5.3 Water Quality (Cont'd.)

5'3I2

Permits and Requlations (Cont'd.)
5.3.2.1 Federal (Cont'd.)

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

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

Existing discharyge to Bridgeport Harbor from once-through
cooling at the Steel Point Station have permits in accor-
cance with Section 316A 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 State

Connecticut DEP administers the NPOES 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-
jfied as Class SB. The Appendix presents the Class SB
water regulations.

§.4 Other Environmental Considerations

5'4']

Cooling Tower

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 Harber, with respect to the
possible thermal effects of the Bridgeport Harbor (BHS)

and Steel Peint Stations {SPS).

In general, the Normandeau report found that the discharges
from BHS and SPS callectively occupy the upper 6 to 10 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 10 feet or more below the surfaces, at all
stages of the tide.!



5.4

Other Environmental Consideration (Cont'd.)

5.4.1

Cooling Tower (Cant'd.)

The {ssue of the harbar's ability to handle additional
thermal discharge must be evaluated, {f & once-thorough
cooling system were used. Such an eviluation is beyond
the scope of the present report.

The present study scheme, based on using city water for
make-up, the cooling tower, would have minimal possibility
of emitting toxic and hazardous substances to the atmos-
phere. However, if 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 alse increase the inci-
dence of fogging and icing on the elevated roadway adjacent
to the site; and require an FAA permit.

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

1The theoretical temperature rise in ebbing harbor waters
(due to heat release to Long Island Sound) ranges from
about 0.2° to 0.5°F throughout the water column under
reduced loading conditions; and from about 0.5% to 1.1°F
throughout the water column under peak load conditions.
Practically, though, the "mixing zome" is defined by the
axtent 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

Water Quality
{Chemical)

Water Quality
(Thermal)

Aquatic 1ife

Meteorology

Air Quality

Land Yse

Costs

Generating
Capability

COOLING SYSTEM

Advantages of
Caoling Tower

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-
tively clean municipal
makeup water

[4.0]
[}
—
o

Advantages of Once-through
Cooling

Less cancentrated pollutants
in blowdown

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

Selective cropping of entrained
organisms as opposed to 100%
loss (although larger quantity
entrained)

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

No effect on air guality as with
cooling tower (from drift loss)

Uses significantly less land
area

Construction and operation costs
are almost an order of magnitude
less

Capacity losses are at least
1.5% Tess



5.4

Other Environmental Consideration (Cont'd.)

5.4.2

5.4.3

5!4.4

5.4.5

Navigable Airspace

The height of the main stack (and cooling tower) may
requ15e an FAA permit(s), if more than 200 feet above
ground.

The Federal Aviation Act of 1958, 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 Administracor,
U.S. Department of Transportation. Notice of proposed
construction or alteration is required so that the FAA may:
issue notices for pilots and air traffic controllers;
depict obstructions on aeronautical charts; and recommend
appropriate marking and 1ighting.

VYehicular Traffic

Transportation of ash and sulfur for off-site disposal
w11}f:equ1re consideration of potential effects on local
traffic.

Dredging & Construction in Navigable 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 fi11 material into waters of the
United States (or to transport dredged material for the
purpese of dumping it into ocean waters). This permit
program is authorized by both Section 10 of the River and
Harbor Act of 1899, 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 fi11 operations in Bridgeport Harbor.

Materials dredged from Connecticut harbors have been dispased
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 will prabably develop a solution to the
dredged materials' disposal problem.

Noise

Adverse noise Impacts are not expected. The site is in an
industrial setting, and surrounded by existing highway and
power plant structures. The facilities to be installed on

the site will be designated in compliance with state noise
regulations.
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5.4 Other Environmental Consideration (Cont'd.)

6.4.6 Flaring

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 in accordance with Section 19-508-20(;5’ of Connec-
ticut's Abatement of Air Poliution regulations.
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APPENDIX
CONNECTICUT WATER QUALITY
STANDARDS FOR CLASS 5B WATERS

Suitable for bathing, othar recreational purposas, Industrial caoling
and shel1fish harvesting for human consumption after deputation; excellent
fish and wildlife habitat; good aesthetic value.

1. Dissolved oxygen Not less than 5.0 mg/1 at
any time.
2. Sludge deposits - solid refuse - None except for small
floating solids, o0ils and grease - amounts that may result
scum from the discharge from

a waste treatment faci-
ity providing appropriate

s treatment. ?See Note 8)

3. Sand or silt deposits None other than of natural
origin except as may result
from narmal agricultural,
road maintenance, construction
activity, or dredge matericl
disposal provided all resan-
able contrpls are used.

(See Notes 6 and 8).

4. Color and turbidity A secchi disc shall be vi-
sible at a minimum of 1
meter, SBd - criteria may
be exceeded. (See Notes 8
and 14)

5. Goliform bacteria per 100 m] Not to exceed a median value
. of 700 and not more than
2300 in more than 10 percent
of the samples. (See Notes
3 and 12)

£ Taste and odor None in such coqcentrations
that would impair any usages
specifically assigned to this
class and none that would cause
taste and odor in edible fish
or shelifish.

5-18




7. pH

8. Allowable temperature increase

3. Chemical constituerts

5-19

6.8 - 8,5

None except where the increase
will not exceed the recommended
1imit on the most sensitive
receiving water use and in no
case exceed 83°F or in any
case ralse the normal temper-
ature of the receiving water
more than 4°F. During the
period including July, Audgust,
and September, the normal
temperature of the receiving
water shall not be raised more
than 1.5°F unless it can be
shown that spawning and growth
of indigencus organisms will
not be significantly affected.

. (See Note 19)

None in concentrations or
combinations which would be
harmful to human, animal, or
agquatic 1ife or which would
make the waters unsafe or
unsuitable for fish or shell«
fish or their propagation,

or impair the water for any
other usage assigned to this
class. (See Note 4)



APPLICABLE NOTES

NOTE #3 - A11 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 Ist to October 1st.

Housatonic River {north of I-95 Bridge)
Naugatuck River
Quinnipiac River (north of I-95 Bridge) .

Farmington River

Pequabuck River

Connecticut Riveir (north of I-95 Bridge)
Hockarum River

Willimantic River

Shetucket River

Quinebaug River

Thames River {(north of I-95 Bridge)

It 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.

MOTE #4 - The waters shall be free from chemical constituents in concen-
trations or combinations which would be harmful to human, animal or
aquatic 1ife for the most sensitive and governing water use class. Criteria
for chemical constituents contained in the "Quality Criteria for Water"
published by the Epvironmenta! Agency shall be considered and used as a
guidance. In areas where fisheries are the governing considerations and
approved 11mits have not been established, bioassays are necessary to
establish limits on toxic substances, the recommendations for binassay
pracedures contained in "Standard Methods for the fxamination 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 & quality that U.S. Environmental
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Protection Agency 1imits as defined by the Safe Drinking Water Act (Public
Law 93-523), or state 1imits {1f more stringent, for finished water can
be met after conventional treatment.

NQTE #6 - Reasanable controls may be defined by the Commissioner on a case
by case basis or the Commissioner may require that it be affirmatively
demonstrated by any person or municipality engaged in such activities

that all reasonable controls will 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 pysical or chemical
nature of the bottom; and (c) interfere with the propagation and habitats
of shellfish, finfish, and wildlife. Oredged materials dumped at approved
disposal areas shall not pollute the waters of the state and shall not
result in: (a) fioating 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

ood chains.

NOTE #12 - Coliform bacteria criteria are intended to provide a standard
for coliferm data evaluation and related to the probability of contam-
ination by undisinfected sewage. High rosults 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 tc 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 reliability of frcal
coliform analysis is not yet adequate to use as a standard, it is desirable
that correlation data be generated, The Region I Office of the U.S.
Environmental Protection Agency his suggested criteria for fecal coliform
data evaluation. Such criteria shauld 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.
It may also be used in Classes Bb and SOb to designate areas in the jmmed-
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 allowable temperature increase shall be consistent
with the corresponding Inland Waters Class.
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6.0

ITEM LIST
Area 01

Item Number

101-34001
101-34002

101-35001-1, 4

101-41001
101-41002

101-43001
101-43002
101-43003
101-43004
101-43005
101-43006
101-43007
101-43008

101-48001
101-48002
101-48003
101-48004
101-48005
10148006
101-48007

101-49001
101-49002

Area 02
102-34001-1, 4

102-35001

102-43001-1, 4

102-43003
102-43004

102-45001-1, 4

102-47001

Description

Process Flow Diaqram

Hopper (Existing)
Hopper

Transfer Barge

Sump Pump
Sump Pump

Conveyar #13 (Existing)
Stacker #16 (Ex15t1ng?
Conveyor #31A {Existing)
Loading Conveyor

Boom Conveyar

Feeder

Feed Conveyor

Feed Elevator

Barge Haul {Existing)
Barge Unloader (Existing}
Dust Suppressant System
Telescopic Chute (Existing)
Barge Haul -

Clam Sheel Uniocader

Dust Suppressant System

Front End Loader
Front End lLoader

Sized Coal Storage Bin
Raw Coal Surge Bin

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

Sized Coal Feeder

Coal Drying and S5izing System

101-001
101~002

101-001

101-001
101-002

101-001
101-001
101-001
101-001
101-001
101002
101-002
101-002

101-001
101-001
101-001
101-001
101-002
101-002
101002

101-001
101-002

102-001
102-001
102-001
102-001
102-001
102-001

102-001




6.0 ITEM LIST {Cont'd.)
Area 03

Ttem Kumber Description

Process Flow Diagram

103-33001-1, 4
103-34001-1, 2
103-35001-1, 4
103-43001

Gasifier
Ash Bunker (Existing)
Feed Coal Surge Bin

Ash Conveyor System

103-45001-1, 4 Gasifier Multi-Cyclones
103-47001-1, 4 Feed Cual Lock Hopper System
103-47002-1, 4 Ash Removal Lock Hopper System
103-47003-1, 4 Recycle Solids Lock Hopper System
Area 04

104-31001 Interchanger

104-35001 C0S Hydrolyzer

104-41001-1, 2 Recycle Pump

104-44001-1, 4 Heat Recovery System
104-45001 Particulate Scrubber
104-45002-1, 2 Hydroclone

Area 05

105-31001 Scrubber Interchanger
105-31002 Scrubber Recycle Cooler
105-31003 Stripper Bottoms Coaler
10531004 Stripper Recycle Cooler
105-32001 Ammonia Scrubber

105-32002 Armonia Stripper

105-35001 ¥nock Qut Pot

105-41001-1, 2 Ammonia Recycle Pump
105-41002-1, 2 Stripper Pump

108-42001-1, 2 Recycle Booster Compressor

105-44001

Stripper Condenser

103-001
103-001
103-001
103-001
103-001

103-001
103-001
103-001

104-001
104-001
104-001
104-001

104-001
104-001

105-001
105~001
105-001
105-001

105-Q01
105-001

105-001

105-001
105~-001

105-001
105-001

T~




6.0 ITEM LIS3] {Cont'd.)
Area 05 (Cont'd.)

[tem Number

Description Process Flow Diagram

105-47001 Partial Phasam 105-001
Area 06

106-31001 Fuel Heater 106-001
106-47001 Selexol System 106-001
Area 07

10731002 G e encor Peatogter  107-001
107-42001 Air Booster Compressor 107-001
107-4700? Combustion Turbine 107-001
107-48001 flectric Generator 107-001
108-41001-1, 2 Secandary 8FW-Pump 108-001
108-41002-1, 2 Primary BFY Pump 108-001
108-44001 Heat Recavery Unit 108-001
108-45001 Deaerator 108-001
Area 09

108-31001 Incinerator Feed Heater 109-002
109-31002 Fuel Gas Heater 109-002
109-42001 Incinerator Blower 109-002
108-4700 Claus Plant 109-001
109-47002 SCOT Unit 109-002
109-47003 Incinerator 109-002
109-49001 Sulfur Loader 109-001
Area 10

110-35001 Air Receiver 110-007
110-42001-1, 2 Instrument/Plant Air Campressor 110-001




6-4
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6,0 [ITEM LIST (Cont'd.)

Area 10 (Cont'd.)

Item Number Deseription Process Flow Diagram

110-47001 Air Dryer 1io-4001

Area 11

111-47001 Turbine Generator #11 (Existing) 111-001

Area 12

112-47001 Turbine Generator #9 (Existing) 112-00i

Area 13

Primary treatment is dane in the municipal water system.

Area 14

114-34001 Demineralized Water Tank 114-001

114-41001-1, 2 Demineralized Water Pump 114-001

114-41002 Pistribution Pump 114-001

114-47001 Demineralization System 114-001

Area 15

115-41001-1, 4 Cooling Water Pump 115-001

115-44001 Cooling Tower 115-001

st g B T e TSR

Area 16

116-31001 Coaling Tower Blowdown Cooler 116-003

116-35001 Stripped Condensate Surge Tank 116-002

116--35002 Blowdown Surge Tank 116-002

116-35003 Char Letdown Tank 116-003




6.0 [ITEN LIST {Cont'd.)
Area 16 (Cont'd,}
Item Number

Description Process Flow Diagram

116-41001-1, 3 81owdown/Condensate Pump 116-002
116-41002-1, 2 Process Sewer Pump 116-003
116-45001 Blowdown Separator 116-002
116-45002 Biowdown Separator 116-002
116-45003 Blowdown Separator 116-002
116-45004 Blowdown Saparator 116-002
116-47001 Bridgeport Station Treatment 116-001
System
116~47002 Steel Point Station Treatment 116-001
System

116-47003 Equalization System 116-003
116-47004 0zone Odor Control System 116-003
116-47005 Flotation System 116-003
116-47006 Bio-Plant 116-004
116-47007 Bed Filter System 116-005
116-47008 Sludge Thickening System 116-005
116-47009 Sludge Press System 116-006
116-47010 Sludge Digestion System 116-006
Area 17

117-35001 Diesel Fuel Tank 117-001
117-34001 Fire Water Tank 117-001
117-41001-1, 2 Fire Water Pump 117-001
117-41002 Jockey Pump 117-001
Area 18

118-47001 Flare 118-001



7.0  PARAGRAPH_SPECIFICATIONS

7.1 Avea 01

7.1.1 Process Flow Diagram 101-001 Coal Unloading and Handling -
Bridgeport Harbor Station.

101-35001-1, 4 Transfer Barge

Type: River going, no power
S1ze: 195 feet long by 35 feet wide and
12 feet high
Capacity: 1500 tons
101-41001 Sump Pump
Type: Vertical centrifugal
Drive: Electric
Material: Stainless Steel
Capacity: 50 gpm at 60 foot head
101-43004 Loading Conveyor
Type: Belt, totally enclosed
Capacity: 5§50 tons per hour
Length: 400 feet
Width: 35 inches
101-43005 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 filters and automatic
controls.
Flow automatically controlled at each station and
spray only when material woving.

101-4900%1 Front End Loader
Type: 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 101-002 Coal Unloading and Handling -
Steel Point Station.
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74

Area 01 (Cont'd.)

7.1.2

Process Flow Diagram 101-002 Coal Unloading and Handling -
Steel Point Station. (Cont'd.)

101-~34002 Hopper
Top Opening: 12 foot by 12 foot covered by heavy
duty 6 inch by 6 inch grating
Bottom Opening: 3 feet wide by 9 feet long

Valleys: 50 degree minimum
Material: Carbon steel
Capacity: 30 tans
101-41002 Sump Pump
Type: Vertical centrifugal
Drive: Electric
Material: Stainless steel
Capacity: 50 gpm at 60 foot head
101-43006 Feeder
Type: Vibrating
Material: Carbon steel
Capacity: 150 tons per hour

Suppljed with skirt board and rack and pinion gate
101-43007 Feed Conveyor

Type: Belt, covered, with a walk on each
side
Capacity: 150 tons per hour
Length: 220 feet
Width: 24 dinches
101-43008 Feed Elevator
Type: Bucket
Capacity: 150 tons per hour’
Height: 100 feet center to center
Material: Steel
Dust: Hoad 2t discharge
101-48005 Barge Haul
Type: Wire rope pull, double drum, reversihle
Travel: 600 feet

Starting Pull: 56,000 pounds
Traveling Pull: 28,000 pounds

101-48006 Clam Shell Unloader

Type: Pedestal mounted
Capacity: 15 cubic yard bucket
Radius: 55 feet

Unloading Rate: 500 tons per hour
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7.1  Area 01 {(Cont'd.)

7,1.2 Process Flow Dfagram 101-002 Coal Unloading and Handfing -
Steel Point Station. (Cont'd.)

101-48007 Dust Suppressant System

Type: Wetting solution

Equipment: Proportioner, pump, mixing tank,
nozzles, spray headers, seif-
cleaning filters und automatic
controls

Flow automatically controlled at each station and

spray only when material is moving,

101-49002 Front End Loader
Type: Diesel - hydraulic, four wheel
dirve, air coaditioned/heated,
with sound suppression and power
assist controls
Capacity: 6.17 cubic yard bucket

7.2  Area 02 ,
7.2.1 Process Flow Diagram 102-001 Coal Preparatiaon
102-34001-1, 4 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: 10 tons
Diameter: 7 faet
Straight Shell: 10 feet
Bottom: 60 degree cane adapted to a 4 foot
by 4 faot opening
Material: Carbon steel
102-43001-1,4 Storage Bin Live Bottom
Type: Electric driven eccentric weights
Material: Carbon steei with stainless liner plates.
Neoprene flexible cannector to bin.
Size: 10 foot diameter top opening, 45 degree

cone to 6 inch bottom cpening.
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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
2 belt shuttle conveyar

Capacity: 135 tons per hour

Material: Carbon steel, except belts

Belt Conveyor
_Length: 50 feet
Width: 24 inches
Continuous covered skirt board
Elevator
Height: 80 feet center to center
. Dust hood at discharge
Shuttle Conveyor
Length: 60 feat
Width: 24 inches
Full lenght skirt boards with discharge
chute at each end, reversible.

102-43004 Feed Coal Conveyor System

System: Three belt conveyors, twe bucket
elevators and one drag flight
conveyor

Capacity: 79 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: 12Q feet center tc center
Drag Flight Conveyor
Length: 150 feet
Qutlets: four, equipped with totally
enclosed shut off gates

102-4500%-1, 4 Sized Coal Feeder

Type: Vibrating

Capacity: 75 tons per hour, each

Material: %§rbon steel with abrasive resistant
ine

Skirt boards and rack and pinion gate



7.2 Area 02 (Cont'd.)
7.2.1  Process Flow Diagram 102-001 Coal Preparation (Cont'd.)

102-47001. Coal Drying and Sizing System

Capacity: 135 tons per hour

Reduction: From 2 inch by O to 1/4 inch by O

Drying Capacity: Dry from 9.6 percent molisture to
6 percent molsture, when required

Equipment: A dual screw feeder, a crusher,

a classifier, a primary cyclone,

a bag collector with exit screw

and rotary feeder, a recycie gas
blower and exhaust fan, and a
combustion chamber with a combustion
air hiower. A1l motors and all
intercannecting duct work will be
included.

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

The dryer wiil be locked out manually when the surface

moisture does not exceed four percent. The dryer will

operate on 147 BTU per SCF lower heating value gas.

7.3 Area 03

7.3.1 Process Flow Diagram 103-001 Pressurization, Gasification
and Ash Removal.

103-33001-1, 4 Gasifier System
Equipment:
Gasifier
Type: Single fluid bed
Temp.: 1850°F
Pressure: 340 psig
Coal Feed
Type: Lock hopper
Control: Volumetric
Ash Removal
Type: Lock hopper
Control: Star feeder
Solids Recycle
Type: High efficiency cyclones, solids
cooling and lock hopper with star
feeder
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7.3  Area 03

7'.3."

7.4  Area 04
7.4.1

(Cont'd.)

Process Flow D1a7ram 103-001 Pressurization, Gasification

and Ash Removal (Cont'd.)
103-34001~1 Ash Bunker (Existing)
Diameter: Approx. 18 feet
Heignt: Approx. 21 feet
Capacity: Approx. 200 cubic feet
Material: Carbon steel
103-34001-2 Ash Bunker (Existing)
Diameter: Approx. 1B feet
Height: Approx, 21 feet
Capacity: Approx. 200 cubic feet
Material: Masonry Tile
103-35001-1, 4 Feed Coal Surge Bin
Diameter: 8 feet
Straight Shell: 14 feet
Bottom: 50 degree cone
Top: Flat
Material: Carbon steel
103-43001 Ash Conveyor System
System: One collecting belt and one ele-
vating belt
Capacity: 12 tons per hour
Material: Carbon steal 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.

Process Flow Diagram 104-001 Heat Recovery, COS Pryrolysis
and Particulate Removal

104-31001 Interchanger

Type: Shell and tube

Area: 4,484 square feet

Material: Carbon steel

Duty: 11,103,000 BTU per hour
104-35001 COS Hydrolizer

Diameter: 11 feet 6 inches

Straight Shell: 120 feet
Catalyst Volume: 1400 cubic feet
Material: Carbon steel
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7.4

7.4

Area 04

7.4.1

Area 05

7.5.1

(Cont'd.)

Pracess Flow Dfagram 104-001 Heat Recovery, COS Pyrolysis
and Particulate Removal (Cont'd.) .

104-41001-1, 2 Recycle Pump

Type: Horizontal centrifugal
Drive: Electric
Material: Ductile iron

Capacity: 205 gpm at 139 foot head (differential)

7104-44001-1, 4 Heat Recovery System
The raw gas centacting unit contains five banks of
coils. The first and fourth banks are connected and
contain water which recirculotes to the steam drum
supplied with the recovery unit. The second and the
third coiis superheat steam for the power turbines.
The fifth bank preheats the coal gas feed to the

combustor.

104-45001 Particulate Scrubber
Type: . Venturi, adjustable throat
Material: 304 stainless steel

Suppliad with a separator and mist eliminator,

104-45002-1, 2 Hydroclone

Type: Multiple cyclone unit containing
vh 300 cones.
Material; 304 stainless steel, cones

refractory lined.

Process Flow Diagram 105-001 Ammonia Removal

105-31001 Scrubber Interchanger

Type: Shell and finned tube

Area: 836 square feet {bare basis)

Material: 304 stainless steel

Duty: 8,727,000 BTU per hour
105-31002 Scrubber Recycle Cooler

Type: Shell and tube

Area: 10,977 square feet

Material: Carbon steel

Duty: 71,678,000 BTU per hour
105-31003 Stripper Bottoms Cooler

Type: Shell and tube

Area: 1564 sguare feet

Material: Carbon steel

Duty: 18,389,000 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
105-32001 Ammonja Scrubber

Type: Packed, 1 inch Raschig rings

Beds: Two, 15 feet deep each

Diameter: 15 feet 9 inches

Strajght 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

! Material: 304 stainless steel

106-35001 Knock Qut Pot

Diameter: 5 feet 2 inches

Straight Shell: 10 feet

Material: 304 stainless steel
105-41001-1, 2 Ammonia Recycle Pump

Type: Horizontal centrifugal

Drive: Electric

Material: 304 stainless steel

Capacity: 2800 gpm at 70 foot head (differential)
105-41002-1, 2 Stripper Pump

Type: Horizontal centrifugal

Drive: Electric

Material: 304 stainless steel

Capacity: 435 gpm at 822 foot head (differential)
105-42001-1, 2 Recycle Booster Compressor

Type: Raciprocating

Drive: Electric

Capacity: 11,015 sefm

Pressure Rise: 43 psi
105-44001 Stripper Condenser

Type: Air cooled

futy: 11,7¢1,000 BTU per hour
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Procass Flow Diagram 105-007 Ammonia Removal (Cont'd.)

Absorber, stripper and other equipment associated
with the Phosam W process exclusive of ammonia

Process Flow Diagram 106-001 Acid Gas Remcval (Selexol).

Shell and finned tube

5,774 square feet (fin area)
304 stainless steel
16,266,000 BTU per hour

Proprietary system designed to reduce the sulfur
content of the gas to 200 parts per million.

7.6 Area 05 (Cont'd.)
7'.5.1
106-47001 Partial Phosam
recovery.
7.6_ Area 06
7:61]
106-31001 Fuel Heater
Type:
Area:
Material:
Duty:
106-47001 Selexol System
7.7 Area 07
7.7.1

Process Flow Diagram 107-007 Gas Turbine Power Generator

107-31001 Gasifier Air Interchanger

Type:
Area:
Material:

Duty:

Shell and tube

49,360 square feet
Carbon steel

42,609,000 BTU per hour

107-371002 Booster Compressor Precooler

Type:
Area:
Material:
Duty:

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

7-9

Shell and finned tube
5,836 square feet fin area
Carbon steel

22,774,000 BTU per hour

Compressor

Three stage centrifugal
Steam turbine

Air

200 psia at J00°F

410 psia at 253°F
427,000 nounds per hour




7.7

7.8

Area Q7

7.7.1

Area 08

7.8.1

(Cont'd.)

Process Flow Diagram 107-001 Gas Turbine Power Generation
(Cont'd.)

107-47001 Combustion Turbine

Manufacturer: Westinghouse Electric Corp.

Gas Turbine: Model 5Q1D5

Combustor: Designed to be fired with coal gas
Compressor: Common shaft unit supplied to provide

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

107-48001 Electric Generator
Manufacturer: Westinghouse Electric Corp.
Generator: Model
Selected to produce 107.8 MW at fully loaded gas
turbine aperation.

Process Flow Diagram 108-C0% Waste Heat Steam Generator

108-41001-1, 2 Secondary BFW Pump

Type: Horizontal centrifugal
Drive: Electric
Capacity: 540 gpm

108-41002~1, 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 first bank superheats steam pro-

duced in the second bank combined with steam produced

inithe First 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 deazrator.

108-45001 Deaerator
This unit deaerates all return condenzite and ce-
mineralized water make-up using bleed off stzam
from the steam turbine generators and exhaust steam
from the air booster campressor in Area 07.
Operation Pressure: 15 psig
BFW Capacity: 1945 gpm
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7'9

Arsa 09
7.9!]

7.9.2

Process Flow Diagram 109-001 Sulfur Recovery (Claus)

109-47001 Claus Plant
This is a proprietary process designed to remove
a mintmum of 96 percent of the sulfur in the feed
gases and to recover it as 1iquid elemental sulfur.

109-49001 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)
109-31001 Incinerataor 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: Shell and tube
Area: 349 square feet
Material: Carbon steel shell, 304 stainless
steel tubes
Duty: £92,000 BTU per hour
109-42001 Incinerator Blower
Type: Single stage
Pressure Rise: 2 psi
Capacity: 1435 scfm
Drive: Elactric

Supplied with inlet air filter

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

109-47003 Incinerator
Type: Vertical, dual chambey
Fuel: Ammonia rich stream 14.b and coal
Special Design: Ammonia vich stream is fixed in the
first 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

7.11

7.12

7.14

Area 10

7.10.1

Area 11

7.11.1

Area 12

7.12.1

Area 14

7.14.1

Process Flow Diagram 110-001 Instrument/Plant Adr.
110-35001 Air Receiver

Diameter: 48 inches

Straight Shell: 10 feet

Material: Carbon steel
110-42001-1, 2 Instrument/Plant Air Compressor

Type: Screw

Capacity: 1280 scfm

Pressure: 110-psig nominal

Supplied with inlet air filter and aftercooler with
separator and automatic drain.

110-47001 Air Dryer

Type: Dessicant, dual tower, automatic
four hour cycie.
Capacity: 125Q scfm

Process Flow Diagram 111-001 Steam Power Generator No. 11

Steam turbipe and auxiliaries existing.

Process Flow Diagram 112-001 Steam Power Generator No. 9.

Steam turbine and auxiliaries existing.

Process Flow Diagram 114-001 Demineralization.

114-34001 Demineralized Water Tank
Type: Atmospheric, cone roof storage tank
Size: 24' -0" dia. x 28' -0" high
Operating Temp.: 75°F
Operating Press.: Atmospheric
Materials of .
Constr.: Carbon steel w/304 55 cladding
or carbon steel w/PVC lining
Material Stored: Demineralized water
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7.14 Area 14
7.14.1

7.15 Area 15
7.15.1

(Cont'd.)

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

114-41001-1, 2 Demineralized Water Pump

Type:
Capacity:

Horizontal centrifugal
100 gpm operating
120 gpm design

Head Required, Ft.: 100

Materials of
Constr.:

Material Handled:

304 stainless steel
Demineralized water

114-41002 Distribution Pump

Type:
Capacity:
Eead Required,

Maiér1als of
Constr.:

Material Handled:

Harizontal centrifugal
50 gpm design

50

304 stainless steel
Demineralized water

114-47001 Demineralization 3ystem
This system produces demineralized BFW from city water.
Equipment included: Carbon filter {2), backwash feed

System Sizing:

tank, backwash feed pump, backwash
collection tank, backwash disposal
pump, cation exchanger (2), cation
dilutiaon 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 callection tank,
regeneration disposal pump. AUTOMATIC
OPERATION.

114 gpm Operating

140 gpm Design

Process Flow Diagram 115-001 Cooling Water System

115-41001-1, 4 Ccoling Water Pump

Type:
Drive:
Capacity:

7-13

Horizontal centrifugal
Electric
6700 gpm at 100 foot head




7.15 Area 15 (Cont'd.)

7.15.1

7.16 Area 18
7.16.1

Design Rate 248 gpm

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

Process Flow Diagram 116-001 Cooling Water System {(Cont'd.)
115-44001 Cooling Tower

Type: Twa bay Induced draft
Capacity: 19,000 gpm

Design Air

Dewpoint: 78°F

Return Temp.: 106°F

Water Discharge

Temp. : 85°F

For instatlation on above ground sump

115-47001 Cooling Water pH Unit .
Type: H2504 addition
Equipment: Mix tank, agitator, and addition pump

115~47Q002 Cooling Inhibitor Unit
Equipment: Mix tank, agitator, and addition pump

Process Flow Diagram 116-001 Waste Treatment, Coal Pile
Runoff.

116-47001 Bridgeport Harbor Station Treatment System
Package system consisting of:

Feed pump
Lime treatment sump with agitator
Lime bin (20 ton capacity) with bag filter and

pneumatic fill pipe.
Lime feeder

Lime slaker :
Aeration sump with aerators .
Clarifier feed pump T
Clarifier

Filter feed pump i
Filter o
Instrumentation and conirols ?

o i it s et ity



7.16 Area 16 (Cont'd.)

7.16.2 Process Flow Diagram 116-002 Waste Treatment-Boiler
Blowdown and Stripped Condensate.

116-35001 Blowdown Surge Tank

Type: Horizontal
Diameter: 5 feat 6 Inches
Straight Shell: 10 feet 7 inches
Material: Carbon steel
116-35002 Stripped Condensate Surge Tank
Type: Horizontal
Diameter: 5 feat 6 inches
Straight Shell: 16 feet 3 inches
Material: Carbon steel
116-41001-1, 3 Blowdown/Condensate Pump
Type: Horizantal centrifugal
Drive: Electirc
Capacity: 345 gpm at 60 foot head

116-45001 Blowdown Separator
Blowdown Rate: 15 gpm at 530°F
Miring Water
Rate: 156 gpm at 85°F
Supplied with steam head.

116=45002 B8lowdown Separator
Blowdown Rate: 11.4 gpm at 54Q°F
Mixing Water
Rate: 130 gpm at 85°F
Supplied with steam head

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

116-45004 Blowdown Separator
Blowdown Rate: 0.1 gpm at 3712°F
Mixing Water
Rate: 0.6 gpm at BS°F
Supptied with steam head.
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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.

116-31001 Coaoling Towey Blowdown Cocler

Type: Double pipe

Area: 272 square feet

Material: Carbon stee]

Duty: 360,000 BTU per hour
116-35003 Char Letdown Tank

Type: Vertical

Diameter: 18 inches

Straight Shell: 7 feet

Material: 304 stainless steel
116=-41002-1, 2 Process Sewer Pump

Type: Vertical, centrifugal

Drive: Electric

Capacity: 110 gpm at 50 feot head

Material: Carbon stee)

116-47003 Equalization System

This system performs two functions:

1. It provides surge for the bio-plant feed, mini-
mizing the possibility that slugs of contaminants
could enter the bio-plant and destroy the acti-
vated sludge.

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

Equipment Included: Equalization tank w/static mixing

systam, stripping air blowers, and
effluent pumps.

System Sizing: Based on 111 gpm Wastewater

Feedrate.

116-47004 Ozone Odor Control System
This system produces ozone and uses it to destroy

objectionable sulfur conta1n1ng gases, such as HzS
and C0S.

Equipment Included: Atmospheric aiv blower, air
dryer, ozone generator, ozone-
waste gas contactor.



7.16 Area 16 (Cont'd.)

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

116-47005 Flotation System
This system removes colloidal solids and emulsified
011 droplets from the blo-plant feed. This prevents
fouling of the bio-plant activated sludge.

Equipment Included: Polymer feed station, static
mixer, flocculation tank,
flotation tank, sludge skimmer,
sTudge pumps.

System S5izing: Based on 111 gpm Wastewater

) Feedrate. .

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

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

System Sizing: Based on 115 gpm Wastewater
Feadrate,

7.16.5 Process Flow Diagram 116-005 Bio-Plant Eff]ueﬁt
Filtration and Sludge Thickening.

116-47007 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: Feed pumps, bed filter, clear-
well, clearwell pumps, back-
wash sump, backwash pump.

System Sizing: Based on 111 gpm Wastewater
Feedrate.



7.16 Area 16 {Cont'd,)

7.16.5 Process Flow Diagram 116-005 Bio-Plant Effluent
Fittration and Sludge Thickening.

116-47008 Sludge Thickening System
This system thickens the bic-sludge to the proper
consistency for press filtration.

Equipment Included: Floccylation tank, flotation
tank w/skimmer, sludge pumps,
effluent tank, effiluent
recycle pumps.

System Sizing: Based on 4 gpm feed rate at 1%
suspended solids with 3 gpm re-
cycla effluent,

116-47009 Sludge Press System
This system will produce a filter cake for off-site
disposal out of the sludges from the flotation and
sltudge digestion systems.

Equipment Included: Feed tank w/mixer, feed pumps,
press, filtrate tank, filtrate
pumps, polymer feed station.

System Sizing: Based on 1.4 gpm

Feedrate at 3.5% solids. Filtrate rate = 1 gpm.

116-47010 Sludge Digestiaon 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 an 1 gpm flowrate with
4% bio-sludge.

7.17 Area 17
7.17.1 Process Flow Diagram 117-001 Fire Protection
117-35001 Diesel Fuel Tank

Type: Horizontal

Diameter: 2 feet 6 inches

Straight Shell: 8 feet .

Material: Carbon steel
117-34001 Fire Water Tank

Type: Vertical, pad mounted

Diameter: 28 feet

height: 40 feet
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7.17 Area 17 {(Cant'd.)
7.17.1 Process Flow Diagram 117-001 Fire Protection (Cont'd.)}

117-41001-1, 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: Horizontal centrifugal

Capacity: 25 gpm at 230 foot head

Drive: Electric

Material: Manufacturer's standard

7.18 Area_18
7.18.1 Process Flow Diagram 118-001 Flare.
118-47001 Flare

Type: Ground level, shielded and
accoustically treated

Fuel: No. 2 fuel oil

Qperation: Intermittent, automatic on demand

Capacity: 163,000 scfm Tow BTU gas
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8.0 CAPITAL COST ESTIMATES

B.1 Basis

This 1ist 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 1979
and early 1980 dollars and include, where applicable, the following
items for each area on an individual basis.

® Purchased equipment and freight for all process equipment
8 Direct Construction Labor

@ Intra-area Piping and Electrical

® Instrumentation

® Insulation, Refractory

® Foundations, Piling, Excavation

® Structural Steel, erected

& Control Room

The capital cost for each area inciudes all material and labor
necessary to install a module that is complete and connected to
the adjacent areas with process lines and utility supplies so that
it is ready to operate.

Area Q1 - Coal Unloading and Handling

Preliminary equipment specifications were prepared and costs
obtained by telephone for new eguipment 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 Statian.

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

Area 02 - Coal Preparation

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

Basis {Cont'd.)

Adequate to Classify and dry 135 TPH of coal so that a four day
supply of sized coal can be built 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 Recovery, Particulate Removal and COS Hydrolysis

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

Area (06 - 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. (nstallation costs
estimated by Dravo.

Area 06 - Acid Gas Removal

The fuel heater and jts installation costs estimated by Dravo.
Inctalled 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. A1l installation costs estimated by Dravo.

Area 08 - Waste Heat Steam Generation

Costs for egquipment.in this area were cbtained from vendors.
Installation costs estimated by Dravo.

Area 09 - Sulfur Recovery

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 10 - Instrument/Plant Air

Equipment costs from vendor. Installation cost estimated by
Dravo.
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8.1

Basis (Cont'd)

Area 11 - Steam Power Generator #11

Existing.

Area 12 - Steam Power Generator #9

Exisiting.

Area 13 - Primary Water Treatment

Naot required at present time.

Area 14 - Demineralization

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

Area 15 - Cooling Water System

Equipment costs from vendors. Installation costs estimated by
Dravo.

Area 16 - Water Treatment, Coal Pile Run-Qff

Installed costs estimated by vendor for coal pile run-off systems.
Pump costs from vendor. Installation costs for collection ponds,

blowdown system and stripped condensate system estimated by Dravo.
Vessel costs estimated by Dravo. Installed costs of other systems
estimated by Drava from in-house data faor similar systems.

Area 17 - Fire Protection

Fire pump costs from vendors. Tanks estimated by Dravo. Install-
ation costs estimated by Dravo.

Area 1 - Flare

Installed cost estimated by Drave from in-house data for a similar
system.
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8.2 CAPITAL COST SUMMARY

Area

01 Fuel Supply

02 Fuel Preparation

03 Coal Gasification

04 Heat Recovery, COS
Hydrolysis & Parti-
culate Removal

05 Ammonia Removal

06 Acid Gas Removal

(07 Combustion Gas
Turbine-Generator

08 Waste Heat Steam
Generation

09 Sulfur Recovery

10 Instrument/Plant Air

14 Demineralizatien

15 Cooling Water System

16 Waste Water Treatment

17 Fire Protection

18 Flare

Subtotais

Engineering
G & AE Fees
Project Management

Subtotal

Allowance for renovation of existing

dock area.

Ea:ipment Installation

Cost Cost Total
¢ 2,635,700 & 334,300 % 2,970,000
1,925,000 * 1,269,200 3,194,200
4,669,400 701,700 5,371,100
9,639,500 151,300 8,790,800
1,415,100 607,900 2,023,000
1,920,000 359,400 2,279,400
14,959,000 5,841,800 20,800,800
5,000,000 3,888,800 8,888,800
362,600 *11,825,400 12,188,000
102,400 181,500 283,900
655,200 739,000 1,394,200
106,100 * 1,227,900 1,334,000
505,300 3,591,700 4,097,000
90,200 . ;33,300 , 321.;00
———- 2,763,700 63,700
$43,985,500 $33,614,500 $77,600,000
$ 3,700,000
8,300,000
400,000
$90,000,000
400,000
490,400,000

Total Capital Cost

*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 costing over $250,000 and the
methods by which these costs were determined 1s presented in the
following table. Except where noted, these are bare, unerected costs.

l1tem Number Item Name Cost Method
32501 Ammonia Scrubber $ 330,000 Eng. Est
33701 Gasifier 1,120,000 Eng. Est.
34201 Sized Coal Storage Bin 250,000 Eng. Est.
42701 Air Booster Compressor 800,000 I.R. Budget Price
. 4-75-80
4415-01 Cooling Tower 400,000 Sub Contract
44401 Heat Recovery System 4,500,000 Eng. Est.
:«;gg}] gas;fie: Multi-CyC}one 1,500,000 Eng. Est.
embustion Turbine/Compressor
48001 Electric Generator Y 12,000,000 Eng. Est.
4720 Coal Drying and Sizing System 1,230,000 Eng. Est.
47501 Partial Phosam System 476,600 Eng. kst
47601 Selexol System 1,770,000 Eng. Est.
47301 Feed Coal Lock Hopper System 617,00 Eng. Est.
47302 Ash Removal Lock Hopper System 617,000 Eng. Est.
47303 Recycle Solids Lock Hopper System 617,000 Eng. Est.
49106 Clam Shell Unloader 875,000 Anderson Equip.
12-31-79
474501 Claus Plant 2,780,000 Incl. Labor
47902 SCOT Unit 4,000,000 Incl. Labor
8-5
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8.3

PAYMENT SCHEDULE

A suggested schedule of payments to be made during the 1ife of the
project 1s presented on the following page.
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PAYMENT SCHEDULE

(Payments in Millions of Dollars)

Cumulative

Cumulative

Monthly

Payment
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Month
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5% retainage to be subtracted from the above monthly

payments and to be paid on project completion.



9.0

OPERATING AND MAINTENANCE COSTS

9.1

Basis

Dperating costs for the proposed combinined cycle plant were
developed by Drave with input from United I1luminating Ca.
U. I. has concurred with the methods used and the cusgs
determined thereby. The various bases ave as fallows:

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 & Chemicals

Calculated by Drava, based an the estimated annual quantities
required, and early 1980 prices.

C. Utilities

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

Clity Water - is costed at U.I.'s purchasing price of
30¢/700 cu. ft.

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

D. Labor

A manning chart for operating the plant was developed based on
the manning requirements of similar plants previousiy 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 9-1 titled
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 Commercial 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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8.1

~ maintenance cost summary as these are best determined by U. I.

R -

Basis (Cont'd.)

It should be noted that manning of the coal qasification
facility will require a different type of peaple than those
enployed for U. I.'s normal staff.

E. Administration and General Qverhead 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 cperating labor cost
and maintenance supplies are calculated to cost 40% of the total

maintenance costs. These are as recommended in the above refer-

enced publicatiaon.
GB. 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. It may be possible to
sell the sulfur for various uses including asphaltic road surfacing
material. It {s also conceivable that a use, such as cinder

block manufacture, can be found for the ash.

H. Costs Not Included

The following costs are not included in Drave's operating and '
from their internal information and records.

Ash disposal

Depreciation

Finance charges .

Executive office overheads
Sales and marketing overheads
Research and devejopment costs
Corporate income taxes

Local taxes and insurance
Profit

WO WD -
- & & & a4 ® ®
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QPERATING LABOR BREAKDOWN

Area 01

Barge unloader operator
Barge unloader helpeyr
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, 0%

Operator
Helper

Area 07

Turbine operator
Turbine helper

Area (8

Boiler operator
foiler helper

Area 10, 14, 15, 16

Operator
Helper

aArea 11, 12

Operator
Helper

Figure 9-1

9-3

Day only, 5D/Wk
Day only, 5D/vk
Day only, 5D/Wk

—f el o

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

3 —

2 x 4 shifts, 7D/Hk 8
2 x 4 shifts, 7D/UWk 8-

1 x & shifts, 7D/Wk 4
2 x & shifts, 70/Wk 8
1 x 4 shifts, 7074k 4
1 » 4 shifts, 70/kk 4
1 x 4 5hifts, 70/Wk 4
1 x 4 shifts, 7D/uk 4
2 x 4 shifts, 7D/uk B
2 x 4 shifts, 70/Wk 8

T x 4 shifts, 7D/Wk 4
1 x 4 shifts, 7D0/Wk 4

Tatal 78



MAINTENANCE COSTS

Araa

01, 02 Fuel Supply and Preparation

03 Coal Gasification

04, 05, 06, 09 Fuel Gas Cleanup

07 Gas Combustion Turbine Generator
04, 08 Heat Recovery

10, 15, 17 Utilities and Facilities
14 tiater Treatment

16, 18 Waste Treatment and Disposal

Area 11 #11 Steam turbine generator (by UI)
Area 12 #9 Steam turbine generatar (by UI)

Figure 9-2

9-4

% of

$/¥r.
(1n M's)

Capital Cost

2
6
3

Subtotal

7

Total

§ 155
501
560
184
276

12
13
67

———————

$1,768

1,000

$2,768



OPERATING AND MAINTENANCE COST SUMMARY

Category

Raw Materials

Coal Transfer from BHS to SPS
Catalysts and Chemicals

Utilities
City Water

Labor
Operating $1,992,900
Maintenance 1,660,800
Supervision 548,100

$4,207.800

Administration and General Overhead

Supplies
Operating $ 597,900
Maintenance 1,107,200

$7,705,700

By-Praduct Credit

"Met" QOperating Cost

*Excluding those costs listed in 9.1H that are

best determined by U.I.

Figure 9-3

9-5

SV,
$20,137,200
245,400
211,500

106,400

4,201,800

2,521,100

1,705,100

-0-
329,128,500
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10.0 ECONOMIC ANALYSIS REPORT

10.1

Introduction

This report contains the results of a study investigating the
economic feasibility of repowering Units 9 and 11 at Steel
Foigt 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 elactricity. The
heat from the gas turbine exhaust gases {s then used to produce
steam for generating electricity in the existing #9 and #11
turbine-generators. The combined cycle can also be operated
with only one turbine-generator, or it can be fueled using No. 2
0i1 if the coal gasifier is unavailable, or units 9 and 11 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 Timits on sulfur
emissiens can be met when using high-sulfur coal.

The operating flexibilities discussed above and others not
mentioned tend toward justifying the economic feasibility of

the project. For this preliminary analysis, however, we assume
that the total system is not avajlable if any major component of
it is not available. This assumption simplifies the analysis.

If the project is determined to be economic under these circum-
stances then it will certainly be econcmic under the more flexible
operating conditions.

The CG/CC system would have the affects of increasing net cap-
ability, reducing oil consumption and diversifying Ul'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
if the Tess costly coal were to displace oil for generating
electricity. The additional capacity (approximately 100 M)

that would be obtained by installing the CG/CC system is of
1ittle economic consequence to UI assuming a low-band growth
rate. However, under high-band lead growth the additional
capactty would have significant economic value.

ul is presently studying other alternatives that would reduce its
heavy dependence on 0il. The ones that appear to have the great-
est potentail of achieving success in the near term are {1} burn-
ing refuse-derived-fuel (RDF)} in conjunction with oil in Bridgeport
Harbor Units 1 & 2 and (2) conversion of Bridgeport Harbor Unit 3
from oil to coal firing. These other alternatives are reflected

in the economic evaluation of the CG/CC system in the following
manner: .

The RDF project at Bridgeport Harbor Station is well along; in
fact, test burnings of ROF in BPH 1 are presently underway.
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10.1

10.2

Intraduction (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 1 & 2.
(Another RDF project is being cansidered for English Station but
this study 1s at a preliminary stage and so js not reflected in
the CG/CC study.)

The economic feasibility of the CG/CC system 1s compared to the
conversion of BPH 3 to coal, and to the simultaneous cenversion
of BPH 3 to coal and installation of the CG/CC system.

The following cases are analyzed in the study:

Low-Sulfur-011-Scenario

Base Case - No CG/CC, all Fassil Units on Low-Sulfur (LS) Oil.

Case 1 ~ CG/CC on High-Sulfur (HS) Coal, all other Fossil Units
on LS=0il.

Case 2 - No CG/CC, BPH 3 on HS-Coal with Scrubber, all other
Foss1l Units on LS-0i1.

Case 3 - CG/CC On HS-Coal, BPH 3 on HS-Coal with Scrubber, all
other Fossil Units an LS-011.

The Tow-sulfur-oil-scenario assumes compliance with present
State of Connecticut regulations on sulfur dijoxide emissions.

A high-sulfur-oil-scenario depicting the situation if the State
regulations are relaxed to allow the burning of high-sulfur fuels
is defined and discussed in Section VI.

Summary and Conclusions

10.2.1 Cost Savings

The results of this study show that an early installation
of the CG/CC system (Case 1) 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 Ul low-
band forecast. Installation of the CG/CC system in 1987
would become a more attractive investment if either the
cost differential between 01l and coal increases at a
higher rate or 1f load growth is higher than the low-
band. Although some savings did occur in 1987, the
earliest date the CG/CC system is assumed to bLe rveady

for service, the sensitivity studies indicate that the
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10.2 Summary and Conclusions (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 Q&M costs are increased

by 25%, penalties result for the first five years. In

the sixth year (1992) & net annual savings does occur. i
Based on the study assumptions, 1t may be desirable )
from an economic standpoint to consider installing the

CG/CC at a later date.

The abeve conclusfons ave based on the premise that it

is not Ffeas'ble to convert BPH 3 toc ceoal. Converting
"BPH 3 to coal {Case 2) is more econcmic than installing
the CG/CC system (Case 1) or dving both projects (Case 3).
If BPH is converted to coal in mid-1985 then the install-
ation of the CG/CC system will not be economically justi-
fiable until after 1998.

" The cumulative saving of each case for the entire study
period (1985-2004) is presented in Table 1.

TABLE 1

TOTAL SAVINGS
(1985-2004)

% of Total
Savings Prod. Cost
(Millions of Dollars) of Base Case
1 (c&/cc) 443 4.4
2 (BPH 3 converted to coal) 1,742 17.3
3 (Both Projects) 1,763 17.5

The saving realized by installing the CG/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 1 & 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 economicaliy attractive at low-
Joad crowths 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 Summary and Conclusions (Cont'd.)

10.2.2

10.2.3

10.2.4

Reduced 011 Dependency

In 1979 Ul generated 92% of its electricity with
imported o0il (7.6 million barrels), oil that has been
escalating in cost at an alarming rate. By 1990 the
construction of Seabrook 1 & 2, Millstone 3, and
Pilgrim 2 will reduce cur o1l dependency to 3.97 millions
barrels. The installation of the CG/CC system (Case 1)
would further reduce Ul's heavy dependence upon foreign
oi1. In 1990 it could reduce Ul's oil consumption by
34% (1.35 7illion barrels)., Conversion of BPH 3 to
coal saves even more oil and cempleting both projects
reduces UI's 0i1 consumption the most. An annual
reduction of 85% is possible in 1990. That amounts

to 3.4 million barrels of oil saved. Figure 1 shows
plots of barrels of ojl burned for all cases studied
including the base case.

Diversifying Fuel Mix

Just as important as the cost of a fuel is its avaii-
ability - will it be a reliable source of fuel in the
future and will it be priced competitively? No matter
what fuel we are considering - nuclear, coal, oil - no
one can answer these guestions with certzinty.

One thing is certain though: UI is presently very depen-
dent on 0il. This situation will be improved considerably
when UI's committed nuclear entitlements come on line in
the mid-1980's. Further diversification of UI's fuel

mix te include coal could be obtained by installing the
CG/CC system, converting BPH 3 to coal or by completing
both projects. Moreaver, 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-
ibility exists should there be a need to substitute oil

as a fuel in the combined cycle and also in BPH 3 if it

is converted to coal.

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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10.2

10.3

10.4

Summary and Conclusions (Cant'd.)

the analysis. What actually will be the future cost
differential between coal and 0il? What will be the
capital and operating costs of the CG/CC system and

will it 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 1s 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 0il, 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-
jated 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 jor
penalty) resuiting from the CG/CC system is the difference
between the pr>hction savines and the additional expenses.

Major Assumpticis

The major assumptions used in this study are listed here.

They are believed to be conservative so that an economic justi-
fication of the CG/CC project with them would assure the same
conclusion under a wide range of predictable future occurrences.

10.4.1 Costs

10.4.1.1 Total project cost based on indicated start-
up date,

o Installing CG/CC system for s-art-up in
January, 1987.
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| 10.4 Major Assumptions (Cont'd.)

$127,076,000
16,716,000 AFC
15,416,000 Working Capital

$159,208,000 Total

o Converting BPH 3 to coal with SO2 scrubber
for start-up date in mid-1985.

$ 97,114,000
8,766,000 AFC
31,468,000 Working Capital
37,348,000 Total

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

$ 30,470,000
2,701,000 AFC
37,299,000 Worting Capital
70,470,000 Total

10.4.1.2 Additional variable expanses {by-product dis-
posal and raw material consumption by scrubter)
resulting from burniry coal. (Additional
expenses for taxes, insurance and D & M, etc.
are presented in Appendix A.)

o BPH 3 with scrubber - 26.1 per million Btu
in 1980 esc. at 7% per year.

o BPH 3 without scrubber - 10.2 per million
Btu in 1980 esc. at 7.5%* per year.

o CG/CC system - 10.2 per million Btu in 138G
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 1s burning coal with & scrubber be-
cause in the formwer twa situations the items comprising the variable
expensas are more labor intensive and it is helieved that labar cost will
escalate at a higher rate (8%) than material cost (7%).
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10.4 Major Assumptions (Cotn'd.) ’

10.4.1.3 Law-sulfur coal -~ 1-1/2% sulfur costing 200¢
p:r7$111ion Btu in 1980 and escalated annually
a L]

10.4.1.4 High-sulfur coal -~ 3~1/2% sulfur costing 180¢

per7m11110n Btu 1n 1980 and escalated annually
at 7%.

10.4.1.5 Low-sulfur o1l -- 0.5% sulfur costing 459¢ per
mi11ion Btu at the end of 1979 and escalated
annualiy at 7%.

10.4.1.6 High-sulfur ol -- 2.2% sulfur costing $12/bar-
rel (194¢ MBtu) less than low-sulfur 0il.

10.4.1.7 Refuse-derived-fuel -- 20% less expensive than
ei1. BFY 1 & 2 burning 60% oil and 40% RDF.

10.4.1.8 Ash disposal cost -~ $17.50 per ton* escalated
annually at 7-1/2% from 1979.

10.4.2 Financial
10.4.2.1 Cost of Money (Non-Certifiable)

Amount Rate Cost
Debt 50% 10.00% 5.00%
Pref. Stock 15% 10.00% 1.50%
Common Stock  35% 15.00% 5.25%
1002 1.75%
10.4.2.2 Cost of Money (Certifiable Air and Water
Pollution)
Amaunt Rate Cost
Debt B0% 7.50% 3.75%
Pref. Stock 15% 10.00% 1.50%
Common Stock  35% 18. 00% 5.256%
100% 10.50%

*From report by C. E. Maguire for Connecticut State Department of Environ-
mental Protection, per New Haven Register article, "New Coal Woe: Disposing
Ash", Mov. 28, 1979. This cost is consistent with the expenses in Sectien IV
{A) 2b and Z2c.

py—

10-8




10.4 Major Assumptions (Cant'd.)

10.4.3

10.4.2.3

10.4.2.4

10.4.2.5

10.4.2.6

10.4,2.7

10.4.3.2

State and Federal Taxes:

Federal income tax rate -~ 46%
Investment tax credit rate - 10%
Connecticut corporation business tax
rate - 10%
Credit on state gross earnings tax - 5% of

investment cost of air and water pollution
control equipment.

lL.ocal taxes:
Property tax - Estimated Bridgeport mi11 rate,
66.9 applied to all non-certifiable capital

expenditures after depreciation and equal-
{zation to 60% and 70% respectively.

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

Depreciation: Book Tax

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-gvs 0OaM
5 mills per year for local property taxes

Load Growth

Ul Tow-band forecast (3-1
1.9% (1980-1989) and 1.1%

Study Period

-B0 PFEC Repart) of
{1989-2004)

1985 to 2004
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10.4 Major Assumptions (Cont'd,)
10.4.3.3 Design Coal

Avg. Heat Value 12,500 Btu/1b, Ash 10%,
Low Sulfur 1-1/2%, High Sulfur 3-1/2%

10.4.3.4 Unit data
0 Coal Gasification/Combined Cycle System
The CG/CC system is not allowed to come off
1ine except for scheduled overhauls (must-
run unit)
Net capacity - 165.5 MW

Minimim load conditions « 912 MBtu/hr @

76 MW
Block >ize Heat Rate
Block 1 76.0 Mu @ 7.80 MBtu/MWH
Block 2 13.5 MW @10.51 MBtu/MWH
EFOR 20%

Overhaul schedule cycle - 6 weeks, & 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 of f line except for scheduled overhauls
(musterun uni’ ).
Net capacity - 384.7 MW
Minimum load conditions - 1100 MBtu/hr @

86 MW
Block Size Heat Rate

Block 1 58.0 MW B 8.23 MBtu/MWH
Bleck 2 76.6 MM @ B.68 MBtu/MuWH
Block 3 75.0 M @ 9.33 MBtu/MWH
Blcck 4 93.1 MW @ 9.88 MBtu/MWH

EFOR 27.5% (year Ig
23.5% %year 2
21.5% (years 3 and beyond)

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

10-10

e’



10.4 Major Assumptions (Cont'd.)

10.4.3.5

10.4.3.6

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

When burning coal, BPH 3 is not allowed to
come off 1ine except for schaduled over-
hauls (must~run unit)

Net capacity - 388 MW

Minimum load conditions -~ 1095 MBtu/hr @
89.5 MY
Block Size Heat Rate

Block 1 56.5 MW @ 8.23 MBtu/MWH
Block 2 73.9 M4 @ B.80 MBtu/MWH
Block 3 7.0 M4 @ 9.33 MBtu/MWH
Block 4 93.1 MW 9.88 MBtu/MWH

EFOR 22.5% (year 1)
18.5% (year 2)
16.5% {year 3 and beyond)

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

UI Nuclear Entitlements

The nuclear units must run at full load and are
not allowed to ¢ome 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 EFQR is used for
Connecticut Yankee.

Overnaul schedule cycle - 9 weeks, 8 weeks,
9 weaks, 8 weeks, etc.

Unit MW Comm, Operation Date
Seabrogk 1 189.8 (16.5%) June, 1984
Seabrook 2 188.8 (16.5%) April, 1986
Millstone 3 42.4 May, 1986
Pilgrim 2 37.9 June, 1987

Forced Qutages of Generating Units
Forced outages of generating units are simutated by

derating the unit using its estimated effective
forced outage rate.
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10.5 Other Considerations

10.5.1 Justification of CG/CC System

For lTow-band load growth, at least for the near term,
the installation of the CG/CC system will have to be
Justified on fuel bused economic considerations only.
Additional capacity 1s not required until the year 2016
{1990 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-1985,
the installation of the CG/CC system (Case 3) cannot be
economically justified until sometime after 1998 based

on low=band Toad growth., If for some reason it is not
feasible to convert BPH 3 to coal, then the installation
of the CG/CC system (Case 1) is marginally cconomic in
January, 1987 which is the earliest date the CG/CC system
is assumed to be ready for service.

10.5.2 Capacity Factor

Scheduled and unscheduled outages Timit the maximum
obtainable capacity factar (MOCF) of UIl's two largest
generating units (NHHBR1 and BPH 3) and the CG/CC .

svstem to the foliow!ng: e
Unit MOCF
NHHBR1 82%
BPH 3 iOn LS-011) 819
BPH 3 (On HS-Coal with a scrubber 72%
CG/CC 74%

How close a unit comes to operating at its MDCF depends
on a number of factors, namely: expense for operating
the unit {efficiency and fuel cost). load demand and
unit constraints (minimum load, minimum run and down
times}. None of these units reaches its MOCF, although
the CG/CC system comes very close in its initial 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 1ine and maturing in the mid-1980's.
Qver the remainder of the study period the capacity
factors of the fossil units increase gradually because
of low-load grawth.
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10.5 Other Considerations (Cont'd.)

10.5.3

10.5.4

Capacity Gains and Losses

More savings can be realized by converting BPH to coal
(Case 2) than by installing the CG/CC system {Case 1).
The cost of the two projects are essentially equal but
more coal fired capacity 1s gained by converting BPH 3
to coal so more cocal can be burned to displace more oil.
There is, however, a gain in capacity of 101.8 MW with
the instailation of the CG/CC system and a loss of

11.3 MW if BPH 1s converted to coal with a scrubber.
Neither of these capacity changes are reflected as
capacity costs or credits in the study results.

Capacity Sales

In addition to obtaining coai-fired capacity, the option
of selling excess capacity is open to UI far reducing
operating expenses. The following table Tists the excess
capacity that will exist in 1990 based on low-band growth
for each of the cases:
' Table 3
Excess Capacity in 1990
(1ow-Band Load Growth)
Megawatts

Capacity Responsibiiity Capacity Excess

Base Case 1340.7 1759.24 418.54
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
100 MWts (approx.) of excess capacity are available for
sale if the CG/CC system 1s installed (Cases 1 and 3).

A detailed markat analysis for this excess capacity was
not made. However, it does appear from the 1980 "New
England Load and Capacity Report" that more paol capacity
will be needed in 1992/3 or 1993/4. This could occur a
year earlies if Pilgrim 2 is not buiit.
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10.6 Analysis

The resuits of the economic evalvation of each case are pre-
sented graphically as potential savings {or penalties). ATl
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 Casz 1 were parformed because of the uncertainity of the
estimated costs used in the study. Total annual revenue require-
ments for each case analyzed are shown an the computer summary
output sheets contained in Appendix A. '

10.6.7 Coal-Fired Capacity Options

As described in the introduction three options are
studied for obtaining coal-fired capacity. They are
Case 1, 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 limits (low-sulfur
611 scenario). Fraom the initial year of operation,
savings occur 1n all three cases. However, the savings
realized in Case 1 (installation of CG/CC system on1y§
are substantially lower than the savings for Cases 2
and 3. For example, 1n 1992 the cumulative saving for
Case 1 (approx. $30 million) 1s abuut 10% of the saving
of Case 2 (approx. $330 million) or Case 3 (approx. $280
million). It 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 cumuljative savings of Cases 2 and 3 for the entire
study periad are essentially equal. However, since the
initial investment cost for Case 3 {is about twice that
of Case 2, the return on initial investment for Case 2
would be much higher.

Throughout most of the study perjod 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 in 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.
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10,6 Analysis (Cont'd.) \

A second analysis of Cases 1, 2 and 3 was performed to
determine how the results would be affected 1f State
regulations were relaxed to allow burning high-sulfur
fuels. The following cases were analyzed:

High=5ul fur-0i1-Scenario

Base Case - No CG/CC, all Fossil Units on HS-011.

Case 1 - CG/CC on HS5-Coal with baghouse {no scrubber),
all other Fossil Units on HS-011.

Case 2 - No CG/CC, BPH 3 on LS-Coal with baghouse (no
scrubber), all other Fossil Units on HS=0Dil.

Case 3 - CG/CC on HS-Coal, BPH 3 on LS-Coal with bag-
house {no scrubber), all other Fossil Units
on HS-Di1.

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-cil scenario further
substantiates our earlies conclusion in Section II, that
installing the CG/CC system (Case 1} is only marginally
economic, With the high-sulfur-oil scenario, penalties
occur in the first seven years of operation of CG/CC .
system. [t is not until the fourteenth year (2000) that
a saving is realized on a cumuiative basis. When BPH 3
is converted to coal without a scrubber (Case 2), substan-
tial savings occur throughout the study period.

10.6.2 Fuel Price Sensitivity

The Tow-sulfur (LS) oil prices used in the study are

based on information from the UI Planning Coordinating
Comnittee, They conservatively project that the price

of LS5-0%1 will 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-

Qi1 for each year of the study. This is the price
differential that existed between LS and HS-0i1 in May, 1980.
Prices of LS and HS-Coal were chosen based on a review of
recent industrial pubtications.

Because of the uncertainty of future fuel prices, an
analysis of Case 1 (installing the CG/CC system) was made
assuming a constant price differential between o1l and
coal of 279¢ per million Btu (see Figure 8). This is the
price differential between LS-0i1 and HS-Coal before
escalation that was used in this study.
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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-0i1)
amounted to $225 mi1lion. The annual peralty 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 0il {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 oil.

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

10.6.3 Cost of Money Sensitivity

The plots in Figure 10 show how the study results are
affected by changes in the assumptions of cost of money.
The original cost of money assumptions used in the study
are as follows:

Cost of Money (Non-Certifiable)

Amount Rate Cost
Dabt 50% 10.00% 5.00%
Pref. Stock 15% 10.00% 1.50%
Commua Stock 35% 15.00% 5.25%
100% 11.75%
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% 10.50%

When the capital structure is changed to 45% debt, 16%
preferred stock and 38% common stock, the cost of money
increases to 11.9% for non-certifiable investments and
10.75% for certifiable inhvestments. This change of
capital structure reduces the savings only slightly in
Case 1 (installing the CG/CC system).
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10.6 Analysis {Cont'd,)

10.6.4

10.6.5

10.6.6

Anather analysis of Case 1 was made with the original
capital structure but with higher rates of 12% for

debt {9% for certifiable investments), 12% far preferred
stock and 16% for common stock. The higher rates increase
the cost of money to 13.4% for non-certifiable invest-
ments and 11.9% for certifiable investments. The total
savings for Case 1 are reduced even more in the change of
rate sensitivity analysis. Although penaities result 1in
the first year of cperation of the CG/CC system for the
change of capital structure apalysis and in the first two
years of gperation for the change of rate analysis, the
effects of the changes in assumptions of cost of monay
used in this study are much less significant than the
effeczs of the other sensitivity studies made in this
report.

Capital and D&M Sensitivity

The effects of changes in capital and 0&M estimates on
the study results are shown by the plots in Figure 11.
Both the capital cost and the initial Q&M expenses of
the CG/CC system were increased by 25%. These increases
are encugh to cause the saving in the initial year of
operation of the CG/CC system in Case 1 to becoms a
penalty. It is not unmtil 1995 that a saving will be
realized on a2 cumulative basis.

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 0&M costs by
25%. The penalty for the higher EFOR in the early years
of the study 12 lower than the penalty resulting from the
28% 1increase in capital and 03M costs but 1ts negative
effect on economics soon surpasses that of the increase
of capital on Q&M costs.

! oad Management

A brief analysis is presented here to show what eftects
1oad management would have on the study results. The
analysis and assumptions are the same as for the "Coal-
Fired Capacity Options" (Figure &) except that the daily
1oads are flattened by 25% for all cases including the
base case. Expenses and capital charges to accemplish
1oad flattening are not inciuded. Plots of cumulative
savings [(cr penalties) Tor Casis 1, 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.

10-18
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10.8 APPENDIX A

Computer Summary Sheets
of

Annual Revenue Requirements For Each Case Studied

10-20




a8/20/L HE NO¥

. e b ———— e mm = 8 Ar  Emem e - s mmar - sm —

HINDNHL KOT3 NO GISA SNDILVYINIIYD KOLIYIJIYIN

L&N022Y OLIHI K3¥vL LGN -uwmu_n m:n:.wwuammm

f e e . _ENWEA U -8DJ-.0'0 = . §t"1*$ D £3d) DUVHIEE -
SNY34 GE UIAD OVINS 08°0T + IN3Indd 11036 W¥L Euﬁnu..z_

ey = .nzwu.xwm- Jivy ¥}t m:_uu.‘— w_.:m

el e s — . 98°%%  =-UINITHAd) 3LVE WVLE A0ING -TVHI0I4 - —
) SI1900 Su¥3R 40 KNS = COHLIW NDILYIDIW43Q ¥V)

- - —

m_:.. .:G_cu_.m - na:—wt zn_—:uuunwn .Enn
e it e - B0 25T . TLYE NIGLE -IHMDD  BOSE -.« NDILIV¥S NIDIS THHDD --—
P0°0T = JivA XI0LS *F3Wd E0°ST = NOILDvdy WI0IS *J3ud

) 85°8T » (IND)S34) 31V 1930 09°05 o (4¥3I4Id) VOI1Ivad, 1430

~ =~ ONINOOT0S..-ARL HO Q35Y0 SKNDILIY INDIV] AIVON 4D 150D~ —
SL*1t = AINDN 30 1507 GILVIAITNZ

ms_dmr TE St -nanm SIHL 4D H19N3Y 3xg

s is sm res  ssgm s emn imas w = -

s e e e meee - e BO25T B 3LWY NIDLS-tHKOD BOSE- s NOILIDVEY NIDLE iWHB)——
G8°37 = 317Y NIDLS *53ud RO°S1 = NOT11IVHY NIDLS *43¥d

- — v e - ———a e ———

00*ol = (JIN3JW34D FIVH —nwa Qo o5 @ :zwucwm_ ‘nn—u-xu 1030

—SHINDI1IDS-JHL- 4D GISYR. SHOLYINITY] BisIN IRISITUd —o

INFIHIA SL°FY AV SELT JO JHINNESI0 GL SNOILYIND YD MLNOH INIS3d T

o8t Nl 1dY1S .—.:: -.u..._—m L]

SQY¥I MOHS QVIY FHSH 3S¥D SIA1 HOJ SHILINVAYG AGNLS

" 1503 1303 WI 030031 S1 S1wi9WISNDD 11NN IN3STYd O1 w:u —mnu ¥IKODd dHND
PN 4 & B 14 |- N

B e Spveam——— § |, = o It TR T M w ) e b Vg B L B 1 R34 | gy




"

ass20st  NO MNH

- N X N-R 3§ §_)

-
-
o
»

353

b ]

LLFE

0‘a
o‘a
g'g
a'a
0°g
o*a
a3
240

353

LR R o T B

- Ty o Wi A P TR L . 4 e .e o
. .
e memt 2+ ae— = T SI E3S VIVO-SIHL ¥0J 9713 XFL.ALE3MOYS FHE - —
[+] . 000E [ | A¥3 HAZLNIINID = FINTHISN]
a .. - - BOBE . .O0°S ... . .. . HASSTVIIN - XYL ALE3I08d . —
-] paoe€ (.M HAZ IN33¥3d = ¥08¥1 1 IVHIND) H3)
a L1 13 a8l BAZLINIJ¥IaA ~ SAviudlen MO
[} . DaBE - #B°8 v cmm e WAZLNIINIA - TI0AYS WIT o o e e
3 1113 pra YAZIN3I N34 ~ 1INDBI 13724 ¥FIVIIN
L} 000€ a HAZENFIHAD = WliIn] T304 w3700N
[} e Q% DABE D0 e — o ~BAZLIN3INIY - 150D ININLSIAML e . ——
Hyak. .. 353 . BYA D83 s i e - - - SUDLDVE ROILYIVIST- - - e

SOuYD HOWd OY3IE J¥IN_AIME.'KDTIS @151 ¥y SUOIIVY. NOELYIFIST AQfUSe 3ML - - —_—

T0°ST NO SLERD TV *I3/93 ON - 35¥) 35wl —




N3 HEN13Y KdnL 34 Hynl3x
[} 0 [ °
L] * [} [ ]
- a - [ - g . .0 -
(1} A poet*a [ 1] 3 ) ogu1te
Q4§ LS s Qis
- - - ns - - s . . WS - 11§
sL1eg gsareag SLIT0 asor*n
poogen gsia‘s sealce 95¢{9'0
ooas-a. 0048 - Qods‘C .. 000S5°D
hiZ81h IVISNL WIS ITLSNE
*2SATASZE  "HRTRSERT ‘OG22 R2E6L9%
. - 0. -0 L2 T
L] "0 o (X)
*0 "0 ‘o *0
- RN — - - - - s % - -mae “OASTBOEL _"9IESTEGL...Z2EChbAI6 . *2L92455F -
“SSEASIAYT "25ATSHZE  “LHRIESEDT *QonaTe26hr
[P SR L) [- 04"} Ob*4% 0*0
- . — . TB2ESaeS .. "D *E20LBLES "D
€2 E2 1 14 €2
[ T [T [ gE
.. - *B29546 . i 72 { Y “2LbBET . . "T1920N
‘0 ‘0 ‘0 -0
0 *g22%28t ‘0 8519922
. - - - - . e s e e B LOERANML. 28 .- . "T3BISI
¢ 0 “0 )
a 0 *0 "o
- - - - - . - —"O0GOEAY _ .'D e - '8 L
‘00082954  *000022TH  “OBGLLMLATI "CO01%20H
{ [ ) ]
e i e m e—— - - 1)) SR 1. ] | e LEWTY .- ~LZBBT
JNONER 1¥33EN HIINDH J1L1¥3D
YIponyas ¥ i o) >3,/9)

al Qtdacky [ ydg

ans2est

- L0 INIMIVINGD Gu033N 1SPY 3N S

X 253 MO71707" 110-57 SHIKID *Tv0I-SH €HAG'O0Z=¥04 3I/792 HLIM _E ISP ..

1314730 3dIA SLENN 8

[

NIy QISYQ *1°1°S
*1d18 LINA 40 3HIN
JlaNt L41ng 1ivi3d

0381134 HENDH
0INILIH YYFA -~
‘n*d 31ryY *1°1°S
nos1Id 334430 dv]
aanias J3sd3d X009 .- —
‘N°d ANDH 30 150D
*fi*d 31vy8 1030
TS NGIIIVKE 1930 ——
1091 1SNT WlANd
1STANL 44 133 It

L10 Wy ¥x3 8.0 -t
$¥Y1100 BN
SY¥1102 1M1

$ XV ISIAN] ¥dI0 ——
¢ %009 ESIANT U430
S1iW 11vy ¥l d0ud

JHEISSY INTYA J0¥d - — -
S¥r3L 3410 ¥vy
SuF3y 3317 w068
dh LIM] 4384 YNSN] o
ki DINE HOSYY WID
HA LI%! SIMLYH HID
. Bk AIN1.YIMAYD HWI0-—
9i/% BT 1304 NN
#A/4 4 LINT T3 INN

. HL LEY] d¥3 DFENDN ——
SHYTI0 ENIWLS IAN]
ESNI 40 HLNDH

- LSHI d0 WA.—-
IHYH W3




. - e
L]

*3324E82 *TEOTST *SLETRALTE  *S95NLh ] s n .8 "EISHLY a502
"EATEENZ  cuaTMOT CETEEITE  *21400% -6 " '8 0 *2600h €a02
*ZaMdaed  Tuasllt SILE2TI28  “W2E%22 . B . e t0 . . - - . *w2Eq28 T —
“TETRDYZ  “Z89571 *2IQV3EL CRETAM "0 ‘e e “0 TRIINAL Tum2
R2SENMZ  TERTEIT egCEz2NN  cLINAWY .0 u x *a “raeset 89902
STEESLE2  SMEE12Y SITOE2MS 925207 _ 0. —.. SO _ ... .0 .. . T . te252M% .. ShRleoe —
*204E522 w2921 *GE41825  *STEERS *a g ‘0 0 *REEONS Euel
"ENER2TZ *SE2M20 *LATBLIS  *ESLZAS *a *p g "y 117111 11
*RzELOAE  SWEAEET *qET2MT4  *L0Ta0S . % . _ 1D .- K] 0TS . ... Bablm—
2843481  *ANEVET *RiOVEIE *SES2TH g *3 p g L FLTY Shbl
s@g2aget ~aETuEl *RU2ECTE  "SH523% “® T ] ‘e ' SHER2N LYY |
*2sal1nst *e2asalt *he43SL2 "IGTALE .. A _ ____*Oo.._____‘‘0.. - 24d. . "LOVhRE. —Ebbl
*qETALAT CTERTAY *¢5S4SE2  “OSELSE “a *n 0 "0 ‘OSELSE Zuhl

b1 P9 T4 *e0915T L FE1YY ¢ “UShWE ‘s ‘s |} ' *0SkMIE Tt
"RES2e1T  *BAZAST S IS2W3NT . “ZMISDE . 4. ... . ] ) *LVISOE

Y LTS *5ehpay SROEANET  “42BAE2 L ] ] 520482

*stazas se2nzet SAELOADT  *ST2M92 *0 "0 0 0 11 1H

82553 .. ."¢2LZ&T __"LINITS __c£mmSS? 4 L] | L3} 0. .. - 'E00552- . LEBVce
*ra53ce 287312 578555 522642 “a - *g 7] T I{1t] LT IR
Y{3L T *hLETY2 "taude? Y] a3 ] p ‘9 ¢ '3 (1T HY SHLY
1S0Y *ANY AS03 "Wny 1503 °Nuy 1503 X¥l H¥n) 3y 3334320 HN[HINS wi INtYH 150D dnd wvEk

1Y IKAD wIoL ivInkng IVARNY 3IHDINI Ivi01 xQne IINYENSN] K1EIJ0Wd NV HAD
134 SZ°1T LY Bd SEuY -

SHYINA 40 SANYSNOHI NI Ind1n0
aRs2nse - FUD-STNO SLIKN 1V .923/7,90 (8 = 35D I5¢@ - - . . ANEHMAS.

s



L L ]

“Enldsg2
“EadTLLe
“1510EY2
TLMIEESS
“wil2242
“O4EOQ1ER
L1318
el T4 14T 4
"08095k!
“qB20€RY
“testacet
*tqid951
"HSELEMT
“qapni2?
"EMR2ATE
3172 10
s L5 T
*2315%
LI T3
“neETN2
LS00 “mNv
171N

*SrL2at
"Eea2aT
“fELsAY
"EYZRTY
*HAS2TY
TRZEMT
“SEslTl
*1zag21
V4T 4
*SAE N2t
Y4 TI3
“za5268
1T31%
Tgeasag
*“EHEASS?
“ERLRAT
*SAETLN
*Tas2at
2aTI12
YT LT4
LSO *Nue
riaL

———————— —

134 Se°3IT v Nd Sl

agrzese

Mritiyiy
‘atiaLe
*aEL2L8L
‘DILTMGL
"OED2NEY
117811
‘EuVIN0S
QEESH
*$54TLloe
*SAERESE

*ahe281E€

Ecclbd?
“SME5E2
“geITENT
hZBTIANT
RSERSEY
*CENLLAT
514012

*q1R5SS

“Teg2sl

LSO2 “NwY
19100

*ES292
TAELHAL
‘h28THL
~oneRde
*LELS1%
“SLESDY
“079455
*EELTZS
*BELELL
“TRISEN
“ELAEDS
*R2LELE
“BBREAE
*9RREZE
~12L2BE
*p2sen2
*STZELN2
M1YS 1T
*§2LEN?
‘Tu®2hZ

1503
ITNNNY

‘Enln
M3
173
“EbLh
"Ebih

“Ehlb. . .

1785
1147
Eulh .
*Ehlh
‘this

- 2EMLE .

L] *STel
“EMS *T49kb
— *GGSA .~ - fREOBI
“B5h *e5501
*91€s 1N
SETY L tesld
*EESY cesil
“gbs “hEL2Y
SRMS .- TAB2ET
rLeas *ZEREY
“S%.S TRLELT
TEZES .. .'52eil
"aeis «2Lnsl
"REBS ML EEL1
AT} "SA549T .
k-2 13 1
“FT% £swt
‘tader . tEB24Y .
) 0
g ‘a
vy LLNIEL ]
EL =L

IrLD}

“Eslt
M1Y3]
TEMLE

i 1737
‘ELLh
‘ERLb
‘2

M

BELEED

%009

S¥YTI00 40 SONFSNOML NI 10din0
£2 353 TU0IWLI*IO-ST HQ SIIKD 115534 1Y “82«¥0d 23797 Hlin

*E8S ALT- L1 *22uud
“oLh *OuEY Tpe2t2
SRER —e- - AWLEN . . rRdEG2
*Its *ESLS *slnE2
*ME ‘etLs "EaT22
"REE . IaISS - . *feSa2
PGEE *1Q€S STl
TETE *a00s *phiLt

. PERY_- -t *SEASI . -
‘g2 ‘hikYd *Ta7s1
*453 fTE TEATAI
"REZT . .. *RIZh._  .TAVEEL
"£22 bR 11 ar221
"0z *eld€ CTMETT
sel_ . ft2esE_____ *4250%F
2t "hAEE ‘liLh
1372 *LIE LY
ST .. "BOB2 .. ‘hiIsd
*a ] g
o | re 3
HN1HINd ¥l INEVA
MY MNSNT 1) ¥wIdudd  qaNv yi)

1 28vd

‘0f1e800 La02
“TTRENL Eco2?
*abded - 2002 ———
‘LLIALY 1a62
1512519 ooz
P932455. .. bubi——
‘onsnts [ 11
*ALENLE 311
'wl8l2h .. bRL— .
4621k Shkl
" RAEDTE Skl
TCLOTEE - .- — bl
tEun I8 Thbl
*Zohdt2 TonT
CEETZ2YZ2. .. BbWT- —-
c2r5oa? [ 1)
“qpie?d ar
*S11aT12 - 48bl
*52{ENE aaul
"ThO2N2 58141
1503 1Ind ¥vaa
KATHHAS ——




“Te€lla?
“2¢bhdER
*Tiayeld
"teii0ee
"LESeSIY
len2i0i
"4TEETINT
"ssviriay
*Jet30L Y
“EdLLBST
"EdOcanT
“safELET
*namkES2 Y
“Sva2€En1
“dsT10a1l
ariry
*r&RITEL
“2spges
C2EEE2H
‘a2EnE2
154) "Rt
LYY

*FOMIB
*ILELR
‘aagrn»
*A52 an
MRl
*aSTha
*SIt2ar
*B0SS0T
*€5LLAT
"$590TT
"ZBETT
“STATT
‘abBT21T
“L2n%27
‘Tabakl
*ISTANY
"hbbAM
3rLdst
“LLERT
"9LERE2
LS50 "wny
Iri

——

11d S¢*TT 19 Md S8BT

-

*0L00SER *bEOLZLL YL *gove “Ohaf 19 3TN *euile? (1] P
*TENESSL “eablEL *0aln T2Lne 1] 11 LY “L2Ltin rand
*aBD5TE9 *a529L9 *¢E9m 211 “0hnE SENNH LT “0b9519 ¢0G?
*hIEAETY "RIEN29 *HEST "LT2b "ObeE “€LA *u€dni *Bbine: 1nge
*I8LLASS 09025 "TEMY ‘TSt *DhiE *anid *0529¢ "AITELS 0432
g 1111111 (13 L ¥4 "B2ED *2%% ‘Dusk "a5¢€ *ata “TLONE ‘STl [ 2% }
"SESHTAR  *(LIESH e2en *SEEQT *0bhk *TEE ‘hie *AeSTE *LEBOES anyl
“akBoEnE XL ‘1219 0401 "ObtE “biE P 4S5L *e82s2 "4E53be
“HaEARE ‘2hibOb *stos "oROTY TOWGE w2 1l *28te i 175:0]
“4SThelE *OLSSCE ‘SIS “ESalT "OLAE *oLe "5k9 "eLls5e "ELSH2E
hi59692 *aroNse '2VAS *qdetl ‘DheE "ES? *519 *TMEER *42900E
bL525¢€2 *SLREZE ‘a0es *ant2y *aLME °qE *8gy MALLIE *ShpBl2
bb98202 0L he2 9095 *GLs2! b 1317 *1e? *qas *5%002 r2TLESe
*h2ITELT “AI06LT SE0SS "ELBAT ¢ POLAE "A0e “q4s * a0981 TN 2ER Tual
“SATRSAl 208292 *COMVS *STFEY *QnkE *Eb1 "855 *as2Ly *s09222 Ouhl
PEESHIT TEn2aa? *Lo2S MLLLi2 "OLRE *nat ‘ers 1) *2e0S02 wdbul
fETTISH “29E2E2 “anils "19pal TOLME 4 L)) *lan "GEENT L€l not #1363
‘8nl8T¢ *abbid2 *InlS TEEAM 1113 *est LSk "TaLEY B ARLTL Lianl
YT “TSin2? ‘68bb *qnEnt OB AE TinY L3 raseay TEMTELT W1
*EQ5L92 *g3I5292 L1g2 1] Y4 112 M 3 AL 1) *4599 *Releh2 S4b1
1899 °Nuy [R110) £ 11 NENLIY 738430 W N Ind vl NIv4 1Sp} 13114 BT3A
[0 11] 7] ITORAY INGINI %101 006 IRivunsnl Alaldddsd INY 840
S5YY1IGT 2N SAORYSANHL N1 1N4LND
(A4} ¥L 253 MO 9 IvGI'L0-ST SHIKID *INDI~SH £EHJR 22790 UM 2 #5YD ABTHHAS

y

——wr e

o ————

— S PN 2 B e - t—— -



12278 k¢
*Sulibed
*25513F2
M LTI
*59%LEL:
*dFLEaL?
*YCcasbl
“"S¢QubFl
"almLE2Y
*redeql
"Sinsin]
*fipLunl
*0sSu0E21
"s199511
~gessect
*3rdndd
131 LY
(2318 1Y
"25Ee2m
"qeELER
iSuJ “"huw
190D

LTI
*EE9SE
‘Eubvi
"s0¥2h
“Erise
“1ité»
*8 5001
*TaZe0Y
*GAsSaOY
“%lE2TT
(18
*teaut
*q9Ega21
. net
~SR2LET
‘OSAERE
*YRIEST
“Ontadt
"9LhERT
"9gEnEZ
1307 *NNY
vl

13d SL°TT £Y Md S8ul

*539R2FM
TETSESHL
TALENERS
“yapDeV Y
ARLLL LY
“2timhba
C2LRALEA
M TEF 1994
*SLEVASE
"NGeAETH
togeledd
T aQE 2Tl
L1174
vESE221
*TLERINT
*4701221
“{SA0Ln
*lastLe
113 1Y
"£05E92
i593 *Nnv
1Y INWA%

AR ATYS
*TLISTL
*ALELSY
“LETATS
*tuleds
*09922%
pereLa
“s0€05s
152451
*curt1as
*T19700F
*RLc%2E
*ETAEDE
*20uEd?
"eELa2
TEAEDS?
qrqpr
~e2e ek
“15¢L2?
“€ds¢a2

15712
TYNNAT

L2LFI
“2HLET
YEE2ET
‘2ubll
reeeel
acse2t
~¢522t
rz21c21
e
rzest
st
"ZESIS
*¢RLo
“2&501
*dn?01
2sC01
‘LD6d
ALY
M2 L]
"ATE2
117
SHUINE

rATOLT
SEEBLT
*258PT
T1Eeht
'0u307
LIt
regsae
*IMMER
LA LIt
e
LTI
“faues
e 1lg I
*19:82
‘pREee
"hELOE
rE1LTE
*LEAE
*S0BAY
*ap il
LELTET ]
Iviot

"E82H
*ERZE
"Fk22
*ERZF
*FER2P
H1T1]
*EE28
MITid
“ER28
‘geza
‘ERPF
"fade
€528
‘Eedd
‘FR8
*E62P
‘EB28
TEB2B
*0L&E
Shet
J3vain
*0Uy

*ocar 1%¢
*sEb *T2EL
Lk hE Y 4114
*afE *LPEY
*EIL 0454
L34 "2EEY
Lias caens
*E23 ‘HERAS
" 285 *f1LSS
"hNE *RLES
*33% *thils
Telh *hhdn
"akh *2d%h
*STh 313
b 1130 "goth
2ar *19GE
*LEL 413
*qlE *SYEE
LAT L2k

9 "ubi

———— o

COIEEHE] i
FINVANSNT A193dT1d

SA¥1IN0 40 SONYSADHL K1 LRdLA0
$2 353 101W0I°IIN-57 S4IHIN S1eNI-SH EHaR 0D2=HO3 IISZY (AJE) € 557D

*puAh{
“LHEEL
*GasRe
*ES5LN
*EAs
LIRS
TEDOS
*120L s
"LINES
‘A56ch
Tadile
*S08kE
*Ea2¢é
“3hbb2
L2
*5iLse
*ho9E2
*wil22
“gs5e2n
5559
[LILL]

JNY edd

“1seLan
11818
*26508%
*Sellis
*Tulhin
M ETE T
“% 9428
*OUDESE
*elnllE
ISLTETH
*99C 312
fLewe?
*2Llet
"TENLI2
*SE9vIT
*sedicl
“q1nTay
*L9%23
TENTENT
*52The2

—— o ——

15 13174

san2
ran?
002
16a?
[ R T
(119
Bbbl
Lubl
ekl
Lokl
(371
Lubl
F
Tukt
(P49
Wb
Hobl
2dnl
BHLY
Skif

PR

HY A

ANYHHNS




nes20s2

631537130 3431 SLIND O

Yiv0 JHINIVLNGD 080338 IS¥Y 341 §1 2

LELVET]

1]

Q

o

oot o
TAS

us
S£Tr*0
opar*o
coos“o
WISNT
"O0k92ENE
~a

*0

*0
*QOTABDET
‘LESESTAL
as*1%
*ES20M0S
E2

*O000ELT
“PanITATS

4
$aLT
INONEN

Nung3d

]

1]

]

gov-e
aAs

us
asev°o
gsento
§g05°0
TYLSHI
YR ATA L
*a

9

‘0
"92SL0ELT
"L ARLOONT
0'0

0

[ 1

2
“sS08l
‘a
*RESSbA
“LHh5RS
‘0

‘0

‘D

" 900 50M1
L

S8LT
14330

SIS ¥ AnvHL Tl
at dRYFAND & Hdp

x¢ 253 310 3 WY0O*UD-SH SYIHI0 *I¥0D-ST EHdS *I2/90 O/N -2 35YD

NO QI5vEe “1°1°%
*3d38 LESD 40 JUYH
JICHI Ld1n0 i1vi3d

1381838 HINOM
BIHEI3H BY3A

‘n*d IMvE *1°1°S
adHLIH 2344310 A¥L
CO0Hi3w 23IMdII0 WOUQ
*N°d A4 30 1500
A4 LYY 1930
‘fi*d NOELDVYS 1939
aN] 1§81 KIANg
ISIANT A4 3243 DI
416 4 3313 3110
Su¥109 gnvl
ssv1tag 231

¢ XYL 1S3AN[ MdIQ
$ xDOg 153IANI ¥d30
SEW Jivd YYD 4049
WS35 Y INTVA dOHA
bLLEISEETRIR § )

S¥y3a IJLT XDAT
¥4 1880 dI8d HNSHI

¥4 51N HOAY HID
¥A 1IN SajvH K0
¥4 1INl VIBAV4 W30
dAF% 1103 1304 2NN
¥A/¢ L LINL 14 208
dA LEIND dY3 JIUNDN
SYYVI0A ESIHLSIAN]
LSNI 2D HENOM

1SKT 40 HA

INYN W3LL

N

+

(3]




*E£0%9BL2 158886
*e¥LEdf *Re2101
*Odtw9R22 *Ze2€07
*SD2EBTR *REQM0Y
“aflecd? "AEQLDT
“OsERTbT "gosu0T

*2Ean58T *gorazv
SREELMLTY *as1s1I1
"RLVEERT "ALSLTI

B5A1ST M Y{i115]
“ES2SWET *us9021

‘wbSALETY "atvapt
*584051¢ “qa% k21

*WbA5201 “Znis2t
‘2iEfun *ALeOET
Ewmead *S20EET
“I25EN “qL2BE1
*1259m 8 "T9LERT
*o%L2st shoal
*2LiTut *2¢L Tl

T T T enecoa--—

<507 *NNY 15Q) "HMY
1vyIan) wWin

i

174 5217 ¥ md S58bIT

assearse

“OzuECME  *TET2Te
210N *BILSEN
“QTSSSTE  *ElLEve
“EEZ28E9  *unBdO
YRERTLAS  CLANLEY
*29%E505 852185
TRE2224b  *TZMOES
CENTANE  '201HER
TLSTESAE  *12094
1QMT00E  *£00SOD&
TEET20NZ  *2SL19E
*I9NSE£22  *N2ELEE
*SGESLAT  “BILEDE
CELEMLST  *N04L2
TTZSLEET  "abDaS?
TEINEMT  "OEBIEZ
SZAITER YSEASTR
LFFI%3 1 "4 29002
TGAESTS PEMDTOZ
"SOEATR YSOEAT2
1507 *NNY 1502
1¥ kN7 RNy

JHOOKE

$HYI0Q 3D SANFSNOH] NI IRGIND
TID-SH O S1IHN 1Y *32/733 78 35Y7 3ISvE

0
bl
'n
*0
-]
'S
]
‘0
“0
o]
0
‘0
‘q
*a
"
‘q
‘n
o0
“a
0

L& ]
vi0g

9

e

auy pdo

“TiT2Me
*LLGER
M Yixald
*LALEOOL
TIAULED
*ESLINS
*T{LAES
*20130h
*1200h
~tpasae
T25H1ME
THELES

" ak0b52
*aENTER
i TAL ]
*u29002
*€sgiod
"SDEAl2

—————————

1563 1303

s a2
Eane
2002 -
1002
ooa?
bbbt~ —
Bb&T
(11
SebY —-
Sbhl
(1934
bkl —
2ppt
1a6t
DbwY - —-
t bt
sgbl
¢8bT —
LE 1Y)
s8bl

b1k 1Y

AUTHRNNS - —-

g Saaf -2 'y iy il

—t -

e



*0426b4a “918sb
"abbals2 2890
“gi5e0E2 "L h
“Easvge? *a0s201
*ceni0TR “SBLADS
*ETL000E ‘252901
‘y5sibul "Rt Ta0?
1341134 *“SkBZIT
“eREZLNT *Bobhall
TAEBLSSE aalgve
“LELOuNT *Sg2021
*10502E7 2wl
*RZELTT “a592%
*SLEnSAT “ECRVET
KAie i “S2ELEY
~L£9008 “ZBETIM
"SEERSY ‘bSkELY
*S4c015 “q909257
*0%LasE *PebLOT
f2LLiuT CTLLINTY
1503 *HNY  1SDN) °NNY
F lziiip] T¥iol

§3d SL°TIT Ly »4 SAbT

nDRs20/L

CAESSLLY
“g63098e
*W13101¢
‘OLTIER
LR 1LH
~ 5991105
*TE2905M
“LhadullbE
*9e50TSE
*QOENLOE
~80L0282
*LTSETE2
EETTLTEY
*pLacest
~EO41PER
PRREETCT
*Er9243
*ER25ET
‘ERESTS
"SOEATR
1503 ‘*nuny
1710643

A IT1T41
M1LiN Y]
425262
222049
“alfsin
“gEM29S
SREFLTS
*TISNEH
"RLZNED
*00%eE
CEBTSHE
“20MLEE
*SRZU0E
*L95582
SSERLY2
*552942
QIE2ER
‘ShabT2
*€ngro?
*SOE&T?

1507
TYINNTY

Y LL
‘ENY
“009%
*ASAY
4113
*S5LE9
*EEOY
*DbAS
‘gats
*£09%
173
*E2ES
*0Rfs
*BEDS
*iLdh
°5S5ch
"ET9)
‘“To20Y
"0

—easam

i
3W0INE

510 *Ebid ‘gCS * 49899 “228b2 tE20Ll8
"1%4% 171 BEN ‘aee *9h0bbt
° 80001 ‘Ebib "TLIN *LeLSE T4 14
* 85501 “Eblh “E5LS MIBE2 *RETR2]
“1atr11 ‘ehlh "qELS *"Ebl22 *182095

4517 SEMLL "hISS *LeSDE *REEELS
*EBT2T (4174 "I0ES *STIBN “49ELTR
*MEL2T YEWIN “ElE " hBOS Onlil *25bTES
*982ET “EbLd ‘Eb2 TI99% *SAA91 *{2886E
*ZEPE] PEhLS *E(T ML *1a2st *ELTESE
ShEEST *Ehih *q52 *1ELS "EaTat “qeulRE
TS2hal PERLH *hE2 *hida "491ET p T { LY
{111 TEbLS *E22 *90%€ ~qI227 b3l AL)
“aT097 *Ebid *w02 *hiLE *TLETT *B8EM2
*En59T "Ehlk 111 *295E *q3507 rep2ide
TN “EbLE *iel *RAEE “1Lin w302
reqalt "EMLh 0t *L21E ML *Yef2ul
reEg2et "Enib “bST "ulbd "alag *1925¢1
‘o "0 e ] ‘a *a *Ewdroe
-0 ' *a ‘D 0 0 *SOEAIZ
NanL3N 338430 HATHIHI AvL INTYA 1507 13104
Tviol *004a FINFMASNE ALY¥Id0Yd aNY ¥40

SHYTIING 30 SONISANHL K1 Lnaing
&2 953 A0NF0I*TIO-SH KU SPINA 35504 VIV 02304 3D/9D HLIM -t dsv)

»802
£o02
2002
1002
o302
(S 1Y}
[ 1919
Shhl
L1594
;131
(1514

P

Eobl-— —

2khl
Thkt
ashi
(117!
(111
[ 13
L1l
5987

-

ELE7S

ABTHHNS

Gl Ll

ey

P ———




an

*Tenesa2 XY LY *RIS9ENL *Z0LEDL 120 2oes “wArr *5%2 *Edy S¢YER *Sendnq 4002 4
“frtvLel MILLY] *HILLINY Q2% und *¢BhLE *AERS “anlr “8E2 “£ém "b40 "S2nEEq EDUL< .
‘SLaof]T MI3Y R EE] T¥EY 291585 *2SLE "GhS “antt N TH “h0b *ELLE 922uts 2oae ]
METLEFY] MALT{] *MOTEETS "BLERSS *RIbE ‘4804 "Ml 802 ALl *taseE *fLa4Es 1002 H
*OukkELT M I19Y ] “SSI0EYA  *zdTO0OS “ERNE 2ra% “aaly 1% *akg *a92¢ *0LSads a0oz .
*Z3iHa11Y *0ELS3 “BAIDERE  'Dndash “L&BE *GEEY M 114} 2Rt ‘a8 *OEQE "EBLbLER bhbl “
*2262951 *sfeid M ELLTLTS *IES91a “ATHE *5948 “aall ‘oer *5de seree *TEET0N Swnl
TEEbaLal M 723 1Y *dfavee LYY PH TQHLE *1h59 *aNll *b51 *S52 HILH *20SELE 1931 - .—
"EN2EAET *53228 *n2e0e82 *£ZnlsE "SALE Al 8kl rS2¢ hER2 "8ODLEE IbbT Tl
TGS “S08 bk *a008152 RCETEE *TILE *E489 *BLEY “Sba 22 “sBbq0g Sbol .
*2295s 11 "1Eq4y “e202ele - 1YY1 %] *LeNE BT 'OEY *“3a9 4012 ‘noRsL2 13 1% -
“ThnGaQ( “Eddnct *LESEDBLT ‘Zalae? *2a%¢ “qu0e Y14 *T21 "qEg *95u1 *2nSn52 EbkT ] .
*oCldnn * 849201 ‘Ditnaar €7 1Y ] "§04E 2L 1311 “ETI *ap0% ‘giat *LILEER 2ol .
"arGinR "td2500 ‘hslee? *ELSE (173 "AATT “sar 111 ‘0b9¢ " ata 1499 ) -
Ttattng "hineOf *hilat2 *uESE TV} *AMIT *he *L4s *aest *kl8oal Oubl
*Evl0a9 “EASEI ‘bLAL BT *SOSE ronee T osan LIS *T941 *0q5ERT Y [ .
*Sed28s *5zdary *BIBLEL *OTESSY M TEY sLace CRATT ‘93 Loh *HSET *LEQTLT senT -
AT IYY *L52521 *2994sS TOEMT *4EAE €SN “hart 3 ¥ ] L1 1% *EqRT *E95091 tény
"35TE2E fanzzsl "LOBBLE M TLYTA ¢ "1ANE ‘“hibe “aalt 5L *82n Y141 "HELEST 2dul
*Otucal *atsoet *ett2az 9123z TTa9Y “1204 *2Ls *SE *bbl *bAIT "OISab I Sdoet -
150) “NAT 1500 °NNY (507 NNy LSO Xvy NEni3y RELEED] HNIHINg irl IHIYl 1503 an4 3Y3A
LS MM IrigL . 1vinwn) AVNNNT FHDING T10g *0ia AMNYUASKD AL¥3d03d  ONY 84D - 1
13g S8V [y md SABT
SHYIIGI 40 SONISNDNI 81 gndino -
(A4¥) X¢ 353 MO 2.1702* 005K S¥IXLQ *IP0I"57 EH4a *II/0T OsH -2 s AavHHNS
~ L &
. - . o amreteme o eme - ]

o’




| S

- “9u2Eal2
“ebb9902
*laadidnl
*Lulidnl
M TIiY1H
*Anlefll
LY T L]
“oa21351
“maufinl
"SSLNzET
"eLIEZ2T
L T2 |
*EnSS50l
*2élesy
2118 )
TTESESL
*Indnas
*Inq99
*dalE2E
“ginGot

150D *wnny
LU UIRAD

tapVe
M I3ET
"s300s
*“€9048
1331
*A9028
"52€0n
*5T¢ab
*nldhe
AERLT 1Y
“g4s1a1
*1enant
“T258600
*2ASELT
*SO9LIT
051521
*EbbiET
"QESEAT
renezn
*ofxaut
1502 "HNY
i [

13d S£°T1 19 mda S@al

“BRETEEL
*BIARZA9
*slensns
‘QuE2LES
*SETLERM
*uLOTEER
*902028¢€
TSLEZMME
*2IA080E
*ID56LA2
TR MAER
*31E%ED2 -
(121 V3]
O EITTY
"an02E2T
*T904001
450582
"bG108S
"l0BbLLE
"®7Arz02
1503 *NHY
JLANU k]

*DSEEGL
*abU5AS
*9ratns
*E9955S
“947190%
“IL80%%
"CEnc2h
“ASH104
YL
“n12AEE
*0L4BAE
*dcteaz
"AEBETE
IS ¥ 1Y
*Ean2E2
*eorRT2
*Ssd 502
*20£002
"oeneel
s29qr1202

15097
WINNNE

"sS0uDY
MYTIE1
*25501
snigon
g0t
*ganny
‘Laln
Feet
[ 1111
*Riks
*TAls
*S%68
M1H]
"el93
*SEAR
L5219
“EdcCe
“qE9ET
*TOME
STAST
xvi
IHOINL

L2l 1
5257
visnst
a9t
"2NELT
A1 1731
"Fsear
"DEE&T
*EDDo2
*8z4p2
rRiEte
*[ap2
‘Ep922
"M9EE2
*eb012”
*rizaz
‘pigse
45042
M 1474

“130h

Ny 3A

MicL

"LELS
"LELS
"LEMS
*LEMNS
“LERS
“ZERS
*LENS
"LELS
*LEBLS
*LELS
*2ELS
*LEDS
YLERS
*LEBLS
*LELS
*tEus
*dEus
‘LELS
*asll
*2es

A3¥d30
xgoe

*95L
*dDe
°25%%
ML
*aLs
“04S
*S0%
"2iw
TTeh
Tath
*S59¢
*“09¢€
113
"wWlE
*ab2
*5e2
“452
‘rvha
*sd
*SE
KNRW3dd

IINTUNSHT

SuY1109 40 SONYSAOHE N1 §N4IN0
2& 353 03I TII0I*TI0~SH 543HI0 *TYDI-SV EHJA 82=B04 3D/ {ASNI-E I5¢)

*ni5¢
2L
*pilL
*L28n
“0as1
"ELE9
1 e
“BedS
b 11 1)
*haES
brd 141
M EY
YEQxH
*55Es
‘80t
*193¢E
*a¥%E
*L5EE
‘a2
1Y
¥vE
AL¥3d0Ed

‘bdT Nt
*824TE
*fasn2
*12kd
*E5h%2
*q24¢¢
*2ivle

IHITH
any udd

‘0tdels s0ae
SLLIELS Epg2
“€svias aaga
21 1Y tag2
"9210sn gpoa
‘¢ bE Ik 11
T3 Boubf
‘L &dokE Loul
*950E0¢ BT
*geASLe Shhi
*HE2082 (191}
*5260Ex (1131
‘onsL0e 2hnl
*TH5 TLY Tesl
“l&csil Owbl
" QERET] soul
*2n1351 8861
‘&RE 11 Lint
*eENET) sl
‘grsant Sdel

——————— - -

150> 13n4d LR

Ad¥nunS

T b 4 e g m——— = W

17



“ETASTIE
"5 2200E
"s0K5682
*TessaLe
reoEnae2
*TRAETS?
“OREMRER
*EELOS2Z
*eS121712
*RhELNY
*Laseany
*Z950LNY
“45h47ST
*SIPLAET
*ssiapt
*SATEEQT
*Es2L58

LoRnLH

195244

‘SLEVIR

1503 "Ny
17 INRO)

"BTEETE “oRIWIL0T  "CLESAOT *uagB9
*Te@91t 131 T14Y *e0kdn CENY
PEERSYT "SNSLRLN "ERTSES *go%Y
“hNZ4azZt “RWELLNL *50L¢70 “2549
"qpTL2T ‘ZitnblL *ENLTISL *qTEY
*ThERZT *alidndy *n29en *SLTY
“LA9EETL *sudENNS $2€EY "EEDY
*T4S8ET €520 "SHELES *0bRS
"QOEC&T *BI8LEL *TLTIRES "985
“Ch2htT *969098E "LSELd S *L095
*SBWRLMT _ *LEWOLEE *0052%58 *S945
*S09EST *hELITH? *EEMLTA "ETES
"NatLS! *2%e0452 ‘ane2 e *nets
*a4qope1l "2sett2 *h2dasE “REDS
*0oTvey VELBENLY YEJIECE 1913
3kl SOS%0EMT  *LOLZOE “55L8
“HLbtaT *FaZE2NN *59¢L0%2 “E15B
b L1117 ] "SlaZEN GeNNee *fgzaxr
“Zarrne 915555 *SaLEn2 *a
N T134T] *Ta0202 ‘10282 "o
1500 "HHY 1507 ‘e 1509 xri
wriadl (L aht ] IVANNY IMOINI

13d S£°1Y LY Hd SShT

aoRs0s/L

Algw/seid 40 4410

“Siel
“194b
sgo0at
*45507
*T07TE
*RMNTE
EatT2l
*hEL2T
*q@2¢el
(1113
*RLERT
*52mal
s2L381
“sroat
‘549593
“TI1Ll
*¢5921
“Eaant
o

*p

NynLIY
Iriot

"Euld
“Ebi
"EWiS
"EMbLH
PEBLA
"EWlh
PERLE
*Enid
4173
"EBLH
"ESLh
"EGZM
"Ebin
PEMLS
174 ]
“EbLd
‘Ebl
*Ebth
‘0

*0

234430
pe

SHYII00 JO SOMYSPOQH HME indIng

ASNOD v0I*xd 263 VI0-$1 1539°02=40d JI/73I/A

“£GS +ap9e 22w
T3 "BAEY
"REd 1Lrs
Tl "ESLS
1713 “4ELS ERT22
4 114 *p 155 *ib502
"SEE *10€s *S1Tel
ETE’ 4808 oLt
*EbE - (LTI 1Y s5aua]
*gLa YT 1g2st
*q952 CTEMD YERTAY
"MER 12s TeaTEY
vg2? LETHY : 31321
*up2 *HLLE sracle
LR 1% | *3S5E - 152501
=2t *LhEE 3 I ¥1Y
0Lt "L21E 5508
*64T 042 *HT40
'g b1 | ‘0
Ig -ﬂ -ﬂ
RNIH33d vl IHIYU
JINYYNSNE AL¥3IJUNS  ONY HdO
1 3592

“ALSLRS
*hi2ulb
‘“t0atce
*22928L
“0hrYOL
“TESSEY
*rLoses
*9230e%
“12£9
*22E5h 6

"RAMLE
*slEChE
*aDLETE
ia TLF 174
"EShENR
"SEETSE
*sewlER
"SLENT
"TeD26u2

1563 104

sn02
EQQ2
2002
1002
gonz
bhh Y
[ 119
111
L 199 )
13 9 4
ALLT
EvbV
bt
TeoT
Dbt
(Y13
[ 3101
2Eal
16t
50ut

HY3IA

ANYHHAS




4

e

-

L3

i TR

HINOBHL xaau D nmmqo nzo-—1d=u._qu zc——q—uwxumo

o suna33y QIND M3¥YL 10K.133457 AILVHIJOINS
cuy3A 0 ¥O4 00 = [°1°1°4 30 §3d] 32WvHduNS
s mrems e ST STl o6 ¥3AD avdwds 00000 - IN3NN S1038 1YL FNIHLEIAN
_ pBen1. = (iN32W3d} FIYN. X¥L. BHOINT ALWiS

- go*ve s (IN3I¥3d) 3v¥ Yyl IW0IHT WyIAIL

SI11910 S¥Y3A J0 WAS = OOHIIN NOTLYIIIN43d W)

. ZNTT LHOIVHLS..n 0OHL3W HOIiWI33¥dAD Wow

po*st = 30¥Y WIDLS °HWOD OD*RE . HDI13v84 WIOIS "HHDD

r————— e e m——aa mem e e e erhe

0001 e 31WM Kun.-u. *43484 0UD°T = zo:ucum WIBLS *438d

———— o dm . wmas - —

—e=00°QL. 2. (FUERVECT TS L] 1630._00°%h e {IN3IV34) .NDLLIVHS L0930

aNIMOT 04 IH] HO QISTYE SKDILYINDIYD ASNDW 30 150D

s ae= - - - - R

Bh*TI o hmtu: u_a_ 1502 A3LYINI YD

sHyas YE S A0ALS.SIHL 3D HipW3IT anl

r.d - 5 ssim ————

) 00°ST » 31VY w3018 *MHOZ 0D°RE = HOJIIVHS IS *WHGE

—_— et emn PR b -

e e T SN WA01S P ST8e 007AT = NORIIVES wa01S *43ug
_pAsOL <. (IN33¥3d) IIVH._1830 0U-9s .2_11u3I¥3d) _WOELIVHS 1030
oN(K0TT04 IHS N Q35YE SHOLYINIIYI HLMOM IN3SIHd

—_ e w e et -

- e L oeeTy v ssb1 30 SHINWIS3S 03 SNDLIVINIIWD HIHOW 1835344 ¥

sas1_HI_1¥¥1S_11IR AGDES S1HL

- SOuv2 WOMS Oy3¥ I 3573 SIAI UDS SUILIWYHVS AGNLS

_ 28k1.NI 1502 T304 H1 03133743 X¥1 SanIN¥Y3 55089 13¥1S WO 110323 CO0°ERDTES

osredse ND HMY

. 1502 1and NI 030MIONT S1 SINIVHELSNDD LIKD tN353¥4 DI 300 1S3Y ¥3IKAd 4400
st 353 .:auJ-:..v-.-almJ HO SLTNN 1¥SSO4 11w *02u0d 33/79) HLIR
_ &1 3S¥3 30KVHD ST L. DI4 M aiagy Isvl asve

= FdnLonus VLAY 40 3oNYES . ALIABLISHIS AINGH 4D 1501 = ¥ 38¥)

e e e —

s

s

(4]

Rl R TR

—— e wis v

w

o



[Al

"OT9EIRZ *ETdde *20EMYN *QE92k “82EL b £1:% M 1723 *£0S *]p0499 *226b9 *CE9B98 sDoe
*Zuesiea “ssco0at *2LSLELER *4400S8 *El12L 0% "Eult ‘DLe *BBET ‘a9l "TI0ESLL eoae
“TUeST%2 U T9LAEQT. "S2ALEEL . CALITBL __chbOL ___thS1OT___YEnih.  _ZhEL - 2TLET 0 L RS2 . AR <0az2
*sT121%2 “€enLor 1525012 "SRShIL *ABRY €1£01 hE173} “1t *ESLS aIBEQ *ibeaLy Toa?
*2E2 kD2 "L22017 TALEY 954999 *»989 *b92151 ‘thld *LBE "9ELS "EbTEZ2 *AT2STY paoe
"ESLERZ2 __ "SE221T1 ___c#2is0lS . v2ST909 2u5L1 2a2B1T. TEOL3—— 'bSE — . "bIS5 .. .2lbSOZ  ..°W0ERS5. . kbl
"RrLTRTR "S0STT *ALSEDTS *20hbSS *aans "aLE27 *ERLd *SEE "TDES "SIT8T “0M0TS [ 11
"ETRS02 “Leqry b 41131 ] *2922¢5 *5259 "EEL2T TEHLA *ETE *LEOS "oLeLY "REFULA (313
"RTEARLT . "9ZOE27__. C2TRTE0R.__CUhTeEN_. __ TTTAY . ChERET.fEbL&..... TEB . 19904, .. *SYRYL _...°hIBLEL -Shbd
"goivZat "qaia2r SUTLLASE  °TIS9ER *“Sbh29 "EADRT Ehid TEL2 "bhulb 'T8ast "$h2TRE Skt
“85EkAbAT *qO0STEY SSEITETE  “%0p40% “T1819 "BLIMT TELLe T952 "TEbE *EBTNT "43E09E (31
*BARESSY | TYI29EY ___*h2E9DEIZ __*00Z42€____. *L%DY TESTST ___*Ehkid_ _ fBE2 .- _ *#12EF . °M9TEL .. _"OLOTEE (331
TLEFLINY "Eb208T *h2qATEE2 M LI1113 *25bhS T80LST “EbL4 €22 1311 ~dizat bk 10€E Zbbl
"ahbE2Y "RETINT *TaiamnT *0ETT2E *HERS "ENENT TEbLA 802 M Y33 YTRETY *fobBed TbLY
tOLEDRTT L CTRLAST ___ CTIYSIYI_ _ChLLEOE. 12aLs ZaT1Y1 TERLA .. .. TRYSE .. .. .29250F.__tENI 243 --Bkb1
‘b2 0986 *L2509T7 *210T49ET *ERIT82 “009%S CELELT TEMLE “ALEE 1] *qisos? (113}
raassze *2911L1 Te910807 ki1 A1 *EbhS ‘penll M 1743 *LTTE *ha90% ‘qaiedR [ 113
“OLEASY _ __*Sh9287 _ _'EOMTIR tLab552 ShOIIX ZERABY. __SELEA . ° 2b0b2 *hibkl 2550082 —  LBeT
*5A4TLN *%E9012 "9I055S “STLENZ g ‘0 *a ‘e ‘D 0 *SAEN2 6.1
*h2ITNZ *m20192 *Te02e2 i E T *D ‘0 "0 “n “D “0 *fen2e2 (11§
1503 °"NNY  L€03 “NNY £502 “NNyY 1502 vl L] 238430 HNIWIND xXvi INIVH 1502 1304 Y3l
191NHAD avior LY nHng AYNNNY IWHOINY s, o JINYENSNT ALdIS0Ud  ONY BdO

124 08°T1 1Y Nd 5T

SHYVI00 J4 SONvVSAQH] Ml Inding
— oDt s = FynuaedlS TYLidyD _40_39NYHY = LLIALLESHIS ASHOM 40 £SO =T .3S¥d __ . _

Cxa




\‘rf.

WONOBNL MO43 MO QISYE SHOILYIATIYY NOIAVIAZHd3D

INADIAY. OANT . NSUVLIFOM-433J4V-FAJ IV E03Nd - -

- e em e e e s g

SNY3A 0 w03 0°0 = {°1°01°4 40 L2d) FIWVBIHNS

SUV3A U Y3AD OV3EdS O0°0TF = ANIIUId .:nmqm..-— nzwz-mw!.m_
000 = LANBJWEd)-FLOUXN - JHOINI-FLVIS --— -
B0*a6 = {(1N3IWId) 3ive ¥¥l IRLINE TUIC3S

$11910 S¥vail J40 NAS = ONHI3K KOTEYIJIEd30 A¥I
NI LHALYNLS o ACHI3N KOTAYEIINAIT. 2O0Q
00°AT « 3J1VY ¥IOLS °"HHDD U0°SE = NGIIIVES NIOLS “MMOD

0°P1 s 31vE WIOLS *33dd 00°51 = HD(IITEd WIOLS “ 434

00%3% .« [1M3IM34) _JI¥N LQF0 004AS o (INIIN3J)_NODL2VH4. 1630 . - -
ANIKOYIDA  3HL HO 03Sv@ SKDIAVWDIWD A3HOH 40 1500

DL ET = L3N0 40 1500 031¥INITYD

oo ~SHYAA_IE ___SYI_AONLS.SIHL 40 HLINIT-3HL -

DO°8T = 31YY XIDLS *HHDD OD*SE = HOLIIVHS XJ0US e

- - mim v m—n . iima ammm ssce w8

0021 o JL¥® 30LS 3384 DOST = HWOTIIVEI ¥I0LIS *434d

_nptat e (iH3JH3IL). SLEN 1830 00285 _s.(in3383d) NOILIVES.L830 .

SNINDIM4 3L KO QISVE SNOSYINIWI HIA0H INISIHS

LN3J43d DR*ET IV SART 40 ONINNEI938 Q1 SHOLIVUIDTIY) His0a INISIES TT¥

——SERL NI SU¥IS.IILH-AGARLS-SIHL - —

SOHYD WDYd Qvay Juam ASYD SIHL ¥0d Su3pIkvavd AGNLS

26LT M1_1S02 1304 M1 031739434 YrL. SONINHNYI SSO0%9. I1¥15.840 41034 000%E1D! 2% —
1500 1304 NI G3GATINE 51 SINTYHISNOD L1INN INIS3Nd 01 ING 1507 104 W00

2 353 NATIYOIHI0-ST HO SLINA V1SSDd VIv ‘02304 33797 HiIN
. —.p2_3S¥1 3GMYHI_SY .91 3114 01.0100¥_35¥).3S¥Q- —

COn0/C KOO BON = 3194 403 HIHY. = ALTALRESHIS. AINOR 40 15030 35¥) —--.-




-

——

"8 9252  *0M052 1081%Y  *STO0ARN 1Ty *ESTOT  *Cued *E0S *n099 *22802  "DEYTONE w002 .

AWHLENE  *Te08¢ "yDETSA *suze *NLL0T SEMZA T "REEY BN CTIgEmC €002 |

cSedus€a  SOZRTE . '[9ECTBL_ . GEODERL____ *BETL __ _ *EBETT—_SEhis ___ SbE_. ._ *ELIA —-TRALSE .. thade2e . 2002 i
*SSEELIT "4bTR TOSEETL  TCIMDEL ‘Lo ‘02021 *EMLh “Tis TESAS CLEREZ  CIBEWS Taoa
*1912LT2  *STERE TTREECAY  'TEMZYS *L3L9 R TTT] BT T *%ELS *ERIZ2 vhI2STH ooo?
JINWI0T2 MATAN.. . COYRSELS _HWYE09 .. TRSHT_ . “S92E1___“Ehlh... 'HSE . .___ShrSS_ — -TLhSOT ... *940E9SS bl
*LHNI02  TLavm NI *raoees =ys2q *9gaEl “Enih "SEE “Taes "STTRY  *OMIDYS Babl
*9224TRT  *3ZT201 *TAL9958  *€Sbe2S *r4qq "HOSAT  “EbeA "ETE *480% OMELT  *RLBAZA 2bbt
"45021BT  c@L2507 “EDCZMOE _*@5bSeh . "TESY._ __ CTEVSI.__*fhih ___ *€L3 . . _ °*5%08 LD I T T T YT unt
“E0B%0¢T  “ZEWWOT “DEIVISE  “9TADEM 2245 T €22 YT L TR TYTIY Suut
*TeU9LST  "ESeSIT "ATORZTE  *41290% *21€9 SLENT  EMs "q52 *TEah TESTM  *39E01E shAT
JAT2RGMT . C9VGTET L t0DARALZ . RZAVEE .. 2029 ___ "IN KMk ... _THEZ . .. ‘&l12a .. FRSTET .. "DLCTEE Ebbl
TI5CESET  s{%@val *T205ME2  DALIME *2L09 0291 *Evis *Ea2 *ahbE 9122l *gLhT0E Znbt
"SIEZERT  *Se0&EN *IB0EMRT  “FSEIE T STaaet  "Ebis rnaa “beLE TTREIT  ceoRL2 Thl
JOMBAROT  _“2BBE4l__  TE28MY] _CMbLSOE .__ “EZ8S. _ ___ “4988T___TEBLA.._ *Sel ___ *24SF . . 292501 *ERBl29Z oubT
*Ribk5Sk *ZeElst *EABIET  *TluER2 €925 *sGakl  ERib et *RAEE ) TS S TLTTY banT
*1SSE0D *LhIENE *TZRLNOT  *90LD22 8545 *eO102  *EWLH 0t “L2TE *B90b LTTTY asLr
J258LES .. cSeTLeN__ cSIMTE. _ ‘BMEAS2 . __TAZZIN.___TJELOR__*EWih _  ‘eSI.._ | *MOLZ  _ TLIMR . *s5y(0f2 I3y
“4Sazan *100502 “aTesss esirsd ] 0 q ‘g "o *n *52LE92 LT I8
‘ag55e *815e52 *Te0262  *1402b2 *n *n ‘a “g 0 *0 T LY s8nT
1501 NNV 1SO3 SNHY 150D WY 1503 xvg NENLIY 934430 WNEN3Fug ¥yl INJYW  4SBY 304 MY:

LYIHRD qvioL AYWEM  IYANNY FH0INE WigE OB  IWYHISNT AINI4Dad  GNY ud0 [

104 OM°ET LY Hd 5847
SHYII00 JD SANYSOOHL NI [N4IND
oW/e0/L . - - = . T 3194 40 39NYHI - AIIABLISHIS ANOW 40 £SO - T Iy LUYHHNS
. ™~
‘ ]
- |



[

aas2asL

03£3730 33K SLINN D

YLYO INIHIVLNAD OX0I3N §S¥7 3H] S 2 -

LT VL LEDTEL]
q 8
a 0
o a
gooteo pant*n
ais ans
v - us s
sivi°g aset*D
ogot~@¢ fa840°D
- 0005°0 00DS*D
TYISN] v 4N1
. "ININTESE *“JEALANS
’ - s = em g [X+]
Iﬂ - 'n
- la In
e — . . . SEELLNEATT “STTHI&AS
“n55aTenl “00DY2€E0S
oe*494 o0
- - .. - QLNESESS "D
: ) €2 €2
0f 113
TARSEAT - TA2EDS
‘0 *a
: ' 0 " RSEEFB2
- .- 4B *EF9LBAL
"0 *0
*Q0 *a
L4 - 0
*poDeRSE AT *ODOS2EDS
t '
. tent FYTS I
HIINON 411833
D2/92

%52 an Wed 1°4¥2*710-ST WD SLINN TISSD4 1I¥*02=303 IW/S) Hilw 1 359)

MIT A3SYE *§°3°S
439 LIt 40 INVN -
AHINE 14108 vi30

NINILIY HIKNH
OINLLAN HYIA -
"A*4 LvH *1°J°S
anHiId JINdIc ¥vi
GORLIY J3ng30 NCOP -——
*A*d A3NnW 0 LSOD
*6H°d 31¥n 1830
*n*d NOT11YNS 1A30  ——
. 3Bl ISN] HlENd
153AM1 W4 193 J1L
t10 #»4 %3 ¥3KID -~
SEVYI08 OHYY
S¥yYa0 JJ1
$ ¥Y{ 1SIAN] ud3I- ——
s W09 153ANT MdID
SIIH 319H X¥]1 d0Hd
1HSISS Y 3NTPA dOld ——
SUYIA INT AVl

SHY3A 3417 08

Hh 1IN] HiHd WNSKHI @ —
A LIND HOAYY W3¢
HA 1191 STELYH WO

Ha 1I8] TINA¥Y HIN ——
Haze 1103 33N 2NN
YA/ A LINY 13 OnN

HA LE%] 4%3 JAIUNNN ———
SBYIVIO INAHIS IANT
ASND S YINDH

ASHE 31 8k ——
IWUR H3LI

T e,

-———



-y

"ENNIDLZ *ZLWTGl “42TL580 MALIT]
*TaNi022 "L8540T *R9ANTRE CbEEENN
*L0100L2 “ES55I0T TEITESOR  *HNMAME
*1S52eS5¢ 2221V * 4549522 1131 14
*olEDEAD2 T LR *S5eNTEY  cfRERLS
*OENSAER "2e4811 *ssEREas  *LIUTY
"REMRR22 "5y *12L0225  *3550(8
“1eep2tr2 2521 “¢9IpS%%  *=IDEES
“gre2n02 ‘gt “2LOLTER *ShuEs
*EZMLET ~aEWTEY “LLERENE MITALY]
"SEENMLY *S5%SET *LoNsSHIt cpazetn
*GELI04T *2ELT M *eSROLLE  ‘2MELNE
AN 25%%Y ‘aatsel TLUNNAEZ "SSEMSE
*ABSLIET *408TSY "RIT2E02  "28EQEE
*ss i1y *28901 *geLtoel “SS821E
*251e001 *LhL99nt *alNBEET  "LTISTGMZ
*ES AU MALITA (g3 1Y 1%:3) *elple2
“qgLavd *5Z20wl retzT28 M ALLLT]
*1es2Ls ~apirv2 "41855S YS2LEN2
"RLETN? *RZETS2 "Ia02b2 “TalZh2
A
1503 “suy I50) KNV $503 *mivy 1572
jyaRn) vaidd L¥1ANR) TYNRKY
13d SL°TF §Y Md SEBMY
uss207¢L

*8Das *anlIT TZnns
1248 *azeir i1}
“‘0sze *s0s2¢ "ZueS
“teoe “2elET hi11]
L1704 “SCAEN
M 112 "$55bT *2uns
*145L *2e2s51 S
*E€EL *s2ps1
*qeve *80%41
i 1.3:14 “0h2t1
*1ESS “cibll

*4551( .

*DAENRT

*g2002
*T2YY *q0Ln2
*EANS “bSET2
SLNLS *ynR2
027 . - "SR 2.— -
“a *g
Ia ln
————— ————— srmame eemem————

XYl Nyni3d 233430 UWRiMW3nd

JHOINT viri Rl k]

PINTISEN]

SYYTINQ 40 SONYSAGDHL N1 IndiInG

{528
*50be
*RTLL
2k
tocne
“IuBY
MLT-LL
"SS5E9
“EBOY
r118%
*"LERS
*iNzEs
“9bbb
*hath
1110
“091e
“I0LE
*LEE
"D
r*a
L
A1 ¥3d0dd

“20MLE
"n0LhE
CRL2IF
*?uBH?
Stned?
*9ag52
Y 1T
Y32
18507
s el
a2t
ETIL 1]
*ELd51
X TR Y]
“asitt
“ft1221
crestt
+E2%01
0

]

FMITH

NNy Hdd

362 4N WAl 3°4¥IHI0-ST NO SITHA VISSQS VW 02=¥04 IX/3] HiIW T 35¥]

ToEdane
“TIRERS
‘hp22L
LI
ATZSTR
a0 a5
*GAIOTS
REYLETS Y
“etPL2t
b ITAL]
*WIE0sE
“aenter
L 11311
he(1-17 134
EEtZN2
c2es08d
rqgzie?
=21%a0?
"S2LEN2
*Tebb2

m—rsemmm——

150] 3A4

a“po2
€002
2602
1002
oop2
(137}
Sahl
13131
el
Subl
1134
(113
E4 11
sl
1331
(127
[ E13)
Lol
el
ST

b LETY

Y]

oA ot

-

»
-

T T P .
. -
. - e

- & —— o . —

——— e




*EEES2e2  "BAEERT
*SE8T292  "ev2agl
“Ln55iLe “92s 208
“T4%ICsE  “u1ORIT
2FNENSE LIS TE 141
gseNiER “RRELTX
‘nTiesa? ‘anI221
*DSRRET2  *asze2t
*2898802  *BENOETY
“2c0deayY STZNAET
TTEAERIT  “EW2ZET
“IBIN5IT  “TIRERY
WY Trilhg réotsay
*SESHIET “heZ2ST
LAY rzent
rpsSEeat 529591
"LENLET “yE2LY
“€S9TNY "2kOLBt
cTASLN “2aTT12
MY{3LT] SRLETHZ
1503 *HNT LS50 °*NHY
17INNND w10y

I13d 5¢°T1 (v Kd Sinl

ass2ose

"LTITG%,
4923000
*T552180
*GITIEIL
*RNELSE
*eiklBBg
"T12L 4929
*ana ]
"L2p24als
229 ME
*asddntE

“ETZELL2
*2a02gER
*TeeLen2
MLTAILYY
“4SRENET
*STYhe0T
“roceia

418555

“Th22W2

KSO3 *MNNY
1971mN)

*ESEESH
“EV12LLY
R22int
*R2VESE
*zusant
*1S2E2Y
E20NLS
*TLAESS
“SYR5ES
"ATH54
TSEMTY
STETIAE
*IqECSE
*29LIEE
"EDAETE
SEMNES2
L3 (111
*SAgEY?
*SLENT
*Thi2ed

ism
RLOE g

*ETY
18201 . _fE02BY _TERLG _ _.
"0

i1
ol |

X
INOINT

5168
*EYhb
*gooat
TR5S8T
"ToIr
"8l
“Ent2l
*eEL2T
- *S82Et
*2€0El
TRIEST
*S52b AL
rELest
*nraag
59591
TyrILE
st

*EWLE
*Enlh

- -TEBLA -

TEMLL
TEWl R

.. "Belh -

*Ebib
*ENLA

- “Enia .

CEMLS
*Ekib

- - "EbLh .
*EhLE
“ERLA

—--"EREN -
"ERLA
‘EbLS

- —-——

wunp3N | 338430

“vi0g

1004
L}

JINTENSHL ALWI408d

*EQS *22u0e *JELSLE
‘0eh TN "gust1ey
*hEW . C1LEY - ‘RLS2 "aLLERL
“1Is "tYhE2 *iL5T9¢
*ARE "EsnlZ? "AATAY
*nSE "iss02 "Rl RS
*SEE *S51Tl TESHOLS
TETE ‘nszil *2TTLN
"Ewd. - *s5a%1 *afDuUSH
‘EL2 *Tp2s1 *ui sl
*qs2 *EYT "BrEELE
*hEd. “RAIEL CELHINE
*E22 reraze *hisZiE
g™ I “TAETT *(B20a2
*5hT *ZRLE . . '92501 Ta9R22
*2m1 M T ¥ “LUYBR2
"ot M LL:13 "58e5E2
-1 ) — . 'hlb8 102l
*g g "SAUENR
b1 ‘0 *leOh2
HALH3NS xvl INJYH 1503 13nd
AN adil

SYYIIEN 40 SONYSAOHL HI indian
¢ 253 0TI T0-5T AN SLINA VISSUI VIV *Q4sb03F 1793 vils | 35vd

L8%f . — -

AHYHHNS .- =

P T T e




sSyaTdes  *8%150¢
YT IPEIE [YY-T )
SSINEERSY  =aT200MT
*EETLLST *T2TSIY
iR LT SEWLLTY
‘Y 264E2 "witOo2t
*gofad??  *WOSEZV
+ty50012  *2a5A2Y
'RB02ZRT  *SSAZET
"a0SRERT  "MIOMET
vS2EEQLT  “LOTLET
*R2985T  “SSEEAT
CTNEZR]  *OZAME
sgaL2T  cLabuAT
*RI2RIT  *w229SL

“ZEuiln *SEEast
“qnSETH *E2L9l
*aps2zl
*110602
*syfc9e2 “%591092

—— e A

IS03 *HNY 1503 "HKY
1v3hun) Jviol

134 5¢°ET J¥ Nd SOT
os/20/8

*55 00000
*T500€0k
"ELLAETE
"gLe2IEL
102554
5925585
LTI £
TRAMAENE
Y
2598SE
*aq%421E
esEINLR
ea52L1£2
*QLESTeT
eSa008nT
4FTLSEET
‘feLesat
“25hbhi
*Lhe18S
“SELDLZ
1503 "N
v Inund

T *sa00LW
95558
@215l
1 1%:1F
*b5L9bY
"2 085E9
“L0058S
1ISYALS
"BSREQS
598118
LY 1T 1KY
*ihOBE
“BELISE
“£S252E
*ESEAOE
‘TawSed
‘S TEODS2
*EQLLNR
*aTGIvZ
*SELDNZ

v 1503

AYANNY

IHNE3IN) Savod

.-'. Iﬁ .B .u -= ‘o

0 0 “0 L o “0

g og- - - @ g - b - ee Q- -

b ] ‘0 ‘0 *a o ‘0

‘0 ‘B ) 0 b ‘o

g - e ) - — =0 —— P | R g - — e D = - =

.M “o *0 °o *0 o

‘g *a '0 e *a *a

LT ] . -0 e AD - em D o8 ——. - PO = - —

0 0 -0 *a

a ‘a ‘0 a

@0 e e e 0. - -- %0

L3 +] LE] L3 ] o1

g *8 *0 'a

g - Y PN . R . Y]

0 4 ‘0 s *c *0

*o 0 "8 *n g ]

g i e Q.. - - KD - Y WU ¥, [ g -

Iu L 4 ln Iu lﬂ -D

*p unﬂ- "D 0 g *a
———— sy o messem _ _TR-rer-ge sRSESSSA . powcces
ivl HXNL3Y bELEEH HAlW3dd Ty NI

JHOINI Wwiol | oe 2INYHENSH] AENIANE4  (NY KHdD

SH¥I1I00 4D SAawvSnaHL NI India0
1974 %52 *310-S7 ND SLINA Y 22493 0N < agyy ISVR

*ahliOee
*555L0
sgysE2a
*W5hO9L
S TAT
*{0BSEY
500595
*TA4LS
Y 1131
TTALTY
HYISH

ThibOuE -

"EEWISE
*ES2S2E
SESEMDE
*tansl?
*nTEO%2
vEOLLN2
*AldTN2
*SELOL2

PP L]

1502 1304

o002
EDDZ
- 2002 -m——
fopg
ocoz
- bbbT —-—
bl
LuhY
B 118 e
413
(Y11}
Evbl - —-
2bbl
TobT
- Okl - —
utst
[LT14
—-dgl -~ —
4EbY
SebLT

wyad

LHYHHEAS - — -

Lag

b

T




b

|

-———

il

TR

“Etdsse2 *SESEL CEMIDERR “LSelilh “48E *STLE 1143 *EQS *SA08% *22kwZ *REETSH . . .
SEALSEN? “ssaany *4ELT25) i Ti1} 1Y41) . "I\ A 1747 1) *BUEY ‘a8ee? CSERILL :
*SEEMRSZ *OLZEDT "OLEMENL B YiT41 ‘goe§ - sgoony g 114) ThEL - T4 RqL52 - 'LhTLOL 4 :
1331 5Y4 b 7174 14 *shEVERT CRILLOL "BSAY " 5501 (178} “Tle "ESeS "Ribf2 569559 ) _
*02S5heE2 AT 4] ‘324872 *Tanden *4TEY 10787 *ERLA *LBE *9FLS ‘fuid? *gSuLeS 1 .
“BERELN22 "€l “O0efOLSS  “EaL2hS 'S8 . PRASTT - CEMI& - - FBEE - - *hISS *LhS02 - TAGREAS - “
ssoM2ST? SL2STIT JSLhEiLhb *E98545 *EELY "EeT2T TEMLS *SEE *10€S STl ‘ds0fbh
*asNEEQR *2SaTY "N251€64 “L40205 *ObBS seELET M1731 *ElE "480% M 1Y73) “pO5556 1.
*hZeint “asklat “2%uh Ik “hE52%% — "QBRET - VEGLHG -~ TEMZ - - "NREL *55491 *a0T4ts
*asainel HISSS2E ‘EORYA0E ~2ET42% *ZERET *EbLid ‘el *TAZSY MFALEE [
“foirzat 1Y T3 *YELOMDE *SEMTLE 5458 *hIELT 174 *852 "EATRY TRZMOME .
RS N24ST *25LE1 THENR AN TITRSNE TEZES - "52nbk] . tEMiM - *hE3.. -~ “ATEN .~ PRATEY - CENLFXE [ 3 1] T
“L0ZEDAT M-131111 *STMERZZ *A£TSEE 1141 *2LAST "EMLh ‘€22 “A%bE rpr220 CZEn2 2usl .
20zt *akZEML “ENIRALT ‘uis21€ *ENS "ataar “EMLH 114 “WeLE *i1art1 "Defe? Tunl
N riirigg ‘S1bIST ‘49ASEST ‘9988h ‘éhBd - -*S9SYT TERIL - . PSRT ..~ - PTUSE - - 'RA5DT .- *R2ESSS - Obbl —- -
BALMS *"qLSLEST CGO%VEET -“LTNL? 111 *1INct “ENLS ‘21t “4AEE *Y9uLE2 ST ¢
“agtite ‘qifent “ExnbA0T “El22942 TETNS *esuet ‘Enlh *oet "ePrE *srd222 [ 1191
30849 *IEBMLT *g1e24ae *1980§Z . 10207 . *£02aT -...26MlH — il - - 'hOMZ - "ee2902 - - dfel--.—
ILinva *TIcs02 137451 “rnlN2 0 s ‘a 0 *n *a10842 2151 P
LA} LT “sy1012 *SELDS2 "SELORR 0 B : | 4} ‘0 "0 ‘SELOMZ ‘Sibl
vemacpare cswmemane amrseame- L L] - - = o 1 4 51 i remse e, sceaome=p LI R
1507 *KNY 150D *HHV 1503 "WYY 150 rYj) LEGTEY] 33udic HNTHIRD ¥vg 1HIUH 1503 N4 Wi e
1VIMND Ivi0l 1§ 20 Tis] INNNY ELinb ) avgoE ¥os FINTUNSNE AIMIAS0Ud  ONF RdR ‘
12d 5<*T1 1¥ Hd 58b1 P
SHY1W0 40 SoNvSadkl Nl inding
p8s20sL SO¥QY 1974 %52 2710571 HD S11MN VISShHI 1y 102404 J/02 Kiln T 35¥) AUVHHIS - oo
&




‘tlindan?
*aGENsE 2
“EN4522
LTI NS
“tedssny
“G2sldnl
“S€¥adat
Y11 TA
“ninGéat
"LEnalS&T
a3l
“e23LaE 1
88120
"RIZNVNT
*432dbb
*lesnby
“wlltel
“d8ESLY
“Suzils
*aeleER
1313 “umd
19 ¥Wia1)

*h33h
*500L8
LR
“wezdn
“15umn
“532Le
‘Tabub
“gzqeopt
*1ag90Y
“aSOMEI
*qunflit
*M3ELIL
*HEEJRT
"nSeE2l
- *"SMREZEI
"ESTefl
*OCENMT
"L£A59S5L
“Is5i8t
“anlit2

-

urmv “HNY
il

e mmm—E———————m e o -

I3d S¢*11 1v md Sdnl

RFALTIN |
SL40u0a2
SEESOMN
*29582Cy
"RAESTAS
~22%15dn
“aftlsEa
sseaaede
232ATENE
*D29020€
a3 4N4582
*otselid
MLRIT1Y
*24840L1
*991LEs] -
*CAEuill
"énSEER
*saente .
LL13111Y
“&4%05%2
1503 *any
[t ]

e e ————— e T E ——— - —— -

"0iSn22
*uEsate
"ltelss
*A52ET%
M Ti1111
*2hn 1S
“an2ten
*2Tanén
-e2gzaan
*59T0LE
*SSI0ME
10LAATE
MISFiT]
it 3L H
128052
8%L0a2
"as2e22?
.rOnhRt2
*3L2N22
*hyJ592

“EallS

- 1Y4
—*gkan
*al5%
‘TEM
*BIES
*s22%
ML
Y § {8 ]
‘SIS
*21eS

. ~"s0LS
‘9055
*EQSS

- POGAS
*tw2$
*anls
.-t1805
‘BEL A

M 311

Xri

“oote
XY ]

- ‘Shas .-
"Ly
*OuSh
*2Th
®SEEOT
b1 13:14

—- *08CIT
TESMIT
*szan

.. *Bwlll...
cges2ty
‘Eanl

r——tSTEET -
*EESEl
TI90M

——— 2 EEMRL
*spast 1114
b1 3 1 *SheT

i AL ) — ] —_

L1 1 h £ Jisalg HALTHInd Xry

SYYTI00 F0 SONYSNOHLI KE INdinD
- {AJ4) 5Q¥0% Lela X52 £WI0- S Su3I0 *IFDI-SH EHAS *33/9) Q/K 2 3w

3X0INI 19104 3009 AINYRASN]L A1M1didd

1Y
‘hife
Stk
tYnt
MR TR 13
b Y13 1Y
*8451€
*%BZn2
*este?
‘at152
*ThtE2
“1aal2
*§9002
*h088T
*gs2it
M T 1
*0Efint
*ISLEL
“gse2t
“8559
INtYH
Jnv 340

131114
"YIE25%
171131
“BL0ESS
*uu210$§
"LIbeSH
“heb8TE
“ARLENE
"WAKESE
*ES1EZE
S T3V T
*Lwhe2
‘311082
58082
t2ERLTR
‘edio2
*q9¢danl
“ritrat
LI
“2e9982

R

hage
(4:1:7
2qne -
1002
dJdge
hanl

[ 1% ]
(311
Tl
Sbal
(1194
Eanl .
2ubl
Tesl
ouel - -
oidul
Fdbl
-Ldwl.
988t
S#al

1S 3n4 'L F1Y

-

p g,



. JSTIFIY wvat -gz9slfe  *028a%c  LRLEN sutoet sca2n «ggar T 11T] YTV
TOcasER <098 “SOPESEL  ~2ulikY  "RHAET *EEMLT “eg2 “LEh “r2ee srupEe
*"JEEL%22 “nG2it - 2ET99599 . ‘Sl ki uhnnn[‘n-nﬂl'[n.ﬂﬂlflllnnst 14¢08- ——*62%a8
- *Tetset?d *I41a» *“RIs2109 s § F191 2hk2l *TLLLl “g92s8 “qin “L288 TESSET
*Gissalz  *SM2€n SZETEING  *SLEESY "I *nesoz €328 TN "0BSY “E1ass
- _en2BSh o 23321936 .~ 'lE2L05—30S2E—tBONLI—rE828 €1l ———! a0 ST ezques ..
. *€2ulb *5aELSEL  CS5SEYM  *£5221 rg2se? T qys “5909 *E0205
*q¢5E0Y ~grnsBEE  "2T0uER 27021 reskEz *E020 g2 “gEns LTI
PLETSOI - S2SRINME__3ISIEEE . teSLTT  FaqEed __ SEN2B__ 205 — —*TeSS. __tLTREM .
*wntcual “9L¢TLOT *L3ZR0E *LEFYNE 22511 *cgas? rEazi 11 *hES *45500
citlagal  -85221F “GSENea2 - CESWAE  ‘CL21T w0292 *€42d 805 - Lb0% *a2sit
LT LTI “qd3IT _ _TL(nEBEER —*TA923F - -c2ELLY SE2RL2 LY A -7 DU J Y Y p— bub- - —7581s0L
- setani2l  *LTEMTT -afen203  *A9fIE2 e NeO0T *24082 ) oYY *209s vEd22E
*h1ZGEIT  *B2%52Y ezsspaLl  *12§EL2 RSOV *TSa@2  "E£828 *Sta *SSER T
X “1:5a00T 'ZuSEEY _ STEOASAT__ 2030092 -— k01— 0B8R2 "B ——tBBE —— - *EOTh- — .."Qc2e2
- <pialcd  'En2OAT vEsnsefl  *#Tads2  *2500T ryern “Eyle BT LT +59262
*nzzaie “aSTEAE <525158 *RAOTEZ *COEb arete gz "uEf *aTSE *hoBtd
0229245 . SCRERN_— 227 ADZL—tRlaiBRl 21250 22ENR4—— CERR—cQlf —— _"RAE6.— — "n1[32 -
. “sgsath  CInGTaY sgcmTbA *200922  ‘HELb *qpasl “gbak veal “e2e spszat
. “saTiE2  “amT2E2 +490592  *490592  *aTE2 ey agugY s e +355%
commmmses Somecmsas |  SssesTIES CeT L) P LT S = RS Lol ol PR -
15ud ‘und 156D CNNEF 1500 “NHY 1507 xri HunL3d J3vd3t s H3ad uyy 14194
17 %)) 10108 19w TrANNY INoIN1 viaL ¥0OR  3ONYENSHE AladdOsd  ONY¥ add

. 134 Se°TT 15 Bd S8uT

o e S,

<¥¥71700 40 SONYSNOHL NI INdLAG

e o— $OVOT1 4973 352.8310-57 SHINL0 T INOD-SK_SMJIEI028ADI IM0X-4A3a)-§ 35W)

LIEVa0h -

"h095EY
*ISENLS
*ISELIS
"hE0CES
*hoEEND

Tteganf
"EBLTME
"SAS6JE
‘E2RLL2
M LIS T
*ulllil
"Eee M2
“Q20EeY
“85ELL0
LI AL
*BhEEST
tachiel —
M1 Y
*LERRE

mrEm -

1562 1304

AdVERNS - —

———— iy

f e Amw Er e e e e ——

A2 L



INDEX

e e

10.9 Addendum 1 - Economic Analysis
10.9.1 Introduction

10.8.2 Summary and Conclusions
10.9.2.7 Economic Feasibility
10.9.2.2 Reduced 0i1 Dependency
10.9.3 Analysis
10.9.3.1 Cost Savings
10.9.3.2 011 Savings

10-21




—

10.9 Addendum 1 - Econamic Analysis

10.9.1

Introduction

This addendum contains the results of an additional

study of the economic feasibility of repowering Units

9 and 11 at Steel Point Station with a coal gasifi-
catijon/combined cycle (CG/CC) system. The intent of

this additional work 1s to determine if less conservative,
but still realistic assumptions would make the install-
ation of the CG/CC system economically attractive,

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

Low-Band Load Growth
Coal and Qi1 Prices Escalate Annually @ 7%
EFOR of CG/CC - 20% and 40%

The assumptions of Jow-band load growth and 7% escalation
of o011 price are conservative. With them, the CG/CC
system is only marginally economic at best when the EFOR
of the CG/CC system is aptimistically assumed to be 20%.
When the EFOR is changed to 40% or when it 15 assumed that
BPH 3 is converted to coal then installing 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’l and 011 Prices Escalate annually @ 7% and 9% respec-
tively

EFOR Schedule for CG/CC System:

o M
-
o
2

ag

4,5

43.0%
36.6%
28.0% |
28.0%

6 & Beyond 21.5%

[17)
D ==t
(3 = NI

“s

The new assumptions of servable load growth and 9%
escalation of @il 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 chasen to model
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10.9 Addendum 1 - Ecanomic Analysis (Cont'd.)

the expected decrease in unscheduled outages as the
CG/CC system matures. The schedule 15 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 it was assumed to be
20% in the ariginal report and more attractive than when
it 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 1n each sensitivity study. 7hese
cases ave defined as follows. For reasons mentioned in
Section III, only Cases 2 and 3 are analyzed in detail.

Low-Sulfur-0il-Scenaric

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

Case 1 - CG/CC on High-Sulfur (HS) Coal, all other
Fossil Units on LS-011. '

Case 2 - No CG/CC, BPH 3 on HS-Coal with Scrubber, all
other Fossil Units on LS-01].

Case 3 - CG/CC On HS-Coal, BPH 3 on HS-Coal with
Scrubber; all other Fossil Units un LS-0il.

The following three sensitivity studies are analyzed.

A1l assumptions are the same as those used in the original
report unless stated otherwise.

Sensitivity Study A

o Low-Band Load Growth (1.9% per year 1985-1983, 1.1%
1989-2004)

0 LS-0i1 Esc. @ 9%, HS-Coal Esc. @ 7%
o EFOR of CG/CC - Schedule
Sensitivity Study B

o Servable Load Growth {2.3% per year)
o LS-0i1 Esc. @ 9%, HS-Coal Esc. @ 7%
o EFOR of CG/CC - Schedule

10-23
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10.9 Addendum 1 - Economic Analysis {Cont'd.)

Sensitivity Study C

o Low-Band Load Grawth (1.9% per year 1985-1989,
1.1% 1989-2004)

o LS-0i1 Esc. @ 7%, HS-Coal Esc. @ 7%
o EFOR of CG/CC - Schedule

10.9.2 Summary and Conclusions

10.9.2.1 Econcmic Feasibility

An important conclusion made in the original
report is that converting BPH 3 to coal js much
more attractive economically than installding
the CG/CC system. For this reason the conclus-
ions in this addendum regarding the economic
feasibility of installing the CG/CC system is
based on the assumption that BPH 3 1s converted
to coal (Case 2} in mid-1985.

With the less coaservative, but still realistic
assumptions of servable load growth and 9% oi)
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.vears of operation of the
CG/CC system. A ret cumuiative savings does
not occur until arter 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 1. The results constitute 20-year
(1985-2004) total costs for production and the
additional costs pertaining to BPH 3 on coal and
the CG/CC system where appropriate.

10.9.2.2 Reduced 011 Dependency

Aside from any economic benefit that the CG/CC
system may or may not offer, it can help to
achieve the important national goal of energy
independence by reducing Ul's consumption of
imported oil.

T
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10.9

Addendum 1 - Economic Analysis (Cont'd,)

011 savings resulting from installing the
CG/CC system, when dispatched against Ul
load, average appraximately 800 thousand
barrels per year for low-band 1oad growth
and 1 mi1lion barrels per year for servable
Toad growth. These oil savings are in

addition to the savings that can be achieved
by converting BFH 3 to coal.

On a New England dispatch, the CG/CC system
may operate at a higher annual capacity
factor and thus may dispiace 1n excess of
1.6 m1114ion barrels of oil apnually.

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 oi}
dependency and diversifying UI's present fuel mix, it is
a very appealing project for UI. From an economic stand-
point it 1s much more attractive than installing the
CG/CC system. For these reasons it 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-01i1.

10.9.3.1 Cost Savings

Figure 2 shows the cumulative savings (or
penalties) that occur if 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 EFQR schedule 1s used.

Penalties relative to Case 2 (BPH 3 un HS-Coal)
cccur In the initial 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 1).
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10.9 Addendum 1 - Economic Analysis (Cont'd.)

Steel Point
Coal Gasification/Combined Cycle Study

Addendum 1

Table 1

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

Percent of Total

Savings Production Cost
Study (Mil1ions of Dgllars) of Case 2
Original 21 0.3
Sensitivity A 418 5.1
Sensitivity B 705 6.4
Seqsitivity c - 3 0.5

*Annual savings are relative to Case 2 (BPH 3 on HS-Coal with Scrubber).
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10.9 Addendum 1 - Economic Analysis {Cont'd.)

The cumulative savings for the original study
occurs only at the very end of the study per-
fod and it is relatively small. 1In fact,
within the accuracy of the analysis it is
considered a breakeven proposition. More
importantly, throughout most of the study
period a new penalty exists. In Sensitivity
Studies A and B the cumulative savings at the
end of the study period are relatively large.
They amount ta 5.1% and 6.4%, respectively,
of the cumulative production cost of Case 2
(BPH 3 on HS-Coal). A serious concern, haw-
every is that a net penalty results during
approximately the Tirst 9 years of operation
of the CG/CC system in both Sensitivity
Studies A and B, The savings cccur in the
later years of the study when the uncertainty
in the study assumptions is the greatest.

It 1s clear that the higher escalation of oil
price and the higher load growth do not improve
the economics to the point where an instail-
ation of the CG/CC system 1s justified 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 assgc-
jated with the CG/CC system are accounted for

in the savings. This presentation shows the
patential savings available for attracting
capital to finance the installation of the CG/CC
system. Table 2 contains a list of the annual
savinos 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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Steel Point
Coal Gasification/Comhined Cycle Study

Addendum 1

Table 2

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

Thousands of Bollars

Original Sensitivity Studies

Year Study A B c
1985 - - - -
1986 - - - -
1987 17,951 B82 2,177 (661)
1988 20,754 15,290 16,288 11,365
1938 20,560 17,600 18,073 12,359
1990 21,680 26,822 23,764 18,877
1991 15,932 21,543 22,589 13,585
1992 18,303 29,390 24,3185 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 19,997
1998 28,522 55.974 73,370 26,424
1999 24,588 54,384 84,251 23,412
2000 25,720 80,936 97,968 25,469
2001 34,016 77,003 114,885 32,863
2002 42,779 97,191 130,628 42,050
2003 43,772 104,766 146,517 43,418
2004 42,518 107,401 158,657 41,397
Total 457,697 854,516 1,141,074 404,909

*Annual savings are relative to Case 2 {BPH 3 on HS-Coal) and fixaed
charges (return, depreciation ¢ad income taxes) for financing the
CG/CC system ave not included. Property tax, insurance and 0 & M
expenses associated with the CG/CC system are included.
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10.9 Addendum 1 - Econamic Analysis (Cont'd.)

10.9.3.2 011 Savings

C

Perhaps the most important reason for consider-
ing the CG/CC system 1s to reduce UI's heavy
dependence on imported oil.

Figure 4 shows plots of barrels of o0il burned
for 411 cases analyzed based on the assumptions
of Sansitivity Study B. The barrels of ail
burned reflect those that would be burned by

Ul for own toad operation. A portion of the
electricity required would be generated by
other utiiities in the form of outage service
(scheduled and unscheduled), Most Tikely

this electricity would be generated with oil-
fired capacity.

An estimate of the total barrels of ail burned
to meet UI's load 1s shown in Figure 5. These
quantiiles were determined using a conversion
factor of 1.618 barrels of ofl per megawatthour
to convert the outage service generated elec-
tricity to barrels of oil burned.

It 15 easy to determine from Figure 5 that the
CG/CC system saves approximately 1 million
barrels of 011 per year in addition to the
approximately 3 milljon barreis of oil already
saved by converting BPH 3 to coal. These oil
savings estimates are for servable load growth.
0i1 savings estimates for low-band 1oad growth
can be determined from Figure 1 in the original
report. However, note that the barrels of gil
indicated on this plot do not include these
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 EFQOR schedule was not used to reflect
unit immaturity.
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11.0  REGULATQORY 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) dispasal of solid wastes from the gasification system.
The PSD review may be affected by:

a) The 1/B1 approvai 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 will be affected by:
a) The lack of local disposal sites;

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




, 12.0  GOVERNMENT I[MPACT

Government agencies and administrative bodies at the federal and lowe.:
ievels 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 medification
or elimination of existing laws and regulations.

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

¢ Create a free market in competitive fuels. Artifically
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 oil.

¢ Restrict imports of oil and natural gas. This action is
highly desirahle in arder to reduce our dependence on foreign,
and possibly unstable, supply soeurces. A reduction in
avajlability of these supplies will create a demand for
alternate fuels.

® Create a mechanism to guard against precipitous price
drops of foreign fuels. Patential investors in synthetic
fuels plants are apprehensive about the fact that foreign
011 and gas exporters can reduce their prices substantially
and still 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
encouraging 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. It remains
for the government to implement them or make them more
easily available.

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

@ Keep coal severance tases at a reasonably low level.
Some states have set severance taxes at tevels high
enough to make coal prices almost non-competitive with
other fuels.

\;.g-_:__!!"
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12,0

GOVERNMENT IMPACT (Cont'd.)}

® Reduce restrictions on land fi11 or ash disposal sites.
Some states and localities restrict siting and transpor-
tation to the extent that 1t is nearly impossible te
dispose of coal ash.

® Amend regulations, in the case of utilities, to permit
easier and quicker recovery of development and construction
costs related to synthetic fuels.

Dther actions which can be taken at either the federal level or lawer
levels may include the following:

e Revise environmental laws and regulations to eliminate
unnecessary contrals and restrictions. Many environmental
regulations are based on reduction of pollutants to the
maximum extent practicable, even if the pollutant is not
definitely known to be harmful to humans, or if the lower
harmful limits are not established. Also the definition
of what is "practicable" often is not clear. A warning
tiat 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 facility should
not be exposed to the possibility of retroactive laws or
expensive changes ta existing installations unless heaith
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 1imited and
possibilities of nuisance 1itigation should be eliminated.
Time required for action by governing bodies on approvals
or permits should be limited and the 1imitations adhered to.

® Eliminate unnecessary record keeping and reporting require-
ments. Several recent studies indicate that industry's
costs for mainiaining 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 vequirements eliminated to help industry
reduce jts cost.

In summary, it is clear that government bodies can do wmuch to reduce
costs and eliminate risks for industries which could produce or
utilize synthetic fuels such as low Btu gas.




13.0 MANAGEMENT REVIEW

13.1

COMMERCIAL READINESS AND FUTURE DEVELOPMENTS

Introduction

An integrated coal gasification combined cycle system (GCC) 1s a
developing terinology. It is a technology which requires no
foreseeable exiension 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
wall proven with the combustion turbines fired on conventional fuels.

A11 of the basic building 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 jdentical operating plant with a long and highly successful history.
This 15 not the case with 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 initial
design objective s to use as much proven technoiogy 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 avatlable processes to an integrated plant.

That this may be successfully accomplished without inardinate
efficiency penalties is shown bty the results of this study, Subsequent
studies by EPRI indicate that this may have been expected, and that 2
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 ccnsidered as medifiable.

Ar additional advantage provided by less interdependence between
systems and companents is the pessibility of staged implementation.
This may be important in a repaering case where existing operations
must be affected as 1ittla as pessible.
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13.1

COMMERCIAL READINESS AND FUTURE DEVELOPMENTS (Cont'd.)

The system is basically a conventional combined cycle system, {.e.,

a combustion turbine with a heat recovery steam generator and
condensing turbine/generator bottoming cyele augmented by additfonal
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 do not employ condensing turbines. These cycles are
conceptual and 1ike 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 altemate 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
projacted 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, it is difficult to reduce
capital costs by not employing them in the cycle,

In a repowering case such as the Steel Point Station, therefore, the
combinred cycle/condensing turbine design 1s preferred in relation to
commercial readiness, with 1ittle 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 cendition and size of the existing turbines set
the basic system configuration and parameters.

System Design Farameters

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 difficult to quantify. As much of the
discussion involves efficiency, it is important at this time to
emphasize that an increase in efficiency is not necessarily related
ejther to a lower cost of electricity or to increased reliabiliiy.

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/800°F to 2400 psia/1000°F/1000°F and 1800 psia/
850°F to 2400 psia/1000°F/1000°F respectively. Although significant,
it is not felt that these changes would counter-balance the econamic
advantage of empioying the existing turbine/generator system.
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13.1

COMMERCIAL READINESS AND FUTURE DEVELOMPENTS (Cont'd,)

Another 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 1s possible. Such a system has been estimated to add 0.5 to
1.6% in efficiency for oxygen blown systems. 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
passible. 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 questionahie at this time. The
use of an expander has not been demonstrated in this service, and the
expander itself 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 alr blown systems.

The efficiency increases associated with changed steam conditions when
combined with thosa associated with an expander do net 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 will 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 it is possible to design a BCC system with reheat,
1000°F steam temperature, 1200 psi gasifier pressure, and a hot gas
expander, Such a plant could theoretically have an 8 to 10% better
heat rate than the Steel Peint 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 electricity 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 likely 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 5ti11 very develapmental and the improvement in cycle efficiency
1s 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, alkall metals removal, very efficient particulate
removal, etc.

Equipment

The gasifier is a good example of the problem of balancing current
technology against obsolescence. 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 difficult 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, HCM, NH3, and coal fines; and a reported
85% on-stream time seriously mitigate against selection of a Lurgi dry
ash system when compared against other technalogy.

The Tow efficiency of the Lurgi gasifier is inherent in a system that
has a Tow gas exit temperature and partially depends upon directly
guenching 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 cycie 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 & 15 TPD to a 1800 TPD
Westinghouse gasifier must be balanced against a 10 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 Md 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 difficult, however,
as that required for some systems, 1800 to 2400°F and 600 to 1200 psi
for the Texaco gasifier, for instance.
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13.1 COMMERCIAL READINESS AND FUTURE DEVELOPMENTS (Cont'd.)

The inclusion of the superheating section must be cansidered 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
firing in the heat recovery steam generator (HRSG).

The Steel Point Station repowering-employed a commercially available
gas turbine design with a fuel gas inlet of 500°F and 300 psig.
Exhaust gas at approximately 1030°F {s employed in an HRSG to
generate 920 psig/825°F steam and to preheat boiler feedwater to
500°F. The specific design requirements 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 the present state of the art.

As the selected combustion turbine is state of the art and commercially
available, the impact of a high temperature gas turbine must be
addressed. At first glance, studies on the subject have produced
widely scattered results. Estimates of the improvement in system
efficiency associated with higher firing temperatures have ranged from
2% to 10%. This is because the impact of hicgher firing 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 appreximately 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 firing

temperature to 2400°F would be expected to produce increases in
efficiency of from 2 to 2.5%.

Commarcial 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 recovery steam generator; water demineralization and
cooling systems, including pumps; flare systems and air compressors and
drying systems. It is also thought that most, if not a1l, of the waste
water treatment system ccuid be covered by commercial warranties.

The Westinghouse 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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13.1 COMMERCIAL READIMESS AND FUTURE DEVELOPMENTS (Cont'd.)

The hot gas rooler 1s a developmental piece of equipment and
commercial warranties on this item would probably be limited teo

workmanship only.
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14.0 RECOMMENDATIONS

The conclusions of this preliminary study effort demonstrate that
unique opportunities exist far a number of different but interested
groups to attain desired goals. The study is also realistic 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 $7160 million in 1987 dollars.

Though there have been demonstration prajects 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 facilities. Because of the lack of operating experience
with such facilities and because it is well recognized that any new
technology involves a learning curve, there will be a natural
reluctance for the industry to commit to large electric generating
facilities, absent proven experience on at least a smaller scale.
The industry can only reasonably develop such technotogy and exper-
ience through progressive steps starting with the construction of
smaller "no or low risk" facilities leading eventually to larger
faciiities fully supported by the operating utilities.

ULl 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 Basification electric generating
facility. It also recognizes that this facility may have further
potential as part of a co-generation district heating system now under
study for the City of Bridgeport.

Despite the positive aspects listed above, the level of risk assoc-
lated with such a project and the fact that a need does not presently
exist for the additicnal capacity that would be created by this
system, are cause faor 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 facility would be economically
justified 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, Ul finds itself unable to commit financially 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, Ul 1s anxious to cooperate to
the extent possible consistent with its anticipated long-term needs.
Toward this end Ul would be willing to consider further the desir-
ability of making available the faciiities at Steel Point Station
for conversion to a coal gasification combined cycle system if
adequate governmental, regulatory and financial support for such a
project were forthcoming.

Some suggestions as to how this program could passibly 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 facilities.

14.2 Other electric utilities 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 systcm and
its components is, we believe, a reasonable scenario and one which
could allow this project to move ahead. It acknowledtes the signifi-
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 praject. It 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 viability
of the project.

If sufficient expression of interest in furthering the project results
from this study, there are several areas in whick 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-
jated with the construction and operation of the facilities would
have to be established.

14.5 Final agreements outlining the role of each participant would be
executad.
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14,0 RECOMMENDATIONS (Cont'd.)

We could then proceed with the foilowing:

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

14.7 Construction and aperation of the facility would be initiated.

With a cooperative effort such as 1s suggested above, it is reasonable
to assume that this project could move ahead.

If such a scenario did develop, thera are alsa 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 ponints of all heat exchangers should be scrutinized
to determine if 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.

It has been recognized that modifications in these and perhaps other
areas could result in simpiifying the system and further improve its
flexibility, reliability 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 difficuity in disposing of wastes
resulting from the various sources was not fully 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
he addressed more thoroughly if sufficient interest is expressed in
furthering the project.
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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 [Tluminating'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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Dravo Engineers and Constructors

I.

I1.

Introduction

One of the major areas c¢f study under the DOE grant to United
ITtuminating (UI) is the feasibility 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, Cannecticut.

1t is visualized that a coal gasification system will be added to
produce a Tuel gas which will be burned in a new gas turbine, of
approximately 65 MW rating, and the exit gas will be used to produce
steam for the above mentioned 35 MW unit. It is the purpase of
this report to discuss gasifier candidates and recommend one to
serve as a basis for the study.

Major Constraints and Considerations

A. Coal

It is5 desirable ta select a gasifier which can utiljze the coal
currently specified for Ul's existing coal fired boiler. The
specifications for this coal include the following:

Ash fusion temperature 2D00-2400°F

Sulfur 4% maximum
Ash 13% maximum
Free Swell Index Na 1imitation

Since there is no limitation on FSI, we must assume that the
gasifier should have the flexibility of utilizing coals with
.high FSI.

B. Gas Turbine

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

1. 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.

3. A very low level of particulates is required in the gas.
~ In particular, alkali metal content must be very low.

4. Fuel gas pressure should preferably not be below abeut 150 psig.
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II.

Iil.

1v.

Major Constraints and Considerations {Cont'd.)

C. Other Considerations

The system must have a high degree of reiiability.

Preliminary Screen

In order to achieve a fuel gas pressure of 150 psig, 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 Oravo and others indicate that it 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 ecanamical when the product
gas is required at pressure. Consequently, gasifiers have been limited
to pressure types in this evaluation. )

tow Bty 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 1n this evaluation.

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

Babcock & Wilcox
Lurgi

Texaca

U-Gas
Westinghouse

Gasifier Descriptions and Data

A. Babcock & Wilcox - Entrained Bed

Atmospheric pressure version of gasifier 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 small
scale equipment at 450 psig. Only slag and sulfur are byproducts.
Export high pressure steam is produced. Thermal efficiency is
eshimated at 65-70%. Turndown is 3 or 4 to 1.

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 ceal. Pressures
range fram 200 to 450 psig. Experimental runs on caking coals have
been only about 24 hours long. Byproducts include HCN, tars, NH3,
oiis, phenols, ash, sulfur, and possibly coal fines.
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IV.

Gasifier Descriptions and Data (Cont'd.)

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

Thermal efficiency is estimated at 66-70% and turndown is 3 or 4 to
7. A combined cycle system utilizing Lurgi has been in operation
ﬁortseveral years but on-stream time has not always been zatis-
actory.

€. Texaco - Entrained Bed

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

D. U-Gas - Fluid Bed

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

if a pretreatment section is added. Thermal efficiency is reported
at 68%, The longest recorded run lasted 10 days. Turndown of

2 or 3 to 1 can be expected. Some NH3 and HCN are formed in the
gas. There are no Tiquid byproducts.

E. Westinghause - Fluid Bed

The gasifier has been operated at a rate of 15 tons/day at 150 psig.
The Tongest recorded run has been 300 hours. Thermal efficiency

of 79 to 82% has been estimated. Turndown of 2 or 3 to 1 can be
expected. Liquid byproducts are nearly negligible.

Gasifier Recommendation

The gasifier systems have been judged on a partially subjective basis

as shown in the attached chart. While economics are not directly
included in the .valuation, they are heavily reflected in thermal
efficiency. Two independent ratings tend to favor the Westinghouse
process by a very narrow margin. The Westinghouse gasifier is represen-
tative of the type of gasifier suitable for combined cycle use, having
been developed specifically for that use. It shows promise of additional
improvement and data is easily available from the developers. We,
therefore, recommend the selection of the Westinghause gasifier for

the study.
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