/B+S5·C 1 1. 00 150 73 2.4 4.1 27.6 3.4 3.5 62.0 11470 294.S 
CS/B+S5·C 2 1.00 190 75 2.4 4.9 25.9 4.3 3.4 62.0 14927 285.2 

================================================================================================================ 
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TABLE 5.2.2-5. SUMMARY OF NOx RETROFIT RESULTS FOR LANSING SMITH 

BOILER NUMBER 

COMBUSTION MODIFICATION RESULTS 

1 2 

FIRING TYPE TANG TANG 

TYPE OF NOx CONTROL OFA OFA 

FURNACE VOLUME (1000 CU FT) 92 NA 

BOILER INSTALLATION DATE 1965 1967 

SLAGGING PROBLEM NO NO 

ESTIMATED NOx REDUCTION (PERCENT) 25 25 

SCR RETROFIT RESULTS * · 

SITE ACCESS AND CONGESTION 
FOR SCR REACTOR LOW LOW 

SCOPE ADDER PARAMETERS--

Building Demolition (1000$) Ci 0 

Ductwork Demolition (1000$) 37 44 

New Duct Length (Feet) 400 400 

New Duct Costs (1000$) 2513 2885 

New Heat Exchanger (1000$) 2377 2739 

TOTAL SCOPE ADDER COSTS (1000$) 4926 .· 5668 

RETROFIT FACTOR FOR SCR 1.16 1.16 

GENERAL FACILITIES {PERCENT) 38 38 

* Cold side SCR reactors for units 1 and 2 would be located 
east of the unit 2 retrofit ESPs. 
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Table 5.2.2-6. NOx Control Cost Results tor the Lansing Smith Plant <June 1988 Ool lars) 

======s===========================================================•z============================================ 
Technology Boiler Main Boller Capacity Coal capital Capl tal Amual Amual NOx NOx NOx Cost 

Nurber Retrofit Size Factor Sul fur Cost Cost Cost Cost Removed Removed . Effect. 
Difficulty (MW) c:o Content CSMM) (S/kWl !SMIO (mil ls/kwh l (%) (tons/yr) CS/ton) 

Fae tor· (%) 

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

LNC·OFA 1 1.00 150 73 2.4 0.7 4.9 0.2 0.2 25.0 737 209.1 
LNC-OFA 2 1.00 190 75 2.4 0.8 4.2 0.2 0.1 25.0 959 176.6 

LNC·OFA-C 1 1.00 150 T3 2.4 0.7 4.9 0. 1 0.1 25.0 737 124 .1 
LNC-OFA·C 2 1.00 190 75 2.4 0.8 4.2 0.1 0. 1 25.0 959 105.0 

SCR·3 1 1.16 150 73 2.4 27.2 181.3 8.8 9.2 so.a 2359 3747.9 
SCR·3 2 1. 16 190 75 2.4 32.2 169.2 10.7 8.5 80.0 3069 3470.3 

SCR·3·C 1.16 150 73 2.4 27.2 181 .3 5.2 5.4 80.0 2359 2199.0 
SCR-3-C 2 1. 16 190 75 2.4 32.2 169.2 6.2 5.0 80.0 3069 2035.2 

SCR·7 1 1 .16 150 73 2.4 27.2 181.3 7.6 7.9 80.0 2359 3225.9 
SCR·7 2 1.16 190 75 2.4 32.2 169.2 9.1 7.3 80.0 3069 2962.3 

SCR·7·C 1. 16 150 73 2.4 27.2 181.3 4.5 4.7 80.0 2359 1899.9 
SCR·7·C 2 1. 16 190 75 2.4 32.2 169.2 5.4 4.3 80.0 3069 1744.2 

================================================================================================================ 
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5.3 SEMINOLE ELECTRIC COOPERATIVE 

5.3.1 Seminole Steam Plant 

The Seminole steam plant is located within Putnam County, Florida, as 
part of the Seminole Electric Cooperative system. The plant is located west 
of the St. Johns River and contains two coal-fired boilers with a total 
gross generating capacity of 1,430 MW. 

Table 5.3.1-1 presents the operational data for the existing equipment 
at the Seminole plant. The boilers burn 2.8 percent sulfur coal. Coal 
shipments are received by ~ailroad and transferred to a coal storage and 
handling area west of the plant. 

PM emissions for the boilers are controlled with ESPs located behind 
each unit. The pl ant has a dry fly ash handl i ng system. Part of the fly 

·ash and almost all the bottom ash are sold and the rest is disposed of 
on-site. Units 1 and 2 are served by separate flues within a common 
chimney. 

Although both boilers are equipped with new FGD control systems, the 
Seminole plant is included in the Top 200 so2 emitting power plants; 
therefore, it was considered in this study. However, additional so2 
controls were not considered. Because both units are equipped ~ith LNB, 
only SCR was evaluated for thls plant. 

Selective Citalytic Reduction--
Cold side SCR reactors for both units would be located behind the 

common stack downstream of the existing FGD units. Both reactors would be 
located in a low site access/congestion area. For flue gas handling, duct 
lengths of 200 feet were estimated for units 1-2. The ammonia storage 
system would be placed beside the reactors. A storage building and a paved 
road would need to be relocated and a factor of 20 percent was assigned to 
general facilities. Table 5.3.1-2 presents the SCR retrofit results for all 
units. Table 5.3.1-3 presents the estimated cost -of retrofitting SCR at the 
Seminole boilers. 
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TABLE 5.3.1-1. SEMINOLE STEAM PLANT OPERATIONAL DATA 

BOILER NUMBER 
GENERATING CAPACITY (MW-each) 
CAPACITY FACTOR (PERCENT) 
INSTALLATION DATE 
FIRING TYPE 
FURNACE VOLUME (1000 CU FT) 
LOW NOx COMBUSTlON 
COAL SULFUR CONTENT (PERCENT) 
COAL HEATING VALUE (BTU/LB) 
.COAL ASH CONTENT ( PtRCENT) 
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 EtFICIENCY 
DESIGN SPECIFICATION 

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

1, 2 
715 
60, 49 
1984-85 
OPPOSED WALL 
513 
NO 
2.8 
12000 
8.7 
DRY HANDLING 
ON-SITE/SOLD 
1, 2 (INSIDE COMMON CHIMNEY) 
RAILROAD 
YES 
SPRAY TOWER 
1984, 85 

ESP 
1984, 85 
0.02 
99.8 

3.0 
462.0 
2,132 
217 
300 
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TABLE 5.3.1-2. SUMMARY OF NOx RETROFIT RESULTS FOR SEMINOLE 

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 

5-34 

1,2 

NA 

NA 

NA 

NA 

NA 

NA 

LOW 

0 

118 

200 

3132 

6067 

9318 

1.16 

20 



Table 5.3.1·3. NOx Control Cost Results for the Seminole Plant (June 1988 Dollars) 

================================================================================================================ 
Technology Boiler Main Boiler Capacity Coal Capi tel Capital Amual Annual NO,. NOx NOx Cost 

N~r Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 
Diffic1,1lty (MW) (X) Content ($MIO ($/kW) CSMM) (mil ls/kwhl CX) - (tons/yr> CS/ton> 

Factor CXl 

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

SCR·3 1 1. 16 715 60 2.8 84.7 118.4 31.6 8.4 80.0 13060 2416.4 
SCR·3 2 1.16 715 49 . 2.8 84.6 118.4 25.2 8.2 80.0 10666 2361.2 

SCR·3·C 1 1.16 715 60 2.8 84.7 118.4 18.5 4.9 80.0 13060 1413.5 
SCR·3·C 2 1.16 715 49 2.8 84.6 118.4 14.8 4.8 80.0 10666 1388.4 

SCR·7 1 1. 16 715 60 2.8 84.7 118.4 25.7 6.8 80.0 13060 1966.6 
SCR·7 2 1.16 715 49 2.8 84.6 118.4 25.2 8.2 80.0 10666 2361.2 

SCR·7·C 1 1.16 715 60 2.8 84.7 118.4 15.1 4.0 80.0. 13060 1155.8 
SCR·7·C 2 1.16 715 49 2.8 84.6 118.4 - 14.8 4.8 80.0 10666 1388.4 

==========================================================·===================================================== 
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5.4 TAMPA ELECTRIC COMPANY 

5.4.l Big Bend Steam Plant 

The Big Bend steam plant is located at the eastern entrance of 
Hillsborough Bay in- Hillsborough County, Florida, and is part of the Tampa 
Electric Company. It is bounded on the north and south by water channels. 
The Big Bend plant contains four coal-fired boilers with a .total gross name 
plate generating capacity of 1,821 MW. 

Table 5.4.1-1 presents operational data for the existing equipment at 
the Big Bend plant. Shipments of medium sulfur coal are received by barge 
and conveyed to a coal storage and handling area west of the plant. PM 
emissions from the boilers are controlled by ESPs installed at the time of 
construction and one additional ESP added to unit 1. All ESPs are located 
behind the boilers. Flue gas from boilers 1 and 2 is ducted to a common 
chimney while the flue gas from boilers 3 and 4 is ducted to a separate 
chimney for each boiler. Dry fly ash from the plant is sold. Unit 4 was 
built with a forced oxidation limestone FGD system designed to remove 90 
percent of the sulfur dioxide compounds from the flue gas. In addition, 
unit 4 has LNC controls. 

Lime/Limestone and Lime Spray Drying FGD Costs--
L/LS or LSD-FGD absorbers would be located behind the chimneys for 

units 1-3. Because units 1-2 share a chimney, a new chimney would be built 
to avoid a prolonged downtime for units 1-2. The silos located behind the 
chimneys would not be destroyed. The general facilitie~ factor would be 
high (15 percent) due to the necessity for relocation of some storage 
buildings and roads. A high' site access/congestion factor was assigned to 
the FGD absorber locations because of the proximity of the channel. In 
addition, there is considerable underground obstruction at the proposed FGD 
absorber location (two water discharge structures) and poor soil bearing 
capacity which ~ffects the cost of earthwork, foundation design and 
construction. For the L/LS-FGD case, approximately 300 feet of ductwork 
would be required for units 1-2 and 500 feet for unit 3. A medium site 
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TABLE 5.4.1-1. BIG BEND 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 (P£RCENT) 
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 E~FICIENCY 
DESIGN SPECIFICATION 

SULFUR SPECIFICATION (PERCENT) 
SURFACE A.REA (1000 SQ FT) 
GAS EXIT RATE (1000 ACFM) 
SCA (SQ FT/1000 ACFM) 
OUTLET TEMPERATURE ("F) 

*Given by plant personnel. 

1,2 3 4 
445.5 445.5 486 
58,50 50 49 
1970,73 1976 1985 

TURBO-FURNACE TANGENTIAL 
222 243 383 
NO YES YES 
2.8 2.0 2.8 
11400 11850 10850 
9.4 8.8 9.6 

l 

NO 

WET/ORY HANDLING 
ON-SITE/SOLD 

2 
BARGE 

NO 

ESP ESP 
1970,73 1976 
0.06 0.02 
99.8 99.8 

3.8 3.8 
498,467 458 
1020,1408 1420 
488,331 323. 
298,301 351 
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YES 
LIMESTONE 
1985 

ESP 
1985 
0.01 
99.8 

3.2 
440/550 
2200 
400/500* 
340 



access/ congestion factor was assigned to flue gas handling because of the 
congestion around the boilers. 

LSD with reuse of the existing ESPs was not considered although the_ 
ESPs are large~ This is a result of the plant personnel stating that the 
ESPs would not be able to handle any increased load. Additionally, access 
to the ESPs is difficult, making reuse of the ESPs costly because of 
replacement power costs. All units are burning medium sulfur coal; 
therefore, LSD with a new baghouse was not considered as an option. 

Tables 5.4.1-2 and 5.4.1-3 give a summary of retrofit data and costs 
for L/LS-FGD technologies. Because unit 4 is already equipped with an FGD 
absorber (meeting 1979 NSPS), so2 control technologies.were not considered 
for this unit. 

Coal Switching and Physical Coal Cleaning Costs--
Table 5.4.1-4 presents the IAPCS cost results for CS at units 1-3. 

These costs do not include boiler or pulverizer operating cost changes or 
system modifications that may be necessary to blend coal. Because of the 
distance from the plant's coal sources, transportation costs might be $20 
per ton. Therefore, in addition to $5 and $15 per ton of fuel price 
differential, $20 per ton was also considered. PCC was not evaluated 
because this is not a mine mouth plant. 

Low NOx Combustion--
Un.its 1-3 are Riley Stoker turbo-fired wet bottom boilers. Presently, 

there is no commercial technology available for reducing NOx through LNC 
technologies, however, NGR was considered perhaps applicable for these 
boilers. A natural gas pipeline is not available in the surrounding area; 
therefore, NGR .is not feasible. Unit 4 is already meeting 1979 NSPS and 
would not be considered. 

Selective Catalytic Reduction--
Cold side SCR reactors would be located behind the chimneys for all 

units. As in the FGD case, storage buildings and roads would have to be 
relocated to provide room for the reactors and a medium general facilities 
value of 20 percent would be assigned to the location. After demolition, 
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TABLE 5.4.1-2. SUMMARY OF RETROFIT FACTOR DATA FOR BIG BEND 
UNITS 1,2 ,3 

SITE ACCESS[CONGESTION 

S02 REMOVAL 
FLUE GAS HANDLING 

ESP REUSE CASE 
BAGHOUSE CASE 

DUCT WORK DISTANCE (FEET) 
ESP REUSE 
BAG HOUSE 

ESP REUSE 
NEW BAGHOUSE 

SCOPE ADJUSTMENTS 

WET TO DRY 
ESTIMATED COST (1000$) 

NEW CHIMNEY (l-2,3) · 
ESTIMATED COST (1000$) 

OTHER . 

RETROFIT FACTORS 

FGD SYSTEM (1-2,3) 
ESP REUSE CASE 
BAGHOUSE CASE 

ESP UPGRADE 
NEW BAGHOUSE 

GENERAL FACILITIES (PERCENT) 

FGD TECHNOLOGY 

LIME 
L/LS FGD SPRAY DRYING 

HIGH NA 
MEDIUM 

NA 
NA 

300-600 
NA 
NA 

NA NA 
NA NA 

NO NA 
NA NA 
YES, NO NA 
6000, 0 0 
NO 

1. 65' 1.60 
NA 
NA 

NA NA 
NA NA 

15 0 
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Table 5.4.1·3. S\.lllllllry of FGD Control Costs for the Big Bend Plant (JU'le 1988 Dol larsl 

=·=·============================·=================================······=··========================···========== 
Technology Boiler Main Boiler Capacity Coal CapHal Capital Amual Amual S02 S02 S02 Cost 

Nurber Retrofit Size Factor Sulfur cost Cost Cost Cost Removed Removed Effect. 
Di ff ieul ty (Mii) (l) Content (SMM) (I/kW) (SMll) (mil ls/kW!I) (I:) (tons/yr) (S/ton) 

Factor (%) 

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

L/S FGD 1 1.65 445 58 2.8 126.1 283.3 55.5 24.5 90.0 48753 1138.3 
L/S FGD 2 1.65 445 50 2.8 126.9 285.2 53.3 27.3 90.0 42028 1267 .5 
L/S FGD 3 1.60 44S so 2.0 120.6 270.9 49.6 25.5 90.0 30019 16S3.1 
L/S FGD 1 ·2 1.65 891 S4 2.8 212.5 238.4 93.7 22.2 90.0 90880 1031.3 

L/S FGD·C 1 1.65 445 S8 2.8 126. 1 283.3 32.4 14.3 90.0 48753 663.8 
L/S FGD·C 2 1.6S 44S so 2.8 126.9 28S.2 31.1 16.0 90.0 42028 739.7 
L/S FGD·C 3 1.60 445 so 2.0 120.6 270.9 29.0 14.9 90.0 30019 965.1 
L/S FGD·C 1 ·2 1.65 891 S4 2.8 212.5 238.4 54.6 13.0 90.0 90880 601.3 

LC FGD 1 ·3 1.64 1336 S3 2.5 250.8 187.7 116.3 18.7 90.0 119418 973.7 

LC FGD·C 1·3 1.64 1336 S3 2.5 250.8 187.7 67.7 10.9 90.0 119418 567.3 

================================================================================================================ 
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Table 5.4.1 ·4. S<11111&ry of Coal Switching/Cleaning Costs for the Big Bend Plant (June 1988 Dol larsJ 

=================================···==····======·==============···=·=·==···======·============================== 
Technology Soi ler Main Boller Capacity Coal Capf tal Capital Amual Amual . 502 502 502 Cost 

Nl.l!'ber Retrofit size Factor Sulfur Cost Cost cost Cost Removed Removed Effect. 
Difficulty OIW> <Xl Content (5"4) CS/kW) (5191) <mi L ls/kwhl cu (tons/yr> (S/ton) 

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

CS/B+S15 1 1.00 445 58 2.8 . 14.0 31.5 32.1 14.2 70.0 37843 848.9 
CS/B+S15 2 1.00 445 50 2.8 14.0 31 .s 28.1 14.4 70.0 32624 861.8. 
CS/8+S15 3 1.00 445 50 2.0 14. 1 31.7 28.2 14.5 58.0 19282 1462. 7 

CS/8+S15·C 1.00 445 58 2.8 14.0 31 .s 18.5 8.2 70.0 37843 488. 1 
CS/8+S15·C 2 1.00 445 50 2.8 14.0 31 .5 16.2 8.3 70.0 32624 495.7 
CS/B+S15-C 3 1.00 445 so 2.0 14.1 31. 7 16.2 8.3 58.0 19282 841.3 

CS/8+$20 1.00 445 58 2.8 16.3 36.7 41.9 18.5 70.0 37843 1106.4 
CS/B+S20 2 1 .oo 445 50 2.8 16.3 36.7 36.6 18.8. 70.0 32624 1120.9 
CS/B+S20 3 1.00 445 50 2.0 16.4 36.9 36.7 18.8 58.0 19282 1901.1 

CS/B+S20-C 1 1.00 445 58 2.8 16.3 36.7 24.1 10.6 70.0 37843 635.8 
CS/B+SZO·C 2 1.00 445 50 2.8 16.3 36.7 21.0 10.8 70.0 32624 644.5 
CS/B+S20·C 3 1.00 445 50 2.0 16.4 36.9 21.1 10.8 58.0 19282 1093.0 

CS/B+S5 1.00 445 58 2.8 9;4 21 .2 12.6 5.6 70.0 37843 334.1 
CS/B+S5 2 1.00 445 50 2.8 9.4 21 .2 11.2 5.8 70.0 32624 343.6 
CS/B+S5 3 1.00 445 50 2.0 9.5 21.3 11.3 5.8 58.0 19282 585.9 

CS/B+S5-C 1 1.00 445 58 2.8 9.4 21.2 7.3 3.2 70.0 37843 192.5 
CS/B+S5·C 2 1.00 445 50 2.8 9.4 21.2 6.5 3.3 70.0 32624 198. 1 
CS/B+S5·C 3 1.00 445 50 2.0 9.5 21.3 6.5 3.3 58.0 19282 337.9 

===========···=================================··==========·===·================~~============================== 
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the SCR reactors would be located in an.area with significant underground 
obstructions and, as such, a medium site access/congestion factor was 
assigned to the SCR reactor locations. About 350 feet of ductwork would be 
required for units 1-2, 500 feet for unit 3, and 250 feet for unit 4. 
Tables 5.4.1-5 and 5.4.1-6 present the retrofit factor and cost estimates 
for r~trofitting SCR at the Big Bend plant. 

Furnace Sorbent Injection and Duct Spray Drying--
Sorbent injection technologies were not considered for the Big Bend 

pl ant because of the short duct residence ti me between the boilers. and the 
ESPs. 

Atmosphefic Fluidized Bed Combustion and Coal Gasification Applicability-­
None of the boilers wouJd be considered good candidates for repowering 

because of their large size and short service life. 

5.4.2 F. J. Gannon Steam Plant 

The F. J. Gannon steam plant is located on Hillsborough Bay in 
Hillsborough County, Florida, and is part of the Tampa Electric Company. 
The plant contains six coal-fired boilers with• total gross·generating 
capacity of 1,271 MW. 

Table 5.4.2-1 presents operational data for the existing equipment at 
the Gannon plant. Coal shipments are received by barge and rail and 
conveyed to a coal storage and handling area west of the plant. The south 
side of the Gannon plant abuts a county road alongside property belonging to 
a phosphate manufacturing plant. A railroad line runs on the property. PM 
emissions from the boilers are controlled by ESPs. Boilers 1-3 and 5-6 each 
have a separate stack. Boile~ 4 has two chimneys. The ESPs were installed 
behind their respective stacks. The Gannon plant has a dry fly ash handling 
system. 

Lime/Limestone and Lime Spray Drying FGD Costs--
L/LS or LSD-FGD absorbers for units 1 and 2 would be located behind the 

unit 1 and 2 ESPs and the unit 3-6 absorbers would be located at the east 
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TABLE 5.4.1-5. SUMMARY OF NOx RETROFIT RESULTS FOR BIG BEND 

BOILER NUMBER 

COMBUSTION MODIFICATION RESULTS 

1,2 3 4 

FIRING TYPE TURBO-FURNACE TANG 

TYPE OF NOx CONTROL NA NA NA 

FURNACE VOLUME (1000 CU FT) 222 243 383 

BOILER INSTALLATION DATE 1970,73 1976 1985 

SLAGGING PROBLEM YES YES NA 

ESTIMATED NOx REDUCTION {PERCENT) NA NA NA 

SCR RETROFIT RESULTS 

SITE ACCESS AND CONGESTION 
FOR SCR REACTOR ; MEDIUM MEDIUM MEDIUM 

SCOPE ADDER PARAMETERS--

Building Demolition (1000$) 0 0 0 

Ductwork Demolition (1000$) 83 83 88 

New Duct Length (Feet) 350 500 250 

New Duct Costs (1000$) 5250 7500 3124 

New Heat Exchanger (1000$) 4571 4571 4813 

TOTAL SCOPE ADDER COSTS (1000$) 9904 12154 8025 

RETROFIT FACTOR FOR SCR 1.34 1.34 1.34 

GENERAL FACILITIES {PERCENT} 20 20 20 
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Table 5.4.1·6. NOx Control Cost Results for the Big Bend Plant (J~ 1988 Dollars) 

===========================•============================2==========================s============================ 
Technology Soi ler Hain Boiler Capacity Coal capital Capital .\mue l Amuel NOx NOx NOx Cost 

Nurber Retrofit Size Factor Sulfur Cost Cost Coat Coat Removed Removed Effect. 
Difficulty (MW) ci> Content ("'4) CS/kWl (Siii) Cmil ls/kwh> ci> (tons/yr> CS/ton) 

Factor on 
-·----·-----------------------·----------------------------------·------------·---------------------------------· 

SCR·3 1 1.34 445 58 2.8 64.0 143.9 22.7 10.0 80.0 13493 1683.2 
SCR·3 2 1.34 445 50 2.8 64.5 145.0 22.5 11.5 80.0 11632 1934. 7 

SCR·3 3 1.34 445 50 2.0 66.8 150.0 22.2 11.4 80.0 5132 4321.3 
· SCR·3 4 1.34 486 49 2.8 67.2 138.2 23.9 11.5 80.0 12449 1920.9 

SCR·3·C 1 1.34 445 58 2.8 64.0 143.9 13.3 5.9 80.0 13493 985.7 
SCR·3·C 2 1.34 445 50 2.8 64.5 145.0 13.2 6.8 80.0 11632 1133.3 
SCR·3·C 3 1.34 445 50 2.0 66.8 150.0 13.0 6.7 80.0 5132 2534. 1 
SCR·3·C 4 1.34 486 49 2.8 67.2 138.2 14.0 6.7 80.0 12449 1124.7 

SCR·7 1.34 445 58 2.8 64.0 143.9 19.0 8.4 80.0 13493 1410.2 
SCR·7 2 1.34 445 50 2.8 64.5 145.0 18.8 9.T 80.0 11632 1618.G 
SCR·7 3 1.34 445 50 2.0 66.8 150.0 18.5 9.5 80.0 5132 3603.3 
SCR·7 4 1.34 486 49 2.8 67.2 138.2 19.9 9.5 80.0 12449 1597.7 

SCR·7·C 1.34 445 58 2.8 64.0 143.9 11.2 4.9 80.0 13493 829.2 
SCR·7·C 2 1.34 445 50 2.8 64.5 145.0 11.1 5.7 80.0 11632 951.9 
SCR·7·C 3 1.34 445 50 2.0 66.8 150.0 10.9 5.6 80.0 5132 2122.7 
SCR·7·C 4 1.34 486 49 2.8 67.2 138.2 11. 7 5.6 80.0 12449 939.5 

===========================••=============•••==m================================================================ 
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TABLE 5. 4. 2-1. F. J. GANNON STEAM PLANT OPERATIONAL DATA · 

BOILER NUMBER 1,2 3 4 5 6 
GENERATING CAPACITY ~MW-each) 125 180 188 239 414 
CAPACITY FACTOR (PER ENT) 37,35 44 44 59 46 
INSTALLATION DATE 1957 1960 1963 1965 1967 
FIRING TYPE CYCLONE BOILER TURBO-FURNACE 
FURNACE VOLUME ~1000 CU FT) NA 66.6 NA 129.1 219.4 
LOW NOx COMBUST ON NO NO NO' NO NO 
COAL SULFUR CONTENT (PERCENT) 1.1 1.1 1.1 1.1 1.1 
COAL HEATING VALUE ~BTU/LB) 12500 12500 12500 12500 12500 
COAL ASH CONTENT (P RCENT) 7.3 7.3 7.3 7.3 7.3 
FLY ASH SYSTEM DRY HANDLING 
ASH DISPOSAL METHOD ON-SITE/SOLD 
STACK NUMBER 1,2 3 4 5 6 
COAL DELIVERY METHODS BARGE/RAIL 

PARTICULATE CONTROL 

TYPE ESP ESP ESP ESP ESP 
INSTALLATION DATE 1985 1984 1983 1973 1973 
EMISSION ~LB/MM BTU) 0.04 0.02 0.01 0.05 0.03 
REMOVAL E FICIENCY 99. l · 99 .1 99.1 99.8 99.8 
DESIGN SPECIFICATION 

SULFUR SPECIFICATION (PERCENT) 1. 25 1.25 1.25 2.8 2.8 
SURFACE AREA (1000 SQ FT~ 603 600 596 440 327 
GAS EXIT RATE ~1000 ACFM 440 574 631 820 1350. 
SCA ~SQ FT/100 ACFM) 265 345 376 361 442 
OUTL T TEMPERATURE ("F) 300 300 300 290 290 
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end of unit 6. The general facilities factor is low (5 percent) for the 
unit 1 and 2 locations. However, the general facilities factor is very high 
(15 percent) for the units 3-6 absorber locations because of the necessity 
for relocating the water treatment facility. An additional 30 percent has 
been added to the retrofit factor for installation of FGD technologies to 
account for the extraordinary cost of relocating the water treatment 
facility. The site access/congestion factor is high for the units 1 and 2 
FGD absorber locations because of the proximity of the railroad tracks, 
roadways, ash handling silos, wastewater facilities, and property line. The 
site access/congestion factor is high for the units 3-6 absorber locations 
because of the high congestion and underground obstructions beneath the 
water treatment facility site. 

More than 300 feet of ductwork would be required for the installation 
of wet FGD absorbers for units 1 and 2. Approximately 300 feet of ductwork 
would be required for unit 6, 700 feet for unit 5, and greater than 
1,000 feet for units 3 and 4. To reduce the duct lengths, a new chimney 
would be constructed behind the absorbers for units 3 and 4 and, as such, 
about 600 to 800 feet of duct length would be required. The flue gas 
handling site access/congestion factor is high for all of the units because 
oL the close proximity of the ESPs and boilers to the chimneys and property 
line. It might not be possible to retrofit all the units with FGD systems 
because of this space limitation. 

Because of the adequate sizes of the ESPs, LSD with reuse of the 
existing ESPs was considered for all of the units. The LSD absorbers would 
be located similarly to the wet FGD absorbers and were assi~ned the same 
general 'facilities percentages and site access/congestion factors. The 
ductwork for ~nits 3,4,S, and 6 would be long in the LSD-FGD case. 

Tables 5.4.2-2 through 5.4.2-5 give a summary of retrofit data for the 
FGD technologies. Table 5.4.2-6 presents the FGD costs. 

Coal Switching and Physical Coal Cleaning Costs--
CS was not considered for units 1-4 because they are cyclone boilers 

requiring low sulfur bituminous coals having low ash fusion temperatures 
which are not readily available in the east. Plant personnel indicated that 
some degree of fuel switching is possible on these units with fluxing to 
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TABLE 5.4.2-2. SUMMARY OF RETROFIT FACTOR DATA FOR F. J. GANNON 
UNITS 1 OR 2 

FGD TECHNOLOGY 

LIME 
L/LS FGD SPRAY DRYING 

SITE ACCESSLCONGESTION 

S02 REMOVAL HIGH HIGH 
FLUE GAS HANDLING HIGH 

ESP REUSE CASE HIGH 
BAGHOUSE CASE NA 

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

ESP REUSE NA HIGH 
NEW BAGHOUSE NA NA 

SCOPE ADJUSTMENTS 

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

NEW CHIMNEY YES NO 
ESTIMATED COST (1000$) 6000 0 

OTHER YES YES 
RETROFIT FACTORS 

FGD SYSTEM 1.80 
ESP REUSE CASE 1. 72 
BAGHOUSE CASE NA 

ESP UPGRADE NA 1.58 
NEW BAGHOUSE NA NA 

GENERAL FACILITIES (PERCENT) 5 5 
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TABLE 5.4.2-3. SUMMARY OF RETROFIT FACTOR DATA FOR F. J. GANNON 
UNITS 3 OR 4 

FGD TECHNOLOGY 

LIME 
LLLS FGD SPRAY DRYING 

SITE ACCESSLCONGESTION 

S02 REMOVAL HIGH HIGH 
FLUE GAS HANDLING HIGH 

ESP REUSE CASE HIGH 
BAGHOUSE CASE NA 

DUCT WORK DISTANCE (FEET} 600-1000 
ESP REUSE 1000+ 
BAG HOUSE NA 

ESP REUSE NA HIGH 
NEW BAGHOUSE NA NA 

SCOPE ADJUSTMENTS 

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

NEW CHIMNEY YES NO 
ESTIMATED COST (1000$) 6000 0 

OTHER YES YES 

RETROFIT FACTORS 

FGD SYSTEM I. 91 
ESP REUSE CASE 2.26 
BAGHOUSE CASE NA 

ESP UPGRADE NA I. 58 
NEW BAGHOUSE NA NA 

GENERAL FACILITIES {PERCENT) 15 15 
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TABLE 5.4.2-4. SUMMARY OF RETROFIT FACTOR DATA FOR F. J. GANNON 
UNIT 5 

'FGD TECHNOLOGY 

·LIME 
Ll'.'.LS FGD SPRAY DRYING 

SITE ACCESS[CONGESTION 

S02 REMOVAL HIGH· HIGH 
FLUE GAS HANDLING HIGH 

ESP REUSE CASE HIGH 
BAGHOUSE CASE NA 

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

ESP REUSE NA HIGH 
NEW BAGHOUSE NA NA 

SCOPE ADJUSTMENTS 

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

NEW CHIMNEY YES NO· 
ESTIMATED COST (1000$) 6000 0 

OTHER YES YES 

RETROFIT FACTORS 

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

ESP·UPGRADE NA 1.58 
NEW BAGHOUSE NA NA 

GENERAL FACILITIES {PERCENT} 15 15 
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TABLE 5.4.2-5. SUMMARY OF RETROFIT FACTOR DATA FOR F. J. GANNON 
UNIT 6 

FGD TECHNOLOGY 

LIME 
LLLS FGD SPRAY DRYING 

SITE. ACCESSLCONGESTION 

S02 REMOVAL HIGH HIGH 
FLUE GAS HANDLING. HIGH 

ESP REUSE CASE HIGH 
BAGHOUSE CASE NA 

DUCT WORK DISTANCE (FEET) 300-600 
ESP REUSE 600-1000 
BAGHOUSE NA 

ESP REUSE NA HIGH 
NEW BAGHOUSE NA NA 

SCOPE ADJUSTMENTS 

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

NEW CHIMNEY YES . NO 
ESTIMATED COST (1000$) 6000 0 

OTHER YES YES 

RETROFIT FACTORS 

FGD SYSTEM 1.80 
ESP REUSE CASE 1.86 
BAGHOUSE CASE NA 

ESP UPGRADE NA 1.58 
NEW BAGHOUSE . NA NA 

GENERAL FACILITIES (PERCENT} 15 15 
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Table 5.4.2·6. SU111111ry of FGD Control Costs for the Gamon Plant (JLl\e 1988 Dollars> 

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

L/S FGD 
L/S FGD 
L/S FGO 
L/S FGD 
L/S FGD 
L/S FGD 
L/S FGD 

L/S FGD·C 
L/S FGD·C 
L/S FGO·C 
L/S FGD·C 
L/S FGO·C 
L/S FGD·C 
L/S FGO·C 

LC FGO 

LC FGO·C 

LSO+ESP 
LSO+ESP 
LSO+ESP 
LSO+ESP 
LSO+ESP 

LSO+ESP·C 
LSO+ESP·C 
LSD+ESP·C 
LSD+ESP-C 
LSO+ESP·C 

Boiler Main Boller Capacity Coal Capital Capital AIY'llJal 
N"'*>er Retrofit Size Factor Sulfur Cost Cost Cost 

1, 2 
3 
4 

5 
6 
1-2 
3-6 

1, 2 
3 
4 
5 
6 
1-2 
3-6 

1-6 

1-6 

1; 2 
3 
4 
5 
6 

1, 2 
3 
4 
5 
6 

Difficulty (H\I) (%) Content (Sii!) (S/kW) (Sii!) 

Factor <X> 

1.80 
1.91 
1 .91 
1 .91 
1.80 
1 .80 
1.86 

1 .80 
1 .91 
1 .91 
1.91 
1 .so 
1.80 
1.86 

1 .85 

1.85 

1.n 
2.26 
2.26 
2.06 
1.86 

1.n 
2.26 
2.26 
2.06 
L86 

125 
180 
188 
239 
414 
250 

1021 

125 
180 
188 
239 
414 
250 

1021 

1271 

1271 

125 
180 
188 
239 
414 

125 
180 
188 
239 
414 

37 
44 
44 
59 
46 
36 
48 

37 
44 
44 
59 
46 
36 
48 

46 

46 

37 
44 
44 
59 
46 

37 
44 
44 
59 
46 

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 

55.0 
76.4 
78.0 
88.9 

116.9 
83.8 

240.0 

55.0 
76.;4 
78.0 
88.9 

116.9 
83.8 

240.0 

225.0 

225.0 

21.1 
35.4 
36.4 
44.5 
62.4 

21. 1 
35.4 
36.4 
44.5 
62.4 

440.1 20.3 
424.5 28.4 
414.9 29.0 
371.8 34.9 
282.3 45. 1 
335.2 30.9 
235., 94. 1 

440.1 11.9 
424.5 16.6 
414.9 17 .0 
371.8 20.4 
282.3 26.3 
335.Z 18.1 
235.1 55.0 

177.0 92.9 

177.0 54.2 

168.4 8.5 
196.6 12.9 
193.6 13.2 
186. 1 16.6 
150.8 22.3 

168.4 4.9 
196.6 7 .5 
193.6 7.7 
186.1 9.7. 
150.8 13. 1 

AIY'llJal S02 S02 S02 Cost 
Cost Removed Removed Effeet. 

<mi lls/kwh> (ll:) (tons/yr) ($/ton) 

50.2 
40.9 
40.0 
28.3 
27.0 
39. 1 
21 .9 

29.4 
23.9 
23.4 
16.5 
15.8 
22.9 
12.8 

18.1 

10.6 

20.9 
18.5 
18.2 
13.4 
13.4 

12.2 
10.9 
10.7 
7.8 
7.8 

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 
90.0 

90.0 

90.0 

76.0 
76.0 
76.0 
76.0 
76.0 

76.0 
76.0 
76.0 
76.0 
76.0 

3088 
5288 
5523 
9414 

12714 
6009 

32719 

3088 
5288 
5523 
9414 

12714 
6009 

32719 

39034 

39034 

2618 
4483 
4682 
7981 

10779 

2618 
4483 
4682 
7981 

10779 

6586.8 
5364.9 
5251.8 
3707.0 
3544.1 
5134.3 
2877.4 

3853.7· 
3138.5 
3on.3 
2166.2 
2071. 7 
3004.2 
1681 .4 

2379.1 

1388.9 

3235.5 
2870.0 
2817.4 
2073.8 
2067.9 

1889.8 
1679.7 
1649.0 
1213.2 
1210.7 

===========================·==================================================================================== 
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lower ash fusion temperatures. However, this was beyond the scope of this 
work and was not considered. Costs were developed for units 5 and 6 and are 
presented in Table 5.4.2-7. PCC was not evaluated because this is not a 
mine mouth plant. 

Low NOx Combustion--
The combustion modification technique applicable to the boilers at the 

Gannon plant would be NGR; however, a natural gas pipeline is not available 
in the surrounding area; therefore, NGR application would not be feasible. 

Selective Catalytic Reduction--
For units 1-5, cold side SCR reactors would be located south of the 

unit ESPs and for unit 6 east of its ESPs. The general faciliti~s factor is 
low for this location. However, the site access/congestion factor is high 
because of the proximity of the railroad track and property boundary. About 
250 feet of ductwork would be required for units 1 and 2, 300 feet for 
unit 3, 500 feet for unit 4, 600 feet for unit 5, and 700 feet for unit 6. 
Tables 5.4.2-8 through 5.4.2-10 present retrofit factor and cost estimates 
for retrofitting SCR at the Gannon plant. 

Furnace Sorbent Injection and Duct Spray Drying--
Sorbent injection technologies (FSI and DSD) were considered for the 

Gannon plant because of the large size ESPs. The front section of the 
existing ESPs could be modified for sorbent injection or humidification. 
Tables 5.4.2-11 and 5.4.2-12 give a summary of retrofit factors for FSI and 
DSD technologies at the Gannon plant. Table 5.4.2-13 presents the costs for 
FSI and DSD. 

Atmospheric Fluidized Bed Combustion and Coal Gasification Applicability--
Units 1-5 would be considered good candidates for repowering or 

retrofit because of the small boiler size and likely short remaining life. 
However, the high capacity factors could result i~ high replacement power 
costs for extended.downtime. Unit 6 is large and would not be considered 
for repowering. 
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Table 5.4.2·7. SUllllll ry of Coal Switching/Cleaning Costs for the Gerv10n Plant (J...e 1988 Dollars> 

================================================================================================================ 
Technology Boiler Main Boiler Capacity Coal Capital Capital Amual Amual S02 S02 sa2 Cost 

Nl.ll'ber Retrofit Size Factor Sulfur cost cost cost Cost Removed Removed Effect. 
Difficulty (Mii) (li:) Content ($1111) CS/kW) ($MM) Cmi l ls/kwhl (li:) (tons/yr> CS/ton) 

Factor (li:) 

·-----------------------------------------------·-----------------------------------------------··········------
CS/B+S15 5 1.00 239 59 1. 1 8.4 35. 1 18.1 14.7 15.0 15<41 11749.9 
CS/B+S15 6 r.oo 414 46 1. 1 13.5 32.6. 24.7 1<4.8 15.0 2081 11854.3 

CS/B+S15·C 5 1 .00 239 59 1. 1 8.4 35. 1 10.4 8.4 15.0 1541 6756.4 
CS/B+S15·C 6 1.00 414 46 1 . 1 13.5 32.6 14.2 8.5 15.0 2081 6820.9 

CS/B+S5 5 1.00 239 59 . 1. 1 5.9 24.7 7.5 6.D 15.0 1541 . 4846.9 
CS/B+SS 6 1.00 414 46 1 . 1 9.2 22.2 10.1 ·6.1 15.0 2081 4871.7 

CS/B+SS·C 5 1.00 239 59 1. 1 5.9 24.7 4.3 3.5 15.0 1541 2794.2 
CS/B+SS·C 6 1.00 414 46 1. 1 9.2 22.2 5.8 3.5 15.0 2081 2811. 1 

================================================================================================================ 
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TABLE 5.4.2-8. SUMMARY OF NOx RETROFIT RESULTS FOR F. J. GANNON UNITS 1-3 

BOILER NUMBER 

COMBUSTION MODIFICATION RESULTS 

r 2 3 

FIRING TYPE CYC eve eve 

TYPE OF NOx CONTROL NA NA NA 

FURNACE VOLUME (1000 CU FT) NA NA 66.6 

BOILER INSTALLATION DATE 1957 .1958 1960 

SLAGGING PROBLEM NA NA NA ·· 

ESTIMATED NOx REDUCTION (PERCENT) NA NA NA 

SCR RETROFIT RESULTS 

SITE ACCESS AND CONGESTION 
FOR SCR REACTOR HIGH HIGH HIGH 

SCOPE ADDER PARAMETERS--

Building Demolition (1000$) 0 0 0 

Ductwork Demolition (1000$) 32 32 42 

New Duct Length (Feet) 250 250 300 

New Duct Costs (1000$) 3750 3750 4500 

New Heat Exchanger (1000$) 2131 2131 2652 

TOTAL SCOPE ADDER COSTS (1000$) 5913 ·5913 7194 

RETROFIT FACTOR FOR SCR 1.52 1.52 l.52 

GENERAL FACILITIES (PERCENT) 13 13 13 
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TABLE 5.4.2-9. SUMMARY OF NOx RETROFIT RESULTS FOR F. J. GANNON UNITS 4-6 

BOILER NUMBER 

COMBUSTION MODIFICATION RESULTS 

4 5 6 

FIRING TYPE eve TURBO-FURNACE 

TYPE OF NOx CONTROL NA NA NA 

FURNACE VOLUME (1000 CU FT) NA 129.1 219.4 

BOILER INSTALLATION DATE 1963 1965 1967 

SLAGGING PROBLEM NA YES YES 

ESTIMATED NOx REDUCTION (PERCENT). NA NA NA 

SCR RETROFIT RESULTS 

SITE ACCESS AND CONGESTION 
FOR SCR REACTOR HIGH HIGH HIGH 

SCOPE ADDER PARAMETERS--

Bun ding Demolition {1000$) o 0 0 

Ductwork Demolition (1000$) 43 52 78 

New Duct Length (Feet) 500 600 700 

New Duct Costs (1000$) 7500 9000 10500 

New Heat Exchanger (1000$) 2722 3144 4371 

TOTAL SCOPE ADDER COSTS (1000$) 10266 12196 14950 

RETROFIT FACTOR FOR SCR 1.52 1.52 1.52 

GENERAL FACILITIES ~PERCENT) 13 13 13 
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Table 5.4.2·10. NOx Control Cost Results for the Gannon Plant (June 1988 Dollars) 

====================================================================================·======·==================== 
Technology Boiler Hain Boiler Capacity Coal Capital capital Amuel Amual NOx NOx NOx Cost 

N~r Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty Clllll (ll:) Content (SMll) CS/kW) CSltO (mil ls/kwh) (%) (tons/yr) ($/ton) 

Factor (%) 

---------------------------------------------------------------------------------------------------·-··········-
SCR·3 1, 2 1 .52 125 37 1 • 1 27.9 223.3 8.4 20.8 80.0 2367 3561. 1 
SCR·3 3 1.52 180 44 1.1 35.8 198.8 11.2 16.1 80.0 4054 2759.8 
SCR·3 4 1 .52 188 44 1 • 1 40.0 212.7 12.1 16.7 80.0 4234 2862. 1 
SCR·3 5 1 .52 239 59 1. 1 48.0 200.7 15.0 12. 1 80.0 6632 2255.9 
SCR·3 6 1 .52 414 46 1 • 1 69.2 167.2 22.4 13.5 80.0 8957 2506.4 

SCR·3·C 1 • 2 1 .52 125 37 1.1 27.9 223.3 5.0 12.2 80.0 2367 2093.2 
SCR·3·C 3 1 .52 180 44 1.1 35.8 198.8 6.6 9.5 80.0 4054 1620.7 
SCR·3·C 4 1.52 188 44 1 • 1 40.0 212.7 7.1 9.8 80.0 4234 1682.1 
SCR·3·C 5 1.52 239 59 1.1 48.0 200.7 8.8 7 .1 80.0 6632 1324.9 
SCR·3·C 6 1.52 414 46 1.1 69.2 167.2 13.2 7.9 80.0 8957 . 1470.7 

SCR· 7 1. 2 1.52 125 37 1 • 1 27.9 223.3 7.4 18.3 80.0 2367 3129.9 
SCR·7 3 1.52 180 44 1.1 35.8 198.8. 9.7 14.0 80.0 4054 2397. 1 
SCR·7 4 1.52 188 44 1.1 40.0 212.7 10.6 14.6 80.0 4234 2499.4 
SCR·7 5 1.52 239 59 1 • 1 48.0 200.7 13.0 10.5 80.0 6632 1961.6 
SCR·7 6 1.52 414 46 1 • 1 69.2 167.2 19.1 11.4 80.0 8957 2128.9 

SCR·7·C 1, 2 1.52 125 37 1. 1 27.9 223.3 4.4 10.8 80.0 2367 1846.1 
SCR·7·C 3 1.52 180 44 1.1 35.8 198.8 5.7 8.3 80.0 4054 1412.9 
SCR·7·C 4 L52 188 44 1.1 40.0 212.7 6.2 8.6 80.0 4234 1474.3 
SCR· 7·C 5 1.52 239 59 1. 1 48.0 200.7 7.7 6.2 80.0 6632 1156.3 
SCR· 7·C 6 1.52 414 46 1.1 69.2 167.2 11.2 6.7 80.0 8957 1254.4 

============·····==========·======·==========================·==·======···~~==================================== 
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TABLE 5.4.2-11. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR F. J. GANNON UNITS 1 OR 2 

ITEM 

SITE ACCESS/CONGESTION 

REAGENT PREPARATION 
ESP UPGRADE 
NEW BAGHOUSE 

SCOPE ADDERS 

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

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

DUCT DEMOLITION LENGTH (Ft) 
DEMOLITION COST {1000$) 

TOTAL COST (1000$) 
ESP UPG~DE CASE 
A NEW BAGHOUSE CASE 

RETROFIT FACTORS 

CONTROL SYSTEM (DSD SYSTEM ONLY) 
ESP UPGRADE 
NEW BAGHOUSE 

S-57 

LOW 
HIGH 
NA 

NO 
NA 

NA 
NA 
NA 
NA 
50 
35 

35 
NA 

1.13 
1.58 
NA 



TABLE 5.4.2-12. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR F. J. GANNON UNITS 3,4,5,0R 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 (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 

5-58 

LOW 
HIGH 
NA 

NO 
NA 

NA 
NA 
NA 
NA 
50 

46, 46, 57' 87 

46, 46, 57' 87 
NA 

1.13 
1.58 
NA 



Table 5.4.2·13. Sunnar-y of DSD/FSI Control Costs for,the GalYIOI\ Plant (June 1988 Dollars> 

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

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

DSO+ESP·C 
DSD+ESP·C 
DSD+ESP·C 
DSD+ESP·C 
DSD+ESP·C 

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 
FSl+ESP·50·C 
FSl+ESP·50·C 

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

FSl+ESP·70·C 
FSI+ESP·70·C 
FSI+ESP·70·C 
FSl+ESP·70·C 
FSl+ESP·70·C 

Boiler Main Boiler Capacity Coal Capital Capital Annual 
N~r Retrofit Size Factor Sulfur Cost Cost Coat 

1. 2 
3 
4 
5 
6 

1, 2 
3 
4 
5 
6 

1, 2 
3 
4 
5 
6 

1, 2 
3 
4 
5 
6 

1, 2 
3 
4 
5 
6 

1, 2 
3 
4 
5 
6 

Difficulty CMW) (%) Content (11111) (S/klll (11111) 
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 
1.00 

1.00 
1.00 
1.00 
1.00 
1.00 

125 
180 
188 
239 
414 

125 
180 
188 
239 
414 

125 
180 
188 
239 
414 

125 
180 
188 
239 
414 

125 
180 
188 
239 
414 

125 
180 
188 
239 
414 

37 
44 
44 
59 
46 

37 
44 
44 
59 
46 

37 
44 
44 
59 
46 

37 
44 
44 
59 
46 

37 
44 
44 
59 
46 

37 
44 
44 
59 
46 

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 
I. 1 

1. I 
I. 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 

5.5 
6.3 
6.5 
8.6 

11.9 

5.5 
6.3 
6.5 
8.6 

_11.9 

8.3 
8.7 
8.7 
9.8 

13.4 

8.3 
8.7 
8.7 
9.8 

13.4 

8.4 
8.8 
8.8 
9.9 

13.6 

8.4' 
8.8 
8.8 
9.9 

'13.6 

5-59 

44.2 
35.1 
34.3 
36.0 
28.7 

44.2 
35. 1 
34.3 
36.0 
28.7 

66.3 
48.1 
46.2 
40.8 
32.J 

66.3 
48.1 
46.2 
40.B 
32.3 

67.2 
48.B 
47.0 
41.5 
32.B 

67.2 
48.8 
47.0 
41.5 
32.1 

4.2 
4.8 
4.9 
6.5 
8.0 

2.4 
2.8 
2.1 
3.7 
4.7 

4.2 
5.0 
5.1 
6.8 
8.8 

2.4 
2.9 
3.0 
3.9 
5 .1 

4.3 
5.1 
5.2 
6.9 
8.9 

2.5 
3.0 
3.0 
4.0 
5.2 

Arrtual 502 502 
Cost Removed Removed 

(mills/kwhl <X> <tons/yr) 

10.3 
6.9 
6.7 
5.2 
4.8 

5.9 
4.0 
3.9 
3.0 
2.8 

10.4 
7.3 
7.1 
5.5 
5.3 

6.0 
4.2 
4.1 
3.2 
3.,. 

10.5 
7.4 
7.2 
5.6 
5.4 

6.1 
4.3 
4.2 
3.2 3., 

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 
50.0 

70.0 
,70.0 
70.0 
70.0 
70.0 

70.0 
70.0 
70.0 
70.0 
70.0 

1669 
2858 
2985 
5089 
6873 

1669 
2858 
2985 
5089 
6873 

1715 
2938 
3068 
5230 
7063 

1715 
2938 
3068 
5230 
7063 

2402 
4113 
4295 
7322 
9889 

2402 
4113 
4295 
7322 
9819. 

502 Cost 
Effect. 
CS/ton) 

2490.3 
1674.5 
1630.2 
1267.6 
1171.1 

1441.6 
969.3 
943.7 
733.8 
67!!.7 

2452.6 
1718.1 
1673.2 
1291. 1 
1244.8 

1426.8 
997.6 
971.3 
748.1 
ni.1 

1m.8 
1244.9 
1214.0 
937.6 
904.3 

1031.4 
n2.8 
704.8 
543.3 
524.3 



SECTION 6.0 GEORGIA 

6.1 GEORGIA POWER COMPANY 

6.1.1 P. S. Arkwright Steam Plant 

The P. S. Arkwright steam plant is located within Bibb County, Georgia, 
·as part of the Georgia Power Company system. The plant is located just 
north· of the city of Macon along the Ocmulgee River and contains four 
coal-fired boilers with a total gross generating capacity of 160 MW. 

Table 6.1.1-1 presents operational data for the existing equipment at 
the Arkwright plant. The boilers burn medium sulfur coal. Coal shipments 
are received by railroad and transferred to the coal storage and handling 
area which is north of the boilers between the river and the railroad 
tracks. 

PM emissions for the boilers are controlled with retrofit ESPs located 
behind each unit. The fly ash is wet sluiced to an on-site ash pond located 
one-half mile west of the plant. Units 1-4 are served by a common chimney 
located behind the retrofit ESPs and situated between units 2 and 3. 

Lime/Limestone and Lime Spray Drying FGD Costs--
The four boilers are located beside each other, parallel to the river, 

with the swi tchyard being 1 ocated between the boilers and the ri_ver. The 
absorbers for units 1-4 would be located in an open area directly behind the 
chimney which is between the ESPs and the railroad .tracks with the coal pile 
lying to the north. The limestone preparation, storage and handling area 
would be south of the coal pile, adjacent to the water treatment area, and 
next to the railroad tracks so that the limestone can be unloaded into the 
area. No major demolition or relocation of equipment or buildings would be 
necessary; hence, a base factor of 5 percent was assigned to general 
facilities. 

A low site access/congestion factor was assigned to the FGD absorber 
locations. For flue gas handling, short duct runs of less than 300 feet 
would be required for the L/LS-FGD case because the absorbers would be 
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TABLE 6.1.1-1. P.S. ARKWRIGHT 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 (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) · 
OUTLtT TEMPERATURE (°F} 

1, 2 
40 
53,70 
1941, 1942 
TANGENTIAL 
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NA 
NO 
1. 9 

12,700 
9.8 

WET DISPOSAL 
ON-SITE 

1 
RAILROAD 

ESP 
1978 
0.02 
85.0 

2.0 
39.3 
180 
222 
400 

3' 4 
40 
67,62 
1943, 1948 
FRONT WALL 



placed immediately behind the chimney. The existing chimney can be accessed 
easily; therefore, a low site access/congestion factor was assigned to the 
flue gas handling system. 

LSD with reuse of the existing ESPs was considered for all units at the 
Arkwright plant. The ESPs are small (SCA=222); however, sufficient room 
exists behind the units for upgrading with additional plate area. For the 
flue gas handling systems, a moderate duct length of 500 feet was required 
for these units. Although there is plenty of open area for the absorbers, 
access to the ESPs is difficult due to the close proximity of the ESPs to 
each other. For this reason, a medium site access/congestion factor was 
assigned to the flue gas handling system. A medium access/congestion factor 
was assigned for upgrades to the existing ESPs. 

The major scope adjustment costs and retrofit factors estimated for the· 
FGD technologies are presented in Table 6.1.1-2. Table 6.1.1-3 presents the 
capital and operating costs for commercial FGD technologies. The.low cost 
option reduces ~osts due to economies of scale and elimination of a spare 
absorber modules. 

Coal Switching and Physical Coal Cleaning Costs--
Table 6.1.1-4 presents the IAPCS results for CS at the Arkwright 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 1-2 are tangential-fired boilers rated at 

units 3-4, also rated at 40 MW, are front wall-fired. 
40 MW each, while 

The combustion· 
modification technique applied to boilers 1 and 2 was OFA, and to units 3 

and 4 was LNB. 
Tables 6.l.1-5 and 6.1.1-6 present the NOx performance and cost results 

of retrofitting OFA and LNB at the Arkwright plan~. Although furnace 
volumes were not available for any of the boilers, values were estimated 
based on boiler size and age. 
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TABLE 6.1.1-2. SUMMARY OF RETROFIT FACTOR DATA FOR P.S. ARKWRIGHT 
UNITS 1-4 (EACH) 

FGD TECHNOLOGY 

FORCED LIME 
L[LS FGD OXIDATION SPRAY DRYING 

SITE ACCESS[CONGESTION 

S02 REMOVAL LOW NA LOW 
FLUE GAS HANDLING LOW NA 

ESP REUSE CASE MEDIUM 
BAGHOUSE CASE NA 

DUCT WORK DISTANCE (FEET) 100-300 NA 
ESP REUSE 300-600 
BAGHOUSE NA 

ESP REUSE NA NA MEDIUM 
NEW BAGHOUSE NA NA NA 

SCOPE ADJUSTMENTS 

WET TO DRY YES NA YES 
ESTIMATED COST (1000$) 412 NA 412 

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 1.36 
NEW BAGHOUSE NA NA NA 

GENERAL FACILITIES (PERCENT} 5 0 5 
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Table 6.1.1-3. SU111111ry of FGD Control Coats for the Arkwright Plant (JL.l'le 1988 Dollars) 

================================================================================================================ 
Technology Boiler Main Boiler Capacity Coal Capital Capital Arr-..al Arr-..al 502 502 502 cost 

N~r Retrofit Size Factor Sul fur Cost Cost Cost Cost A emcved A emoved Effect •. 
Difficulty ON) (ll) Content ($194) ($/kWl (SHI!) Cmi l ls/kwhl cu (tons/yr) CS/ton) 

Factor CX) 

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

L/S FGO 1 1.27 40 53 1.9 24.3 6()7 .1 10.1 54.4 90.0 2401 4210.7 
L/5 FGD 2 1.27 40 70 1.9 24.3 6()7 .4 10.6 43.2 90.0 3171 3344.1 
L/5 FGD 3 1.27 40 67 1.9 24.3 6()7 .3 10.5 44.8 90.0 3035 3465.6 
L/S FGD 4 1.27 40 62 1.9 24.3 6()7 .2 10.4 47.7 90.0 2808 3693.7 
L/S FGD 1-4 1.27 16() 63 1.9 48. 1 300.5 21.1 ZJ.8 90.0 11414 1844. 7 

L/S FGD-C 1 1.27 40 53 1.9 24.3 6()7 .1 5.9 31.8. 90.0 2401 2457.8 
L/S FGD-C 2 1.27 40 70 1.9 24.3 6()7 .4 6.2 25.2 90.0 3171 1950.3 
L/5 FGD·C 3 1.27 . 40 67 1.9 24.3 6()7 .3 6.1 26.1 · 90.0 3035 2021.5 
L/5 FGD-C 4 1.27 40 62 1.9 24.3 607.2 6.1 27.9 90.0 2808 2155.0 
L/5 FGD·C 1·4 1.27 160 63 1.9 48.1 300.5 12.3 13.9 90.0 11414 1075.8 

LC FGD 1-4 1.27 16() 63 1.9 33.2 207.3 16.5 18.7 90.0 11414 1447 .5 

LC FGD·C 1 ·4 1.27 160 63 1.9 33.2 207.3 9.6 10.9 90.0 11414 842.4 

LSO+ESP 1 1.38 40 53 1 .9 10.1 252.9 5.4 29.2 76.D 2035 2662.9 
LSO+E5P 2 1.38 40 70 1.9 10.1 252.9 5.6 22.9 76.D 2688 2087.4 
I.SD+ ESP 3 1.38 40 67 1.9 10.1 252.9 5.6 ZJ.8 76.0 2573 2167.6 
1.SD+ESP 4 1.38 40 62 1.9 10.1 252.9 5.5 25.4 76.0 Z381 Z318.8 

l.SD+ESP-C 1 1.38 40 53 1.9 10.1 252.9 3.2 17.0 76;0 2035 1548.0 
l.SD+E5P·C 2 1.38 40 70 1 .9 10.1 252.9 3.3 13.3 76.0 2688 1212.S 
l.SO+ESP·C 3 1.38 40 67 1.9 10.1 252.9 3.2 13.8 76.0 2573 1259.5 
LSO+ESP·C 4 1.38 40 . 62 1.9 10.1 252.9 3.2 14.8 76.0 2381 1347 .6 

====•••••====•••====••=n::•========•-=-sam•========•=======•================•==========================s========•~ 
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Table 6.1.1·4. Surmary of Coal Switching/Cleeni"9 Costs for the Arkwright Plant , (June 1988 Dollars) 

================================================================================================================ 
Technology Boiler Mein Boiler Capacity Coal Capital Capital Annual Annual 502 S02 502 Cost 

Nurber Retrofit Size Factor Sul fur Cost Cost Cost Cost Removed Removed Effect. 
Di ffi cul ty CMWl (%) content ($MM) CS/kW> CSMMl Cmi l ls/kwhl (%) (tons/yr) CS/ton) 

Factor CXl 

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

CS/8+$15 1 1.00 40 53 1.9 2.4 59.5 3.3 17.7 50.0 1326 2478.2 
CS/B+S15 2 1.00 40 70 1.9 2.4 59.5 4.2 16.9 50.0 1752 2371.7 
CS/B+S15 3 1.00 40 67 1.9 2.4 59.5 4.0 17.0 50.0 1677 2386.6 
CS/B+S15 4 1.00 40 62 1.9 2.4 59.5 3.7 17.2 50.0 1552 2414.4 

CS/8+S15·C 1.00 40 53 1.9 2.4 59.5 1.9 10.2 50.0 1326 1428.0 
CS/8+S15·C 2 1.00 40 70 1.9 2.4 59.5 2.4 9.7 50.0 1752 1364.9 
CS/8+S15·C 3 1.00 40 67 1.9 2.4 59.5 2.3 9.8 50.0 1677 1373.8 
CS/B+S15·C 4 1.00 40 62 1.9 2.4 59.5 2.2 9.9 50.0 1552 1390.3 

CS/8+S5 1 1.00 40 53 1.9 2.0 49.1 1. 7 9.0 50.0 1326 1267.1 
CS/B+S5 2 1.00 40 70 1.9 2.0 49.1 2. 1 8.4 50.0 1752 1173. 7 
CS/B+S5 3 1.00 40 67 1.9 2.0 49.1 2.0 8.5 50.0 1677 1186.8 
CS/B+SS 4 1.00 40 62 1.9 2.0 49. 1 , .9 8.7 50.0 1552 1211. 2 

CS/B+S5·C 1 1.00 40 53 1.9 2.0 49. 1 , • 0 5.2 50.0 1326 732.6 
CS/B+S5·C 2 1.00 40 70 , .9 2.0 49. 1 1.2 4.8 50.0 1752 677.5 
CS/B+S5·C . 3 LOO 40 67 1.9 2.0 49. 1 1 • 1 4.9 50.0 1677 685.3 
CS/B+S5·C 4 1.00 40 62 1.9 2.0 49. 1 1. 1 5.0 50.0 1552 699.6 

================================================================================================================ 
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TABLE 6.1.1-5. SUMMARY OF NOx RETROFIT RESULTS FOR P.S. ARKWRIGHT 

BOILER NUMBER 

COMBUSTION MODIFICATION RESULTS 

1, 2 3' 4 1-4 

FIRING TYPE TANG FWF NA 

TYPE OF NOx CONTROL OFA LNB NA 

FURNACE VOLUME (1000 CU FT) NA NA . NA 

BOILER INSTALLATION DATE 1941,42 1943,48 NA 

SLAGGING PROBLEM NO NO NA 

ESTIMATED NOx REDUCTION (PERCENT) 25 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$) 14 14 38 

New Duct Length (Feet) 200 200 200 

New Duct Costs (1000$) 580 580 1305 

New Heat Exchanger (1000$) 1076 1076 2471 

TOTAL SCOPE ADDER·COSTS (1000$) 1669 1669 3814 

RETROFIT FACTOR FOR SCR 1.16 1.16 1.16 

GENERAL FACILITIES (PERCENT} 13 13 13 
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Table 6.1.1-6. NOx Control Cost Results for the Arkwright Plant (June 1988 Dollars) 

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

Boiler !lain Boiler Capacity Coal, Capital Capital Annual Annual NOx NOx NOx Cost 
N...,..r Retrofit Size Factor Sulfur Cost Cost Coat Coat Removed Removed Effect. 

3 
4 

3 
4 

1 

2 

1 
2, 

1 
2 
3 
4 
1-4 

1 
2 
3 
4 
1·4 

1 
2 
3 
4 
1-4 

1 
2 
3 
4 

1-4 

Difficulty (Mii) CX) Content CSlllO CS/lcll) ($1111) Cmills/kwh) (X) (tons/yr) CS/ton) 
Factor <X> 

1.00 40 
1.00 40 

1.aO 40 
1.aO 40 

1.ao 40 
1.0a 4a 

1.0a 4a 
1.00 4a 

1.16 4a 
1.16 40 
1.16 40 
1.16 4a 
1.16 40 

1.16 40 
1.16 40 
1.16 ' 40 
1. 16 4a 
1.16 4a 

1. 16 4a 
1. 16 40 
1. 16 40 
1. 16 40 
1. 16 40 

1.16 40 
1.16 40 
1.16 40 
1.16 4a 
1.16 40 

67 
62 

67 
62 

53 
70 

53 
70 

53 
70 
67 
62 
67 

53 
TO 
67 
62 
67 

53 
TO 
67 
62 
67 

53 
70 
67 
62 
67 

1.9 
1.9 

1.9 
1.9 

1.9 
1.9 

1.9 
1.9 

1.9 
1.9 
1.9 
1.9 
1.9 

1.9 
1.9 
1.9 
1.9 
1.9 

1.9 
1.9 
1 .9 
1.9 
1.9 

1 .9 
1.9 
1 .9 
1.9 
1.9 

1.8 44.2 0.4 1.6 
1.8 44.2 0.4 1. 7 

1.8 44.2 0.2 0.9 
1.8 44.2 0.2 1.D 

0.4 10.7 a.1 0.5 
0.4 10.7 0.1 0.4 

a.4 10. 7 0::"1 0.3 
a.4 10.7 a.1 a.2 

11.1 277.9 .3.4 18.1 
11.1 277.9 3.4 13.8 
11.1 278.1 3.4 14.5 
11.1 278.0 3.4 15.6 
13.3 332.8 3.8 16.2 

11.1 277.9 2.0 10.6 
11.1 277.9 2.a 8.1 
11.1 278.1 2.0 8.5 
11.1 278.a 2.0 9.2 
13.3 332.8 2.2 9.5 

11.1 277.9 3.a 16.3 
11.1 277.9 3.1 12.5 
11.1 278.1 3.1 13.1 
11.1 278.0 3.1 14.1 
12.0 299.8 3.2 13.8 

11.1 277.9 1.8 9.6 
11.1 277.9 1.8 7.4 
11.1 278.1 1.8 7.7 
11. 1 278.a 1.8 8.3 
12.0 299.8 1.9 8.1 
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4a.a 
40.0 

40.a 
40.a 

25.D 
25.a 

25.0 
25.0 

80.0 
80.0 
80.0 
80.0 
80.a 

80.a 
so.a 
so.o 
so.a 
so.a 

80.0 
so.a 
80.0 
80.0 
80.0 

80.0 
80.0 
80.0 
80.0 
80.0 

382 
354 

382 
354 

135 
178 

135 
178 

432 
571 
765 
707 
765 

432 
571 
765 
707 
765 

432 
571 
765 
707 
765 

432 
571 
765 
707 
765 

980.3 
1059.3 

582.4 
629.3 

674.1 
510.4 

400.0 
3a2.9 

7761.3 
5942.8 
4459.1 
4800.2 
4961.0 

4562.1 
3492.2 
2620.1 
282a. 7 
2920.4 

7007.a 
5371.7 
4033.0 
4339.5 
4232.7 

4129.8 
3164.9 
2375.9 
2556. 7 
2495.4 



Selective Catalytic Reduction--
Cold side SCR reactors for all units would be located immediately 

behind the chimneys as were the FGD absorbers. All four reactors would be 
located in a low site/congestion area with 200 feet of ducting required. 
The ammonia storage system was placed close to the reactors, west of the 
plant. No major demolition/relocation would be necessary and, as such, a 
base factor of 13 percent was assigned to general facilities. 

Table 6~1.1~5 presents the SCR process area retrofit factors and scope 
adder costs. Table 6.1.1-6 presents the estimated cost of retrofitting SCR 
at the Arkwright boilers. 

Duct Spray Drying and Furnace Sorbent Injection--
The retrofit of FSL and DSD technologies at the Arkwright steam plant 

was considered for all units. Although the ESPs have marginal SCAs (222), 
there appears to be room available behind the ESPs for additional plate area 
and sufficient duct residence time is available between the boilers and the 
ESPs. A medium site access/congestion factor was assigned for upgrading the 
ESPs because of the space limitation around the ESPs. The sorbent receiving/ 
storage/preparation area was located in the same area as that described for 
L/LS-FGD. 

Table 6.1.1-7 presents a summary of the site access/congestion factors 
for FSI and DSD technologies at the Arkwright steam plant. Table 6.1.1-8 
presents the costs estimated to retrofit sorbent injection technologies at 
Arkwright. 

Atmospheric Fluidized Bed Combustion and Coal Gasification Appl icabil tty--
All units would be considered good candidates for repowering or 

retrofit because of the small boiler size and likely short remaining life. 
Although the capacity factors are high, the small unit sizes would minimize 
system impacts due to extended downtimes. 
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TABLE 6.1.1-7. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR P.S. ARKWRIGHT UNITS 1-4 (EACH) 

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 UPG~DE CASE 
A NEW BAGHOUSE CASE 

RETROFIT FACTORS 

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

YES 
412 

NA 
NA 
NA 
NA 
50 
15 

427 
NA 

1.13 
1.36 
NA 



Table 6.1.1·8. S\iTlllary of DSD/FS! Control Costs for the Arkwright Plant (June 1988 Dollars) 

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

NU!ber Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 

DSO+E5P 1 
DSO+ESP 2 
DSO+ESP 3 
DSO+ESP 4 

OSO+ESP-C 1 
OSO+ESP-C 2 
OSO+ESP-C 3 
OSO+ESP-C 4 

FS!+ESP-50 
FSl+ESP-50 2 
FSl+ESP-50 3 
FSl+ESP-50 4 

FSl+ESP-50-C 1 
FSl+ESP-50-C 2 
FSl+ESP-50·C 3 . 
FSl+ESP-50-C 4 

FSl+ESP-70 1 
FS!+ESP-70. 2 
FS!+ESP·70 3 
FSl+ESP·70 4 

FS!+ESP-.70-C 1 
FSl+ESP-70-C 2 
FSl+ESP-70-C 3 
FS!+ESP-70-C 4 

Difficulty (Miil CXl Content CSl4Ml (S/klll CSMM) (mil ls/kwh l (Xl (tons/yr) ($/ton) 
Factor (%) 

1.00 
1.00 
LOO 
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 

1.0a 
1.0a 
1.aa 
! .ao 

1.aa 
1.aO 
1.aO 
1.aa 

40 
40 
40 
40 

40 
40 
40 
40 

40 
40 
40 
40 

40 
4a 
4a 
40 

4a 
4a 
4a 
4a 

40 
40 
40 
40 

53 1.9 
70 1.9 
67 1.9 
62 1.9 

53 1.9 
70 1.9 
67 1.9 
62 . 1.9 

53 1.9 
70 1.9 
67 1.9 
62 1.9 

53 , .9 
70 1.9 
67 1.9 
62 1.9 

53 1.9 
7a 1.9 
67 1.9 
62 1.9 

53 1.9 
70 , .9 
67 1.9 
62 1.9 

4.8 120.3 3.9 20.8 
4.8 120.3 4.0 . 16.5 
4.8 120.3 4.a 17.1 
4.8 120.3 4.a 18.2 

4.8 12a.3 2.2 12.0 
4.8 12a.3 2.3 9.5 
4.8 120.3 2.3 9.9 
4.8 120.3 2.3 10.5 

5.3 131.7 3.2 17.1 
5.3 131.7 3.4 14.0 
5.3 131.7 3.4 14.5 
5.3 131.7 3.3 1S.3 

5.3 131.7 1.8 9.9 
5 .3 131. 7 2 •. o 8. 1 
5.3 131.7 2.0 8.4 
5.3 131.7 1.9 8.8 

5.3 133.S 3.2 17.3 
5.3 133.S 3.5 14.2 
5.3 133.5 3.4 14.6 
5.3 133.S 3.4 15.4 

5.3 133.S 1.9 10.a 
5.3 133.S 2.0 8.2 
5.3 133.S 2.0 8.5 
5.3 133.5 1.9 9.0 

49.0 
49.0 
49.0 
49.0 

49.0 
49.0 
49.0 
49.0 

50.0 
so.a 
so.a 
so.a 

50.a 
50.0 
so.a 
50.0 

70.0 
70.0 
70.0 
70.0 

7a.o 
70.0 
7a.o 
70.0 

1298 
1714 
1640 
1518 

1298 
1714 
1640 
1518 

1334 
1761 
1686 
1S60 

1334 
1.761 
1686 
156a 

1867 
2466 
2360 
2184 

1867 
2466 
2360 
2184 

2979.9 
2358.4 
2445.2 
2608.4 

1n4.a 
1363.8 
1414., 
1508.7 

2375., 
19S4.2 
2012.9 
2123.6 

1378.5 
1133. 1 

. 1167.3 
1231.8 

1716. 7 
1413.8 
1455.9 
1535.6 

996.3 
819.7 
844.3. 
890.8 

================================================================================================================ 
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6.1.2 Bowen Steam Plant 

The ESPs for unit~ 3 and 4 would be difficult to upgrade due to the 
configuration of the boilers and the ESPs; therefore, FSI and OSD were not 
evaluated for the Bowen Plant. In addition, the duct residence time betw~en 

the boilers and the ESPs for these units is short . 

. TABLE 6.1.2-1. BOWEN STEAM PLANT OPERATIONAL DATA 

BOILER NUMBER 
GENERATING CAPACITY (MW-each) 
CAPACITY FACTOR (PERCENT) 
INSTALLATION DATE 
FIRING TYPE 
FURNACE VOLUME (1000 CU FT) 
LOW NOx COMBUSTlON 
COAL SULFUR CONTENT (PERCENT) 
COAL HEATING VALUE (BTU/LB) 
COAL ASH CONTENT (PrnCENT) 
FLY ASH SYSTEM . 
ASH DISPOSAL METHOD 
STACK NUMBER 

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) 
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1,2 3,4 
700 880 
70,74 77,83 
1971,72 1974,75 

TANGENTIAL 
334 607 
NO NO 

1.8 
. 12200 

10.S 
WET DISPOSAL 
ON-SITE/SOLO 

I 2 

ESP ESP 
1981 1981 
0.02 0.02 
NA NA 

2.0 2.0 
476.6 622 
2017.9 2930 
236 212 
NA NA 



TABLE 6.1.2-2. SUMMARY OF RETROFIT FACTOR DATA FOR BOWEN 
UNIT 1 OR 2 * 

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 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$) 5365 NA 5365 

NEW CHIMNEY NO NA NO 
ESTIMATED COST {1000$) 0 0 . 0 

OTHER NO NO 

RETROFIT FACTORS 

FGD SYSTEM 1.68 NA 
ESP REUSE CASE 1.69 
BAGHOUSE CASE NA 

ESP UPGRADE NA NA 1.58 
NEW BAGHOUSE NA NA NA 

GENERAL FACILITIES (PERCENT) 15 0 15 

* L/LS-FGD and LSD-FGD absorbers for units 1 and 2 would be 
located behind the common chimney for units 1 and 2. 
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TABLE 6.1.2-3. SUMMARY OF RETROFIT FACTOR DATA FOR BOWEN 
UNIT 3 OR 4 * 

FGD TECHNOLOGY 

FORCED LIME 
LLLS FGD OXIDATION SPRAY DRYING 

SITE ACCESSLCONGESTION 

S02 REMOVAL HIGH NA HIGH 
FLUE GAS HANDLING MEDIUM NA 

ESP REUSE CASE NA 
BAGHOUSE CASE LOW 

DUCT WORK DISTANCE {FEET) 100-300 NA 
ESP REUSE NA 
BAGHOUSE 300-600 

ESP REUSE NA NA NA 
. NEW BAGHOUSE NA NA HIGH 

SCOPE ADJUSTMENTS 

WET TO DRY YES NA NO 
ESTIMATED COST (1000$) 6587 NA NA 

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

OTHER NO NO 

RETROFIT FACTORS 

FGD SYSTEM 1.55 NA 
ESP REUSE CASE NA· 
BAGHOUSE CASE· 1.53 

ESP UPGRADE NA NA NA 
NEW BAGHOUSE NA NA 1. 58 

GENERAL FACILITIES (PERCENT} 15 0 15 

* L/LS-FGD absorbers, LSD-FGD absorbers, and new FFs for units 3 
and 4 would be located behind the common chimney for units 3 
and 4. 
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Table 6.1.2·4. SUlll\ary of FGD Control Costs for tne Bowen Plant (June 1988 Dollars) 

================================================================================================================ 
Technology Boiler Main Boiler Capacity Coal Capital Capital A...-..al A......al S02 502 S02 cost 

Niiltler Retrofit Size Factor Sul fur Cost Cost Cost Cost Removed Removed Effect. 
O i ff i cul ty 04\ll (") Content ($MM) (S/kWl ($MM) (mil ls/kwh) <"> (tons/yr) CS/ton) 

Factor (Xl 

·----------------------·-·---------------·-----------··-----------------------------·--···············-···---··· 
l/S FGO , , .68 700 70 1.B 160.2 228.9 73.0 17.0 90.0 55045 1326.7 
L/S FGO 2 1.68 700 74 1.8 160.2 228.9 74.4 16.4 90.0 58190 1278. 1 
L/S FGO 3 1.55 880 77 1.a 181.1 205.8 87.9 14.8 90.0 76119 1154 .6 
L/S FGO 4 1.55 880 83 1.8 181.1 205.8 90.4 14. 1 90.0 82050 1101.9 
L/S FGO 1 ·2 1.68 1400 n 1.8 280.5 200.3 132.4 15.0 90.0 113235 1169.0 
L/S FGO 3·4 1.55 1760 80 1.8 307.6 174.8 158.2 12.8 90.0 158170 1000.2 

L/S FGO·C 1 1.68 700 70 1.8 160.2 228.9 42.6 9.9 90.0 55045 m.2 
L/S FGO·C 2 1.68 700 74 1.8 160.2 228.9 43.3 9.5 90.0 58190 744.6 
L/S FGD·C 3 1.55 880 77 1.8 181. 1 205.8 51.2 8.6 90.0 76119 672.2 
L/S FGO·C 4 1.55 880 83 1.8. 181..1. 205.8 52.6 8.2 90.0 82050 641.2 
L/S FGD·C 1·2 1.68 1400 n 1.8 280.5 200.l 77. 1 8.7 90.0 113235 680.9 
L/S FGD·C 3-4 1.55 1760 80 1.8 307.6 174.8 92.0 7.5 90.0 158170 581.8 

LC FGO 1 ·2 . 1.68 1400 n 1.8 241. 1 1n.2 120.4 13.6 90.0 113235 1063.0 
LC FGO 3-4 1.55 1760 80 1 .8 273.4 155.3 147.8 12.0 90.0 158170 934.4 

LC FGO·C 1-2 1 .68 1400 72 1.8 241. 1 172.2 70.0 7.9 90.0 113235 618.6 
LC FGD·C 3·4 1.55 1760 80 I .8 273.4 155.J. 85.9 7.0 90.0 158170 543. I 

lSO+ESP 1 1.69 700 70 1.8 104. 7 149.6 43.8 10.2 76.0 46665 939.5 
LSO+ESP 2 1.69 700 74 1.8 104.7 149.6 44.6 9.8 76.0 49332 . 904.3 

LSD+ESP·C 1 1.69 700 70 1.8 104.7 149.6 25.6 6.0 76.0 46665 548.3 
LSO+ESP·C 2 1.69 700 74 1.8 104.7 149.6 26.0 5.7 76.0 49332 527.6 

LSO+FF 3 1.53 880 77 1.8 198.8 226.0 75.2 12.7 87.0 73158 1.028.1 
LSO+FF 4 1.53 880 83 1.8 198.9 226.0 77.0 12.0 87.0 78859 976.6 

LSD+FF·C 3 1.53 880 n 1.8 198.8 226.0 44.0 7.4 87.0 73158 601.2 
LSD+FF·C 4 1.53 880 83 1 .8 198.9 226.0 45.0 7.0 87.0 78859 570.8 

================================================================================================================ 
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Table 6.1.2-5. S<mnary of Coal Switching/Cleaning Costs for the Bowen Plant (J..ie 1988 Dollars) 

================================================================================================================ 
Tecnnology Boiler Main Boiler Cepmcity Coal Capital Capital Amual Amual 502 502 502 Cost 

Numer Retrof It She Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (1111) (%) Content (Siii) (S/kll) (Siii) (mil ls/kwh) (%) (tons/yr) CS/ton) 

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

CS/B+S15 1 .00 700 70 1.8 21.4 30.6 60.0 14.0 49.0 30167 1988.4 
CS/B+S15 2 1 .00 700 74 1.8 21.4 30.6 63.2 13.9 49.0 31890 1980.4 
CS/B+S15 3 1.00 880 77 1.8 26.6 30.2 82.2 13.8 49.0 41716 1969.8 
CS/B+S15 4 1.00 880 83 1.8 26.6 30.2 BB. 1 13.8 49.0 44967 1960.2 

CS/B+S15-C 1 1.00 700 70 1.8 21.4 30.6 34.5 8.0 49.0 30167 1142.4 
CS/8+S15·C 2 1.00 700 74 1 .8 21.4 30.6 36.3 8.0 49.0 31890 1137 .6 
CS/B+S15-C 3 1.00 880 77 1.8 26.6 30.2 47.2 8.0 49.0 41716 1131.4 
CS/B+S15-C 4 1.00 880 83 1.8 26.6 30.2 50.6 7.9 49.0 44967 1125.7 

CS/8+$5 1 1.00 700 70 1.8 14.2 20.3 23.3 5.4 49.0 30167 . 771 .0 
CS/B+S5 2 1 .00 700 74 1.8 14.2 20.3 24.4 5.4 49.0 31890 765.2 
CS/8+S5 3 1.00 880 77 1.8 17.5 19.8 31.5 5.3 49.0 41716 756.3 
CS/B+SS 4 1.00 880 83 1.8 17.5 19.8 33.7 5.3 49.0 44967 749.S 

CS/B+S5-C , 1.00 700 70 1.8 14.2 20.3 13.4 3. 1 49.0 30167 443.9 
CS/8+$5-C 2 1.00 700 74 1.8 14.2 20.3 14.0 3.1 49.0 31890 440.4 
CS/B+S5-C 3 1.00 880 77 1 .8 17.5 19.8 18.2 3.1 49.0 41716 435.2 
CS/B+S5·C 4 1.00 880 83 1 .8 17.5 19.8 19.4 3.0 49.0 44967 431.1 

••••=s=======•=•••=•=====================================================•===••========z======================== 
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TABLE 6.1.2-6. SUMMARY OF NOx RETROFIT RESULTS FOR BOWEN 

COMBUSTION MOD IF I CATION RESULTS 

FIRING TYPE 

TYPE OF NOx CONTROL 

FURNACE VOLUME (1000 CU FT) 

BOILER INSTALLATION ·DATE 

SLAGGING PROBLEM 

. BOILER NUMBER 

1, 2 3, 4 

TANG TANG 

OFA OFA 

334 607 

1971, 1972 1974, 1975 

NO NO 

ESTIMATED NOx REDUCTION (PERCENT) 25 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 

RETROFIT FACTOR FOR SCR 

GENERAL FACILITIES (PERCENT) 

HIGH HIGH 

0 0 

116, 196 138, 232 

500· 300 

7734, 11601 5305, 7958 

5991, 9080 6872, 10416 

13841 12315 
20877 18606 

1.52 1.52 

38 38 

* Cold side SCR reactors for units 1-2 and 3-4 would be located 
north of the unit 1-2 chimney and north of the unit 3-4 chimney, 
respectively. · 
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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 
SCR·3 

SCR·3·C 
-~CR·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 

Table 6.1.2·7. NOx Control Cost Results for the Bowen Plant (J~ 1988 Dollars) 

Boiler Main Boiler Capacity Coal Capital Capital Arnual 
N~r Retrofit Size Factor Sulfur Cost Cost Cost 

1 
2 
3 
4 

1 
2 
3 
4 

1 

2 
3 
4 

1 ·2 
3·4 

1 
2 
3 
4 

1·2 
3·4 

1 
2 
3 
4 
1·2 
3·4 

1 
2 
3 
4 
1·2 
3.4 

Difficulty (1111) (I) Content (Sfll) (S/icll) (Sfll) 

Factor Cl) 

1.00 
1.00 
1.00 
1.00 

1.00 
1.00 
1.00 
1 .OD 

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 

700 
700 
880 
880 

700 
700 
880 
880 

700 
700 
880 
880 

1400 
1760 

700 
700 
880 
880 

1400 
1760 

700 
700 

·880 
880 

1400 
1760 

700 
700 
llO 
llO 

1400 
1760 

70 
74 
77 
83 

70 
74 
77 
83 

70 
. 74 

77 
83 
n 
80 

70 
74 
77 

83 
n 
80 

70 
74 
77 
83 
n 
BO 

70 
74 
TT 
83 
n 
BO 

1.8 
1.8 
1.8 
1.8 

1.B 
1 .8 
1.8 
1.8 

1.8 
1.8 
1.8 
1.8 
1.8 
1 .8 

1 .8 
1.8 
1 .8 
1.8 
1 .8 
1.8 

1.8 
1 .8 
1 .8 
1.8 
1.8 
1.8 

1 .8 
1.8 
1.8 
1 .8 
1 .8 
1.8 

1 .3 
1 .3 
1 .5 
1 .5 

1.3 
1.3 
1.5 
1.5 

107.9 
107.9 
128.4 
128,.4 
200.7 
242.5 

107.9 
107.9 
128.4 
128.4 
200.7 
242.5 

107.9 
107.9 
128.4 
128.4 
200.7 
242.5 

107.9 
107.9 
128.4 
128.4 
200.7 
242.5 

1.9 
1 .9 
1. 7 
1.7 

1.9 
1.9 
1.7 
1.7 

154.2 . 
154.2 
145.9 
145.9 
143.4 
137.8 

154.2 
154.2 
145.9 
145.9 
143.4 
137.8 

154.2 
154.2 
145.9 
145 •. 9 
143.4 
137.8 

154.2 
154.2 
145.9 
145.9 
143.4 
137.8 
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0.3 
0.3 
0.3 
0.3 

0.2 
0.2 
0.2 
0.2 

36.6 
36.8 
44.9 
45.2 
70.0 
86.8 

21 .5 
21.5 
26.3 
26.5 
41.0 
50.8 

30.9 
31.0 
37.6 
38.0 
58.5 
n.4 

18.2 
18.3 
22.1 
22.3 
34.4 
42.6 

Amual NOx NOx 
Cost Removed Removed 

(mi lls/kwhl (l) (tons/yr) 

0.1 
0.1 
0. 1 
0.0 

o.o 
0.0 
0.0 
o.o 

8.5 
8.1 
7.6 
7. 1 
7.9 
7.0 

5.0 
4.7 
4.4 
4.1 
4.6 
4. 1 

7.2 
6.8 
6.3 
5.9 
6.6 
5.9 

4.2 
4.0 
3.7 
3.5 
3.9 
3.5 

25.0 
25.0 
25;0. 
25.0 

25.0 
25.0 
25.0 
25.0 

80.0 
80.0 
80.0 
80.0 
80.0 
80.0 

·so.a 
80.0 
80.0 
80.0 
80.0 
80.0 

80.0 
80.0 
80.0 
80.0 
80.0 
80.0 

80.0 
80.0 
80.0 
80.0 
80.0 
80.0 

3267 
3454 
4518 
4870 

3267 
3454 
4518 
4870 

10455 
11052 
14457 
15584 
21507 
30041 

10455 
11052 
14457 
15584 
21507 
30041 

10455 
11052 
14457 
15584 
21507 
30041 

10455 
11052 
14457 
15584 
21507 
30041 

NOx Cost 
Effect. 
(S/ton) 

87.3 
82.6 
69.3 
64.3 

51 .9 
49. 1 

41.1 
38;2 

3500.6 
3326.0 
3103.0 
2899.0 
3253.8 
2889.9 

2051.9 
1949.4 
1817 .6 
1697.9 
1906.0 
1691.9 

2951.7 
2806.9 
2604.0 
2436.2 
2no.2 
2409.7 

1737 .4 
1651.9 
1531. 7 
1432.7 
1600.3 
1416.8 



TABLE 6.1.2-8. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR BOWEN UNIT l 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 (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 
5365 

NA 
NA 
NA 
NA 
50 
129 

5494 
NA 

1.13 
1.58 
NA 

The duct residence time between units 1 and 2 and their 
respective ESPs is sufficient for FSI and DSD. A high factor 
was assigned to ESP upgrade. 
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Table 6.1.2·9. Surmary of DSO/FSI Control Costs for the Bowen Plant (J...ie 1988 Dollars> 

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

Technology Boiler Main Boiler Capacity Coal Capital Capital Al'RMll Al'RMll 502 S02 S02 Cost 
N~r Retrofit Size Factor Sul fur Cost Cost Coat Cost Removed Removed Effect. 

Difficulty (Mii) CX> Content CSMM) (S/kW) (Siii) Cmills/kwll> <X> (tons/yr> CS/ton) 
Factor CXl 

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

OSO•ESP 1 1.00 700 70 1.8 35.9 51.3 23.2. 5.4. 49.0 29754 781.0 
DSO+ESP 2 1.00 700 74 1.8 35.9 51.3 23.9 5.3 49.0 31455 761., 

OSO+ESP·C 1 1.00 700 70 , .8 35.9 51.3 13.5 3.1 49.0 29754 452.9 
DSO+ESP·C 2 1.00 700 74 , .8 35.9 51.3 13.9 3.1 49.0 31455 441.2 

FSl+ESP·50 1 1.00 700 70 1.8 38.7 55.2 29.2 6.8 50.0 . 30580 955.9 
FSl+ESP·SO 2 1.00 700 74 1.8 38.7 55.2 30.3 6.7 so.a 32328 938.2 

FSl+ESP·SO·C 1 1.00 700 70 1.8 38.7 55.2 16.9 3.9 so.a 30580 553.3 
FSl+ESP·50·C 2 1.00 700 74 1.8 38.7 55.2 17.6 3.9 50.0 32328 542.9 

FSl+ESP·70 1 1.00 700 70 1.8 38.9 55.6 29.7 6.9 70.0 42812 694.8 
FSl+ESP·70 2 1.00 700 74 1.8 38.9 55.6 30.9 6.8 70.0 45259 682., 

FSl+ESP·70·C 1 1.00 700 70 1.8 38.9 55.6 17.2 4.0 70.0 42812 402.1 
FSl+ESP·70·C 2 1.00 700 74 1.8 38.9 55.6 17.9 3.9 70.0 45259 394.6 

=================================•=======•=============================•======================================== 
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6.1.3 Branch Steam Plant 

· The Branch Steam Plant is located in Putnam County, Georgia, as part of 
the Georgia Power Company system. The plant contains four coal-fired 
boilers with a total gross generating capacity of 1,540 MW. Tables ~.1.3-1 
through 6.1.3-11 summarize the plant operational data and present the so2 
and NO control cost and performance estimates. 

x 

TABLE 6.1.3-1. BRANCH STEAM PLANT OPERATIONAL DATA 

BOILER NUMBER 1 2 3 4 
GENERATING CAPACITY tMW-each} 250 319 481 490 
CAPACITY FACTOR tPER ENT) 89 77 69 65 
INSTALLATION DAT . 1965 1967 1968 1969 
FIRING TYPE OPPOSED WALL 
FURNACE VOLUME f 1000 CU FT) NA 162.2 NA NA 
LOW NOx COMBUST ON · NO NO NO NO 
COAL SULFUR CONTENT (PERCENT} l.3 
COAL HEATING VALUE f BTU/LB) 12400 
COAL ASH CONTENT (P RCENT) 10.6 
FLY ASH SYSTEM WET DISPOSAL 
ASH DISPOSAL METHOD PONDS/ON-SITE 
STACK NUMBER 5 5 5 5 
COAL DELIVERY METHOD RAILROAD 

PARTICULATE CONTROL 

TYPE ESP ESP ESP ESP 
INSTALLATION DATE 1978 1978 1981 1982 
EMISSION f LB/MM BTU) 0.08 NA 0.02 0.02 
REMOVAL E FICIENCY 98.0 98.0 98.0 98.0 
DESIGN SPECIFICATION 

SULFUR SPECIFICATION (PERCENT) 1.0 1.0 0.6 1.0 
SURFACE AREA (1000 SQ FT~ 335.2 417.4 999.0 453.l 
GAS EXIT RATE blOOO ACFM 1386 1679 1963.8 1963.8 
SCA tSQ FT/100 ACFM) 242 249 509 231 
OUTL T TEMPERATURE ("F} 300 240 300 300 
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TABLE 6.1.3-2. SUMMARY OF RETROFIT FACTOR DATA FOR BRANCH 
UNITS 1 AND 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 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$) 2132,2652 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 l.16 

ESP UPGRADE NA NA NA 
NEW BAGHOUSE NA NA 1.16 

GENERAL FACILITIES (PERCENT} 10 0 10 

* L/S-FGD absorbers, LSD-FGD absorbers and new FFs for units 
and 2 would be located southwest of the common chimney. 

1 
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TABLE 6.1.3-3. SUMMARY OF RETROFIT FACTOR DATA FOR BRANCH 
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. 

YES NA. 
3833,3897 NA 
NO . NA 
0 0 
NO 

1.27 

NA 
NA 

NA 

NA 
NA 

NO 
NA 
NO 
0 
NO 

NA 
1.16. 
NA 
1.16 

GENERAL FACILITIES (PERCENT) 10 0 10 

* L/S-FGD and LSD-FGD absorbers for units 3 and 4 would be 
located southwest of the common chimney. ESP reuse was not 
considered due to the access/congestion problems near the 
ESPs. . 
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Table 6.1.3·4. S.mnary of FGO Control costs for the Branch Plant (June 1988 Ool lars) 

================================================================================================================ 
Technology Boiler Main Boiler Capacity Coal Capital Capital Arviual Arviua l S02 502 502 Cost 

N<iltler Retrofit Size Factor Sul fur · Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (NII) c:o Content (Sl4M) ($/kW) (SMll) (mi lls/kwhl c:o (tons/yr) ($/ton) 

Factor Cl:J 

----------------------------------------------~-----------------------------------------------------------·····-

LC FGD 1·4 . 1.27 1540 73 1.3 19Cl.5 123.7 104.2 10.6 90.0 89522 1163.9 

LC FGD·C 1-4 1.27 1540 73 1.3 19Cl.5 123.7 60.5 6.1 90.0 89522 676.4 

LFGD 1.27 250 89 1.3 63.0 252.0 30.6 15.7 90.0 1n18 1n9.8 
LFGD 2 1.27 319 n 1.3 71.2 223. 1 34. 1 15.9 90.0 19561 1745.2 
LFGD 3 1.27 481 69 1.3 91.0 189.1 43.1 14.8 90.0 26429 1630.5 
LFGD 4 1.27 490 65 1.3 91.9 187.6 42.8 15.3 90.0 25363 1686.4 
LFGD 1-4 1.27 1540 73 1.3 222.0 144.2 113.7 11.5 90.0 89522 1270.5 

LFGD·C 1 1.27 250 89 1.3 63.0 252.0 17.8 9.2 90.0 1n18 1007.0 
LFGD ·C 2 1.27 319 n 1.3 71.2 223.1 19.9 9.2 90.0 19561 1016.2 . 
LFGD-C 3 1.27 481 69 1.3 91.0 189.1 25. 1 8.6 90.0 26429 949.6 
LFGD·C 4 1.27 490 65 1.3 91.9 187.6 24.9 8.9 90.0 25363 982.5 
LFGD·C 1-4 1.27 1540 73 1.3 222.0 144.2 66.2 6.7 90.0 89522 739.0 

LSO+FF 1 1.16 250 89 ; .3 49.9 199.8 20.8 10.7 87.0 17029 1222.9 
LSO+FF 2 1.16 319 n 1.3 55.8 175.0 21.9 10.2 79.0. 1noo 1275 .9 
LSO+FF 3 1. 16 481 69 1.3 82.7 1n.o 32.1 11.0 87.0 25401 1263.7 
LSO+FF 4 1.16 490 65 1.3 83.9 171.2 32.0 11.5 87.0 24376 1313.6 
LSO+FF 1·4 1.16 1540 73 1.3 246.6 160.1 94.9 9.6 87.0 86040 1103.5 

LSO+Ff·C 1 1.16 250 89 1.3 49.9 199.8 12.2 6.2 87.0 17029 713.8 
LSO+FF·C 2 1. 16 319 n 1.3 55.8 175.0 12.8 6.0 79.0 1noo 745.5 
LSO+FF·C 3 1. 16 481 69 1.3 82.7 1n.o 18.8 6.5 87.0 25401 738.6 
LSO+FF·C 4 1. 16 490 65 1.3 83.9 171.2 18.7 6.7 87.0 24376 768.1 
LSO+FF·C 1·4 1. 16 1540 73 1.3 246.6 160.1 55.5 5.6 87.0 86040 645.1 

================================================================================================================ 
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Table 6.1.3·5. SLmMry of Coal Switching/Cleaning Costs for the Branch Plant (June 1988 Dollars) 

============s=====s=====•=====s=••==z••=====================••••••====•========================================= 
Technology Boi Ler Ila in Boiler Capacity Coal Capital Capital Amual Amual S02 S02 S02 Cost 

Nuitier Ret rof It Size Factor Sulfur Cost Cast Cost Cost Removed Removed Effect. 
Difficulty (1111) (ll) Content ($191) CS/kW) (1114) cmills/kwh) (%) (tons/yr) CS/ton) 

Factor (%) 

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

CS/B+S15 1.00 250 89 1.3 8.6 34.3 27.4 . 14.1 29.0 5613 4880.6 
CS/B+S15 2 1.00 319 n 1.3 10.6 33.2 30.3 14.1 29.0 6196 4895.0 
CS/8+S15 3 1.00 481 69 1.3 15.2 31.7 40.9 14.1 29.0 BJn 4890.6 
CS/B+S15 4 1.00 490 65 1.3 15.5 31.6 39.5 14.1 29.0 8035 4912.5 

CS/B+S15·C 1.00 250 89 1.3 8.6 34.3 15.7 8.1 29.0 5613 2803. 1 
CS/B+S15·C 2 1.00 319 n 1.3 10.6 33.2 17 .4 8. 1 29.0 6196 2812.2 
CS/B+S15·C 3 1.00 481 69 1.3 15.2 31.7 23.5 8.1 29.0 BJn 2810.2 
CS/B+S15·C 4 1.00 490 65 1.3 15.5 31.6 22.7 8.1 29.0 8035 2823.2 

CS/8+S5 1 1.00 250 89 1.3 6.0 24.0 10.8 5.6 29.0 5613 1931.6 
CS/B+SS 2 1.00 319 n 1.3 7.3 22.8 12.0 5.6 29.0 6196 1933.4 
CS/B+S5 3 1.00 481 69 1.3 10.3 21.3 16.1 5.5 29.0 BJn 1918.2 
CS/B+S5 4 1.00 490 65 1.3 10.4 21.3 15.5 5.6 29.0 8035 1933.7 

CS/9+S5·C 1.00 250 89 1.3 6.0 24.0 6.2 3.2 29.0 5613 1111.5 
CS/B+S5·C 2 1.00 319 n 1.3 7.3 22.B 6.9 3.2 29.0 6196 1113.0 
CS/B+S5·C 3 1.00 481 69 1.3 10.3 21.3 9.2 3.2 29.0 BJn 1104.5 
CS/9+S5·C 4 1.00 490 65 1.3 10.4 21.3 8.9 3.2 29.0 8035 1113.7 

================================================================================================================ 
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TABLE 6.1.3-6. SUMMARY OF NOx RETROFIT RESULTS FOR BRANCH+ 

BOILER NUMBER 

COMBUSTION MODIFICATION RESULTS 

1 2 3 

FIRING TYPE OWF OWF OWF 

TYPE OF NOx CONTROL NA LNB NA 

FURNACE VOLUME (1000 CU FT) NA 162.2 NA 

BOILER INSTALLATION.DATE 1965 1967 1968 

SLAGGING PROBLEM NO NO NO 

ESTIMATED NOx REDUCTION (PERCENT) NA 35 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$) 54 65 88 

New Duct Length (Feet) 200 200 200 

New Duct Costs (1000$) 1694 1953 2484 

New Heat Exchanger (1000$) 3230 3738 4783 

TOTAL SCOPE ADDER COSTS (1000$) 4977 5756 7355 

RETROFIT FACTOR FOR SCR 1.16 1.16 1.16 

GENERAL FACILITIES (PERCENT) 20 . 20 20 

+ Units 1 and 3 have cell burners, therefore LNBs were not 
evaluated for these units. 

* Cold side SCR reactors for all units would be located 
southwest of the common chimney. 
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TABLE 6 .1. 3- 7. SUMMARY OF NOx RETROFIT RESULTS FOR BRANCH + 

BOILER NUMBER 

COMBUSTION MODIFICATION RESULTS 

4 1-4 

FIRING TYPE OWF NA 

TYPE OF NOx CONTROL NA NA 

FURNACE VOLUME (1000 CU FT) NA NA 

BOILER INSTALLATION DATE 1969 NA 

SLAGGING PROBLEM NO NA 

ESTIMATED NOx REDUCTION (PERCENT) NA NA 

SCR RETROFIT RESULTS* 

SITE ACCESS AND CONGESTION 
FOR SCR REACTOR LOW LOW 

SCOPE ADDER PARAMETERS--

Building Demolition (IOOOS) 0 0 

Ductwork Demolition (1000$) 89 210 

New Duct Length (Feet) 200 200 

New Duct Costs (1000$) 2511 4901 

New Heat Exchanger (1000$) 4836 9614 

TOTAL SCOPE ADDER COSTS (1000$) 7436 14731 

RETROFIT FACTOR FOR SCR 1.16 1.16 

GENERAL FACILITIES. (PERCENT) 20 20 

+ Unit 4 has cell burners and was not evaluated for LNBs. 
* Cold side SCR reactors for all units would be located 

southwest of the common chimney. 
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Table 6.1.3·8. NOx Control cost Results for th• lr911Ch Plant (Ji.'18 1988 Dollar1l 

=············===~·====···=··====··········====···=·==·······==················=···=·=====····=··====·==·····==== 
Technology Boiler Main Boiler Capac:i ty Coal Capital Capital Al'"llU8 I Amual NOx 110• NOx Cost 

N..ri:ler Retrofit She Factor Sulfur Cost Cost C09t Cost Reinovect R-Yed Effect. 
Di ff I cul ty 0111) c:u COl'ltent !SltO Cl/kl/) (Siii) emf Us/kwlll Cll:l (tons/yr> Cl/ton> 

Factor cu 
···-···-·--·----·-------··-······--·-··············--------·-----··········--····--···---·-··········-···--····· 

LNC·LNB 2 1.00 319 77 1.l 4.1 12.7 0.9 0.4 35.0 3151 272.9 

LNC·LNB·C 2 1.00 319 77 1 .3 4. 1 12.7 o.s 0.2 35.0 3151 162. 1 

SCR·3 1 1. 16 250 89 1.3 36.4 145.5 13. 1 6.7 so.a 6523 2002.5 
SCR·3 z 1.16 319 77 1.3 43.8 137.4 15.8 7.3 so.o 7202 2190.7 
SCR·3 3 1 .16 481 69 1.3 59.8 124.4 22.0 7.6 so.a 9731 2264.6 
SCR•3 4 1.16 490 65 1.3 60.9 124.3 22.3 8.0 so.o 9338 2389.4 
SCR·:S 1·4 1. 16 1540 73 1.3 169.9 110.4 66.2 6.7 80.0 32960 2008.0 

SCR·3·C 1 1 .16 250 89 1.3 36.4 145.5 7.6 3.9 80.0 6523 1172.3 
SCR·3·C 2 1.16 319 77 1.3 43.8 137.4 9.2 4.3 80.0 7202 1282.4 
SCR·3·C 3 1.16 481 69 1.3 59.8 124.4 12.9 4.4 80.0 9731 1325.0 
SCR-3-C 4 1.16 490 65 1.3 60.9 124.3 13.1 4.7 80.0 9338 1398.2 
SCR·3·C 1·4 1. 16 1540 73 1.3 169.9 110.4 38.7 3.9 80.0 32960 1173.5 

SCR·7 1 1.16 250 89 1.3 36.4 145.5 11.0 5.7 80.0 6523 1689. 1 
SCR·7 2 1.16 319 T7 1.3 43.8 137.4 13.2 6.1 80.0 7202 1828.4 
SCR·7 3 1.16 481 69 1.3 59.8 124.4 19,1 6.2 80.0 9731 1860.4 
SCR·7 4 , .16 490 65 1.3 60.9 124.3 18.3 6.6 80.0 9338 1960.3 
SCR·7 1·4 1. 16 1540 73 1.3 169.9 110.4 53.6 5.4 80.o 32960 1625.9 

SCR·7·C 1 1.16 250 89 1.3 36.4 1'5.5 6.5 3.3 80.0 6523 992.8 
SCR·7·C 2 1.16 319 T7 1.3 43.8 137.4 7.7 3.6 80.D noz 1074.8 
SCR·7·C 3 1.16 481 69 1 .3 59.8 124.4 10.6 3.7 80.0 9731 1093.4 
SCR·7·C 4 1. 16 490 65 1 .3 60.9 124.3 10.8 3.9 80.0 9338 1152.4 
SCR·7·C 1·4 1.16 1S40 73 , .3 169.9 110.4 31.5 3.2 80.0 32960 954.6 

•=a••••~••••••••••••••••••••• .... • .... ••••••--••••••••••••••=••••••••••--.m1•••••••••••••••••••••••••••••=••••••• 

6-28 



TABLE 6.1.3-9. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR BRANCH UNITS I 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 

LOW 
HIGH 
NA 

YES 
2132, 

NA 
NA 
NA 
NA 
50 
59, 71 

--------

2191, 
NA 

1.13 
1. 58 
NA 

2652 

2723 

Units 1 and 2 have a long duct residence time. A high factor 
was assigned to· ESP upgrade because of the congestion around 
the ESPs for these units. 
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TABLE 6.1.3-10. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR BRANCH 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 (Fi) 

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 
LOW 
NA 

YES 
3833,3897 

NA 
NA 
NA 
NA 
50 
97,97 

3930,3995 
NA 

1.13 
1.16 
NA 

Units 3 and 4 have a long duct residence time. Room is 
available for ESP upgrade, hence a low factor was assigned. 
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Table 6.1.3·11. S1.11111ary of OSD/FSI Control Costs for the Branch Plant (June 1988 Ool lars) 

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

Nurber Retrofit Size Factor Sul fur i:ost Cost Cost Cost Removed Removed E f feet •. 
Difficulty (MW) '"> l:ontent ($1110 (S/kWl (SMIO cmil ls/kwh) '"> (tons/yr) CS/ton) 

Factor '">. 
---------------------------------··--·--------------------------------------------------------------------------

OSO+ESP 1 1.00 2SO 89 1.3 14.2 S6.7 9.9 s. 1 49.0 9S78 103S.7 
OSD+ESP 2 1.00. 319 n 1.3 1S.4 48.2 9.8 4.S 42.0 9170 1066.B 
OSD+ESP 3 1.00 481 69 1.3 19.6 40.6 13.3 4.6 49.0 14286 930.2 
OSO+ESP 4 1.00 490 6S 1.3 22.6 46.0 13.9 s.o 49.0 13710 1010.8 

OSO+ESP·C , 1.00 2SO 89 1.3 14.2 S6.7 S.7 2.9 49.0 9S78 600.0 
OSO+ESP·C 2 1.00 319 n 1 .3 1S.4 48.2 S.7 2.6 42.0 9170 618.7 
OSO+ESP·C 3 1. 00 481 69 1.3 19.6 40.6 7.7 2.6 49.0 14286 S39. 1 
OSO+ESP·C 4 1.00 490 6S 1.3 22.6 46.0 8.0 2.9 49.0 13710 S86.S 

FSl+ESP·SO 1 1.00 2SO 89 1.3 16.1 64.2 11. 1 S.7 so.o 9843 1131. 1 
FSl+ESP-50 2 1.00 319 TT 1.3 18.6 S8.4 12.3 S.7 50.0 10867 1131 .9 
F51+E5P·SO 3 1.00 481 69 1.3 18.6 38.6 14.S 5.0 so.o 14683 987.6 
F51+ESP·50 4 1.00 490 6S 1.3 24.2 49.4 15.7 5.6 50.0 14090 1113.9 

FSI+ESP·SO·C 1.00 2SO 89 1.3 16.1 64.2 6.S 3.3 so.a 9843 655.4 
F51+E5P·50·C 2 1.00 319 n 1.3 18.6 58.4 7.1 3.3 so.o 10867 6S6.2 
FSl+E5P·50·C 3 1.00 481 69 1 .3 18.6 38.6 8.4 2.9 so.a 14683 S71. s 
F51+ESP·50·C 4 1.00 490 65 1.3 24.2 49.4 9. 1 3.3 so.o 14090 64S.9 

FSI+ESP·70 1.00 2SO 89 1.3 16.2 64.9 11.3 5.8 70.0 13781 821.3 
FSl+ESP·70 2 1.00 319 n 1.3 18.8 . 58.8 12.5 5.8 70.0 ·1S213 821.2 
FSl+ESP-70 3 1.00 481 69 1.3 18.7 39.0 14.8 S.1 70.0 20SS6 718. 1 
FSI+ESP·70 4 1.00 490 65 1.3 24.4 49.7 15.9 5.7 70.0 19726 808.4 

FSl+ESP·70·C 1 1.00 250 89 1.3 16.2 64.9 6.6 3.4 70.0 13781 475.8 
FS!+ESP-70-C 2 1.00 319 TT 1 .3 18.8 58.8 7.2 3.4 70.0 15213 476.0 
FSl•ESP·70·C 3 1.00 481 69 1 .3 18.7 39.0 8.5 2.9 70.0 20556 41S.5 
FSI+ESP·70·C 4 1.00 490 6S 1.3 24.4 49.7 9.2 3.3 70.0 19726 468.7 

================================================================================================================ 
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6.1.4 Hammond Steam Plant 

The Hammond steam plant is located on the Coosa River in Floyd County, 
Georgia, and is part of the Georgia Power Company. The plant contains 
four coal-fired boilers with a total gross generating capacity of 800 MW. 

Table 6.1.4-1 presents operational data for the existing equipment at 
the Hammond plant. Coal shipments are received by railroad and conveyed to 
a coal storage and handling area west of the plant and adjacent to the 
river. PM emissions from boilers 1-3 are controlled by retrofit ESPs. 
Emissions from boiler 4 are controlled by an ESP installed at the time of 
construction. All four ESPs are located behind the boilers and flue gas is 
directed to two flues inside a common chimney. Three old chimneys are 
retired and left intact behind the units. Ash from the units is disposed of 
in ash ponds to the east and west of the plant. 

Lime/Limestone and Lime Spray Drying FGD Costs--
L/LS or LSD-FGD absorbers would be located behind the common chimney. 

The general facilities factor would be high (15 percent) because of the need 
to relocate storage buildings and roads. A low site access/congestion 
factor can then be assigned to the FGD absorber locations. Land across the 
road can be acquired for the storage and preparation areas. In the L/LS-FGD 
case, approximately 250 feet of ductwork would be required. For the LSD 
case, approximately 350 feet of ductwork would.be required. In both FGD 
cases, a low site access/congestion factor would be assigned to flue gas 
handling because of the easy access to the common stack. 

Because of the small size of the existing ESPs, LSD was only considered 
in conjunction with the use of new FFs. FFs would be located adjacent to 
the absorbers and similar site access/congestion factors would be assigned 
to their locations. 

Tables 6 .1. 4-2 and 6 .1. 4-3 give a summary of retrofit data for 
commercial FGD technologies. Table 6.1.4-4 presents the process area 
retrofit factors and capital/operating costs for commercial FGD 
technologies. The low cost option reduces capital/operating costs due to 
economy of scale and elimination of a spare absorber module. 
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TABLE 6 .1. 4-l. HAMMOND STEAM PLANT OPERATIONAL DATA 

BOILER NUMBER 
GENERATING CAPACITY {MW-each) 
CAPACITY FACTOR (PERCENT) 
INSTALLATION DATf 
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 

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 
OUTLfT .TEMPERATURE ( F) 

1, 2, 3 4 
100 500 
64,84,70 70 
1954,54,55 1970 
FRONT WALL OPPOSED WALL 
47.5 276.6 
NO NO 
1.7 1.7 
12500 12500 
9.7 9.7 

WET DISPOSAL 
PONDS/ON-SITE 

l 2 
RAILROAD 

ESP 
1971, 69' 69 1970 
NA NA 
98 98.4 

0.7 0.7 
69 .1 129.6 
420 803 
165 161 
320 320 
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TABLE 6.1.4-2. SUMMARY OF RETROFIT FACTOR DATA FOR HAMMOND 
UNITS 1-3 (EACH) 

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 
ESP REUSE 

(FEET) 100-300 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$) 938 NA NA 

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

OTHER NO NO NO 

RETROFIT FACTORS 

FGD SYSTEM 1. 27 NA 
ESP REUSE CASE NA 
BAGHOUSE CASE 1. 27 

ESP UPGRADE NA NA NA 
NEW BAGHOUSE NA NA 1.16 

GENERAL FACILITIES (PERCENT} 15 0 15 
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TABLE 6.1. 4-3. SUMMARY OF RETROFIT FACTOR DATA FOR HAMMOND UNIT 4 

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

SCOPE ADJUSTMENTS 

WET TO DRY YES NA NO 
ESTIMATED COST (1000$) 3968 NA 0 

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 1.27 

ESP UPGRADE NA NA NA 
NEW BAGHOUSE NA NA 1.16 

GENERAL FACILITIES (PERCENT} 15 0 15 
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Table 6.1.4-4. Sunnary of FGD Control Costs for the Hanrnond Plant (June 1988 Dollars) 

=========s===========================================================z========================================== 
Technology Boiler Hain Boiler Capacity Coal Capital Capital Annual Annual 502 S02 S02 Cost 

NLll'ber Retrofit Size Factor Sul fur cost Cost Cost cost Removed Removed Effect. 
Difficulty (Mii) (%) Content (SllM) (S/kW) (SllH) (mil ls/kwh) (%) (tons/yr) CS/ton) 

Factor (%) 

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

L/S FGO 1 1.27 100 64 1. 7 39.2 392.3 16.8 30.0 90.0 6603 2544.0 
L/S FGD 2 1.27 100 84 1. 7 39.2 392.5 17.9 24.4 90.0 8667 2069.1 
L/S FGO 3 1.27 100 70 1. 7 39.2 392.4 17.1 28.0 90.0 n22 2373.3 
L/S FGO 4 1.27 500 70 1. 7 100.2 200.5 47.8 15.6 90.0 36112 1322.3 
L/S FGD 1·3 1.27 300 73 1. 7 n.4 241.2 33.7 17.6 90.0 22596 1492.7 

L/S FGD-C 1 1.27 100 64 1.7 . 39.2 392.3 9.8 17 .5 90.0 6603 1484.2 
L/S FGD·C 2 1.27 100 84 1. 7 39.2 392.5 10.5 14.2 90.0 8667 1205.8 
L/S FGD-C 3 1.27 100 70 1. 7 39.2 392.4 10.0 16.3 90.0 n22 1384.1 
L/S FGO·C 4 1.27 500 70 1. 7 100.2 200.5 27.8 9. 1 90.0 36112 770.0 
l/S FGO-C 1-3 1.27 300 73 1. 7 n.4 241.2 19.6 10.2 90.0 22596 869.6 

LC FGO 1-4 1.27 800 71 1. 7 108.7 135.9 59.5 12.0 90.0 58605 1015.6 

LC FGO·C 1·4 1.27 800 71 1. 7 108.7 135.9 34.6 7.0 90.0 58605 590.2 

LSO+Ff 1 1.27 100 64 1.7 26.1 260.7 10.7 19.1 87.0 6347 1690.8 
LSO+ff 2 1.27 100 84 1.7 26.1 260.8 11.4 15.4 87.0 8330 1364.3 
LSO+FF 3 1.27 100 70 1. 7 26.1 260.7 10.9 17.8 87.0 6942 1sn.9 
LSD+FF 4 1.27 500 70 1. 7 93.7 187.5 36.7 12.0 87.0 34708 1058.6 
LSO+FF 1-3 1.27 300 73 1.7 63.4 211.4 24.9 13.0 87.0 21717 1148.4 

LSD+FF·C 1 1.27 100 64 1. 7 26.1 260.7 6.3 11.2 87.0 6347 987.1 
LSD+FF·C 2 1.27 100 84 1.7 26.1 260.8 6.6 9.0 87.0 8330 795.7 
LSO+FF·C 3 1.27 100 70 1.7 26. 1 260.7 6.4 10.4 87.0 6942 918.0 
LSO+FF·C 4 1 .27 500 70 1.7 93.7 187.5 21.5 7.0 87.0 34708 618.6 
LSD+FF ·C 1 ·3 1 .27 300 73 1.7 63.4 211.4 14.6 7.6 87.0 21717 671.0 

================================================================================================================ 
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Coal Switching and Physical Coal Cleaning Costs--
Table 6.1.4-~ presents the IAPCS cost results for CS at the Hammond 

plant. These costs do not include boiler and pulverizer operation 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--
The four boilers at the Hammond steam plant are wall-fired boilers 

rated at 100, 100, 100, and 500 MW, respectively. The combustion 
modification technique applied to all four boilers was LNB. Tables 6.1.4-6 
and 6.1.4-7 present the NOx performance and cost results of retrofitting LNB 
at the Hammond plant. 

Selective Catalytic Reduction--
Cold side SCR reactors would be located similarly behind the ESPs and 

chimneys. As in the FGD case, storage buildings and roads would have to be 
relocated to provide room for the reactors and a high general facilities 
value of 30 percent would be assigned to the location. However, after 
demolition, the SCR reactors would be located in an area with a low site 
access/congestion factor. About 250 feet of ductwork would be required. 
Tables 6.1.4-6 and 6.1.4-7 summarize the retrofit factors scope adders and 
estimated costs for retrofitting SCR at the Hammond plant. 

Duct Spray Drying and Furnace Sorbent Injection--
The retrofit of FSI and DSD technologies at the Hammond plant was not 

considered for any of the units. All the units have small SCAs (<170) and 
would not be able to handle additional particulate loading. 

Atmospheric Fluidized Bed Combustion and Coal Gasification Applicability--
Units 1-3 would be considered good candidates for repowering or 

retrofit because of the small boiler size and likely short remaining life. 
However, the capacity factors are high which might result in high 
replacement power cost for an extended downtime. Unit 4 is not a good 
candidate for repowering because of its large boiler size, high capacity 
factor, and longer remaining life. 
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Table 6.1.4-5. S<mnary of Coal Switching/Cleaning Costs for the Hanmond Plant CJune 19Ba Ool lars> 

===============·=========··=============•&••===··======··=============··======================================== 
Technology Boiler Main Boiler Capacity Coal Capital Capital Amual Annual S02 S02 S02 Cost 

NU!ber Retrofit Size Factor Sulfur cost Cost cost Cost Removed Removed Effect. 
o i ff i cul ty (Mii) (%) Content (SMM) (S/kW) (SMM) (mil ls/kwh) (%) (tons/yr) (S/ton) 

Factor (%) 

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

CS/B+S15 1 1.00 . 100 64 1. 7 4.7 46.7 8.7 15.5 45.0 3289 2644.7 
CS/B+S15 2 1.00 100 84 1. 7 4.7 46.7 11.1 15. 1 45.0 4317 2566.5 
CS/8+115 3 1.00 100 70 1. 7 4.7 46.7 9.4 15.3 45.0 3597 2616.5 
CS/8+S15 4 1 .00 500 70 1.7 18.7 37.4 44. 1 14.4 45.0 17986 2454. 1 

CS/B+S15-C , 1.00 100 64 1.7 4.7 46.7 5.0 8.9 45.0 3289 1521 .6 
CS/B+S15-C 2 1.00 100 84 1.7 4.7 46.7 6.4 8.7 45.0 4317 1475.3 
CS/B+S15-C 3 1 .00 100 70 1.7 4.7 46.7 5.4 8.8 45.0 3597 1504.9 
CS/B+S15-C 4 1 .00 500 70 1. 7 18.7 37.4 25.4 8.3 45.0 17986 1410.7 

CS/B+S5 1 1.00 100 64 1.7 3.6 36.4 3.9 6.9 45.0 3289 1181.5 
CS/B+S5 2 1 .00 100 84 1.7 3.6 36.4 4.8 6.5 45.0 4317 1116.5 
CS/B+S5 3 1.00 100 70 1.7 3.6 36.4 4.2 6.8 45.0 3597 1158. 1 
CS/B+S5 4 1.00 500 70 1.7 13.5 27.0 17.9 5.8 45.0 17986 995.7 

CS/B+S5-C 1 1.00 100 64 1. 7 3.6 36.4 2.2 4.0 45.0 3289 681.9 
CS/8+S5-C 2 1 .00 100 84 1.7 3.6 36.4 2.8 3.8 45.0 4317 643.4 
CS/B+S5-C 3 1.00 100 70 1. 7 3.6 36.4 2.4 3.9 45.0 3597 668.0 
CS/B+S5-C 4 1.00 500 70 1.7 13.5 27.0 10.3 3.4 45.0 17986 573.8 

===••••======•••••=======••======================================s====•=•============••=•===========•==••s•a••=s 
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TABLE 6.1.4-6. SUMMARY OF NOx RETROFIT RESULTS FOR HAMMOND 

• BOILER NUMBER 

COMBUSTION MODIFICATION RESULTS 

1,2,3 4 1-3 

FIRING TYPE .FWF FWF NA 

TYPE OF NOx CONTROL LNB LNB NA 

FURNACE VOLUME (1000 CU FT) 47.5 276.6 NA 

BOILER INSTALLATION DATE 1954 1970 NA 

SLAGGING PROBLEM NO NO NA 

ESTIMATED NOx REDUCTION (PERCENT) 33 38 NA 

SCR RETROFIT RESULTS 

SITE ACCESS AND CONGESTION 
FOR SCR REACTOR LOW LOW LOW 

SCOPE ADDER PARAMETERS--

Building Demolition (1000$) 0 0 ·a 

Ductwork Demolition (1000$) 27 90 62 

New Duct Length (Feet) 250 250 250 

New Duct Costs (1000$) 1239 3176 2356 

New Heat Exchanger (1000$) 1864 4895 3603 

TOTAL SCOPE ADDER COSTS (1000$) 3130 8161 6021 

RETROFIT FACTOR FOR SCR 1.16 1.16 l.16 

GENERAL FACILITIES (PERCENT) 30 30 30 
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Table 6.1.4·.7. NOx Control Cost Results for the Hamnon:! Plant (June 1988 Collars) 

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

LNC·LNB 
LNC·LNB 
LNC·LNB 
LNC·LNB 

LNC·LNB·C 
LNC·LNB·C 
LNC·LNB·C 
LNC·LNB·C 

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·7 
SCR·7 
SCR-7 
SCR-7 
SCR·7 

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

Boiler Hain Boiler Capacity Coal Capital Capital ArV'IUal 
Nuitler Retrofit Size Factor Sulfur Cast Cast Cast 

Difficulty (Miil (%) Content (SHM) CS/kW) (SllH> 

2 
3 
4 

2 
3 
4 

1 
2 
3 
4 
1·3 

1 
2 
3 
4 
1 ·3 

2 
3 
4 

1·3 

1 
2 
3 
4 
1 ·3 

Factor (%) 

1.00 
1.00 
1.00 
1.00 

1.00 
1 .DO 
1.00 
1.00 

1.16 
1.16 
1 .16 
1 .16 
1. 16 

1 .16 
, .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 

100 
100 
100 
500 

100 
100 
100 
500 

100 
100 
100 
500 
300 

100 
100 
100 
500 
300 

100 
100 
100 
500 
300 

100 
100 
100 
500 
300. 

64 
84 
70 
70 

64 
84 
70 
70 

64 
84 
70 
70 
73 

64 
84 
70 
70 
73 

64 
84 
70 
70 
73 

64 
84 
70 
70 
73 

1. 7 
1. 7 
1. 7 
1. 7 

1. 7 
1. 7 
1. 7 
1.7 

1.7 
1.7 
1.7 
1.7 
1. 7 

1. 7 
1.7 
1. 7 
1.7 
1.7 

1. 7 
1. 7 
1. 7 
1. 7 
1. 7 

1.7 
1.7 
1. 7 
1.7 
1.7 

2.6 
2.6 
2.6 
4.9 

2.6 
2.6 
2.6 
4.9 

19.7 
19.7 
19.7 
64.3 
43.9 

19.7 
19.7 
19. 7 . 
64.3 
43.9 

25.5 
25.5 
25.5 
9.7 

25.5 
25.5 
25.5 
9.7 

197.4 
197.4 
197.4 
128.7 
146.4 

197.4 
197.4 
197.4 
128.7 
146.4 

19.7 197.4 
19.7 
19.7 
64.3 
43.9 

19.7 
19.7 
19.7 
64.3 
43.9 
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197.4 
197.4 
128.7 
146.4 

197.4 
197.4 
197.4 
128.7 
146.4 

0.5 
0.5 
0.5 
1.0 

0.3 
0.3 
0.3 
0.6 

6.3 
6.5 
6.4 

23.5 
15.4 

3.7 
3.8 
3.7 

13.8 
9.0 

5.5 
5.7 
5.6 

19.5 
12.9 

3.3 
3.3 
3.3 

11.4 
7.6 

Amua l NOx NOx 
Cost Removed Removed 

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

1.0 
0.7 
0.9 
0.3 

0.6 
0.4 
0.5 
0.2 

11.3 
8.8 

10.4 
7.7 
8.0 

6.6 
5.2 
6.1 
4.5 
4.7 

9.9 
7.7 
9.1 
6.3 
6.7 

5.8 
4.5 
5.3 
3.7 
4.0 

33.0 
33.0 
33.0 
38.0 

33.0 
33.0 
33.0 
38.0 

80.0 
so.a 
80.0 
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 
so.a 

767 
1007 
839 

4830 

767 
1007 
839 

4830 

1859 
2440 
2034 

10167 
6362 

1859 
2440 
2034 

10167 
6362 

1859 
2440 
2034 

10167 
6362 

1859 
2440 
2034 

10167 
6362 

MOX Cost 
Effect. 
CS/ton) 

704.9 
537.1 
644.5 
213.0 

418.7 
319.0 
382.8 
126.6 

3413.2 
2656.2 
3140. 1 

2315.1 
2415.1 

2003.2 
1558. 1 
1842.6 
1354.8 
1414.6 

2973.9 
2321.5 
2738.4 
1913.5 
2029.9 

1751 .4 
1366.3 
1612.4 
1124. 7 
1194.0 



6.1.5 Jack McDonough Steam Plant 

The Jack McDonough plant is located wtthin Cobb County, Georgia, as 
part of the Georgia Power Company system. The plant, located directly south 
of the oil burning Atkinson power pl ant and west of the Chat t.ahoochee River, 
contains two coal-fired boilers and has a total gross generating capacity of 
490 MW. 

Table 6.1.5-1 presents operational data for the existing equipment at 
the Jack McDonough plant. Both boilers burn medium sulfur coal which is 
received by railroad and transferred to a coal storage and handling area 
northeast of the plant away from the river. 

PM emissions for the boilers are controlled with retrofit ESPs located 
behind each unit and stacked on top of each other. The plant has a wet fly 
ash handling system. Part of the fly ash is temporarily disposed of in an 
ash pond beside the coal pile while the rest is sold. Both units are served 
by a common chimney located behind the ESPs. 

Lime/Limestone and· Lime Spray Drying FGD Costs--
Absorbers for both units would be located east of the chimney beside 

the river. The limestone preparation, storage, and handling area would be 
located south of the coal pile and close to the railroad tracks. This would 
most likely enable the plant to receive the sorbent via existing railroad 
tracks. Some of the roads and a major part of the .storage building beside 
the chimney would be relocated; therefore, a factor of 15 percent ~as 
assigned to general facilities. The temporary waste handling area would be 
located close to the ash pond site. However, because of the limited space 
available, waste generated by the FGD absorbers would have to be deposited 
off-site in the same manner as the fly ash. 

The site beside the common chimney is surrounded by the river to the 
east, chimney to the west, storage building to the north, and office 
building and ESPs to the south. As such, a high site access/congestion 
factor was assigned to the FGD absorber locations. In addition to general 
facilities, 10 percent was added to the retrofit factor due to major 
demolitions and relocations which would be necessary. Short duct .runs of 
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TABLE 6.1.5-1. JACK McDONOUGH STEAM 'PLANT OPERATIONAL DATA 

BOILER NUMBER 
GENERATING CAPACITY (MW-each) 
CAPACITY FACTOR (PERCENT) 
INSTALLATION DATt 
FIRING TYPE 
FURNACE VOLUME (1000 CU FT) 
LOW NOx COMBUSTlON 
COAL SULFUR CONTENT (PERCENT) 
COAL HEATING VALUE (STU/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) 

65~LHQT~~~~~~u~~F~lF) 
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1, 2 
245 
71, 77 
1963,64 
TANG 
154.5 
NO 
2.5 
11800 
9.6 
WET DISPOSAL 
ON-SITE PONDS/SELL 
1 
RAILROAD 

ESP 
1972 
0.04 
99.0 

2.0 
209.3 
1000 
209 
300 



150 feet would be required for L/LS-FGD cases because absorbers were placed 
immediately behind the chimneys. 

LSD with reu~e of the existing ESPs was not considered for this plant 
because the ESPs are small and are located in a very high site/access 
congestion area. The ESPs would probably require major upgrades and plate 
area ~dditions to handle the increased PMs generated from the LSD 
application. LSD with a new baghouse was 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 6.1.5~2. Table 6.1.5-3 presents the 
capital and operating cost estimates for commercial FGD technologies. The 
low ·cost FGD case shows the effect of a combined system (economy of scale), 
no spare absorber modules and large absorber modules. 

Coal Switching and Physical Coal Cleaning Costs--
Table 6.1.5-4 presents the IAPCS cost results for CS at the Jack 

McDonough plant. These costs do not include boiler and pulverizer operating 
cost change or any system modifications that may be necessary to blend coal. 
Pct was not evaluated because this is not a.mine mouth pl~nt. 

Low NOx Combustion--
Units 1 through 2 are dry bottom, tangential-fired boilers rated at 

245 MW each. The combustion modification technique applied to both boilers 
was OFA. Tables 6.1.5-5 and 6.1.5-6 present the NOx performance and cost 
results of retrofitting OFA at the Jack McDonough plant. A high NOx 
reduction performance was estimated based on the relatively low volumetric 
heat release rate. 

Selective Catalytic Reduction--
Cold side SCR reactors would be located immediately beside the common 

chimney in an area having high site congestion and high underground 
obstruction factors. The SCR reactors were located close to the chimney 
and, as such, a short duct run of 200 feet was required. Some of the plant 
roads and storage buildings would be relocated; therefore, a factor of 
30 percent was assigned to general facilities. 
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TABLE 6.1.5-2. SUMMARY OF RETROFIT FACTOR DATA FOR JACK McDONOUGH 
UNIT 1 OR 2 

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 YES NA NA 
ESTIMATED COST (1000$) 2093 NA NA 

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

OTHER YES 

RETROFIT FACTORS 

FGD SYSTEM l. 70 NA 
ESP REUSE CASE NA 
BAGHOUSE CASE NA 

ESP UPGRADE NA NA NA 
NEW BAGHOUSE NA NA NA 

GENERAL FACILITIES {PERCENTl 15 0 0 
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Table 6.1.5·3. S<A1111Bry of FCD Control Costs for the Jack McDooough Plant (June 1988 Dollars) 

================================================================================================================ 
Technology Boi Ler Main Boiler Capacity Coal Capital Capital Amual Annual S02 S02 S02 Cost 

NU!tler Retrof,i t size Factor Sul fur Cost cost Cost Cost Removed Removed Effect. 
Difficulty (Mii) (%) Content CSMM) (S/kll) CSMM) (mil ls/kwh) (%) (tons/yr) CS/ton) 

Factor (%) 

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

L/S FGD 1,2 1. 70 245 74 2.5 86.5 '353.2 38.4 24.2 90.0 29390 1306.0 
L/S FGO 1-2 1. 70 490 74 2.5 133.5 2n.4 62.2 19.6 90.0 58780 1058.0 

L/S FCD·C 1,2 1. 70 245 74 2.5 86.5 353.2 22.4 14.1 90.0 29390 761.5 
L/S FCD·C 1 ·2 1. 70 490 74 2.5 133.5 2n.4 36.2 11.4 90.0 58780 616.4 

LC FCD 1·2 1. 70 490 74 2.5 101.6 207.3 52.5 16.5 90.0 58730 392.4 

LC FCD·C 1·2 1. 70 490 74 2.5 101.6 207.3 30.5 9.6 90.0 58780 519.0 

=====••••=•••••••z•••••=••••••==••======•======================================================================= 
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Table 6.1.5·4. Sunnary of coal Switching/Cleaning Costs for the Jack McDonough Plant (June 1988 Dollars) 

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

Ni.nt>er Retrofit Size Factor Sul fur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (MW) (%) Content CSHMl (S/lr.W) (SHM) (mill s/kwh J (%) (tons/yr) ($/ton) 

Factor (%) 

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

CS/B+S15 1.00 245 71 2.5 8.6' 35.0 21.9 14.4 65.0 20329 1076.4 
CS/B+S15 2 1.00 245 77 2.5 8.6 35.0 23.6 14.3 65.0 22047 1069.2 

CS/B+S15·C 1 1.00 245 71 2.5 8.6 35.0 12.6 8.3 65.D 20329 618.6 
CS/B+S15·C 2 1.00 245 77 2.5 8.6 35.0 13.5 8.2 65.0 22047 614.4 

CS/B+S5 1 1.00 245 71 2.5 6.0 24.6 8.9 5.8 65.0 20329 435.4 
CS/B+S5 2 1.00 245 77 2.5 6.0 24.6 9.5 5.7 65.0 22047 429.9 

CS/B+S5·C 1 1.00 245 71 2.5 6.0 24.6 5.1 3.3 65.0 20329 250.8 
CS/B+S5·C 2 1.00 245 77 2.5 6.0 24.6 5.5 3.3 65.0 22047 247.6 

================================================================================================================ 
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TABLE 6.1.5-5. SUMMARY OF NOx RETROFIT RESULTS FOR JACK McDONOUGH 

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 
INDIVIDUAL 

RETROFIT FACTOR FOR SCR 

GENERAL FACILITIES (PERCENT) 

BOILER NUMBER 

6-47 

1, 2 

TANG 

OFA 

154.5 

1963 

NO 

25 

HIGH 

0 

89 

200 

2511 

4836 

7436 
4918 

1.52 

30 



Table 6. 1 .5-6. NCx Control Cost Results for the Jack McDonough Plant (June 1988 Dol larsl 

================================================================================================================ 
Technology Boiler Main Boiler Capacity Coal capital Capital Annual Annual NOX NOX NCx Cost 

NU!i)er Retrofit Size Factor Sulfur cast Cost cast Cost Removed Removed Effect. 
Difficulty (M'.I) (%) Content ($MM) (S/k.W) ($MM) (mil ls/kwh) (%) (tons/yr) (S/ton) 

Factor (%) 

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

LNC·OFA 1 1.00 245 71 2.5 0.9 3.6 0.2 0. 1 25.0 1205 155.7 
LNC-OFA 2 1.00 245 n 2.5 0.9 3.6 0.2 0.1 25.0 1307 143.5 

LNC·OFA· C 1 1.00 245 71 2.5 0.9 3.6 0.1 0.1 25.0 1205 92.5 
LNC·OFA·C 2 1.00 245 n 2.5 0.9 3.6 o. 1 0.1 25.0 1307 85.3 

SCR·3 1, 2 1.52 245 .74 2.5 43.4 1n.1 14.3 9.0 80.0 4019 3559.4 
SCR·3 1·2 1.52 490 74 2.5 74.0 151.0 25.5 8.0 80.0 8038 3176.4 

SCR·3·C 1,2 1.52 245 74 2.5 43.4 1n.1 8.4 5.3 80.0 4019 2087.7 
SCR·3·C 1·2 1 .52 490 74 2.5 74.0 151.0 15.0 4.7 80.0 8038 1861.1 

SCR·7 1,2 1.52 245 74 2.5 43.4 1n.1 12.3 7.7 80.0 4019 3057.2 
SCR·7 1 ·2 1.52 490 74 2.5 74.0 151.0 21.5 6.8 80.0 8038 2674. 2 

SCR·7·C 1,2 1.52 245 74 2.5 43.4 1n.1 7.2 4.6 80.0 4019 1800.0 
SCR·7·C 1·2 1.52 490 74 2.5 74.0 151.0 12.6 4.0 80.0 8038 1573.4 

==============~======•s====••===~m••====••======••=====••~===~=•================================================ 
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Table 6.1.5-5 presents the SCR retrofit results which include process 
area retrofit factors and scope adder costs. Table 6.1.5-6 presents the 
estimated cost of retrofitting SCR at the Jack McDonough boilers. 

Duct Spray Drying and Furnace Sorbent Injection~-

The retrofit of FSI and DSD technologies at the Jack McDonough steam 
plant for both units would be difficult because ESPs have small SCAs (<210) 
and probably would not be able to handle the increased PM without a major 
ESP upgrade and/or plate area addition. However, long duct residence time 
between the boilers and ESPs would be sufficient for humidification (FSI 
application) or sorbent evaporation {DSD application). As a result, FS! and 
DSD technologies were considered for this plant. A high site access/ 
congestion factor was assigned for upgrading the ESPs and adding plate area 
due to space lim~tation arou~d the ESPs. 

Table 6.1.5-7 presents a summary of the site access/congestion factors 
for FSI and DSD technologies at the Jack McDonough steam plant. 
Table 6.1.5-8 presents the costs estimated to retrofit sorbent injection 
technologies at the Jack McDonough 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 Jack McDonough plant. Both units would be considered 

·good candidates for repowering or retrofit because of their small boiler 
sizes. However, the high unit capacity factors could result in significant 
replacement power costs. 
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TABLE 6.1.5-7. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR JACK McDONOUGH UNIT 1 OR 2 

ITEM 

SITE ACCESS/CONGESTION 

REAGENT PREPARATION 
ESP UPGRADE 
NEW BAGHOUSE 

SCOPE ADDERS 

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

ADDITIONAL DUCT WORK (FT) 
NEW BAGHOUSE CASE 
ESTIMATED COST (1000$) 
ESP REUSE CASE 
ESTIMATED COST (1000$) 

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

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

RETROFIT FACTORS 

CONTROL SYSTEM (DSD SYSTEM ONLY) 
ESP UPGRADE 
NEW BAGHOUSE 

6-50 

MEDIUM 
HIGH 
NA 

YES 
2093 

NA 
NA 
NA 
NA 
50 
59 

2152 
NA 

1.25 
1. 5a· 
NA 



Table 6.1.5-8. SLl!ll\ary of DSD/FSI Control Cost& for the Jack McDonough Plant (June 1988 Dollars) 

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

N<inber Retrofit Size Factor Sul fur cost Cost Cost Cost Removed Removed Effect. 
Difficulty (Mii) (%) Content (~) (S/kll) (SHM) <mil ls/kwh) (%) (tons/yr> CS/ton) 

Factor (%) 

····--··········------------------------················-····------------------------------------------------··· 
OSD+E5P 1 1.00 245 71 2.5 18.7 76.4 12.6 8.3 49.0 15243 825. 1 
OSD+E5P 2 1.00. 245 77 2.5 18.7 76.4 13. 1 7.9 49.0 16531 790.4 

OSD+ESP-C 1 1.00 245 71 2.5 18.7 76.4 7.3 4.8 49.0 15243 478.2 
OSD+ESP-C 2 1.00 245 77 2.5 18.7 76.4 7.6 4.6 49.0 16531 458.0 

FSl+ESP-50 1 1.00 245 71 2.5 19.3 78.7 15.3 10.0 50.0 15666 974.3 
FSl+ESP·50 2 1.00 245 77 2.5 19.3 78.7 16.1 9.7 50.0 16990 946.7 

FSl+ESP·50-C 1.00 245 71 2.5 19.3 78.7 8.8 5.8 50.0 15666 563.7 
FSl+ESP·50-C 2 1.00 245 77 2.5 19.3 78.7 9.3 5.6 50.0 16990 547.5 

FSl+ESP-70 1 1.00 245 71 2.5 19.5 79.5 15.5 10.2 70.0 21932 708.7 
FSl+E5P·70 2 1.00 245 77 2.5 19.5 79.S 16.4 9.9 70.0 23785 688.B 

FSl+E5P-70-C 1 1.00 245 71 2.5 19.5 79.5 9.0 5.9 70.0 21932 410.0 
FSl+ESP-70-C 2 1.00 245 77 2.5 19.5 79.5 9.5 5.7 70.0 23785 398.3 

================================================================================================================ 
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6.1.6 Mitchell Steam Plant 

The Mitchell Steam Plant is located in Dougherty County, Georgia, as 
part of the Georgia Power Company system. The plant contains three 
coal-fired boilers with a total gross generating capacity of 202 MW. 
Tables 6.1.6-1 through 6.1.6-8 summarize the plant operational data and 
present the so2 and NOx control cost and performance estimates. 

TABLE 6.1.6-1. MITCHELL STEAM PLANT OPERATIONAL DATA* 

BOILER NUMBER 
GENERATING CAPACITY (MW-each) 
CAPACITY FACTOR (PERCENT) 
INSTALLATION DATE 
FIRING TYPE 
FURNACE VOLUME (1000 CU FT) 
LOW NOx COMBUSTlON 
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 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 
23 
20 
1948,49 

FRONT WALL 
NA 
NO 

1.3 
·12300 

9.5 

3 
156 
68 
1964 
TANGENTIAL 
91.8 
NO 

WET DISPOSAL 
POND/ON-SITE 

1 
RAILROAD 

ESP ESP 
1975 1964 
0.01 0.01 
99.5 99.5 

1.0 1.0 
28.5 103.7 
128.4 NA 
222 NA 
299 299 

*Some information was obtained from plant personnel. 
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TABLE 6.1.6-2. SUMMARY OF RETROFIT FACTOR DATA FOR MITCHELL 
UNITS 1-3 * 

FGD TECHNOLOGY 

FORCED LIME 
L[LS FGD OXIDATION SPRAY DRYING 

SITE ACCESS[CONGESTION 

S02 REMOVAL LOW NA LOW 
FLUE GAS HANDLING LOW NA 

ESP REUSE CASE NA 
BAGHOUSE CASE LOW 

DUCT WORK DISTANCE (FEET) 100-300 NA 
ESP REUSE 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$) . 1761 NA NA 

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

OTHER NO NO 

RETROFIT FACTORS 

FGD SYSTEM 1.27 NA 
ESP REUSE CASE NA 
BAGHOUSE CASE 1.16 

ESP UPGRADE NA NA NA 
NEW BAGHOUSE NA NA 1.16 

GENERAL FACILITIES (PERCENT) 8 0 8 

* Absorbers and new FFs for units 1-3 combined would be 
located east of the common chimney. 
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Table 6.1.6-3. SLmnary of FGO Control Costs for the Mitchell Plant CJ<11e 1988 Dollars) 

=====================================================================================•••••••z•••=••z========••== 
Technology Boiler Main Boiler Capacity Coal Capital Capital Amual Amual 502 S02 502 Cost 

N<iriler Retrofit Size Factor Sulfur Cost Cost c'ast Cost Removed Removed Effect. 
Difficulty (MW) (Xl Content (Sl!M) (S/kW) (SMID (mi lls/kwh> (X) (tons/yr) (S/ton) 

Factor <X> 
----------------------------------------------·-·········----------------------------------------------········· 

L/S FGD , ·3 1.27 202 57 , .3 54 .5 269.8 23.3 23. 1 90.0 9Z54 2521.4 

L/S FGD-C 1·3 1 .27 202 57 1.3 54.5 269.8 13.6 13.5 90.0 9254 1471.0 

LC FGD 1·3 1.27 202 57 1.3 37.3 184.4 18.1 17.9 90.0 9254 1954.4 

LC FGO·C 1-3 1.27 202 57 1.3 37.3 184.4 10.5 10.4 90.0 9254 1137 .8 

LSO+FF 1-3 1.16 202 57 1.3 41.8 207. 1 15.7 15.6 87;0 8894 1770.2 

LSD+FF·C 1-3 1.16 202 57 1.3 41.8 207.1 9.2 9.1 87.0 8894 1035.3 

==============•••=========================================================••••••••m==~•==~====================== 
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Table 6.1.6·4. Slm!lary of Coal Switching/Cleaning Costs for the Mitchell Plant (June 1988 Dol larsl 

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

Nurber Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty CMll) CX> Content (SMM) CS/klll (SMM) (mill S/kwh) CX> C tons/yr> CS/ton) 

Factor CX) 
·------------------··-------------------------------------------------------------------------------------------

CS/B+S15 , ,2 1.00 23 20 1.3 , .6 68.8. 1.0 25.7 29.0 120 8633.9 
CS/B+S15 3 1 .oo 156 68 1.3 6. 1 38.8 13.7 14.8 29.0 2764 4971.3 

CS/B+S15-C 1,2 1 .00 23 20 1.3 i.6 68.8 0.6 14.9 29.0 120 5005.8 
CS/B+S15·C 3 1.00 156 68 1.3 6. 1 38.8 7.9 8.5 29.0 2764 2858.0 

CS/8+$5 1,2 1.00 23 20 1 .3 1.3 58.4 0.7 16.4 29.0 120 5508.1 
CS/B+S5 3 1 .00 156 68 , .3 4.4 28.4 5.8 6.2 29.0 2764 2091.6 

CS/B+S5-C , ,2 1.00 23 20 , .3 1. 3 58.4 0.4 9.5 29.0 120 3205.9 
CS/8+S5·C 3 1.00 156 68 1.3 4.4 28.4 3.3 3.6 29.0 2764 1205.5 

, ===============s•===========s•=••==========•s=•==========•====================================================== 
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a 
TABLE 6.1.6-5. SUMMARY OF NOx RETROFIT RESULTS FOR MITCHELL 

BOILER NUMBER 

COMBUSTION MODIFICATION RESULTS 

3 1-3 

FIRING TYPE TANG NA 

TYPE OF NOx CONTROL OFA NA 

FURNACE VOLUME (1000 CU FT) 91.8 NA 

BOILER INSTALLATION DATE 1964 NA 

SLAGGING PROBLEM NO NA 

ESTIMATED NOx REDUCTION (PERCENT) 25 NA 

SCR RETROFIT RESULTS * 

SITE ACCESS AND CONGESTION 
FOR SCR REACTOR NA LOW 

SCOPE ADDER PARAMETERS--

Building Demolition (1000$) NA 0 

Ductwork Demolition (1000$) NA 46 

New Duct Length (Feet) NA 200 

New Duct Costs (1000$) NA 1495 

New Heat Exchanger (1000$) NA 2842 

TOTAL SCOPE ADDER COSTS (1000$) NA 4383 

RETROFIT FACTOR FOR SCR NA 1.16 

GENERAL FACILITIES {PERCENT} NA 20 

a Units I and 2 were considered to be too small for LNBs. 
* Cold side SCR reactors for units 1-3 -combined would be located 

east of the common chimney. 
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Table 6.1.6-6. NOx Control Cost Results for ·the Hi tehel l Plant (J..-.e 1988 Dollars> 

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

Technology Soi ler Hain Boiler Capacity Coal Capital Capital Amua l Amual NOx NOx NOx Cost 
Ncrrber Retrofit Size Fae tor Sulfur Cost cost Cost Cost Removed Removed Effect. 

Difficulty (llW) (%) Content CSMM) ($/kW) ($MM) (mil ls/kwh) (%) (tons/yr) (S/ton) 
Fae tor (%) 

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

LNC·OFA 3 1.00 156 68 1.3 0.7 4.7 0.2 0.2 25.0 701 2Z3.5 

LNC·OFA-C 3 1.00 156 68 1.3 0.7 4.7 0. 1 0.1 25.0 701 132.7. 

SCR·3 1 ·3 1. 16 202 61 1.3 30.8 152.6 10.5 9.8 so.a 3646 2891.4 

SCR·3·C 1·3 1.16 202 61 1.3 30.8 152.6 6.2 5.7 80.0 3646 1694.5 

SCR-7 1-3 1. 16 202 61 1.3 30.8 152.6 8.9 8.2 so.a 3646 2437.$ 

SCR-7-C 1-3 1. 16 202 61 1 .3 30.8 152.6 5.2 4.8 so.a 3646 1434.6 

================================================================================================================ 
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TABLE 6.1.6-7. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR MITCHELL UNIT 1 OR 2 

ITEM 

SITE ACCESS/CONGESTION 

REAGENT PREPARATION 
ESP UPGRADE 
NEW BAGHOUSE 

SCOPE ADDERS 

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

ADDITIONAL DUCT WORK (FT) 
NEW BAGHOUSE CASE 
ESTIMATED COST (1000$) 
ESP REUSE CASE 
ESTIMATED COST (1000$) 

DUCT DEMOLITION LENGTH (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 
HIGH 
NA 

YES 
251 

NA 
NA 
NA 
NA 
50 
10 

261 
NA 

1.13 
1.58 
NA 

Long duct residence time exists between boilers I and 2 and 
thei~ retrofit ESPs. A high factor was assigned to ESP 
upgrade. Unit 3 was not a candidate foi FSI or DSD because 

. of the inadequate size of the unit 3 ESPs. 
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Table 6.1.6·8. SU11TTiary of DSD/FSI Control Costs for tne Mi tcnell Plant (June 1988 Ool lars) 

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

Technology Boiler Main Boiler Capacity Coal Capital Capital Annual Annual S02 502 S02 Cost 
Humber Retrofit Size Factor Sulfur Cost Cost Cost cost Removed Removed Effect. 

Difficulty CMll) (%) Content (SHH) ($/kll) (SMMJ (mi lls/kwhJ (%) (tons/yr) (I/ton) 
Factor (%) 

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

DSD•ESP 1,2 1.00 23 20 1.3 3.6 155.9 3.1 77.0 49.0 200 15521.7 

DSO+ESP·C 1, 2 1. 00 23 20 1.3 3.6 155.9 1.8 44.5 49.0 200 8973.5 

FSI+ESP-50 1, 2 1. 00 23 20 1.3 4.4 192.9 2.3 56.2 50.0 205 11026.2 

FSI+ESP·SO·C 1, 2 1.00 23 20 1.3 4.4 192.9 1.3 32.7 50.0 205 6414.3 

FSI+ESP-70 1, 2 1.00 23 20 1.3 4.5 195 .4 2.3 56.6 70.0 288 7935.l 

FSI+ESP·70·C 1,2 1. 00 23 20 1.3 4.5 195 .4 1.3 32.9 70.0 288 4616.4 

================================================================================================================ 
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6.1.7 Robert W. Scherer Steam Plant 

The Robert W. Scherer steam plant is located on Lake Juliette in Monroe 
County, Georgia,· and is operated by the Georgia Power Company. The Scherer 
plant has four coal-fired boilers with a gross generating capacity of 
3,564 MW. Unit 3 is operating under test conditionr and unit 4 is planned 
for start-up in_l989. A 1982 aerial photograph was used in evaluating this 
plant and units 3 and 4 were_absent. However, in this report units 3 and 4 
will be included under the assumption that the units are situated north of 
unit 2 in a similar layout as ~nits 1 and 2. 

Table 6.1.7-1 presents the operational data for the existing equipment 
at the Scherer plant. Coal shipments are received by railroad and 
transferred to a coal storage and handling area east of the plant. PM 
emissions from the boilers are controlled by ESPs installed at the time the 
boilers were constructed. Units 1 and 2 have hot side ESPs, while units 3 

and 4 have cold side ESPs. The ESPs are located behind the boilers. Flue 
gases from units 1 and 2 are directed to s~parate stacks within a common 
chimney, located behind the ESPs for those units. Units 3 and 4 have their 
own chimney located behind their respective ESPs. Since units 3 and 4 are 
1979 NSPS boilers, it was assumed that both boilers are equipped with FGD 
systems and are not considered for further so2 scrubbing. 

Lime/Limestone and Lime Spray Drying FGD Costs--
L/LS-FGD absorbers for units 1 and 2 would be located behind their 

common chimney. The site access/congestion factor for both locations would 
be low. No major relocations/demolitions would be required for installation 
of the absorbers; therefore, all locations were assigned a low 5 percent to 
general facilities. Ductwork of 100 to 300 feet would be required for both 
units. The site access/congestion factor assigned to flue gas handling was 
low. 

Since units 1 and 2 have hot side ESPs, LSD with reuse of the existing 
ESPs was not possible. Therefore, LSD with a new baghouse was considered 
for units 1 and 2. The LSD absorbers would have a similar location as the -
wet FGD absorbers, behind the common chimney, with a low site access/ 
congestion factor and a low general facility value of 5 percent. The new 
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.· TABLE 6 .1. 7-1. SCHERER 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 (STU/LB) 
COAL ASH CONTENT (PERCENT) 
FLY ASH SYSTEM 
ASH DISPOSAL METHOD 
STACK NUMBER 

COAL DELIVERY METHODS 

PARTICULATE CONTROL 

TYPE 
INSTALLATION DATE 

· EM I SS ION (LB/MM BTU) 
REMOVAL EFFICIENCY 
DESIGN SPECIFICATION 

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

1,2,3,4 
891 
24,35,65,65 * 
1982,84,87,89 
TANGENTIAL 
NA 
NO 
0.6 
12700 
8.9 
WET DISPOSAL 
PONDS/ON-SITE 
1,2,3,4 (1,2 WITHIN 

ONE CHIMNEY) 
RAILROAD . 

ESP 
1982,84,87,89 
0.03,0.02,0.01,NA 
99.6,99.6,99.9,NA 

0.6 
1804,1804,1361,1361 
5924,5924,3253,3253 
305,305,418,418 
824,824,247,247 

*'tapac1ty factors for un1ts 3 and 4 are assumed as 65 percent 
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FFs would be located adjacent to the LSD absorbers. A duct length of 100 to 
300 feet would be required. A low site access/congestion factor was 
assigned to flue gas handling. 

Tables 6.1.7-2 presents the retrofit factor input to the IAPCS model. 
However, the costs are not presented since the Scherer plant is burning a 
low sulfur compliance coal. 

Coal Switching and Physical Coal Cleaning Costs--
The boilers at the Scherer plant are currently burning a low sulfur 

coal; therefore, CS and PCC were not considered for this plant. 

NOx Control Technologies--
The boilers at the Scherer plant are already meeting 1979 NSPS NOx 

emissions and were not considered. 

Selective Catalytic Reduction-
Hot side SCR reactors would be located behind the common chimney for 

units I and 2 and cold side reactors would be located behind the respective 
chimney for units 3 and 4. As in the FGD case, low site access/congestion 
factors and low general facility values (13 percent) were assigned to the 
reactor locations. For each unit, approximately 250 feet.of duct would be 
required to span the distance between the SCR reactors and the chimney. The 
site access/congestion factor for flue gas handling was 1 ow for a 11 uni ts. 
Tables 6.l.7-3 and 6.l.7-4 present the NOx performance and cost estimates 
for installation of SCR at the Scherer plant. 

Furnace Sorbent Injection and Duct Spray Drying FGD Costs--
Sorbent injection technologies (FSI and DSD) were not considered for 

unit I and 2 since they are equipped with hot side ESPs. 

Atmospheric Fluidized Bed Combustion and Coal Gas~ficati~n Ap~licability-­

All boilers at the Scherer plant are too large and have a long remaining 
useful life; therefore, should not be considered for AFBC/CG technologies. 
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TABLE 6.1.7-2. SUMMARY OF RETROFIT FACTOR DATA FOR SCHERER 
UNIT 1 OR 2 

FGD TECHNOLOGY 

FORCED LIME 
LLLS FGD OXIDATION SPRAY DRYING 

SITE ACCESS[CONGESTION 

S02 REMOVAL LOW NA LOW 
FLUE GAS HANDLING LOW NA 

ESP REUSE CASE 
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 
EST I MATED COST (1000$) 6661 NA NA 

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

OTHER NO NO 

RETROFIT FACTORS 

FGD SYSTEM 1.27 NA 
ESP REUSE CASE NA 
BAGHOUSE CASE 1.16 

ESP UPGRADE NA NA NA 
NEW BAGHOUSE NA NA 1.16 

GENERAL FACILITIES (PERCENT} 5 0 5 
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TABLE 6.1.7-3. SUMMARY OF NOx RETROFIT RESULTS FOR SCHERER 

BOILER NUMBER 

COMBUSTION MODIFICATION RESULTS 

1,2 3,4 

FIRING TYPE TANG TANG 

TYPE OF NOx CONTROL OFA OFA 

FURNACE VOLUME (1000 CU FT) NA NA 

BOILER INSTALLATION DATE 1982,84 1987,89 

SLAGGING PROBLEM NA NA 

ESTIMATED NOx REDUCTION (PERCENT) NA NA 

. SCR RETROFIT RESULTS 

SITE ACCESS AND CONGESTION 
FOR SCR REACTOR LOW LOW 

SCOPE ADDER PARAMETERS--

Building Demolition (1000$) 0 0 

Ductwork Demolition (1000$) 139 139 

New Duct Length (Feet) 250 250 

New Duct Costs (1000$) 4453 4453 

New Heat Exchanger {1000$) 0 6924 

TOTAL SCOPE ADDER COSTS (1000$) 
INDIVIDUAL CASE . 4592 11516 
COMBINED CASE 6915 17409 

RETROFIT FACTOR FOR SCR 1.16 1.16 

GENERAL FACILITIES {PERCENT) 13 13 
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Table 6. 1. 7-4. NOx Control Cost Results for the Scherer Plant (J~ 1988 Dollars> 

======================================================·=======······============================================ 
Technology Boiler Main Boiler tapacity Coal Capital Capital Amual Amual NOx NOx NOx Cost 

Nli!Der Retrofit Size Factor Sul fur Cost cost Cost cost Removed Removed Effect. 
Difficulty CMWl c:u Content (SMll) (S/kll) (SMM) (mills/kwh> CX> (tons/yr) (S/tonl 

Factor <X> 
------------------------------------------------------·---------------------------------------------------------

SCR-3 1 1.16 891 24 0.6 102.2 114. 7 36.6 19.5 80.0 4357 8389.7 
SCR-3 2 1.16 891 35 0.6 102.3 114.8 37.0 13.5 80.0 6354 5822.8 
SCR·3 3 1, 16 891 65 0.6 100.8 113.1 37.7 7.4 80.0 11800 3191.3 . 
SCR-3 4 1.16 891 65 0.6 100.8 113. 1 37.7 7.4 80.0 11800 3191 .3 
SCR-3 1-2 1. 16 1782 30 0.6 196.6 110.3 71.6 15.3 80.0 10893 6577.7 
SCR-3 3-4 1.16 1782 65 0.6 190. 1 106.7 72.8 7.2 80.0 23601 3082.6 

SCR-3-C 1 1.16 891 24 0.6 102.2 114.7 21.4 11.4 80.0 4357 4911.9 
SCR-3-C 2 1. 16 891 35 0.6 102.3 114.8 21.7 7.9 80.0 6354 3408.3 
SCR·3·C 3 1. 16 891 65 0.6 100.8 113. 1 22.0 4.3 80.0 11800 1866. 7 
SCR·3·C 4 1.16 891 65 0.6 100.8 113.1 22.0 4.3 80.0 11800 1866.7 
SCR-3-C 1-2 1. 16 1782 30 0.6 196.6 110.3 41.9 9.0 80.0 10893 3849.5 
SCR-3-C 3-4 1. 16 1782 65 0.6 190. 1 106.7 42.5 4.2 80.0 23601 1802.3 

SCR-7 1 1. 16 891 24 0.6 102.2 114. 7 29.3 15.6 80.0 4357 6723.2 
SCR-7 2 1.16 891 35 0.6 102.3 114.8 29.7 10.9 80.0 6354 4680.2 
SCR·7 3 1. 16 891 65 0.6 100.8 113. 1 30.4 6.0 80.0 11800 2576.0 
SCR·7 4 1. 16 891 65 0.6 100.8 113.1 30.4 6.0 80.0 11800 2576.0 
SCR·7 1-2 1. 16 1782 30 0.6 196.6 110.3 57 .1 12.2 80.0 10893 5244.6 
SCR-7 3-4 1. 16 1782 65 0.6 190.1 106.7 58.2 5.7 80.0 23601 2467.4 

SCR-7-C 1 1 .16 891 24 0.6 102.2 114.7 17.2 9.2 80.0 4357 3957.2 
SCR-7-C 2 1. 16 891 35 0.6 102.3 114.8 17.5 6.4 80.0 6354 2753.6 
SCR-7-C 3 1.16 891 65 0.6 100.8 113. 1 17.9 3.5 80.0 11800 1514.2 
SCR· 7·C 4 1.16 891 65 0.6 100.8 113.1 17.9 3.5 80.D 11800 1514.2 
SCR-7-C 1-2 1. 16 1782 30 0.6 196.6 110.3 33.6 7.2 80.0 10893 3085.7 
SCR-7-C 3-4 1.16 1782 65 0.6 190. 1 106. 7 34.2 3.4 80.D 23601 1449.8 

==================================================================================·============================= 
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6.1.8 Wansley Steam Plant 

The Wansley steam plant is located within Heard County, Georgia, and is 
a part of the Georgia Power Company system. Situated in the western central 
part of the state, approximately 40 miles to the southeast of Atlanta, the 
plant site is located alongside the Chattahoochie River. To the northwest 
of the plant site is a man-made lake. The plant contains two coal-fired 
boilers with a total gross generating capacity of l, 730 MW. 

Table 6.1.8-1 .presents the operational data for the existing equipment 
at the Wansley plant. The boilers burn a medium sulfur coal. Coal 
shipments are received by railroad and transferred to a coal storage and 
handling area located to the northwest of the plant site between the 
powerhouse and the man-made lake. 

PM emissions for the boilers are controlled with ESPs located behind 
each unit .. The plant has a wet fly ash handling system. Approximately 
one-third of the fly ash is removed from the plant site through paid 
disposal. The remaining fly ash is conveyed through sluice lines to a 
disposal site located beside the man-made lake to the northwest. Units 
and 2 are served by separate flues within a common chimney. The fa 11 owing 
evaluation is based on a 1981 aerial photog~aph, and any alterations made to 
the plant layout since this time should be taken into consideration. 

Lime/Limestone and Lime Spray Drying FGD Costs--
The two boilers are located beside-each other with the chimney located 

midway between the units and behind the ESPs. Limited space exists between 
the two coal conveyors for placement of the FGD absorbers. The area to the 

·east of the plant contains oil tan~s, storage structures, and office build· 
ings which also would not be a suitable location for· the retrofit control 
equipment. The FGD system was assumed to be located on the southwestern 
side of the plant where ample open space exists for control equipment and 
absorber placement. Although this area would no longer be available for 
future units, locating the FGO absorber behind the units between the two 
coal conveyors would result in a high site access/ congestion factor. The 
L/LS preparation area would be located adjacent to the absorbers. No major 
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TABLE 6.1.8-1. WANSLEY 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 ErFICIENCY 
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 
865 

79,68 
1976, 1978 
TANGENTIAL 

603 
. NO 

2.5 
11, 400 
8.6 

WET SLUICE 
ON-SITE POND/PAID DISPOSAL 
1 - ENCLOSING 2 CHIMNEYS 

RAILROAD 

ESP 
1976, 1978 

0.06 
98.6 
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demolition would be necessary and, for this reason, a factor of 5 percent 
was assigned to general facilities for absorber placement. 

For the flue gas handling system, a duct run of approximately 700 feet 
per unit would be needed. Because ductwork passes beneath the existing coal 
conveyor, a medium site access/congestion factor was assigned to the flue 
gas handling system. 

LSD with reuse of existing ESPs was not considered for this plant 
because the ESPs are small (SCA•214) and are located in a high site access/ 
congestion area with coal conveyors on either side and with the common 
chimney.placed midway between the ESPs. The LSD with a new baghouse option 
was also not considered since the Wansley plant is burning a medium-to-high 
sulfur coal. 

The major scope adjustment items and retrofit factor estimates for the 
FGD technologies are presented in Tabl~ 6.1.8-2. Table 6.1.8-3 presents the 
capital and operating cost estimates for commercial FGD technologies. The 
low cost FGD cases show the effect of no absorber sparing and large absorber 
sizes. 

Coal Switching and Physical Coal Cleaning Costs--
Table 6.1.8-4 presents the IAPCS cost results for CS at the Wansley 

plant. These costs do not include boiler and pulverizer operating cost 
changes or any system modifications that may be necessary to blend coal. 
Coal switching for a fuel price differential of $15 per ton is higher than 
that of $5 per ton because of inventory capital and preproduction costs, 
which are a function of variable costs (e.g. fuel costs). PCC was not 
evaluated because this is not a mine mouth plant. 

Low NOxCombustion--
Both Wansley units are dry bottom, tangential-fired boilers rated at 

865 MW each. The combustion modification technique applied to both boilers 
is OFA. Tables 6.1.8-5 and 6.1.8-6 present the performance and cost results 
of retrofitting OFA at the Wansley plant. 
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TABLE 6.1.8-2. SUMMARY OF RETROFIT FACTOR DATA FOR WANSLEY UNITS 1 OR 2 
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Table 6.1.8-3. S.mnary of FGO Control Costs for the Wansley Plant (June 1988 Dollars) 

===========================•=====================•=======•=====================s===•============================ 
Technology Boiler Hain Boiler Capacity Coal Capita I Capital Annual "Annual 502 S02 S02 Cost 

Nurber Retrofit Size Factor Sul fur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty CMWl CXl Content CSMM) CS/kWl CSMHl (mil ls/kwh) ()l) Ctons/yrl CS/ton> 

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

L/S FGD 1.49 865 79 2.5 1n.4 205. 1 94.5 15:8 90.0 115250 819.9 
L/S FGD 2 1.49 865 68 2.5 1n.4 205.1 88.9 17.2 90.0 99202 895.8 

L/S FGD-C 1 f.49 865 79 2.5 1n.4 205.1 54.9 9.2 90.0 115250 476. 7 
L/S FGD·C 2 1.49 865 68 2.5 1n.4 205 .1 51.7 10.0 90.0 99202 521.2 

LC FGD 1 1.49 865 "79 2.5 149.6 172.9 86.l 14.4 90.0 115250 746.7 
LC FGO 2 1.49 865 68 2.5 149.6 172.9 80.4 15.6 90.0 99202 810.7 

LC FGD·C 1 1.49 865 79 2.5 149.6 172.9 50.0 8.3 90.0 115250 433.6 
LC FGD-C 2 1.49 865 68 2.5 149.6 172.9 46.8 9.1 90.0 99202 471.3 

================================================================================================================ 
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Table 6.1.8-4. SUT1N1ry of Coal Switching/Cleaning Costs for the Wansley Plant (June 1988 Dollars) 

===========================================z==================================================================== 
Technology Boiler Hain Boiler Capacity Coal Capital Capital Annual Annual S02 S02 S02 Cost 

N~r Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (MW) ( ll:) Content (SMH) ($/kW) ($MM) <mil ls/kwhl (ll:) (tons/yr) ($/ton) 

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

CS/B+S15 1.00 865 79 2.5 26.3 30.5 83.3 13.9 66.0 84829 981 .6 
CS/B+S15 2 1 .oo 865 68 2.5 26.3 30.5 n.4 14.1 66.0 73017 992.0 

CS/B+S15-C 1 1.00 865 79 2.5 26.3 30.5 47.8 8.0 66.0 84829 563.8 
CS/B+S15-C 2 1.00 865 68 2.5 26.3 30.5 41.6 8.1 66.0 73017 570.0 

CS/8+$5 1 1 .oo 865 79 2.5 17.4 20. 1 32.3 5.4 66.0 84829 380.2 
CS/8+$5 2 1.00 865 68 2.5 17.4 20. 1 28.3 5.5 66.0 73017 387.7 

CS/B+S5-C 1 . 1 .00 865 79 2.5 17 .4 20.1 18.6 3. 1 66.0 84829 218.B 
CS/B+S5-C 2 1.00 865 68 2.5 17 .4 20. 1 16.3 3.2 66.0 73017 223.2 

================================================================================================================ 
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TABLE 6.1.8-5. SUMMARY Of NOx RETROFIT RESULTS FOR WANSLEY 

BOILER NUMBER 

COMBUSTION MODIFICATION RESULTS 

1 2 

FIRING TYPE TANG TANG 

TYPE OF NOx CONTROL OFA OFA 

FURNACE VOLUME (1000 CU FT) 603 603 

BOILER INSTALLATION DATE 1976 1978 

SLAGGING PROBLEM NO NO 

ESTIMATED NOx REDUCTION (PERCENT) 35 35 

SCR RETROFIT RESULTS 

SITE ACCESS AND CONGESTION 
FOR SCR REACTOR MEDIUM MEDIUM 

SCOPE ADDER PARAMETERS~ -

Building Demolition (1000$) 0 0 

Ductwork Demolition (1000$) 136 136 

New Duct Length (Feet) 200 200 

New Duct Costs (1000$} 3501 3501 

New Heat Exchanger (1000$) 6802 6802 

TOTAL SCOPE ADDER COSTS (1000$} 10439 10439 

RETROFIT FACTOR FOR SCR 1.34 1.34 
.. GENERAL FACILITIES (PERCENT) 13 13 
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iable 6. 1 .8·6. NOx Control Cost Results for the llansley Plant (June 1985 Dollars> 

================================================================================================================ 
iechnology Boiler Main Boiler capacity coal capital capital AMUal Annual NOX, NOX NOX Cost 

NU!ber,Retrofit Size Factor Sul fur Cost cost cost cost Removed Removed Effect. 
Di ffi cul ty CHW) (ll) Content CSMIO CS/kll) CSMMl (mil ls/kwh) (%) Ctons/yrl CS/ton) 

Factor CXl 
----------------------------------------------------------------------------------------------------------------

LNC·OFA 1 1.00 865 79 2.5 1.5 1.7 0.3 o. 1 35.0 6895 45. 1 
LNC·OFA 2 1.00 865 68 2.5 1.5 1. 7 0.3 o. 1 35.0 5935 52.4 

LNC·OFA·C LOO 865 79 2.5 1.5 1. 7 0.2 0.0 35.0 6895 26.8 
LNC·OFA·C 2 1.00 865 68 2.5 1.5 1. 7 0.2 a.a 35.0 5935 31. 1 

SCR·3 1 1 .34 865 79 2.5 106.9 123.5 39.9 6.7 80.a 15760 2529.3 
SCR-3 2 1.34 865 68 2.5 1a6.8 123.5 39.3 7.6 80.a 13566 2895.9 

SCR·3·C 1 1.34 865 79 2.5 1a6.9' 123.5 23.3 3.9 80.0 15760 1479.5 
SCR·3·C 2 1.34 865 68 2.5 106.8 123.5 23.a 4.5 80.0 13566 1694.5 

SCR-7 1 1.34 865 79 2.5 106.9 123.5 32.7 5.5 8a.a 1576a 2a74.9 
SCR· 7 2 1.34 865 68 2.5 106.8 123.5 32.1 6.2 80.a 13566 2368.a 

SCR·7·C 1 1.34 865 . 79 2.5 106.9 123.5 19.2 3.2 8a.a 1576a 1219.1 
SCR·7·C 2 1.34 865 68 2.5 106.8 123.5 18.9 3.7 80.0 13566 1392.0 

================================================================================================================ 
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Selective Catalytic Reduction--
Cold side SCR reactors can be located on the northern side of the plant 

in an open area adjacent to the chimney and ESPs between the two coal 
conveyors. Due to the congestion created by the coal conveyors and ESPs, a 
medium site access/congestion factor was assigned to the SCR reactor 
locations. Since the SCR reactors are located beside the chimney, a short 
duct length of less than 200 feet would be required. No major demolition/ 
relocation would be required and, as such, a low factor of 13 percent was 
assigned to general facilities. 

Evaluation of SCR controls was done separately from FGD. Both 
technologies need to be considered if the SCR reactors could be located 
downstream from the FGD absorbers. For this scenario, site access/ 
congestion factors would be similar to those for the FGD absorber placement 
location which are low. 

Table 6.1.8-5 presents the SCR retrofit results for both ~nits. 
Table 6.1.8-6 presents the estimated cost of retrofitting SCR at the Wansley 
plant. 

Duct Spray Drying and Furnace Sorbent Injection--
DSD and FSI were not considered at the Wansley Plant for the following 

reasons. 

o Short duct residence time between the boilers and the ESPs is 
not sufficient for humidification {FSI) and sorbent injection 
(DSD) applications. 

o ESPs are small and the addition of plate area would be difficult 
because of the coal conveyors on either side of the ESPs and the 
chimney behind the ESPs. 

Atmospheric Fluidized Bed Combustion and Coal Gasification Applicability--
The repowering applicability criteria presented in Section 2 was used 

to determine the applicability of these technologies at the Wansley plant. 
Neither of these units would be considered good candidates for repowering or. 
retrofit because of their large boiler sizes, high capacity factors, and 
long remaining life. 
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6.1.9 Yates Steam Plant 

The Yates steam plant is located within Coweta County, Georgia, as part · 
of the Georgia Power Company system. The plant is located adjacent to the 
Chattahoochie River and contains seven coal-fired boilers with a total gross 
generating capacity of 1,465 MW. 

Table 6.1.9-1 presents operational data for the existing equipment at 
the Yates plant. The boilers burn medium sulfur coal. Coal shipments are 
received by railroad and transfe~red to the coal storage and handling area 
north of units 1-5, east of units 6-7, and close to the Chattahoochie River. 

PM emissions for boilers 1-5 are controlled with retrofit ESPs, while 
boilers 6-7 have original ESPs, which in each case are located behind the 
respective unit. The plant has a dry fly ash handling system. Part of the 
waste ash is disposed of in a landfill southwest of the plant while some is 
sold or paid disposed of off-site. Units 1-5 are served by a common chimney 
and units 6-7 are served also by a separate common chimney. Each chimney 
contains multiple flues. The following evaluation is based on a 1981 aerial 
photograph, and any alterations made to the plant layout since that time 
should be taken into consideration. 

Lime/limestone and Lime Spray Drying FGD Costs--
Units ,1-5 are located. beside each other in an area that is adjacent to 

the river and close to the coal pile. Unit 1 is closest to the river and 
units 6-7 are situated a few thousand feet east of the coal pile. The 
absorbers for units 1-5 would be located east of the boilers and south of 
the coal pile. The absorbers for units 5-6 would be located directly behind· 
the chimney in an open area. The limestone preparation and storage/handling, 
area would be located in an open area between the absorbers for units 6-7 
and units 1-5. No major demolition or relocation would be necessary for any 
of the 7 absorber areas. Consequently, a base factor of 5 percent was 
assigned to general facilities. 

A low site access/congestion factor was assigned to all of the FGD 
absorber locations. For units 1-5, a flue gas handling duct length of 
400-500 feet would be required since the absorbers are located to the side 
of boiler 5. Units 6-7 would require less than 300 feet of ducting because 
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TABLE 6.1.9-1. YATES STEAM PLANT OPERATIONAL DATA 

BOILER NUMBER 1, 2' 3 4, 5 6' 7 
GENERATING CAPACITY tMW-each) 115 156 404. 
CAPACITY FACTOR ~PER ENT) 42,48,45 47,48 51,54 
INSTALLATION DAT 1950,50,52 1957,58 1974 
FIRING TYPE TANGENTIAL 
FURNACE VOLUME 11000 CU FT) 74 94 222 
LOW NOx COMBUST ON NO NO NO 
COAL SULFUR CONTENT (PERCENT) 2.4 
COAL HEATING VALUE ~BTU/LB) 11,600 
COAL ASH CONTENT (P RCENT) 10.4 
FLY ASH SYSTEM DRY 
ASH DISPOSAL METHOD LANDFILL/SELL 
STACK NUMBER 1 1 2 
COAL DELIVERY METHODS RAILROAD 

PARTICULATE CONTROL 

TYPE ESP ESP ESP 
INSTALLATION DATE 1971,68,69 1970,68 1974 
EMISSION ~LB/MM BTU) 0.09 0.09 0.05,0.06 
REMOVAL E FICIENCY 98.4,98.1,98.0 98.5 99.9 
DESIGN SPECIFICATION 

SULFUR SPECIFICATION (PERCENT) 0.7 
SURFACE AREA (1000 SQ FT~ 103.3,75.6,75.6 103.3 NA 
GAS EXIT RATE ~1000 ACFM 490,420,420 685,550 NA 
SCA (SQ FT/100 ACFM) 211,180, 180 151,188 324 
OUTLET TEMPERATURE (°F) 300 310 320 
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the absorbers are located directly behind the chimney. A low site access/ 
congestion factor was also assigned to the flue gas handling systems because 
the chimneys are relatively easy to access in all cases. 

LSD with reuse of the existing ESPs was considered for units 6-7 but 
not for units 1-5. ESPs for units 6 and 7 have large SCAs (-630) and would 
be able to accommodate the extra particulate load· from LSD. On the other 
hand, the SCAs for units 1-5 are inadequate, ranging from 151 to 211, and 

. would not be able to handle the excess load. Installation of baghouses for 
these units was not considered because the boilers are not burning low 
sulfur coal. The absorbers for units 6-7 would be located in the same 
locations as in the L/LS-FGD case. Moderate duct lengths of less than 
600 feet would be required for these units. A high site access/congestion 
factor was assigned to the flue gas handling system because it is difficult 
to access the flue gas ducting between the ESPs and boilers. A medium site 
access/congestion factor was assigned for ESP upgrades which would not 
likely be required. 

The major scope adjustment costs and retrofit factors estimated for the 
FGD technologies are presented in Tables 6.1.9-2 and 6.1.9-3. 
Table 6.1.9-4 presents the capital and operating costs for commercial FGD 
technologies. The low cost FGD cases show the effect of combined FGD 
systems, no spare scrubber modules, and large absorber sizes. 

Coal Switching and Physical Coal Cleaning Costs-~ 
Table 6.1.9-5 presents the IAPCS results for CS at the Yates plant. 
These costs do not include boiler and pulverizer operating cost changes or 
system modifications that may be necessary to blend coal. Coal switching 
for a fuel price differential of $15 per ton is higher than that of $5 per 
ton because of the inventory capital and preproduction costs, which are a 
function of variable costs (e.g. fuel costs). PCC was not evaluated 
because this is not a mine mouth plant. 
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TABLE 6.1.9-2. SUMMARY OF RETROFIT FACTOR DATA FOR YATES UNITS 1-5 
(EACH} 

FGD TECHNOLOGY 

FORCED LIME 
L[LS FGD OXIDATION SPRAY DRYING 

SITE ACCESS[CONGESTION 

S02 REMOVAL LOW NA NA 
FLUE GAS HANDLING LOW 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 1.31 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 6.1.9-3. SUMMARY OF RETROFIT FACTOR DATA FOR YATES UNIT 6-7 
(EACH) 

FGD TECHNOLOGY 

FORCED LIME 
L[LS FGO OXIDATION SPRAY DRYING 

SITE ACCESS[CONGESTION 

S02 REMOVAL LOW NA LOW 
FLUE GAS HANDLING LOW NA 

ESP REUSE CASE HIGH 
BAGHOUSE CASE NA 

DUCT WORK DISTANCE (FEET) 100-300 NA 
ESP REUSE 300-600 
BAGHOUSE NA 

ESP REUSE NA NA 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 0 000$) 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 1.36 
NEW BAGHOUSE NA NA NA 

GENERAL FACILITIES (PERCENT} 5 0 5 
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Table 6.1.9·4. Slillllllry of FGD Control Costs for the Yates Plant (June 1988 Dollars) 

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

NLl!t>er Retrofit Size Factor Sul fur . Cost Cost Cost Cost Removed Removed Effect. 
Difficulty CMWJ cu Content CSMIO (S/kWJ (SllM) <mills/kwh> 00 <tons/yr) CS/ton> 

Factor (ll) 

·-······-------------·------------------------------------------------------------------------------------------
L/S FGD 1,2,3 1 .31 115 45 2.4 43.8 381.1 17.9 39.5 90.0 8213. 2178.6 
L/S FGD 4,5 1 .31 156 48 2.4 51.3 328.7 21.4 32.7 90.0 11884 1803.2 
L/S FGD 1·3 1.31 345 45 2.4 81.1 235.0 34.6 25.4 90.0 24639 1403.7 
L/S FGD 4·5 1.31 312 48 2.4 76.8 246. 1 33.0 25.2 90.0 23768 1390.2 
LIS FGD 6 1.20 404 51 2.4 82.9 205.2 37.8 20.9 90.0 32700 1154.9 
L/S FGD 7 1.20 404 54 2.4 82.9 205.3 38.5 20.1 90.0 34623 1110.8 

L/S FGD·C 1,2·,3 1 .31 . 115 45 2.4 43.8 381.1 10.4 23.0 90.0 8213 12n.1 
LIS FGD·C 4,5 1.31 156 48 2.4 51.3 328.7 12.5 19.1 90.0 11884 1052.4 
L/S FGD·C 1·3 1.31 345 45 2.4 81. 1 235.0 20.2 14.8 90.0 24639 819.0 
LIS FGD·C 4·5 1.31 312 48 2.4 76.8 246.1 19.3 14.7 90.0 23768 811.0 
L/S FGD·C 6 1 .20 404 51 2.4 .82.9 205.2 22.0 12.2 90.0 32700 673.0 
L/S FGD·C 7 1 .20 404 54 2.4 82.9 205.3 22.4 11.7 90.0 34623 647.2 

LC FGD 1·5 1.31 657 46 2.4 103.3 157.3 49. 1 18.4 90.0 48381 1014.3 
LC FGD 6·7 1.20 808 53 2.4 116.6 144.3 59.2 15.9 90.0 67322 879.4 

LC FGD·C 1 ·5 1 .31 657 46 2.4 103.3 157.3 28.6 10.7 90.0 . 48381 590.7 
LC FGD·C 6·7 1 .20 808 53 2.4 116.6 144.3 34.4 9.3 90.0 67322 511 .6 

LSD+ESP 6 1.36 404 . 51 2.4 54.0 133.7 24.0 13.3 76.0 2m2 867.3 
LSD+ESP 7 1 .36 404 54 2.4 -54.0 133.7 24.5 12.8 76.0 29353 833.7 

LSD+ESP·C 6 1.36 404 51 2.4 54.0 133.7 14.0 7.8 76.0 2m2 505.6 
LSD+ESP·C 7. 1.36 404 54 2.4 54.0 133.7 14.3 7.5 76.0 29353 485.9 

=================•••=•m•••••==================================================================================== 
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Table 6.1.9-5. Sunnary of Coal Switching/Cleaning Costs for the Yates Plant (June 1988 Dollars) 

============================================================······=====·======================================== 
Technology Boiler Main Boiler' Capacity Coal Capital Capi tel Amual Amual S02 S02 S02 Cost 

M~r Retrofit size Factor Sulfur Cost Cost Cost cost Removed Removed Effect. 
Difficulty <MW> <Xl Content CSMMl (S/kWl (SMM) (mill S/kwh) C:t) (tons/yr) (S/ton) 

Factor <X> 

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

CS/B+S15 1 1.00 115 42 2.4 4.5 39.4 6.7 15.8 64.0 5462 1223.3 
CS/B+S15 2 1.00 115 48 2.4 4.8 42.0 7.6 15.7 64.0 6242 1213.3 
CS/B+S15 3 1.00 115 45 2.4 4.8 42.0 7.2 15.8 64.0 5852 1225.0 
CS/B+S15. 4 1.00 156 47 2.4 6.6 42.2 10.0 15.6 64.0 8291 1206.0 
CS/B+S15 5 1 .00 156 48 2.4 6.1 39.0 10.0 15.3 64.0 8468 1185.8 
CS/B+S15 6 1.00 404 51 2.4 13.0 32.1 26.1 14.5 64.0 23300 1122.3 
CS/B+S15 7 1.00 404 54 2.4 13.0 32.1 27.5 14.4 64.0 24671 1115.7 

CS/B+S15·C 1 1.00 115. 42 2.4 4.5 39.4 3.8 9.1 64.0 5462 704.6 
CS/B+S15-C 2 1.00 115 48 2.4 4.8 42.0 4.4 9.0 64.0 6242 698.6 
CS/B+S15-C 3 1.00 115 45 2.4 4.8 42.0 4.1 9.1 64.0 5852 705.6 
CS/B+S15-C 4 1.00 156 47 2.4 6.6 42.2 5.8 9.0 64.0 8291 694.5 
CS/B+S15-C 5 1.00 156 48 2.4 6. 1 39.0 5.8 8.8 64.0 8468 682.6 
CS/B+S15-C 6 1.00 404 51 2.4 13.0 32. 1 15.0 8.3 64.0 23300 645.5 
CS/B+S15-C 7 1.00 404 54 2.4 13.0 32. 1 15.8 8.3 64.0 24671 641.6 

CS/B+S5 . 1 1.00 115 42 2.4 3.3 29.0 3.0 7.0 64.0 5462 545.2 
csie+S5 2 1.00 115 48 2.4· 3.6 31.7 3.4 7.0 64.0 6242 540.0 
CS/B+S5 3 1.00 115 45 2.4 3.6 31.7 3.2 7.1 64.0 5852 549.5 
.CS/B+S5 4 1.00 156 47 2.4 5.0 31.9 4.4 6.9 64.0 8291 532.0 

. CS/B+S5 5 1.00 156 48 2.4 4.5 28.6 4.3 6.6 64.0 8468 512.6 
CS/B+S5 6 1.00 404 51 2.4 8.8 21.7 10.5 5.8 64.0 23300 451.0 
CS/B+S5 7 1.00 404 54 2.4 8.8 21.7 11.0 5.8 64.0 24671 446.2 

CS/B+S5-C 1.00 115 42 2.4 3.3 29.0 1. 7 4.1 64.0 5462 315.1 
CS/B+S5-C 2 1.00 115 48 2.4 3.6 31.7 1.9 4.0 64.0 6242 312.0 
CS/B+S5-C 3 1.00 115 45 2.4 3.6 31.7 1.9 4.1 64.0 5852 317.6 
CS/B+S5·C 4 1.00 156 47 2.4 5.0 31.9 2.5 4.0 64.0 8291 307.5 
CS/B+SS·C 5 1.00 156 48 2.4 4.5 28.6 2.5 3.8 64.0 8468 296.0 
CS/B+S5-C 6 1.00 404 51 2.4 8.8 21.7 6.1 3.4 64.0 23300 260.1 
CS/B+S5-C 7 1.00 404 54 2.4 8.8 21.7 6.3 3.3 64.0 24671 257.2 

•=•••••===========••••••••••••••• ..... •••••a:c•••===••=••=•••••=•••••••••••m•=•••••••••••••••===•=••=======•••=• 
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Low NOx Combustion~-
Units 1-7 are dry bottom, tangential-fired boilers. The combustion 

modification technique applied to all boilers was OFA. Tables 6.1.9-6 and 
6.1.9-7 present the NOx performance and cost results of retrofitting OFA at 
the Yates Pl,ant. 

Selective Catalytic Reduction--
Cold side SCR reactors for units 1-3 would be located west of unit 1, 

close to the coal conveyor. For units 4-5, reactors would be located east 
of the common chimney. For unHs 6-7, reactors would be placed behind 
their common chimney. All seven reactors would be located in low 
site/congestion areas. The ammonia storage system was placed in an open 
area between the absorbers for units 1-5 and units 6-7. An additional 
350-450 feet of ducting would be required for units 1-3 and 4-5, 
respectively, with 200 feet needed for units 6-7. More ducting would be 
needed for units 1-5 since the absorbers are placed at the side of the 
boilerhouse; whereas, unit 6-7 absorbers would be placed directly behind the 
chimneys. 

Table 6.1.9-6 presents the SCR retrofit factors and scope adder costs. 
Table 6.1.9-7 presents the estimated cost of retrofitting SCR at the Yates 
boilers. 

Duct Spray Drying and Furnace Sorbent Injection--
For units 6-7, it appears that sufficient duct residence time could be 

made available between the boilers and the ESPs by modifying the first ESP· 
section for sorbent injection or humidification. For units 6-7, a medium 
site access/congestion factor would be assigned for upgrading or modifying 
the ESPs. By contrast, units 1-5 do not have sufficient duct residence time 
between the boiler and ESPs and the ESPs are too small to use the first part 
for sorbent injection or humidification. As such, the sorbent injection 

.· technologies were not evaluated for units 1-5. The sorbent receiving/ 
storage/preparation areas would be located between the two boilerhouse 
sites. 
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TABLE 6.1.9-6. SUMMARY OF NOx RETROFIT RESULTS FOR YATES 

BOILER NUMBER 

COMBUSTION MODIFICATION RESULTS 

l, 2, 3 4' 5 6' 7 

FIRING TYPE TANG TANG TANG 

TYPE OF NOx CONTROL OFA OFA OFA 

FURNACE VOLUME (1000 CU FT) 74 94 222 

BOILER INSTALLATION DATE 1950-52 1957-58 1974 

SLAGGING PROBLEM NO NO NO 

ESTIMATED NOx REDUCTION (PERCENT) 25 25 35 

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$) 68 63 77 

New Duct Length {Feet) 350 300 200 

New Duct Costs (1000$) 3579 2892 2243 

New Heat Exchanger (1000$) 3918 3689 4308 

TOTAL SCOPE ADDER COSTS (1000$) 
COMBINED 7566 6645 NA 
INDIVIDUAL 3939 3670 6628 

RETROFIT FACTOR FOR SCR 1.16 1.16 1.16 

GENERAL FACILITIES (PERCENT) 13 13 13 
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Table 6.1.9·7. NOx Control Cost Results for the Yates Plant (J~ 1988 Dollars> 

=====••8================·==···===···~==============····===···========··========================================= 

Technology 

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 

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·1·C 
SCR·1·C 
SCR·7·C 
SCR·7·C 

Boiler Main Boiler Capacity. Coal Capital 
Nll!Oer Retrofit Size Factor Sulfur Coat 

Difficulty (MW) CX) Content CSlll) 

, 
2 
3 
4 

5 
6 
7 

1 
2 
3 
4 

5 
.6 

7 

1,2,3 
4,5 
1-3 
4-5 
6 
7 

1,2,3 
4,5 
1·3 
4·5 
6 
7 

1,2,3 
4,5 
1·3 
4-5 
6 
7 

1,2,3 
4,5 
1-3 
4-5 
6 
7 

Factor CX> 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

1.00 
1.00 
, .oo 
1.00 
1.00 
1.00 
1.00 

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 
1.16 

. 1 .16 
1.16 
1.16 
1.16 
1.16 
1.16 

115 
115 
115 
156 
156 
404 
404 

115 
115 
115 
156 
156 
404 
404 

115 
156 
345 
312 
404 
404 

115 
156 
345 
312 
404 
404 

115 
156 
345 
312 
404 
404 

115 
156 
345 
312 
404 
404 

42 
48 
45 
47 
48 
51 
54 

42 
48 
45 
47 
48 
51 
54 

45 
48 
45 

. 48 
51 
54 

45 
48 
45. 
48 
51 
54 

45 
48 
45 
48 
51 
54 

45 
48 
45 
48 
51 

.54 

2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 

2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 

2.4 
2.4 
2.4 
2.4 
2.4 
2.4 

2.4 
2.4 
2.4 
2.4 
2.4 
2.4 

2.4 
2.4 
2.4 
2.4 
2.4 
2.4 

2.4 
2.4 
2.4 
2.4 
2.4 
2.4 

0.7 
0.7 
0.7 
0.7 
0.7 
1 • 1 
1.1 

0.7 
0.7 
0.7 
0.7 
0.7 
1. 1 
1 .1 

21.0 
24.9 
46.2 
43.8 
51.0 
51.0 

21.0 
24.9 
46.2 
43.8 
51.0 
51.0 

21.0 
24.9 
46.2 
43.8 
51.0 
51.0 

21.0 
24.9 
46.2 
43.8. 
51 .o 
51.0 

Capital Amuel 
Coat Coat 

(S/kW) (Siii) 

5.7 
5.7 
5. 7 
4.7 
4.7 
2.7 
2.7 

5.7 
5.7 
5.7 
4.7 
4.7 
2.7 
2.7 

183.0 
159.4 
134.0 
140.5 
126.3 
126.3 

183,0 
159.4 
134.0 
140.5 
126.3 
126.3 

183.0 
159.4 
134.0 
140.5 
126.3 
126.3 

183.0 
159.4 
134.0 
140.5 
126.3 
126.3 

0.1 
0.1 
0.1 
0.2 
0.2 
0.2 
0.2 

o. 1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

6.7 
8.3 

15.9 
14.9 
18.1 
18.2 

3.9 
4.8 
9.3 
8.8 

10.6 
10.6 

5.7 
7.0 

13.1 
12.4 
14.8 
14.9 

3.4 
4.1 
7.7 
7.3 
8.7 
8.7 
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Arniel NOx NOx NOX Cost 
Coat Removed Removed Effect. 

Cmills/kwh> <X> <tons/yr) (S/ton) 

0.3 
0.3 
0.3 
0.2 
0.2 
0.1 
0.1 

0.2 
0.2 
0.2 
0.1 
0.1 
0.1 
0.1 

14.8 
12.6 
11.7 
11.4 
10.0 
9.5 

8.7 
7.4 
6.9· 
6.7 
5.9 
5.6 

12.7 
10.6 
9.6 
9.4 
8.2 
7.8 

7.5 
6.3 
5.7 
5.5 
4.8 
4.6 

25.0 
25.0 
25.0 
25.0 
25.0 
35.0 
35.0 

25.0 
25.0 
25.0 
25.0 
25.0 

.35.0 
35.0 

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 

80.0 
80.0 
80.0 
80.0 
80.0 
80.0 

341 
390 
366 
518 
529 

2038 
2158 

341 
390 
366 
518 
529 

2038 
2158 

1170 
1693 
3510 
3386 
4658 
4932 

1170 
1693 
3510 
3386 
4658 
4932 

1170 
1693 
3510 
3386 
4658 
4932 

1170 
16~ 

3510 
3386 
4658 
4932 

406.5 
355.7 
379.4 
302.3 
296.0 
112.4 
106.2 

241.5 
211.3 
225.4 
179.5 
175.8 
66.8 
63.1 

5716.0 
4875.5 
4533.3 
4411.2 
3890.8 
3687.9 

3355.6 
2859.3 
2656.3 
2585.3 
2278.2 
2159.3 

4904.3 
4114.5 
3721.6 
3650. 1 
3174.5 
3011.5 

2890.5. 
2423.2 
2191.3 
2149.3 
1867.9 
1771. 7 



Table 6.1.9-8 presents a su1TUTiary of the site access/congestion factor 
for FSI and OSO technologies at the Yates steam plant. Table 6.1.9-9 
presents the costs estimated to retrofit FSI and DSD at Yates. 

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

presented in Section 2 was used. to determine the applicability of these 
technologies at the Yates plant. Units 1-5 would be considered good 
candidates for. repowering and retrofit because of their small boiler sizes. 
However, units 6-7 would not be considered because they are more than 
300 MW. All units have moderate to high capacity factors which could result 
in high replacement power cost for extensive downtimes. Units 2-4 would be 
difficult to access for rebuilds or reuse of the furnace, pulverizers, and 
heat recovery sections. 
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TABLE 6.1.9-8. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR YATES UNIT 6-7 (EACH) 

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 
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LOW 
MEDIUM 
NA 

NO 
NA 

NA 
NA 
NA 
NA 
50 
85 

85 
NA 

1.13 
1.36 
NA 



Table 6.1.9·9. Sl.lllll8ry of DSD/FSI Control Costs for the Tates Plant CJ'6Mt 1988 Dollars) 

==============:==============================••===z===z====s=====================••==z••==•=====•=z============= 
Technology Boiler Main Boller Capacity Coal Capital Capital AITUll . AITUll 502 S02 S02 cost 

N~r Retrofit Siu Factor Sulfur cost Coat Cost Cost Removed Removed Effect. 
Difficulty (MW) (l) Content (IMM) (S/lcW) CIMMl (ml l ls/kwh) Cl) (tons/yr> CS/ton> 

Factor (l) 

·----·------------------------------------~---------------------------------------------------------------------

DSD+ESP 6 1.00 404 51 2.4 19.7 48.8 14. 1 7.8 49.0 17676 798.2 
· DSD+ESP 7 1.00 404 54 2.4 19.7 48.8 14.5 7.6 49.0 18716 775., 

DSD+ESP·C 6 1.00 404 51 2.4 19.7 48.8 8.2 4.5 49.0 17676 462.3 
DSD+ESP·C 7 1.01) 404 54 2.4 19.7 48.8 8.4 4.4 49.0 18716 448.8 

FSI.+ESP·50 6 1.00 404 51 2.4 17.6 43.5 16.4 9.1 50.0 18166 902.4 
FSl•ESP·50 7 1.00 404 54 2.4 17.6 43.5 17.0 8.9 50.0 19235 886.3 

FS!+ESP·50·C 6 1.00 404 51 2.4 17.6 43.5 9.5 5.2 50.0 18166 521.3 
FSl+ESP·50·C 7 1.llO 404 . 54 2.4 17.6 43.5 9.8 5.2 50.0 19235 511.9 

FSl+ESP·70 6 1.00 404 51 2.4 17.4 43. 1 16.6 9.2 70.0 25433 653.4 
FSl+ESP.·70 7 1.00 404 54 2.4 17.4 43.1 17.3 9.0 70.0 26929 642.0 

FSl+ESP,70·C 6 1.00 404 51 2.4 17.4 43.1 9.6 5.3 70.0 25433 377.4 
FSI +ESP· 70·C 7 1.00 404 54 2.4 17.4 43.1 10.0 5.2 70.0 26929 370.7 

===========================••===•===••==z•••=•••=•=••==•••••••••••••••••••==••=••••==••=a..a•-==•====•===•======== 
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SECTION 7.0 ILLINOIS 

7 .1 CENTRAL .ILLINOIS LIGHT COMPANY 

7.1.l E. D. Edwards Steam Plant 

L/S-FGD and LSD-FGD retrofit factors were developed for the boilers at 
the Edwards plant; however, costs are not presented since the low sulfur coal 
being used by the plant would yield low capital/operating costs and high 
cost per ton of so2 removed. The boilers currently fire a low sulfur coal 
hence CS was not considered. Since 1984 CILCO has been implementing a coal 
blending program to comply with the 1.8 mmBTU standard. Sorbent injection 
technologies were not evaluated because of the inadequate size of the ESPs. 

TABLE 7.1.1-1. E. D. EDWARDS 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 ACFM) 
OUTL£T TEMPERATURE (°F) 
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1 2 3 
125 272 376 
34 39 63 
1960 1968 1972 

FRONT WALL 
73.5 155.6 187.5 
NO · NO NO 

0.9 
13000 
6.0 

WET DISPOSAL 
POND/ON-SITE 

1 1 2 
RAILROAD/BARGE/TRUCK 

ESP ESP ESP 
1960 1968 . 1972 
0.20 0 .15 0.10 
96.3 98.6 98.9 

NA NA NA 
63.4 138.2 215 
462 815 1210 
137 170 178 
300 300 300 



TABLE 7.1.1-2. SUMMARY OF RETROFIT FACTOR DATA FOR EDWARDS 
UN IT 1 OR 2 * 

FGD TECHNOLOGY 

FORCED LIME 
L/LS FGD OXIDATION SPRAY DRYING 

SITE ACCESS[CONGESTION 

S02 REMOVAL HIGH NA HIGH 
FLUE GAS HANDLING MEDIUM_ NA 

ESP REUSE CASE NA 
BAGHOUSE CASE MEDIUM 

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

ESP REUSE NA NA NA 
NEW BAGHOUSE NA NA MEDIUM 

SCOPE ADJUSTMENTS 

WET TO DRY - YES NA NO 
ESTIMATED COST (1000$) 1145,2299 NA NA 

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

OTHER NO NO 

RETROFIT FACTORS 

FGD SYSTEM 1.64 NA 
ESP REUSE CASE NA 
BAGHOUSE CASE 1.58 

ESP UPGRADE NA NA NA 
NEW BAGHOUSE NA .NA 1.36 

GENERAL FACILITIES (PERCENT} 15 0 15 

* L/LS-FGD absorbers, LSD-FGD absorbers, and new FFs for units 1 
and 2 would be located south of the common chimney for units 1 
and 2. 
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TABLE 7.1.1-3. SUMMARY OF RETROFIT FACTOR DATA FOR EDWARDS UNIT 3 * 

FGD TECHNOLOGY 

FORCED LIME 
L[LS FGD OXIDATION SPRAY DRYING 

SITE ACCESS[CONGESTION 

S02 REMOVAL LOW NA LOW 
FLUE GAS HANDLING LOW NA 

ESP REUSE CASE NA 
BAGHOUSE CASE LOW 

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 YES NA NO 
ESTIMATED COST (1000$) 3073 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 NA 
BAGHOUSE CASE 1.27 

ESP UPGRADE · NA NA NA 
NEW BAGHOUSE NA NA 1.16 

GENERAL FACILITIES {PERCENT} 8 0 8 

* L/S-FGD absorbers, LSD-FGD absorbers, and new FFs for unit 3 
would be located north of the unit 3 chimney. 
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TABLE 7.1.1-4. SUMMARY OF NOx RETROFIT RESULTS FOR EDWARDS 

BOILER NUMBER 

COMBUSTION MODIFICATION RESULTS 

1 2 1-2 3 

FIRING TYPE FWF FWF NA FWF 

TYPE OF NOx CONTROL LNB LNB NA LNB 

FURNACE VOLUME (1000 CU FT) 73.5 155.6 NA 187.5 

BOILER INSTALLATION DATE 1960 . 1968 NA 1972 

SLAGGING PROBLEM NO NO NA NO 

EST.IMATED NOx REDUCTION (PERCENT) 40 39 NA 34 

SCR RETROFIT RESULTS * 

SITE ACCESS AND CONGESTION 
FOR SCR REACTOR HIGH HIGH HIGH LOW 

SCOPE ADDER PARAMETERS--

Building ciemolition (1000$) 0 0 0 0 

Ductwork Demolition (Iooas) 32 57 76 73 

New Duct Length (Feet) 400 400 400 400 

New Duct Costs (1000$) 2258 3559 4440 4301 

New Heat Exchanger (1000$) 2131 3397 4263 4126 

TOTAL SCOPE ADDER COSTS (1000$) 4421 7014 8779 850.0 

RETROFIT FACTOR FOR SCR I. 52 1.52 l.52 1.16 

GENERAL FACILITIES (PERCENT} 38 38 38 20 

* Cold side SCR reactors for units I and 2 would be located south 
of the common chimney for units 1 and 2. Cold side SCR reactors 
for unit 3 would be located north of the unit 3 chimney. 
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Table 7.1.1·5. NOx Control Cost Results for the Edwards Plant (June 1988 Dollars) 

•============•••======•z==•••••=====•======••••====•••===•••===••===••===========••========•=====s============== 
Technology Boiler Main Boiler Capacity Coal Capital Capital Amual Amual NOx NOx NO~ Cost 

Nl.l!t>er Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (Miil CXl Content CSllO ($/kW) (Siii!) (mill s/kwh > CXl (tons/yr) ($/ton> 

Factor (I) 

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

LNC·LNB 1 1.00 125 34 0.9 2.8 22.3 0.6 1 .6 40.0 590 1034 .2 
LNC·LNB 2 1.00 2n 39 0.9 3.8 14.0 0.8 0.9 39.0 1436 580. 1 
LNC·LNB 3 1.00 376 63 0.9 4.3 11.5 0.9 0.5 34.0 2796 339. 1 

LNC·LNB·C 1.00 125 34 0.9 2.8 22.3 0.4 1.0 40.0 590 . 613.8 
LNC·lNB·C 2 1.00 2n 39 0.9 3.8 14.0 0.5 0.5 39.0 1436 344.2 
LNC·LNB·C 3 1.00 376 63 0.9 4.3 11.5 0.6 0.3 34.0 2796 201.2 

SCR·3 1 1.52 125 34 0.9 28.3 226.7 8.8 23.6 80.0 1180 7447 .4 
SCR·3 2 1.52 2n 39 0.9 49.9 183.5 16.2 17 .4 80.0 2946 5482 .6 
SCR·3 3 1.16 376 63 0.9 50.7 134.9 18.3 8.8 so.a 6578 2n4.9 
SCR·3 1·2 1.52 397 37. 0.9 65.5 165.0 21. 7 16.9 80.0 4079 5323.9 

SCR·3·C 1.52 125 34 0.9 28.3 226.7 5.2 13.9 80.0 1180 4374.6 
SCR·3·C 2 1.52 2n 39 0.9 49.9 183.5 9.5 10.2 80.0 2946 3217. 1 
SCR·3·C 3 1. 16 376 63 0.9 50.7 134.9 10.7 5.1 80.0 6578 1624.4 
SCR·3·C 1·2 1.52 397 37 0.9 65.5 165.0 12.7 9.9 80.0 4079 3122.2 

SCR·7 1.52 125 34 0.9 28.3 226.7 7.8 20.9 80.0 1180 6587. 5 
SCR·7 2 1.52 2n 39 0.9 49.9 183.5 13.9 15.0 80.0 2946 4732.8 
SCR·7 3 1.16 376 63 0.9 50.7 134.9 15.2 7.3 80.0 6578 2310.8 
SCR·7 1·2 1 .52 397 37 0.9 65.5 165.0 18.5 14.4 80.0 4079 4533.6 

SCR·7·C 1 1.52 125 34 0.9 28.3 226.7 4.6 12.3" 80.0 1180 3881 .9 
SCR·7·C 2 1.52 2n 39 . 0.9 49.9 183.5 8.2 8.8 80.0 2946 2787. 5 
SCR·7·C 3 1.16 376 63 0.9 50.7 134.9 8.9 4.3 80.0 6578 1358. 5 
SCR·7·C 1-2 1.52 397 37 0.9 65.5 165.0 10.9 8.5 80.0 4079 2669.4 

========================~==~========~==================:=====================================================2== 
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7.2 CENTRAL ILLINOIS PUBLIC SERVICE 

7.2.l Coffeen Steam Plant 

The Coffeen steam plant is located within Montgomery County, Illinois, 
and is part of the Central Illinois Public Service Company system. The plant 
contains two coal-fired boilers with a total gross generating capacity of 
1,006 MW. Figure 7.2.1-1 presents the plant plot plan showing the location 
of the boilers and major associated auxiliary equipment. 

Table 7.2.1-1 presents operational data for the e~isting equipment at 
the Coffeen steam plant. Both boilers burn high sulfur coal (3.7 percent 
sulfur). The plant is located next to the Hillsboro coal mine and the coal 
is conveyed from the mine to a coal storage area located south of the plant. 

Particulate matter emissions for both boilers are controlled with 
retrofit ESPs located behind each unit. Fly.ash from all units is sold to 
the County Road Commission for their use. On-site landfills are available 
northeast of the plant for bottom ash from the boilers. 

Lime/Limestone and Lime Spray Drying FGD Costs--
Figure 7~2.1-1 shows the general layout and location of the FGD control 

system. The absorbers for both units and all FGD technologies were located 
south of the boilers in a relatively small area. A storage area building and 
part of the plant road would be relocated to make more space available for 
the FGD absorbers. Therefore, a factor of 7 percent was assigned to general 
facilities. The limestone preparation/storage area was placed directly east 
of the absorbers with the waste handling area being located east of the 
preparation/storage area in the ash pond #1 site. 

Retrofit Difficulty and Scope Adder Costs--
The Coffeen plant is equipped with two boilers, one chimney, and two 

retrofit ESPs. The boilers sit east to west, side by side. The ESPs are 
located directly behind {south) the units with the chimney centered behind. 
The FGD absorbers were placed south of the chimney where they would be 
bounded on three sides. The absorbers would be bounded to the west by the 
coal conveyor, to the north by the chimney, and to the south by the coal 
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TABLE 7.2.1-1. COFFEEN 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 
EMMISION (LB/MM BTU) 
REMOVAL EFFICIENCY 
DESIGN SPECIFICATION 

SULFUR SPECIFICATION {PERCENT) 
SURFACE AREA (1000 SQ FT) 
GAS FLOW (1000 ACFM) 
SCA (SQ FT/1000 ACFM) 
OUTLET TEMPERATURE (°F). 

7-8 

1 
389 
29 
1965 
eve 
3.7 
10400 
10.0 

DRY 
OFF-SITE 

2 
617 
52 
1972 
eve 
3.7 
10400 
10.0 

1 
CONVEYOR 

COAL MINE NEXT 
TO THE PLANT 

ESP 
1973 
0.05 

. 98.5 

4.5 
308.9 
1422.7 
217 
310 

ESP 
1982 
0.05 
97.4 

4.5 
397.4 
2217 
179 
310 



storage/handling area. A high site access/congestion factor was assigned to 
the absorbers to reflect this congestion. No obstructions exist in the area 
where the tie-in ductwork would be located and short to medium duct runs for 
all units would be required since the absorbers are close to the chimney. As 
a result, a low site access/congestion factor was assigned to flue gas 
handling for all units and all FGD technologies. 

The major scope adjustment costs and estimated retrofit factors for the 
FGD control technologies are presented in Table 7.2.1-2. There are no 

·significant scope adders for the retrofit of FGD control technologies at the 
Coffeen steam plant. The overall retrofit factors estimated for the L/LS-FGD 
cases were moderate (1.44 to 1.48). 

The only LSD-FGD case considered was LSD with a new baghouse. The 
existing ESPs are located in a high site access/congestion area and the SCAs 
are small (179-220). Also, it is likely that a considerable plate area 
increase would be required to upgrade the existing ESPs. The retrofit factor 
determined for the LSD technology was moderate (1.45) and did not include 
particulate control costs. A separate factor of 1.58 was estimated for new 
particulate controls. This high factor is a result of the high site 
access/congestion associated with the intended location of the absorbers and 
baghouses. 

Table 7.2.1-3 presents the cost estimates for L/LS and LSD-FGD cases. The 
LSD-FGD costs include installing new baghouses to hahdle the additional 
particulate loading for boilers 1 and 2. 

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, and optimization of scrubber size. 

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

parameters of concern include boil er capacity, furnace s 1 aggi ng, 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; therefore, coal 
switching was not eval~ated for the Coffeen plant. 
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TABLE 7.2.1-2. SUMMARY OF RETROFIT FACTOR DATA FOR COFFEEN UNITS 1-2 

FGD TECHNOLOGY 

FORCED LIME 
L/LS FGD OXIDATION SPRAY DRYING 

SITE ACCESS[CONGESTION 

S02 REMOVAL HIGH HIGH HIGH 
FLUE GAS HANDLING LOW LOW 

ESP REUSE CASE NA 
BAGHOUSE CASE LOW 

DUCT WORK DISTANCE (FEET) 100-300 100-300 
ESP REUSE NA 
BAGHOUSE 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 1.44 1.48 
ESP REUSE CASE NA 
BAGHOUSE CASE 1.45 

ESP UPGRADE NA NA NA 
NEW BAGHOUSE NA NA 1.58 

GENERAL FACILITIES (PERCENT) 7 7 7 
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Table 7.2. 1·3. S"""8ry of FGO Control Costs for the Coffeen Plant· <June 1988 Ool lars> 

================================================================================================================ 
Technology Boiler Main Boiler Capacity Coal Capital Capital Annual Annual S02 S02 S02 cost. 

NY!ber Retrofit Size Factor Sulfur cost Cost Cost cost Removed Removed Effect. 
Difficulty (MIO (%) Content ($MM) ($/kW) (SHH) (mills/kwh) (%) (tons/yr) (5/ton) 

Factor (%) 

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

L/S FGO 1 1.44 389 29 3.7 111.3 286. 1 46.3 46.9 90.0 31287 1480.3 
L/S FGO 2 1.44 617 52 3.7 152.0 246.3 75.1 26.7 90.0 88983 843.8 

L/S FGO·C 1.44 389 29 3.7 111 .3 286.1 27.0 27.4 90.0 31287 864.0 
L/S FGO·C z 1 .44 617 52 3.7 152.0 246.3 43.7 15.5 90.0 88983 491. 1 

LC FGO 1·2 1 .44 1006 41 3.7 192.4 191 .3 94. 1 26.0 90.0 114393 822.6 

LC FGO·C 1 -2 1 .44 1006 41 3.7 192.4 191 .3 54.8 15.2 90.0 114393 478.9 

LSO+FF 1 1 .45 389 29 3.7 103.4 265.9 37.0 37.5 84.0 29063 1274. 2 
LSO+FF 2 1 .45 617 52 3.7 156.2 253.1 63.0 22.4 84.0 82657 761.6 

LSO+FF·C 1 1 .45 389 29 3.7 103.4 265.9 21.7 21.9 84.0 29063 746.0 
LSO+FF·C 2 1 .45 617 52 3.7 156.2 253.1 36.8 13. 1 84.0 82657 444.8 

========================•=========c•=======•=======•============================================================ 
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Table 7.2.1-4 presents the IAPCS results for physical coal cleaning at 
the Coffeen 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 Crists--
This section presents the performance and various related costs 

estimated for NOx controls at Coffeen. These controls include LNC and SCR. 
The application of NOx control technologies is affected by several 
site-specific factors which are discussed in Section 2. The NOx control 
technologies evaluated at Coffeen were: NGR and SCR. 

Low NOx Combustion--
Units 1 and 2 are wet bottom, cyclone-fired boilers rated at 389 and 

617 MW, respectively. The combustion modification technique applied was NGR. 
The NOx reduction performance estimated for both units was 60 percent. 
Table 7.2.1-5 presents the results for all boilers evaluated for NOx control 
applicability at the toffeen plant. Table 7.2.1-6 presents the cost of 
retrofitting NGR at the Coffeen plant. 

Selective Catalytic Reduction--
Table 7.2.1-5 presents the SCR retrofit factors for each unit. The 

table includes process area retrofit difficulty 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 ESP to the 
reactor and from the reactor to the chimney. 

The reactors for units 1 and 2 were located south of the powerhouse, 
behind the ESPs, and north of the crusher house. The reactor for unit 1 
would be bounded on thre~ sides.by the coal conveyor belt, the chimney, and 
the crusher house. Meanwhile, the reactor for unit 2 would be bounded on two 
sides by the chimney and the coal conveyor. 

The reactors for units 1 and 2 were assigned medium site access/ 
congestion factors. The ammonia storage system, which would supply ammonia 
to both reactors, would be located in an open area. The reactors were placed 
in an area with high underground obstructions and the ammonia system was 
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Table 7.2.1-4. Sunnary cf Coal switching/Cleaning Costs for the Coffeen Plant (June 1988 Collars) 

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

PCC 
PCC 

PCC·C 
PCC·C 

Bci ler Main Bci ler 
N~r Retrofit Size 

Difficulty (HWl 

1 

2 

, 
2 

Factor 

1.00 
1.00 

1.00 
1.00 

389 
617 

389 
617 

Capae.i ty Cea l 
Facto~ Sulfur 

CXl 

29 
52 

29 
52 

Content 
o:i 

. 3.7 
3.7 

3.7 
3.7 

Capital 
Cost 
(SMMl 

5.3 
10.3 

5.3 
10.3 

Capital 
Cost 

(S/kWl 

13.8 
16.7 

13.8 
16.7 

Annual 
Cost 

(SMHl 

3.6 
8.9 

2.1 
5. 1 

Annual S02 S02 S02 Cost 
Cost Removed Removed Effect. 

Cmi l ls/kwh) (Xl (tons/yr) ($/ton> 

3.6 
3.2 

2., 
1.8 

31.0 
31.0 

31.0 
31.0 

10766 
30621 

10766 
30621 

33<\.2 
289.6 

193.7 
16~.4 

================================================================================================================ 
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TABLE 7.2.1-5. SUMMARY OF NOx RETROFIT RESULTS FOR COFFEEN 

BOILER NUMBER 

COMBUSTION MODIFICATION RESULTS 

1 2 

FIRING TYPE CY CY 

TYPE OF NOx CONTROL NGR NGR 

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) 60 60 

· SCR RETROFIT RESULTS 

SITE ACCESS AND CONGESTION 
FOR SCR REACTOR MEDIUM MEDIUM 

SCOPE ADDER PARAMETERS--

Building Demolition (1000$) 0 0 

Ductwork Demolition (1000$) 75 106 

New Duct Length (Feet) 150 150 

New Duct.Costs jl000$) 1,503 1,968 

New Heat Exchanger (1000$) 4, 198 5,554 

TOTAL SCOPE ADDER COSTS (1000$) 5,776 7,628 

RETROFIT FACTOR FOR SCR 1.34 1.34 

GENERAL FACILITIES (PERCENT) 13 13 
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Table 7.2.1-6. MOx Cont rel Cost Results for tile Coffeen Plant · C June 1988 Ool larsJ 

:s============================================================================================================== 
Teennolcgy Boiler Main Boiler Capacity Coal Capital Capital Annual Annual NOx MOX NOx Cost 

N<A!ber Retrofit Size Factor Sul fur cost Cost cost Cost Removed Removed Effeet. 
Difficulty (Miil CXl 'content ($MM) ($/Ir.II) (SMMl (mill s/kwn l (%) (tons/yr) CS/tonl 

Factor (X) 

···-·-----------------,--····-----------------------------------------~-------------------------------------------

NGR 1 1.00 389 29 3.7 6.1 15.7 5.9 6.0 60.0 4915 1203.7 
NGR 2 1.00 617 52 3.7 8.7 14. 1 15.6 5.5 60.0 139n 1114. 1 

NGR·C 1.aa 389 29 3.7 6. 1 15.7 3.4 3.5 6a.o 4915 695.2 
NGR·C 2 1. ao 617 52 3.7 8.7 14. 1 9.0 3.2 6a.a 139n 641. 1 

SCR·3 1.34 389 29 3.7 53.3 137.1 19.1 19.3 ea.a· 6553 2913.7 
SCR·3 2 1.34 617 52 3.7 79.4 128.6 30.4 10.8 80.0 18637 1630.6 

SCR-3·C 1.34 389 29 3.7 53.3 137.1 11.2 11.3 80.0 6553 17a5. 9 
SCR·3·C 2 1 .34 617 52 3.7 79.4 128.6 17.8 6.3 80.0 18637 953.3 

SCR·7 1 1.34 389, 29 3.7 53.3 137. 1 15.8 16.0 80.0 6553 2415.5 
SCR· 7 2 1.34 617 52' 3.7 79.4 128.6 25.2 9.0 80.0 18637 1352.8 

SCR-7·C 1.34 389 29 3.7 53.3 137. 1 9.3 9.4 80.0 6553 1420.4 
SCR·7·C 2 1.34 617 52 3.7 79.4 128.6 14.8 5.3 80.0 18637 794.1 

================================================================================================================ 
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placed in an area with no significant underground obstructions. 
Table 7.2.1-6 presents the estimated cost of retrofitting SCR at the Coffeen 
boilers. 

Sorbent Injection and Repowering--
This section presents .the cost/performance estimates for 502 control 

technologies that are under development but h~ve not been demonstrated on 
commerc 1al ut i 1 i ty boilers. These tech no 1 ogi es 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 both units would be 

located south of the plant in a relatively small area. The retrofit of DSD 
and FSI technologies at the Coffeen steam plant would be difficult because of 
the small SCA (<220), although there is more than 2 seconds of flue gas 
ducting residence time between the boilers and the ESPs. Significant 
particulate control upgrading ~ould likely be needed to handle the increased 
solids loading resulting from the .DSD and FSI retrofit. As a result, DSD 
followed by new fabric filters installed behind the chimney was evaluated; 

·Tables 7.2.1-7 and 7.2.1-8 present a summary of site access/conge~tion 
factors, scope adders, and retrofit factors for DSD and FSI technologies at 
the Coffeen stea~ plant. Table 7.2.1-9 presents the costs estimated to 
retrofit DSD at the Coffeen 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 Coffeen plant. The boilers at Coffeen would not be 

· considered good candidates for AFBC retrofit and AFBC or CG/combined cycle 
repowering because of their large boiler sizes (>300 MW). However, the 
capacity factor on boiler l is low and NOx/S02 emissions are high suggesting 
that this boiler may be a good candidate if size is not a technology limiting 
constraint. 
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TABLE 7.2.1-7. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR COFFEEN 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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MEDIUM 
NA 
HIGH 

NO 
NA 

300 
3,051 

NA 
NA 
50 
83 

NA 
3, 134 

1.25 
NA 

1.55 
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TABLE 7.2.1-8. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR COFFEEN 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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HIGH 
NA 

HIGH 

NO 
NA 

300 
3,996 

NA 
NA 
50 
117 

NA 
4, 113 

1.25 
NA 

1.55 
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Table 7.2.1·9. S~ry of DSD/FSI Control Costs for the Coffeen Plant (June 1988 Dollars) 

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

DSC+FF 
DSC+ FF 

DSC+FF·C 
DSO+FF·C 

Boiler Hain Boiler 
Nurber Retrofit size . 

Difficulty CHiil 

, 
2 

1 

2 

Factor 

1.00 
1.00 

1.00 
1.00 

389 
617 

389 
617 

Capacity Coal 
Factor 
c:o 

29 
52 

29 
52 

Sul fur 
Content 

c:o 

3.7 
3.7 

3.7 
3.7 

Capital Capital Annual 
Cost Cost Cost 
(SllH) (S/kW) (SHH) 

66.6 171 .2 25. 7 
100.5 162.9 45.5 

66.6 171.2 15.0 
100.5 162.9 26.5 

Annual S02 S02 S02 cost 
Cost Removed Removed Effect. 

(mills/kwh) (%) (tons/yr) CS/ton) 

26.0 
16.2 

15.2 
9.4 

69.0 
69.0 

69.0 
69.0 

24091 
68518 

24091 
68518 

1066.8 
664. 1. 

623.6 
387.1 

================================s•z===========s•s=•============================================================= 

7-19 



7.2.2 Grand Tower Steam Plant 

The Grand Tower steam pl ant is located in Jackson County, Illinois, as 
part of the Central Illinois. Public Service Company system. The plant 
contains three coal-fired boilers with a gross generating capacity of 286 MW. 
Figure 7.2.2-1 presents the plot plan showing the location of all boilers and 
major associated auxiliary equipment. 

Table 7.2.2-1 presents operational data for the existing equipment for 
the boilers at Grand Tower. The boilers burn medium sulfur coal (2.7 percent 
sulfur). Coal is received by truck and taken to the coal storage/handling 
area located next to boilers/powerhouse {north). 

Particulate emissions are controlled with retrofit ESPs located behind 
the units. The ash from all units is wet sluiced to the ash ponds which are 
located on the far side of the powerhouse (south). 

Lime/Limestone and Li me Spray Drying FGD Costs- -
.Figure 7.2.2-1 shows the general layout and location of the FGD control· 

system. The FGD absorbers for all FGD technologies were located in an open 
area south of the chimney in an uncongested area. The only demolition and 
relocation required for this placement of the FGD absorbers would be a plant 
road; therefore, a factor of 5 percent was assigned to general facilities. 
The lime and limestone preparation/storage area and waste handling area were 
located south of the absorbers in close proximity to the ash ponds in a low. 
access/congestion area. 

Retrofit Difficulty and Scope Adder Costs--
The Grand Tower plant has 3 units, numbered 7, 8, and 9. No information 

was available for units 1 to 6 in the EIA-767 forms or other data reviewed 
and, as a result, it was assumed that these units have been retired and are 
no longer in service. The plant is bounded on the west side by the 
Mississippi River ~nd on the remaining.sides by rolling hills. All boilers 
sit side by side, parallel to the river. The coal storage/handling area is 
located to the north of the powerhouse while the ash ponds are located to the 
south of the powerhouse. The L/LS and LSD-FGD absorbers were located between 
the powerhouse and the ash ponds. A low site access/congestion factor was 

7-20 



D 

9 

8 

7 

Not to sca/e 

Coa1 
Conveyor 

NH, Storage 
Sr~rem 

lime/limestone 
Storage/Preparation 

Area 

Waste 
Handlfng Area 

f:Go Wasre Handling/Absorber Area 
. lime/Limestone Srorage/Prepararion Area 
NH, Storage System 
SCR Boxes 

Figore 7.2.2-1. Gr•nd To•er Pl•nt Plot Pl•n 

7-21 

N 



TABLE 7.2.2-1. GRAND TOWER 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) 
EXIT GAS FLOW RATE (1000 ACFM) 
SCA (SQ FT/1000 ACFM) 
OUTLET TEMPERATURE ("F) 
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7,8 9 
85, 81 114 
10 40 
1951 1958 
FWF FWF 
2.7 2.7. 
11500 11500 
10.3 10.7 

WET SLUICE 
POND/ON-SITE . 

1 
TRUCK 

ESP ESP 
1969 1970 
0.13 0.16 
98.4 97.9 

2.1 2.1 
19.9 54 . 
149.5 377 
133 143 
310 310 



assigned to the location of the absorbers because there is no plant facility 
surrounding this location. The access/congestion factor assigned to the flue 
gas handling was medium as a result of the ductwork congestion created by the 
closeness of the chimneys to the boilers and the railroad track. Also, a 
long duct run would be required for all FGD retrofit cases at the Grand Tower 
plant. 

The major scope adjustment costs and estimated retrofit factors for the 
FGD technologies are presented in Table 7.2.2-2. The largest scope adders 
for the Gra_nd Tower plant would be construction of a new chimney and the 
conversion from wet to dry ash handling/disposal system for the L/LS-FGD 
cases evaluated. It was assumed that the dry fly ash would be necessary to 
stabilize the scrubber sludge waste for these cases. This conversion is not 
required for the application of forced oxidation FGD. Reuse of the existing 
chimney was difficult due to the location of the chimney between the existing 
ESPs. The cost of a new chimney was added to the scope· adders. The overall 
retrofit factors determined for the L/LS-FGD cases were moderate (1.44 to 
I. 49). 

The LSD-FGD case evaluated at Grand Tower was LSD with a new baghouse. 
This case was evaluated for the primary reason that the SCAs at these units 
are small (<145). The overall retrofit factor estimated for the LSD 
technology was moderate (1.45). A separate factor was developed for the new 
particulate controls and used by the IAPCS_model to determi_ne any additional 
cost which might be required. This factor_was low (l.16) and is a result of 
the location chosen for the new particulate control on the side of the boiler 
between the powerhouse and the ash ponds. 

Table 7.2.2-3 presents the process area retrofit factors and 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 7-9. 

Two combined FGD cases for units 7-9 were considered. The first case 
uses conventional forced oxidation technology for an NSPS type system and 
demonstrates the economies of scale. The second case represents the low cost 
control case. The additional reduction in costs is primarily due to the 
elimination of spare scrubber module, the optimization of scrubber module 
size, and the use of adipic acid. 
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TABLE 7.2.2-2. SUMMARY OF RETROFIT FACTOR DATA FOR GRAND.TOWER UNITS 7-9 

FGD TECHNOLOGY 

FORCED LIME 
L/LS FGD OXIDATION SPRAY DRYING 

SITE ACCESSLCONGESTION 

S02 REMOVAL LOW LOW LOW 
FLUE GAS HANDLING MEDIUM MEDIUM 

ESP REUSE CASE NA 
BAGHOUSE CASE MEDIUM 

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 YES NO NO 
ESTIMATED COST (1000$) 819 NA NA 

NEW CHIMNEY YES YES YES 
ESTIMATED COST (1000$) 2,075 2,075 . 2,075 

OTHER NO NO NO 

RETROFIT FACTORS 

FGD SYSTEM 1.49 1.44 
ESP REUSE CASE NA 
BAGHOUSE CASE 1.45 

ESP UPGRADE NA NA NA 
NEW.BAGHOUSE NA NA 1.16 

GENERAL FACILITIES (PERCENT) 5 5 5 
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Table 7.2.2-3. S\.1!11\ary of FGD Control Costs for the Grand Tower ?lant (June 1988 Dollars> 

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

N...-ber Retrofit Size Factor Sul fur Cost Cost cost Cost Removed Removed Effect. 
Difficulty (MW) 00 Content ($MM) (S/kWl ($MM) cmi l ls/kwh> (%) c tons/yrJ CS/ton) 

Factor (%) 

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

L/S FGO 7 1 .49 85 10 2.7 43.6 513.3 16.2 217. 1 90.0 1533 10544.0 
L/S FGD 8 1.49 81 10 2.7 42.7 526.7 15.8 223.0 90.0 1461 10833 .7 
L/S FGD 9 1.49 114 40 2.7 49.8 436.6 21.0 52.6 90.0 8223 2554", 0 

L/S FGD·C 7 1.49 85 10 2.7 43.6 513.3 9.5 127.0 90.0 1533 6168. 7 
L/S FGO·C 8 1 ,49 81 10 2.7 42.7 526.7 9.3 130.5 90.0 1461 6338.0 
L/S FGO·C 9 1.49 114 40 2.7 49.8 436.6 12.3 30.7 90.0 8223 1490.4 

LC FGO 7-9 1 .49 280 22 2.7 62.5 223.0 25.5 47.3 90.0 11108 2298.9 

LC FGO-C 7-9 1 .49 280 22 2.7 62.5 223.0 14.9 27.6 90.0 11108 1342.3 

LSD+ FF 7 1.45 85 10 2.7 25.8 303.6 10.0 134.0 87.0 1473 6m.3 
LSD+ FF 8 1.45 81 10 2.7 24.7 305.2 9.7 136.2 87.0 1404 6882.4 
LSD+ FF 9 1 .45 114 40 2.7 31.7 278.4 13.2 33. 1 86.0 7869 1678.2 

LSD+FF-C 7 1.45 85 10 2.7 25.8 303.6 5.8 78.3 87.0 1473 3959.2 
LSO+FF-C 8 1.45 81 10 2.7 24.7 305.2 5.6 79.6 87.0 1404 4022. 1 
LSD+FF-C 9 1.45 114 40 2.7 31.7 278.4 7.7 19.3 86.0 7869 979.6 

================================================================================================================ 
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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 addftional 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 associ~ted with each boiler for the range of fuel 
cost differential are shown in Table 7.2.2-4. 

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

controls at the Grand Tower 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 7 to 9 are dry bottom, front wall-fired boilers rated at 85, 81, 

and 114 MW, respectively. The .combustion modification technique applied for 
these boilers was LNB. As Table 7.2.2-5 shows, the LNB NOx reduction 
performances for units 7 and .8 could not be estimated using the simplified 
procedures. No boiler information could be found for units 7 and 8 in POWER 
to assess their NOx reduction performances. Since these boilers are 
relatively old, it is estimated that a NOx reduction of 20 to 30 percent can 
be achieved by these boilers retrofitted with LNB. For un.it 9, the LNB NOx 
reduction performance was estimated at 50 percent using the simplified 
procedures. Table 7.2.2-6 presents the cost of retrofitting LNB at the Grand 
Tower boilers, assuming a NOx reduction performance of 25 percent for units 7 
and 8. 
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Table 7.2.2·4. S.mnary of Coal Switching/Cleaning Costs for the Grand Tower Plant (June 1968 Dollars) 

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

Nl.llber Retrofit Size Factor Sul fur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (MW) (%) Content CSMM! (S/kW) (SMM) (mills/kwh) (%) (tons/yr) (S/ton) 

Factor (%) 

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

CS/B+S15 7 1.00 85 10 2.7 4.2 49.2 2.0 27.3 68.0 1165 1746.3 
CS/B+S15 8 1.00 81 10 2.7 4.0 49.7 2.0 27.6 68.0 1111 1761.1 
CS/8+515 9 1.00 . 114 40 2.7 5 .1 45. 1 6.6 16.5 68.0 6252 1052.2 

CS/B+S15·C 7 1.00 85 10 2.7 4.2 49.2 1 .2 15.9 68.0 1165 1016.6 
CS/B+S15·C 8 1.00 81 10 2.7 4.0 49.7 1 • 1 16.0 68.0 1 111 1025.2 
CS/B+S15·C 9 1.00 114 40 2.7 5.1 45. 1 3.8 9.5 68.0 6252 606.5 

CS/B+S5 7 1.00 85 10 2.7 3.3 38.8 1.3 17.0 68.0 1165 1086.1 
CS/B+S5 8. 1.00 81 10 2.7 3.2 39.3 1.2 17.2 68.0 1111 1100.7 
CS/B+S5 9 1.00 114 40 2.7 4.0 34.8 3. 1 7.7 68.0 6252 491.4 

CS/8+S5·C 7 1.00 85 10 2.7 3.3 38.8 0.7 9.9 68.0 1165 635.0 
CS/B+S5·C 8 1.00 81 10 2.7 3.2 39.3 0.7 10.1 68.0 1111 643.5 
CS/B+SS·C 9 1.00 114 40 2.7 4.0 34.8 1.8 4.5 68.0 6252 264.4 

================================================================================================================ 
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TABLE 7.2.2~5 SUMMARY OF NOx RETROFIT RESULTS FOR GRAND TOWER 

BOILER NUMBER 

COMBUSTION MODIFICATION RESULTS 

7 8. 9 

FIRING TYPE FWF FWF FWF 

TYPE OF NOx CONTROL LNB LNB LNB 

VOLUMETRIC HEAT RELEASE RATE 
(1000 BTU/CU FT-HR) NA NA 17.9 

BOILER/WATERWALL SURFACE 
AREA HEAT RELEASE RATE 
(1000 BTU/SQ FT-HR) NA NA 53.7 

FURNACE RESIDENCE TIME (SECONDS) NA NA 2.39 

ESTIMATED NOx REDUCTION (PERCENT) 25 25 50 

SCR RETROFIT RESULTS 

SITE ACCESS AND CONGESTION 
FOR SCR REACTOR LOW LOW LOW 

SCOPE ADDER PARAMETERS--

New Chimney (1000$) 2,075 2,075 2,075 

Ductwork Demolition (1000$) 24 24 30 

New Duct Length (Feet) 600 600 700 

New·ouct Costs (1000$) 2;722 2,722 3,745 

New Heat Exchan9er (1000$) 1z703 1,703 2,016 

TOTAL SCOPE ADDER COSTS (1000$) 6,524 6,524 7,866 

RETROFIT FACTOR FOR SCR 1.16 1.16 1.16 

GENERAL FACILITIES (PERCENT) 13 13 13 
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Table 7.2.2·6. NOx Control Cost Results for the Grand Tower Plant (June 1988 Dollars) 

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

NL.lllber Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (Ml.ll 00 content CSHM> ($/kl.I) CSMM) (mil ls/kwh) (%) c tons/yr) CS/ton) 

Factor (%) 

-------~-------------------------------------------------------------------------------------------------------·-

LNC·LNB 7 1.00 85 10 2. 7 2.4 28.2 0.5 7.0 25.0 85 6160.6 
LNC·LNB 8 1.00 81 10 2.7 2.3 29.0 D.5 7.2 25.0 81 6340.0 
LNC·LNB 9 1.00 114 40 2.7 2.7 23.6 0.6 1.5 50.0 911 645.5 

LNC· LNB-C 7 1.00 85 10 2.7 2.4 28.2 0.3 4.2 25.0 85 3656.8 
LNC·LNB-C 8 1.00 81 10 2.7 2.3 29.0 0.3 4.3 25.0 81 3762.0 

,LNC·LNB·C 9 1.00 114 40 2.7 2.7 23.6 0.3 0.9 50.0 911 383. 1 

SCR-3 7 1. 16 85 10 2.7 20.7 243. 1 6.0 81 .0. 80.0 2n 22186.8 
SCR-3 8 1. 16 81 10 2.7 20.2 249.1 5.9 82.5 80.0 259 22617.4 
SCR-3 9 1.16 114 40 2.7 25.0 219.3 7.6 19.0 80.0 1458 5205.2 

SCR-3-C 7 1.16 85 10 2.7 20.7 243. 1 3.5 47.6 80.0 2n 13052.6 
SCR·3-C 8 1.16 81 10 2.7 20.2 249.1 3.4 48.6 80.0 259 13307 .5 
SCR-3-C 9 1. 16 114 40 2.7 25.0 219.3 4.5 11.2 so.a 1458 3059.1 

SCR·7 7 1 .16 85 10 2.7 20.7 243 .'1 5.3 71 .5 so.a 2n 19599.6 
SCR·7 8 1.16 81 10 2.7 20.2 249. 1 5.2 73.1 80.0 259 20029.8 
SCR-7 9 1. 16 114 40 2.7 25.0 219.3 6.6 16.6 80.0 1458 4558.6 

SCR-7-C 7 1 .16 85 10 2.1 20.7 243. 1 3. 1 42.2 80.0 2n 11570.2 
SCR·7-C 8 1.16 81 10 2.7 20.2 249.1 3. 1 43.2 80.0 259 11825 .3 
SCR· 7·C 9 1. 16 114 40 Z.7 25.0 219.3 3.9 9.8 80.0 1458 2688.7 

================================================================================================================ 
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Selective Catalytic Reduction--
Table 7.2.2-5 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 units 7 to 9 would be located side-by-side in a 
relatively open area close to the powerhouse between it and the ash ponds. 
Since the reactors were located in an open area having easy access with no 
major obstacles, the reactors for units 7 to 9 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 techniques 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 were reduced at this ~lant, the SCR 
reactors would have to be located downstream of the FGD absorbers in a 
relatively open area further south from the SCR reactors' original locations. 
In this case, low access and congestion factors would be assigned to all SCR 
reactors. Table 7.2.2-6 presents the estimated cost of retrofitting SCR at 
the Grand Tower boilers. 

Sorbent Injection and Repowering--
This section presents the cost/performance estimates for so2 control 

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

Duct Spray Drying and Furnace Sorbent Injection--
The sorbent receiving/storage/preparation areas for all units were 

placed in a layout similar to that for LSD-FGD. The retrofit of DSD and FSI 
would be difficult and costly because the SCAs are small (<150) and, for DSD 
retrofit, there is insufficient duct residence time (l second}. Therefore, a 
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new particulate control (new baghouse) would be needed to handle the 
increased particulate load resulting from DSD or FSI application. For DSD 
with a new fabric filter, the baghouse would be located south of the plant 
between the powerhouse and ash ponds and the retrofit factors for the new 
controls would be low (1.13). It was assumed that the ESPs could not be 
upgraded for FSI due to a high access/congestion factor for modifying the 
existing ESPs. Additionally, the conversion of the wet to dry ash handling. 
system would be required when reusing the ESPs for FSI. Tables 7.2.2-7 and 
7.2.2-8 present a sununary of the site access/congestion factors for DSD and 
FSI technologies at the Grand Tower plant. Table 7.2.2-9 presents the 
estimated cost to retrofit DSD with fabric filter at the Grand Tower plant. 

At~ospheric Fluidized Bed Combustion and Coal Gasification Applicability--
The AFBC retrofit and AFBC or CG repowering applicability criteria 

presented in Section 2 were used to determine the applicability of these 
technologies at the Grand Tower plant. The boilers at the Grand Tower are 
small, they were built prior to 1960 and have low capacity factors. As such, 
they would be considered good candidates for retrofit/repowering using AFBC 
or CG. Additionally, application .of coal switching and sorbent injection 
would be costly due to the need to add new particulate control devices. 

7.2.3 Hutsonville Steam Plant . 

The Hutsonvi 11 e steam plant is located within Crawford County, 
Illinois, as part of the Central Illinois Public Service Company system. 
The plant is located beside the Wabash River which separates Illinois and 
Indiana. The plant contains four retired oil burning boilers and two 
operating coal-fired boilers. Both coal burning boilers have a combined 
total gross generating capacity of 150 MW. 

Table 7.2.3~1 presents operational data for the existing equipment at 
the Hutsonville plant. The boilers burn medium sulfur coal. Coal shipments 
are received by trucks and transferred to a coal storage and handling area 
south of the plant. 

PM emissions for both boilers are controlled with retrofit ESPs located 
behind each unit. The plant has a wet fly ash handling system. Fly ash is 
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TABLE 7.2.2-7. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR GRAND TOWER UNITS 7-8 

ITEM 

SITE ACCESS/CONGESTION 

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

SCOPE ADDERS 

LOW 
HIGH 
LOW 

CHANGE ESP ASH DISCHARGE SYSTEM TO DRY HANDLING YES 
ESTIMATED COST (1000$) 819 

ADDITIONAL DUCT-WORK (FT) 
NEW BAGHOUSE CASE 600 

· ESTIMATED COST ( 1000$) 2523 
ESP REUSE CASE NA 
ESTIMATED COST (1000$) NA 

DUCT DEMOLITION LENGTH (FT) SO 
DEMOLITION COST (1000$) 27 

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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1.13 
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TABLE .7 .2.2-8. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR GRAND TOWER UNIT 9 

ITEM. 

SITE ACCESS/CONGESTION 

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

SCOPE ADDERS 

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

ADDITIONAL DUCT WORK (FT) 
NEW BAGHOUSE CASE 
ESTIMATED COST (1000$) 
ESP REUSE CASE 
ESTIMATED COST (1000$) 

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

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

RETROFIT FACTORS 

CONTROL SYSTEM (DSD SYSTEM ONLY) 
ESP UPGRADE (FSI) 
NEW BAGHOUSE (DSD) 
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HIGH 
LOW 

YES 
1054 

600 
2976 
NA 

. NA 
50 
33 

1087 
3009 

1.13 
1.55 
1.13 



!able 7.2.2-9. SU11111ary of CSD/FSI Control Costs for the Grand Tower ?lant (June 1988 Collars) 

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

DSD+FF 
DSD+F F 
DSD+f f 

DSD+ff·C 
DSD+ff·C 
DSD•ff·C 

Boiler Main Boiler Capacity Coal 
Number Retrofit Size Factor Sulfur 

Difficulty (M~) (%) Content 
Factor (%) 

7 1.00 85 10 2.7 
8 1.00 81 10 2.7 
9 1.00 114 40 2.7 

7 1.00 85 10 2.7 
8 1.00 81 10 2.7 
9 1.00 114 40 2.7 

Capital Capital ·Annual 
Cost 
(SHMJ 

17.7 
17. 1 
21. 7 

17.7 
17. 1 
21.7 

Cost 
($/k~J 

207.8 
211.4 
190.2 

207.8 
211.4 
190.2 

Cost 
($MM) 

7.3 
7. 1 
9.8 

4.3 
4.2 
5.7 

Annual S02 S02 
Cost Removed Removed 

Cmills/kwh) (%) (tons/yr) 

97.9 71.0 1205 
100.4 71.0 1148 
24.6 71.0 6447. 

57.2 71.0 1205 
58.6 71.0 1148 
14.3 71.D 6447 

S02 Cost 
Effect. 
cS/tonJ 

6052 .6 
6205.0 
1521. 8 

3533.5 
3621.9 
. 887.0 

================================================================================================================ 
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TABLE 7.2.3-1. HUTSONVILLE STEAM PLANT OPERATIONAL DATA 

BOILER NUMBER 
GENERATING CAPACITY (MW-each) 
CAPACITY FACTOR (PERCENT) 
INSTALLATION DATE 
FIRING TYPE 
FURNACE VOLUME (1000 CU. FT) 
LOW NOx COMBUSTlON 
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) 

7-3'5 

5' 6 
75 
78 
1953-54 
TANGENTIAL 
49.2 
NO 
2.4 
11000 
9.5 
WET SLUICE 
ON-SITE 
1-2 
TRUCK 

ESP 
1971 
0 .13 
97.9-99.4 

2.0 
47.9 
300 
159 
300 



disposed of in a new ash pond site (built in 1986) southwest of the coal 
pile. There are four roof mounted chimneys. The first two were used for 
the oil burning units and are retired while the other two serve units 5 and 
6 (the coal burning units). 

Lime/Limestone and Lime Spray Drying FGD Costs--
The six boilers are located beside each other with boiler 1 being the 

closest to the coal pile and boiler 6 the furthest. The retrofit ESPs for 
boilers 5 and 6 are located behind each unit between the boilers and the 
switchyard. The water intake and discharge structure is located on the 
other side of the boiler toward the river. 

The absorbers for units 5 and 6 would be located beside the retrofit 
ESPs for unit 6 to the north of the plant. The sorbent pr~paration, 
storage, and handling area would be located behind the absorbers. There are 
no major obstacles/obstructions in the surrounding area 
factor of 5 percent was assigned to general facilities. 
pond site would be used for the FGD sludge disposal. 

and, as such, a base 
The existing ash 

A low site access/congestion factor was assigned t.o the FGD absorber 
locations due to the easy accessibility and space availability north of 
unit 6. Because the chimneys are roof mounted and access to them is 
difficult, a new chimney would be constructed .beside the absorbers. Over 
300 feet· of duct wo~ld be required to divert the flue gases fro~ each of the 
units (5 and 6) to the absorbers and new chimney. A medium site access/ 
congestion factor was assigned to the flue gas handling system because of 
the access difficulties to the boilers created by the close proximity of the 
units to each other and their respective ESPs. 

LSD with reuse of the existing ESPs was not considered for this plant 
because the ESPs are small (SCA =159) 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 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 iri Table 7.2.3-2. Table 7.2.3-3 presents the 
process area retrofit factors and capital/operating costs for commercial FGD 
technologies. The low cost FGD option reduces costs due to eliminating 
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TABLE 7.2.3-2. SUMMARY OF RETROFIT FACTOR DATA FOR HUTSONVILLE 
UNIT 5 OR 6 

FGD TECHNOLOGY 

FORCED LIME 
LLLS 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 YES NA NA 
ESTIMATED COST (1000$) 724 NA NA 

NEW CHIMNEY YES NA NA 
ESTIMATED COST (1000$) 525 0 0 

OTHER NO 

RETROFIT FACTORS 

FGD SYSTEM 1.44 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 7.2.3·3. s ...... ry of FGD Control Costs for the Hutsonville Plant (June 1988 Dollars) 

=========•==============s======================================================================================= 
Technology Boiler Main Boiler Capacity Coal Capital Capital Annual Annual S02 S02 S02 Cost 

N"'*>er Retrofit Size Factor Sulfur cost Cost Cost Cost Removed Removed Effect. 
Difficulty (MW) <X> Content ($MM) (S/lc\I) (SMM) (mil ls/kwh) <X> (tons/yr> ($/ton) 

Factor (X) 

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

LIS FGO s, 6 1.44 75 78 2.4 40.7 543. 1 19.4 37.8 90.0 9868 1962.4 

LIS FGO·C 5,, 6 1.44 75 78 2.4 40.7 543.1 11.3 22.0· 90.0 9868 1142.8 

LC FGO 5·6 1.44 150 78 2.4 39.0 260.2 22.2 21.7 90.0 19736 1125.5 

LC FGO·C 5·6 1.44 150 78 2.4 39.0 260.2 12.9 12.6 90.0 19736 653.7 

==============================================================================================================·= 

7-38 



spare absorber modules and economies of scale associated with combining 
process areas. 

Coal Switching and Physical Coal Cleaning--
Table 7.2.3-4 presents the IAPCS results for CS at the Hutsonville 

plant. These costs do not include cost impacts for changes in boiler and 
pulverizer operation. PCC was not evaluated because this is not a mine 
mouth plant. 

Low NOx Combustion--
Units 5 and 6 are dry bottom tangential-fired boilers r,ated at 75 MW 

each. The combustion modification technique applied to all boilers was 
OFA. Tables 7.2.3-5 and 7.2.1-6 present the performance and cost results of 
retrofitting OFA at Hutsonville. The high NOx removal performance is based 
on the low volumetric heat release rate for these boilers. 

Selective Catalytic Reduction--
Cold side SCR reactors for ·units 5 and 6 would be located beside the 

unit 5 and 6 ESP boxes. Both re~ctors are located in medium site access/ 
congestion areas. All reactors were assumed to be in areas with high 
underground obstructions. Duct length of 350 and 300 feet would be required 
for units 5 and 6, respectively. The ammonia storage system was placed 
close to the reactors north .of the plant. No major demolition/relocation 

.would be required for the SCR reactor location and, as such, a base factor 
of 13 percent was assigned to general facilities. 

Table 7.2.3-5 presents the SCR process area retrofit factors and scope 
adder costs. Table 7.2.3-6 presents the estimated cost of retrofitting SCR 
at the Hutsonville plant. 

Duct Spray Drying and Furnace Sorbent Injection--
The retrofit of FSI and DSD technologies at the Hutsonville steam plant 

for both units would be very difficult and were not considered for two major 
reasons: 1) the ESPs have small SCAs (<160); ~herefore, they would not be 
able to handle the increased PM and would require major upgrading and· 
additional plate area; and 2) there is a short duct residence time between 
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Table 7.2.3·4. Surmary of Coal Switching/Cleaning Costs for the Hutsonville Plant (June 1988 OoHars) 

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

NUTtler Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (Ml/) CXl Content CSMHl (S/kW) (SHH) (mil ls/kwh) CXl (tons/yr) CS/ton) 

Factor (X) 

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

CS/B+S15 5, 6 1.00 75 78 2.4 3.6 48.5 7.9 15.5 66.0 n64 1090.9 

CS/B+S15·C 5, 6 1.00 75 78 2.4 3.6 48.5 4.6 8.9 66.0 n64 627.3 

CS/B+S5 5, 6 1.00 75 78 2.4 2.9 38.2 3.6 6.9 66.0 n64 489.5 

CS/B+S5·C 5, 6 1.00 75 78 2.4 2.9 38.2 2.0 4.0 66.0 n64 282.2 

==================•~======z=~m========••======================================================================== 
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TABLE 7.2.3-5. SUMMARY OF NOx RETROFIT RESULTS FOR HUTSONVILLE 

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- -

NEW CHIMNEY (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 

7-41 

5 

TANG 

OFA 

49.2 

1953 

NO 

25 

MEDIUM 

0 

22 

350 

1466 

1568 

3056 

1.34 

13 

6 

TANG 

OFA 

49.2 

1954 

NO 

25 

MEDIUM 

0 

22 

300 

1256 

1568 

2846 

1.34 

13 



Table 7.2.3-6. NOX Control Cost Results for the Hutsonville Plant (June 1988 Ool larsl 

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

Nl.ll"ber Retrofit Size Factor Sulfur Cost cost Cost Cost Removed Removed E f feet. 
Difficulty (MW) OD Content ($MM) ($/kW) CSMH) (mil ls/kwh) (%) (tons/yr) CS/ton) 

Factor (%) 

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

LNC-OFA 5, 6 1.00 75 78 2.4 0.6 7.4 0.1 0.2 25.0 439 274.8 

LNC-OFA·C 5, 6 1.00 75 78 2.4 0.6 7.4 o. 1 0.1 25.0 439 163.0 

SCR·3 5 1.34 75 78 2.4 17.6 235.0 5.7 11 • 1 80.0 1406 4043.5 
SCR-3 6 1.34 75 78 2.4 17.4 232.2 5.6 11.0 eo.o 1406 4016.7 

SCR-3·C 5 1.34 75 78 2.4 17.6 235.0 3.3 6.5 80.0 1406 23n.8 
SCR-3·C 6 1 .34 75 78 2.4 17.4 232.2 3.3 6.5 80.0 1406 2356.8 

SCR-7 5 1 .34 75 78 2.4 17.6 235.0 5. 1 9.9 80.0 1406 3599.4 
SCR-7 6 1 .34 75 78 2.4 17.4 232.2 5.0 9.8 80.0 1406 35n.7 

SCR-7·C 5 1.34 75 78 2.4 17.6 235.0 3.0 5.8 80.0 1406 2118.4 
SCR-7·C 6 1.34 75 78 2.4 17.4 232.2 3.0 5.8 80.0 1406 2102.4 

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



the boilers and ESPs making humidification {FSI application) and sorbent 
evaporation (DSD application) infeasible. In addition, ESPs are located 
close to the switchyard and in a highly congested area and adding plate area 
would be very difficult. 

Atmospheric Fluidized Bed Combustion and Coal Gasification Applicabtlity--
The AFBC retrofit and AFBC/CG repoweri ng applicability criteria 

presented in Section 2 were used to determine the applicability of these 
technologies at the Hutsonville plant. Both units would be considered good 
candidates for retrofit/repowering because of their small boiler sizes. 

7.2.4 Meredosia Steam Plant 

The Meredosia steam plant is located in Morgan County, Illinois, as 
part of the Central Illinois Public Service Company system. The plant 
contains six boilers; five are coal-fired and one primarily fires oil. 
Units l to 5 have a net generating capacity of 354 MW. Unit 6 was not 
considered for FGD retrofit. 

Table 7.2.4-1 presents operational data for the existing equipment at 
the Meredosia steam plant. Boilers 1-5 burn medium sulfur coal. Coal is 
delivered by truck from a local mine. Barge unloading facilities are also 
available on-site but no longer are used. The coal is stored in an area 
southeast of the plant. 

PM emissions for units 1-5 are controlled with retrofit ESPs located 
behind each unit. Ash from the units is wet sluiced to ponds located south 
of the plant beside the coal pile. Units 1-4 are served by a common chimney 
1 ocated southeast of unit I. Uni ts 5 and 6 each have separate chimneys. 

Lime/Limestone and Lime Spray Drying FGD Costs--
The switchyard is located behind the unit 1-4 ESPs making it impossible 

to place FGD absorbers behind these units. Therefore, the unit 1-4 
absorbers were located south of the chimney, close to the coal pile. This 
location blocks the entrance to the plant; as such, a major plant road has 
to be relocated to make it possible to access the plant. Absorbers for 
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TABLE 7.2.4-1. MEREDOSIA STEAM PLANT OPERATIONAL DATA 

BOILER NUMBER 1-4 5 6 
GENERATING CAPACITY ~MW,COMBINED) 115 239 210 
CAPACITY FACTOR (PER ENT) · 18-10 55 
INSTALLATION DATE 1948 1960 1975 
FIRING TYPE TANG TANG 
FURNACE VOLUME ilOOO CU FT) NA 128.5 
LOW .NOx COMBUST ON NO NO 
COAL SULFUR CONTENT (PERCENT) 2.6 2.6 OIL 
COAL HEATING VALUE ~BTU/LB) 11000 11000 BURNING 
COAL ASH CONTENT (P RCENT) 8.0 8.0 UNIT 
FLY ASH SYSTEM WET SLUICE 
ASH DISPOSAL METHOD · POND/ON-SITE 
STACK NUMBER 1 2 3 
COAL DELIVERY METHODS TRUCK 

PARTICULATE CONTROL 

TYPE ESP ESP · NA 
INSTALLATION DATE 1972 1970 
EMISSION iLB/MM BTU) 0.07 0.11 
REMOVAL E FICIENCY 98.0 97.0 
DESIGN SPECIFICATION 

SULFUR SPECIFICATION (PERCENT) 2.9 2.9 
SURFACE AREA (1000 SQ FT~ 54.7 116.6 
GAS EXIT RATE ~1000 ACFM 145 750 
SCA ~SQ FT/100 ACFM) 377 155 
OUTL T TEMPERATURE (°F) 390 289 
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unit 5 were placed behind the unit to the north of the switchyard and the 
.storage building. The limestone preparation/storage area ·and waste handling 
area were placed in an area remote from the absorbers east of the plant. A 
10 percent general facilities was assigned to units 1-4 because of the 
entrance road relocation and 8 percent was assigned to unit 5 for general 
facilities due to relocation of a plant road. 

Absorbers for units 1-4 were located close to the units in a high 
access/congestion area surrounded by a chimney, the coal pile, the coal 
conveyor, and the switchyard. Unit 5 absorbers were located in an open 
space to the north side of the switchyard with few access/congestion 
problems. 

Because the absorbers for units 1-4 are located close to the chimney, 
short duct lengths would be required (less than 300 feet). Absorbers for 
unit 5. were located away from the chimney and north of the switchyard. 
Because the chimney is between the boiler and the ESPs, a duct length of 
about 500 feet was required with a high site access/congestion factor. 

The LSD-FGD technology considered was LSD with reuse of the existing 
ESPs for units 1-4. Because the unit 5 ESPs are small (SCA =155) reuse of 
the existing ESPs would not be possible. Unit 5 burns a high sulfur coal; 
as such, LSD with a new baghouse option was not considered. LSD absorbers 
for units 1-4 would be located in the same location as conventional FGD 
absorbers and would have similar site access/congestion factors. Less than 
600 feet and about 700 feet.of duct lengths would be required for units 1-2 
and 3-4, respectively, to be able to reuse the ESPs. A high access/ 
congestion factor was assigned for ESP upgrades and for flue gas handling 
due to space limitation around the ESPs created by the chimney and 
.swi tchyard. 

The major scope adjustment costs and estimated retrofit factors for the 
FGD control technologies are presented in Tables 7.2.4-2 and 7.2.4-3. 
Table 7.2.4-4 presents the capital and operating costs for commercial FGD 

·.technologies. The low cost FGD option shows the reduced capital cost that 
occurs when el i mi nat i ng spare absorbers -and maxi mi zing absorber size. 
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TABLE 7.2.4-2. SUMMARY OF RETROFIT FACTOR DATA FOR MEREDOSIA 
UNIT 1,2,3 OR 4 . 

FGD TECHNOLOGY 

FORCED LIME 
LLLS FGD OXIDATION SPRAY DRYING 

SITE ACCESSLCONGESTION 

S02 REMOVAL HIGH NA HIGH 
FLUE GAS- HANDLING MEDIUM NA 

ESP REUSE CASE ·· HIGH 
BAGHOUSE CASE NA 

DUCT WORK DISTANCE (FEET) 100-300 NA 
ESP REUSE ~1-2~ 300-600 
ESP REUSE 3-4 600-1000 
ESP REUSE NA NA HIGH 
NEW BAGHOUSE NA NA NA 

SCOPE ADJUSTMENTS 

WET TO DRY YES NA YES 
ESTIMATED COST (1000$) 299 NA 299 

NEW CHIMNEY NO NA NO 
ESTIMATED COST (10.00$) 0 0 0 

OTHER NO NO 

RETROFIT FACTORS 

FGD SYSTEM l. SS NA 
ESP REUSE CASE (1,2; 3,4) I. 69' 1.83 
BAGHOUSE CASE NA 

ESP UPGRADE NA NA 1. 58 
NEW BAGHOUSE NA NA NA 

GENERAL FACILITIES (PERCENT) 10 0 10 
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TABLE 7.2.4-3. SUMMARY OF RETROFIT FACTOR DATA FOR MEREDOSIA 
UNIT 5 

FGD TECHNOLOGY 

FORCED LIME 
LLLS 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 YES NA NA 
ESTIMATED COST (1000$) 2047 NA NA 

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

OTHER NO NO 

RETROFIT FACTORS 

FGD SYSTEM L46 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 7.2.4·4. SLmnary of FGD Control Costs for the Meredosia Plant (June 1988 Dollars) 

================================================================================================================ 
Technology Boiler Main Boiler Ca!)8city Coal Capital Capital Annual Annual 502 502 502 Cost 

Nll!Der Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (MW) (%) Content ($MM) ($/kWl (SllH) Cmi lls/kwhl (%) (tons/yr) CS/ton) 

Factor (%) 

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

L/5 FGD 1·4 1.55 115 15 2.6 55.7 484.1 20.8 137.6 ,90.0 3152 6598.2 
L/S FGO 5 1 .46 239 55 2.6 76.0 317.8 35 .1 30.5 90.0 24021 1461. 4 

L/S FGD-C 1-4 1.55 115 15 2.6 55.7 484.1 12.2 80.5 90.0 3152 3859.5 
L/S FGO-C 5 1.46 239 55 2.6 76.0 317.8 20.5 17.8 90.0 24021 851.5 

LC FGO 1-4 1.55 115 15 2.6 38.9 338.1 15.3 100.9 90.0 3152 4839.2 
LC FGO 5 1 .46 239 55 2.6 59.0 247.0 29.6 25.7 90.0 24021 1230.2 

LC FGO·C 1-4 1.55 115 15 2.6 38.9 338.1 8.9 59.0 90.0 3152 2827.9 
LC FGD·C 5 1.46 239 55 2.6 59.0 247.0 17.2 14.9 90.0 24021 715.8 

LSD•ESP 1 • 2 1.69 29 18 2.6 10.7 367.9 5.8 126.4 76.0 809 7149.0 
LSD+E5P 3, 4 1.83 29 10 2.6 11.4 392.0 5.9 232.2 76.0 449 13128.9 

L50•ESP·C 1 ' 2 1.69 29 18 2.6 10.7 367.9 "3.4 73.5 76.0 809 4155.0 
LSD•ESP·C 3, 4 1.83 29 10 2.6 11.4 392.0 3.4 135.0 76.0 449 7635.5 

================================================================================================================ 
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Coal Switching and Blending--
Table 7.2.4-5 presents the IAPCS results for CS at the Meredosia plant. 

These costs do not include reduced pulverizer operating costs or system 
modifications that may be necessary to handle deep cleaned coal. PCC was 
assumed to occur at the mine and was not evaluated here. 

Low NOx Combustion--
Units 1-5 are dry bottom, tangential-fired boilers. The combustion 

modification technique applied to boilers 1-5 was OFA. Tables 7.2.4-6 and 
7.2.4-7 present the performance and cost results of retrofitting OFA at the 
Meredosia plant. 

Selective Catalytic Reduction--
For units 1-4, the cold side reactors were located beside the chimney 

in an area of low access/congestion and 150 feet of duct length was 
estimated for the flue gas handling system. For unit 5, about 500 feet of 
duct length was required. All reactors were assumed to be in areas with 
high underground obstructions. Part of the parking area and a road beside 
the unit 1-4 chimney would be relocated for placement of the SCR reactors; 
as such, a factor of 20 percent was assigned to general facilities. For 

- unit 5, a plant road must be relocated; therefore, 15 percent was assigned 
to general facilities. The ammonia storage system was placed northeast of 
the switchyard beside the sorbent preparation area. 

Table 7.2.4-6 presents the SCR retrofit results for all units. 
Table 7.2.4-7 presents the cost results for retrofitting SCR at this plant. 

Duct Spray Drying and Furnace Sorbent Injection--
The retrofit of DSD and FSI technologies at.Meredosia plant would be 

possible for units 1-4 if the first ESP section could be modified to provide 
sufficient duct residence time for humidification or sorbent injection. 
Retrofit of DSD and FSI with reuse of the existing ESPs would not be 
possible for unit 5 because of the small SCA {<200) and insufficient duct 
residence time. 

Table 7.2.4-8 presents a summary of site access/congestion factors, 
scope adders, and plant retrofit factors for DSD and FSI technologies at the 
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Table 7.2.4-5. SLITTl\Bry of Coal ,Switching/Cleaning Costs for the Meredosia Plant (June 1988 Dollars) 

=======zzsz==============z:s:zs:::s•••=================•===================================•==================== 
Technology Boiler Main Boiler Capacity Coal Capital Capital Annual Annual S02 S02 S02 Cost 

NLlliler Retrofit size Factor Sulfur, cost cost Cost Cost Removed Removed Effect. 
Difficulty (MW) c:o Content (SllM) (S/kll) (SMMl (mills/kwh) c:o (tons/yr> CS/ton> 

Factor (~) 

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

CS/B+S15 1 • 2 1.00 29 18 2.6 1.8 62.9 1.2 25.7 69.0 730 1611.9 
CS/B+S15 3, 4 1.00 29 10 2.6 1.8 62.9 0.9 34.2 69.0 405 2141.4 
CS/B+S15 5 1.00 239 55 2.6 9.6 40.1 17.5 15.2 69.0 18375 949.8 

CS/B+S15·C 1. 2 1.00 29 18 2.6 1.8 62.9 0.7 14.9 69.0 730 934.6 
CS/B+S15·C 3, 4 1.00 29 10' 2.6 1.8 62.9 0.5 19.9 69.0 405 1247.0 
CS/B+S15-C 5 1.00 239 55 2.6 9.6 40.1 10.0 8.7 '69.0 18375 546.5 

CS/8+$5 1, 2 1.00 29 18 2.6 1.5 52.5 0.7 16.3 69.0 730 1022. 1 
CS/B+S5 3, 4 1.00 29 10 2.6 1.5 52.5 0.6 23.8 69.0 405 1493.6 
CS/8+S5 5 1.00 239 55 2.6 7 .1 29.8 7.5 6.5 69.0 18375 408.6 

CS/B+S5-C 1, 2 1.00 29 18 2.6 1.5 52.5 0.4 9.5 69.0 730 594.9 
CS/B+S5-C 3, 4 1.00 29 10 2.6 1.5 52.5 0.4 13.9 69.0 405 8n.5 
CS/B+S5-C 5 1.00 239 55 2.6 7.1 29.8 4.3 3.8 69.0 18375 235.8 

================================================================================================================ 
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TABLE 7.2.4-6. SUMMARY OF NOx RETROFIT RESULTS FOR MEREDOSIA 

BOILER NUMBER 

COMBUSTION MODIFICATION RESULTS 

1-4 5 

FIRING TYPE TANG TANG 

TYPE OF NOx CONTROL OFA OFA 

FURNACE VOLUME (1000 CU FT) NA 128.5 

BOILER INSTALLATION DATE 1948 1960 

SLAGGING PROBLEM NO NO 

ESTIMATED NOx REDUCTION (PERCENT) 25 25 

SCR RETROFIT RESULTS 

SITE ACCESS AND CONGESTION 
FOR SCR REACTOR LOW LOW 

SCOPE ADDER PARAMETERS--

Building Demolition (1000$) 0 0 

Ductwork Demolition (1000$) 30 52 

New Duct Length (Feet) . 150 500 

New Duct Costs (1000$) 807 4125 

New Heat Exchanger (1000$) 2027 3144 

TOTAL SCOPE ADDER COSTS (1000$) 2863 7320 

RETROFIT FACTOR FOR SCR 1.16 1.16 

GENERAL FACILITIES (PERCENT) 20 15 
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Table 7.2.4·7. NOx Control Cost Results for the Meredosia Plant · (June 1988 Dollars) 

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

Nurber Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 
Oifficulty CHI/) c:o Content CSMM) ($/kl/) ($MM) Cmi lls/kwh) (%) (tons/yr) CS/ton> 

Factor (%) 

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

LNC·OFA 1,2 I.DO 29 18 2.6 0.4 13.0 o. 1 1.8 25.0 39 2102.2 
LNC·OFA 3,4 1.00 29 10 2.6 0.4 13.0 0.1 3.2 25.0 22 3784.0 
LNC·OFA 5 1.00 239 55 2.6 0.9 3.7 0.2 0.2 25.0 987 194.3 

LNC·OFA·C 1 ,2 1.00 29 18 2.6 0.4 13.0 o.o 1. 1 25.0 39 1247 .6 
LNC·OFA·C 3,4 1.00 29 10 2.6 0.4 13.0 o.o 1.9 25.0 22 2245.6 
LNC·OFA·C 5 1.00 239 55 2.6 0.9 3.7 0.1 o. 1 25.0 987 115.3 

SCR·3 1·4 1.16 115 15 2.6 20.7 180.0 6.7 44.6 80.0 415 16250.8 
SCR·3 5 1.16 239 55 2.6 37.9 158.6 12.8 11 • , 80.0 3159 4063.8 

SCR·3·C 1·4 1.16 115 15 2.6 20.7 180.0 4.0 26.2 ea.a 415 9534.4 
SCR·3·C 5 1. 16 239 55 2.6 37.9 158.6 7.5 6.5 80.0 3159 2382.1 

SCR·7 1·4 1. 16 115 15 2.6 20.7 180.0 5.8 38.2 80.0 415 13941.2 
SCR·7 5 1. 16 239 55 2.6 37.9 158.6 10.8 9.4 80.0 3159 3434.0 

SCR·7·C 1·4 1.16 115 15 2.6 20.7 180.0 3.4 22.5 80.0 415 8211.3 
SCR·7·C 5 1.16 239 55 2.6 37.9 158.6 6.4 5.5 80.0 3159 2021.2 

================================================================================================================ 
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TABLE 7.2.4-8. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR MEREDOSIA-UNIT 1, 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 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 
299 

NA 
NA 
NA 
NA 
50 
12 

311 
NA 

1.13 
L58 
NA 



Meredosia steam plant. Table 7.2.4-9 presents the cost estimated to retrofit. 
DSD and FSI at the Meredosia plant. 

Atmospheric Fluidized Bed Combustion and Coal Gasification Applicability--
Boilers 1-5 at Meredosia would be considered good candidates for 

repowering or retrofit because of their small sizes. However, the 
congestion at this site will increase the cost of any major construction 
effort. 

7.2.5 Newton Steam Plant 

The Newton steam plant is located within Jasper County, Illinois, as 
part of the Central Illinois Public Service Company system. The plant 
contains two coal-fired boilers with a total gross generating capacity of 
1,165 MW. Figure 7.2.5-1 presents the plant plot plan showing the location 
of all boilers and major associated auxiliary equipment. 

Table 7.2.5-1 presents operational data for the existing equipment at 
the Newton plant. Unit 1 is equipped with an FGD unit and unit 2 burns a low 
sulfur NSPS compliance coal. Coal shipments are received by railroad and 
conveyed to a coal storage and handling area located west of the plant. 

Particulate matter emissions for the boilers are controlled with ESPs 
located behind each unit. The fly ash handling system is dry. 

Lime/Limestone and Lime Spray Drying FGD Costs- -
Figure 7.2.5-1 shows the general layout and location of the FGD control 

system. Unit 1 has an FGO system and the process is dual-alkali built by 
General Electric Environmental Services. The absorbers for L/LS-FGD and 
LSD-FGO for unit 2 would be located between the powerhouse and chimney in a 
large open area. No demolition/relocation would be required; therefore, a 
factor of 5 percent was assigned to general facilities. The existing· 
limestone storage/handling area and waste handling area for unit 1 would be 
expanded and used for unit 2 also .. 
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Table 7.2.4·9. sunna"ry of 050/FSI Control Costs for the Meredosia Plant {June 1988 Ool larsl 

===============================================================================s•==•===s======================== 
Technology Boiler Main Boiler Capacity Coal Capital Capital Amual Amual S02 S02 S02 Cost 

NLITiler Retrofit Size Factor Sul fur Cost Cost Cost cost Removed Removed Effect. 
Difficult'y {MW) (%) Content (SMM) ($/k\I) {$MM) (mill s/kwh) (%) {tons/yr) CS/ton) 

Factor (%) 

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

DSO+ESP 1. 2 1.00 29 18 2.6 4.3 148.7 3.9 85.0 49.0 516 7538.8 
OSO+ESP 3, 4 1.00 29 10 2.6 4.6 158.8 3.9 151. 7 49.0 287 13450.8 

OSO+ESP·C 1. 2 1.00 29 18 2.6 4.3 148.7 2.2 49.1 49.0 516 4356.8 
DSO+ESP·C 3, 4 1.00 29 10 2.6 4.6 158.8 2.2 87.7 49.0 287 m8.8 

FSl+ESP·50 1. 2 1.00 29 18 2.6 5.1 174.3 2.9 62.5 50.0 530 5394.1 
FSl+ESP-50 3, 4 1.00 29 10 2.6 5. 1 174.3 2.7 106.8 50.0 294 9215. 1 

FSl+ESP·50·C 1 • 2 1.00 29 18 2.6 5.1 174.3 1. 7 36.3 50.0 530 3133.2 
FSl+ESP·50·C 3, 4 1.00 29 10 2.6 5.1 174.3 1 .6 62.1 50.0 294 5356.5 

FSl+ESP·70 1 • 2 1.00 29 18 2.6 5. 1 177.4 2.9 63.2 70.0 742 3894.0 
FSl+ESP-70 3, 4 1.00 29 10 2.6 5.1 177.4 2.7 107.9 70.0 412 6647.5 

FSl+ESP·70·C 1 ' 2 1.00 29 18 2.6 5. 1 177.4 1. 7 36.7 70.0 742 2262.1 
FSl+ESP·70·C 3, 4 1.00 29 10 2.6 5.1 177.4 1.6 62.7 70.0 412 3864.6 

================================================================================================================ 
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Figure 7.2.5-1. Newton plant plot plan 
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TABLE 7.2.5-1. NEWTON .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 
FGD SYSTEM 
INSTALLATION DATE 
FGD TYPE 

.·PARTICULATE CONTROL 

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

SULFUR SPECIFICATION (PERCENT) 
SURFACE AREA (1000 SQ FT) 
GAS FLOW {1000 ACFM) 
SCA (SQ FT/1000 ACFM) 
OUTLET TEMPERATURE (°F) 
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l 2 . 
590 575 
50 29 
1977 1982 
TANG TANG 
2.4 0.6 
11618 1130 
10.8 6.3 

DRY DISPOSAL 
ON-SITE LANDFILL . 

1 2 
RAILROAD 

YES NO 
1979 
DUAL ALKALI -

ESP 
1977 
0.05 
99.2 

4.0 
642.6 
2290 
280 
310 

ESP 
1982 
0.07 
99.8 

4.0 
783.4 
2771. 4 
282 
310 



- ··-

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 an open area close to the 
chimney with no major obstacles or obstructions. 

For flue gas handling, a short to moderate duct run for the unit would 
be required for L/LS-FGO cases to divert the flue gas from the boiler 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 7.2.5-2. No large scope adder cost 
is required for the Newton plant. The overall retrofit factor determined for 
the L/LS-FGO cases was low (1.24). · 

The absorbers for LSD-FGO would be located in a similar location as in 
L/LS-FGD cases. The technology evaluated at Newton was LSD with ESP reuse. 
This technology was selected because of the moderate SCA size (>280). For 
flue gas handling for LSD cases, a moderate duct run would be required to 
divert. flue gas from the upstream of the ESPs to the absorbers and back to 
the ESPs. A low site access/congestion factor was assigned to the LSD-FGD 
flue gas handling ~ystem. The retrofit factor determined for .the LSD 
technology case was low (1.27) and did not include particulate control 
upgrading costs. A separate retrofit factor was developed for upgrading the 
ESPs and was low (1.16) due to the available space around the ESPs. This 
factor was used in the IAPCS model to estimate particulate control costs. 

Table 7.2.5-3 presents the cost estimates for L/LS and LSD-FGD cases. 
The LSD-FGD costs jnclude upgrading the ESPs for boiler 2. The low cost 
control case reduces capital and annual operating costs. The significant 
reduction in costs is primarily due to the benefits of econo~ies-of-scale 
when combining process areas, elimination of spare scrubber, and optimization 
of scrubber size. 

It is unlikely that unit 2 would remain firing a low sulfur coal if 
retrofit of FGD was desired. If the unit was switched to burning the coal. 
fired at unit 1, the annual cost would increase by 18 percent and the so2 
cost effectiveness would decrease by 70 percent. 
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TABLE 7.2.5-2. SUMMARY OF RETROFIT FACTOR DATA FOR NEWTON UNIT 2 

FGD TECHNOLOGY 

FORCED LIME 
LLLS FGD OXIDATION SPRAY DRYING 

SITE ACCESSLCONGESTION 

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 
ES TI MA TED COST (I 000$) 0 0 0 

OTHER NO NO NO 

RETROFIT FACTORS 

FGD SYSTEM 1.24 1.24 
ESP REUSE CASE 1.27 
BAGHOUSE CASE NA 

ESP UPGRADE NA NA . 1.16 
NEW BAGHOUSE NA NA NA 

GENERAL FACILITIES (PERCENT) 5 5 5 
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Table 7.2.5·3. S""""ry of FCD Control Costs for the Newton Plant (June 1988 Dol larsf 

================================================================================================================ 
Technology Boiler Main Boiler Capacity Coal Capital Capi tel Annual Annual S02 502 S02 Cost 

Nurber Retrofit Size Factor Sulfur Cost Cost cost Cost Removed Removed Effect. 
Difficulty (Ml/) o:i Content ($MM) CS/kW) ( Sl4M) (mil ls/kwh) ( :t,) (tens/yr) CS/ten) 

Factor (%) 

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

L/S FCC 2 1.24 575 29 0.6 100.4 174.6 40.6 27.8 90.0 6604 6151.5 

L/S FCD·C 2 1.24 575 . 29 0.6 100.4 174.6 23.7 16.2 90.0 6604 3592.6 

LC FCC 2 1.24 575 29 0.6 79.7 138.7 33.9 23.2 90.0 6604 5133.3 

LC FCD·C 2 1.24 575 29 0.6 79.7 138.7 19.8 13.5 90.0 6604 2995.2 

LSD+ESP 2 1.27 575 29 0.6 56.5 98.3 21 .5 14.7 76.0 5599 3841.7 

LSD+ESP·C 2 1.27 575 29 0.6 56.5 98.3 12.6 8.6 76.0 5599 2246.3 

================================================================================================================ 
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Coal Switching Costs--
Newton plant unit 1 has an FGD system and unit 2 has already switched to 

a low sulfur coal and, as such; they would not be considered in this study. 

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

NO controls at the Newton steam plant. These controls include LNC x . 
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 I and 2 are dry bottom, tangential-fired boilers rated at 590 and 

575 MW, respectively. The combustion modification technique applied for this 
evaluation was OFA. As Table 7.2.5-4 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 
ad furnace residence time on NOx reduction through the use of the simplified 
NOx procedures. Table 7.2.5-5 presents the cost of retrofitting OFA at the 
Newton boilers. 

Selective Catalytic Reduction--
Table 7.2.5-4 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 for unit 1 and from the ESPs for unit 2 to each reactor and from 
each reactor to the chimney. 

The SCR reactor for .unit I would be located to the west of the FGD 
absorbers for unit 1 in an open area with no major obstacles; whereas, the 
SCR reactor for unit 2 would be located between the powerhouse and the 
chimney in a large open area. Because both reactors are in relatively open 
areas with no major obstructions, the reactors for units I and 2 were 
assigned low access/congestion factors. A general facility factor of 
17 percent was assigned to the reactor for unit I because a road would need 
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TABLE 7.2.5-4. SUMMARY OF NOx RETROFIT RESULTS FOR NEWTON 

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} 10.7 10.7 

BOILER/WATERWALL SURFACE 
AREA HEAT RELEASE RATE 
(1000 BTU/SQ FT-HR} 72.8 72.8 

FURNACE RESIDENCE TIME (SECONDS} 3.94 3.7 

ESTIMATED NOx REDUCTION (PERCENT} 25 25 

SCR RETROFIT RESULTS 

SITE ACCESS AND CONGESTION 
FOR SCR REACTOR LOW LOW 

SCOPE ADDER PARAMETERS--

Building Demolition (1000$) 0 0 

Ductwork Demolition (1000$) 102 100 

New Duct Length (Feet} 300 300 

New Duct Costs (1000$) 4199 4136 

New Heat Exchanger (1000$) 5407 5324 

TOTAL SCOPE ADDER COSTS (1000$) 9708 9560 

RETROFIT FACTOR FOR SCR 1.16 1.16 

GENERAL FACILITIES (PERCENT) 17 13 
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Table 7.2.5-5. NOx Control Cost Results 1oi- the Newton Plant (June 1988 Dol larsl 

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

N<ilt>er Retrofit Size· Factor Sul fur Cost cost Cost Cost Removed Removed Effect. 
Difficulty (MW) C!O Content (SMH) CS/kW) (SMHl Cmi l ls/kwh) CXl (tons/yr) CS/ton) 

Factor <X> 

·------------------··----------··-·············-------------··------------·-··----------------------·········-·· 
LNC·OFA 1 1.00 590 50 2.4 1.3 2.1 0.3 o., 25.0 2080 132.2 
LNC·OFA 2 1.00 575 29 0.6 1.2 2.2 0.3 0.2 25.0 1176 231.6 

LNC·OFA-C 1 1.00 590 so 2.4 1.3 2.1 0.2 0.1 25.0 2080 78.5 
LNC·OFA·C 2 1.00 575 29 0.6 1.2 2.2 0.2 a., 25.0 1176 137.4 

SCR-3 1 1.16 590 50 2.4 72.5 122.9 26.6 10.3 80.0 6657 4001. 5 
SCR·3 2 1. 16 575 29 0.6 70.1 122.0 25.2 17 .3 80.0 3763 6702.3 

SCR·3·C 1 1.16 590 50 2.4 n.5 122.9 15.6 6.0 80.0 6657 2341.4 
SCR-3-C 2 1.16 575 29 0.6 70. 1 122.0 14.8 10. 1 80.0 3763 3923.5 

SCR·7 1 1. 16 590 50 2.4 72.5 122.9 21.8 8.4 80.0 6657 3269.8 
SCR· 7 2 1. 16 575 29 0.6 70.1 122.a 20.5 14.0 80.0 3763 5440.7 

SCR·7·C 1 1.16 590 50 2.4 72.5 122.9 12.8 5.0 80.0 6657 1922.2 
SCR·7·C 2 1.16 575 29 0.6 70.1 122.0 12.0 8.2 80.0 3763 3200.7 

================================================================================================================ 
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to be relocated. 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 unit 1, the results 
for SCR presented in Table 7.2.5-4 would remain unchanged since NOx is the 
only pollutant needed to be controlled. For unit 2, the FGD absorbers.were 
located in the same area as the SCR reactors. If both so2 and NOx emissions 
needed to be reduced for this unit, the SCR reactor would have to. be located 
downstream of the FGD absorbers (i.e., south of the chimney for unit 2) in 
an area having little obstructions and easy access. A low access/congestion 
factor again would be assigned to this SCR reactor. Table 7.2.5-5 presents 
the estimated cost of retrofitting SCR at the Newton 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 deg.ree 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 in a 

similar fashion as LSD-FGD. The retrofit of FSI technology at the Newton 
steam plant for unit 2 would be easy. The ESPs are iocated in a low site 
access/congestion area and the upgraded ESPs could handl~ the increased load 
from FSI. A iow retrofit factor (1.13) was assigned to the upgraded ESPs 
location for FSI. However, a combined particulate and so2 removal concept 
provides an ~lternative and low cost method to the new baghouse option. The 
ESPs can be used not only to collect particulate matter but to remove so2 as 
well (E-SOx technology). Table 7.2~5-6 presents a summary of the site 
access/congestion factors for DSD and FSI technologies at the Newtori steam 
plant. Table 7.2.5-7 presents the cost estimated to retrofit DSD and FSI at 
the Newton plant. 
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TABLE 7 .2.S-6. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR NEWTON 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 (OSD SYSTEM ONLY) 
ESP UPGRADE 
NEW BAGHOUSE 
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LOW 
LOW 
NA 

NO 
NA 

NA 
NA 
NA 
NA 
so 
111 

111 
NA 

1.13 
1.13 
NA 



Table 7. 2. 5- 7. Simnary cf DSD/FS I Cent rel Cos ts for the Newton Plant C June 1988 Dell ars) 

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

NUJl>er Retrofit Size Factor Sul fur Cost Cost Cost cost Removed Removed Effect. 
Difficulty (Ml.I) Ct) Content (SMM) CS/kl.I) (SMM) (mil ls/kwhl (%) (tons/yr) CS/ton) 

Factor (%) 

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

OSO+ESP 2 1.00 575 29 0.6 14.5 25.2 a.a 6.0 49.0 3570 2467.4 

DSO+ESP·C 2 1.00 575 29 0.6 14.5 25.2 5.1 3.5 49.0 3570 1431.9 

FSl+ESP-50 2 1.00 575 29 0.6 16.7 29.1 8.1 5.5 50.0 3669 2207.8 

FSl+ESP-50-C 2 1.00 575 29 0.6 16.7 29.1 4.7 3;2 50.0 3669 1285.4 

FSl+ESP·70 2 1.00 575 29 0.6 16.7 29.0 8.1 5.6 70.0 5137 1582.5 

FSI+ESP-70-C 2 . 1.00 575 29 0.6 16.7 29.0 4.7 3.2 70.0 5137 921.2 

================================================================================================================ 
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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 Newton plant. The unit 2 boiler would not be considered 
a good candidate for AFBC retrofit because of its large size (575 MW). 
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7.3 COMMONWEALTH EDISON COMPANY 

7.3.1 Joliet 29 Steam Plant 

Although retrofit factors were developed for units 7 and 8 at the Joliet 
29 plant, costs are not presented since the low sulfur coal being fired would 
result in low captial/operating costs and high cost per ton of so2 removed. 
CS was not evaluated because the plant is currently burning a low sulfur 
coal .. Sorbent injection technologies (FSI and DSD) were not considered for 
any boilers at the Joliet 29 plant due to the short duct residence time 
between the boilers and their respective ESPs and the small sizes of the 
ESPs. 

TABLE 7.3.1-1. JOLIET 29 STEAM PLANT OPERATIONAL DATA* 

UNIT NUMBER 
BOILER NUMBER 
GENERATING CAPACITY (MW/UNIT) 
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) 
EX IT GAS FLOW RATE .( 1000 ACFM) 
SCA (SQ FT/1000 ACFM) 
OUTLET TEMPERATURE ("F) 

7 8 . 
71,72 81,82 
550 550 
30 29 
1965 1966 

TANGENTIAL 
510 510 
NO NO 
0.44 0.45 
9500 9500 
6. 7 6. 7 

DRY DISPOSAL 
PAID/OFF-SITE 

1 2 

ESP 
1965 
0.03 
99.2 

NA 
139.4 
856.3 
163 
287 

TRAIN 

ESP 
1966 
0.04 
98.87 

NA 
139.4. 
856.3 
163 
287 

*Some information was obtained from plant personnel. 
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TABLE 7.3.1-2. SUMMARY OF RETROFIT FACTOR DATA FOR JOLIET 29 
UNIT 7 OR 8 * 

FGD TECHNOLOGY 

FORCED LIME 
L/LS FGD OXIDATION SPRAY DRYING 

SITE ACCESS[CONGESTION 

S02 REMOVAL MEDIUM NA MEDIUM 
FLUE GAS HANDLING MEDIUM NA 

ESP REUSE CASE NA 
BAGHOUSE CASE MEDIUM 

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

ESP REUSE NA NA NA 
NEW BAGHOUSE NA NA MEDIUM 

SCOPE ADJUSTMENTS 

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

NEW CHIMNEY YES NA NO 
ESTIMATED COST (1000$) 3850 0 0 

OTHER NO NO 

RETROFIT FACTORS 

FGD SYSTEM 1.48 NA 
ESP REUSE CASE NA 
BAGHOUSE CASE 1.44 

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 would be 
located northeast of the unit 7 chimney for unit 7 and 
southwest of the unit 8 chimney for unit 8. 
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TABLE 7.3.1-3. SUMMARY OF NOx RETROFIT RESULTS FOR JOLIET 29 

BOILER NUMBER 

COMBUSTION MODIFICATION RESULTS 

71,72,81,82 

FIRING TYPE TANG 

TYPE OF NOx CONTROL ·oFA 

FURNACE VOLUME (1000 CU FT) 510 

BOILER INSTALLATION DATE 1965 

SLAGGING PROBLEM NO ------------
ESTIMATED NOx REDUCTION (PERCENT) 25 

SCR RETROFIT RESULTS * 

UNIT NUMBER 

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} 

7 OR 8 

MEDIUM 

0 

97 

200 

2687 

5184 

7967 

1.34 

38 

* Cold side SCR reactors for unit 7 would be located behind the 
unit 7 chimney, and the reactors for unit 8 would be located 
behind the unit 8 chimney. 
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Table 7.3. 1-4. NOx control Cost Results for tne Joliet 29 Plant (June 1988 Dollars> 

===================================================?============================================================ 
Technology Boiler Hain Soi ler Capacity Coal Capital Capital Annual Amual NOx NOx NOx Cost 

Nurber Retrofit Size Factor Sulfur Cost Cost Cost cost Removed Removed Effect. 
Difficulty CHiil (%) Content (SMM) (S/klll ($MM) <mil ls/kwnl (%) (tons/yr> CS/ton) 

Factor (%) 

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

LNC·OFA 71'72 1.00 225 30 0.4 0.9 3.8 0.2 0.3 25.0 600 308.6 
LNC-OFA 81,82 1.00 225 29 0.4 0.9 3.8 0.2 0.3 25.0 580 319.3 

LNC-OFA-C 71'72 1.00 225 30 0.4 0.9 3.8 0 •. 1 0.2 25.0 600 183.2 
LNC-OFA-C 81,82 1.00 225 29 0.4 0.9 3.8 0. 1 0.2 25.0 580 189.6 

SCR-3 7 1.34 550 30 0.4 77.7 141.3 27.0 18.7 80.0 4692 5765. 7 
SCR-3 8 1.34 550 29 0.4 77.7 141.3 27.0 1.9.3 80.0 4535 5957 .8 

SCR-3-C 7 1 .34 550 30 0.4 77.7 141 .3 15.6 11.0 80.0 4692 3377.6 
SCR-3· C 8 1. 34 550 29 0.4 77.7 141.3 15.6 11.3 80.0 4535 3490.2 

SCR-7 7 1.34 550 30 0.4 77.7 141.3 22.4 15.5 80.0 4692 4768.5 
SCR-7 8 1.34 550 29 0.4 77.7 141.3 22.3 16.0 80.0 4535 4926.2 

SCR-7-C 7 1.34 550 30 0.4 77.7 141.3 13.2 9.1 80.0 4692 2806.3 
SCR-7-C 8 1.34 550 29 0.4 77.7 141 .3 13., 9.4 60.0 4535 2699.2 

================================================================================================================ 
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7.3.2 Kincaid Steam Plant 

The Kincaid steam plant is located within Christian County, Illinois, as 
part of the Commonwealth Edison Company system. The plant contains two 
coal-fired boilers with a total gross generating capacity of 1,182 MW 
(originally designed for 1,320 MW). Figure 7.3.2-1 presents the plot plan 
used in the evaluation. 

Table 7.3.2-1 presents operational data for the existing equipment at 
the plant. Both boilers burn high sulfur coal (3.3 percent sulfur). Coal is 
conveyed from a nearby .mine to the storage/handling area located west of the 
pl ant. 

·Particulate matter emissions for the boilers at Kincaid are controlled 
with retrofit ESPs located behind (south) the old ESPs/chimneys. Fly ash 
from the boilers is handled dry and disposed of in an adjacent mine (coal 
source). 

Lime/limestone and Lime Spray Drying FGD Costs--
Figure 7.3.2-1 shows the general layout and location of the FGD control 

system. The absorbers for the boilers were located south of the powerhouse 
and adjacent to the existing retrofit ESPs for both L/LS and LSD-FGD 
technologies. The limestone preparation/storage area was placed to the east 
of the absorber for unit 2, west.of the run-off storage basin and standby 
pond. The waste handling area was temporarily located to the west of the 
unit 1 absorber. Since the employee parking area would be relocated in order 
to make more space available for the location of the absorbers in the 
location discussed above, a factor of 10 percent was assigned to general 
facilities. 

Retrofit Difficulty and Scope Adder Costs--
At the Kincaid plant the boilers are located west to east, side by side, 

and the retrofit ESPs sit directly behind (south) the old chimneys for each 
unit. A recently built chimney is shared by both un·Hs. 

The absorbers were located in a general area south of the plant. They 
were located, more specifically, on both sides (west and east) of the 
retrofit ESPs. In addition, the absorber for unit 1 was located west of 
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TABLE 7.3.2-1. KINCAID 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) 
OUTLET TEMPERATURE (°F) 

7-71, 

1,2 
591 
46, 39 
1967,68 
CYCLONE 
436 
NO 
3.3 
10300 
9.9 
PAID DRY DISPOSAL 
OFF-SITE 
1 
CONVEYOR 
NEARBY COAL MINE 

ESP 
1967' 1982 
0.05 
98.7 

4.0 
851.6 
2400 
355 
310 



the unit ESPs and the absorber for unit 2 was located to the east of its 
respective ESPs. Neither absorber would be congested by any major 
equipment, plant roads, etc. 

Low site access/congestion factors were assigned to both absorber areas 
for all FGD technologies because no significant obstacles would surround the 
absorbers and no underground obstructions appear to exist in the designated 
location. Also, low site access/congestion factors were assigned to flue gas 
handling for both boilers for all FGD technologies because adequate space is 
available around the retrofit ESPs and chimney. A medium ductwork tie-in 
distance would be necessary for the retrofit of FGD technologies at the 
plant. 

The major scope adjustment costs and estimated retrofit factors for the 
FGD control technologies are presented in Table 7.3.2-2. There are no 
significant scope adjustments and related costs required for the retrofit of 
FGD control technologies at Kincaid. The overall retrofit factors determined 
for the L/LS-FGD cases were low to moderate (1.31). 

The LSD with ESP reuse was the only LSD-FGD case evaluated because the 
SCAs are large (468). The overall retrofit factor determined for the LSD-FGD 
cases was also low (1.27) excluding particulate control costs. The 
particulate control upgrade factor was low (1.16), reflecting the space 
available around the existing ESPs. This factor would be used in the IAPCS 
model if any additional plate area increase is required. 

Table 7.3.2-3 presents the cost estimates for L/LS 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 cdsts. 
The significant reduction in costs is primarily due to the benefits of 
economies-of-scale when combining process areas, elimination of spare 
scrubber, and optimization of scrubber size. However, there might be higher 
operating risks associated with thts approach. 

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, tube 
erosion, and coal rate. However, without an ash analysis for the 
existing and switch coals, boiler derate or capacity increase cannot be 
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TABLE 7.3.2-2. SUMMARY OF RETROFIT FACTOR DATA FOR KINCAID UNITS 1-2 

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 LOW 
BAGHOUSE CASE NA 

DUCT WORK DISTANCE (FEET) .300-600 300-600 
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 (WASTE DISPOSAL) YES NO YES 

RETROFIT FACTORS 

FGD SYSTEM 1. 41 1.31 
ESP REUSE CASE 1.37 
BAGHOUSE CASE NA 

ESP UPGRADE NA NA 1.16 
NEW BAGHOUSE NA NA NA 

GENERAL FACILITIES (PERCENT) 10 10 10 
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Table 7.3.2·3. S..mary of FGD Control Costs for the Kincaid Plant CJ..ie 1988 Dollars) 

===•••••======••••••c=====a••••===•====••=======•••============================================================= 
Technology Boiler Main Boiler Capacity Coal Capital Capital Ann.Ill Ann.Ill S02 502 502 Cost 

N..mr Retrofit Size Factor Sulfur Cost Cost Coat Cost Removed Removed Effect. 
Difficulty (Mii) (%) Content (-) (S/kW) (-) (mil ls/kwh> (%) (tons/yr) CS/ton) 

Factor (%) 

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

L/S FGD 1.41 591 46 3.3 146.7 248.2 68.8 28.9 90.0 67998 1012.3 
L/S FGD 2 1.41 591 39 3.3 146.7 248.2 65:8 32.6 90.0 57650 1140.8 

L/S FGD·C 1.41 591 46 3.3 146.7 248.2 40. 1 16.8 90.0 67998 589.7 
L/S FGD-C 2 1.41 591 39 3.3 146.7 248.2 38.3 19.0 90.0 57650 665.0 

LC FGD 1-2 1.41 1182 43 3.3 220.6 186. 7 108.4 24.4 90.0 127126 853.0 

LC FGD-C 1-2 1.41 1182 43 3.3 220.6 186.7 63. 1 14.2 90.0 127126 496.5 

LSO+ESP 1 1.37 591 46 3.3 123.4 208.9 51.2 21.5 74.0 56134 912.8 
LSO+ESP 2 1.37 591 39 3.3 123.4 208.9 49. 1 24.3 74.0 47592 1030.7 

LSO+ESP'C 1 1.37 591 46 3.3 123.4 208.9 29.9 12.6 74.0 56134 532.8 
LSO+ESP-C 2 1.37 591 39 3.3 123.4 208.9 28.7 14.2 74.0 47592 602.2 

==================•===============•====-=i===================•=••====c===•••===•================================== 
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determined. This is particularly true for cyclone boilers; therefore, coal 
switching .was not evaluated for the Kincaid plant. 

Table 7.3.2-4 presents the IAPCS results for physical coal cleaning at 
the Kincai~ plant. These costs do no 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 various related costs 

estimated for NOx controls at Kincaid. These controls include LNC and SCR. 
The application of NOx control technologies is affected by several 
site-specific factors which are discussed in Section 2. The NOx technologies 
evaluated for the Kincaid station were: NGR and SCR, 

Low NOx Combustion--
Units 1 and 2 are wet bottom, cyclone-fired boilers rated at 591 MW 

each. The combustion modification technique applied to these units was NGR. 
Neither OFA nor LNB are applicable as NOx combustion controls for cyclone 
boilers. As Table 7.3.2-5 shows, the NGR NOx reduction performance for each 
unit was assumed to be 60 percent. Table 7.3.2-6 presents the cost of 
retrofitting NGR at the Kincaid plant. 

Selective Catalytic Reduction--
Table 7.3.2-5 presents the SCR retrofit results for each unit. The 

results include process area retrofit difficulty factors and scope adder 
costs. The data includes scope adder 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 reactors for units l and 2 were located south of the powerhouse 
behind the unit ESPs in a parking lot .. This is a low access/congestion area 
with no significant underground obstructions. A general facilities factor of 
25 ·percent was applied to both units, reflecting the need to replace part of 
the employee parking used to install the SCR reactors. The ammonia storage 
system, which would supply ammonia to the reactors to both units, was located 
southeast of the powerhouse in a relatively open area with no significant 
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Table 7.3.2-4. S~ry of Coal Swltching/Cle•ning Costs for the Kincaid Pl•nt (J~ 1988 Dollars> 

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

PCC 
PCC 

PCC·C 
PCC·C 

Boller Main Boller Capacity Coal Capital Capital Annual 
Nut*ler Retrofit Size Factor Sulfur Cost Cost cost 

Difficulty !MW) !Xl Content (Sii!) (S/kW) (Sii!) 

1 
2 

Factor 

1.00 
1.00 

1.00 
1.00 

591 
591 

591 
591 

46 
39 

46 
39 

(%) 

3.3 
3.3 

3.3 
3.3 

39.4 
39.4 

39.4 
39.4 

66.6 17.4 
66.6 16.3 

66.6 10.2 
66.6 9.5 

Annual 502 502 
Cost Removed Removed 

(mills/kwlll <Xl (tons/yr> 

7.3 
8.1 

4.3 
4.7 

23.0 
23.0 

23.0 
23.0 

17723 
15026 

17723 
15026 

502 cost 
Effect. 
IS/ton) 

984.3 
1086.1 

573.9 
634.0 

======================•s===========•========================•===•====•========================================== 
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TABLE 7.3.2-5. SUMMARY OF NOx RETROFIT RESULTS FOR KINCAID 

COMBUSTION MODIFICATION RESULTS 

FIRING TYPE 

TYPE OF NOx CONTROL 

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

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

FURNACE RESIDENCE TIME (SECONDS} 

ESTIMATED NOx REDUCTION (PERCENT} 

SCR RETROFIT RESULTS 

SITE ACCESS AND CONGESTION 
FOR SCR REACTOR 

SCOPE .ADDER PARAMETERS-­

Building Demolition (1000$) 

Ductwork Demolition (1000$) 

New Duct Length (Feet) 

New Duct Costs (1000$) 

New Heat Exchanger (1000$) 

TOTAL SCOPE ADDER COSTS (1000$) 

RETROFIT FACTOR FOR SCR 

GENERAL FACILITIES (PERCENT) 

BOILER NUMBER 

7-80 

1, 2 

CYCLONE 

NGR 

NA 

NA 

NA 

60 

LOW 

0 

102 

450 

6304 

5412 

11819 

1.16 

25 



Table 7.3.2·6. NOx Control Cost Results for the Kincaid Plant (Jllle 1988 Oollars> 

====================================================================·=========================================== 
Technology Soi ler Main Boiler Capacity Coal Capital Capital Amuel Amual ·NOx NOx NOx Cost 

H.n.er Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (Mii) <"> Content ($1111) (S/kWl (5114) Cmil ls/kwhl <"> (tons/yr) CS/ton) 

Factor (X) 

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

NGR 1 1.00 591 46 3.3 8.5 14.3 13.5 5.7 60.0 11976 1130. 5 
NGR 2 1.00 591 39 3.3 8.5 14.3 11.6 5.8 60.0 10153 1146.8 

NGR·C , 1.00 591 46 3.3 8.5 14.3 7.8 3.3 60.0 11976 650.9 
NGR-C 2 1.00 591 39 3.3 8.5 14.3 6.7 3.3 60.0 10153 660.8 

SCR-3 1 1. 16 591 46 3.3 77.0 130.4 28.7 12.1 80.0 15968 1800.2 
SCR-3 2 1. 16 591 39 3.3 77.0 130.3 28.4 14.0 80.0 13538 2095.0 

SCR-3-C 1 1. 16 591 46 3.3 77.0 130.4 16.8 7. 1 80.0 15968 1053.0 
SCR-3-C 2 1. 16 591 39 3.3 77.0 130.3 16.6 8.2 80.0 13538 1225.8 

SCR-7 1 1.16 591 46 3.3 77.0 130.4 23.8 10.0 80.0 15968 1489. 1 
SCR· 7· 2 1.16 591 39 3.3 77.0 130.3 23.4 11.6 80.0 13538 1ns.1 

SCR·7-C 1 1. 16 591 46 3.3 77.0 130.4 14.0 5.9 80.0 15968 874.8 
SCR· 7-C 2 1.16 591 39 3.3 77.0 130.3 13.7 6.8 80.0 13538 1015.6 

===========•======================••m•••••==========================•=:m======•-=====i=========================== 
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underground obstructions. Table 7.3.2-6 presents the estimated cost of 
retrofitting SCR at the Kincaid 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 both units were 

located south of the plant in a relatively open area in a similar fashion as 
LSD-FGD. The retrofit of DSD and FSI technologies at the Kincaid steam plant 
would be relatively easy because the ESP SCAs are large (>400) and. there is 
400 feet of flue gas ducting between the boilers and the retrofit ESPs. 
Additionally, the old ESP boxes could be used for the humidification or 
sorbent injection. If ~SP plate area was re~uired, the ESP upgrade 
access/congestion factor would be low (1.I3). Table 7.3.2-7 presents a 
summary of site access/congestion factors~ scope adders, and retrofit factors 
for oso· and FSI technologies at the Kincaid steam plant. Table 7.3.2-8 
presents the costs estimated to retrofit DSD and FSI at the Kincaid 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 de.termi ne the app l i ca bi l i ty of these 
technologies at the Kincaid plant. The boilers at .the Kincaid plant would 
not be considered good candidates for AFBC retrofit and AFBC/CG/combined 
cycle repowering because of their large size (660 MW). 

7.3.3 Powerton Steam Plant 

The Powerton steam plant is located within Tazewell County, Illinois, as 
part of the Commonwealth Edison Company system. The plant is located 
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TABLE 7.3.2-7. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR KINCAID UNITS 1-2 

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 

7-83 

LOW 
LOW 
NA 

NO 
NA 

NA 
NA 
NA. 
NA 
50 
113 

113 
NA 

1.13 
1.16 
NA 



Table 7.3.2·8. Surmary of DSO/FSI Control Costa for the Kincaid Plant CJuie 1938 Dollars> 

====m=••••=•=========•=••••••••••m•==•••••==============•==============•==•=============••••===•========•======= 
Technology. Boiler Main Boiler Capacity Coal Capital Capital Amual Amual S02 . S02 S02 Cost 

N"'*>er Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 
Di ff; cul ty (llW) (:I:) Content ($1111) (S/lcW) (Siii) (mil ls/kwh) <X> (tons/yr> CS/ton) 

Factor (:ii:) 

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

DSD+ESP 1 1 .00 591 46 3.3 69.9 118.2 35.0 14.7 48.0 36000 971., 
DSD+ESP 2 1.00 591 39 3.3 69.9 118.2 32.9 16.3 48.0 30522 1077 .4 

DSD+ESP·C 1 1.00 591 46 3.3 69.9 118.2 20.3 8.5 48.0 36000 565., 
DSD+ESP-C 2 1.00 591 39 3.3 69.9 118.2 19.2 9.5 48.0 30522 627.6 

FSI+ESP-50 , 1.00 591 46 3.3 53.2 90.1 39.5 16.6 50.0 3m6 1044.9 
FSI+ESP-50 2 1.00 591 39 3.3 53.2 90.1 35.7 17.T 50.0 32028 1114.0 

FSl+ESP-50-C 1 1.00 591 46 3.3 53.2 90.1 22.9 9.6 50.0 1m6 605.0 
FSl+ESP-50-C 2 1.00 591 39 3.3 53.2 90.1 20.7 10.2 50.0 32028 645.7 

FSl+ESP-70 , 1.00 591 46 3.3 53.6 90.7 40.1 16.8 70.0 52387 758.4 
FSl+ESP-70 2 1.00 591 39 3.3 53.6 90.7 36.2 17.9 70.0 44839 808., 

FSl+ESP·70·C 1 1.00 591 46 3.3 53.6 90.7 23.2 9.8 70.0 52887 439.1 
FSl+ESP·70·C 2 1.00 591 39 3.3 53.6 90.7 21.0 10.4 70.0 44839 46a.3 

====================================================================s=========================================== 
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adjacent to a pond beside the Illinois River and contains two steam turbine 
units (5,6) powered by four coal-fired boilers with a total gross generating 
capacity of 1,784 MW. 

Table 7.3.3-1 presents operational data for the existing equipment at 
the Powerton plant. The boilers burn low sulfur coal received by railroad 
and transferred to a coal storage and handling area northwest of the units 
and adjacent to the pond. 

PM emissions for the boilers are controlled with ESPs located behind 
each unit. The plant has a dry fly ash handling system. Fly ash is 
disposed of off-site. Flue gas from all boilers is ducted to a common 
chimney~ A retrofit FGD scrubber unit with a new chimney for boiler 51 of 
unit 5 is no longer in operation ... 

Lime/Limestone and Lime Spray Drying FGD Costs--
The four boilers are located beside each other adjacent to the water 

channel. The absorbers for all boilers would be located behind and east of 
the chimney. The limestone preparation, storage, and handling area would be 
located behind the absorbers. Some of the roads have to be relocated; 
therefore, a factor of 10 percent was assigned to general facilities. A 
temporary waste handling area would be located approximately three quarters 
of a mile southwest of the plant; However, because of the limited space 
available, waste generated by the FGD absorbers must be transferred off-site 
in the same manner as the fly ash. 

A low site access/congestion factor was assigned to the FGD absorber 
locations due to the accessibility and space availability behind the 
chimney. For flue gas handling, because absorbers are placed immediately 
behind the chimneys, short duct runs would be required for the L/LS-FGD case 
(less than 300 feet). A low site access/congestion factor was assigned to 
the flue gas handling system due to easy access to the existing chimney. 

LSD with reuse of the existing ESPs was considered for this plant 
because the ESPs are adequate (SCA >207) and were assumed not to require 
major upgrading to handle the increased PM generated from the LSD 
application. The LSD absorbers would be located behind the common chimney. 
To route the flue gas from upstream of the existing ESPs to the absorbers 
and back to the ESPs, over 700 feet of duct length would be required. A 
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TABLE 7.3.3-1. POWERTON STEAM PLANT OPERATIONAL DATA 

UNIT NUMBER 
BOILER NUMBER 
GENERATING CAPACITY (MW-each) 
CAPACITY FACTOR (PERCENT) 
INSTALLATION DATE 
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) 
OUTLET TEMPERATURE ( ° F) 

5 6 
51,52 61,62 
446 446 
37 42 
1972 1975 
CYCLONE CYCLONE 
285.4, 271 238, NA 
NO NO 
0.6 0.6 
9400 9400 
4.8 4.8 

DRY HANDLING 
OFF-SITE 

I 

ESP 
1972 
0.10 
98.6 

0.7 
332 
1605 
207 
300 
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RAILROAD 
I 

ESP 
1975 
0.10 
99.3 

0.7 
650 
1639 
397 
300 



high site access/congestion factor was assigned to the flue gas handling 
system in the case of L.SD-FGD because of the congestion created by the ash 
silos, chimney, and close proximity of the ESPs to each other and to the 
boiler house. 

The major scope adjustment costs and retrofit factors estimated for the 
FGD technologies are presented in Table 7.3.3-2. FGD cost estimates are not 
presented because it is unlikely that the current low sulfur coal would be 
used if scrubbing was required. FGD cost estimates based on the current 
coal would result in low estimates of capital/operating costs and high 
cost-effectiveness values. Additionally, it is unlikely that LSD-FGD with 
ESP reuse would be applied due to the very high access/congestion associated 
with the flue gas ducting and possible long boiler downtime. 

Coal Switching and Physical Coal Cleaning Costs--
CS and PCC were not considered for this plant because the plant is 

already using a low sulfur coal. 

Low NOX Combustion--
All four boilers are cyclone-fired and are rated at 446 MW each. The 

combustion modification technique applied to all boilers was NGR. As 
Table 7.3.3-3 shows, the NGR NOx reduction performance for each unit was 
assumed to be 60 percent. Table 7.3.3-4 presents the cost of retrofitting 
NGR at the Powerton plant. 

Selective Catalytic Reduction--
Cold side SCR reactors for all boilers would be located immediately 

behind the chimney in low access/congestion areas. About 250 feet of duct 
length was estimated for the.flue gas handling system. The ammonia storage 
system was placed close to the reactors east of the plant. No major 
equipment relocation would be rieeded and a base factor of 13 percent was 
assigned to general facilities. 

Table 7.3.3-3 presents the SCR process area retrofit factors and scope 
adder costs. Table 7.3.3-4 presents the estimated cost of retrofitting SCR 
at the Powerton boilers. 
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TABLE 7.3.3-2. SUMMARY OF RETROFIT FACTOR DATA FOR POWERTON 
BOILERS 51,52,61,0R 62 

FGD TECHNOLOGY 

FORCED LIME 
LLLS FGD OXIDATION SPRAY DRYING 

SITE AC~ESSLCONGESTION 

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 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 (WASTE DISPOSAL) YES YES 

RETROFIT FACTORS 

FGD SYSTEM 1.30. NA 
ESP REUSE CASE 1.57 
BAGHOUSE CASE NA 

ESP UPGRADE NA NA 1. 58. 
NEW BAGHOUSE NA NA NA 

GENERAL FACILITIES (PERCENT} 10 0 8 

*Chimney liner cost is included in the FGD retrofit evaluation. 
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TABLE 7.3.3-3. SUMMARY OF NOx RETROFIT RESULTS FOR POWERTON 

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 

7-89 

51,52,61,62 

eve 
NGR 

285.4,271,238,NA 

1972-1975 

NA 

60 

LOW 

0 

83 

250 

2971 

4571 

7625 

1.16 

13 



Table 7.3.3·4. NOx Control Cost Results for the Powerton Plant (June 1988 Dollars) 

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

Nurber Retrofit Size Factor Sulfur Cost Cost Cost Coat Removed Removed Effect. 
Difficulty (IN) (%) content (Siii) ($/kW) (Siii) Cmil ls/kwhl (%) (tons/yr) CS/ton) 

Factor (%) 

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

NCR 51,52 1.00 446 37 0.6 6.8 15.3 . 8.5 5.9 60.0 8074 1055.6 
NGR 61,62 1.00 446 42 0.6 6.8 15.3 9.6 5.8 60.0 9165 1042.1 

NGR·C 51,52 1.00 446 37 0.6 6.8 15.3 4.9 3.4 60.0 8074" 608.6 
NGR·C 61,62 1.00 446 42 0.6 6.8 15.3 5.5 3.4 60.0 9165 600.4 

SCR·3 51,52 1 .16 446 37 0.6 56.6 126.9 21.2 14.6 80.0 10765 1965.3 
SCR-3 61 ,62 1. 16 446 42 0.6 56.6 126.9 21.4 13.0 80.0 12220 1749.5 

SCR·3·C 51,52 1.16 446 37 0.6 56.6 126.9 12.4 8.6 80.0 10765 1149.5 
SCR·3·C 61,62 1. 16 446 42 0.6 56.6 126.9 12.5 7.6 80.0 12220 1023.1 

SCR·7 51, 52 1. 16 446 37 0.6 56.6 126.9 17.4 12.0 80.0 10765 1612.3 
SCR·7 61,62· 1.16 446 42 0.6 56.6 126.9 17.6 10.7 80.0 12220 1438.5 

SCR·7·C 51,52 1. 16 446 37 0.6 56.6 126.9 10.2 7 .1 80.0 10765 947.3 
SCR· 7·C 61 ,62 1. 16 446 42 0.6 56.6 126.9 10.3 6.3 . 80.0 12220 844.9 

-=====•==========c======••======••=====s=••=====••=====•••==•••~=====•=========================================== 
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Duct Spray Drying and Furnace Sorbent Injection--
The retrofit of FSI and DSD technologies at the Powerton steam plant 

would be difficult. This is caused by inadequate duct residence time 
between the boilers and the retrofit ESPs for either humidification (FSI 
application) or sorbent droplet evaporation (DSD application). However, the 
ESPs may be large enough to modify the first ESP section to be used for 
humidification or sorbent injection. A high site access/congestion factor 
was assigned to the ESP locations if additional plate area or upgrading/ 
modification of the existing ESPs is required. The sorbent receiving/ 
storage/preparation area was located east of the plant. 

Table 7.3.3-5 presents a summary of the sit.e access/congestion factors 
for FSI and DSD technologies at the Powerton plant. Table 7.3.3-6.presents 
the costs estimated to retrofit FSI and DSD at the Powerton plant. The 
estimated unit costs for all boilers are high because of the low sulfur 
content of the coal. 

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 Powerton. plant. Neither of units would be considered 
good candidates for repowering/retrofit because of their large boiler sizes. 

7.3.4 Waukegan Steam Plant 

L/S-FGD and LSD-FGD retrofit factors were evaluated for boilers 6, 7, 
and 8 at the Waukegan plant; however, costs are not presented because the low 
sulfur coal currently being fired would yield low capital/operating costs and 
high cost per ton of so2 removed. A new baghouse was used in conjunction 
with LSD instead of reusing the existing ESPs, since the ESPs for these 
boilers are congested and any upgrading would be difficult. CS was not 
evaluated because the plant is using a low sulfur coal. FSI and DSD were not 
considered for ~nits 6 and 8 due to the short duct residence time between the 
boilers and their respective ESPs and due to the inadequate size of the ESPs. 
The unit 7 ESPs appear large enough for the application FSI and DSD, however, 
access to these are difficult and were not considered for sorbent injection 
technologies. 
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TABLE 7.3.3-5. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR POWERTON BOILERS 51,52,61,62 

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 
HIGH 
NA 

NO 
NA 

NA 
NA 
NA 
NA 
50 
92 

92 
NA 

1.13 
1.58 
NA 



Table 7.3.3·6. SLl!lllary of DSD/FSI Control Costs for the Powerton Plant ( Jl.ne 1988 Dollars> 

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

Technology Boiler Main Boiler Capacity Coal Capital Capital Amual Amual S02 S02 S02 Cost 
N<lltler Retrofit Site Factor Sul fur cost Cost cost Cost Removed Removed Effect. 

Difficulty (MW) <:u Content ($114) (S/klll (SMI!) (mill s/kwlll cu (tons/yr) CS/ton) 
factor CXl 

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

DSD+ESP 51,52 1.00 446 37 0.6 16.5 37.0 9.1 6.3 49.0 4506 2014.4 
DSD+ESP 61,62 1.00 446 42 0.6 11.3 25.3 7.9 4.8 49.0 5115 1547.9 

OSD+ESP·C 51,52 1.00 446 37 0.6 16.5 37.0 5.3 3.6 49.0 4506 1170.6 
DSD+ESP·C 61,62 1.00 446 42 0.6 11.3 25.3 4.6 2.8 49.0 5115 896.7 

FSl+ESP-50 51,52 1.00 446 37 0.6 18.2 40.8 9. 1 6.3 50.0 4631 1957.2 
FSl•ESP·50 61,62 1.00 446 42 0.6 13.4 30.0 8. 1 5.0 50.0 5256 1548.2 

FSl+ESP·50·C 51,52 1.00 446 37 0.6 18.2 40.8 5.3 3.6 50.0 4631 1138.9 
FSl+ESP·50·C 61,62 1.00 446 42 0.6 13.4 30.0 4.7 2.9 50.0 5256 898.4 

FSl+ESP·70 s1;52 1 .00 446 37 0.6 18.0 40.4 9. 1 6.3 70.0 6483 1400.4 
FSl+ESP·70 61,62 1 .00 446 42 0.6 13.5 30.4 8.3 5.0 70.0 7359 1122.4 

FSl+ESP·70·C 51,52 1.00 446 37 0.6 18.0c 40.4 5.3 3.7 70.0 6483 814.8 
FSl+ESP·70·C 61,62 1.00 446 42 0.6 13.5 30.4 4.8 2.9 70.0 7359 651.3 

•===========•z••••=========•••=•=•========•===================================================================== 
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TABLE 7.3.4-1. WAUKEGAN STEAM PLANT OPERATIONAL DATA* 

BOILER NUMBER 1-5 
GENERATING CAPACITY (MW) RETIRED 
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) 
EXIT GAS FLOW RATE (1000 ACFM) 
SCA (SQ FT/1000 ACFM) 
OUTLET TEMPERATURE ("F) 

6 
112 
7 
1952 
CYCLONE 
43 
NO 
0.47 
9300 
5.04 

7 8 
353 317 
44 18 
1958 1962 

TANGENTIAL 
510 506 
NO NO 
0.4 0.42 
9500 9500 
7.4 7.4 

DRY DISPOSAL 
PAID/OFF-SITE 

1 2 3 
RAILROAD 

ESP ESP ESP 
1971 1976 1962 
0.04 0.024 0.022 
96.88 99.57 99.57 

0.5 0.5 0.5 
62.5 512.3 151. l 
430 1700 1051 
136 439 134 
295 700 284 

* Some information was obtained from pl ant personne 1. 
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TABLE 7.3.4-2. SUMMARY OF RETROFIT FACTOR DATA FOR WAUKEGAN 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 
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 . YES NA · YES 
ESTIMATED COST (1000$) 784 0 784 

OTHER NO NO 

RETROFIT FACTORS 

FGD SYSTEM 1.41 NA 
ESP REUSE CASE NA 
BAGHOUSE CASE· 1.43 

ESP UPGRADE NA NA NA 
NEW BAGHOUSE NA NA 1.16 

GENERAL FACILITIES (PERCENT) 10 0 10 

* L/LS-FGD absorbers, LSD-FGD absorbers., and new FFs for unit 6 
would be located east of the retired chimney for units 1-5. 
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TABLE 7.3.4-3. SUMMARY OF RETROFIT FACTOR DATA FOR WAUKEGAN 
.UNIT 7 OR 8 * 

SITE ACCESS/CONGESTION 

S02 REMOVAL 
FLUE GAS HANDLING 

ESP REUSE CASE 
BAGHOUSE CASE 

DUCT WORK DISTANCE (FEET) 
ESP REUSE 
BAG HOUSE 

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· 

NO NA 
NA NA 
YES NA 
2471,2219 0 
NO 

I.53 

NA 
NA 

NA 

NA 
NA 

LOW 

NA 
HIGH 

. 600-1000 
NA 
LOW 

NO 
NA 
YES 
2471,2219 
NO 

NA 
I. 54 
NA 
1.16 

GENERAL FACILITIES (PERCENT) 10 0 IO 

* L/S-FGD absorbers, LSD-FGD absorbers, and new FFs for units 7 
and 8 would be located east of the retired chimney for units 1-5. 
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TABLE 7.3.4-4. SUMMARY OF NOx RETROFIT RESULTS FOR WAUKEGAN 

COMBUSTION MODIFICATION RESULTS 

FIRING TYPE · 

TYPE OF NOx CONTROL 

FURNACE VOLUME (1000 CU FT) 

BOILER INSTALLATION DATE 

SLAGGING PROBLEM 

BOILER NUMBER 

6 7 

CYCLONE TANG 

NGR OFA 

NA 252 

1952 1958 

NO NO 

ESTIMATED NOx REDUCTION (PERCENT) 60 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 

400 

2118 

1995 

4142 

1. 52 

38 

HIGH· 

0 

70 

300 

3109 

0 

3178 

1.52 

38 

8 

TANG 

OFA 

254 

1962 

NO 

25 

HIGH 

0 

64 

. 500 

4866. 

3724 

8654 

1.52 

38 

* Cold side SCR reactors for unit 6 would be located behind the 
unit 6 chimney. Hot side SCR reactors for unit 7 and cold side 
SCR reactors for unit 8 would be located behind the unit 7 chimney. 
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Table 7.3.4-5. NOx Control Cost Results for the Waukegan ?lant C June 1988 Dollars) 

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

Nurrber Retrofit Size Factor Sul fur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (MW) (%) Content (SMll) (S/kW) (SMM) (mil ls/kwh> (%) C tons/yr>, ($/ton) 

Factor 01) 

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

LNC·OFA 7 1.00 353 44 0.4 1.0 2.9 0.2 0.2 25.0 1380 162.4 
LNC·OFA 8 1.00 317 18 0.4 1.0 3. 1 0.2 0.4 25.0 507 423.5 

LNC·OFA·C 7 1. DO 353 44 0.4 1. 0 2.9 0. 1 0. 1 25.0 1380 96.4 
LNC·OFA-C 8 1.00 317 18 0.4 1 .o 3. 1 0. 1 0.3 25.0 507 251.3 

NGR 6 1.00 112 7 0.5 2.4 21 .8 0.8 10.9 60.0 423 . 1776.4 

NGR·C 6 1.00 112 7 0.5 2.4 21 .8 0.4 6.4 60.0 423 1043.6 

SCR·3 6 1.52 112 7 0.5 26.7 2_38.2 8.2 118.8 80.0 564 14477. 7 
SCR·3 7 1.52 353 44 0.4 57.6 163. 1 19.9 14.6 80.0 4416 4495.3 
SCR-3 8 1.52 317 18 0.4 57.7 182. 1 18.5 37.0 80.0 1622 11388.5 

SCR-3-C 6 1. 52 112 7 0.5 26.7 238.2 4.8 69.8 80.0 564 8506.9 
SCR · 3 : 7 1.52 353 44 0.4 57.6 163. 1 11.6 8.5 80.0 4416 2634.0 
SCR·3·C 8 1.52 317 18 0.4 57.7 • 182. 1 10.8 21.7 80.0 1622 6684.4 

SCR·7 6 1. 52 112 7 0.5 26.7 238.2 7.2 104.9 80.0 564 12781.4 
SCR·7 7 1.52 353 44 0.4 57.6 163.1 16.8 12.4 80.0 4416 3815 .4 
SCR-7 8 1.52 317 18 0.4 57.7 182.1 15.8 31 .6 80.0 1622 9726.5 

SCR-7-C 6 1. 52 112 7 0.5 26.7 238.2 4.2 61.8 .80.0 564 7535.2 
SCR·7·C 7 1. 52 353 44 0.4 57.6 163.1 9.9 7.3 80.0 4416 2244.4 
SCR·7·C 8 1.52 317 18 0.4 57.7 182.1 9.3 18.6 80.0 1622 5732 .1 

================================••z==============•============================================================== 

7-98 



7.3.5 Will County Steam Plant 

L/S-FGD and LSD-FGD retrofit factors were developed for the boilers at 
the Will County plant; however, costs are not presented since the low sulfur 
content of the coal being fired would result in low capital/operating costs 
and high cost per ton of so2 removed.. The boilers already are firing a low 
sulfur coal hence CS was not considered. Sorbent injection technologie~ (FSI 
and OSD) were not evaluated due to the short duct residence time between the 
boilers and their respective ESPs and due to the difficulty involved in 
upgrading the existing ESPs. 

TABLE 7.3.5-1. WILL COUNTY STEAM PLANT OPERATIONAL DATA 

BOILER NUMBER 1 2 3 4 
GENERATING CAPACITY (MW-each) 167 167 278 542 
CAPACITY FACTOR (PERCENT) 9 13 18 34 
INSTALLATION DATE 1955 1955 1957 1963 
FIRING TYPE CYCLONE TANGENTIAL 
FURNACE VOLUME (1000 CU FT) 40.6 40.6 200 470 
LOW NOx COMBUSTION NO NO NO NO 
COAL SULFUR CONTENT (PERCENT) 0.46 0.46 0.43 0.42 
COAL HEATING VALUE (BTU/LB) 9300 9300 9400 9400 
COAL ASH CONTENT (PERCENT) 5.2 5 .1 7.8 7.8 
FLY ASH SYSTEM DRY DISPOSAL 
ASH DISPOSAL METHOD PAID/OFF-SITE 
STACK NUMBER 1 2 3 ' 4 
COAL DELIVERY METHODS BARGE 

PARTICULATE CONTROL 

TYPE ESP ESP ESP ESP 
INSTALLATION DATE 1984 1973 1973 1963 
EMISSION (LB/MM BTU) 0.004 0.006 0.02 0.03 
REMOVAL EFFICIENCY 99.7 99.6 99.7 98.9 
DESIGN SPEC IF I CATION 

SULFUR SPECIFICATION (PERCENT) 0.5 0.5 0.5 0.5 
SURFACE AREA (1000 SQ FT) 227.5 248.2 331. 2 199.7 
GAS EXIT RATE (1000 ACFM) 650 770 1425 1533 
SCA (SQ FT/1000 ACFM) 365 322 330 130 
OUTLET TEMPERATURE (°F) 320 355 675 286 
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TABLE 7.3.5-2. SUMMARY OF RETROFIT FACTOR DATA FOR WILL COUNTY UNIT 1* 

FGD TECHNOLOGY 

FORCED LIME 
-L[LS FGD OXIDATION SPRAY DRYING 

SITE ACCESS[CONGESTION 

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 300-600 

BAG HOUSE 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 YES NA NO 
ESTIMATED COST (1000$) 1169 0 0 

OTHER NO NO 

RETROFIT FACTORS 

FGD SYSTEM 1.52 NA 
ESP REUSE CASE 1.49 
BAGHOUSE CASE NA 

ESP UPGRADE NA NA 1. 58 
NEW BAGHOUSE NA NA NA 

GENERAL FACILITIES {PERCENT} 15 0 15 

* L/S-FGD and LSD-FGD absorbers for unit 1 would be located north 
of unit 1. 
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TABLE 7.3.5-3. SUMMARY OF RETROFIT FACTOR DATA FOR WILL COUNTY 
UNIT 2 OR 3* 

SITE ACCESS/CONGESTION 

S02 REMOVAL 
FLUE GAS HANDLING 

ESP REUSE CASE (Unit 2) 
BAGHOUSE CASE {Unit 3) 

DUCT WORK DISTANCE {FEET) 
ESP REUSE (Unit 2) 
BAGHOUSE {Unit 3) 

ESP REUSE {Unit 2) 
NEW BAGHOUSE {Unit 3) 

SCOPE ADJUSTMENTS 

WET TO DRY 
ESTIMATED COST {1000$) 

NEW CHIMNEY 
ESTIMATED COST (1000$) 

OTHER 

RETROFIT FACTORS 

FGD SYSTEM 
ESP REUSE CASE {Unit 2) 
BAGHOUSE CASE (Unit 3) 

ESP UPGRADE (Unit 2) 
NEW BAGHOUSE (Unit 3) 

FGD TECHNOLOGY 

FORCED LIME 
L/LS FGD OXIDATION SPRAY DRYING 

MEDIUM NA 
HIGH . NA 

300-600 NA 

NA NA 
NA NA 

NO NA 
NA NA 
YES NA 
1169,1946 0 
NO 

1.52 NA 

NA NA 
NA NA 

MEDIUM 

HIGH 
HIGH 

600-1000 
300-.600 

HIGH 
MEDIUM 

NO 
NA 
YES (Unit 3) 
1946 
NO 

1.62 
1.56 
1.58 
1.36 

GENERAL FACILITIES (PERCENT) 15 0 15 

* L/S-FGD and LSD-FGD absorbers for unit 2 would be located north 
of unit 1 and the absorbers for unit 3 would be located south 
of unit 4. 
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TABLE 7.3.5-4. SUMMARY OF. RETROFIT FACTOR DATA FOR WILL COUNTY UNIT 4* 

FGD TECHNOLOGY 

FORCED LIME 
LLLS FGD O~IDATION 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 
BAG HOUSE 300-600 

ESP REUSE NA NA NA 
NEW BAGHOUSE NA NA MEDIUM 

SCOPE ADJUSTMENTS 

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

NEW CHIMNEY YES NA YES 
ESTIMATED COST (1000$) 3794 0 3794 

OTHER NO NO 

RETROFIT FACTORS 

FGD SYSTEM 1.48 NA 
ESP REUSE CASE NA 
BAGHOUS£ CASE 1.52 

ESP UPGRADE NA NA NA 
NEW BAGHOUSE NA NA 1.36 

GENERAL FACILITIES (PERCENT} 15 0 15 

* L/S-FGD absorbers, LSD-FGD absorbers, and new FFs for unit. 4 
would be located south of unit 4. 
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TABLE 7.3.5-5. SUMMARY OF NOx RETROFIT RESULTS FOR WILL COUNTY 

BOILER NUMBER 

COMBUSTION MODIFICATION RESULTS 

l 2 3 4 

FIRING TYPE eve eve TANG TANG 

TYPE OF NOx CONTROL NGR NGR OFA OFA 

FURNACE VOLUME (1000 CU FT) 40.6 40.6 200 470 

BOILER INSTALLATION DATE 1955 1955 1957 1963 

SLAGGING PROBLEM NO NO NO NO 

ESTIMATED NOx REDUCTION (PERCENT) 60 60 25 25 

SCR RETROFIT RESULTS* 

SITE ACCESS AND CONGESTION 
FOR SCR REACTOR HIGH HIGH HIGH MEDIUM 

SCOPE ADDER PARAMETERS--

Building Demolition (1000$) 0 0 0 0 

Ductwork Demolition (1000$) 40 40 58 96 

New Duct Length {Feet) 200 200 ' 200 300 

New Duct Costs (1000$) 1338 1338 1802 3995 

New Heat Exchanger (1000$) 2535 2535 ·o 5138 

TOTAL SCOPE ADDER COSTS (1000$) 3913 3913 1861 9230 

RETROFIT FACTOR FOR SCR 1.52 1. 52 1.52 1.34 

GENERAL FACILITIES {PERCENT) 38 38 38 38 

* Cold side SCR reactors for units 1 and 2 would be located behind 
their respective chimnies. Hot side SCR reactors for unit 3 would 
be located behind the unit 3 chimney. Cold side SCR reactors for 
unit 4 would be located south of unit 4. 



Table 7.3.5-6. NOx Control Cost Results for the Will County Plant (June 1988 Dollars) 

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

LNC-OFA 
LNC-OFA 

LNC·OFA-C 
LNC·OFA-C 

NGR 
NGR 

NGR-C 
NGR-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 
Nl.Z!ber Retrofit Size Factor Sulfur Cost 

Capital Annual 
Cost Cost 

3 
4 

3 
4 

1 

2 

1 
2 

1 

2 
3 
4 

2 
3 
4 

1 

2 
3 
4 

. 1 

2 
3 
4 

Difficulty <MW) (l) Content ($MM) ($/kW) ($MIO 

Factor (l) 

1.00 278 
1 .00 542 

1.00 278 
1.00 542 

1 .oo 167 
1 .oo 167 

1.00 . 167 
1 .00 167 

1. 52 
1.52 
1.52 
1.34 

1.52 
1.52 
1.52 
1.34 

1.52 
1.52 
1.52 
1.34 

1.52 
1.52 
1.52 
1.34 

167 
167 
278 
542 

167 
167 
278 
542 

167 
167 
278 
542 

167 
167 
278 
542 

18 
34 

18 
34 

9 
13 

9 
13 

9 
13 
18 
34 

0.4 
0.4 

a.4 
0.4 

0.5 
0.5 

0.5 
0.5 

a.5 
0.5 
0.4 
0.4 

9 a.5 
13 · a .5 
18 a.4 
34 a.4 

9 a :5 
13 a.5 
18 a.4 
34 a.4 

9 0.5 
13 0.5 
18 0.4 
34 0.4 

0.9 3.4 
1.2 2.2 

0.9 3.4 
1.2 2.2 

3.3 . 19.5 
3.3 19.5 

3.3 19.5 
3.3 19.5 

0.2 
0.3 

a.1 
a.2 

1.2 
1.5 

0.7 
0.9 

33.8 . 2a2.2 1a.7 
34.0 2a3.8 10.9 
46.3 166.5 15.6 
78.a 143.9 27.3 

33.8 2a2.2 6.3 
34.a 2a3.8 6.4 
46.3 166.5 9.1 
78.a 143.9 16.0 

33.8 2a2.2 9.3 
34.a 2a3.8 9.4 
46.3 166.5 13.2 
78.0 143.8 22.7 

33.8 2a2.2 5.5 
34.0 203.8 5.6 
46.3 166.5 7 .8 
78.0 143.8 13.3 

Annual NOx NOx 
Cost Removed Removed 

(mills/kwn> <X> (tons/yr) 

0:5 
0.2 

0.3 
0. 1 

9.0 
7.9 

. 5.3 
4.6 

81.6 
57 .1 
35.6 
16.9 

47.9 
33.5 
20.8 
9.9 

70.7 
49.6 
3a.2 
14. 1 

41.7 
29.2 
17. 7 
8.3 

25.0 
25.0 

25.a 
25.0 

60.0 
60.0 

60.0 
60.0 

80.0. 
8a.o 
80.0 
80.0 

80.0 
80.0 
80.0 
so.a 

80.0 
80.0 
so.a 
80.a 

80.0 
80.0 
80.0 
80.0 

450 
1657 

450 
1657 

810 
1170 

810 
1170 

1a80 
156a 
1440 
5304 

108a 
156a 
144a 
5304 

1a80 
1560 
1440 
5304 

1aso 
1560 
144a 
5304 

NOx Cost 
Effect. 
CS/ton) 

452.8 
16a.6 

268.6 
95.3 

1468.5 
12sa.2 

859.5 
745.9 

994a.8 
6963.7 

10822.7 
5148.4 

5835. 5 
4a87 .5 
6344.8 
3a15.6 

8621.3 
6a5o. 1 
9178.2 
4277.8 

5079.6 
3564.1 
5402.5 
2516.8 

========================·=·==,===================================================== .. ••:1=========:11=========:::1:1~==== 
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7.4 ELECTRIC ENERGY INCORPORATION 

7.4.1 Joppa Steam Plant 

The Joppa steam plant is located within Massac County, Illinois, as part 
of the Electric Energy system. The plant contains six coal-fired boilers 
with a total gross generating capacity of 1,098 MW. Figure 7.4.1-1 presents 
the plant plot plan showing the location of the boilers and major associated 
auxiliary equipment. An aerial photograph was available for review in the' 
evaluation. 

Table 7.4.1-1 presents the operational data for the existing equipment 
at the Joppa plant. All boilers burn medium sulfur coal (2.0 percent 
sulfur). Coal shipments are received by freight barge and rail and then 
conveyed to a coal storage/handling area located east of the units. 

Particulate matter emissions for all six boilers are controlled with 
ESPs located behind each unit. Ash from all units is wet sluiced to ponds on 
the far side (north) of the coal storage area. Small amounts of the fly ash 
go to a nearby cement plant for their use as a raw material. Limited space 
is available for future waste disposal; thus, future waste would be disposed 
off-site. 

Lime/Limestone and Lime Spray Drying FGD Costs--
The Joppa plant includes three chimneys, each shared by two units 

located between the existing ESPs. The FGD absorbers were placed between the 
existing ESPs and chimneys and the coal storage/handling area. This location 
is presently occupied by warehouses. The relocation of the warehouses and 
plant roads would be required in order to place the absorbers in this 
location. The limestone preparation/storage area was located to the north of 
the powerhouses and the waste handling area was placed adjacent to the 
preparation/storage area. 

Retrofit Difficulty and Scope Adder Costs--
The FGD absorbers for units 1, 2, 5 and 6 were assumed to be in areas of 

medium site access/congestion and units 3 and 4 were assumed to be in high 
site access/congestion areas. The medium site access/congestion factors 
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Figure 7.4.1-1. Joppa plant_plot plan 
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TABLE 7.4.1-1. JOPPA STEAM PLANT OPERATIONAL DATA 

BOILER NUMBER 
GENERATING CAPACITY (MW-each) 
CAPACITY FACTOR (PERCENT) 
FIRING TYPE 
INSTALLATION DATE 
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) 

7-107 

1-6 
183 
13, 15 
TANG 
1953-55 
2.0 
11700 
9.0 
WET SLUICE 
ON-SITE 
1-3 
BARGE 

ESP 
1971-72 
0.08-0.09 
98.8-98.6 

2.0 
121 
673 
180 
310 



reflect the access difficulty for units 1, 2, 5, and 6 beca~se of the coal 
conveyor and the existing ESPs and chimneys. Units 3 and 4 are highly 
congested because the coal conveyors are both north and south and the 
existing ESPs and the chimney are to the west. A high underground 
obstruction factor was assigned to the placement of all absorbers because of 
the drain water switch lines and the ash disposal lines. The access/ 
congestion factor assigned to the flue gas handling was low for units 1, 2, 
5, and 6 and all FGD technologies because of the. location of the absorbers 
and their accessibility to the chimneys and the fact that no significant duct 
work would be required. By contrast, due to access difficulties created by 
the coal conveyors to the unit 3 and 4 chimneys, high access/congestion 
factors were assigned to the flue gas handling system. Short ductwork would 
be required for the retrofit of L/LS-FGD technology at the plant. Finally, a 
10 percent general facilities factor was assigned for all unjts and all FGD 
technologies because of the demolition and relocation of the storage 
warehouses and plant road required for the placement of the absorbers 
discussed above. 

The major scope adjustment costs and estimated retrofit factors for the 
FGD control technologies are presented in Tables 7.4.1-2 and 7.4.1-3. The 
largest scope adder for the Joppa plant would be the conversion of wet to dry 
ash handling system for all units considered for conventional L/LS-FGD 
retrofit. It was assumed that dry fly ash would be necessary to stabi 1 i ze 
the L/LS-FGD scrubber sludge waste. Dry ash handling is not necessary for 
forced oxidation L/LS-FGD and was not considered a scope adder for these 
cases. The overall retrofit factors determined for the L/LS-FGD cases were 
moderate (1.36 to 1.60). 

A considerable ESP plate area jddition would be required to upgrade the 
ESPs because of the SCA size (<200) and the ESPs location (high site 
access/congestion). As a result, the LSD-FGD case evaluated was LSD with a 
new baghouse. A _medium duct run would be necessary for the new baghouse in 
LSD-FGD cases to divert the flue gas from the absorbers to the new baghouses 
and back to the existing chimneys. The estimated retrofit factors for this 
case were moderate (1.40 to 1.62) and did not include particulate control 
costs. Separate factors were estimated for new particulate controls .. The 
same site access/congestion factors used for the absorbers were also assumed 
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TABLE 7.4.1-2 .. SUMMARY OF RETROFIT FACTOR DATA FOR JOPPA UNITS 1,2,5,6 

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 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$) 1612 NA NA 

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

OTHER NO NO NO 

RETROFIT FACTORS 

FGD SYSTEM 1.41 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 7.4.1-3. SUMMARY OF RETROFIT FACTOR DATA FOR JOPPA UNITS 3-4 

FGD TECHNOLOGY 

FORCED LIME 
LLLS 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) 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$) 1612 NA NA 

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

OTHER NO NO NO 

RETROFIT FACTORS 

FGD SYSTEM 1.60 1.56 
ESP REUSE CASE NA 
BAGHOUSE CASE 1.62 

ESP UPGRADE NA NA NA 
NEW BAGHOUSE NA NA 1.58 

GENERAL FACILITIES (PERCENT) 10 10 10 
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for ESP upgrade, resulting in overall moderate to high retrofit factors (l.36 
to l.58) .. The factors determined for new particulate controls were used in 
the IAPCS model to estimate the particulate control costs. 

Table 7.4.1-4 presents the cost estimates for L/LS and LSD-FGD cases. 
The LSD-FGD costs include upgrading the ESPs and ash handling systems for 
boilers l-6. 

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, 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 7.4.1-5. 

NOx Control Technology Costs--
This section presents the performance and various related costs 

estimated for NOx controls at the Joppa steam plant. These controls include 
LNC and selective catalytic reduction. 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 7 .4. i -4. SlJlll\ary of FGD Control Costs for the Joppa Plant (June 1988 Dollars) 

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

Nl.llber Retrofit Size Factor Sulfur cost Cost Cost Cost Remov~ Remov~ Effect. 
Difficulty (Mii) CX) Content· (SHH) CS/kll) CSHH) Cmi l l s/kwh > (X) (tons/yr) ($/ton) 

Factor (X) 

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

L/S FGO 1 ' 5 1.4i 183 is 2.0 60.7 331.4 22) 94.6 90.0 3595 6325.3 
L/S FGO 2, 6 1.41 183 13 2.0 60.6 33i .4 22.5 . io7.9 90.0 3116 7218.i 
L/S FGO 3, 4 1.60 183 15 2.0 68.0 371 .4 25.2 i04.8 90.0 3595 7011.2 

L/S FGO·C 1. 5 1.41 i83 15 2.0 60.7 33i ;4 13.3 55.3 90.0 3595 3699.6 
L/S FGO·C 2, 6 1.41 183 13 2.0 60.6 33i .4 13.2 63. i 90.0 3116 4222.8 
L/S FGO-C 3, 4 1.60 183 15 2.0 68.0 371.4 i4.7 61.3 90.0 3595 4101. 7 

LC FGO i-6 1.50 1100 14 2.0 183. 1 166.4 68.2 50.6 90.0 20168 3382.6 

LC FGO·C 1-6 1.50 1100 14 2.0 i83. 1 166.4 39.9 29.6 90.0 20168 1978.7 

LSD+ FF 1 ,5 1.40 i83 15 2.0 45.9 250.8 15.9 66.3 87.0 3455 4612. 1 
LSD+ FF 2,6 1.40 183 13 2.0 45.9 250.8 15.8 75.9 87.0 2994 5280.9 
LSD+ FF 3,4 1.62 i83 15 2.0 52.8 288.7 17.9 74.2 87.0 3455 5167.3 

LSD+FF·C 1 ,5 1.40 183 15 2.0 45.9 250.8 9.3 38.8 87.0 3455 2702.0 
LSD+FF-C 2,6 1.40 183 13 2.0 45.9 250.8 9.3 44.S 87.0 2994 3094.3 
LSO+FF·C 3,4 1.62 183 is 2.0 52.8 288.7 10.5 43.5 87.0 3455 3029. 1 

==========================••=====z======••s====••=====•••==•••====••============================================ 
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Table 7.4.1-5. Sunnary of Coal Switching/Cleaning costs for the Joppa Plant (June 1988 Dollars) 

================================================================================================================ 
Technology Soi ler Main 8oi ler capacity Coal Capital Capital Annual Annual S02 S02 S02 Cost 

Nl.J!ber Retrofit Size Factor Sul fur Cost Cost Cost Cost Removed Removed E ffec !. 

Difficulty 0411) (Xl · Content (SMMl ($/kl.I) CSMMl (mill s/kwh l (Xl (tons/yr) ($/ton) 
Factor (%) 

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

CS/8+S15 1.3,4 1.00 183 15 2.0 7.2 39.5 4.9 20.2 57.0 2258 2156.3 
CS/8+S15 2,6 ' 1.00 183 13 2_0 7.2 39.5 4.4 21.3 57.0 1957 2270. 5 

CS/8+515-C 1,3,4 1.00 183· 15 2_0 7.2 39.5 2-8 11. 7 57.0 2258 1249.7 
CS/8+515-C 2,6 1.00 183 13 2.0 7_2 39.5 2.6 12.4 57.0 1957 1317.4 

CS/8+$5 ,.,3,4 1.00 183 15 2.0 5.3 29. 1 2.6 10.6 57.0 2258 1129.4 
CS/8+S5 2_,6 1.00 183 13 2.0 5.3 29. 1 2.4 H.5 57.0 1957 1221.0 

CS/8+S5·C 1,3,4 1.00 183 15 2.0 5.3 29.1 1. 5 6.2 57.0 2258 657.6 
CS/8+S5·C 2,6 1.00 183 13 2.0 5.3 29.1 1 .4 6.7 57.0 1957 711.8 

================~~========··=========~·=========~=========~===================================================== 
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Low NOx Combustion--
Units 1 to 6 are dry bottom, tangential-fired boilers rated at 183 MW. 

each. The combustion modification technique applied for this evaluation was 
OFA. As Tablei 7.4.1-6 and 7.4.1-7 show, the OFA NOx reductfon performance 
for units 1 to 6 was estimated to be 20 percent for all units. 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 7.4.1-8 presents the cost of retrofitting.OFA at the 
.Joppa plant. 

Selective Catalytic Reduction--
Tables 7.4.1-6 and 7.4.1-7 present the SCR retrofit results for each 

unit. The results include process area retrofit difficulty factors and scope 
adder costs. For scope adders, costs were estimated for building and 
ductwork demolition, new heat exchanger, and new duct runs to divert the .flue 
gas from the ESPs to the SCR reactor and from the reactor to the chimney. 
The estimate of the reactor sizes was based on an examination of the aerial 

. photograph of the plant. 
It was assumed that the reactors for units 1 to 6 would be located 

behind or beside respective chimneys. Some demolition and relocation would 
be involved with the placement of the reactors for units 1 to 6. A 
25 percent general facilities factor was assigned to units 1 to 6 to account 
for road and building relocations. 

The reactors for units 1, 2, 5 and 6 were assigned a 1ow access/ 
congestion factor and units 3 and 4 were assigned a high factor because the 
reactors for units 3 and 4 would be surrounded by the chimneys and the coal 
conveyors. The ammonia storage system was placed ·in a remote area near the 

inlet channel (low access/congestion). The reactors were assumed to be in 
areas with high underground .obstructions while the ammonia system was not. 
Table 7.4.1-8 presents the estimated cost of retrofitting SCR at the Joppa 
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 
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TABLE 7.4.1-6. SUMMARY OF NOx RETROFIT RESULTS FOR JOPPA UNITS 1-3 

BOILER NUMBER 

COMBUSTION MODIFICATION RESULTS 

1 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 

BOILER/WATERWALL SURFACE 
AREA HEAT RELEASE RATE 
(1000 BTU/SQ FT-HR)- 31.6 31.6 31.6 

FURNACE RESIDENCE TIME (SECONDS) 3.06 3.06 3.06 

ESTIMATED NOx REDUCTION (PERCENT) 20 20 20 

SCR RETROFIT RESULTS 

SITE ACCESS AND CONGESTION 
FOR SCR REACTOR LOW LOW HIGH 

SCOPE ADDER PARAMETERS--

Building Demolition (1000$) 0 163 - 163 

Ductwork Demolition (1000$) 43 43 43 

New Duct Length {Feet} 130 130 130 

New Duct Costs (1000$) 917 917 917 

Ne~ Heat Exchanger (1000$) 2,678 2,678 2,678 

TOTAL SCOPE ADDER COSTS (1000$) 3,638 3,801 3,801 

RETROFIT FACTOR FOR SCR 1.16 1.16 1.52 

GENERAL FACILITIES (PERCENT) 25 25 25 
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TABLE 7.4.1-7. SUMMARY OF NOx RETROFIT RESULTS FOR JOPPA UNITS 4-6 

BOILER NUMBER 

COMBUSTION MODIFICATION RESULTS 

4 5 6 

FIRING TYPE TANG TANG TANG 

TYPE OF NOx CONTROL OFA OFA OFA 

VOLUMETRIC HEAT RELEASE RATE 
(1000 BTU/CU FT-HR) 14.5 14.5 14.5 

BOILER/WATERWALL SURFACE 
AREA HEAT RELEASE RATE 
(1000 BTU/SQ FT-HR) 31.6 31.6 31.6 

fURNACE RESIDENCE TIME (SECONDS) 3.06 3.06 3.06 

ESTIMATED NOx REDUCTION (PERCENT) 20 20 20 

SCR RETROFIT RESULTS 

SITE ACCESS AND CONGESTION 
FOR SCR REACTOR HIGH LOW LOW 

SCOPE ADDER PARAMETERS--

Building Demolition (1000$) 81 163 0 

Ductwork Demolition (1000$) 43 43 43 

New Duct Length (Feet) 130 130 130 

New Duct Costs (1000$) 917 917 917 

New Heat Exchanger (1000$) 2,678 2,678 2,678 

TOTAL SCOPE ADDER COSTS (1000$) 3. 719 3,801 3,638 

RETROFIT FACTOR FOR SCR 1.52 1.16 1.16 

GENERAL FACILITIES (PERCENT) 25 25 25 
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Table 7.4.1·8. NOx Control Cost Results for the Joppa Plant (June 1988 Dollars) 

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

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 

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

Difficulty CHiil (%) Content 

1,3,4 
2,6 

1,3,4 
2,6 

1 
2 
3 
4 
5 
6 

1 
2 
3 
4 
5 
6 

1 

2 
3 
4 
5 
6 

2 
3 
4 
5 
6 

Factor (%) 

1.00 
1.00 

1.00 
1.00 

1 .16 
1.16 
1.52 
1.52 
1.16 
1.16 

1.16 
1.16 
1.52 
1.52 
1.16 
1.16 

1.16 
1.16 
1.52 
1.52 
1.16 
1.16 

1.16 
1.16 
1.52 
1.52 
1.16 
1. 16 

183 
183 

183 
183 

183 
183 
183 
183 
183 . 
183 

183 
183 
183 
183 
183 
183 

183 
183 
183 
183 
183 
183 

183 
183 
183 
183 
183 
183 

15 
13 

15 
13 

15 
13 
15 
15 
15 
13 

15 
13 
15 
15 
15 
13 

15 
13 
15 
15 
15 
13 

15 
13 
15 
15 
15 
13 

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 

Capital Capital Annual 
Cost Cost Cost 
($HM) ($/kW) ($HM) 

0.8 
0.8 

0.8 
0.8 

28.7 
28.9 
34.1 
34.0 
28.9 
28.7 

28.7 
28.9 
34.1 
34.0 
28.9 
28.7 

28.7 
28.9 
34.1 
34.0 
28.9 
28.7 

4.3 
4.3 

4.3 
4.3 

156.9 
157.8 
186.2 
185.8 
157.8 
156.9 

156.9 
157.8 
186.2 
185.8 
157.8 
156.9 

156.9 
157.8 
186.2 
185.8 
157.8 
156.9 

28.7 156.9 
28.9 157 .8 
34.1 186.2 
34.0 185.8 
28.9 157.8 
28.7 156.9 

0.2 
0.2 

0. 1 
0. 1 

9.6 
9.6 

10.9 
10.9 
9.6 
9.6 

5.6 
5.6 
6.4 
6.4 
5.6 
5.6 

8 •. 1 
8.1 
9.4 
9.4 
8.1 
8.0 

4.7 
4.8 
5.5 
5.5 
4.8 
4.7 

Annual NOx NOx 
Cost Removed Removed 

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

0.7 
0.8 

0.4 
0.5 

39.8 
46.0 
45.4 
45.3 
39.9 
45.8 

23.3 
27.0 
26.6 
26.6 
23.4 
26.9 

33.5 
38.7 
39.1 
39.1 
33.6 
38.6 

19.7 
22.8 
23.1 
23.0 
19.8 
22.7 

20.0 
20.0 

20.0 . 
20.0 

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 

80.0 
80.0 
80.0. 

80.0 
80.0 
80.0 . 

154 
133 

154 
133 

615 
533 
615 
615 
615 
533 

615 
533 
615 
615 
615 
533 

615 
533 
615 
615 
615 
533 

615 
533 
615 
615 
615 
533 

NOx Cost 
Effect. 
($/ton) 

1122. 9 
1295.6 

666.6 
769.1 

15575.5 
17996.5 
17766.9 
17743.0 
15622.8 
17941.7 

9133.2 
10553.9 
10427.8 
10413.7 
9161 .6 

10521.1 

13119.3 
15162.5 
15310.7 
15286.8 
13166. 7 
15107.6 

m5.9 
8930.1 
9020.6 
9006.3 
7754.4 
8897.4 

================•====a•••==••c==============================================================================•=== 
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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 between the powerhouse and the coal storage/handling area in a layout 
similar to that for LSD-FGD. The retrofit of DSD at Joppa would be difficult 
for several reasons. The ESP SCAs are small (121) and there is little duct 
residence time (<l second) between the boilers and the ESPs~ . A new baghouse 
would be required for DSD retrofit and would be located in the congested area 
behind the ESPs, close to the chimneys. Finally, a 30 foot duct run would be 
required to reroute the flue gas from the existing ESPs to the new baghouse 
and then back to the chimney. It was assumed that the existing ESPs could 
not be cost effectively upgraded for FSI with additional plate area due to 
the high site access/congestion caused by the close proximity of the ESPs to 
each other and the chi~neys. Table 7.4.1-9 and 7.4.1-10 present a summary of 
the site access/congestion factors, scope adders, and retrofit factors for 
DSD and FSI at the Joppa steam plant. Only costs for OSO with new fabric 
filters are presented in Table 7.4.1-11. 

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 Joppa plant. The boilers at Joppa would be considered 
good candidates for AFBC retrofit and AFBC or CG/iombined cycle repowering · 
because of their small boiler sizes (<200) and their age (pre-1960 
installation date). These boilers also have low capacity factors indicating 
that replacement power costs for extended boiler outage would be minimal. 
Additionally, the low capacity factor would indicate that these boilers have 
high heat rates and a significant improvement in unit heat rate could result 
from retrofit or repowering of these boilers, 
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TABLE 7.4.1-9. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR JOPPA UNITS 1,2,5,6 

ITEM 

SITE ACCESS/CONGESTION· 

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

SCOPE ADDERS 

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

ADDITIONAL DUCT WORK (FT) 
NEW BAGHOUSE CASE 
ESTIMATED COST (1000$) 
ESP REUSE CASE 
ESTIMATED COST (1000$) 

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

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

RETROFIT FACTORS 

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

7-119 

MEDIUM 
HIGH 
MEDIUM 

YES 
1,612 

300 
1,963 

NA 
NA 
50 
47 

1,659 
2,010 

1.25 
1.55 
1.34 



TABLE 7.4.1-10. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR JOPPA UNITS 3-4 

ITEM 

SITE ACCESS/CONGESTION 

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

SCOPE ADDERS 

MEDIUM 
HIGH 
HIGH 

CHANGE ESP ASH DISCHARGE SYSTEM TO DRY HANDLING YES 
ESTIMATED COST {1000$) 1612 

ADDITIONAL DUCT WORK {FT) 
NEW BAGHOUSE CASE 300 
ESTIMATED COST {1000$) 1,963 
ESP REUSE CASE NA 
ESTIMATED COST (1000$) NA 

DUCT DEMOLITION LENGTH (FT) 50 
DEMOLITION COST (1000$) 47 

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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1.25 
1. 55 
1.55 



Table 7.4.1·11. Surmary of DSD/FS! Control Costs for the Joppa Plant (June 1988 Dollars> 

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

Numer Retrofit Size Factor Sulfur cost cost cost Cost Removed Removed Effect. 
Difficulty (Mii) co Content ( SMM) (S/kll) ($MM l (mil ls/kwh) o:i < tons/yrJ ($/ton) 

Factor (%) 

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

OSD+FF 1,5 1.00 183 15 2.0 29.9 163.3 11.0 45.8 71.0 2826 3895.9 
OSO+FF 2,6 1.00 183 13 2.0 29.9 163.3 10.9 52.3 71.0 2449 4448. 7 
DSD+FF 3,4 1.00 183 15 2.0 33.2 181.5 11.9 49.4 71.0 2826 4201.0 

DSD+FF·C 1, 5 1.00 183 15 2.0 29.9 163.3 6.4 26.8 71 .o 2826 2279.5 
DSD+FF·C 2,6 1.00 183 13 2.0 29.9 163.3 6.4 30.6 71.0 2449 2603.5 
DSO+FF·C 3,4 1.00 183 15 2.0 33.2 181.5 7.0. 28.9 71.0 2826 2459.5 

================================================================================================================ 
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7.5 ILLINOIS POWER COMPANY 

7.5.1 Baldwin Steam Plant 

The Baldwin plant is located within Randolph County, Illinois, as part 
of the Illinois Power Company system. The plant contains three coal-fired 
boilers with a net generating capacity of 1,680 MW. Figure 7.5.1-1 presents 
the plant plot plan showing the location of all the boilers and major 
associated auxiliary equipment. 

Table 7.5.1-1 presents operational data for the existing equipment at 
the Baldwin steam plant. All boilers burn high sulfur coal (2.8 percent 
sulfur). Coal shipments are received by rail and conveyed to a coal storage 
and handling area located northeast of unit 1. 

Particulate matter emissions for all three boilers are controlled with 
ESPs located behind each unit. Ash from all units is wet sluiced to ponds 
located southwest of the plant. Limited space is available for waste 
disposal and excess furnace waste may need to be dry disposed of off-site. 

Lime/Limestone and Lime Spray Drying FGD Costs--
Figure i.5.1-1 shows the general layout and location of the FGD control 
system. The ESPs for each unit are directly behind the boilers, followed by 
the chimneys (one for each.boiler), in front of the cooling water reservoir. 
The absorber for unit 1 was located north of the unit 1 chimney beside the 
water treatment area. There is limit~d space between units 2-3 and the 
cooling water reservoir to locate the absorbers for these units; therefore, 
the absorbers would be located in an area to the south of unit 3. Plant 
roads and an employee parking area would need to be relocated to accommodate 
the placement of the FGD absorbers. Finally, the limestone preparation/ 
storage and waste handling areas were placed directly south of the unit 2 and 
3 absorbers~ . Because of the relocation of the employee parking area and 
plant roads for unit 1, a factor of 10 percent was assigned to general 
facilities. No major demolition/relocation would be required for units 2 and 
3 FGD system and a factor of 5 percent was assigned to general facilities. 
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TABLE 7.5.1-1. BALDWIN STEAM PLANT OPERATIONAL DATA 

BOILER NUMBER 1 2 3 
GENERATING CAPACITY (MW) 560 560 560 
CAPACITY FACTOR f PERCENT) 62.3 63.7 68.3 
INSTALLATION DAT 1970 1973 1975 
FIRING TYPE eve eve TANG 
COAL SULFUR CONTENT ~PERCENT) 2.8 2.8 2.8 
COAL HEATING VALUE ( TU/LB) 10700 10700 10700 
COAL ASH CONTENT {PERCENT) 10.5 10.5 10.5 
FLY ASH SYSTEM WET SLUICE 
ASH DISPOSAL METHOD POND/ON-SITE 
STACK NUMBER 1 2 3 
COAL DELIVERY METHODS RAILROAD 

PARTICULATE CONTROL 

TYPE ESP ESP ESP 
INSTALLATION DATE 1970 1973 1975 
EMISSION LIMIT ~LB/MM BTU) 0.20 0.20 0 .10 
REMOVAL EFFICIE CY 90.3 94.7 99.5 
DESIGN SPECIFICATION 

SULFUR SPECIFICATION (PERCENT) 4.5 4.5 4.0 
SURFACE AREA (1000 SQ FT~ 311 311 542 
GAS EXIT RATE {1000 ACFM 1730 1730 2190 
SCA (SQ FT/1000 ACFM) 180 180 247 
OUTLET TEMPERATURE (°F) 310 310 310 
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Retrofit Difficulty and Scope Adder Costs--
The absorber locations for all units were assigned low site 

access/congestion factors. The absorbers for unit 1 would be located north 
of the respective unit in an area with no major obstacles/obstructions. The 
absorbers for units 2 and 3 were located in an area slightly remote from the 
chimneys south of unit 3. A medium flue gas handling factor was assigned to 
unit 1, due to the congestion created by the water treatment area. A high 
site access/congestior factor was assigned to unit 2 flue gas handling system 
because of the access difficulty caused by the unit 3 chimney/ESP. A 
moderate site congestion factor was assigned to unit 3 flue gas handling 
system because of the limited space availability around the chimney. A· 
moderate duct length was required for unit 3, while long duct runs would be 
needed· for units 1 and 2. 

The major scope adjustment costs and estimated retrofit factors for the 
FGD control technologies are presented in Tables 7.5.1-2 through 7.5.1-4. 
The largest scope adder for the Baldwin plant would be the conversion of 
uni ts 1 through 3 fly ash conveying/di sposa 1 system from wet to dry for 
conventional L/LS-FGD cases. It was assumed that dry fly ash would be used 
to stabilize part of the conventional L/LS-FGD scrubber sludge waste. The 
overall retrofit factors determined for the L/LS-FGD cases were moderate 

.. (l.35 to 1.53). The conversion of wet to dry ash handling is not required 
for L/LS forced oxidation application. 

For the LSD-FGD reuse ESP case, a large plate area addition would be 
required to upgrade the ESPs for units 1 and 2 due to the small SCAs (<200). 
Because the existing ESPs are located in a highly congested.area, LSD with a 
new baghouse was the only LSD-FGD case evaluated for units 1 and 2. However, 
unit 3 ESPs are moderate in size (>240) and LSD reuse ESP was the only case 
considered for unit 3. The retrofit factors determined for the LSD 
technology were moderate (1.38 to 1.43) and did not include particulate 
control costs. Separate retrofit factors were estimated for upgrading ESPs 
(1.58) and the new baghouses (l.16) to reflect the access/congestion 
associated with their locations. These factors were used in the IAPCS model 
to estimate the new particulate control costs. 
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TABLE 7.5.1-2. SUMMARY OF RETROFIT FACTOR DATA FOR BALDWIN UNIT 1 

FGD TECHNOLOGY 

FORCED LIME 
LLLS FGD OXIDATION SPRAY DRYING 

SITE ACCESSLCONGESTION 

S02 REMOVAL LOW LOW LOW 
FLUE GAS HANDLING MEDIUM MEDIUM 

ESP REUSE CASE NA 
BAGHOUSE CASE MEDIUM 

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

ESP REUSE NA NA NA 
NEW BAGHOUSE NA NA LOW 

SCOPE ADJUSTMENTS 

WET TO DRY YES NO NO 
ESTIMATED COST (1000$) 4393 NA NA 

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

OTHER NO NO NO 

RETROFIT FACTORS 

FGD SYSTEM 1.49 1.42 
ESP REUSE CASE NA 
BAGHOUSE CASE 1.38 

ESP UPGRADE NA NA NA 
NEW BAGHOUSE NA NA 1.16 

GENERAL FACILITIES {PERCENT) 10 10 10 
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TABLE 7.5.1-3. SUMMARY OF RETROFIT FACTOR DATA FOR BALDWIN UNIT 2 

FGD TECHNOLOGY 

FORCED LIME 
LLLS FGD OXIDATION SPRAY DRYING 

SITE ACCESSLCONGESTION 

S02 REMOVAL LOW LOW LOW 
FLUE GAS HANDLING HIGH HIGH 

ESP REUSE CASE NA 
· BAGHOUSE CASE HIGH 

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 YES NO NO 
ESTIMATED COST (1000$) 4393 NA NA 

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

OTHER NO NO NO 

RETROFIT FACTORS 

FGD SYSTEM 1. 58 1.50 
ESP REUSE CASE NA 
BAGHOUSE CASE 1.47 

ESP UPGRADE NA NA NA 
NEW BAGHOUSE NA NA 1.16 

GENERAL FACILITIES {PERCENT) 5 5 5 
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TABLE 7.5.1-4. SUMMARY OF RETROFIT FACTOR DATA FOR BALDWIN UNIT 3. 

FGD TECHNOLOGY 

FORCED LIME 
LLLS FGD OXIDATION SPRAY DRYING 

SITE ACCESSLCONGESTION 

S02 REMOVAL LOW LOW LOW 
FLUE GAS HANDLING MEDIUM MEDIUM 

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 HIGH 
NEW BAGHOUSE NA NA NA 

SCOPE ADJUSTMENTS 

WET TO DRY YES NO YES 
ESTIMATED COST ( 1000$) 4393 NA 4393 

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 1.38 
BAGHOUSE CASE NA 

ESP UPGRADE NA NA 1.58 
NEW BAGHOUSE NA NA NA 

GENERAL FACILITIES {PERCENT} 5 5 . 5 
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FGD Retrofit Costs--
Table 7.5.1-5 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 1 and 2 and upgrading the ESPs and ash 
handling systems for boiler 3. 

The low cost control case was evaluated separately for unit 1 and 
combined for units 2 and 3. For unit l, the significant reduction in costs 
is primarily due to the elimination of spare scrubber module and optimization 
of scrubber size. For units 2 and 3, an additional reduction in cost occurs 
due to the benefit of economies-of-scale when combining process areas. 

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. As such, coal 
switching was not evaluated for units l and 2. The transportation cost 
differential might be substantial resulting in a higher fuel price 
differential as assumed in this report. 

Unit 3 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 ar~a 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 7.5.1-6. 

NOx Control Technology Costs--
This section presents the performance and various related costs 

estimated for NOx controls at the Baldwin 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 Baldwin plant were: NGR - units 1 and 2, OFA -
unit 3, and SCR - all units. 
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Table 7.5.1·5. s '"""8 ,.,. 0 f FGD Control costs for the Baldwin Plant (June 1988 Dollars) 

=============~======~===========================s=============================================================== 

Technology Soi ler Main Boiler Capacity Coal Capital Capital Amual Amual S02 S02 SOZ Cost 
Nurber Retrofit Size Factor Sulfur cost cost cost Cost Removed Removed Effect. 

0 i ff icul ty (1411) CX> Content (Sl!M) ($/kW) (SM!!) (mills/kwh> CX) (tons/yr) ($/ton) 
Factor CX) 

···--··-·-------------------------------------------·-····--------------------------------------------··--------
L/S FGO 1 .49 560 62 2.8 142. 1 253.7 70.5 23. 1 90.0 1oan 995.0 
L/S FGO 2 1 .58 560 64 2.8 145.3 259.5 n.1 23. 1 90.0 72464 995.3 
L/S FGD 3 1.42 560 68 2.8 132.5 236.5 69.5 20.7 90.0 77697 894.4 

L/S FGD·C 1 1.49 560 62 2.8 142. 1 253.7 41.0 13.4 90.0 7o6n 579.0 
L/S FGD·C 2 1.58 560 64 2.8 145.3 . 259.5 42.0 13,4 90.0 72464 579.2 
L/S FGO·C 3 1.42 560 68 2.8 132.5 236.5 40.4 12.1 90.0 77697 520. 1 

LC FGO 1 1.49 560 62 2.8 115.4 206. 1 61.8 20.2 90.0 7o8n 871 .5 
LC FGO 2·3 1.50 1120 66 2.8 198.2 176.9 112.2 17;3 90.0 150162 747,3 

LC FGO·C 1 1.49 560 62 2.8 115.4 206.1 35.9 11. 7 90.0 706n 506.6 
LC FGD·C 2·3 1.50 1120 66 2.8 198.2 176.9 65.2 10. 1 90.0 150162 434. 1 

LSC+ESP 3 1.38 560 68 2.8 79.8 142.5 41.2 12.3 n.o 61973 664.2 

LSO+ESP·C 3 L38 560 68 2.8 79.8 142.5 23.9 7.1 n.o 61973 386.3 

LSD+ FF 1 1 .38 560 62 2.8 115.4 206.0 48.5 15.9 87.0 68115 712.2 
LSD+ FF 2 1.47 560 64 2.8 117. 5 209.8 49.5 15.8 87.0 69646 710. 1 

LSC+FF·C 1 1.38 560. 62 2.8 115.4 206.0 28.3 9.3 87.0 68115 415.6 
LSC+FF·C 2 1.47 560 64 2.8 117 .5 209.8 28.9 9.2 87.0 69646 414.4 

=======================••=•=======ms=••••••==========•••••====================================================== 
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Table 7.5.1·6. SlElllllry of Coal switching/Cleaning Costs for the Baldwin Plant (June 1988 Dollars) 

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

N.m:>er Retrofit Size Factor Sulfur cost cost Cost Cost Removed Removed Effect. 
Difficulty (llW) (%) Content (Sl4M) (S/kll) ($1410 (mills/kwh) (%) c tons/yr) (S/ton) 

Factor (%) 

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

CS/B+S15 3 1.00 560 68 2.8 17.2 30.7 46.7 13.9 n.o 62137 752.1 

CS/B+S15·C 3 1.00 560 68 2.8 17 .2 30.7 26.9 8.0 n.o 62137 432. 1 

CS/B+SS 3 1.00 560 68 2.8 11.4 20.3 18.0 5.4 n.o 62137 290.3 

CS/B+SS·C 3 1.00 560 68 2.8 11.4 20.3 10.4 3.1 n.o 62137 167.2 

================================================================================================================ 
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Low NOx Combustion--
Units 1 and 2 are wet bottom, cyclone-fired boilers rated at 560 MW 

each. The combustion modification technique applied to both boilers was NGR. 
Unit 3 is a dry bottom, tangential-fired boiler rated at 635 MW. The 
combustion modification technique applied for this unit was OFA. The NO 

x 
reduction performance estimated for unit 3 was 25 percent. Table 7.5.1-7 
presents the results for all boilers evaluated for NO control applicability . . x 
at the Baldwin plant. Table 7.5.1-8 presents the cost of retrofitting NGR 
and OFA at the Baldwin plant. For this study it was assumed that the plant 
has access to a natural gas pipeline. However, plant personnel indicated 
that 18 miles of pipeline and interconnection is expected to add at least 10 
million dollars to the capital cost. This additional cost was added as a 
scope adder to the NGR capital cost. 

Selective Catalytic Reduction--
Table 7.5.1-7 presents the SCR retrofit results for each unit. The 

results include process ar~a retrofit difficulty 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 chimney. A 25 percent general 
facilities factor was assigned to unit 1. Part of the visitor parking area 
and the roadway would have to be relocated. 

The reactor for unit 1 was located north of the unit 1 chimney beside 
the water treatment area. Because the location of the reactor is in an open 
area with no major obstructions, this reactor was assigned a low access/ 
congestion factor. The SCR reactors for units 2 and 3 would be located south 
of unit 3 in an open area with no major obstructions where the fourth unit 
would be built. Access to this area is relatively easy. For this reason, 
both reactors were assigned low access/congestion factors. All reactors were 
located in areas with high underground obstructions. Finally, the ammonia 
storage system, which would supply ammonia to the reactors for all three 
units, would be located southeast of the reactors for units 2 and 3 in an 
area with low access/congestion and no significant underground obstructions. 

As discussed in Section 2, all NOx control techniques were evaluated 
independently from those techniques evaluated for so2 control. In this case, 
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TABLE 7.5.1-7. SUMMARY OF NOx RETROFIT.RESULTS FOR BALDWIN 

BOILER NUMBER 

COMBUSTION MODIFICATION RESULTS 

1 2 3 

FIRING TYPE CY CY TANG 

TYPE OF NOx CONTROL NGR NGR OFA 

VOLUMETRIC HEAT RELEASE RATE 
(1000 BTU/CU FT-HR) NA NA 10.8 

BOILER/WATERWALL SURFACE 
AREA HEAT RELEASE RATE 
(1000 BTU/SQ FT-HR) NA NA 72.4 

FURNACE RESIDENCE TIME (SECONDS) NA NA 4.17 

ESTIMATED NOx REDUCTION (PERCENT) 60 60 25 

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$) 98 98 98 

New Duct Length (Feet) 800 1000 650 

New Duct Costs (1000$) 10860 13575 8824 

New Heat Exchanger (1000$) 5240 5240 5240 

TOTAL SCOPE ADDER COSTS ( 1000$) . 16198 18913 14162 

RETROFIT FACTOR FOR SCR 1.16 1.16 1.16 

GENERAL FACILITIES (PERCENT) 25 13 13 



Table 7.5.1·8. NOx Control Cost Results fer the Baldwin Plant (June 1988 Dollars) 

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

Nunber Retrofit Size Factor Sulfur Cost Cost cost Cost Removed Removed Effect. 
Difficulty (H\I) <Xl Content (SM!) (S/kW) ($MM) (mil ls/kwh) <X> (tons/yr> ($/ton) 

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

LNC·OFA 3 1.00 560 68 2.8 1.2 2.2 0.3 o. 1 25.0 2965 91 .o 

LNC·OFA·C 3 1.00 560 68 2.8 1.2 2.2 0.2 o.o 25.0 2965 54.0 

NGR 1 1.00 560 62 2.8 8.1 14.4 16.7 5.5 60.0 16009 1043.6 
NGR 2 1.00 560 64 2.8 8.1 14.4 17. 1 5.5 60.0 16369 1042.2 

NGR·C 1 1.00 560 62 2.8 8.1 14.4 9.6 3.1 60.0 16009 600.2 
NGR·C 2 1.00 560 64 2.8 8.1 14.4 9.8 3.1 60.0 16369 599.3 

SCR·3 1 1.16 560 62 2.8 78.3 139.9 29.1 9.5 80.0 21345 1364.7 
SCR-3 2 1. 16 560 64 2.8 78.8 140.8 29.1 9.3 80.0 21825 1333.6 
SCR-3 3 1.16 560 68 2.8 73.7 131.6 26.9 8.0 80.0 9487 2835.0 

SCR·3·C 1. 16 560 62 2.8 78.3 139.9 17.0 5.6 80.0 21345 798.3 
SCR·3·C 2 1.16 560 64 2.8 78.8 140.8 17.0 5.4 80.0 21825 780.2 
SCR·3·C 3 1 .16, 560 68 2.8 73.7 131 .6 15.7 4.7 80.0 9487 1659. 1 

SCR·7 1 1.16 560 62 2.8 78.3 139.9 24.4 8.0 80.0 21345 1145.4 
SCR· 7 2 1.16 560 64 2.8 78.8 140.8 24.4 7.8 80.0 21825 1119.1 
SCR-7 3 1.16 560 68 2.8 73.7 131.6 22.2 6.6 80.0 9487 2341. 7 

SCR·7·C 1 1. 16 560 62 2.8 '78.J 139.9 14.4 4.7 80.0 21345 6n.1 
SCR·7·C 2 1.16 560 64 2.8 78.8 140.8 14.3 4.6 80.0 21825 657.4 
SCR·7·C 3 1.16 560 68 2.8 73.7 131 .6 13.1 3.9 80.0 9487 1376.4 

==========================·········======·········======================··················====================== 
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the three SCR reactors are located in the same areas as the FGD absorbers. 
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 using this 
scheme. The SCR reactor for unit 1 would be located east of the FGD 
absorbers for unit 1; whereas, the SCR reactors for units 2 and 3 would be 
located immediately south of the FGD absorbers for units 2 and 3. The new 
locations of the reactors are generally in open areas having easy access. 
Therefore, low access/congestion factors again would be assigned to these 
reactors. Table 7.5.I-8 presents the estimated cost of retrofitting SCR at 
the Baldwin boilers. SCR application on cyclone boilers burning high sulfur 
coal would have a high degree of uncertainty because of the lack of 
commercial experience. 

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 south of the plant. The layout and location would be similar to that 
for LSD-FGD. The retrofit of DSD at Baldwin would be difficult. The SCAs 
for units 1 and 2 are small (<200) for DSD application. Even though the SCA 
for unit 3 is moderate in size and might be sufficient to handle the 
increased particulate load resulting from sorbent injection application, 
there. is short duct residence time between the boiler and the ESP in addition 
to the location of the ESP in a high access/congestion area. Therefore, it 
was assumed that new particulate controls would be needed for the DSD 
technology. Over 400 feet of duct runs would be required to divert the flue 
gas from the boilers to the baghouses and back to the existing chimneys. 
It was assumed that the ESPs could be upgraded for FSI for unit 3 but not for 
units 1 and 2 which would require additional plate area. As such, FSI costs 
for units 1 and 2 were not reported~ The conversion of wet to dry ash 
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handling system would be required for reusing the ESPs for FSI technology. 
Tables 7.5.1-9 through 7.5.1-11 present a summary of site access/congestion 
factors, scope adders, and retrofit factors for DSD and FSI technologies at 
the Bald~in steam plant. The costs are shown on a dollar ($) per boiler 
basis. Table 7.5.1-12 presents the costs estimated to retrofit DSD with new 
fabric filter and .FSI on unit 3 for the Baldwin 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 
technologie~ at the Baldwin plant. The boilers at Baldwin would not be 
considered candidates for AFBC retrofit and AFBC/CG/combined cycle repowering 
beca~se all boilers are large (MW >600) and were built after 1970. 

7.5.2 Hennepin Steam Plant 

The Hennepin steam plant is located within Putnam County, Illinois, as 
part of the Illinois Power Company system. The plant is located beside the 
Illinois River and contains two coal-fired boilers with a total gross 
generating capacity of 280 MW. 

Table 7.5.2-1 presents operational data for the existing equipment at 
the Hennepin plant. The boilers burn high sulfur coal. Coal shipments are 
received by barge and transferred to a coal storage and handling area west 
of the plant and adjacent to the river. 

PM emissions for the boilers are controlled with retrofit·ESPs located 
behind each unit. The plant has_ a wet fly ash handling system. Fly ash is 
disposed of on-site in an ash pond located east of the plant. Both units 
are ducted to a common chimney located beside the river .. 

Lime/Limestone and Lime Spray Drying FGD Costs--
Boilers 1 and 2 are located beside each other, parallel to the river, 

•ith the-water intake and discharge structure located directly behind the 
chimney. The FGD absorbers would be placed east of unit 2 which will 
require relocating some railroad tracks to make sufficient space available. 
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TABLE 7.5.1-9. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR BALDWIN 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 (Fl) 
DEMOLITION COST (1000$) 

TOTAL COST (1000$) 
ESP UPGltADE CASE (FSI) 

· A NEW BAGHOUSE CASE (DSD) 

RETROFIT FACTORS 

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

7-137 

LOW 
NA 
LOW 

NO 
0 

600 
7551 
NA 
NA 
50 
109 

0 
7660 

1.13 
NA 
1.16 



TABLE 7.5.1-10. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR .BALDWIN UNIT 2 

ITEM 

SITE ACCESS/CONGESTION 

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

SCOPE ADDERS 

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

ADDITIONAL DUCT WORK (FT) 
NEW BAGHOUSE CASE 
ESTIMATED COST (1000$) 
ESP REUSE CASE 
ESTIMATED COST (1000$) 

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

TOTAL COST (1000$) 
ESP UPGltADE 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 
NA 
LOW 

NO 
0 

900 
11,326 

NA . 
NA 
50 
109 

0 
11, 435 

1.13 
NA 
1.16 



TABLE 7 .5.1-11. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR BALDWIN UNIT 3 

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 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 (FSI) 
A NEW BAGHOUSE CASE (0SD) 

RETROFIT FACTORS 

CONTROL SYSTEM (DSD SYSTEM ONLY) 
ESP UPGRADE (FSI) 
NEW BAGHOUSE (DSOJ 
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LOW 
HIGH 
LOW 

YES 
4,393 

600 
7,551 

NA 
NA 
50 
109 

4,502 
7,660 

1.13 
1. 58 
1.16 



Table 7.5. 1-12. s1.1111111ry of OSO/FSI Control costs for the Baldwin Plant (June 1988 Dollars> 

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

MU!tler Retrofit Size Factor Sulfur Cost Cost cost Cost Removed Removed Effect. 
Difficulty (Miil · (ll\) Content ($1410 ($/kWl ($1414) <mil ls/kwhl c:o (tons/yr> ($/ton) 

Factor <Xl 
·-----------------------------------------------------------------------------------·---------------------------

DSD+FF 1 1.00 560 62 2.8 72.6 129.6 34.6 11.3 71.D 55713 621.4 
OSD+FF 2 1.00 560 64 2.8 76.5 136.7 35.6 11.4 71.0 56965 625.5 
DSD+FF 3 1.00 560 68 2.8 76.6 136.8 38.7 11.5 69.0 59968 644.6 

OSD+FF·C 1 1.00 560 62 2:8 72.6 129.6 20.2 6.6 71 .0 55713 361.8 
OSD+FF·C 2 1.00 560 64 2.8 76.5 136.7 20.8 6.6 71.0 56965 364.4 
OSD+FF·C 3 1.00 560 68 2.8 76.6 136.8 22.5 6.7 69.0 59968 375. 1 

FSl+ESP-50 3 1.00 560 68 2.8 33.6 59.9 35.7 10.7 50.0 43165 827.2 

FSl+ESP·SO·C 3 1. 00 560 68 2.8 33.6 59.9 20.6 6.2 50.0 43165 477.4 

FSl+ESP-70 3 1.00 560 68 2.8 33.2 59.3 36.2 10.8 70.0 60431 599.7 

FSl+ESP·70·C 3 1.00 560 68 2.8 33.2 59.3 20.9 6.2 . 70.0 60431 346.0 

================================================================================================================ 
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TABLE 7.5.2-1. HENNEPIN STEAM PLANT OPERATIONAL DATA 

BOILER NUMBER 1 2 
GENERATING CAPACITY ~MWt 70 210 
CAPACITY FACTOR (PER EN ) 42.6 64.6 
INSTALLATION DATE 1953 1959 
FIRING TYPE TANGENTIAL TANGENTIAL 
FURNACE VOLUME ~1000 CU FT) 49.8 128.5 
LOW NOx COMBUST ON NO NO 
COAL SULFUR CONTENT (PERCENT) 2.67 2.67 
COAL HEATING VALUE ~BTU/LB) 10800 10800 
COAL ASH CONTENT (P RCENT) 10.5 10.5 
FLY ASH SYSTEM WET HANDLING 
ASH DISPOSAL METHOD ON-SITE 
STACK NUMBER 1 
COAL DELIVERY METHODS BARGE 

PARTICULATE CONTROL 

TYPE ESP ESP 
INSTALLATION DATE 1974 1972 
EMISSION }LB/MM BTU} 0.06 0.12 
REMOVAL E FICIENCY 98. 7 97.5 
DESIGN SPECIFICATION 

SULFUR SPECIFICATION (PERCENT) 2.8 2.8 
SURFACE AREA (1000 SQ FT~ 64.8 147 
GAS EXIT RATE (1000 ACFM 290 750 
SCA (SQ FT/1000 ACFM) 223 196 
OUTLET TEMPERATURE (°F) 305 335 
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for the absorbers. A low site access/congestion factor was assigned to the 
FGD absorber locations. The sorbent preparation, storage, and handling area 
would be located beside the absorbers. Because railroad tracks have to be 
relocated, a factor of 10 percent was ~ssigned 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 
application has to be transferred off-site. 

It was assumed that a new chimney would be constructed beside the 
absorbers to reduce the required flue gas duct length to approximately 
500 feet of duct. A high site access/congestion factor.was assigned to the 
flue gas handling system reflecting the congestion around the units. 

LSD with reuse of the existing ESPs was not considered for this plant 
because the ESPs are small (SCAs <225) and would require major upgrading and 
additional plate area to handle the increased PM generated from the LSD 
application. In addition, access to the upstream of the ESPs is very 
difficult. LSD with a new baghouse was 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 7.5.2-2. Table 7.5.2-3 presents the 
process area retrofit factors and capital/operating costs for commercial 
L/LS-FGD technologies. The low cost FGD case shows the reduction in cost 
asso~iated with eliminating spare absorbers and maximizing absorber size. 

Coal Switching and Physical Coal Cleaning Costs~-
Table 7.5.2-4 presents the IAPCS results for CS at the Hennepin plant. 

These tosts do not include impacts due to changes ih boiler and pulverizer 
operating costs; however, does include ESP upgrade costs. PCC was not 
evaluated because this is not a mine mouth plant. 

Low NOx CombustiQn--
Un its 1 and 2 are dry bottom tangential-fired boilers rated at 70 and 

210 MW. The combustion modification technique appl1ed to both boilers was 
OFA. Tables 7.5.2-5 and 7.5.2-6 present the NOx reduction performance and 
cost results of retrofitting OFA at Hennepin. Although furnace volume data 
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TABLE 7.5.2-2. SUMMARY OF RETROFIT FACTOR DATA FOR HENNEPIN 
UNITS 1 OR 2 

FGD TECHNOLOGY 

FORCED .LIME 
LLLS FGD OXIDATION SPRAY DRYING 

SITE ACCESSLCONGESTION 

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 YES NA NA 
ESTIMATED COST (1000$) 681, 1823 NA NA 

NEW CHIMNEY YES NA NA 
ESTIMATED COST (1000$) 490, 1470 0 0 

OTHER NO 

RETROFIT FACTORS 

FGD SYSTEM 1.48 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 7.5.2·3. sunnary of FGD Control Costs for the Hennepin Plant (June 1988 Ool Lars) 

================================================================================================================ 
Technology Boiler Nein Boiler Capacity coal Capital Capital Al'Y'IU8 L Al'Y'IU8 L 502 502 502 Cost 

N~r .Retrofit Size Factor Sul fur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty OIWl cu Content (5"") (S/klll ($MM) Cmi lls/kwhl CX> (tons/yr) (S/tonl 

Factor CXl 

---------------------------------------------------··-----------------~-----------------------------------------

l/S FGO 1.48 70 43 2.7 42.3 604.4 17.8 68.1 90.0 5779 3078.6 
L/S FGD 2 1.48 210 65 2.7 n.4 344.7 34.4 29.0 90.0 26291 1309.3 
L/S. FGD 1·2 1.48 280 59 2.7 87.7 313. 1 41.1 28.3 90.0 32071 1281 .1 

L/S FGD·C 1 1.48 70 43 2.7 42.3 604.4 10.4 39.7 90.0 5779 1796.6 
L/S FGD·C 2 1.48 210 65 2.7 n.4 344.7 20.0 16.9 90.0 26291 762.5 
L/S FGD·C 1·2 1.48 280 59 2.7 87.7 313.1 23.9 16.S 90.0 32071 746.2 

LC FGD 1·2 1.48 280 59 2.7 66.6 237.8 34.2 23.6 90.0 32071 1065.0 

LC FGD·C 1·2 1.48 280 59 2.7 66.6 237.8 19.9 13.7 90.0 32071 619.5 

================================================================================================================ 
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Table 7.5.2·4. SUTll\ary of Coal Switching/Cleaning Costs for the Hernepin Plant (June 1988.Dollars) 

=================================m•••••••••================•••===========•••==•••=========================z•••=• 
Technology Boiler Mein Boiler Capacity Coal capital Capital Amual Amual 502 502 S02·Cost 

Nll!l:ler Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (Mii) (1') Content (SMll) ($/kW) (SllM) (mil ls/kwh) (%) (tonstyrJ (S/ton> 

Factor (:!;) 

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

CS/B+S15 1 1.00 70 43 2.7 3.0 43.4 4.3 16.5 71.0 4535 950.9 
CS/B+S15 2 1.00 210 65 2.7 8.5 40.4 17.5 14.7 71 .o 20632 848.8 

CS/B+S15·C 1 1.00 70 43 2.7 3.0 43.4 2.5 9.5 71 .0 4535 547.8 
CS/B+S15·C 2 1.00 210 65 2.7 8.5 40.4 10.t 8.5 71.0 20632 488.1 

CS/B+S5 1 1.00 70 . 43 2.7 2.3 33.1 2.0 7.8 71.0 4535 447.1 
CS/B+S5 2 1.00 210 65 2.7 6.3 30.0 7.3 6.2 71.0 20632 354.6 

CS/B+S5·C 1.00 70 43 2.7 2.3 33. 1 1 .2 4.5 71 .0 4535 258.5 
CS/B+S5·C 2 1.00 210 65 2.7 6.3 30.0 4.2 3.6 71.0 20632 204.5 

================================================================================================================ 
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TABLE 7.5.2-5. SUMMARY OF NOx RETROFIT RESULTS FOR HENNEPIN 

BOILER NUMBER 

COMBUSTION MODIFICATION RESULTS 

1 2 1-2 

FIRING TYPE TANG TANG NA 

TYPE OF NOx CONTROL OFA OFA NA 

FURNACE VOLUME (1000 CU FT) 49.8 128.5 NA 

BOILER INSTALLATION DATE 1953 1959 NA 

SLAGGING PROBLEM NO NO NA 

ESTIMATED NOx REDUCTION (PERCENT) 25 25 NA 

SCR RETROFIT RESULTS (COMBINED) 

SITE ACCESS AND CONGESTION 
FOR SCR REACTOR LOW LOW LOW 

SCOPE ADDER PARAMETERS--

New Chimney (1000$) NO NO NO 

Ductwork Demolition (1000$) ·21 47 59 

New Duct Length (Feet) 500 500 500 

New Duct Costs (1000$) 2011 .. 3824 4525 

New Heat Exchanger (1000$} 1505 2909 3457 

TOTAL SCOPE ADDER COSTS (1000$) 3536 6780 . 8040 

RETROFIT FACTOR FOR SCR 1.16 1.16 1.16 

GENERAL FACILITIES. {PERCENT) 13 13 13 
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Table 7.5.2·6. NOx Control Cost Results for the Hernepin Plant (June 1988 Dollars) 

========================================================================================·======================= 
Technology Boiler Main Boiler Capacity Coal Capital capital Amual Amual NOx 'NOx NOx Cost 

N...t>er Retrofit Size Factor Sul fur cost Cost cost cost Removed Removed Effect. 
Difficulty (MW) (!I;) Content (SMll) ($/kW) (SMll) (mil ls/kwhl (X) (tons/yr> CS/ton> 

Factor (X) 

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

LNC·OFA 1 1.0D 7D 43 2.7 0.5 7.7 0.1 0.4 25.0 229 512.1 
LNC·OFA 2 1.00 210 65 2.7 0.8 4.0 0.2 0.2 25.0 1040 175.1 

LNC·OFA·C 1 1.00 70 43 2.7 0.5 7.7 0.1 0.3 25.0 229 303.9 
LNC·OFA·C 2 1.00 210 65 2.7 0.8 4.0 0.1 0.1 25.0 1040 103.9 

SCR·3 1 1.16 70 43 2.7 16.2 231.B 5. 1 19.4 80.0 732 6922.6 
SCR-3 2 1.16 210 65 2.7 33.8 160.7 11.5 9.7 80.0 3329 3463.7 
SCR-3 1·2 1. 16 280 59 2.7 42.3 151.0 14.6 10. 1 80.0 4061 3593.0 

SCR·3·C 1 1.16 70 43 2.7 16.2 231.8 3.0 11.4 80.0 732 4065.6 
SCR·3·C 2 1.16 210 65 2.7 33.8 160.7 6.8 5.7 80.0 3329 2029.9 
SCR·3·C 1·2 1.16 280 59 2.7 42.3 151.0 8.5 5.9 80.0 4061 2105.2 

SCR-7 1 1.16 70 43 2.7 16.2 231.8 4.5 17.2 80.0 732 6124.2 
SCR· 7 2 1.16 210 65 2.7 33.8 160.7 9.8 8.2 80.0 3329 2937.2 
SCR-7 1·2 1.16 280 59 2.7 42.3 151.0 12.3 8.5 80.0 4061 3017.5 

SCR·7·C 1 1. 16 70 43 2.7 16.2 231.8 2.6 10. 1 80.0 732 3608.2 
SCR· 7-C 2 1.16 210 65 2.7 33.8 160.7 5.8 4.8 80.0 3329 1728.3 
SCR·7·C 1 ·2 1. 16 280 59 2.7 42.3 151.0 7.2 5.0 80.0 4061 1775.5 

===============a•=========•=••======••••=================================•========================•~======•===== 
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was not available for unit 1, it was assumed to have a low volumetric heat 
release rate typical of the 1950's boiler design. 

Selective Catalytic Reduction--
Cold side SCR reactors for both units would be located west of unit 1. 

B.oth reactors are located in a low access/congestion area requiring about 
500 feet of flue gas ducting and flue gas reheater. A base factor of 
13 percent was assigned to general facilities. The ammonia storage system 
was placed close to the reactors, east ,of the pl ant. 

Table 7.5.2-5 presents the SCR factors and scope adder costs. 
Table 7.5.2-6 presents the estimated cost of retrofitting SCR at the Hennepin 
boilers. 
Duct Spray Drying and Furnace Sorbent Injection--

The retrofit of FSI or DSD technologies at the Hennepin plant for 
both units would be very difficult for two major reasons: 1) the ESPs have 
small SCAs (<225); ~ence, they probably would not be able to handle the 
increased PM and wo~ld require major upgrading and additional plate area; 2) 
the short duct residence time between the boilers and ESPs would not be 
sufficient for humidification (FSI application) or sorbent evaporation (DSD 
application). In addition, the ESPs are located in a high congestion area 
making it difficult to add plate area. Therefore, sorbent injection 
technologies were not considered for this plant. 

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

presented in Section 2 were used to determi.ne the applicability of these 
technologies at Hennepin. Both units would be considered potential 
candidates for retrofit/repowering because of their small boiler sizes. 
Howev.er, the high capacity factors could result in significant replacement 
power cost. 
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7. 5. 3 Vermilion Steam Pl ant · 

The Vermilion steam plant is located within Vermilion County, Illinois, 
as part of the I 11 i noi s Power Company system. The pl ant contains two 
coal-fired boilers with a total gross generating capacity of 165 MW. 
Figure 7.5.3-1 presents the plant plot plan showing the location of all 
boilers and major associated auxiliary equipment. 

Table 7.5.3-1 presents operational data for the existing equipment at 
the Vermilion plant. The boilers burn medium sulfur coal (2.4·percent 
sulfur). Coal shipments are received by truck and conveyed to a coal storage 
and handling area located east of the powerhouse. 

Particulate matter emissions for the boilers are controlled with 
retrofit ESPs. Fly ash is wet sluiced to ponds located west of the plant. 

Lime/Limestone and Lime Spray Drying FGD Costs--
Figure 7.5.3-1 shows the general layout and location of the FGD control 

system. The boilers share a common chimney. The absorbers for L/LS-FGD and 
LSD-FGD for both units w·ould be .located north of the chimney on the other 
side of the railroad track. No demolition/relocation would be required; 
therefore, a factor of 5 percent was assigned to general facilities. 
However, a small amount of demolition/ 
relocation would be needed for the fire pump house and well water storage 
tank. The limestone storage/handling area and waste handling area would be 
located to the north of the absorbers. 

Retrofit Difficulty and Scope Adder Costs--
A low site access/congestion factor was assigned to the absorber 

loc~tions. Because the absorbers would be located on the other side of the 
railroad, the railroad would not need to be relocated. 

For flue gas handling, however, moderate duct runs for the units would 
be required for L/LS-FGD cases to divert the flue gas from the downstream of 
the ESP outlets 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. 
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Figure 7.5.3-1. Vermilion plant plot plan 
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TABLE 7.5.3-1. VERMILION 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 LIMIT (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 
70 95 
53.4 66.1 
1955 1956 
TANG TANG 
2.4 2.4 
10775 10775 
11.2 11.2 

WET SLUICE 
. POND/ON-SITE 

1 
. TRUCK 

ESP 
1973 
0.118 
99.0 

2.8 
55.1 
254 
217 
310 

ESP 
1974 
0.10 
99.7 

2.8 
97.2 
425 
229 
310 



The major scope adjustment costs and retrofit factors estimated for the 
FGD technologies are presented in Table 7.5.3-2. The largest scope adder 
for the Vermilion plant would be the conversion of units 1-2 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 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 low to medium (1.31 to 1.38). 

The absorbers for LSD-FGD would be located in a similar location as in 
L/LS-FGD cases. Because the sizes are marginal and the ESPs are 
roof-mounted, upgrading would be difficult. The LSD-FGD technology with a 
new baghouse was the only case considered.· For flue gas handling for LSD 
cases, moderate duct runs would be required the same as for L/LS-FGD cases. 
The retrofit factor determined for the LSD technology case was low (1.27) 
and did not include the new baghouse costs. A separate retrofit factor was 
developed for the new baghouses for the units. The baghouse locations would 
be adjacent to the absorbers with a low site access/congestion factor; 
therefore, a retrofit factor (1.16) was designated to the baghouse 
locations. This factor was used in the IAPCS model to estimate particulate 
control costs. 

Table 7.5.3-3 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 1 and 2. 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, optimization of scrubber module 
size, and use of organic acid additives. 

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

p~rameters 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 7.5.3-2. SUMMARY OF RETROFIT FACTOR DATA FOR VERMILION UNITS 1 OR 2 

FGD TECHNOLOGY 

FORCED LIME 
L/LS FGD OXIDATION SPRAY DRYING 

SITE ACCESSLCONGESTION 

502 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 YES NO NO 
ESTIMATED COST (1000$) 1300 · NA NA 

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 NA 
BAGHOUSE CASE 1.27 

ESP UPGRADE NA NA NA 
NEW BAGHOUSE NA NA 1.16 

GENERAL FACILITIES (PERCENT) 5 5 5 
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Table 7.5.3·3. Sunnary of FGD Control Costs for the Vermilion Plant (June 1988 Dollars) 

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

Technology Boiler Main Bot ler Capacity Coal Capital Capital Amual Amual S02 S02 S02 Cost 
Nl.ll'ber Retrofit Size Factor Sul fur Cost Cost Cost Cost Removed Removed Effect. 

Difficulty (MW) c:o Content ($MM) (S/kW) (SMIO Cmills/kwhl <X> (tons/yr) CS/ton) 
Factor CX> 

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

L/S FGO 1.38 70 53 2.4 39.5 564.2 17.2 52.4 90.0 6457 2657.3 
L/S FGO 2 1.38 95 66 2.4 45.9 482.7 20.9 38.1 90.0 10847 1931.0 
L/S FGO 1·2 1.38 165 61 2.4 58.8 356.3 27.3 31.1 90.0 17300 1575.5 

L/S FGD·C 1 1 .38 70 53 2.4 39.5 564.2 10.0 30.6 90.0 6457 1549.9 
L/S FGO·C 2 1.38 95 66 2.4 45.9 482.7 12.2 22.2 90.0 10847 1125.3 
L/S FGO·C 1 ·2 1 .38 165 61 2.4 58.8 356.3 15.9 18.1 90.0 17300 917.9 

LC FGD 1 ·2 1.38 165 61 2.4 > 42.4 256.9 21. 7 24.7 90.0 17300 1251.9 

LC FGO·C 1 ·2 1.38 165 61 2.4 42.4 256.9 12.6 14.4 90.0 17300 n8.2 

LSD+ FF 1 1 .27 70 53 2.4 20.9 299.0 9.8 30.0 85.0 6085 1614.6 
LSD+ FF 2 1.27 95 66 2.4 26.2 275.7 12.3 22.4 85.0 10222 1207.6 

LSD+FF·C 1 1.27 70 53 2.4 20.9 299.0 5.7 17 .5 85.0 6085 940.5 
LSO+FF·C 2 1.27 95 66. 2.4 26.2 275.7 7.2 13. 1 85.0 10222 703.4 

================================================================================================================ 
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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 7.5.3-4. 

Currently the plant receives coal by truck. To be able to switch to a 
low sulfur coal, the existing railroad facilities would have to be upgraded. 
This upgrading of the existing railroad track was added as a scope adder to. 
the capital cost. 

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

controls at the Vermilion 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 70 and 

95 MW, respectively. The combustion modificat~on technique applied for this 
evaluation was OFA. As Table 7.5.3-5 shows, the OFA NOx reduction 
performances for units 1 and 2 were estimated to be 25 and 30 percent) 
respectively. Both reduction performance levels were 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 7.5.3-6 
presents the cost of retrofitting OFA at the Vermilion boilers. 

Selective Catalytic Reduction--
Table 7.5.3-5 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 
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Table 7.5.3-4. S.mnary of Coal Switching/Cleaning Costs for the Vermilion Plant (June 1988 Dollars) 

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

N..rber Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (Ill/) <X> content (SMll) (S/kll) (SMll) <mil ls/kwh) (X) (tons/yr) (S/ton) 

Factor <X> 
----------------------------------------------------------------------------------------------------------------

CS/B+S15 1 1.00 70 53 2.4 6.0 86.3 5.7 17 .5 67.0 4810 1189.2 
CS/B+S15 2 1.00 95 66 2.4 6.8 71.6 8.8 16.0 67.0 8080 1086.6 

CS/B+S15-C 1 1.00 70 53 2.4 6.0 86.3 3.3 10.1 67.0 4810. 687.0 
CS/B+S15-C 2 1.00 95 66 2.4 6.8 71.6 5.1 9.2 67.0 8080 626.4 

CS/B+S5 1 . 1.00 70 53 2.4 5.3 75.9 2.9 8.8 67.0 4810 600.5 
CS/B+S5 2 1 .00 95 66 2.4 5.8 61.3 4.1 7.4 67.0 8080 502.9 

CS/B+S5-C 1.00 70 53 2.4 5.3 75.9 1. 7 5.1 61:0 4810 349.0 
CS/B+S5-C 2 1.00 95 66 2.4 5.8 61.3 2.4 4.3· 67.0 8080 291.4 

================================================================================================================ 
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TABLE 7.5.3-5. SUMMARY OF NOx RETROFIT RESULTS FOR VERMILION 

BOILER NUMBER 

COMBUSTION MODIFICATION RESULTS 

1 2 1-2 

FIRING TYPE TANG TANG NA 

TYPE OF NOx CONTROL OFA OFA NA 

VOLUMETRIC HEAT RELEASE RATE 
(1000 BTU/CU FT-HR) 14.3 13.2 NA 

BOILER/WATERWALL SURFACE 
AREA HEAT RELEASE RATE 
(1000 BTU/SQ.FT-HR) 21.6 44.9 NA 

FURNACE RESIDENCE TIME (SECONDS) 3.44 3.23 NA 

ESTIMATED NOx REDUCTION (PERCENT) 25 30 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$} 21 26 39 

New Duct Length (Feet) 300 ··300 300 

New Duct Costs (1000$} 1207 1443 1992 

New Heat Exchanger (1000$} 1505 1807 2517 

TOTAL SCOPE ADDER COSTS (1000$) 2732 3276 4549 

RETROFIT FACTOR FOR SCR 1.16 1.16 1.16 

GENERAL FACILITIES (PERCENT) 13 13 13 
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Table 7.5.J-6. NOx Control Cost Results for the Vermilion Plant (June 1988 Dollars> 

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

Technology Soi ler Main Boiler Capacity Coal Capital Capital ArnJal Arnial NOx NOx NOx Cost 
Nl.ll'ber Retrofit Size· Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 

Difficulty <NW> c:n content CIMIO (I/kW) (Siii) (mil ls/kwh> (%) (tons/yr) (I/ton) 
Factor (%) 

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

LNC·OFA 1 1.00 70 53 2.4 0.5. 7.7 0.1 0.4 25.0 287 407;4 
LNC·OFA 2 1.00 95 66 2.4 0.6 6.4 0.1 0.2 30.0 579 228.9 

LNC·OFA-C 1 1.00 70 53 2.4 o.s 7.7 0.1 0.2 25.0 287 241.8 
LNC·OFA-C 2 1.00 95 66 2.4 0.6 6.4 0.1 0. 1 30.0 579 135.8 

SCR·3 1 1.16 70 53 2.4 15.4 219.5 5.0 ·15. 1 80.0 920 5388.9 
SCR-3 2 1.16 95 66 2.4 18.5 194.2 6.1 11.2 80.0 1545 3975.0 
SCR·3 1·2 1. 16 165 61 2.4 26.9 162.9 9.2 10.5 80.0 2464 3743.6 

SCR·3·C 1 1. 16 70 53 2.4 15.4 219.5 2.9 8.9 80.0 920 3162.4 
SCR'J·C 2 1. 16 95 66 2.4 18.5 194.2 J.6 6.5 80.0 1545 2331.0 
SCR·3·C 1-2 1.16 165 61 2.4 26.9 162.9 5.4 6.2 80.0 2464 2193.7 

SCR·7 1. 16 70 53 2.4 15.4 219.5 4.4 13.4 80.0 920 4753.5 
SCR·7 2 1.16 95 66 2.4 18.5 194.2 5.3 9.7 80.0 1545 3461. 7 
SCR·7 1. 2. 1. 16 165 61 2.4 26.9 162.9 7.8 8.9 80.0 2464 3184.6 

SCR·7-C 1 .16 70 53 2.4 15.4 219.5 2.6 7.9 80.0 920 2798.4 
SCR·7-C 2 1. 16 95 66 2.4 18.5 194.2 3. 1 5.7 80.0 1545 2036.9 
SCR-7-C 1-2 1. 16 165 61 2.4 26.9 162.9 4.6 5.3 80.0 2464 1873.4 

================================================================================================================ 
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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 would be located north of the chimney 
on the other side of the railroad track in a relatively open area having 
easy access. For this reason, the reactors 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 so2 control. If both so2 and NOx 
emissions have to be reduced at this plant, the results presented for SCR in 
Table 7.5.3-5 would not change since the reactors would be located 
downstream of the FGD absorbers in same area as discussed before. 
Table 7.5.3-6 presents the estimated cost of retrofitting SCR at the 
Vermilion 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 north of 

the plant in a similar fashion as LSD-FGD. The retrofit of DSD and FSI 
tech no 1 og.i es at the Vermilion steam p 1 ant for the units would be very 
difficult. The ESPs are marginal in size, resulting in insufficient duct 
residence time between the boilers and the ESPs for DSD application. 
Therefore, new b~ghouses were assumed for the DSD cases which would be 
located north of the plant in a similar fashion as LSD-FGD cases. The new 
baghouses would require 400 feet of duct run to divert the flue gas from the 
boilers to the baghouses and baik to the chimney. For FSI, upgrading the 
ESPs or plate area addition would be very difficult because the ESPs are 
squeezed between the boiler building and the chimney. As such, the retrofit 
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factor estimated for upgrading the ESPs for FSI was high (1.58). ·Also, the 
conversion of wet to dry fly ash would be needed for reusing the ESPs to 
prevent plugging of sluice lines. Therefore, FSI costs were not developed 
for this plant. Tables 7.5.3-7 and 7.5.3-8 present a summary of the.site 
access/congestion· factors for DSD and FSI technologies at the Vermilion steam 
plant. Table 7.5.3-9 presents the costs estimated to retrofit DSD at the 
Vermilion 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. Vermflion plant. Both boilers would be conside~ed good 
candidates for AFBC retrofit because of their small sizes (<110 MW). 
However, the high capacity factors for these units could result in 
significant replacement power costs for extended downtime. 

-
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TABLE 7.5.3-7. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR VERMILION UNIT 1 

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 UPG~DE CASE (FSI) 
A NEW BAGHOUSE CASE (DSD) 

RETROFIT FACTORS 

CONTROL SYSTEM (DSD SYSTEM ONLY) 
ESP UPGRADE (FS1) . 
NEW BAGHOUSE (DSO) 

7-l61 

LOW 
HIGH 
LOW 

YES 
1300 

400 
1491 
NA 
NA 
so 
23. 

1323 
1514 

1.13 
l. 58 
1.16 
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TABLE 7.5.3-8. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR VERMILION UNIT 2 

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 UPG~DE CASE (FSI) 
.A NEW BAGHOUSE CASE (DSD) 

RETROFIT FACTORS . 
CONTROL SYSTEM (DSD SYSTEM ONLY) 
ESP UPGRADE (FSl) 
NEW BAGHOUSE (DSO) 
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LOW 
HIGH 
LOW 

YES 
1300 

400 
1783 
NA 
NA 
50 
29 

1329 
1812 

1.13 
1.58 
1.16 



Table 7.5.3-9. Surmary of DSD/FSI Control Costs for the Vermilion Plant (June 1988 Dollars) 

=====••==========••====sz======•=•••===========••====••••======s=•===•==========•••••================•=======•== 
Technology 

DSD+FF 
OSO+FF 

DSD+FF·C 
DSO+FF·C 

Boiler Mein Boiler Capacity Coal 
Nurber Retrofit Size Factor Sulfur 

1 

2 

1 

2 

Difficulty (MW) CX) Content 
Factor (X) 

1.16 
1. 16 

1 .16 
1.16 

70 
95 

70 
95 

53 
66 

53 
66 

2.4 
2.4 

2.4 
2.4 

Capital Capital Annual Arviuel 502 502 
Cost Cost 
(SMll) (S/kW) 

14.1 
17.5 

14.1 
17.5 

201.9 
184.3 

201.9 
184.3 

cost Cost Removed Removed 
CSMll> <mil lstkwh) CX) (tons/yr) 

7.6 
9.5 

4.4 
5.5 

23.2 
17.3. 

13.5 
10.0 

70.0 
70.0 

70.0 
70.0 

5015 
8425 

5015 
8425 

S02 Cost 
Effect. 
(S/ton) 

1517.6 
1127 .6 

882.1 
655.3 

================================================================================================================ 
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7.5.4 Wood River Steam Plant 

Both coal burning boilers at the Wood River plant are firing a low 
sulfur coal; therefore, CS was not evaluated. In addition, FGD costs are not 
presented since the low sulfur coal would result in low capital/operating 
costs and high cost per ton of so2 removed.. Sorbent injection technologies 
were not considered because of the short duct residence time between the 
boilers and ESPs, the small size of the ESPs, and the difficulty in accessing 
the ESPs. 

TABLE 7.5.4-1. WOOD 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 
46 
2.2 
1949,49,50 
PETROLEUM 
BURNING 

4 5 
92 340 
24.7 42.4 
1954 1964 

TANGENTIAL 
NA 182. 9 
NO NO 

1.0 
12100 
5.0 

WET DISPOSAL 
POND/ON-SITE 

2 3 
RAILROAD/TRUCK 

ESP & CYCLONE 
1967 
0.07 
98.3 

ESP 
1970 
0.06 
97.2 

4.1-0.0 
NA 
410.9 
NA 
335 

4.1-0.0 
200.3 
1205 
166 
291 
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TABLE 7.5.4-2. SUMMARY OF RETROFIT FACTOR DATA FOR WOOD RIVER 
UNIT 4 * 

FGD TECHNOLOGY 

FORCED LIME 
L/LS FGD OXIDATION . SPRAY DRYING 

SITE ACCESSLCONGESTION 

S02 REMOVAL HltiH NA HIGH 
FLUE GAS HANDLING HIGH NA 

ESP REUSE CASE NA 
BAGHOUSE CASE HIGH 

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

ESP REUSE NA NA NA 
NEW BAGHOUSE NA NA HIGH 

SCOPE ADJUSTMENTS 

WET TO DRY YES NA NO 
ESTIMATED COST (1000$) 870 NA NA 

NEW CHIMNEY YES NA YES 
ESTIMATED COST (1000$) 644 0 644 

OTHER NO NO 

RETROFIT FACTORS 

FGD SYSTEM 1.84 NA 
ESP REUSE CASE NA 
BAGHOUSE CASE 1.83 

ESP UPGRADE NA NA NA 
NEW BAGHOUSE NA NA 1.58 

GENERAL FACILITIES (PERCENT) 15 0 15 

* L/LS-FGD and LSD-FGD absorbers for unit 4 would be located 
east of unit 5. 
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TABLE 7.5.4-3. SUMMARY OF RETROFIT FACTOR DATA FOR WOOD RIVER 
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 CASE HIGH 

DUCT WORK DISTANCE 
ESP REUSE 

(FEET) 300-600 NA 

BAG HOUSE 300-600· 
ESP REUSE NA NA NA 
NEW BAGHOUSE NA NA HIGH 

SCOPE ADJUSTMENTS 

WET TO DRY YES NA NO 
. ESTIMATED COST.(1000$) 2808 NA NA 

NEW CHIMNEY YES NA YES 
ESTIMATED COST (1000$) 2380 0 2380 

OTHER NO NO 

RETROFIT FACTORS 

FGD SYSTEM 1.70 NA 
ESP REUSE CASE NA 
BAGHOUSE CASE 1.69 

ESP UPGRADE . NA NA NA 
NEW BAGHOUSE NA NA 1.58 

GENERAL FACILITIES {PERCENT) 15 0 15 

* L/LS-FGD and LSD-FGD absorbers for unit 5 would be located 
east of unit 5. 
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TABLE 7.5.4-4. SUMMARY OF NOx RETROFIT RESULTS FOR WOOD RIVER 

COMBUSTION MODIFICATION RESULTS 

FIRING TYPE 

TYPE OF NOx CONTROL 

FURNACE VOLUME (1000 CU FT) 

BOILER INSTALLATION DATE 

SLAGGING PROBLEM 

. BOILER NUMBER 

4 5 

TANG 

OFA 

NA 

1954 

NO 

TANG/TWIN FURNACE 
DESIGN 

NA 

182.9 

1964 

NO 

ESTIMATED NOx REDUCTION (PERCENT) 25 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) 

HIGH 

0 

25 

200 

944 

1773 

2742 

1. 52 

38 

HIGH 

0 

68 

200 

2028 

3884 

5979 

1. 52 

38 

* Cold side SCR reactors for units 4 and 5 would be located 
behind their respective chimneys. 
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Table 7.5.4·5. NOx Control Cost, Results for the Wood Rfver Plent (June 1988 Dollars) 

==·=·==•=========··=·==•===··===···=··=·=================·==•==·==····==·=·=·==·=====··===···=·========•===··=== 
Technology Bof ler Ila in' Boiler Capacity Coal Capital Capital AMUel A,.,....l NOx NOx NOx Cost 

Nl.lltler Retrofit Size Factor Sul fur Cost Coat Cost Cost Removed Removed Effect. 
Difficulty (llW) (%) Content (1191) (S/kW) (1191) (mil ls/kwh) (%) Ctons/yr) (S/ton) 

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

LNC·OFA 4 1.00 92 25 1.0 0.6 6.5 0.1 0.6 25.0 155 8".9 

LNC·OFA·C 4 1.00 92 25 1.0 0.6 6.5 0.1 0.4 25.0 155 501.9 

SCR·3 4 1.52 92 25 1.0 22.6 245.2 7.0 34.5 80.0 495 14030.8 
SCR·3 5 1.52 340 42 1.0 57.7 169.6 19.2 15.3 80.0 3076 6229.6 

SCR·]·C 4 1.52 92 25 1.0 22.6 245.2 4.1 20.] 80.0 495 8242.8 
SCR·J·C 5 1.52 340 42 1.0 57.7 169.6 ,11.2 9.0 80.0, 3076 365].2 

SCR•7, 4 1.52 92 25 1.0 22.6 245.2 6.2 30.8 80.0 495 12506.5 
SCR·7 5 1.52 340 42 1.0 57.7 169.6 16.4 13.1 80.0 J076 5322.3 

SCR·7·C 4 1.52 92 25 1.0 22.6 245.2 3.7 18.1 80.0 495 7369.6 
SCI~ 7·C 5 1.52 340 42 1.0 57.7 ,169.6 9.6 7.7 80.0 3076 3133.4 

=·==·============================···=······==···===··=·=·===·======·=··=···============··==····=====·===···===== 
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7.6 SOUTHERN ILLINOIS POWER COMPANY 

7.6.1 Marion Steam Plant 

The Marion steam plant is located within Williamson County, Illinois, 
as part of the Southern Illinois Power Cooperative system. The plant 
contains four coal-fired boilers with a total gross generating capacity of 
272 MW. Figure 7.6.1-1 presents the plant plot 'plan showing the location of 
all boilers and major associated auxiliary equipment. 

Table 7.6.1-1 presents operational data for the existing equipment at 
the Marion plant. The boilers burn high sulfur coal (3.0-4.0 percent 
sulfur). Coal shipments are received by truck and conveyed to a coal storage 
and handling area located west of the plant. 

Particulate matter emissions for the boilers are controlled with 
retrofit ESPs located behind each unit. Fly ash for units 1-3 is wet 
sluiced to ponds located north of the plant. 

Lime/Limestone and Lime Spray Drying FGD Costs--
Figure 7.6.1-1 shows the general layout and location of the FGD control 

system. The plant is located on a large site northwest of Lake Egypt. Units 
1-2 share one chimney. Unit 4 has a new FGD system (Venturi scrubber) 
installed in 1978, using limestone as sorbent and built by Babcock and 
Wilcox. Therefore, unit 4 will not be considered in this study. The 
absorbers for L/LS-FGD and LSD-FGD for units J-3 would be located east of the 
powerhouse and unit l, toward Lake Egy:pt. Part of the parking area, a 
warehouse, and some auxiliary equipment close to the powerhouse would need 
to be demolished and relocated; therefore, a factor of 15 percent was 
assigned to general facilities. The limestone storage/handling area and 
waste handling area for unit 4 would be expanded and also used for units 1-3. 

Retrofit Difficuliy and Scope Adder Costs--
A high site· congestion factor was assigned to the absorber locations 

because of congestion created by conveyors on two sides, the powerhouse, and 
an assumed high underground obstruction. This assumption is based on the 
absorber l-0cations being close to a water intake structure. 
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7-170 



TABLE 7 .6.1-1. MARION 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 DISPOSAL METHOD 
STACK NUMBER 
COAL DELIVERY METHODS 
FGD UNIT 
INSTALLATION DATE 
FGD TYPE 

PARTICULATE CONTROL 

TYPE 
INSTALLATION DATE 
EMISSION (LB/MM BTU) 
REMOVAL EtFICIENCY 
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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1-3 4 
33 173 
28 67 
1963 1978 
eve eye 
3.0-4.0 3.0-4.0 
10210 10210 
16.3 16.3 

DRY/WET SLUICE 
POND/ON-SITE 

1,1,2 3 
TRUCK 

NO YES 

ESP 
1972 
0.2 
99.2-99.0 

4.0 
34.6 
121.6 
285 
300-310 

1979 
LIMESTONE 
WET SCRUBBER 

ESP 
1978 
0.1 
99.4 

4.0 
203.8 
605 
337 
300 



·For flue gas handling, a short duct run for the unit I absorbers would 
be required for L/LS-FGD cases. A medium site access/congestion factor was 
assigned to the flue gas handling system for unit I due to the chimney 
location close to the powerhouse in a high site access/congestion area. 
Units 2-3 would require moderate duct runs because the absorbers are located 
away from the units. A high site access/congestion factor was assigned to 
the flue gas handling system for units 2-3 because the units are located in 
a congested area between units I and 4. 

The major scope adjustment costs lnd retrofit factors estimated for the 
FGD technologies are presented in Tables 7.6.1-2 and 7.6.1-3. It was assumed 
that dry fly ash would be necessary to stabilize scrubber sludge waste and to 
prevent the plugging of sluice 1 ines. This conversion is not necessary for 
forced oxidation L/LS-FGD. The overall retrofit factors determined for the 
L/LS-FGD cases were medium to high. 

The absorbers for LSD-FGD would be located in a similar location as in 
L/LS-FGD cases. Reused ESPs was the only LSD-FGD technology case considered 
for the units because of their moderate size (SCA >200). For flue gas 
handling for LSD cases, a short duct run would be required for unit I; a 
high site access/congestion factor was assigned due to the difficulty to tie 
into the upstream of the ESPs to divert flue gas from the boilers to the 
absorbers and back to the ESPs. Units 2-3 would require a medium duct run 
with a high site access/congestion factor for the same reasons as stated 
above for unit 1. The retrofit factors determined for the LSD technology 
case were moderate to high (l.61 to 1.69) and did not include particulate 
control upgrading costs. Separate retrofit factors were developed for the 
upgrading of ESPs. The ESPs units 1-3 were designated a high retrofit factor 
because of their close proximity to each other and the powerhouse/chimneys. 
These factors were used in the IAPCS model to estimate particulate control 
upgrading costs. 

Table 7.6.1-4 presents the cost estimates for L/LS and LSD-FGD cases. 
The LSD-FGD costs include upgrading the ESPs and ash handling syst~ms for 
boilers 1-3. The low cost control case reduces capital and annual operating 
costs s1gnificantly due to the benefits of economies-of-scale when combining 
process areas, elimination of spare scrubber modules, and optimization of 
scrubber module size. 

7-172 



TABLE 7.6.1-2. SUMMARY OF RETROFIT FACTOR DATA FOR MARION UNIT 1 

FGD TECHNOLOGY 

FORCED LIME 
L[LS FGD OXIDATION SPRAY DRYING 

SITE ACCESS[CONGESTION 

S02 REMOVAL HIGH HIGH HIGH 
FLUE GAS HANDLING MEDIUM MEDIUM 

ESP REUSE CASE HIGH 
BAGHOUSE CASE NA 

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

ESP REUSE NA NA HIGH 
NEW BAGHOUSE NA NA NA 

SCOPE ADJUSTMENTS 

WET TO DRY NO NO NO 
ESTIMATED COST ( 1000$) 0 NA 0 

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

OTHER NO NO NO 

RETROFIT FACTORS 

FGD SYSTEM 1.48 1.52 
ESP REUSE CASE 1. 54 
BAGHOUSE CASE NA 

ESP UPGRADE NA NA 1. 58 
NEW BAGHOUSE NA NA NA 

GENERAL FACILITIES (PERCENT) 15 15 15 
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TABLE 7.6.1-3. SUMMARY OF RETROFIT FACTOR DATA FOR MARION UNITS 2 OR 3 

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

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

OTHER NO NO NO 

RETROFIT FACTORS 

FGD SYSTEM 1. 61 1.64 
ESP REUSE CASE 1. 62 
BAGHOUSE CASE NA 

ESP UPGRADE NA NA. 1. 58 
NEW BAGHOUSE NA NA NA 

GENERAL FACILITIES (PERCENT) 15 15 15 
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Table 7.6.1·4. So.nna ry of FGD Control Costs for the Marion Plant (June 1988 Dollars) 

================================================================================================================ 
Technology Boiler Main Boiler Capacity Coal capital capital Amual Amual S02 S02 S02 Cost 

NU!t>er Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty <MW> 00 Content ($1114) CS/kWl ($MM) <mil Ls/kwhl cu (tons/yr) CS/ton> 

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

L/S FGD 1 1.48 33 28 3.0 30.0 909.0 12.2 150.7 90.0 2122 5745.9 
L/S FGD 2 1.61 33 28 3.0 32.5 984.6 13.0 161.0 90.0 2122 6141.2 
L/S FGD 3 1.61 33 28 3.0 32.5 984.6 13.0 161 .o 90.0 2122 6141.2 

L/S FGD·C 1 1.48 33 28 3.0 30.0 909.0 7. 1 88.0 90.0 2122 3355.4 
L/S FGD·C 2 1.61 33 28 3.0 32.5 984.6 7.6 94. 1 90.0 2122 3587.2 
L/S FGO·C 3 1.61 33 28 3.0 32.5 984.6 7.6 94.1 90.0 2122 3587.2 

LC FGD 1·3 1.57 99 28 3.0 38.4 387.8 16.2 66.8 90.0 6367 2549.0 

LC FGD·C 1-3 1.57 99 28 3.0 38.4 387.8 9.5 39.0 90.0 6367 1487.5 

LSD+ESP 1 1.54 33 28 3.0 10.8 326.6 6.0 74.1 76.0 1799 3333. 1 
LSD+ESP 2 1.62 33 28 3.0 11.3 341.5 6.1 75.9 76.0 1799 3414.7 
LSD+ESP 3 1.62 33 28 3.0 11.3 341.5 6.1 75.9 76.0 1799 3414.7 

LSD+ESP·C 1 1.54 33 28 3.0 10.8 326.6 3.5 43.0 76.0 1799 1936.5 
LSD+ESP·C 2 1.62 33 28 3.0 11.3 341.5 3.6 44.1 76.0 1799 1984.5 
LSD+ESP· C 3 1.62 33 28 3.0 11.3 341.5 3.6 44.1 76.0 1799 1984.5 

==================================================================~s=••••••••=s•================================ 
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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. This ts particularly true for cyclone boilers; as such, coal 
switching was not evaluated for the Marion plant. 

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

controls at the Marion 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: NGR and SCR. 

Low NO Combustion--. x 
Units 1 to 4 are wet bottom, cyclone-fired boilers; units 1 to 3 are 

each rated at 33 MW and unit 4 is rated at 173 MW. The combustion 
modification technique applied to all boilers was NGR. As Table 7.6.1-5 
shows, the NGR NOx reduction performance for each unit was estimated to be 
60 percent. Table 7.6.1-6 presents the cost of retrofitting NGR at the 
Marion plant. 

Selective Catalytic Reduction--
Table 7.6.1-5 presents the SCR retrofit results for units l to 4. 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 to 3 would be located east of·the 
powerhouse and unit 1, toward Lake Egypt in a relatively high congested area 
having easy access. Medium access/congestion factors were assigned to these 
reactors because of congestion created by the sludge conveyors and the 
powerhouse. A 25 percent general facility factor was also assigned to each 
reactor because part of a warehouse and some auxiliary equipment close to the 
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TABLE 7.6.1-5. SUMMARY OF NOx RETROFIT RESULTS FOR MARION 

BOILER NUMBER 

COMBUSTION MODIFICAT10N RESULTS 

1 2, 3 4 

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 MEDIUM MEDIUM LOW 

SCOPE ADDER PARAMETERS--

Building Demolition (1000$) 0 0 0 

Ductwork Demolition (1000$) 12 12 41 

New Duct Length (Feet) 250 450 170 

New Duct Costs (1000$) 648 1166 1195 

New Heat txchan-ger (1000$) 958 958 2590 

TOTAL SCOPE ADDER COSTS (1000$) 1618 2136 3825 

RETROFIT FACTOR FOR SCR 1.34 1.34 1.16 

GENERAL FACILITIES (PERCENT) 25 25 13 
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Table 7.6.1-6. NOx Control Cost Results for the Marion Plant (June 1988 Dollars) 

===========================•======•====••=z==========•=•==============================•========================= 
Technology Soi ler Main Boiler Capaci.ty Coal Capital Capital Amual Amual NOx NOx NOx Cost 

NL.ri>er Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (MW) CX) Content (SMIO ($/kW) (SMMl (mil ls/kwhl (%) (tons/yr) CS/ton) 

Factor (%) 

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

NGR 1.00 33 28 3.0 1.0 31.2 0.6 7.3 60.0 447 1327.8 
NGR 2 1.00 33 28 3.0 1.0 31.2 0.6 7.3 60.0 447 1327.8 
NGR 3 1.00 33 28 3.0 1.0 31.2 0.6 7.3 60.0 447 1327.8 
NGR 4 1.00 173 67 3.0 3.3 19.1 5.7 5.6 60.0 5613 1008.2 

NGR·C 1 1.00 33 28 3.0 1.0 31.2 0.3 4.3 60.0 447 771. 1 
NGR·C 2 1.00 33 28 3.0 1.0 31.2 0.3 4.3 60.0 447 771. 1 
NGR·C 3 1.00 33 28 3.0 1.0 31.2 0.3 4.3 60.0 447 771. 1 
NGR·C 4 1.00 173 67 3.0 3.3 19.1 3.3 3.2 60.0 5613 580.3 

SCR-3 1 1 .34 33 28 3.0 11.9 360.4 3.6 44.6 80.0 597 6054.6 
SCR-3 2 1 .34 33 28 3.0 12.4 376.7 3.7 45.8 80.0 597 6214.1 
SCR-3 3 1 .34 33 28 3.0 12.4 376.7 3.7 45.8 80.0 597 6214.1 
SCR-3 4 1. 16 173 67 3.0 27. 1 156.7 10.1 9.9 80.0 7484 1344.2 

SCR·3·C I 1.34 33 28 3.0 11 .9 360.4 2. 1 26.2 80.0 597 3558.3 
SCR-3-C 2 1 .34 33 28 3.0 12.4 376.7 2.2 26.9 80.0 597 3653.7 
SCR-3-C 3 1 .34 33 28 3.0 12.4 376.7 2.2 26.9 80.0 597 3653.7 
SCR-3-C 4 1. 16 173 67 3.0 27. 1 156.7 5.9 5.8 80.0 7484 786.4 

SCR·7 1 1.34 33 28 3.0 11.9 360.4 3.3 41.2 80.0 597 5589. 1 
SCR-7 2 1.34 33 28 3.0 12.4 376.7 3.4 42.4 80.0 597 5748.6 
SCR-7 3 1.34 33 28 3.0 12.4 376.7 3.4 42.4 80.0 597 5748.6 
SCR-7 4 1. 16 173 67 3.0 27.1 156.7 8.6 8.5 80.0 7484 1149. 7 

SCR-7-C 1 1.34 33 28 3.0 11.9 360.4 2.0 24.3 80.0 597 3291 .6 
SCR-7-C 2 1.34 33 28 3.0 12.4 376.7 2.0 25,0 80.0 597 3387.0 
SCR·7·C 3 1.34 33 28 3.0 12.4 376.7 2.0 . 25.0 80.0 597 3387.0 
SCR-7-C 4 1. 16 173 67 3.0 27.1 156.7 5. 1 5.0 80.0 7484 674.9 

============================================================================================================···· 
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powerhouse would have to be demolished or relocated. The SCR reactor for 
unit 4 would be located in a relatively open area south of both the existing 
FGD unit and chimney for unit 4. A low access/congestion factor was assigned 
to this reactor. 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 needed to be reduced at this plant for units 1 to 3, the SCR 
reactors would have to be located downstream of the FGD absorbers {north) in . 
relatively the same area as discussed above. Therefore, the results listed 
above for retrofitting SCR to this boiler would be applied in this case. 
For unit 4, NOx is the only polluta~t to be controlled since so2 emissions 
are already controlled by an FGD system. Therefore, the results in· 
Table 7.6.1-5 would remain unchanged for this reactor. Table 7.6.1-6 
presents the estimated cost of retrofitting SCR at the Marion boilers. 

Sorbent Injection and Repowering--
This section presents the ~Ost/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. Sufficient duct ~esidence time 
could be made available for DSD if the old ESPs ·were used to provide duct 
residence time between the boilers and retrofit ESPs. It was assumed that 
the ESPs could be-upgraded to handle the increased load from DSD and FSI. 
To upgrade the ESPs, a high site access/congestion factor was assigned to 
units 1-3. To reuse the ESPs, the conversion of wet to dry fly ash would be 
needed to prevent plugging of sluice lines. Table 7.6.1-7 presents a summary 
of the site access/congestion factors for DSD and FSI technologies at the 
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TABLE 7.6.1-7. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR MARION UNITS 1,2 OR 3 

ITEM 

SITE ACCESS/CONGESTION 

REAGENT PREPARATION 
ESP UPGRADE 
NEW BAGHOUSE 

SCOPE ADDERS 

MEDIUM 
HIGH 
NA 

CHANGE ESP ASH DISCHARGE SYSTEM TO DRY HANDLING NO 
ESTIMATED COST (1000$) 0 

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 
DEMO LIT ION COST ( 1000$) . 13 

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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Marion steam plant. Table 7.6.1-8 presents the costs estimated to retrofit 
DSD and FSI at the Marion 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 Marion plant. Boilers 1 through 3 would be considered 
good candidates for AFBC retrofit because they are small, old, and have low 
capacity factors. However, boiler 4 would not be considered since it has an 
existing FGD unit. 
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Table 7 .6.1-8. S<EITl&ry of DSD/FS! Control Costs for the Marion Plant (June 1988 Dollars) 

==================================================================================·============================= 
Technology Boiler Main Boiler Capacity Coal Capital Capital Amual Amual SD2 S02 S02 Cost 

NU!Cer Retrofit Size Factor Sulfur Cost Cost Cost COS·t Removed Removed Effect. 
Difficulty (MW) <X> Content (SMMl (S/kWl (SMM) (mills/kwh> ( X) (tons/yr) CS/ton) 

Factor <X> 

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

DSD+ESP 1.00 33 28 3.0 4.6 138.8 4.2 51.3 49.0 1147 3622.7 
DSD+ESP 2 1.00 33 28 3.0 4.6 138.9 4.2 51.4 49.0 1147 3623.6 
DSD+ESP 3 1.00 33 28 3.0 4.6 138.9 4.2 51.4 49.0 1147 3623.6 

DSD+ESP-C 1.00 33 28 3.0 4.6 138.8 2.4 29.7 49.0 1147 2093.5 
DSD+ESP·C 2 1.00 33 28 3.0 4.6 138.9 2.4 29.7 49.0 1147 2094.0 
DSD+ESP·C 3 1.00 33 28 3.0 4.6 138.9 2.4 29.7 49.0 1147 2094.0 

FSl+ESP-50 1 1.00 33 28 3.0 5.4 163.4 3.4 41.6 50.0 1179 2852.8 
FSl+ESP·50 2 1.00 33 28 3.0 5.4 163:6 3.4 41.6 50.0 1179 2854.2 
FSl+ESP-50 3 1.00 33 28 3.0 5.4 163.6 3.4 41.6 50.0 1179 2854.2 

FSl+ESP·50-C 1 1.00 33 28 3.0 5.4 163.4 2.0 24.1 50.0 1179 1655.0 
FS!+ESP·50-C 2 1.00 33 28 3.0 5.4 163.6 2.0 24.1 50.0 1179 1655.8 
FSl+ESP·50·C 3 1.00 33 28 3.0 5.4 163.6 2.0 24.1 50.0 1179 1655.8' 

FSl+ESP·70 1 1.00 33 28 3.0 5.5 166.3 3.4 42.1 70.0 1651 2062.9 
FSl+ESP-70 2 1.00 33 28 3.0 5.5 166.0 3.4 42.0 70.0 1651 2060.9 
FSl+ESP-70 3 1.00 33 28 3.0 5.5 166.0 3.4 42.0 70.0 1651 2060.9 

FSl+ESP·70·C 1 1.00 33 28 3.0 5.5 166.3 2.0 . 24.4 70.0 1651 1196.8 
FS!+ESP-70-C 2 1.00 33 28 3.0 5.5 166.0 2.0 24.4 70.0 1651 1195 .6 
FS!+ESP-70-C 3 1 .00 33 28 3.0 5.5 166.0 2.0 24.4 70.0 1651 1195.6 

=======================····=======·······======·=·=·===========···=·==========········==============·=========== 
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7.7 SPRINGFIELD CITY OF WATER 

7.7.1 Dallman Steam Plant 

The Dallman steam plant is located within Sangamon County, Illinois, as 
part of the Springfield City Water~ Light~ and Power Company sysfem. The 
plant contains three coal-fired boilers with a total gross generating 
capacity of 352 MW. Figure 7.7.1-1 presents the plant plot plan showing the 
location of all boilers and major associated auxiliary equipment. 

Table 7.7.1-1 presents operational data for the existing equipment at 
the Dallman plant. The boilers burn medium to high sulfur coal (2.9 percent 
sulfur). Coal shipments are received by railroad and conveyed to a coal 
storage and handling area located east of the plant. 

Particulate matter emissions for the boilers are controlled with ESPs 
located in front of each unit. Fly ash from all units is wet sluiced. 

Lime/Limestone and Lime Spray Drying FGD Costs--
Figure 7.7.1-1 shows the general layout and location of the FGD control 

system. Although there are three coal-fired boilers at the Dallman plant, 
only units 1 and 2 were considered for FGD retrofit in this study. Unit 3 is 
equipped with recently installed (1980) scrubber modules that presently 
operate with a removal efficiency of 85 percent at full load. The absorbers 
for units 1 and 2 were located north of the respective units, west of the 
coal pile, and close to the coal conveyors. Some plant roads and auxiliary 
equipment would need to be demolished/relocated; therefore, a factor of 
10 percent was assigned to general facilities. The limestone storage/ 
handling and waste handling areas would be located to the south of the 
units 1 and 2, close to the coal storage and handling area. 

Retrofit Difficulty and Scope Adder Costs--
The plant is bounded by Springfield Lake on three sides and a major 

highway on the other. Units 1 and 2 are located close to each other on the 
edge of ·a small peninsula north of Springfield Lake. 
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Figure 7.7.1-1. Dallman .plant plot plan . 
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TABLE 7. 7 .1-1. DALLMAN STEAM PLANT OPERATIONAL DATA 

BOILER NUMBER 1 2 3 
GENERATING CAPACITY (MW) 80 80 192 .. 
CAPACITY FACTOR (PERCENT) 23 25 54 . 
FIRING TYPE CYC CYC TANG -
INSTALLATION DATE 1968 1972 1978 
COAL SULFUR CONTENT (PERCENT) 2.9 2.9 2.9 
COAL HEATING VALUE (BTU/LB) 10351 10351 10351 
COAL ASH CONTENT (PERCENT) 9.2 9.2 9.2 
FLY ASH SYSTEM WET SLUICE 
ASH DISPOSAL METHOD POND/ON-SITE 
STACK NUMBER 1 2 3 
COAL DELIVERY METHODS RAILROAD 
FGD SYSTEM NO NO YES 
INSTALLATION DATE 1980 
FGD TYPE · LIMESTONE 

WET SCRUBBER 

PARTICULATE CONTROL 

TYPE ESP ESP ESP 
INSTALLATION DATE 1972 1972 1978 
EMISSION (LB/MM BTU) 0.24 
REMOVAL EFFICIENCY 67.4 60.7 97.2 
DESIGN SPECIFICATION 

SULFUR SPECIFICATION (PERCENT) 3.9 3.9 3.9 
SURFACE AREA (1000 SQ FT) 35.3 39.5 244 
GAS EXIT RATE (1000 ACFM) 325 325 . 775 
SCA (SQ FT/1000 ACFM) 109 118 315 
OUTLET TEMPERATURE ("F) 300 2.00 140 

7-185 



A high site access/congestion factor was assigned to the absorber 
1 ocat ions because they .are bounded by the coa 1 conveyors on two sides, the 
coal storage/handling area,-and the powerhouse. 

For flue gas handling, moderate duct runs for the units would be 
required for L/LS-FGD cases to divert the flue gas from the absorbers to the 
chimneys. A medium site access/congestion factor was assigned to the flue 
gas handling system due to some major obstacles and obstructions in the 
surrounding area. 

The major scope adjustment costs and retrofit factors estimated for the 
FGD technologies are presented in Table 7.7.1-2. The largest scope adder for 
the Dallman plant would be the conversion of units 1-2 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 scrubber sludge 
waste. This c.onvers ion is not necessary for forced oxidation L/LS-FGD. The 
overall retrofit factors determined for the L/LS-FGD cases were medium 
( 1. 60 to 1. 64) . 

The absorbers for LSD-FGD would be located in a similar location as in 
L/LS-FGD cases. A considerable ESP plate area addition would be required to· 
upgrade the ESPs on units 1-2 due to the small SCA size (<120). Therefore, 
LSD with new baghouses was the only LSD-FGD technology considered for the 
units. For flue gas handling for LSD cases, moderate duct runs would be 
required, the same as for L/LS-FGD cases. The retrofit factor determined for 
the LSD technology case was medium (1.58) and did not include the new 
baghouse costs. A separate retrofit factor was developed for the new 
baghouses for the units and was high (1.58). This reflects the congestion 
around.the baghouses created by the coal conveyors, coal pile, chimneys, and 
powerhouse. This factor was used in the IAPCS model to estimate particulate 
control costs. 

Tabl~ 7.7.1-3 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 1 and 2. The low cost control case reduces 
capital and annual operating costs due to the benefits of economies-of-scale 
when combining process areas, elimination of spare scrubber modules, and 
optimizati6n of scrubber module size. 
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TABLE 7.7.1-2~ SUMMARY OF RETROFIT FACTOR DATA FOR DALLMAN UNITS 1-2 

FGD TECHNOLOGY 

FORCED LIME 
L/LS FGD OXIDATION SPRAY DRYING 

SITE ACCESSLCONGESTION 

S02 REMOVAL HIGH HIGH HIGH 
FLUE GAS HANDLING MEDIUM MEDIUM 

ESP REUSE CASE NA 
BAGHOUSE CASE MEDIUM 

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

ESP REUSE NA NA NA 
NEW BAGHOUSE NA NA HIGH 

SCOPE ADJUSTMENTS 

WET TO DRY YES NO NO 
ES TI MA TED COST ( 1000$) 768 NA NA 

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

OTHER NO NO NO 

RETROFIT FACTORS 

FGD SYSTEM 1.64 1.60 
ESP REUSE CASE NA 
BAGHOUSE CASE 1.58 

ESP UPGRADE NA NA NA 
NEW BAGHOUSE NA NA 1.58 

GENERAL FACILITIES (PERCENT) 10 10 10 
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Table 7.7.1-3. SlJll!lary of FGO Control Costs for the Dallman Plant (June 1988 Dollars) 

============================s=====•====•================================================•======================= 
Technology Boiler Hain Boiler Capac: i ty Coal Capital Capital Annual Annual 502 S02 S02 Cost 

Nlllt>er Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (HW) (Xl Content (SHI!) ($/kW) (SHI!) (mi lls/kwhl (Xl (tons/yr) CS/ton) 

Factor (X) 

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

L/S FGO 1 1 .64 80 23 2.9 51 .5 643.6 19.9 123.4 90.0 4022 4944.0 
LIS FGO 2 1 .64 80 25 2.9 50.9 636.7 19.9 113.6 90.0 4371 4553. 1 

L/S FGD-C 1 1.64 80 23 2.9 51 .5 643.6 11.6 n.1 90.0 4022 2890.0 
L/S FGO·C 2 1.64 80 25 2.9 50.9 636.7 11 .6 66.4 90.0 4371 2660.9 

LC FGD 1-2 1 .64 160 24 2.9 48.9 305.9 20.3 60.5 90.0 8393 2423.2 

LC FGD-C 1 -2 1 .64 160 24 2.9 48.9 305.9 11 .9 35.3 . 90.0 8393 1414.5 

LSD+F F 1 1.58 80 23 2.9 30.5 381.6 11.8 n.9 87.0 3865 3041.4 
LSD+F F 2 1.58 80 25 2.9 25.5 319.2 9.9 56.7 66.0 3185 3120.9 

LSD+FF·C 1 1.58 80 23 2.9 30.5 381.6 6.9 42.6 87.0 3865 1m.9 
LSD+FF-C 2 1.58 80 25 2.9 25.5 319.2 5.8 33.2 66.0 3185 1824.0 

======·====·====··===··===··====·===··====·===================================================================== 
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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. This is particularly true with cyclone boilers and, as a result, 
coal switching was not evaluated for the Dallman power plant. 

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

controls at the Dallman 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: NGR - units 1 and 2; 
OFA - unit 3; and SCR - all units. Unit 3 was considered in the study, even 
though it should meet the 1972 NSPS for NOx emissions. 

Low NOx Combustion--
Units 1 and 2 are wet bottom, cyclone-fired boilers each rated at 80 MW. 

The combustion modification technique applied to both boilers was NGR. 
Unit 3 ts dry bottom, tangential wall-fired boiler rated at 192 MW. The 
combustion modification technique applied for this unit was OFA. As 
Table 7.7.1-4 shows, the NGR NOx reduction performance for units 1 and 2 was 
estimated to be 60 percent. No boiler information was available in POWER to 
assess the OFA NOx reduction performance for unit 3. However .• since this 
boiler was recently installed (1978), it is estimated that a 20 to 30 percent 
NOx reduction can be achieved for this boiler retrofitted with OFA. If 
unit 3 already uses OFA to meet the NSPS, further NOx reductions may be 
possible but would likely be much less than 20 to 30 percent. Table 7.7.1-5 
presents the cost of retrofitting NGR and OFA at the Dallman plant. A 
25 percent NOx reduction was assumed for unit 3 using OFA. 

Selective Catalytic Reduction--
Table 7.7.1-4 presents the SCR retrofit results for units 1 to 3. The 

results include process area retrofit factors and scope adder costs. The 
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TABLE 7.7.1-4. SUMMARY OF NOx RETROFIT RESULTS FOR DALLMAN 

BOILER NUMBER 

COMBUSTION MODIFICATION RESULTS 

1 2 3 

FIRING TYPE CY CY TANG 

TYPE OF NOx CONTROL NGR NGR OFA 

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 25 

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$) 23 23 44 

New Duct Length. (Feet) 300 500 200 

New Duct Costs (1000$) 1305 2174 1451 

New Heat fxc~an9er (1000$) 1630 1630 2757 

TOTAL SCOPE ADDER COSTS (1000$) 2958 3827· 4252 

RETROFIT FACTOR FOR SCR 1.52 1.52 l.16 

GENERAL FACILITIES (PERCENT) 25 25 20 

7-190 

--· ,_,....,;._ 



Table 7.7.1-5. NOx Control Cost Results for the Dallman Plant (June 1988 Dollars) 

================================================================================================================ 
Technology Boiler Mein Boiler Capacity Coal capi tel capitol Annual Annual NOx NOx NOX Cost 

N~r Retrofit Size Factor Sulfur Cost Cost Cost Cost Removed Removed Effect. 
Difficulty (Miil <Xl Content (SMH) (S/kll) (SMM) (mil ls/kwh) (X) (tons/yr) ($/ton) 

Factor (X) 

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

LNC·OFA 3 1.00 192 54 2.9 0.8 4.2 0.2 0.2 25.0 835 210.5 

LNC·OFA-C 3 1.00 192 54 2.9 0.8 4.2 o. 1 0.1 25.0 835 124.9 

NGR 1 1.00 80 23 2.9 1.9 23.9 1 • 1 7 .1 60.0 806 1421. 7 
NGR 2 1.00 80 25 2.9 1 .9 23.9 1 .2 7.0 60.0 876 1390.6 

NGR·C 1 1.00 80 23 2.9 1.9 .23.9 0.7 4.1 60.0 806 825. 1 
NGR·C 2 1.00 80 25 2.9 1.9 23.9 0.7 4.0 60.0 876 806.5 

S~R·3 1 1.52 80 23 2.9 20.3 253.9 6.3 39.0 80.0 1075 5854.7 
SCR·3 2 1.52 80 25 2.9 21.1 264.0 6.4 36.8 80.0 1168 5516.3 
SCR-3 3 1. 16 192 54 2.9 29.2 152.0 10.6 11. 7 80.0 6055 1749.9 

SCR-3-C 1 1.52 80 23 2.9 20.3 253.9 3.7 22.9 80.0 1075 3439 .1 
SCR·3·C 2 1.52 80 25 2.9 21.1 264.0 3.8 21.6 80.0 1168 3241.6 
SCR·3·C 3 1. 16 192 54 2.9 29.2. 152.0 6.2 6.8 80.0 6055 1024.2 

SCR-7 1 1.52 80 23 2.9 20.3 253.9 5.6 34.9 80.0 1075 5229.4 
SCR-7 2 1.52 80 25 2.9 21.1 264.0 5.8 . 32.9 80.0 1168 4941.0 
SCR-7 3 1. 16 192 54 . 2.9 29.2 152.0 9.0 9.9 80.0 6055 1483 .• 6 

SCR·7·C 1 1.52 80 23 2.9 20.3 253.9 3.3 20.5 80.0 1075 3080.8 
SCR·7·C 2 1.52 80 25 2.9 21. 1 264.0 3.4 19.4 80,0 1168 2911 .9 
SCR-7-C 3 1:16 192 54 2.9 29.2 152.0 5.3 5.8 80.0 6055 871 .6 

========================================================•========z========================z===================== 
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scope adders include costs estimated for ductwork demolition, new flue gas 
heat exchanger, new duct runs to divert the flue gas of units 1 and 2 from 
the ESPs to the reactors and from the reactors to their respective chimneys, 
and new duct runs to divert the flue gas of ~nit 3 from the FGO absorbers to 
the reactors and from the reactor to the chimney .. 

The SCR reactors for units 1 and 2 would be located north of the 
respective units, west of the coal pile, and close to the coal conveyors. 
Access to this area is difficult because of the proximity of the coal 
storage and handling area; therefore, high acces~/congestion factors were 
assigned to both reactors. A 25 percent general facility factor was assigned 
to each reactor because some plant roads and auxiliary equipment would have 
to be demolished or relocated. For unit 3, the SCR reactor would be located 
north of the chimney in ln relatively open area. Therefore, a low access/ 
congestion factor was assigned to this reactor. A 20 percent general 
facilities factor was assigned to this teactor because a plant road would 
have to be relocated. All reactors were assumed to be in areas with high 
underground obstructions. Th~ ammonia ~torage 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. However, if so2 andNOx 
emissions ·both were to be controlled for units 1 and 2, the SCR reactors· 
would have to be.located downstream (north) of the FGD absorbers in a highly 
congested area between the coal conveyors. Therefore, high access/congestion 
factors would be assigned for both reactors in this case instead of assigning 
medium access/congestion factors. For unit 3, NOx· is the only pollutant to 
be controlled since this unit is equipped with an FGD system. Hence, the 
results in Table 7.7.1-4 would remain unchanged for this unit.· Table 7.7.1-5 
presents the estimated cost of retrofitting SCR at the Dallman 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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Duct Spray Drying and Furnace Sorbent Injection--
The sorbent receiving/storage/preparation areas were located north of 

the plant. The retrofit of DSD and FSI technologies at the Dallman steam 
plant for the units would be difficult. There is not sufficient duct 
residence time between the boilers and the ESPs, as well as the ESPs are 
very small (SCA <120). Therefore, only DSD with new fabric filters was 
considered with the baghouses being located north of units 1 and 2 in a 

' similar fashion as LSD-FGD cases. The new baghouses would require 400 feet 
of duct run to divert the flue gas from the boilers to the baghouses and 
back to the chimneys. A high retrofit factor was designated for the 
baghouses for DSD for the same reasons as stated above in LSD-FGD cases. The 
FSI was assumed not to be applicable because the ESPs would not be good 
candidates for upgrade by adding plate area because the retrofit factor for 
upgrading the ESPs is high (1.55). Also, the conversion of wet to dry fly 
ash would be needed for reusing the ESPs to prevent plugging of sluice lines. 
Table 7.7.1-6 presents a summary of the site access/congestion factors for 
DSD and FSI technologies at the Dallman steam plant. Table 7.7.1-7 presents 
the costs estimated to retrofit DSD at the Dallman 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 Dallman plant. Both boilers would be considered good 
candidates for AFBC retrofit because of their small sizes (<300 MW). 
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TABLE 7.7.1-6. DUCT SPRAY DRYING AND FURNACE SORBENT INJECTION 
TECHNOLOGIES FOR DALLMAN UNITS 1-2 

ITEM 

SITE ACCESS/CONGESTION 

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

SCOPE ADDERS 

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

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

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

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

RETROFIT FACTORS 

CONTROL SYSTEM {DSD SYSTEM ONLY} 
ESP UPGRADE (FSI) 
NEW BAGHOUSE (DSD) 
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MEDIUM 
HIGH 
HIGH 

YES 
768 

400 
1613 
NA 
NA 
50 
25 

793 
1638 

1.25 
1.55 
1.55 



/ 
/ 

Table ,7.7.1·7. S""1\llry of DSD/FSI Control Costs for the Dallman Plant (June 1988 Dollars) 

=====================:========================================================================================== 
Technology 

DSD+FF 
DSO+FF 

DSD+FF·C 
DSD+FF·C 

Boiler Hain Boiler Capacity Coal Capital 
N...tler Retrofit Size Factor sutfur Cost 

Difficulty (H\I) (%) Content (SHH) 

capital Annual 
Cost Cost 

(S/kW) (SHM) 

1 
2 

1 

2 

Factor (%) 

1.00 
1.00 

1.00 
1 .oo 

80 
80 

80 
80 

23 
25 

23 
25 

2.9 
2.9 

2.9 
2.9 

20.3 254.3 
16.9 210.9 

20.3 254.3 
16.9 210.9 

8.6 
7.2 

5.0 
4.2 

Annual S02 502 
Cost Removed.Removed 

(mil ls/kwh) C:O (tons/yr) 

53. 1 
41.0 

31.0 
23.9 

71.0 
60.0 

71.0 
60.0 

3161 
2928 

3161 
2928 

S02 Cost 
Effect. 
(S/ton) 

2705.7 
2454.3 

1579., 
1432.0 

======================·========================================================================================= 
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