
~.3 Water qualit~ (C,}nt'd.) 

5.3.2 Permits and Regulations (Cont'd.) 

5.3.2.1 Federal (Cont'd.) 

Whether SPS' coal gasification system wi l l  be classified 
as a new or modified source is within DEP's discretion. 

(b) Thermal Discharge - Section 316A - Clean Water Act 

Existing discharge to Bridgeport Harbor from once-through 
cooling at the Steel Point Station have permits in accor- 
cance with Section 31BA of Public Law 92-500 (Clean Water 
Act). A new (or modified) permit may be required for any 
change in heated water discharge. 

5.3.2.2 Stat~ 

Connecticut DEP administers the NPDES and Section 316A 
permit programs. Also, the state has established water 
quality standards for all of the state's surface waters 
(pursuant to Section 25-541 of the Connecticut General 
Statutes). The Bridgeport Harbor waters have been class- 
ified as Class SB. The Appendix presents the Class SB 
water regulations. 

5.4 Other Environmental Considerations 

5.4.1 Cooling T.ower 

Bridgeport Harbor is an estuary of Long Island Sound at 
the mouth of the Pequonnock River. However, the harbor's 
seawater is measurably diluted by freshwater from land 
drainage. 

Normandeau Associates' report, "Bridgeport Harbor Ecological 
Studies (1971-1972) - Biological and Hydrographic Study 
Report", describes the circulation pattern and existing 
thermal regions of Bridgeport Harbor, with respect to the 
possible thermal effects of the Bridgeport Harbor (BHS) 
and Steel Point Stations (SPS). 

In general, the Normandeau report found that the discharges 
from BHS and SPS collectively occupy the upper 6 to lO feet 
of water column, and rarely interact with the bottom (except 
for the BHS unit No. 3 thermal plume). Hence, a continuous 
zone of passage for migratory and swimming organisms is 
available at lO feet or more below the surfaces, at all 
stages of the tide. l 
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5.4 Other Envlronmental Conslderatlon (Con:°d.} 

5.4.1 Cooltng Towet (Cont'd.) 

The issue of the harbor's abi l i ty  to handle additional 
thermal discharge must be evaluated,,if a once-thorough 
cooling system were used. Such an evaluation is beyond 
the scope of the present report. 

The present study scheme, based on using c i ty  water for 
make-up,, the cooling tower, would have minimal possibi l i ty 
of emitting toxic and hazardous substances to the atmos- 
phere. However, i f  cooling tower make-up were drawn from 
Bridgeport Harbor, further study of potential cooling 
tower toxic emissions would be necessary, due to contam- 
inants in the harbor's waters. 

Operation of the cooling tower may also increase the inci- 
dence of fogging and icing on the elevated roadway adjacent 
to the site; and require an FAA permit. 

The environmental and economic advantages of a cooling 
tower and a once-through cooling system are summarized 
in Table 5-6. 

IThe theoretical temperature rise in ebbing harbor waters 
(due to heat release to Long Island Sound) ranges from 
about 0.2 ° to O.5=F throughout the water column under 
reduced loading conditions; and from about 0.5 ~ to I.I°F 
throughout the water column under peak load conditions. 
Practically, though, the "mixing zome" is defined by the 
extent of a 4°F rise above ambient temperature levels 
adjacent to the thermal source. 
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TABLE,5,-6, 

A COMPARISON OF ADVANTAGES FOR A COOLING TOWER AND A ONCE-THROUGH 
COOLING SYSTEM 

Water Quality 
(Chemical) 

Advantages of 
Coo llng Tower 

Advantages of Once-through 
Cooling 

Less concentrated pollutants 
in blowdown 

Less need for chemical additives 
to treat bio-fouling and corrosion 

Water Quality 
(Thermal) 

Aquatic l i fe 

Meteorology 

Air Quality 

Land Use 

Costs 

Generating 
Capability 

Smaller thermal ef- 
fect 

Entrains small quantity 
of organisms (although 
loss of organisms en- 
trained is 100%) 

Note: Effect on air 
quality can be mini- 
mized by using rela- 
t ively clean municipal 
makeup water 

Selective cropping of entrained 
organisms as opposed to I00% 
loss (although larger quantity 
entrained) 

No potential for fogging and 
icing of adjacent roadway as 
with cooling tower 

No effect on air quality as with 
cooling tower (from dr i f t  loss) 

Uses significantly less land 
area 

Coklstruction and operation costs 
are almost an order of magnitude 
less 

Capacity losses are at least 
1.5% less 

~ O 
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B.4 Other Environmental Consideration (Cont'd.) 

5.4.2 Navigable Airspace 

The height of the main stack (and cooling tower) may 
require an FAA permit(s), i f  more than 200 feet above 
ground. 

The Federal Aviation Act of lg58, and the Federal Aviation 
Regulations, Part 77, "Objects Affecting the Navigable 
Airspace" require that notice of construction affecting 
the"navigable airspace" be sent to the FAA Administrator, 
U.S. Department of Transportation. Notice of proposed 
construction or alteration is required so that the FAA may: 
issue notices for pilots and air t raf f ic  controllers; 
depict obstructions on aeronautical charts; and recommend 
appropriate marking and lighting. 

5.4.3 Vehicular Traffic 

Transportation of ash and sulfur for off-slte disposal 
wil l  require consideration of potential effects on local 
traff ic. 

5.4.4 Dredqlng~Construction in Navigabl ~ Waters 

A U.S. Army Corps of Engineers (COE) 404 permit is required 
for consturction or excavation in a navigable waterway, oN 
to discharge dredged or f i l l  material into waters of the 
United States (or to transport dredged material for the 
purpose of dumping i t  into ocean waters). This permit 
program is authorized by both Section I0 of the River and 
Harbor Act of 189g, and Section 404 of the Federal Water 
Pollution Control Act. Since the latter has taken over the 
function of the former, the COE permit is commonly called 
a 404 permit. This would apply to construction, excavation, 
dredging and f i l l  operations in Bridgeport Harbor. 

Materials dredged from Connecticut harbors have been disposed 
of in Long Island Sound, but the Corps has been enjoined to 
stop this. However, since the Corps has responsibility 
for maintaining navigability (which requires periodic dred- 
ging), the Corps wil l  probably develop a solution to the 
dredged materials' disposal problem. 

5.4.5 Noise 

Adverse noise impacts are not expected. The site is in an 
industrial setting, and surrounded by existing highway and 
power plant structures. The faci l i t ies to be installed on 
the site wil l  be designated in compliance with state noise 
regulations. 
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5.4 Other Environmental Consideration (Cont'd.) 

5.4.6 

Low Btu gas generated by the proposed coal gasification 
plant may be flared on an intermittent basis during per- 
iods of emergency. Flaring of the low Btu gas must be 
done tn accordance with Section 19-508-20(e) of Connec- 
t icut 's Abatement of Air Pollution regulations. 
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APPENDIX 
CONNECTICUT WATER QUALITY 

STANDARDS FOR CLASS SB WATERS 

Suitable for bathing, other r.ecreaEional purposes, industrial cooling 
and shellfish harvesting for human consumption after deputation; excellent 
fish and wi ld l i fe habitat; good aesthetic value. 

I. Dissolved oxygen Not less than 5.0 mg/l at 
any time. 

. Sludge deposits - solid refuse 
floating solids, oils and grease - 
scum 

. Sand or si I t depos Its 

4. Color and turbidity 

5. Coliform bacteria per I00 ml 

~. Taste and odor 

None except for small 
amounts that may result 
from the discharge from 
a waste treatment faci- 
i ty providing appropriate 
treatment. (See Note B) 

None other than of natural 
origin except as aay result 
from normal agricultural, 
road maintenance, construction 
activity, or dredge materi¢l 
disposal provided all reson- 
able controls are used. 
(See Notes 6 and 8). 

A secchi disc shall be vi- 
sible at a minimum of ] 
meter, SBd - criteria may 
be exceeded. (See Notes 8 
and 14) 

Not to exceed a median value 
of 700 and not more than 
2300 in more than lO percent 
of the samples. (See Notes 
3 and 12) 

None in such concentrations 
that would impair any usages 
specifically assigned to this 
class and none that would cause 
taste and odor in edible fish 
or shellfish. 
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7. pH 

8. Allowable temperature increase 

g. Chemical constituents 

5-19 

6.8 - 8.5 

None except where the increase 
wi l l  not exceed the recommended 
l imit on the most sensitive 
receiving water use and in no 
case exceed 83°F or in any 
case raise the normal temper- 
ature of the receiving water 
more than 4°F. During the 
period including July, August, 
and September, the normal 
temperature'of the receiving 
water shall not be raised more 
than 1.5°F unless i t  can be 
shown that spawning and growth 
of indigenous organisms wil l  
not be significantly affected. 
(See Note 19) 

None in concentrations or 
combinations which would be 
harmful to human, animal, or 
aquatic l i fe  or which would 
make the waters unsafe or 
unsuitable for flsh or shell- 
fish or their propagation, 
or impair the water for any 
other usage assigned to this 
class. (See Note 4) 

m 



APPLICABLE NOTES. 

NOTE #3 - All sewage treatment plant effluent shall receive disinfection 
before discharge to the surface waters with the exception of discharges 
to the following streams for which disinfection shall be required only 
during the period from May 1st to October 1st. 

Housatonic River (north of 1-95 Bridge) 

Naugatuck River 

Quinnipiac River (north of I-g5 Bridge) 

Farmington River 

Pequabuck River 

Connecticut River (north of I-gS Bridge) 

Hockanum River 

Willimantjc River 

Shetucket River 

Quinebaug River 

Thames River (north of I-g5 Bridge) 

I t  is recognized that the coliform bacteria may not be met on the above 
streams during the period when disinfection of sewage treatment plant 
effluent is not required. 

The degree of treatment and disinfection shall be as required by the 
Commissioner and shall be consistent with the health standards as estab- 
lished by the State Department of Health. 

NOTE #4 - The waters shall be free from chemical constituents in concen- 
trations or combinations which would be harmful to human, animal or 
aquatic l i fe  for the most sensitive and governing water use class. Criteria 
for chemical constituents contained in the "Quality Criteria for Water" 
published by the Environmental Agency shall be considered and used as a 
guidance. In areas where fisheries are the governing considerations and 
approved limits have not been established, bioassays are necessary to 
establish limits on toxic substances, the recommendations for bioassay 
procedures contained in "Standard Methods for the Examination of Water 
and Wastewater" and the application factors contained in "Quality Criteria 
for Water" shall be considered. For public drinking water supplied, the 
raw water sources must be of such a quality that U.S. Environmental 
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Protection Agency limits as defined by the Safe Drinking Water Act (Public 
Law 93-523), or state limits i f  more stringent, for finished water can 
be met after conventional treatment. 

NOTE #6 - Reasonable controls may be defined by the Commissioner on a case 
by case basis or the Commissioner may require that i t  be affirmatively 
demonstrated by any person or municipality engaged in such activities 
that all reasonable controls wil l  or are being used. 

NOTE #8 - Except within designated dredged material disposal areas, waters 
shall be substantially free of pollutants that: (a) unduly affect the 
composition of bottom fauna; (b) unduly affect the [T1ysical or chemical 
nature of the bottom; and (c) interfere with the propagation and habitats 
of shellfish, finfish, and wildlife. Dredged materials dumped at approved 
disposal areas shall not pollute the waters of the state and shall not 
result in: (a) floating residues of any sort; (b) release of any sub- 
stance, biological or chemical constituents which may result in long- 
term or permanent degradation of Water Quality Standards overlying or 
adjacent to the dumping grounds; (c) unintentional dispersal of sediments 
outside a mixing zone enclosing the designated dump points; and (d) bio- 
logical mobilization and subsequent transport of toxic substances to 
food chains. 

NOTE #12 - Coliform bacteria criteria are intended to provide a standard 
for coliform data evaluation and related to the probability of contam- 
ination by undisinfected sewage. High results may be due to soil bacteria 
from the feces of warm blood an!mals which are not of sanitary signifi- 
cance. High results should therefore be investigated by sanitary survey 
or other appropriate means to confirm the cause. Fecal coliform 
( i .e. ,  coliform organisms from the feces of warm blooded animals), may be 
useful as a secondary indicator. Although the re l iabi l i ty  of fecal 
coliform analysis is not yet adequate to use as a standard, i t  is desirable 
that correlation data be generated. The Region I Office of the U.S. 
Environmental Protection Agency h~s suggested criteria for fecal coliform 
data evaluation. Such criteria should be considered only as a guideline 
and can be found in Appendix A. 

NOTE #14 - The use of subscript b in Class Sb is intended to identify 
those areas where natural conditions or conditions which cannot be expected 
to be appreciably altered by the control of discharges may preclude bathing. 
I t  may also be used in Classes Bb and SBb to designate areas in the immed- 
iate vicinity of treated sewage outfalls where bathing is not advisable. 

NOTE #19 - Upstream of the mouths of the Housatonic River, Connecticut River, 
and Thames River, the a11owable temperature increase shall be consistent 
with the corresponding Inland Waters Class. 
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6.0 ITEII LIST. 

Area 01 

Item Number 

I01-34001 
I01-34002 

I01-35001-I, 4 

101-41 001 
101-41-002 

I01-43001 
101-43002 
l O1-43003 
101-43004 
I01-43005 
lO1-43006 
101-43007 
l O1-43008 

I01-48001 
I01-48002 
I01-48003 
I01-48004 
I01-48005 
I01-48006 
I01-48007 

101-49001 
101-49002 

Area 02 

I02-34001-I, 4 

I02-35001 

I02-43001-I, 4 
102-43003 
102-43004 

I02-45001-I , 4 

102-47001 

Descriptio E 

Hopper (Existing) 
Hopper 

Transfer Barge 

Sump Pump 
Sump Pump 

Conveyor #13 (Existing) 
Stacker #16 (Existing) 
Conveyor #31A (Existing) 
Loading Conveyor 
Boom Conveyor 
Feeder 
Feed Conveyor 
Feed Elevator 

Barge Haul (Existing) 
Barge Unloader (Existing) 
Dust Suppressant System 
Telescopic Chute (Existing) 
Barge Haul 
Clam Sheel Unloader 
Dust Suppressant System 

Front End Loader 
Front End Loader 

Process Flow Dia.qram. 

lOl-O01 
lOl-O02 

lOl-O01 

10l - 001 
I01-002 

101-001 
101-001 
I01-001 
101-001 
101-OOl 
lO1-002 
l O1-002' 
lOl-O02 

101-OOl 
lOl-OOl 
l Ol -OOl 
] Ol - OOl 
101-002 
101-002 
101-002 

101 -OOl 
l O1-002 

Sized Coal Storage Bin 

Raw Coal Surge Bin 

Storage Bin Live Bottom 
Sized Coal Conveying System 
Feed Coal Conveyor System 

Sized Coal Feeder 

Coal Drying and Sizing System 

102-001 

102-001 

102-OOl 
102- OOl 
102- 001 

102- OOl 

102-001 

( 
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6.0 ITEM LIS.T. (Cont'd.) 

Area 03 

Item Number 

I03-33001-I, 4 

I03-34001-I, 2 

I03-35001-I, 4 

103-43001 

I03-45001-I, 4 

I03-47001-I , 4 
I03-47002-I, 4 
I03-47003-I, 4 

Area 04 

104- 31001 

104-35001 

I04-41001-I, 2 

I04-44001-I, 4 

104-45001 
IO4-4SOO2-1, 2 

Area 05 

105-31001 
105-31002 
105-31003 
I05-31004 

10S-32001 
105- 32002 

105- 35001 

lOS-41001-1, 2 
I05-41 002-I, 2 

I05-42001-I, 2 

105-44001 

Description 

Gasifier 

Ash Bunker (Existing) 

Feed Coal Surqe Bin 

Ash Conveyor System 

Gasifier Multi-Cyclones 

Feed Coal Lock Hopper System 

Process Flow Diaqram 

103-001 

103-OOl 

103-001 

103-OOl 

1 03- OOl 

103-OOl 
Ash Removal Lock Hopper System 103-OOl 
Recycle Solids Lock Hopper System 103-OOl 

Interchanger 

COS Hydrolyzer 

Recycle Pump 

Heat Recovery System 

Particulate Scrubber 
Hydroclone 

10¢-001 

104-001 

104-001 

104-001 

104-OOl 
104-001 

Scrubber Interchanger 
Scrubber Recycle Cooler 
Stripper Bottoms Cooler 
Stripper Recycle Cooler 

Ammonia Scrubber 
Ammonia Stripper 

Knock Out Pot 

Ammonia Recycle Pump 
Stripper Pump 

Recycle Booster Compressor 

Stripper Condenser 

105-001 
105-001 
105-001 
105-001 

105-001 
105-001 

105-001 

105-001 
105-001 

105-001 

] 05-001 
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6.0 (Cont'd.) 

Area 05 (Cont'd.) 

Item Number 

105-47001 

Area 06 

I06-31001 

106-47001 

Area 07 

107-31001 
107- 31002 

107-42001 

107-q 7OOl 

107-4B001 

Area OB 

108-41001-I, 2 
I08-41002-I, 2 

I08-44001 

108-45001 

Area 09 

l Og- 31001 
I09-31002 

I09-42001 

I09-47001 
109-47002 
109-47003 

I09-49001 

Area I0 

llO-35001 

II0-42001-I, 2 

Descrlptlon 

Partlal Phosam 

Process Flow Diagram 
J ,,,, 

I05-001 

Fuel Heater 

Selexol System 

106-001 

106-I)01 

Gasifier Air Interchanger 
Booster Compressor Precooler 

Air Booster Compressor 

Combustion Turbine 

Electric Generator 

107-001 
107- 001 

107-001 

107-00~ 

l O7-OOl 

Secondary BFW.Pump 
Primary BFW Pump 

Heat Recovery Unit 

Deaerator 

108-OOl 
108- 001 

108- DO1 

108- OOl 

Incinerator Feed Heater 
Fuel Gas Heater 

Incinerator Blower 

I09-002 
109-002 

I09-002 

Claus Plant I09-001 
SCOT Unit I09-002 
Incinerator 109-002 

Sul fur Loader 109-OOl 

Air Receiver llO-OOl 

Instrument/Plant Air Compressor llO-OOl 
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6,0 ITEM LIST (Cont'd.) 

Area lO (Cont'd,) 

Item Number 

I10-47001 

Area l 1 

I l 1-47001 

Area 12 

I 12-47001 

Area 13 

Air Dryer 

Turbine Generator #11 

Process ..Fl.ow D.iagra!,1 

I I 0-001 

(Existing) 1 II-001 

Turbine Generator #9 (Existing) 

Primary treatment is done in the municipal water system. 

Area 14 

I14-34001 

l 14-41 OOl -l , 2 
I 14- 41002 

I 14-47001 

Area 15 

I 15-41 OOl - l ,  4 

I 15-44001 

115-47001 
I15-47002 

Area 16 

ll6-310Ol 

I16-35001 
I16-35002 
I16-35003 

Demineralized Water Tank 

Demineralized Water Pump 
Distribution Pump 

Demineralization System 

Cooling Water Pump 

Cooling Tow~r 

Cooling Water nH Unit 
Cooling Water inhibitor Unit 

Cooling Tower Blowdown Cooler 

Stripped Condensate Surge Tank 
Blowdown Surge Tank 
Char Letdown Tank 

I 1 2-001 

I 14-001 

I 14- OOl 
I 14-001 

I 14-001 

I 15-001 

I 15-001 

ll5-OOl 
I 15-OOl 

116-003 

116-002 
116-002 
116-003 
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6.0 ITEr~ LIST (Cont'd.) 

Area 16 (Cont'd.) 

Item Number 

ll6-41001-1, 3 
I16-41002-I, 2 

I16-45001 
I16-45002 
I16-45003 
]16-45004 

I16-4700l 

]16-47002 

I16-47003 
116-47004 
I16-47005 

116-47006 
I16-47007 
I16-47008 
l16-4700g 
I16-47010 

Area 17 

I17-35001 

I17-34001 

ll7-41001-1, 2 
I17-41002 

Area 18 

I18-47001 

Descriptio n 

Blowdown/Condensate Pump 
Process Sewer Pump 

Blowdown Separator 
Blowdown Separator 
Blowdown Separator 
Blowdown Separator 

Bridgeport Station Treatment 
System 

Steel Point Station Treatment 
System 

Equalization System 
Ozone Odor Control System 
Flotation System 

Bio-Plant 
Bed Fi l ter System 
Sludge ThicKening System 
Sludge Press System 
Sludge Digestion System 

Process Flow Diagram._ 

I16-002 
I16-003 

I16-002 
I16-002 
I16-002 
I16-002 

ll6-OOl 

ll6-OOl 

I16-003 
I16-003 
I16-008 

I16-004 
I16-005 
I16-005 
I16-006 
116-006 

Diesel Fuel Tank 

Fire Water Tank 

Fire Water Pump 
Jockey Pump 

117-001 

I17-001 

ll7-OOl 
ll7-OOl 

Flare 11 B- 001 

C 
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7.0 PARAGRAPH SPECIFICATIONS 

7.1 Area Ol 

7. l . l  Process Flow Diagram I01-001 Coal 
Bridgeport Harbor Station. 

Unloading and Handling - 

101-35001-I, 4 Transfer Barge 
Type: River going, no power 
Size: 195 feet long by 35 feet wide and 

12 feet high 
Capacity: 1500 tons 

I01-41001Sump Pump 
Type: 
Drive: 
Material: 
Capacity: 

Vertical centrifugal 
Electric 
Stainless Steel 
50 gpm at 60 foot head 

101-43004 Loading Conveyor 
Type: Belt, total ly enclosed 
Capacity: 550 tons per hour 
Length: 400 feet 
Width: 35 inches 

I01-43005 Boom Conveyor 
Type: Belt with cover and walkway 
Capacity: 600 tons per hour 
Length: 40 feet 
Width: 48 inches 

101-48003 Dust Suppressant System 
Type: Wetting Solution 
Equipment: Proportioner, pump, mixing tank, 

nozzles, spray headers, self- 
cleaning f i l te rs  and automatic 
controls. 

Flow automatically controlled at each station and 
spray only when material moving. 

I01-49001 Front End Loader 
T y p e :  Diesel-hydraulic, four wheel 

drive, air-conditioned/heated, 
with sound suppression and power 
assist controls 

Capacity: 6.17 cubic yard bucket 

7.1.2 Process Flow Diagram I01-002 Coal Unloading and Handling - 
Steel Point Station. 

7-I 
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7.1 Area Ol (Cont'd.) 

7,1.2 Process Flow Diagram lOl-O02 Coal Unloading and Handling - 
Steel Point Station, (Cont'd.) 

101-34002 Hopper 
Top Opening: 

Bottom Opening: 
Valleys: 
Material: 
Capacity: 

12 foot by 12 foot covered by heavy 
duty 6 inch by 6 inch grating 
3 feet wide by g feet long 
50 degree minimum 
Carbon steel 
30 tons 

101-41002 Sump Pump 
Type: 
Drive: 
Material: 
Capacity: 

Vertical centrifugal 
Electric 
Stainless steel 
50 gpm at 60 foot head 

I01-43006 Feeder 
Type: Vibrating 
Material: Carbon steel 
Capacity: 150 tons per hour 

Supplied with skirt board and rack and pinion gate 

I01-43007 Feed Conveyor 
Type: Belt, covered, with a walk on each 

side 
Capacity: 150 tons per hour 
Length: 220 feet 
Width: 24 inches 

I01-4300B Feed Elevator 
Type: Bucket 
Capacity: 150 tons per hour' 
Height: lO0 feet center to center 
Material: Steel 
Dust: Hood ~t discharge 

I01-48005 Barge Haul 
Type: 
Travel: 
Starting Pull: 
Traveling Pull: 

Wire rope pull, double drum, reversible 
600 feet 
56,000 pounds 
28,000 pounds 

101-48006 Clam Shell Unloader 
Type: Pedestal mounted 
Capacity: 15 cubic yard bucket 
RBdius: 55 feet 
Unloading Rate: SO0 tons per hour 
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7.1 Area 01 (Cont'd.) 

7,.2 

7.1.2 Process Flow Diagram I01-002 Coal Unloading and Handling - 
Steel Point Station. (Cont'd.) 

I01-48007 Dust Suppressant System 
Type: Wetting solutlon 
Equipment: Proportioner, pump, mixing tank, 

nozzles, spray headers, self- 
cleaning f i l ters  and automatic 
controls 

Flow automatically controlled at each station and 
spray only when material is moving. 

I01-49002 Front End Loader 
Type: Diesel - hydraulic, four wheel 

dirve, air condltioned/heated, 
with sound suppression and power 
assist controls 

Capacity: 6.17 cubic yard bucket 

Area 02 

7.2.1 Process Flow Diagram 102-001 Coal Preparation 

102-34001-I, ¢ Sized Coal Storage Bin 
Capacity: 1650 tons each 
Material: Carbon steel 
Diameter: 30 feet 
Straight Shell: 85 feet 
Bottom: 60 degree cone to 10 foot diameter 

opening 

102-35001 Raw Coal Surge Bin 
Capacity: lO tons 
Diameter: 7 feet 
Straight Shell: IO feet 
Bottom: 60 degree cone adapted to a 4 foot 

by 4 foot opening 
Material: Carbon steel 

IOZ-43001-1,4 Storage Bin Live Bottom 
Type: Electric driven eccentric weights 
Material: Carbon steel with stainless l iner plates. 

Neoprene flexible connector to bin. 
Size: lO foot diameter top opening, 45 degree 

cone to 6 inch bottom opening. 
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7.2 Area 02 (Cont'd.) 

7.2.1 Process Flow Diagram 102-001 Coal Preparation (Cont'd.) 

102-43003 Sized Coal Conveying System 
System: Belt conveyor, bucket elevator and 

a belt shuttle conveyor 
Capacity: 135 tons per hour 
Material: Carbon steel, except belts 

Belt Conveyor 
Length: 50 feet 

"Width: 24 inches 
Continuous covered skirt boaro 

Elevator 
Height: 80 feet center to center 
Dust hood at discharge 

Shuttle Conveyor 
Length: 60 feet 
Width: 24 inches 
Full lenght skirt boards with discharge 
chute at each end, reversible. 

102-43004 Feed Coal Conveyor System 
System: Three belt conveyors, two bucket 

elevators and one drag f l ight 
conveyor 

Capacity: 75 tons per hour 
Material: Carbon steel except belts 
One cross belt and one elevator are spare. 

Collecting Conveyor, Reversible 
Length: 150 feet 
Width: 24 inches 

Cross Conveyors (two) 
Length: 50 feet 
Width: 24 inches 

Bucket Elevators (two) 
Height: 120 feet center to center 

Drag Flight Conveyor 
Length: 150 feet 
Outlets: four, equipped with totally 

enclosed shut off gates 

102-4500l-l, 4 Sized Coal Feeder 
Type: Vibrating 
Capacity: 75 tons per hour, each 
Material: Carbon steel with abrasive resistant 

line 
Skirt boards and rack and pinion gate 
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7.2 

7.3 

Area 02 (Cont'd.) 

7.2.1 Process F|ow Diagram 102-OOl Coo] Preparation (Cont'd.) 

102-47001 Coal Drying 
Capacity= 
Reduction= 
Drying Capacity: 

Equipment: 

and Sizing System 
135 tons per hour 
From 2 Inch by 0 to I/4 inch by 0 
Dry from 9.6 percent moisture to 
6 percent moisture, when required 
A dual screw feeder, a crusher, 
a classifier, a primary cyclone, 
a bag collector with exit screw 
and rotary feeder, a recycle gas 
blower and exhaust fan, and a 
combustion chamber with a combustion 
air blower. All motors and all 
interconnecting duct work wi l l  be 
included. 

Controls: A prewired automatic control panel 
wl l l  set the sequence and timing for 
all motors. Malfunction wil l  be in- 
dicated and shut down wil l  be automatic. 

The dryer wil l be locked out manually when the surface 
moisture does not exceed four percent. The dryer wil l  
operate on 147 BTU per SCF lower heating value gas. 

Area 03 

7.3.1 Process Flow Diagram 103-OOl Pressurization, Gasification 
and Ash Removal. 

103-33001-I, 4 Gasifier System 
Equipment= 

Gasifier 
Type: 
Temp.: 
Pressure: 

Coal Feed 
Type: 
Control: 

Ash Removal 

Single f lu id bed 
1850°F 
340 psig 

Lock hopper 
Volumetric 

Type: Lock hopper 
Control: Star feeder 

Solids Recycle 
Type: High efficiency cyclones, solids 

cooling and lock hopper with star 
feeder 

. , f ' .  
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7.3 Area 03 (Cont'd.) 

7.4 

7..3.1 Process Flow Diagram 103-001 Pressurization, Gasification 
and Ash Removal (Cont'd.) 

I03-34001-I Ash Bunker (Existing) 
Diameter: Approx. 18 feet 
Height: Approx. 21 feet 
Capacity: Approx. 200 cubic feet 
Material: Carbon steel 

103-34001-2 Ash Bunker (Existing) 
Diameter: Approx. 18 feet 
Height: Approx. 21 feet 
Capacity: Approx. 200 cubic feet 
Material: Masonry Tile 

103-35001-I, 4 Feed Coal Surge Bin 
Diameter: 8 feet 
Straight Shell: 14 feet 
Bottom: 50 degree cone 
Top: Flat 
Material: Carbon steel 

I03-43001 Ash Conveyor System 
System: One collecting belt and one ele- 

vating belt 
Capacity: 12 tons per hour 
Material: Carbon steel with hot material 

belts to withstand 500°F ash. 
Collecting Belt 

Length: 150 feet 
Width: 18 inches 

Elevating Belt 
Length: 260 feet 
Width: 18 inches 

Both belts covered and with walkways on both sides. 

Area 04 

7.4.1 Process Flow Diagram I04-001 Heat Recovery, COS Pryrolysis 
aad Particulate Removal 

I04-310011nterchanger 
Type: Shell and tube 
Area: 4,484 square feet 
Material: Carbon steel 
Duty: ll,103,000 BTU per hour 

I04-35001 COS Hydrolizer 
Diameter: I I  feet 6 inches 
Straight Shell: 120 feet 
Catalyst Volume: 14DO cubic feet 
Material: Carbon steel 
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Area 04. (Cont'd.) 

7.4.1 Process Flow Diagram 104-OOl Heat Recovery, COS Pyrolysis 
and Particulate Removal (Cont'd.) 

104-41001-I, 2 Recycle Pump 
Type: Horizontal centrifugal 
Drive: Electric 
Material: Ductile iron 
Capacity: 205 gpm at 139 foot head (differential) 

I04-44001-I, 4 Heat Recovery System 
The raw gas contacting unit contains five banks of 
coils. The f i rs t  and fourth banks are connected and 
contain water which recircul~tes to the steam drum 
supplied with the recovery unit. The second and the 
third coils superheat steam for the power turbines. 
The f i f th  bank preheats the coal gas feed to the 
combustor. 

Area 05 

7.5.1 

104-45001 Particulate Scrubber 
Type: Venturi, adjustable throat 
Material: 304 stainless steel 
Suppli3d with a separator and mist eliminator. 

104-45002-I, 2 Hydroclone 
Type: Multiple cyclone unit containi,lg 

300 cones. 
Material: 304 stainless steel, cones 

refractory lined. 

Process Flow Diagram 105-OOl Ammonia Removal 

I05-31001 Scrubber Interchanger 
Type: Shell and finned tube 
Area: B36 square feet (bare basis) 
Material: 304 stainless steel 
Duty: 8,7Z7,000 BTU per hour 

I05-31002 Scrubber Recycle Cooler 
Type: Shell and tube 
Area: I0,g77 square feet 
Material: Carbon steel 
Duty: 51,678,000 BTU per hour 

I05-31003 Stripper Bottoms Cooler 
Type: Shell and tube 
Area: IB64 square feet 
Material: Carbon steel 
Duty: lB,38g,o00 BTU per hour 
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7.5 Area 05 (Cont'd.) 

7.5.1 Process Flow Diagram 105-001 Ammonia Removal (Cont'd.) 

105-31004 Stripper Recycle Cooler 
Type: Shell and tube 
Area; 1150 square feet 
Material: Carbon steel 
Duty: 4,250,000 BTU per hour 

I05-32001 Ammonia Scrubber 
Type: Packed, l inch Raschig rings 
Beds: Two, 15 feet deep each 
Diameter: 15 feet 9 inches 
Straight Shell; 41 feet 4 inches 
Material: 304 stainless steel 

105-32002 Ammonia Stripper 
Type: Valve trayed 
Trays: 14 
Diameter: 6 feet 3 inches 
Straight Shell: 27 feet 6 inches 

I Material: 304 stainless steel 

i05-35001 Knock Out Pot 
Diameter: 5 feet 2 inches 
Straight Shell: lO feet 
Materlal: 304 stainless steel 

I05-41001-I, 2 Ammonia Recycle Pump 
Type: Horizontal centrifugal 
Drive: Electric 
Material= 304 stainless steel 
Capacity; 2800 gpm at 70 foot head (differential) 

105-41002-I, 2 Stripper Pump 
Type: Horizontal centrifugal 
Drive: Electric 
Material: 304 stainless steel 
Capacity: 435 gpm at 822 foot head (differential) 

I05-42001-I, 2 Recycle Booster Compressor 
Type: Reciprocating 
Drive: Electric 
Capacity: ll,Ol5 scfm 
Pressure Rise: 43 psi 

I05-44001 Stripper Condenser 
Type: Air cooled 
Duty: II,791,000 BTU per hour 
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7.5 Area 05 (Cont'd.) 

7.6 

7,7 

7.5.I Process Flow Diagram 105-001 Ammonia Removal (Cont'd.) 

105-47001 Partial Phosam 
Absorber, stripper and other equipment associated 
with the Phosam g process exclusive of ammonia 
recovery. 

Area 06 

7.5.1 Process Flow Diagram IO6-OOl Acid Gas Removal (Selexol). 

106-31001 Fuel Heater 
Type: 
Area: 
Material: 
Duty: 

Shell and finned tube 
5,774 square feet (fin area) 
304 stainless steel 
16,256,000 BTU per hour 

I05-47001Selexol System 
Proprietary system designed to reduce the sulfur 
content of the gas to 200 parts per million. 

Area 07 

7.7.1 
t 

Process Flow Diagram 107-OOl Gas Turbine Power Generator 

I07-31001Gasifier Air Interchanger 
Type: Shell and tube 
Area: 49,360 square feet 
Material: Carbon steel 
Duty: 42,609,000 BTU per hour 

I07-31002 Booster Compressor Precooler 
Type: Shell and finned tube 
Area: 5,836 square feet fin area 
Material: Carbon steel 
Duty: 22,774,000 BTU per hour 

107-42001 Air Booster 
Type: 
Drive: 
Fluid: 
Inlet: 
Discharge: 
Capacity: 

Compressor 
Three stage centrifugal 
Steam turbine 
Air 
200 psia at lOO°F 
410 psia at 253°F 
427,000 pounds per hour 
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7.8 

Area 07 (Cont'd.) 

7.7.1 Process Flow Diagram 107-O01 Gas Turbine Power Generation 
(Cont'd.) 

I07-47001 Combustion Turbine 
Manufacturer: Westinghouse Electric Corp. 
Gas Turbine7 Model 501D5 
Combustor: Designed to be fired with coal gas 
Compressor: Common shaft unit supplied to provide 

combustor air and process air 
Air Silencer and an Air Cooler are provided. 

I07-48001 Electric Generator 
Manufacturer: Westinghouse Electric Corp. 
Generator: Model 
Selected to produce I07.8 MW at fu l ly  loaded gas 
turbine operation. 

Area 08 

7.8.1 Process Flow Diagram 108-OOl Waste Heat Steam Generator 

I08-41001-I, 2 Secondary BFW Pump 
Type: Horizontal centrifugal 
Drive: Electric 
Capacity: 540 gpm 

I08-41002-I, 2 Primary BFW Pump 
Type: Horizontal centrifugal 
Drive: Electric 
Capacity: 1600 gpm 

108-44001 Heat Recovery Unit 
The gas turbine exhaust contacting unit contains four 
banks of coils. The f i r s t  bank superheats steam pro- 
duced in the second bank combined with steam produced 
in'the f i r s t  and fourth banks in the Area 04 heat re- 
covery unit. A steam drum is provided for the second 
bank. The third bank preheats BFW for Area 03 and the 
fourth bank heats water from the deaerator. 

108-45001Deaerator 
This unit deaerates all return condensate and ~e- 
mineralized water make-up using bleed off steam 
from the steam turbine generators and exhaust steam 
from the air booster compressor in Area 07o 
Operation Pressure: 15 pslg 
BFW Capacity: 1945 gpm 
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7.9.1 

7.9.2 

Process Flow Diagram 109-001 Sulfur Recovery (Claus) 

109-47001 Claus Plant 
This is a proprietary process designed to remove 
a minimum of 96 percent of the sulfur in the feed 
gases and to recover i t  as liquid elemental sulfur. 

I09-49001 Sulfur Loader 
Type: Diesel - hydraulic four wheel drive, 

• air conditioned/heated, with sound 
suppression and power assist controls. 

Capacity: 6.17 cubic yard bucket 

Process Flow Diagram 109-002 Sulfur Recovery (SCOT) 

10g-31001 Incinerator Feed Heater 
Type: Shell and tube 
Area: 2,215 square feet 
Material: Carbon steel shell, 304 stainless 

steel tubes 
Duty: 2,497,000 BTU per hour 

109-31002 Fuel Gas Heater 
Type: 
Area: 
Material: 

Duty: 

109-42001 Incinerator 
Type: 
Pressure Rise: 
Capacity: 
Drive: 
Supplied with inl 

Shell and tube 
349 square feet 
Carbon steel she11, 304 stainless 
steel tubes 
592,000 BTU per hour 

Blower 
Single stage 
2 psi 
1435 scfm 
Electric 

et air f i l t e r  

109-47002 SCOT Unit 
This is a proprietary process to treat the tai l  gas 
from the Claus Plant. The sulfur compounds are re- 
duced to H2S and the major part is recycled to Claus, 
leaving 200 ppmv in the ta i l  gas for incineration. 

109-47003 Incinerator 
Type: Vertical, dual chamber 
Fuel: Ammonia rich stream 14.b and coal 
Special Design: ~mnonia rich stream is fixed in the 
f i r s t  chamber and quick quenched with stream 19 to mini- 
mize NOx formation. Combustion is completed in the 
second chamber with coal gas. 
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7.10 Area 10 

7.10.1 

7.11 Area II 

7.11.1 

7.12 Area 12 

7.12.1 

7.14 Area 14 

7.14,1 

Process Flow Diagram 110-001 Instrument/Plant Air. 

110-35001 Air Receiver 
Diameter: 48 inches 
Straight Shell: 10 feet 
Material: Carbon steel 

110-42001-I, 2 Instrument/Plant Air Compressor 
Type: Screw 
Capacity: 1250 scfm 
Pressure: llO-psig nominal 
Supplied with inlet air f i l t e r  and aftercooler with 
separator and automatic drain. 

II0-47001 Air Dryer 
Type: 

Capacity: 

Dessicant, dual tower, automatic 
four hour cycle. 
1250 scfm 

Process Flow Diagram III-001 Steam Power Generator No. II 

Steam turbine and auxiliaries existing. 

Process Flow Diagram I12-001 Steam Power Generator No. 9. 

Steam turbine and auxiliaries existi:ng. 

Process Flow Diagram 114-001Demineralization. 

114-34001Demineralized Water Tank 
Type: Atmospheric, cone roof storage tank 
Size: 24' -O" dia. x 28' -0" high 
Operating Temp.: 75°F 
Operating Press.: Atmospheric 
Materials of 
Constr.: Carbon steel w/304 SS cladding 

or carbon steel w/PVC lining 
Material Stored: Demineralized water 
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7.14 

7.15 

Area 14 {Cont'd.) 

7.14.1 Process Flow Diagram 114-001Demlneralization (Cont'd.) 

114-41001-I, 2 Demlneralized Water Pump 
Type: Horizontal centrifugal 
Capacity: lO0 gpm operating 

120 gpm design 
Head Required, Ft.: lO0 
Materials of 
Constr.: 304 stainless steel 
Material Handled: Demineralized w~ter 

I14-41002 Distribution Pump 
Type: Horizontal centrifugal 
Capacity: 50 gpm design 
Head Required, 
Ft.: 
Materials of 
Constr.: 
Material Handled: 

50 

304 stainless steel 
Demineralized water 

I14-47001Demineralization System 
This system produces demineralized BFW from city water. 
Equipment included: Carbon f i l te r  (2), backwash feed 

tank, backwash feed pump, backwash 
collection tank, backwash disposal 
pump, cation exchanger (2), cation 
dilution tank, cation feed pump, 
sulfuric acid storage tank, sulfuric 
acid transfer pump, anion exchanger (2), 
anion dilution tank, anion feed pump, 
caustic storage tank, caustic transfer 
pump, Regeneration collection tank, 
regeneration disposal pump. AUTOMATIC 
OPERATION. 

System Sizing: l l4 gpm Operating 
140 gpm Design 

Area 15 

7.15.1 Process Flow Diagram ll5-OOl Cooling Water System 

I15-41001-I, ¢ Cooling Water Pump 
Type: Horizontal centrifugal 
Drive: Electric 
Capacity: 6700 gpm at 100 foot head 
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7.16 

Area 15 (Cont'd.) 

7.15.1 Process Flow Diagram 115-001 Cooling Water System (Cont'd.) 

115-44001Coollng Tower 
Type: Two bay induced draft 
Capacity: 19,000 gpm 
Design Air 
Dewpoint: 78°F 
Return Temp.: IO6°F 
Water Discharge 
Temp.: 85°F 
For installation on above ground sump 

I15-47001 Cooling Water pH Unit 
Type: H2SO 4 addition 
Equipment: Mix tank, agitator, and addition pump 

115-47002 Cooling Inhibitor Unit 
Equipment: Mix tank, agitator, and addition pump 

Area 16 

7.16.1 Process Flow Diagram 116-OOl Waste Treatment, Coal Pile 
Runoff. 

I16-47001 Bridgeport Harbor Station Treatment System 
Package system consisting of: 

Feed pump 
Lime treatment sump with agitator 
Lime bin (20 ton capacity) with bag f i l te r  and 
pneumatic f i l l  pipe. 

Lime feeder 
Lime slaker 
Aeration sump with aerators 
Clarifier feed pump 
Clarifier 
Filter feed pump 
Filter 
Instrumentation and controls 

Design Rate 248 gpm 

116-47002 Steel Point Station Treatment System 
Package same as I16-47001 
Design Rate 78 gpm 

,..-..' 
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7,16 Area 16 (Cont'd.) 

7.16.2 Process Flow Diagram I16-002 Waste Treatment-Boiler 
Blowdown and Stripped Condensate. 

116-35001Blowdown Surge Tank 
Type: Horizontal 
Diameter: 5 feet 6 inches 
Straight Shell: IO feet 7 inches 
Material: Carbon steel 

I16-35002 Stripped Condensate Surge Tank 
Type: Horizontal 
Diameter: 5 feet 6 inches 
Straight Shell: 16 feet 3 inches 
Material: Carbon steel 

116-41001-I. 3 B1owdown/Condensate Pump 
Type: Horizontal centrifugal 
Drive: Electirc 
Capacity: 345 gpm at 60 foot head 

I16-45001Blowdown Separator 
Blowdown Rate: 15 gpm at 530°F 
Mixing Water 
Rate: 156 gpm at 85°F 
Supplied with steam head. 

I16-45002 Blowdown Separator 
Blowdown Rate: II.4 gpm at 540°F 
Mixing Water 
Rate: 130 gpm at 850F 
Supplied with steam head 

116-45003 B1owdown Separator 
Blowdown Rate: 0.6 gpm at 312°F 
Mixing Water 
Rate: 3.3 gpm at 85°F 
Supplied with steam head. 

I16-45004 Blowdown Separator 
Blowdown Rate: 0.I gpm at 312°F 
Mixing Water 
Rate: D.6 gpm at 85°F 
Supplied with steam head. 
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7.16 Area 16 (Cont'd.) 

7.16.3 Process Flow Diagram I16-003 Wastewater Collection 
Odor Control and Colloid Removal. 

I16-31001 Cooling Tower Blowdown Cooler 
Type: Double pipe 
Area: 272 square feet 
Material: Carbon steel 
Duty: 360,000 BTU per hour 

116-35003 Char Letdown Tank 
Type: Vertical 
Diameter: 18 inches 
Straight Shell: 7 feet 
Material: 304 stainless steel 

I16-41002-1, 2 Process Sewer Pump 
Type: Vertical, centrifugal 
Drive: Electric 
Capacity: llO gpm at 50 foot head 
Material: Carbon steel 

I16-47003 Equalization System 
This system performs two functions: 
I. I t  provldes surge for the bio-plant feed, mini- 

mizing the possibil ity that slugs of contaminants 
could enter the bio-plant and destroy the acti- 
vated sludge. 

2. I t  serves as a stripping system for the removal 
of sulfur-bearing gases from the wastewater. 

Equipment Included: Equalization tank w/statlc mixing 
system, stripping air  blowers, and 
effluent pumps. 

System Sizing: Based on I l l  gpm Wastewater 
Feedrate. 

116-47004 Ozone Odor Control System 
This system produces ozone and uses i t  to destroy 
objectionable sulfur containing gases, such as H2S 
and COS. 

Equipment Included: Atmospheric air blower, air 
dryer, ozone generator, ozone- 
waste gas contactor. 
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7.16 Area 16 (Cont'd.) 

7.16.3 Process Flow Diagram 116-003 Wastewater Collection 
Odor Control and Colloid Removal (Cont'd.) 

I16-47005 Flotation System 
This system removes colloidal solids and emulsified 
oil droplets from the blo-plant feed. This prevents 
fouling of the bio-plant activated sludge. 

Equipment Included: 

System Sizing: 

Polymer feed station, static 
mixer, flocculation tank, 
flotation tank, sludge skimmer, 
sludge pumps. 
Based on I l l  gpm Wastewater 
Feedrate. 

116-47006 Blo-Plant 
This system will destroy the organic content of the 
plant wastewater through the biological action of 
the active sludge. 

7.16.5 

Equipment Included: Reaction basins, basin aerators, 
ploymer feed system, feed 
cooler, c lar l f ier  w/rake 
mechanism, sludge recycle 
skimmings tank, skimmings pump, 
system feed pumps, acid and 
base feed stations. 

System Sizing: Based on I15 gpm Wastewater 
Feedrate. 

Process Flow Diagram I16-005 Bio-Plant Effluent 
Filtration and Sludge Thickening. 

I16-47007 Bed Filter System 
This system removes bio-sludge flocs from the 
bio-plant effluent prior to discharging the effluent 
from the plant. These flocs cannot be discharged 
since they are biologically active. 

Equipment Included: 

System Sizing: 

Feed pumps, bed f i l te r ,  clear- 
well, clearwell pumps, back- 
wash sump, backwash pump. 
Based on I l l  gpm Wastewater 
Feedrate. 

b°  
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7.17 

Area 16 (Cont'd.) 

7.16.5 Process Flow Diagram I16-005 Blo-Plant Effluent 
Filtratlon and Sludge Thickening. 

116-47008 Sludge Thickening System 
This system thickens the bio-sludge to the proper 
consistency for press f i l t rat ion.  

Equipment Included: Flocculation tank, flotation 
tank w/skin~ner, sludge pumps, 
effluent tank, effluent 
recycle pumps. 

System Sizing: Based on 4 gpm feed rate at I% 
suspended solids with 3 gpm re- 
cycle effluent. 

116-47009 Sludge Press System 
This system will produce a f i l t e r  cake for off-site 
disposal out of the sludges from the flotation and 
sludge digestion systems. 

Equipment Included: Feed tank w/mixer, feed pumps, 
press, f i l t ra te  tank, f i l t rate 
pumps, polymer feed station. 

System Sizing: Based on 1.4 gpm 
Feedrate at 3.5% solids. Filtrate rate = l gpm. 

I16-47010 Sludge Digestion System 
This system, through aerative oxidation, transforms 
active bio-sludge into a biologically inert sludge. 

Equipment Included: Aerobic digestor tank, 
digestor aerator. 

System Sizing: Based on I gpm flowrate with 
4% bio-sludge. 

Area 17 

7.17.1 Process Flow Diagram ll7-OOl Fire Protection 

I17-35001 Diesel Fuel Tank 
Type: Horizontal 
Diameter: 2 feet 6 inches 
Straight Shell: 8 feet 
Material: Carbon steel 

I17-34001 Fire Water Tank 
Type: Vertical, pad mounted 
Diameter: 28 feet 
Height: 40 feet 
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Area 17 (Cont'd.) 

7.17.7 Process Flow Diagram 117-001 Fire Protection (Cont'd.) 

I17-41001-I, 2 Fire Water Pump 
Type: Horizontal centrifugal 
Capacity: 1500 gpm at 230 foot head 
Drive: One electric, one diesel 
Material: Manufacturer's standard 

117-41002 Jockey Pump 
Type: 
Capacity: 
Drive: 
Material: 

Horizontal centrifugal 
25 gpm at 230 foot head 
Electric 
Manufacturer's standard 

Area 18 

7.18.I Process Flow Diagram 118-001 Flare. 

118-47001 Flare 
Type: 

Fuel: 
Operation: 
Capacity: 

Ground level, shielded and 
accoustically treated 
No. 2 fuel oil 
Intermittent, automatic on demand 
163,000 scfm low BTU gas 
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8.0 CAPITAL COST ESTIMATES 

8.1 Basis 

This l i s t  presents the basis for the capital costs in each plant 
area for the proposed combined cycle system. The costs, as 
presented in Section 8.2, are total installed costs in late 197g 
and early 1980 dollars and include, where applicable, the following 
items for each area on an individual basis. 

I Purchased equipment and freight for all process equipment 

• Direct Construction Labor 

e Intra-area Piping and Electrical 

e Instrumentation 

• Insulation, Refractory 

e Foundations, Piling, Excavation 

e Structural Steel, erected 

e Control Room 

The capital cost for each area includes all material and labor 
necessary to install a module that is complete and connected to 
the adjacent areas with process lines and u t i l i t y  supplies so that 
i t  is ready to operate. 

Area Ol - Coal Unloadin 9 and Handlin9 

Preliminary equipment specifications were prepared and costs 
obtained by telephone for new equipment items needed in this 
area. Installation costs were estimated by Dravo. 

Equipment was sized to provide 75 days storage at Bridgeport 
Harbor Station and 15 days storage at Steel Point Station. 

Adequate to receive and store coal requirements in a 40-hour 
week. 

Area 02 - Coal Preparation 

Mechanical equipment and river type barge costs estimated by 
vendors and vessel costs estimated by Dravo. Installation costs 
estimated by Dravo. 

° 
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8. I Basis (Cont'd.) 

Adequate to Classify and dry 135 TPH of coal so that a four day 
supply of sized coal can be buil t  up and maintained. 

Area 03 - Gasification 

Equipment and installation costs for coal pressurization, gasi- 
fication and ash handling were estimated by Dravo from in-house 
data on similar installations. 

Area 04 - Heat Recover~, Particulate Removal and COS Hydrolysis. 

Equipment costs for heat exchangers and vessels were estimated 
by Dravo. Pumps, hydroclones, and catalyst costs were from ven- 
dors. Installation costs were estimated by Dravo. 

Area 05 - Ammonia Removal 

Costs for pumps, recycle compressor and air-cooled heat exchanger 
obtained from vendors. All heat exchanger and vessel costs and 
partial Phosam cost were estimated by Dravo. installation costs 
estimated by Dravo. 

Area 06 - Acid Gas Removal 

The fuel heater and its installation costs estimated by Dravo. 
Installed cost of the Selexol unit and license fee estimated 
from Dravo In-house information. 

Area 07 - Gas Turbine Power Generation 

Gas combustor turbine generator set price obtained from Westinghouse. 
Booster compressor cost from vendor and gasifier air interchanger 
cost estimated by Dravo. All installation costs estimated by Dravo. 

Area 08 - Waste Heat Steam Generation 

Costs for equipment.ln this area were obtained from vendors. 
Installation costs estimated by Dravo. 

Area og -.Sulfur Recover Z 

Installed cost of the Claus & Scot plants estimated by Dravo from 
in-house information. Front end loader cost from vendor. Incin- 
erator, and blower costs from vendors. Heat exchangers estimated 
by Dravo. Installation costs of incinerator system estimated 
by Dravo. 

Area I0 - Instrument/Plant Air 

Equipment costs from vendor. Installation cost estimated by 
Dravo. 
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8.1 Basis (Cont'd) 

Area II - Steam Power Generator #11 

Existing. 

Area 12 - Steam Power Generator #9 

Exisiting. 

Area 13 - Primary Wate r Treatment 

Not required at present time. 

Area 14 - Demineralization 

Demineralizers and pumps costs from vendors. Storage tank and 
all installation costs estimated by Dravo. 

Area 15 - Cgo.lin 9 water system 

Equipment costs from vendors. Installation costs estimated by 
Dravo. 

Area 16 - Water Treatment, Coal Pile Run-Off 

Installed costs estimated by vendor for coal pile run-off systems. 
Pump costs from vendor. Installation costs for co]lection ponds, 
blowdown system and stripped condensate system estimated by Dravo. 
Vessel costs estimated by Dravo. Installed costs of other systems 
estimated by Dravo from In-house data for similar systems. 

Area 17 - Fire Protection 

Fire pump costs from vendors. Tanks estimated by Dravo. Instal l -  
atior= costs estimated by Dravo. 

Area I - Flare 

Installed cost estimated by Dravo from In-house data for a similar 
system. 
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CAPITAL COST SUMMARY 

Eq.tpment Installation 
Area Cost Cost Total 

Ol Fuel Supply $ 2,635,700 $ 334,300 $ 2,970,000 
02 Fuel Preparation 1,925,000 * 1,269,200 3,194,200 
03 Coal Gasification 4,669,400 701,700 5,371,I00 
04 Heat Recovery, COS 9,639,500 151,300 9,790,800 

Hydrolysis & Parti- 
culate Removal 

05 Ammonia Removal 1,415,100 607,900 2,023,000 
06 Acid Gas Removal 1,920,000 359,400 2,279,400 
07 Combustion Gas 14 ,959,000 5,841,800 20,800,800 

Turbine-Generator 
08 Waste Heat Steam 5 ,000 ,000  3,888,800 8,888,800 

Generation 
09 Sulfur Recovery 362,600 *II,825,400 12,188,000 
lO Instrument/Plant Air I02,400 181,500 283,900 
14 Demineralization 655,200 739,000 1,394,200 
15 Cooling Water System I06,100 * 1,227,900 1,334,000 
16 Waste Water Treatment 505,300 3,591,700 4,097,000 
17 Fire Protection 90,200 130,900 221,100 
18 Flare . . . .  * 2p763~700 2~763,700 

Subtotals $43,985,500 ~33,614,500 $77,600,000 

Engineering 

G & AE Fees 

$ 3,700,000 

8,300,000 

Project Management 

Subtotal 

400,000 

$90,000,000 

Allowance for renovation of existing 
dock area. 400,000 

Total Capital Cost $90,400,000 

*Part or all of the equipment in these areas was estimated on an 
installed basis and equipment costs were not available. 
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8.2 CAPITAL COST SUMMARY (Cont'd.) 

A breakout of those items and systems hosting over $250,000 and the 
methods by which these costs were determined is presented in the 
following table. Except where noted, these are bare, unerected costs. 

Item Number Item Name Cost Method 

32501 Ammonia Scrubber $ 330,000 
33701 Gaslfier 1,120,O00 
34201 Sized Coal Storage Bin 250,000 
42701 Air Booster Compressor 900,000 

4415-01 Cooling Tower 400,000 
44401 Heat Recovery System 4,500,000 
45301 Gasifier Multi-Cyclone 1,500,OOD 
47001 Combustion Turbine/Compressor 
48001 Electric Generator ~ 12,QO0,O00 
47201 Coal Drying and Sizing System 1,230,000 
47501 Partial Phosam System 476,600 
47601 Selexol System 1,770,000 
47301 Feed Coal Lock Hopper System 617,000 
47302 Ash Removal Lock Hopper System 617,000 
47303 Recycle Solids Lock Hopper System 617,000 
49106 Clam Shell Unloader 875,000 

47901 Claus Plant 2,780,000 
47902 SCOT Unit 4,000,000 

Eng. Est. 
Eng. Est. 
Eng. Est. 
I.R. Budget Price 
4-75-80 
Sub Contract 
Eng. Est. 
Eng. Est. 
Eng, Est. 
Eng. Est. 
Eng. Est. 
Eng. Est. 
Eng. Est. 
Eng. Est. 
Eng. Est. 
Anderson Equip. 
12-31-79 
Incl. Labor 
Incl. Labor 
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8.3 PAYMENT SCHEDULE 

A suggested schedule of payments to be made during the l i fe  of the 
project is presented on the following page. 
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9.0 OPERATING AND MAINTENANCE COSTS 

kl 

9.1 Basis 

Operating costs for the proposed combinined cycle plant wer~ 
developed by Oravo with input from United Illuminating Co. 
U. I. has concurred with the methods used and the costs 
determined thereby. The various bases are as follows: 

A. Coal 

The delivered price of $34.90/ton for this cost was obtained 
by Dravo in their studies of possible coal suppliers. 

B. Catalysts &Chemica]s 

Calculated by Dravo, based on the estimated annual quantities 
required, and early IgSO prices. 

C. Ut i l i t ies 

Electric Power - is produced internally to operate the plant 
and is thus included in the charges for coal, 
equipment and manpower. 

City Water - is costed at U.I. 's purchasing price of 
30¢/100 cu. f t .  

Steam - is also generated internally in the plant and 
is included in the charges for ccal, equipment 
and manpower. 

D. Labor 

A manning chart for operating the plant was developed based on 
the manning requirements of similar plants previously studied 
by Dravo. These requirements were changed where necessary to 
reflect the differences between the present plant and those used 
as a guideline. This chart is shown in Figure 9-I t i t led 
Operating Labor Breakdown. The labor cost of $70/Man day was 
supplied by U. I. 

The maintenance labor rate used is 60% of the total maintenance 
cost as recommended in the "Coal Gasification Con~nercial Concepts 
Gas Cost Guidelines" written by Robert Skamser of C. F. Braun 
and Company for the USERDA and the American Gas Association. 
The total maintenance costs are based on percentages of the capital 
costs for each area and are shown in Fig. 9-2, Maintenance Costs. 
These percentages are based on those contained in the above 
reference document with slight modifications based on Dravo's and 
U. I . ' s  judgement. Supervisory labor is 15% of combined operating 
and maintenance labor. 
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9.1 Basis (Cont'd.) 

I t  should be noted that manning of the coal gasification 
fac i l i t y  wil l  require a different type of people than those 
employed for U. I . 's normal staff. 

E. Administration and General Overhead Costs 

These costs are figured at 60% of the total labor cost (operat- 
ing, maintenance, supervision) as recommended in the above 
referenced publication. 

F. Supplies 

Operating supplied are costed at 30% of the operating labor cost 
and maintenance supplies are calculated to cost 40% of the total 
maintenance costs. These are as recommended in the above refer- 
enced publicatlon. 

G. By-Product Credit 

No credit was taken for the sale of the by-product sulfur or the 
possible sale of the ash from this plant. I t  may be possible to 
sell the sulfur for various uses including asphaltic road surfacing 
material. I t  is also conceivable that a use, such as cinder 
block manufacture, can be found for the ash. 

H. Costs Not Included 

The followlng costs are not included in Dravo's operating and 
maintenance cost st~mmary as these are best determined by U. I. 
from their internal information and records. 

1. Ash disposal 
2. Depreciation 
3. Finance charges 
4, Executive of f ice ov'erheads 
5. Sales and marketing overheads 
6. Research and development costs 
7. Corporate income taxes 
8, Local taxes and insurance 
9. Profit 
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OPERATING LABOR BREAKDOWN 

Area Ol 

Barge unloader operator 
Barge unloader helper 
Front end loader operator 

Area 02 

Crane operator 
Front end loader operator 
Coal prep operator 

Area 03 & 04 

Gasifier operator 
Gasifier operator helper 

Area 05, 06,,09 

Operator 
Helper 

Area 07 

Turbine operator 
Turbine helper 

Area 08 

Boiler operator 
Boiler helper 

Area lO. 14, 15, 16 

Operator 
Helper 

Area II, 12 

Operator 
Helper 

Fioure 9-I 

9-3 

Day only, 5D/Wk l 
Day only, 5D/Wk l 
Day only, 5D/Wk l 

Day only l 
3 shifts, 5O/Wk 3 
3 shifts, 5D/Wk 3 

2 × 4 shifts, 7D/Wk 8 
2 x 4 shifts, 7D/Wk 8' 

l x 4 shifts, 7D/Wk 4 
2 x 4 shifts, 7D/Wk 8 

l x 4 shifts, 7D/Wk 4 
l x 4 shifts, 7D/Wk 4 

l x 4 sh~fts, 7D/Wk 4 
l x 4 shifts, 7D/Wk 4 

2 x 4 shifts, 7D/Wk 8 
2 x 4 shifts, 7D/Wk 8 

1 x 4 shifts, 7D/Wk 4 
I x 4 shifts, 7D/Wk 4 

Total 78 
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MAINTENANCE COSTS 

Area 

Of, 02 Fuel Supply and Preparation 

03 Coal Gasification 

04, 05, 06, og Fuel Gas Cleanup 

07 Gas Combustion Turbine Generator 

O4, 08 Heat Recovery 

IO, 15, 17 Ut i l i t ies and Facil i t ies 

14 Water Treatment 

16, 18 Waste Treatment and Disposal 

% of 
Capital. Cost 

2 

6 

3 

l 

l 

1 

l 

l 

Subtotal 

S/Yr. 
,(,in M,'s) 

S lSS 

501 

560 

184 

276 

12 

13 

67 

$1,768 

Area II #11 Steam turbine generator (by UI}'~. 

Jr Area 12 #g Steam turbine generator (by UI) 

Total 

l,O00 

$2,768 

Figure 9-2 
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OPERATING AND MAINTENANCE COST SUMMARY 

Category 

Raw Materials 

Coal Transfer from BHS to SPS 

Catalysts and Chemlcals 

Uti l i t ies 
City Water 

Labor 
Operating $1,992,gD0 
Maintenance ],660,800 
Supervision 548,100 

$4,"201'.'800 

Administration and General Overhead 

Supplies 
Operating 
Maintenance 

$ 597,900 
l ,I07~200 

$I ,705,1 O0 

By-Product Credit 

"~let" Operating Cost 

*Excluding those costs listed in 9.1H that are 
best determined by U.I. 

Figure 9-3 

9-5 

S/Yr. 

$20,1371Z00 

245,400 

211,500 

I06,400 

4,20] ,800 

2,521,100 

l ,705,100 

-0- 

$29,128,500" 
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I0.0 ECONOMIC ANALYSIS REPORT 

lO.l Introduction 

This report contains the res~ts of a study investigating the 
economic feasibi l i ty of repowering Units 9 and II  at Steel 
Point Station with a coal gasification/combined cycle (CG/CC) 
system. 

In the normal mode of operation, coal is gasified and then com- 
busted in a gas turbine-generator to produce electr ici ty. The 
heat from the gas turbine exhaust gases is then used to produce 
steam for generating electr ici ty in the existing #g and #II 
turbine-generators. The combined cycle can also be operated 
with only one turbine-generator, or i t  can be fueled using No. 2 
oll i f  the coal gasifier is unavailable, or units g and II would 
even be capable of operating with their original boilers. The 
system contains equipment for removing sulfur from the coal gas 
so that the present State of Connecticut limits on sulfur 
emissions can be met when using high-sulfur coal, 

The opurating f lex ib l l i t ies  discussed above and others not 
mentioned tend toward justifying the economic feasibi l i ty  of 
the project. For this preliminary analysis, however, we assume 
that the total system is not available i f  any major component of 
i t  is not available. This assumption simplifies the analysis. 
I f  the project Is determined to be economic under these clrcum- 
stances then i t  wi l l  certainly be economic under the more flexible 
operating conditions. 

The CG/CC system would have the affects of increasing net cap- 
abi l i ty ,  reducing oil consumption and diversifying UI~s present 
fuel mix of nuclear and oil to include coal. The evaluation 
of the project is based on the cost savings that would be accrued 
i f  the less costly coal were to displace oil for generating 
electricity. The additional capacity (approximately lO0 MW) 
that would be obtained by installing the CG/CC system is of 
l i t t l e  economic consequence to UI assuming a low-band growth 
rate. However, under high-band load growth the additlonal 
capacity would have significant economic value. 

UI is presently studying other alternatives that would reduce its 
heavy dependence on oi l .  The ones that appear to have the great- 
est potentail of achieving success in the near term are (I) burn- 
ing refuse-derived-fuel (RDF) in conjunction with oi l  in Bridgeport 
Harbor Units l & 2 and (2) conversion of Bridgeport Harbor Unit 3 
from oil to coal f i r ing. These other alternatives are reflected 
in the economic eva]uation of the CG/CC system in the following 
manner: 

The RDF project at Bridgeport Harbor Station is well along~ in 
fact, test burnlngs of RDF in BPH l are presently underway. 

10-2 

J 

) 

r l l l l l i T # g  . . . . . .  F . . . . . . . . . . . .  

I 



J 

P 

lO.l 

I0.2 

Introduction (Cont'd.) 

We have assumed that this project will be successful and, there- 
fore, have reflected the cost of RDF in the dispatch of BPH l & 2. 
(Another RDF project is being considered for English Station but 
this study is at a preliminary stage and so is not reflected in 
the CG/CC study.) 

The economic feasibil ity of the CB/CC system is compared to the 
conversion of BPH 3 to coal, and to the simultaneous conversion 
of BPH 3 to coal and installation of the CG/CC system. 

The following cases are analyzed in the study: 

Low-Sulfur-Oll-Scenarlo 

Base Case - No CG/CC, all Fossil Units on Low-Sulfur (LS) 0i i .  

Case 1 - CG/CC on High-Sulfur (HS) Coal, all other Fossil Units 
on LS-Oil. 

Case 2 - No CG/CC, BPH 3 on HS-Coal with Scrubber, all other 
Fossil Units on LS-Oil. 

Case 3 - CG/CC On HS-Coal, BPH 3 on HS-Coal with Scrubber, all 
other Fossil Units on LS-Oil. 

The low-sulfur-oil-scenario assumes compliance with present 
State of Connecticut regulations on sulfur dioxide emissions. 
A high-sulfur-oil-scenario depicting the situation i f  the State 
regulations are relaxed to allow the burning of high-sulfur fuels 
is defined and discussed in Section VI. 

Sumary and Conclus.ion~ 

10.2.1 Cost Savings , 

The results of this study show that an early installation 
of the CG/CC system (Case l) in 1987 is only marginally 
economic, assuming a low-band load growth scenario. In 
the analysis, the prices of oil and coal escalate at about 
7% per year and loads increase according to the UI low- 
band forecast. Installation of the CG/CC system in 1987 
would become a more attractive investment if either the 
cost differential bet~veen oil and coal increases at a 
higher rate or if load growth is hl~her than the low- 
band. Although some savings did occur in 1987, the 
earliest date the CG/CC system Is assumed to be ready 
for service, tile sensitivity studies indicate that the 

. 
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Summary and C qnclusions. (Cont'd.) 

savings could easily become penalties. When the effective 
forced outage rate of the CG/CC system is increased from 
20% to 40% or when the capital and O&M costs are increased 
by 25%, penalties result for the f i r s t  five years. In 
the sixth year (1992) a net annual savings does occur. 
Based on the study assumptions, i t  may be desirable 
from an economic standpoint to consider installing the 
C6/CC at a later date. 

The above cnncluslons are based on the premise that i t  
is not feasible to convert BPH 3 to coal. Converting 

BPH 3 to coal (Case 2) is more economic than installing 
the CG/CC system (Case l) or doing both projects (Case 3). 
I f  BPH is converted to coal in mid-1985 then the instal l -  
ation of the CG/CC system wil l  not be economically just i -  
fiable until after 1998. 

The cumulative saving of each case for the entire study 
period (1985-2004) is presented in Table I. 

TABLE 1 

TOTAL SAVINGS 
(1985-2004) 

% of Total 
Savings Prod. Cost 

~Millions of Dollars.) of Base Case 

1 (CG/CC) 443 
2 (BPH 3 converted to coal) 1,742 
3 (Both Projects) 1,763 

4.4 
17.3 
17.5 

The saving realized by installing the C6/CC system is sub- 
stantially lower than the saving that can be obtained by 
converting BPH 3 to coal. An important point to keep in 
mind when comparing Cases I & 2 is that the capital cost 
for installing the CG/CC system is approximately equal to 
the cost of converting BPH 3 to coal with a scrubber. 
Also, although the total savings realized in Cases 2 and 
3 are essentially equal, the capital required for Case 3 
is about twice that of Case 2. Completing both pro- 
jects (Case 3) is not economically attractive at low- 
load ~rowths to UI. Converting BPH 3 to coal (Case 2) 
stands out as the most economic alternative producing 
the highest total savings (approximately equal to com- 
pleting both projects) and with the lowest investment 
cost of the three case studies. 

.) 
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10.2 Summar~ 

I0.2.2 

10,2.3 

10.2.4 

and Conclusions (Cont'd.) 

Reduced Oil Dependency 

In 1979 UI generated 92% of its electricity with 
imported oil (7.6 million barrels), oil that has been 
escalating in cost at an alarming rate. By Iggo the 
construction of Seabrook 1 & 2, Millstone 3, and 
Pilgrim 2 will reduce our oil dependency to 3.97 millions 
barrels. The installation of the CG/CC system (Case I) 
would further reduce UI's heavy dependence upon foreign 
oil. In 1990 i t  could reduce UZ's oil consumption by 
34% (I.35 ~i l l ion barrels). Conversion of BPH 3 to 
coal saves even more oil and completing both projects 
reduces UI's oil consumption the most. An annual 
reduction of 85% is possible in 1990. That amounts 
to 3.4 million barrels of oil saved. Figure I shows 
plots of barrels of oil burned for all cases studied 
including the base case. 

Diversifying_Fuel Fix 

Just as important as the cost of a fuel is its avail- 
abil i ty - wi~l i t  be a reliable source of fuel in the 
future and will i t  be priced competitively? No matter 
what fuel we are considering - nuclear, coal, oil - no 
one can answer these questions with certainty. 

One thing is certain though: Ul is presently very depen- 
dent on oi l .  This situation will be improved considerably 
when UI'~ committed nuclear entitlements come on line in 
the. mid-lgSO's. Further diversification of UI's fuel 
mix to include coal could be obtained by installing the 
CG/CC system, converting BPH 3 to coal or by completing 
both projects. Moreover, any of these can be accomplished 
at a savings based on the assumptions used in this study. 
Annual load duration curves of year 1992 (low-band) have 
been prepared and the annual percentages of megawatthours 
generated by nuclear, coal and oil have been identified 
for each case including the base case. The plots are 
presented in Figures 2 through 5. Note that the flex- 
i b i l i t y  exists should there be a need to substitute oil 
as a fuel in the combined cycle and also in BPH 3 i f  i t  
is converted to coal. 

U:,::::rtaint~v 

No matter how consistent and thorough an economic eval- 
uation between alternatives is carried out, a degree of 
undertainty always exists because of assumptions used in 
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Summary and Conc]uslons (Cont'd.) 

the analysis. What actually wi l l  be the future cost 
differential between coal and oil? What wi l l  be the 
capital and operating costs of the CG/CC system and 
wil l  i t  be reliable (EFOR}, etc? Because of the in- 
herent uncertainty in these and other study assumptions, 
a variety of sensitivity analyses were performed and are 
presented in Section VI. 

Method of Analysis. 

The calculation to determine whether or not the project is 
economically feasible is performed in two steps. The following 
example is for Case 1 with the CG/CC system. 

First, the annual production cost saving is estimated using 
the production cost simulator (PCS) computer program which 
simulates the operation of our generating units. The production 
cost is calculated for the base case with all generating units 
burning o i l ,  and then again with the CG/CC system installed. 
The annual savings in production cost resulting from the oper- 
ation of the CG/CC system is the difference between the cost with 
all units on oil and the cost with the CG/CC system installed. 

Next, we determine the additional non-fuel expenses incurred as 
a result of installing and operating the CG/CC system. The 
annual fixed charges (income taxes, depreciation, return) assoc- 
iated with the investment for new equipment is determined using 
the economic analysis computer program (ECAN). Increases in 
annual operation and maintenance costs (0 & M), property tax, 
and insurance are added to the annual fixed charges to arrive 
at the total additional charges. The net annual saving (or 
penalty) resu'i~ng from the CG/CC system is the difference 
betueen the p=~,t~sction savin~ and the additional expenses. 

Majpr As sumptioL,s. 

The major assumptions used in this study are listed here. 
They are believed to be conservative so that an economic just i -  
fication of the CG/CC project with them would assure the same 
conclusion under a wide range of predictable future occurrences. 

10.4.1 C~st____ts 

lO.4. l . l  Total project cost based on indicated start- 
up date. 

o Installing CG/CC system for s,.art-up in 
January, 1987. 

}i 
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10.4 Major Assumptions (Cont'd.) 

$127,076,000 
16,716,000 AFC 
15v416.,OOQ Working Capital 

$15g,208,000 Total 

0 Converting BPH 3 to coal with S02 scrubber 
for start-up date in mid-1985. 

$ 97,114,000 
8,766,000 AFC 

31,46B,OOQ Working Capital 
~137,34B,000 Total 

o Converting BPH 3 to coal with a baghouse 
(no scrubber) for start-up in mld-1985. 

I0.4.1.2 

$ 30,470,000 
2,701,000 AFC 

37,299,000 Workin3 Capital 
~70,470,00D Total 

Addition~ variable expanses (by-producz dis- 
posal and r~w material consumption by scrubber) 
resulting from burning coal. (Additional 
expenses for taxes, insurance and 0 & M, etc. 
are presented in Appendix A.) 

o BPH 3 with scrubber - 26.1 per p i l l ion B~u 
in 1980 esc. at 7% per year. 

o BPH 3 without scrubber - I0.2 per million 
Btu in 1980 esc. at 7.55* per year. 

o CG/CC system - I0.2 per million Btu in 198 ( ;  
esc. at 7.5%* per year. . 

*The annual escalation rate used for the variable expenses when BPH 3 is 
burning coal with a baghouse (no scrubber) and for the CG/CC system is 
higher than the rate used when BPH 3 is burning coal with a scrubber be- 
cause in the formwer two situations the items comprising the variable 
eKpenses are more labor intensive and i t  is believed that labor cost wil l  
escalate at a higher rate (8%) than material cost (7%). 
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10.4 Major Assumptions 

10.4.1.3 

(Cotn'd.) 

Low-sulfur coal -- I-I/2% sulfur costing 200¢ 
per million Btu in 1980 and escalated annually 
at 7%. 

10.4.1.4 High-sulfur coal -- 3-I/2% sulfur costing 180¢ 
per million Btu In 1980 and escalated annually 
at 7%. 

I0.4.1.5 

10.4.1.6 

10.4,1.7 

10.4.1.8 

Low-sulfur oil -- 0.5% sulfur costing 459¢ per 
million Btu at the end of 1979 and escalated 
annually at 7%. 

Hlgh-sulfur o11 -- 2.2% sulfur costing $12/bar- 
rel (194¢ MBtu) less than low-sulfur oi l .  

Refuse-derived-fuel -- 20% less expensive than 
oi l .  BPH 1 & 2 burning 60% oil and 40~ RDF. 

Ash disposal cost --  $17.50 per ton* escalated 
annually at 7-I/2% from 1979. 

10.4.2 Financial . 

I0.4.2.1 Cost of Money (Non-Certifiable) 

Amount Rate Cost 

Debt 50% 10.00% 5.00% 
Pref. Stock 15% I0.00% 1.50% 
Comon Stock 35% 15.00% 5.25% 

TTT  

I0.4.2.2 Cost of Money (Certifiable Air and Water 
Pollution) 

Amount Rate Cost 

Debt 50% 7.50% 3.75% 
Pref. Stock 15% I0.00% 1.50% 
Common Stock 35% 15.00% 5.25% 

10o---{ 

*From report by C. E. Magulce for Connecticut State Department of Environ- 
mental Protection, per New Haven Register a r t i c le ,  "New Coal Woe: Disposing 
Ash", Nov. 28, 1979. This cost is consistent with the expenses in Section IV 
(A) 2b and 2c. 

10-8 

) 



( 

10.4 Major Assumptions 

10.4,2.3 

10.4.2.4 

I0.4.2.5 

10,4.2.6 

10.4.2.7 

I0.4.30the___~r 

I0.4.3.1 

I0.4.3.Z 

(Cont'd.) 

State and Federal Taxes: 

Federal income tax rate - 46% 
Investment tax credit rate - I0% 
Connecticut corporation business tax 

rate - I0% 
Credit on state gross earnings tax - 5% of 

investment cost of air and water pollution 
control equipment. 

Local taxes: 

Property tax - Estimated Bridgeport mill rate, 
66.9 applied to all non-certifiable capital 
expenditures after depreciation and equal- 
ization to 60% and 70% respectively. 

Sales tax - 7.5% for all non-certifiable 
investments. 

Depreciation: Boo__kk Ta__x. 

Method Straight Line Sum-of-the-years digits 
Life 30 years 23 years 

Insurance Cost: 

0.1% of investment cost. 

Escalation 

7% per year for capital investments 
8% per year for highly labor-intensive work 

(e.g., 0 & M) 
5 mil ls per year for local property taxes 

Load Growth 

UI low-band forecast (3-I-80 PFEC Report) of 
l.g% (1980-1989) and 1.1% (1989-2004) 

Study Period 

1985 to 2004 

10-9 



10.4 Major Assumptions (Cont'd.) 

I0.4.3.3 Design Coal 

Avg. Heat Value 12,500 Btu/Ib, Ash I0%, 
Low Sulfur I-I/2%, High Sulfur 3-I/2% 

I0,4.3.4 Unit data 

o Coal Gaslfication/Combined Cycle System 

The CG/CC system is not allowed to come off 
line except for scheduled overhauls (must- 
run unit) 

Net capacity - 165.5 MW 

Minim,m load conditions - 912 MBtu/hr @ 
76 MW 

Block bize Heat Rate 

Block l 76.0 MW @ 7.80 MBtu/MWH 
Block 2 13.5 MW @I0.51MBtu/MWH 

EFOR 20% 

Overhaul schedule cycle - 6 weeks, 4 weeks, 
4 weeks, 4 weeks, etc. 

o BPH 3 burning coal with a S02 scrubber 

When burning coal, BPH 3 is not allowed to 
come off line except for scheduled overhauls 
(must-run uni'1. 

Net capacity - 384.7 MW 

Minimum load conditions - llO0 MBtu/hr @ 
86 MW 

Block Size Heat Rate 

Block 1 58.0 MW 
Block 2 76.6 MW 
Block 3 75.0 MW 
Block 4 93.1MW 

@ 8.23 MBtu/MWH 
@ 8.68 MBtu/MWH 
@ 9.33 MBtu/MWH 
@ 9.B8 MBtu/MWH 

EFOR 27.5% (year I) 
23.5~ lyear 2) 
21.5~ {years 3 and beyond) 

Overhaul schedule cyc le-  6 weeks, 4 weeks, 
4 weeks, 4 weeks, etc. 
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10.4 MaJoEAssumption s (Cont'd.) 

o BPH 3 burning coal with a baghouse (no 
scrubber) 

When burning coal, BPH 3 is not allowed to 
come off line except for scheduled over- 
hauls (must-run unit) 

Net capacity - 388 MW 

Minimum 'load conditions - lOg5 MBtu/hr @ 
89.5 MW 

Block Size Heat Rate 

Block I 56.5 MW @ 8.23 MBtu/MWH 
Block 2 73.9 MW @ 8.80 MBtu/MWH 
Block 3 75.0 MW @ 9.33 MBtu/MWH 
Block 4 93.1MW @ 9.8B MBtu/MWH 

EFOR 22.5% (year I) 
18.5% (year 2) 
16.5% (.year 3 and beyond) 

Overhaul schedule cycle - 6 weeks, 4 weeks, 
4 weeks, 4 weeks, etc. 

I0.4.3.5 U! Nuclear Entitlements 

The nuclear units must run at full load and are 
not allowed to come off  line except for scheduled 
overhauls. CTF estimates of effective forced 
outage rates are used for new nuclear units and 
the fuel budget estimate of EFOR is used for 
Connecticut Yankee. 

Overhaul schedule cycle - 9 weeks, 8 weeks, 
9 weeks, 8 weeks, etc. 

Un!.___~t MW Comm. Operation. Date 

Seabrook 1 189.8 (16.5%) June, 1984 
Seabrook 2 189.8 (16.5%) April, 1986 
Millstone 3 42.4 May, 1986 
Pilgrim 2 37.9 June, 1987 

10.4.3.6 Forced Outages of Generating Units 

Forced outages of generating units are simulated by 
derating the unit using its estimated effective 
forced outage rate. 
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I0.5 Other Considerations 

10,5.1 Justification of CG/CC System 

For low-band load growth, at least for ~he near term, 
the installation of the CG/CC system wil l  have to be 
Justified on fuel bused economic considerations only. 
Additional capacity is not required until the year 2016 
(Ig90 for high-band load growth). 

Case 2 (BPH 3 converted to coal) is the most econom,c 
alternative. IF BPH 3 is converted to coal in mid-lg85, 
the installation of the CG/CC system (Case 3) cannot be 
economically just i f ied until sometime after 1998 based 
on low-band load growth. I f  for some reason i t  is not 
feasible to convert BPH 3 to coal, then the installation 
of the CG/CC system (Case I) is marginally ~conomic in 
January, 1987 which is the earliest date the CG/CC system 
is assumed to be ready for s~rvice. 

I 0 .5 .2  .Capacity Fac.tor 

Scheduled and unscheduled outages l imi t  the maximum 
obtainable capacity factor (MOCF) of UI's two largest 
generating units (NHHBRI and BPH 3) and the CG/CC 
system to the following: :," 

Unit MOCF 

NHHBRI 82% 
BPH 3 (On LS-Oil) 81% 
BPH 3 (On HS-Coal with a scrubber 72% 
CG/CC 74% 

How close a unit comes to operating at i ts MDCF depends 
on a number of factors, namely: expense for operating 
the unlt (efficiency and fuel cost), load demand and 
unit constraints (minimum ]oad, minimum run and down 
times). None of these units reaches its MOCF, although 
the CG/CC system comes very close in i ts in i t ia l  year 
of operation. All units operate at their highest capa- 
city factor of the study at the very beginning. The 
capacity of factors of these fossil units then drop 
because of the considerable amount of nuclear base load 
capacity coming on line and maturing in the mid-1980's. 
Over the remainder of the study period the capacity 
factors of the fossil units increase gradually because 
of low-load growth. 
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10.5 Other Considerations (Cont'd.) 

10.5.3 Capacity Gains and .Losses 

More savings can be realized b.v converting BPH to coal 
(Case 2) than by install ing the CG/CC system (Case l) .  
The cost of the two projects are essentially equal but 
more coal fired capacity is gained by converting BPH 3 
to coal so more coal can be burned to displace more oil .  
There is, however, a gain in capacity of lOl.8 MW with 
the installation of the CG/CC system and a loss of 
I f .3 MW i f  BPH is converted to coal with a scrubber. 
Neither of these capacity changes are reflected as 
capacity costs or credits in the study results. 

10.5.4 Capacity Sales 

In addition to obtaining coal-fired capacity, the option 
of selling excess capacity is open to UI for reducing 
operating expenses. The following table l ists the excess 
capacity that wil l  exist in 1990 based on low-band growth 
for each of the cases: 

Table 3 
Excess Capacity in IggO 
(low-Band Load Growth) 

Megawatts 

Capacity Responsibility Capacity Excess 

Base Case 1340.7 1759.24 41B.54 
Case 1 1340.7 1861.04 520.34 
Case 2 1340.7 1747.94 407.24 
Case 3 1340.7 1849.74 509.04 

Approximately 400 MW's of excess capacity exist in the 
cases that do not contain CG/CC system and an additional 
lO0 MW's (approx.) of excess capacity are available for 
sale i f  the CG/CC system is installed (Cases l and 3). 

A detailed market analysis for this excess capacity was 
not made. However, i t  does appear from the 1980 "New 
England Load and Capacity Report" that more pool capacity 
wil l  be needed in 1992/3 or 1993/4. This could occur a 
year earlies i f  Pilgrim 2 is not built. 
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10.6 

The results of the economic evaluation of each case are pre- 
sented graphically as potential savings (or penalties). All 
dollars are actual and are plotted on a cumulative basis where 
either accrued penalties are subtracted or accrued savings 
are added to the previous year's total costs to give an indi- 
cation of when breakeven occurs. A variety of sensitivity studies 
of Case I were performed because of the uncertainity of the 
estimated costs used in the study. Total annual revenue require- 
ments for each case analyzed are shown on the computer summary 
output sheets contained in Appendix A. 

I0.6.1 Coal~Fired Capacity Options 

As described in the introduction three options are 
studied for obtaining coal-fired capacity. They are 
Case l ,  installing the CG/CC system; Case 2, convert- 
ing BPH 3 to coal and Case 3, completing both projects. 

The cumulative savings (or penalties) for each of these 
cases are shown in Figure 6. The results are based on 
compliance with present S02 emission llmit~ (low-sulfur 
oli scenario). From the in i t ia l  year of operation, 
savings occur in a11 three cases. However, the savings 
realized in Case I (installation of CG/CC system only) 
are substantially lower than the savings for Cases 2 
and 3. For example, in 1992 the cumulative saving for 
Case I (approx. $30 mil l ion). is about I0% of the saving 
of Case 2 (approx. $330 mllllon) or CAse 3 (approx. $280 
mill ion). I t  is important to note when comparing these 
cases that the capital cost for installing the CG/CC 
system is approximately equal to the cost of converting 
BPH 3 to coal with a scrubber. 

The cumulative savings of Cases 2 and 3 for the entire 
study period are essentially equal. However, since the 
in i t ia l  investment cost for Case 3 is about twice that 
of Case 2, the return on in i t ia l  investment for Case 2 
would be much higher. 

Throughout ~ost of the study period the cumulative saving 
in Case 2 (converting BPH 3 to coal) is greater than in 
Case 3 (both projects). In the very last year of the 
study period the cumulative savings i,~ Case 3 surpasses 
Case 2. This occurs because the load has increased to the 
point where the savings produced by the operation of BPH 3 
on coal and the CG/CC system balance the added expenses of 
both projects. 

.l 
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I0,6 Analysis (Cont'd.) 

A second analysis of Cases l ,  2and 3 was performed to 
determine how the results would be affected i f  State 
regulations were relaxed to allow burning high-sulfur 
fuels. The following cases were analyzed; 

Hi~h-Sulfur-Oil~Scenarlo 

Base Case - No CG/CC, all Fossil Units on HS-OII. 
Case I - CG/CC on Ha-Coal with baghouse (no scrubber}, 

all other Fossil Units on HS-Oil. 
Case 2 - No CG/CC, BPH 3 on LS-Coal with baghouse (no 

scrubber), all other Foss11 Units on HS-Oil. 
Case 3 - CG/CC on HS-Coal, BPH 3 on LS-Coal with bag- 

house (no scrubber}, all other Fossil Units 
on HS-Oil. 

The cumulative savings for each case for the high-sulfur- 
oil-scenario are shown in Figure 7. The results of the 
evaluation based on the high-sulfur-oil scenario further 
substantiates our earlies conclusion in Section I I ,  that 
installing the CG/CC system (Case l} is only marginally 
economic. With the high-sulfur-bil scenario, penalties 
occur in the f i r s t  seven years of operation of CG/CC 
system. I t  is not until the fourteenth year (2000) that 
a saving is realized on a cumulative basis. When BPH 3 
is converted to coal without a scrubber (Case 2}, substan- 
t ia l  savings occur throughout the study period. 

I0.6.2 Fuel Price Sensitivity 

The low-sulfur (LS) oil prices used in the study are 
based on information from the UI Planning Coordinating 
Committee. They conservatively project that the price 
of LS-Oil wi l l  escalate at the general rate of inflation 
(7% per year}. The price o. high-sulfur (HS) oil is 
assumed to remain at $12 per barrel below the cost of LS- 
Oil for each year of the study. This is the price 
differential that existed between LS and HS-Oil in May, 1980. 
Prices of LS and HS-Coal were chosen based on a review of 
recent industrial publications. 

Because of the uncertainty of future fuel prices, an 
analysis of Case l (installing the CG/CC system} was made 
assuming a constant price differential between oil and 
coal of 279¢ per million Btu (see Figure 8). This is the 
price differential between LS-Oil and HS-Co~I before 
escalation that was used in this study. 

I0-15 
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10.6 Analysis (Cont'd.) 

A penalty resulted. By 1995 the cumulative increase in 
cost above the base case (all fossil units on LS-Oil) 
amounted to $225 mi111on. The annual penalty resulting 
from the CG/CC system increases with time because the 
additional expenses associated with operating the CG/CC 
system are escalated at the same time the difference in 
price between coal and oil is kept constnat. The 
assumption of constant price differential between oil 
and coal implies that the real price of coal is getting 
closer to the real price of oi l .  

Fuel prices used in this study are plotted in Figure 9 
for reference. 

10.6.3 Cost of Money Sensitivity 

The plots in Figure I0 show how the study results are 
affected by changes in the assumptions of cost of money. 
The orlginal cost of money assumptions used in the study 
are as follows= 

Cost of Money (Non-Certifiable) 

Amount Rate Cost 

Debt 50% I0.00% 5.00% 
Pref. Stock 15% 10.00% 1.50% 
Commu~ Stock 35% 15.00% 5.25% 

Cost of Money (Certifiable Air and Water Pollution) 

Amount Rate Cost 

Debt 50% 7.50% 3.75% 
Pref. Stock 15% 10.00% 1.50% 
Common Stock 35~ 15.00% 5.25% 

100% I-6:.50% 

When the capital structure is changed to 46% debt, 15% 
preferred stock and 38% common stock, the cost of money 
increases to II.9% for non-certlfiable investments and 
I0.75% for certif iable investments. This change of 
capital structure reduces the savings only sl ightly in 
Case l (installing the CG/CC system). 
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10.6 Analysis (Cont'd.) 

Another analysis of Case l was made with the original 
capital structure but with higher rates of 12% for 
debt (g% for certif iable investments), 12% for preferred 
stock and 16% for common stock. The higher rates increase 
the cost of money to 13.4% for non-certiflable invest- 
ments and 11,9% for certif iable investments. The total 
savings for Case l are reduced even more in the change of 
rate sensitivity analysis. Although penalties result in 
the f i rs t  year of operation of the CG/CC system for the 
change of capital structure analysis and in the f i rs t  two 
years of operation for the change of rate analysis, the 
effects of the changes in assumptions of cost of money 
used in this study are much less significant than the 
effects of the other sensitivity studies made in this 
report. 

I0.6.4 Capita] . and.O&M Sensitivity - 

The effects of changes in capital and O&M estimates on 
the study results are shown by the plots in Figure I f .  
Both the capital cost and the in i t ia l  O&H expenses of 
the CG/CC system were increased by 25%. These increases 
are e,lough to cause the saving in the in i t ia l  year of 
operation of the CG/CC system in Case l to become a 
penalty. I t  is not until 1995 that a saving wil l  be 
realized on a cumulative basis. 

I0.6.5 Effective Forced.Outage Rate Sensitivity 

Increasing the EFOR of the CG/CC system from 20% to 40% 
(see Figure 12} has a similar affect on the economics of 
the CG/CC system as increasing capital and O&M costs by 
25%. The penalty for the higher EFOR in the early years 
of the study is lower chart the penalty resulting from the 
25% increase in capital and O&M costs but its negative 
effect on economics soon surpasses that of the increase 
of capital on O&M costs. 

I0.6.6 Load Management 

A brief analysis is presented here to show what efYects 
load management would have on the study results. The 
analysis and assumptions are the same as for the "Coal- 
Fired Capacity Options" (Figure 6) except that the daily 
loads are flattened by 25% for all cases including the 
base case. Expenses and capital charges to accomplish 
load flattening are not included. Plots of cumulative 
savings (or penalties) for Casbs l ,  2 and 3 with load 
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10.6 Analysis (Cont'd.) 

flattening are shown in Figure 13. Note that the 
cumulative saving in Case 3 surpasses the saving in 
Case 2 in the year 2000. Without load flattening 
the cumulative saving in Case 3 surpasses the saving 
in Case 2 in the year 2004. 

.) 

.) 
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I0.9 Addendum 1 - Economic Ana lys is  

IO.9.1 Intr,o,duction ' 

This addendum contains the results of an additional 
study of the economic feasibi l i ty of repowering Units 
9 and II at Steel Point Station with a coal gasifi- 
cation/combined cycle (CG/CC) system. The intent of 
this additional work Is to determine i f  less conservative, 
but s t i l l  realist ic assumptions would make the instal l -  
ation of the CG/CC system economically attractive. 

The conclusions in the original report are based on the 
following key assumptions: 

Low-Band Load Grov~th 
Coal and Oil Prices Escalate Annually @ 7% 
EFOR of CG/CC - 20% and 40% 

The assumptions of low-band load growth and 7% escalation 
of oil price are conservative. With them, the CG/CC 
system is only marginally economic at best when the EFOR 
of the CG/CC system is optimistically assumed to be 20%. 
When the EFOR is changed to 40% or when i t  is assumed that 
BPH 3 is converted to coal then install ing the CG/CC sys- 
tem becomes uneconomic. 

In the analysis presented in this addendum, the key 
assumptions are changed to the following: 

Servable Load Growth (2.3~ per year) 
Coa~ and Oil Prices Escalate annually @ 7% and 9% respec- 

t ively 
EFOR Schedule for CG/CC System: 

Year EFO___RR 

1 64.5% 
2 4.3.0% 
3 36.6% 
4 28.0% 
5 20.0% 
6 & Beyond 21.5% 

The new assumptions of servable load growth and 9% 
escalation of oil price make the installation of the 
CG/CC system more attractive. Unlike the original report, 
in which a single value of the EFOR of the CG/CC system 
was assumed for the entire study period, in this addendum 
a schedule is used. The EFOR schedule was chosen to model 

j , ,  
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I0.9 Addendum l - Economic Analysis (ContOd.) 

the expected decrease in unscheduled outages as the 
CG/CC system matures. The schedule is based on the 
GTF "immature multipliers" for coal-fired steam gener- 
ating units, the new treatment of the CG/CC system 
appear less attractive than when i t  was assumed to be 
20% in the original report and more attractive than when 
i t  was assumed to be 40%. 

The same cases studied in the original report are 
analyzed in this addendum except that specific key 
assumptions are changed in each sensit ivity study. ~hese 
cases are defined as follows. For reasons mentioned in 
Section l l I ,  only Cases 2 and 3 are analyzed in detail. 

Low-Sulfur-Oil~Scenario 

Base Case - No CG/CC, al l  Fossil Units on Low-Sulfur 
(LS) Oil. 

Case I - CG/CC on High-Sulfur (HS) Coal, al l  other 
Fossil Units on LS-Oil. 

Case 2 - No CG/CC, BPH 3 on HS-Coal with Scrubber, al l  
other Fossil Units on LS-Oil. 

Case 3 - CG/CC On HS-Coal, BPH 3 on HS-Coal with 
Scrubber; al l  other Fossil Units on LS-Oil. 

The following three sensit ivity studies are analyzed. 
All assumptions are the same as those used in the original 
report unless stated otherwise. 

SensitivityStudy A 

o Low-Band Load Growth (l.g% per year 1985-1989, l.l% 
19B9-2004) 

o LS-Oil Esc. @ 9%, HS-Coal Esc. @ 7% 

o EFOR of CG/CC - Schedule 

Sensltlvlty Study B 

o Servable Load Growth (2.3¢ per year) 

o LS-Oi] Esc.@ 9%, HS-Coal Esc.@ 7~ 

o EFOR of CG/CC - Schedule 
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10.9 Addendum 1 - Economic Analysts  (Con t ' d . )  

SensitiVit] Study C 

o Low-Band Load Growth (1.9% per year 1985-1989, 
l.l% 1989-2004) 

o LS-Oil Esc. @ 7%, HS-Coal Esc. @ 7% 

o EFOR of CG/CC - Schedule 

10.9.2 Sun~nar~ and Conclusi.ons 

10.9.2.1 Economic Feaslbi l l ty 

An important conclusion made in the original 
report is that converting BPH 3 to coal is much 
more attractive economically than installing 
the CG/CC system. For this reason the conclus- 
ions in this addendum regarding the economic 
feasibil ity of installing the CG/CC system is 
based on the assumption that BPH 3 is converted 
to coal (Case 2) in mid-1985. 

With the less conservative, but s t i l l  realistic 
assumptions of servable load growth and 9% oil 
price escalation, installation of the CG/CC 
system in 1987 is not economically attractive. 
Sensitivity Study B contains both of these 
assumptions and with them, penalities occur 
during the early years of operation of the 
CG/CC system. ~ net cumulative savings does 
not occur until ~fter nine years of operation. 

The results of the economic analysis for all 
cases and sensitivity studies analyzed in the 
original report and in this addendum are summar- 
ized and are presented in bar chart form in 
Figure I. l'he results constitute 2D-year 
(1985-2004) total costs for production and the 
additional costs pertaining to BPH 3 on coal and 
the CG/CC system where appropriate. 

I0.g.2.2 Reduced Oil Dependency 

Aside from any economic benefit that the CG/CC 
system may or may not offer, i t  can help to 
achieve the important national goal of energy 
independence by reducing UI's consumption of 
imported oi l .  
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10.9 Addendum l - Economic Ana.lYsis (Cont'd.) 

Oil savings resulting from installing the 
CG/CC system, when dispatched against UI 
load, average approximately 800 thousand 
barrels per year for low-band load growth 
and I million barrels per year for servable 
load growth. These 0ii savings are in 
addition to the savings that can be achieved 
by converting BPH 3 to coal. 

On a New England dispatch, the CG/CC system 
may operate at a higher annual capacity 
factor and thus may displace in excess of 
1.6 million barrels of oil annually. 

10.9.3 Analysis 

As determined in the original study the economics for 
converting BPH 3 to coal (Case 2) are extremely attrac- 
tive and coupled with the benefits of reduced oil 
dependency and diversifying UI's present fuel mix, i t  is 
a very appealing project for UI. From an economic stand- 
point i t  is much more attractive than installing the 
CG/CC system. For these reasons i t  is assumed that BPH 3 
is converted to coal in mid-1985 and all savings (or 
penalties) from the CG/CC system are calculated relative 
to Case 2 (BPH 3 on HS-Coal) and not the base case with 
all fossil units burning LS-Oil. 

I0.9.3.1 Cost Savings 

Figure 2 shows the cumulative savings (or 
penalties) that occur i f  the CG/CC system is 
installed (Case 3) for each of the sensitivity 
studies (A, B and C) and for the assumptions 
used in the original study. The original 
study is similar to Sensitivity Study C. The 
only difference is that in the original study 
the EFOR of the CG/CC system is 20% and in 
Sensitivity Study C the EFOR schedule is used. 

Penalties relative to Case 2 (BPH 3 on HS-Coal) 
occur in the in i t ia l  years of operation of the 
CG/CC system for all studies made. A cumulative 
savings does occur at the end of the study per- 
iod (2004) for all studies except Sensitivity 
Study C (see Table I). 
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I0.9 Addendum l - Economic Analysis (Cont'd.) 

Steel Point 
Coal Gasificatlon/Combined Cycle Study 

Addendum l 

Table l 

Total Savings* For CG/CC System 
From 1987 to 2004 
{Case 2 - Case 3) 

Percent of Total 
Savings Production Cost 

Study (Millions of Dollars) of Case 2 

Original 21 0.3 

Sensitivity A 418 5.1 

Sensitivity B 705 6.4 

Sensitivity C - 31 0.5 

*Annual savings are relative to Case 2 (BPH 3 on HS-Coal with Scrubber). 

I0-26 

1 

I I 



1 
l o . g  Addendum 1 - Economic A n a l y s i s  (Cont'd.) 

The cumulative savings for the original study 
occurs only at the very end of the study per- 
iod and i t  is relatively small. In fact, 
within the accuracy of the analysis i t  is 
considered a breakeven proposition. More 
importantly, throughout most of the study 
period a new pena]ty exists. In Sensitivity 
Studies A and B the cumulative savings at the 
end of the study period are relatively large. 
They amount to 5.1% and 6.4%, respectively, 
of the cumulative production cost of Case 2 
(BPH 3 on HS-Coal). A serious concern, how- 
ever, is that a net penalty results during 
approximately the f i rs t  9 years of operation 
of the CG/CC system in both Sensitivity 
Studies A and B. The savings occur in the 
later years of the study when the uncertainty 
in the study assumptions is the greatest. 

I t  is clear that the higher escalation of oil 
price and the higher load growth do not improve 
the economics to the point where an instal l-  
ation of the CG/CC system is just i f ied in 1987. 

The cumulative annual savings (Case 2 - Case 3) 
for all of the sensitivity studies and the 
original study are shown again in Figure 3 
except this time the fixed charges (return, 
depreciation and income taxes) for financing 
the CG/CC system are not included. The expenses 
of property tax, insurance and 0 & M assoc- 
iated with the CG/CC system are accounted for 
in the savings. This presentation shows the 
potential savings available for attracting 
capital to finance the installation of the CG/CC 
system. Table 2 contains a l i s t  of the annua] 
savino~ for each year of the study period (fixed 
charges not included) for each of the sensitivity 
studies and the original study. 

( 
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Coal 

Steel Point 
Gasification/Combined Cycle Study 

Addendum 1 

Table 2 

Annual Savings* Excludln 9 Fixed Charges for CG/CC System 
(Case 2 - Case 3) ' 

Thousands of Dollars 

Original Sensit.iv.!.ty stu.dies ' 
Yea____~r Study A B C 

1 9 8 5  . . . .  
1 9 8 6  . . . .  
1987 17,951 882 2,177 (661) 
1988 20,754 15,290 16,288 II,365 
1989 20,560 17,600 18,073 12,359 
1990 21,690 26,822 23,164 18,877 
1991 15,932 21,543 22,589 13,585 
1992 18,303 29,390 24,316 18,022 
1993 22,578 35,324 30,698 21,613 
1994 21,386 36,630 38,504 20,108 
1995 18,617 34,801 44,419 17,891 
1996 17,695 35,620 48,972 16,720 
1997 20,316 43,059 65,538 ]9,997 
1998 28,522 55,974 73,370 26,424 
1999 24,588 54,384 84,251 23,412 
2000 25,720 60,936 97,968 25,469 
2001 34,016 77,003 I14,885 32,863 
2002 42,779 97,191 130,628 42,050 
2003 43,772 I04,766 146,517 43,418 
2004 42,518 I07,401 158~657 41~397 

Total 457,697 854,516 1,141,014 404,909 

"Annual savings are relative to Case 2 (BPH 3 on HS-Coal) and fixed 
charges (return, depreciation ~d income taxes) for financing the 
CG/CC system are not included. Property tax, insurance and 0 & M 
expenses associated with the CG/CC system are included. 
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10.9.3.2 Oil Savings 

Perhaps the most important reason for consider- 
ing the CG/CC system is to reduce UI's heavy 
dependence on imported o i l .  

Figure 4 shows plots of barrels of oll burned 
for all cases analyzed based on the assumptions 
of Sensitivity Study B. The barrels of oii 
burned reflect those that would be burned by 
UI for own load operation. A portion of the 
electr ici ty required would be generated by 
other u t i l i t ies  in the form of outage service 
(scheduled and unscheduled). Most l ikely 
this electricity would be generated with o i l -  
fired capacity. 

An estimate of the total barrels of oll burned 
to meet UI's load is---shOwn in Figure 5. These 
quanti~ies were determined using a conversion 
factor of 1.618 barrels of oil per megawatthour 
to convert the outage service generated elec- 
t r i c i t y  to barrels of oi l burned. 

I t  is easy to determine from Figure 5 that the 
CG/CC system saves approximately l million 
barrels of oil per year in addition to the 
approximately 3 million barrels of oll already 
saved by converting BPH 3 to coal. These oil 
savings estimates are for servable load growth. 
Oil savings estimates for low-band load growth 
can be determined from Figure l in the original 
report. However, note that the barrels of oil 
indicated on this plot do not include those 
burned as a result of outage service, and that 
the oil saved by the CG/CC system in the early 
years of the original study is overly optimistic 
since an EFOR schedule was not used to reflect 
unit immaturity. 

j 
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I I .0  REGULATORY ENVIRONMENT 

No permit requirement has been found which would rule out the project. 
Also, contacts with environmental regulatory agency personnel (in 
which we avoided reference to the specific project and client) found 
no attitude or evolving policy which would'prevent the project. 

The main areas of concern are: 

a) the air pollution PSD review process; and 

b) disposal of solid wastes from the gasification system. 

The PSD review may be affected by: 

a) The I/Sl approval of Connecticut's revised State Implemention 
Plan; and 

b) The conversion of Bridgeport Harbor Station's Unit #3 to coal, 
this reducing the available PSD increment. 

Solid waste disposal wil l  be affected by: 

a) The lack of local disposal sites; 

b) The technology needed to make ash disposal environmentally 
acceptable. 
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12.0 GOVERNMENT IMPACT 

Government agencies and administrative bodies at the federal and lowe." 
levels can do a great deal to improve the economics and encourage the 
use of low Btu gas in industry. This can be accomplished by the intro- 
duction of new laws and regulations and more importantly by modification 
or elimination of existing laws and regulations. 

At the federal level, some of the actions possible are as follows: 

Create a free market in competitive fuels. Art i f ical ly 
low prices for petroleum products and natural gas tend 
to discourage the use of low Btu gas. As a side effect, 
they also discourage domestic exploration for gas and oi l .  

Restrict imports of oii and natural gas. This action is 
highly desirable in order to reduce our dependence on foreign, 
and possibly unstable, supply sources. A reduction in 
availability of these supplies will create a demand for 
alternate fuels. 

I Create a mechanism to guard against precipitous price 
drops of foreign fuels. Potential investors in synthetic 
fuels plants are apprehensive about the fact that foreign 
oil and gas exporters can reduce their prices substantially 
and s t i l l  make a good profit. This could be used as a 
weapon to destroy competition. 

Pass legislation to ease the installation of coal slurry 
pipelines. This will tend to increase competition among 
coal transporters and keep shipping costs low. 

Restrict the use of natural gas and petroleum products. 
While there are already laws purporting to do this, many 
exceptions exist, and the federal government is even 
encouragin3 increased use of natural gas in some areas. 

Provide economic incentives and reduce financial risk. 
Many mechanisms are already in place to achieve these 
goals. These include tax writeoffs, guaranteed purchase 
contracts, grants, loan guarantees and others. I t  remains 
for the government to implement them or make them more 
easily available. 

At state and local levels, some of the helpful actions possible are as 
follows: 

e Keep coal severance taxes at a reasonably low level. 
Some states have set severance taxes at levels high 
enough to make coal prices almost non-competitive with 
other fuels. 
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12.0 GOVERNMENT IMPACT (Cont'd.) 

• Reduce restrictions on land f i l l  or ash disposal sites. 
Some states and localit ies restrict siting and transpor- 
tation to the extent that i t  is nearly impossible to 
dispose of coal ash. 

• Amend regulations, in the case of u t i l i t ies ,  to permit 
easier and quicker recovery of development and construction 
costs related to synthetic fuels. 

Other actions which can be taken at either the federal level or lower 
levels may "Include the following: 

Revise environmental laws and regulations to eliminate 
unnecessary controls and restrictions. Many environmental 
regulations are based on reduction of pollutants to the 
maximum extent practicable, even i f  the pollutant is not 
definitely known to be harmful to humans, or i f  the lower 
harmful limits are not established. Also the definition 
of what is "practicable" often is not clear. A warning 
t;,at health risks may exist should be adequate rather than 
the imposition of high cost cleanup systems which may not 
be necessary. Also the owner of the fac i l i ty  should 
not be exposed to the possibil ity of retroactive laws or 
expensive changes to existing installations unless health 
hazards are clearly established. 

Streamline permitting and approval procedures. Existing 
procedures can result in delays of plant construction for 
years. Participation in hearings should be limited and 
possibil it ies of nuisance l i t igat ion should be eliminated. 
Time required for action by governing bodies on approvals 
or permits should be limited and the limitations adhered to. 

Eliminate unnecessary record keeping and reporting require- 
ments. Several recent studies indicate that industry's 
costs for maintaining government required records and pro- 
ducing reports are extremely high. Government agency costs 
for reviewing the reports and administration of the program 
are also high. The necessity for many of these should be 
evaluated and the requirements eliminated to help industry 
reduce its cost. 

In summary, i t  is clear that government bodies can do much to reduce 
costs and eliminate risks for industries which could produce or 
ut i l ize synthetic fuels such as low Btu gas. 
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13.0 

13.1 

MANAGEMENT REVIEW 

COMMERCIAL READINESS AND FUTURE DEVELOPMENTS 

Introduction 

An integrated coal gasification combined cycle system (GCC) is a 
developing te,:,nology. I t  is a technology which requires no 
foreseeable ex~enslon of existing engineering know-how or theory 
for implementation and yet has not been demonstrated as an integrated 
system. 

The key word here is integrated. Coal gasification systems have been 
and are being successfully operated at capacities well beyond that 
required for this system. Combined cycle systems have of course been 
well proven with the combustion turbines fired on conventional fuels. 

All of the basic bulldlng blocks required to build a coal gasification 
combined cycle system have been successfully demonstrated in 
commercial operation. An integrated, operating GCC plant, according 
to the selected design, however, does not exist. 

To completely and unarguably demonstrate commercial readiness requires 
an identical operating plant with a long and highly successful history. 
This Is not the case wlth a coal gasification combined cycle system. 
The overall system, therefore, may not be considered completely 
commercialized. 

General 

As the system has not been operated on an integrated basis, an in i t ia l  
design objective is to use as much proven technology as possible and 
to keep the system vis-a-vis integration as simple or manageable as 
possible. This then minimizes the step from individually proven, 
commercially available processes to an integrated plant. 

That this may be successfully accompllshed without inordinate 
efficiency penalties is shown b~, the results of this study. Subsequent 
studies by EPRI indicate that this may have bee~ expected, and that a 
wide variation in plant configuration and design parameters results in 
a narrow range of overall system efficiencies. This is particularly 
important in the present case which, as a repowering application, fixes 
many parameters normally considered as modifiable. 

~ additional advantage provided by less interdependence between 
systems and components is the possibility of staged implementation. 
This may be important In a rep~er~ng case where e~isting operations 
must be affected as l i t t l e  as possible. 
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13.1 COMMERCIAL READINESS AND FUTURE DEVELOPMENTS (Cont'd.) 

The system is basically a conventional combined cycle system, i .e . ,  
a combustion turbine with a heat recovery steam generator and 
condensing turbine/generator bottoming cycle augmented by additional 
steam from the gasification system. As such, the system incorporates 
a maximum of commercially available equipment and controls. 

Other systems have been proposed for the design of integrated GCC 
plants which donor employ condensing turbines. These cycles are 
conceptual and like the proposed cycle exist on paper only. Most, 
however, have an additional drawback. Unlike the proposed design, 
the power generating portion of the cycle has not been commercially 
demonstrated. In addition, the design of these alternate cycles 
depends heavily on advanced hardware development to obtain efficiencies 
competitive with the standard condensing cycle. 

The major thrust for development of the alternate cycles is not 
projected efficiency increase, but is reduced capital costs. The 
capital costs eliminated are those associated with the condensing 
turbine/generator portion of the cycle. As the condensing turbine/ 
generators are existing for this study, i t  is d i f f icul t  to reduce 
capital costs by not employing them in the cycle. 

In a repowering case such as the Steel Point Station, therefore, the 
combined cycle/condenslng turbine design is preferred in relation to 
commercial readiness, with l i t t l e  chance of significant efficiency 
penalties. 

Other repowering cycle configurations are possible and given other 
plant sites perhaps even desirable. For the Steel Point Station, 
however, the steam condition and size of the existing turbines set 
the basic system configuration and parameters. 

System Design Parameters 

A discussion of GCC system parameters can be very misleading as there 
is a high degree of interdependence between the variables. Trends 
are reasonably clear although di f f icul t  to quantify. As much of the 
discussion involves efficiency, i t  is important at this time to 
emphasize that an increase in efficiency is not necessarily related 
either to a lower cost of electricity or to increased rel iabi l i ty.  

Improvements in efficiency available with reheat, and higher pressure 
and temperature steam conditions, have been estimated between 1.5 
and 3.0%. For reference, these improvements are for systems that 
changed from 800 psia/8OO°F to 2400 psia/lOOO°F/lOOO°F and 1800 psia/ 
850°F to 2400 psla/lOOO°F/lOOO°F respectively. Although significant, 
i t  is not fel t  that these changes would counter-balance the economic 
advantage of employing the existing turblne/generator system. 
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hlother major design parameter that could impact on the design of 
the Steel Point Station system is the gasifier pressure, By raising 
gasifier pressure to 600 to 1200 psi an expander power recovery 
system is possible. Such a system has been estimated to add 0.5 to 
1.5% in efficiency for oxygen blown Rystems. In those systems the 
expander can be conveniently employed for driving the oxygen plant 
air compressor. In an air blown system this is, of course, not 
possible. Although power could be generated in an air blown system, 
the improvement in efficiency may not be comparable with that in an 
oxygen blown'system. 

The addition of an expander system is questionable at this time. The 
use of an expander has not been demonstrated in this service, and the 
expander i tse l f  is not available. In addition, the system becomes 
more complex and inter-related, thereby increasing the problems of 
integration and the departure from a commercially available system. 

Note that there is no indication that an oxygen blown system has an 
advantage in GCC systems. Most studies in fact indicate either equal 
efficiencies or an advantage for the air  blown systems. 

The efficiency increases associated with changed steam conditions when 
combined with those associated with an expander do not result in a 
range of 2 to 4.5% but rather a range of from 3 to 3.5%. This is an 
indication of the problem of attempting a parametric study with highly 
interdependent parameters. 

Gas turbine inlet temperature is a significant variable and wil l  be 
discussed below in context of the equipment. Other system parameters 
also have an affect on the design, however, these parameters do not 
affect the basic system configuration or equipment selection to the 
extent of those mentioned above. 

Hypothetically i t  is possible to design a GCC system with reheat, 
lO00°F steam temperature, 1200 psi gasifier pressure, and a hot gas 
expander. Such a plant could theoretically have an 8 to I0% better 
heat rate than the Steel Point Station repowering. However, with no 
existing equipment, development required for major hardware, and 
more time required for development and construction, this hypothetical 
plant would not necessarily produce a lower cost of electr ici ty than 
the Steel Point Station repowering. This hypothetical plant would 
require using the most extreme design conditions and advanced equipment 
available at this time. 

A moderate design basis is more l ikely to be employed, even in the 
design of a grass roots case where there are no restraints due to 
existing equipment. The heat rate reasonably expected for a more 
moderate system would be estimated in the range of 4 to 6% improvement. 
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13.1 COMMERCIAL READINESS AND FUTURE DEVELOPMENTS (Cont'd.) 

One future development which might effect the competitive position 
of the Steel Point Station design is the development of a hot gas 
desulfurization system. Hot gas desulfurization systems, however, 
are s t i l l  very developmental and the improvement in cycle efficiency 
is not well determined. For some systems such as a Lurgi dry ash 
system the impact could be very significant. For the Westinghouse 
gasifier used in the Steel Point Station design, however, the 
improvement in efficiency is expected to be much lower. In addition 
the implementation of these systems may be hindered by requirements 
for ammonia removal, alkali metals removal, very efficient particulate 
removal, etc. 

Equipment 

The gasifier is a good example of the problem of balancing current 
technology against obs~escence. Lurgi dry ash gasifiers are considered 
by many people as the most commercially developed gasifier available. 
Upon closer examination, however, specific questions regarding Lurgi 
dry ash operation are as di f f icul t  to answer as those of the so called 
"second generation" gasifiers. For instance, Lurgi's experience with 
eastern highly caking coals as required for this study is minimal, 
consisting of experimental runs of about 24 hours duration. This lack 
of experience with the feedstock combined with low efficiency; high 
output of tars, oils, phenols, HCN, NH3, and coal fines; and a reported 
85% on-stream time seriously mitigate against selection of a Lurgi d~v 
ash system when compared against other technology. 

The low efficiency of the Lurgi gasifier is inherent in a system that 
has a low gas exit temperature and partially depends upon directly 
quenching the product gas without heat recovery because of the highly 
contaminated product gas. The much higher efficiency of the 
Westinghouse gasifier, due to its higher exit temperature and its 
tar free product gas, tends to obsolete the Lurgi dry ash system for 
coal gasification combined cycle applications. 

Unlike Lurgi, the Westinghouse gasifier has been well tested on highly 
caking eastern coals such as Pittsburgh No. 8 but at a 15 TPD rate. 
The probability of problems in the scale up from a 15 TPD to a 180O TPD 
Westinghouse gasifier must be balanced against a I0 to 15% efficiency 
increase in the gasifier. 

Along with the gasifier the state of the development of the hot gas 
cooler must be examined. Although equipment for similar duty has 
been designed and operated in Germany at a 15 ~ size, these heat 
exchangers are not off the shelf items. The design of the gas cooler 
for the Steel Point Station repowering is not as di f f icul t ,  however, 
as that required for some systems, 1800 to 2400°F and 600 to 1200 psi 
for the Texaco gasifier, for instance. 

"13-4 

I I 



13.1 COMMERCIAL READINESS AND FUTURE DEVELOPMENTS (Cont'd.) 

The inclusion of the superheating section must be considered further. 
This is an area ignored by many of the design studies performed to 
date. At part load the temperature of the gas turbine exhaust decays 
below that necessary for superheating of the steam. The final super- 
heater, therefore, for the Steel Point Station repowering was located 
in the gas cooler. The design of the gas cooler could be simplified 
by eliminating the superheating section, perhaps via supplemental 
f ir ing in the heat recovery steam generator (HRSG). 

The Steel Point Station repowering'employed a commercially available 
gas turbine design wlth a fuel gas inlet of 500=F and 300 psig. 
Exhaust gas at approximately 1030°F is employed in an HRSG to 
generate 920 psig/825°F steam and to preheat boiler feedwater to 
500°F. The specific design require~nts of the HRSG are unique to 
this design, and therefore, the unit is not of standard design. 
Although not available off the shelf as part of a packaged design, 
fabrication of the HRSG is well within tile present state of the art. 

As the selected combustion turbine is state of the art and co~ercial ly 
available, the impact of a high temperature gas turbine must be 
addressed. At f i r s t  glance, studies on the subject have produced 
widely scattered results. Estimates of the improvement in system 
efficiency associated with higher f i r ing temperatures have ranged from 
2% to I0%. This is because the impact of higher f i r ing temperatures 
is higher in systems with low overall efficiency. One study indicated 
that with an increase from 1950°F to 2600°F, efficiency increased 9% 
from approximately 30 to 39%. When starting with a 39% efficiency, 
however, the efficiency increase is 4% to 43%. The 9% difference in 
starting efficiency being related to changes in steam conditions, 
reheat and gasifier pressure. 

For the repowering design at Steel Point Station a change in f i r ing 
temperature to 2400°F would be expected to produce increases in 
efficiency of from 2 to 2.5%. 

Commercial Warranties 

As most of the basic building blocks used in the design of this GCC 
system have been proved in commercial operation, commercial warranties 
should be available for these systems. These would be the new coal 
handling, drying and sizing system; coal storage bins; ammonia removal 
and partial Phosam; Selexol, Claus and SCOT systems; combustion gas 
turbine; heat recowry steam generator; water demineralization and 
cooling systems, including pumps; flare systems and air compressors and 
drying systems. I t  is also thought that most, i f  not al l ,  of the waste 
water treatment system could be c~vered by commercial warranties. 

The ~lestinghouse coal gasification system has not yet been proven in 
commercial service and warranties for this system have not been developed 
at this time. 
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The hot gas cooler ts a developmental piece of equipment and 
commercial warranties on thts item would probably be 11mired to 
workmanship only. 
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14.0 RECOMMENDATIONS 

The conclusions of this preliminary study effort demonstrate that 
unique opportunities exist for a number of different but interested 
groups to attain desired goals. The study is also real ist ic in 
identifying constraints that exist in the form of possible regu- 
latory impediments, financing requirements and the relative untried 
and unproven nature of the system proposed. The latter constraint 
is of particular significance when considering the estimated project 
investment of $160 million in 1987 dollars. 

Though there have been demonstration projects with respect to the 
individual components proposed in the project, experience with an 
integrated package operating as an electric generating plant subject 
to daily dispatch is essentially lacking. The concept is very 
attractive though not only for re-powering applications, as analyzed 
herein, but also for wider application to new and larger electric 
generating faci l i t ies,  Because of the lack of operating experience 
with such fac i l i t ies and because i t  is well recognized that any new 
technology involves a learning curve, there wil l be a natural 
reluctance for the industry to con~nit to large electric generating 
fac i l i t ies,  absent proven experience on at least a smaller scale. 
The industry can only reasonably develop such technology and exper- 
ience through progressive steps starting with the construction of 
smaller "no or low risk" fac i l i t ies leading eventually to larger 
faci l i t ies fu l l y  supported by the operating u t i l i t ies .  

UI recognizes that Steel Point Station may be uniquely suited to be 
part of a demonstration effort designed to accumulate such operating 
experience on a Combined Cycle Coal Gasification electric generating 
fac i l i ty .  I t  also recognizes that this fac i l i ty  may have further 
potential as part of a co-generation distr ic t  heating system now under 
study for the City of Bridgeport. 

Despite the positive aspects listed above, the level of risk assoc- 
iated with such a project and the fact that a need does not presently 
exist for the additional capacity that would be created by this 
system, are cause for considerable concern regarding the prospects 
for this program moving forward. The situation is further compounded 
by the uncertainties associated with future load growth and the 
resultant point in time that the fac i l i t y  would be economically 
just i f ied assuming support of fixed and variable costs. 

Given these constraints and uncertainties combined with substantial 
capital requirements for UI's nuclear construction program over the 
next several years, UI finds i tse l f  unable to commit f inancially to 
such a project at this time. 
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14.0 RECOMMENDATIONS (Cont'd.) 

However, recognizing that there may be ancillary benefits in the 
broader context for such a project, UI is anxious to cooperate to 
the extent possible consistent with its anticipated long-term needs. 
Toward this end UI would be willing to consider further the desir- 
abi l i ty  of making available the fac i l i t ies at Steel Point Station 
for conversion to a coal gasification combined cycle system i f  
adequate governmental, regulatory and financial support for such a 
project were forthcoming. 

Some suggestions as to how this program could possibly be moved 
forward include: 

14.1 The required front-end capital costs would be made availalbe 
in the form of government grants and/or vendor investments 
adequate to complete the installation of the required fac i l i t ies .  

14.2 Other electric u t i l i t ies  from the New England Region would 
support the project and the capacity that would be available 
from this system consistent with their own needs for additional 
generation. This support would be in the form of providing 
the required front-end capital costs. 

Such a program, developed around UI's Steel Point site and equipment 
with financing being provided by others who are also interested and 
who would benefit from the operation and testing of such a syst~a= and 
its components is, we believe, a reasonable scenario and one which 
could allow this project to move ahead. I t  acknowledtes the s igni f i -  
cant potential for the yet unproven coal gasification/combined cycle 
technology for electric generation while at the same time recognizes 
and accounts for some of the previously identified uncertainties and/or 
constraints associated with such a project. I t  also makes good use of 
a site and existing equipment which appear to be ideally suited for 
such a program and which would contribute significantly to the v iab i l i ty  
of the project. 

I f  sufficient expression of interest in furthering the project results 
from this study, there are several areas in which additional work 
would be required. These include: 

14.3 Details of the nature of support to be offered would have to be 
developed. 

14.4 Priorities for the allocation of any savings (or penalties) assoc- 
iated with the construction and operation of the fac i l i t ies would 
have to be established. 

14.5 Final agreements outlining the role of each participant would be 
executed. 
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We could then proceed with the following: 

14.6 Detailed designs, cost estimates and schedules would be 
developed consistent with UI's needs and those of any other 
participants. 

14.7 Construction and operation of the faci l i ty  would be initiated. 

With a cooperative effort such as is suggested above, i t  is reasonable 
to assume that this project could move ahead. 

I f  such a scenario did develop, there are also several areas in the 
basic system design that should receive further review and study. 
These include the following: 

14.8 The design of the gas cooler section should be reviewed with an 
attempt to simplify the duty. Particularly, the possibilities 
of removing the superheating section should be investigated. 

14.9 The pinch paints of all heat exchangers should be scrutinized 
to determine i f  improvements in efficiency or economy can be 
realized. 

14.10 The addition of a resaturator to the system should be analyzed 
in regard to gas turbine operation. 

I t  has been recognized that modifications in these and perhaps other 
areas could result in simplifying the system and further improve its 
f lex ib i l i t y ,  re l iabi l i ty  and/or efficiency. 

Although a number of different scenarios were evaluated in which 
different combinations of fuels were burned in other units in the 
system, the relative degree of di f f icul ty in disposing of wastes 
resulting from the various sources was not ful ly investigated. On 
the surface, however, there appear to be some possible advantages 
to the form in which the waste products resulting from the coal 
gasification process are produced which may favor such a system over 
other alternatives in this regard. This is another area that should 
be addressed more thoroughly i f  sufficient interest is expressed in 
furthering the project. 

14-3 

I I 



P 

15.0 SCHEDULE FOR BUILDING PROPOSED PLANT 

It is envisioned that the scope of the work required to engineer, 
design, procure equipment, construct and start-up the proposed 
combined cycle repowering of United llluminating's Steel Point 
Station will require approximately 4.25 years to complete. A bar 
chart showing the major activities and their duration is shown 
in Fig. 1-15, Project Schedule. 
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I. IDtroduction 

I f .  

One of the major areas cf study under the DOE grant to United 
Illuminating (UI) is the feasibil ity of coal gasification for 
electric power generation, In particular, a study will be made 
on repowering UI~s 35 MW steam driven generating Unit #11 at the 
Steel Point plant in Bridgeport, Connecticut. 

I t  is visualized that a coal gasification system will be added to 
produce a fuel gas which will be burned in a new gas turbine, of 
approximately 65 MW rating, and the exlt gas will be used to produce 
steam for the above mentioned 35 MW unit. I t  is the purpose of 
this report to discuss gasifier candidates and recommend one to 
serve as a basis for the study. 

Major Constraints and Considerations 

A. Coal 

I t  is desirable to select a gasifier which can uti l ize the coal 
currently specified for UI's existing coal fired boiler. The 
specifications for this coal include the following: 

Ash fusion temperature 2000-2400°F 

Sul fur 4% maximum 

Ash 13% maximum 

Free Swell Index No limitation 

Since there is no limitation on FSI, we must assume that the 
gasifier should have the f lex ib i l i ty  of uti l izing coals with 
high FSI. 

B. Gas Tarbine 

Fuel gas to the gas turbine must have certain characteristics 
as follows: 

I. The Btu value is not limited on the high side except that a 
temperature of 1800°F may not be exceeded in turbine components. 

2. The Btu value of the gas may be as low as 100 Btu/SCF HHV 
but preferably not lower. 

. A very low level of particulates is required in the gas. 
In particular, alkali mel.al content nni~t he very low. 

4. Fuel gas pressure shou|d preferably not be below about 150 psig. 

m 
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II. M_~or Constraints and Consideratioqs ' (Cont'd.) 

C. Other Considerations 

The system must have a high degree of rel iabi l i ty.  

I 

I I f .  Prel imlnary .Screen 

In order Co achieve a fuel gas pressure of 150 pslg, one may generate 
gas at the required pressure or one may generate at a low or near 
atmospheric pressure and compress gas to the required pressure. Numerous 
studies by Dravo and others indicate that i t  is more economical to 
generate gas at pressure. A few studies indicate that there is no 
significant economic advantage either way, but in no case has gas 
generation at a low pressure been found more economical when the product 
gas is required at pressure. Consequently, gasifiers have been limited 
to pressure types in this evaluation. 

Low Btu gasifiers produce fuel gas with a heating value from about 
125 to 160 Btu/SCF. Since medium Btu gasifiers are inherently more 
expensive than lower Btu gasifiers, only air blown gasifiers are con- 
sidered In this evaluation. 

Using the above limitations and considering only processes which have 
been operated on at least pi lot scale of 5 tons/day, the following 
gasifiers appear suitable and worthy of further consideration: 

Iv. 

Babcock & Wilcox 
Lurgi 
Texaco 
U-Gas 
Westinghous 9 

Gasifier Descriptions and Dat p 

A. Babcock &.Wilcox - Entrained Bed 

Atmospheric pressure version of gaslfier has been commercially 
operated for continuous runs of 2 to 3 months at a capacity of 
400 tons/day. A pressurized version has been operated in sm~ll 
scale equipment at 450 psig. Only slag and sulfur are byproducts. 
Export high pressure steam is produced. Thermal efficiency is 

~ es,..mated at 65-70%. Turndown is 3 or 4 to I 

B. Lurgi - Fixed Bed 

Commercial dry bottom Lurgi's operate at about 85; on-stream time 
at capacities of 500 to 900 tons/day of non-caking coal. Pressures 
range from 200 to 450 psig. Experimental runs on caking coals have 
been only about 24 hours long. Byproducts include HCN, tars, NH3, 
oils, phenols, ash, sulfur, and possibly coal fines. 
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IV. Gaslfier Descriptions and Data (Cont'd.} 

V. 

B, Lurgi - Fixed Bed (Cont'd.) 

Thermal efficiency is estimated at 66-70% and turndown is 3 or 4 to 
I. A combined cycle system ut i l iz ing Lurgi has been in operation 
for several years but on-stream time has not always been satis- 
factory. 

C. Texaco - Entra ined Bed 

A demonstration scale gasifler has been operated in West Germany 
at 6 tons/hour at pressures up to 650 psig. Reliabil i ty is un- 
known. Other features are similar to the Babcock & Wilcox gasifier. 

D. U-Gas - Fluid Bed 

E. 

The process has been operated at a pilot scale of 6 tons/day up 
to a pressure of 50 psig. Caking coals can be processed only 
i f  a pretreatment section is added. Thermal efficiency is reported 
at 68%. The longest recorded run lasted lO days. Turndown of 
2 or 3 to l can be expected. Some NH3 and HCN are formed in the 
gas. There are no liquid byproducts. 

Westinghouse - Flui d Bed 

The gasifier has been operated at a rate of 15 tons/day at 150 psig. 
The longest recorded run has been 300 hours. Thermal efficiency 
of 79 to 82% has been estimated. Turndown of 2 or 3 to l can be 
expected. Liquid byproducts are nearly negligible. 

Gasifier Recommendation 
m 

The gasifier systems have been judged on a partial ly subjective basis 
as shown in the attached chart, While economics are not directly 
included in the ,~aluation, they are heavily reflected in thermal 
efficiency. Two independent ratings tend to favor the Westinghouse 
process by a very narrow margin. The Westinghouse gaslfler is represen- 
tative of the type of gasifier suitable for combined cycle use, having 
been developed specifically for that use. I t  shows promise of additional 
improvement and data is easily available from the developers. We, 
therefore, recommend the selection of the Westinghouse gasifier for 
the study. 
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