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This is Part 3 of three parts.

LEGAL NOTICE
This report was prepared as an account of Gcvernment sponsored work. Neither the United
States, nor the Commission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with respect to the accu-
racy completercos, or usefulness of tho information contained in this report, or that the use
of any information, apparatus, method, or process disclosed in this report may not infringe
privately owned rights; or

B. Assuwes any liabilities with respect to the use of, or for damages resulting from the
use of any Information, apparatus, meinod, or process disclosed in this report.

As used in the above, "person acting on behalf of the Commission" includes any em-
ployee or contractor of the Commission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee of such contractor prepares,
disseminates, or provides access to, any information pursuant to his employment or contract
with the Commyssion, or his employment with such contractor.

This report has been reproduced directly from the best
available copy.

This report consists of 3 parts, total price $10. 75
Available from the Office of Technical Services, Depart-
ment of Commerce, Washington 25, D. C. Printed in USA.
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NOTICE

Although the work reported in this document was conducted for
the Commission, and has been accepted as fulfilling the terms of the
contracts between the AEC and the authors, it should be noted that:

1. The designs and costs are predicated upon successful com-
pletion of certain research and development. Research and
development results different from that assumed by the au-
thors may markedly affect the estimated costs and the perfor-
mance of the units. Also, since their technical assumptions
as yet remain unproven, the Commission cannot entirely sup-
port the conclusions of the studies.

2. The extent and cost of research and development required and
the time required to accomplish it are sufficiently uncertain
to make it doubtful that construction of each of the plants
could be started by July 1960 (one of the conditions set by the
AEC for this study).

3. The basis for the cost estimates made by the several contrac-
tors are not completely consistent. Therefore, any economic
assumptions of an absolute or comparative nature, should be
appropriately qualified.

The Commission staff has prepared an analysis of the four design
studies, TID 8504, and to the extent feasible, undertaken to adjust the
cost data in the several studies so they may more readily be compared
with each other.
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FOREWORD

This study is one of four initiated in 1958 by the Division of Reactor De-
velopment, U. S. Atomic Energy Commission, to assess the feasibility of power
generation through the use of certain types of nuclear reactors.

These studies are available from the Office of Technical Services, U. S.
Department of Commerce, Washington 25, D. C., as indicated below:

TID-8500 BOILING WATER REACTOR STUDY (Parts 1-3), Ebasco Services
Incorporated and General Electric Company, April 1959, price $5. 25

Part 1-306 MW Power Reactor Conceptual Design (previously
available as IDO-24030, Vols. 1 and 2).

Part 2-Separate Studies (previously available as IDO-24030,
Separate Studies 1 through 10).

Part 3-306 MW Coal-fired Installation (previously available as
IDO-24031).

TID-8501 ORGANIC COOLED REACTOR STUDY (Parts 1-5), Bechtel Cor-
poration and Atomics International, April 1959, price $15.00

Part 1-Summary of Study (previously available as BC PI-1,
Vol. 1).

Part 2-300 MW Power Plant Conceptual Design (previously
available as BC PI-1, Vol. 2).

Part 3-Reactor Concept Evaluation (previously available as
BCPI-1, Vol. 3).

Part 4-75 MW Power Plant Conceptual Design (previously avail-
able as BC PI-1, Vol. 4).

Part 5-300 MW Coal-fired Power Plant Comparison Study (pre-
viously available as BCPI-1).

TID-8502 ADVANCED PRESSURIZED WATER REACTOR STUDY (Parts 1-
3), Stone and Webster Engineering Corporation and Combustion
Engineering, Inc., April 1959, price $10. 75

Part 1- Phase I Report (previously available as SW-1, Vol. 1).
Part 2-Appendixes to Phase I Report (previously available as

SW-1, Vol. 2).
Part 3-235 MW Coal-fired Generating Plant (previously available

as SW-1).



TID-8503 HEAVY WATER MODERATED POWER REACTOR PLANT (Parts
1 and 2), Sargent & Lundy, Engineers and Nuclear Development

Corporation of America, January 1959, price $11. 25

Part 1-Design Study (previously available as SL-1565, Vols.
1-3 and Addendum 1).

Part 2-Preliminary Design of the Prototype Plant (previously
available as SL-1581, Vols. 1-3).

TID-8504 AEC SUMMARY AND EVALUATION REPORT OF FOUR POWER
REACTOR DESIGN STUDIES, Division of Reactor Development,
U. S. Atomic Energy Commission, May 1959, price . 60 cents



PREFACE

As authorized by teletype from the United States Atomic
Energy Commission, Lemont, Illinois, on April 9, 1959, we have
made a study to determine the construction and operating costs
of a conventional fossil fuel-fired electric generating plant.
This plant is stipulated to be the same size and to be designed
to fit the same site and assumptions that were used for our
report on the Advanced Pressurized Water Reactor, dated March 20,
1959; It was requested that we evaluate capital costs and esti-
mated pcwe:: costs for the most economical conventional coal-fired
unit that could be constructed to meet these assumptions0

Within the short time allowed for this study, we have
developed a basic design for the equipment and the arrangement
of this plant which should meet the conditions specified and
should give the most economical combination of construction and
operating costs according to our judgment consistent with our
experience of many years in the design of coal-fired utility
plants. Time has not been available to make detailed compara-
tive analyses of any of the items which were made for the earlier
report

It was agreed that the design would be based on burning
coal similar to that from a Western Pennsylvania mine having the
following characteristics: Btu as fired, 13,500; grindability
55-60; ash softening temperature, 2,350 F; moisture; 3%; ash, %;
carbon. 7530; hydrogen 9 1+98%; oxygen, 5.48%, nitrogen, 1.46%;
and sulfur, 1,78 % The coal was specified by the United States
Atomic Energy Commission to cost an average, over a 30-year life
of the plant, of $0.35 per million Btu delivered by rail.

The basic data include a load factor of 80 per cent
again, as -an average over the life of the plant, the request that
fixed charges be calculated at 14 per cent, interest on construc-
tion be estimated at 6 per cent and that construction price
adjustments be assumed as increasing at the rate of 4 per cent
per year, all as used in our Advanced Pressurized Water Reactor
report of March 20.

We have chosen a turbine generator that would have a
net station output of 235 mw under average operating conditions.
The nuclear unit proposed in our March 20 report has an expected
236 mw net station output. For fossil fuels, the turbine would
be designed for 2,400 psi, 1,000 F throttle steam and 1,000 F
reheat steam. It would be a tandem compound unit with triple
flow exhaust and have 26 in. last stage blades. A 110,000 sq ft
two-pass condenser and two 50,000 gpm circulating water pumps are in-
cluded. The turbine generator would be equipped with weather-
proof lagging for out-of-door installation.



The steam generator is rated at 1,675,000 lb steam per
hr and would have 89.5 per cent boiler efficiency at full load.
It would include four pulverizers, a water-cooled furnace, a
superheater, a repeater, an economizer and two regenerative type
air heaters. Draft would be supplied by two forced and two in-
duced draft fans. An electrostatic fly ash precipitator is in-
cluded as well as a 225 ft high chimney to ensure the proper con-
trol of flue gases,

Coal would be received in hopper bottom railroad cars
and dumped into two track hoppers. Car shake-out equipment and
a thaw shed for winter conditions are included. Feeders and
belt conveyors would transport the coal to a crusher and thence
to a movable boom stocking out conveyor. The coal would be
stored or reclaimed by means of a bulldozer. Coal for the sta-
tion would be supplied through three reclaiming hoppers, with
feeders and belt transport to four coal bins, one of which is
located over each of the pulverizers. The coal would be weighed
on the belt en route to the station.

Furnace ash from the wet type ash hopper would be hy-
draulically transported to a yard overhead dewatering ash silo.
Fly ash from the electrostatic precipitator would be pneumatically
transported to a second yard ash silo. Ashes would be removed
from the silos to railroad cars or trucks for disposal. The site
chosen has no low land that could be used for fill.

The arrangement of the equipment on the site is shown
on the attached prints. The frontispiece is a perspective view
of the plant; Plate I is a plot plan; Plate II is a machine loca-
tion plan at the turbine room operating floor level; Plate III is
a machine location plan at the ground floor level; and Plate IV
is a cross-sectional view of the boiler and turbine rooms. A
generally out-of--door installation is contemplated to minimize
construction costs, but allowances have been included in the
estimate for provisions to protect exposed equipment against
freezing weather. The equipment under the turbine operating
deck is in an enclosed area, permitting the use of indoor type
motors and switchgear.

The engineering and construction time schedules have
been based on completion of construction July 1, 1963, to coin-
cide with the specified completion date of the nuclear plant.
The construction work is scheduled to cover a 27-month period,
which is nine months shorter than that for the nuclear plant.
We estimate that the construction cost of the first 235 mw coal-
fired electric generating unit installed at the site and the site
development work necessary for the first unit, as stated in more
detail in Tablesl and 2 attached, excluding land and offsite
railroad would be $34,282,000 at today's price levels or at the
rate of $11+5.88 per net kilowatt. As in the case of nuclear
units, succeeding units could be at a somewhat lower rate. An
allowance of $+,000,000 should be added to cover price adjust-
ments to completion for the coal-fired installation, and
$2,35'8,000 should be added for interest during construction
and $660,000 for land and offsite railroad. Hence, the total
installed cost of the first unit is estimated to be $41,300,000.



Plate V, attached, shows the estimated heat balance at
a gross output of 249,680 kw. It is based on seven stages of
extraction from the turbine for feed-water heating and results
in a throttle steam flow of 1,625,900 lb per hr. The diagram
shows a net turbine heat rate of 7,730 Btu per kwhr and a net
station output heat rate of 9,085 Btu per kwhr. This is equiva-
lent to a net station thermal efficiency of 37.6 per cent.

At 80 per cent load factor, the unit would have a net
send-out of 1,646,800,000 kwhr per yr. For this production, the
annual cost of the estimated 559,300 tons of coal burned is
$5,285,385. It is expected that about a two-months' supply of
coal would be maintained in storage at the station at a first
cost of approximately $880,000. Interest at 6 per cent on the
cost of the coal in storage would be $52,800, which would bring
the total annual cost of fuel to $5,338,185 or at the rate of
3.24 mills per kwhr.

We estimate a total of 48 people including shift men,
coal and ash handlers, superintendence, a chemist, maintenance
men, janitors and gatemen will be needed to run the plant. The
annual cost of supervision and operating labor is estimated to
be $254,000. The cost of labor and materials for maintenance
and miscellaneous supplies is estimated at $326,000. Twenty per
cent has been included in the wage rates for fringe benefits.
The total of these annual operating cost items is $580,000 or at
the rate of .35 mills per net kwhr.

Combining these costs, we estimate the capital costs
and generating costs as follows:

Mills
Per Net Kwhr

Capital Costs
$41, 300,000 at 14% 3.51

Generating Costs
Fuel - $5,341,635 3.24

eration and Maintenance
580,000 0.3

Total 7.10

As specified, spare parts and supplies have been omitted from
these estimates.

For ready reference, the combined capital and oper-
ating costs of the Advanced Pressurized Water Reactor, electric
generating plant are 8.26 mills per net kwhr.

We appreciate the opportunity of making this study
for you and trust it meets your requirements.
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DESCRIPTION OF TIMATF
235 MW COAL-FIRED GENERATING PLANT

UNITED STATES ATOMIC ENERGY COMMISSION

GENERAL

The estimate covers a steam turbine that will generate
a 235 mw net station output when supplied with 2,400 psi gage,
1,000/1,000 F steam from a pulverized fuel-fired boiler with the
necessary accessories. The design is such that this may be con-
sidered as the first step in a four unit station.

The plant is located along the east bank of a shallow
river in the northern part of the United States. The same plot
of ground is chosen as that described in the March 20, 1959
report of the nuclear plant in order to give a fair cost com-
parison between present-day designs of steam and nuclear energy.

An out-of-door installation is contemplated for the
boiler and the turbine generator but the area below the turbine
deck will be enclosed. The station service switchgear and the
exciter are located in this enclosed space and do not need
weatherproofing. An air conditioned centralized control room
is included at the turbine operating deck level.

The installation includes a complete coal storage and
handling system, an ash storage and handling system, an office
and shops building, a water treating plant, a warehouse, roads
and railroads on the property. This estimate terminates at the
high voltage side of the main and reserve station transformers
and does not include the electrical switchyard or transmission
lines.

YARD WORK

General

Finish grading of the site is included in the scope of
work covered by the estimate.

Railroads

Railroad tracks connecting to the B&M Railroad will
provide access to the crane unloading bay in the turbine area,
to coal storage facilities, and to the ash handling system.
The estimate includes five miles of track from the main line to
the south property line and 10,000 lin ft inside the property.

Fences

A chain link fence encloses an area of approximately
115 acres. The fence is laid out for a contemplated four unit
station.
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Roads

A permanent access road from State Highway No. 9 has
been constructed previously, and the cost has not been included
in the estimate. A road from the property line to encircle the
power station area is included0

Piping

Yard piping systems include domestic water piping
between potable well and plant buildings, sanitary and storm
sewers, fire protection system piping, and steam and condensate
piping between buildings.

SERVICE BUILDING

A two-story service building with offices, locker
rooms, shops, laboratory, boiler room, fire pump area and water
treating area is included. The ground floor dimensions are
76 ft by 76 ft and 52 ft by 132 ft and second floor dimensions
are 40 ft by 76 ft.

The building is constructed with load bearing painted
concrete blocks for the permanent walls. In areas where it
would be required to expand in the future, a temporary wall
constructed of corrugated asbestos is used. The ground floor
is concrete slab on earth. The second floor is concrete on
prestressed double tee concrete joists. Finished flooring is
asphalt tile. The roof is constructed of prestressed double
tee concrete joists and is provided with insulation and tar
and gravel surface. The interior walls in the office section
on the second floor are of Cemesto board. Industrial steel
doors and galvanized steel sash are used. Foundations are
soil bearing.

Services in the Service Building and the water treat-
ment area include plumbing for all toilet facilities, floor and
roof drainage, heating, ventilation, air conditioning, labo-
ratory piping, and small hose systems for fire protection.
Laboratory furniture and equipment and shop- equipment are in-
cluded. Fire pump and all accessory equipment and an aux-
iliary heating boiler with accessories are located in this
building.

POWERHOUSE BUILDING

The turbine area and auxiliary bays are 120 ft by
177 ft. The boiler area is 80 ft by 117 ft. The foundations
and walls below grade are of reinforced concrete and bear on
rock. The building is framed with structural steel and has re-
inforced concrete floors at condenser and operating levels.
The mezzanine floor is covered with painted welded steel grating.
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The walkways around the boiler are covered with galvanized
welded steel grating. The exterior walls, erected for weather
protection of the equipment below the operating level, are
painted, nonload bearing concrete block. The control room and
elevator shaft are enclosed with insulated, corrugated asbestos.

Services in the Powerhouse Building include deck and
floor drainage, heating, ventilation, air conditioning of control
room, and fire protection with spray protection for lube oil room
and turbine oil equipment. Drainage for the boiler area is in-
cluded.

BOILER

A Combustion Engineering, Inc. controlled circulation
boiler is assumed. The maximum steam flow is 1,675,000 lb per
hr at 2,650 psi gage and 1,000 F from the superheater outlet
header. The boiler will permit operating the turbine at 5 per
cent overpressure.

The boiler includes a complete water cooled furnace,
tilting type tangential burners with light oil ignitors, super-
heater, reheater for 1,000 F, economizer and two Ljungstrom
type air preheaters.

A complete set of soot blowers is included with a panel
for centralized operation. Compressed air will be used for soot
blowing.

The expected boiler efficiency at full load is approxi-
mately 89.5 per cent.

DRAFT

A balanced draft furnace is contemplated having two
forced and two induced draft fans, each with inlet vanes or
dampers for flow control.

An electrostatic fly ash precipitator is included
having an efficiency between 90 and 95 per cent.

An air preheater supplied with hot water (condensate)
is included to temper the combustion air to the Ljungstrom pre-
heaters.

Automatic combustion control equipment is included

A concrete brick lined chimney 225 ft high above
grade 980 is included also.
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FEED WATXR

Two half-size boiler feed pumps, each with a motor
drive are included. The opposite end of the motor will drive
a condensate feed water. booster pump0

Seven stages of feed water heating are contemplated,
the lowest pressure stage being a closed horizontal heater
located in the condenser neck. The sixth is a horizontal closed
heater located on the mezzanine floor. The fifth is a deaerating
heater located at turbine operating deck level in the turbine bay.
Fourth and third stages are low pressure vertical closed heaters,
while second and first stages are high pressure vertical heaters,
all four located beside the turbine. Drains from the high pressure
heaters cascade to the next lower heater as do the low pressure
closed heaters except for the fourth which has a heater drain
pump.

Automatic boiler feed water control equipment is in-
cluded.

A 100 gpm demineralizer is included for treating the
boiler feed water make-up. It is the same as that provided for
the nuclear plant, complete with a demineralized water storage
tank0

COAL HANDLING

Coal would be delivered by hopper bottom railroad cars,
At full load, about 80 tons of coal per hr would be burned in the
furnace. Double track hoppers are included with feeders to
crusher and then to an inclined belt conveyor to a stocking-out
tower0  Coal would be handled in and out of storage by mobile
equipment0 A Diesel yard switch engine is included for moving
railroad cars in the yard0

Three reclaiming hoppers are included from which coal
would be automatically supplied to coal bins above each of the
four pulverizers0  Each bin would have capacity to supply its
pulverizer for 8 hr0  Coal would be weighed on the belt on its
way from storage to the station and recrushed at the reclaim
hopper to care for frozen coal, if necessary. Individual weigh
scales for each pulverizer are not included,

ASH HANDLING

A wet type ash hopper is used under the furnace. An
ash sluicing system is included for ash removal from the hopper
to an overhead dewatering silo0
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A pneumatic fly ash handling system with a storage
silo is included for ash removal from the electrostatic pre-
cipitator and the back boiler passes.

Arrangements are included to discharge both types of
ash to railroad cars or trucks.

PIPING AND INSULATION

All necessary piping systems are included with adequate
insulation.

TURBINE GENERATOR

The turbine has a nominal rating of 225 mw at 2,400 psi,
1,000/1,000 F and 3 1/2 in. exhaust pressure when operating with
3 per cent make-up. Normal operation would be at 1 1/2 in. ex-
haust and less than 1 per cent make-up which would permit greater
output. This additional capability plus the normal design tol-
erance plus operation at a slight overpressure should permit a
gross generation of 249 mw readily and with a station auxiliary
power requirement of 5 1/2 per cent (14 mw), the unit should
generate 235 mw of net station output.

The turbine type is tandem compound triple flow ex-
haust with 26 in. long last row blades.

The generator is liquid cooled and constructed for
.15 pf, 22,000 v and 0.64 SCR.

A CO2 fire extinguishing system is included.

A lubricating oil storage room is included on the
ground floor in the turbine bay.

A complete set of turbine supervisory instruments is
included.

CONDENSER SYSTEM

A 110,000 sq ft two pass condenser having 1 in. OD,
No. 18 BWG inhibited admiralty tubes approximately 30 ft long
is included.

The condenser neck is flanged and an expansion joint
is included between it and the turbine exhaust flange.

Two half-sized 1,400 gpm motor driven condensate pumps
are included.
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Air removal equipment includes a steam jet air ejector
for normal operation and a motor driven vacuum pump for starting
and as stand-by for the steam ejector.

Two 50,000 gpm, 25 ft tdh circulating water pumps of
the vertical type with totally enclosed motors for out-of-door
installation are included.

Two traveling screens are included.

One screen wash pump is included.

Two trash racks are included but not trash rakes.

A mobile crane would be used for maintenance of equip-
ment at the screen well house therefore neither a crane nor an
overhead structure is included.

Chlorination equipment is included.

AUXILIARY MECHANICAL EQUIPMENT

The auxiliary equipment includes:

A 60 ton bridge crane capable of handling the heaviest piece
after erection

Two soot blower air compressors
One combustion control air compressor
One station service air compressor
Miscellaneous hoists for maintenance at such items as fan
and motor rotors

One fire pump
One fire pump suction reservoir
Two service water pumps - river water would be used for
bearing cooling and these pumps would take suction from
the circulating water discharge line

One distilled water storage tank
One boiler water drain tank
One service water tank
Two ash sluice water pumps
One boiler blowoff tank
One boiler blowdown flash tank
One auxiliary heating boiler
One well water pump
One boiler fill pump
One underground ignition oil tank
One locomotive oil tank from which the heating boiler may
be supplied also
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ACCESSORY ELECT RIC EQ UIPMENT

The unit step-up transformer is rated 275 mva, FOA,
3 phase, 20-230 kv, delta-wye.

The leads from the generator to the transformer are
isolated phase type.

Normal station service power is taken from the gener-
ator leads through two transformers, each rated 9,000 kva, OA,
20-4.16 kv, 3 phase, delta-delta connected.

The start-up and reserve source of power is one
15,000 kva, OA, 230-4.16 kv, 3 phase transformer, wye-delta
connected. No connections are included for the high voltage
side of this transformer.

440 v power requirements are supplied by means of unit
substations supplied from the 4,160 v buses.

200 hp and larger motors are 4,000 v and smaller
motors are for 440 v service.

No spare exciter is included.

Necessary switchgear, cable and wire are included for
the complete installation.

Electric heat tracing is provided for exposed instru-
ment lines and other piping which may be endangered by low
temperatures.

ENGINEERING

An allowance is included to cover the engineering,
drafting and expenses to provide a complete installation.

CONSTRUCTION

An allowance is included to cover the cost of a super-
intendent of construction and a complete staff of field super-
visory and engineering personnel.

OPERATION

The estimated net station heat rates to be developed
with this equipment are as follows:

100% load - 4,500 hours per year - 9,085 Btu per kwhr
75% load - 2,190 hours per year - 9,140 Btu per kwhr
50% load - 1,730 hours per year - 9,710 Btu per kwhr

Zero load - X40
8,760 hours

Total net station sendout - 1,646,800,000 kwhr per year
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BASIS OF THE ESTIMATE

Information pertinent to the estimate including as-
sumptions furnished with the site data for the nuclear plant
are as follows:

The detail of the estimate is based on present-day
material prices and the labor is based on the construction wage
rates furnished in the site data.

The estimated direct labor costs include wages and
salaries only. Included in the indirect costs is a 20 per cent
allowance for fringe benefits including welfare, travel, sub-
sistence and isolation pay, as well as payroll taxes and in-
surance, all in accordance with the site data.

The interest during construction included in the
capital cost estimate is in accordance with the site data, at
6 per cent per annum, based on an estimated rate of expenditure
each month.

Spare parts are not included in the estimate, in
accordance with the site data.

The insurance rate used in the estimate includes only
Workmen's compensation and Public liability covering Bodily
Injury and Property Damage.

Physical damage insurance and all risk or builder's
risk insurance are not provided for in the estimate.

Costs of construction equipment and temporary construc-
tion are included in the indirect costs.

The estimate is based on a normal 40 hour work week
with no allowance for premium pay for casual overtime or an
extended work week. However, some casual overtime would be
required during the actual construction.

The normal contingency item included in the estimate
is for errors and omissions only and reflects the degree of
engineering refinement presently available.



Table 2

ESTIMATE

235 MW COAL-FIRED GENERATING PLANT
UNITED STATES ATOMIC ENERGY COMMISSION

SUMMARY

Description Total

Land and Land Rights
Offsite Improvements (Railroad)
Yard Work
Turbine Bay (Incl. Control Room)
Administration and Service Building
Intake Screen Well Structure
Water Treatment Plant
Gate House
Garage
Boiler Plant Equipment
Turbine Generator Unit
Accessory Electrical Equipment
Miscellaneous Power Plant Equipment
Substation and Switching Station Equipment
(Main Transformer Only)

Acct.
No.

10
Xl1
11

03-11
05-11
06-11
07-11
17-11
27-11

12
14
15
16
43

Total, Direct Construction Cost

1 Headquarters Office
3 Office at Works
4 Distributable Construction Items

Contingencies - Normal
Allowance for Price Adjustments

Material
Labor

9 Federal and State Taxes

Total, Indirect Construction Costs

Interest During Construction

Subtotal

Less Oversizing for Future Units

Total, Direct and Indirect Costs

* U. S. GOVERNMENT PRINTING OFFICE : 1959 0 - 510023

$360,000
300,000
330,000
920,000
200,000
170,000
80,000
5,000
7,000

12,060,000
9,450,000
2,720,000
300,000

740,000

$27,642,000

$2,750,000
700,000

2,300,000
1,600,000

3,000,000
1,000,000

150,000

$11,500,000

$2,358,000

41,500,000

200,000

$41,300,000
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PLATE x

REHEATER
,44L,81OLG 151915h

I 603,850 LB 1316.35 h

BOL E1072.5h

BOILER LOSSES

26
BOILER 2si

EFF
89.5%

ECONOMIZER

1,638,050 LB

A64 6 h

479.8 F

SUPERHEATER 249,680 KW 235,950 KW
4,, 2<4 5600LB """""""""" 

GENERATIO NT STATION OUTPUTTSUEHTR

9000LB14.7hLB3,0 OFFAUXILIARY POWR
CONTINUOU$ 571 PS A - a r -9+1
SLOWDOWN

i5 FLASH TANK TO-
4050LB A 9R EJECTOR, L

. GENERATOR

2OLB /9,82L.LB T A -/GENERATORLOSSES AT 0.85 PF

TO 349 I _ _ 59,710 LB - 7 350 LB 13696h 400 PSIAI I 1 FIXED LOSSES
WA7STE.6 4 L. 74P1,109,600 LB 1023.6 h

49,040 B 1308 6 74.5 P -
i

4IB-------- 24. 3.2 A 52,200LBA

-439PPSIA CONDENSER

-. MAIN STEAM / .5 H34.2 900 LB
PSI A 

461.2 h 3500 KW

205,B0 LB0
,5,820LB 4 hGMAK E UP

554 PSIA 2528 PSIA 133LPSIA 70.0 PSIA 9 6 440LB 1,240,090 LB 13.PSIA 4.5 PSIA

258.0EF 5,24,9.T L2 T --2TD I TI 9.

372.8 h 328.5 h 318 5 h 270 2 h 269.6 h " 22 6 h _ 172.0 h SD 123.9 h / S 0 726 6 91.7 F
395.0 F 352.5 F 3470 F 300.6 F 300.0 F 259 9 F 204 F 156.0 F 104.6 F1206,123D0 

B127.BE7 12D 12 A
BOILER FEED 2826h3

PUMPS 312.6 F 2327610BO ONSRPUE13h
382.6 n 2.2.,.61 L1 336.9 h 282570 LB 303.0 F 136.0 h 115340 LB 84.6 h 116 6 F407.0 F 364.5 F 68 O F

1ST POINT 2ND POINT 3R POINT 5TH POINT 6TH POINT 7TH POINT GLAND STEAMCLOSED CLOSED CLOSED 4TH POINT DEAERATING CLOSED CLOSED AIR VENT OILGH2 CONDENSATE
FEED HEATER FEED HEATER FEED HEATER CLOSED FEED HEATER FEED HEATER FEED HEATER EJECTOR CONDENSER COOLERS PUMPS

WITH INTEGRAL WITH INTEGRAL WITH INTEGRAL FEED HEATER WITH INTEGRAL WITH INTEGRAL
DESUPERHEATING AND DESUPERHEATING AND DRAIN COOLING ZONE DRAIN COOLING ZONE DRAIN COOLING ZONEDRAIN COOLING ZONE DRAIN COOLING ZONE

TURBINE HEAT RATE = (249,680+3200+950 - 3500)3412 7511,109,600(1023.6-59.7)+115,340(846-59.7)+900(130-59.7)+2050( 1360.4 -59.7)+2050(79.0-59 7)

249,680

BASIS OF CALCULATIONS

FUEL- COAL

STEAM LOSSES - 8100 LB AT ALL LOADS

BOILER SLOWDOWN - APPROXIMATELY 0.25% OF STEAM GENERATION

EXTRACTION LINE PRESSURE DROPS ARE EXPRESSED AS THE FOLLOWING
PERCENTAGE OF THE ABSOLUTE STAGE PRESSURE

LINE REHEAT IST POINT 2ND POINT 3RDPOINT 47HPOINT 5 TH POINT
PERCENT 9 3 5 5 6 8
EXTRACTION PRESSURES SHOWN AT OR NEAR TURBINE ARE STAGE PRESSURES.
HEATER ENTRANCE PRESSURES ARE SHOWN OUTSIDE HEATER SYMBOLS

STEAM GENERATOR EFFICIENCY TAKEN AS 89.5%
AUXILIARY POWER REQUIREMENTS HAVE BEEN ESTIMATED AT 5.5% OF

GENERATION.

LEAKAGES

NO. FLOW, LB ENTHALPY, h
3790 1461 2

2O 1060 1461.2

6TH POINT 7TH POINT
2 2

0 19,850

5640

IO

2800

5640

2220

7450

3630

1447.8

13 r4.7

1314.7

1314.7

1314.7

1489.5

1393.0

3750 13930

@ I 5730 1360.4

STATION HEAT RATE -1,625,900(1461 2-464.6)+8100(1072.5-464 6)+4050(751.6-464.6)+1,442,810(1519.15-1316.35)
235,950 (,895)

LEGEND

- STEAM
WATER
POWER

LB FLOW, POUNDS PER HOUR

h ENTHALPY, BTU PER POUND
F TEMPERATURE, DEGREES FAHR.
TD TERMINAL DIFFERENCE, DEGREES FAHR.
DC TERM. DIFF DRAIN COOLER, DEGREES FAHR.

KW KILOWATTS
Hg PRESSURE, INCHES OF MERCURY, ABS.

PSIA PRESSURE, LB PER SQUARE IN. ABS.
PSIG PRESSURE, LB PER SQUARE IN. GAGE

2050 1360.4

(

=7730 BTU PER KWH

-9065 BTU PER KWH

HEAT BALANCE DIAGRAM- FULL LOAD
235 MW COAL-FIRED GENERATING PLANT
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