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SUMMARY

The objective of this study is to determine, by means of
perametric analyses, the performance, economics, natural resource
requiraments, and envirommental intrusion of coal burning advanced steam
power generation systems. This analysis is conducted for three types
of advanced stesm systems: atmospheric furnace systems; pressurized

boiler~gasifier systems; pressurized fluidized bed boiler systems.

The primary parameters which are investigated were steam
temperature 811 to 1033°K (1000°F to 1400°F), steam pressure 16.547 to
34,474 MPa (2400 psi to 5000 psi), gas turbine temperature 1i44 to 1644°K
{1600°F to 2500°F) and gas turbine pressure ratio (8:1 to 25:1), Other
parameters which were investigated are condenser pressure (as a
function of heat rejection method), power level, excess combustion air,

coal type, and number of steam reheats.

The cost and performance was calculated for plants which
included all the equipment necessary to meet the proscribed emissions
restraints. For the atmospheric furnace system, this included a pre-
cipitator and a sulfur dioxide scrubber for the stack gas. For the
pressurized boiler-gasifier system, the sulfur dioxide removal is
accomplished by a reaction with dolomite in the pressurized fluidized
bed coal gasifier. Particulate removal is accomplished by high
temperature cyclone type separators. The cleanup method for the
pressurized fluidized bed boiler system is ess=emntially the same as the
gasifier system except that the products of combustion rather than the

fuel gas are cleaned.

The cost and performance analysis showed that increasing
either the throttle or reheat steam temperature to 811 or 1033°K

{1200 or 1400°F) results in an increase in cost of electricity because

vi




the increase due to higher capital cost substantially exceeds the

decrease due to lower fuel costs.

The minimum calculated cost of electricity for each of the
gystems is as follows: atmospheric furnace systems 6.94 mills/MJ
(25 mills/kwh); pressurized boiler-gasifier systems 7.5 mills/MJ
{27 mills/kwh); pressurized fluidized bed boiler system 6.11 mills/MJT
(22 mills/kwh). -

While these energy cost differences are not large, they are
certainly significant and it is on the basis of these differences that
the pressurized fluidized bed boiler system was recommended for further

study in Task II.

vii




12, ADVANCED STEAM SYSTEMS

12,1 State of the Art

As an overview of the state of the art with regard to
performance, Figure 12,1 shows the national averape heat rates* for
fossil fuel steam-electric plants. As can be seen, the heat rate has
clearly leveled off at 10,500 Btu/kWh. For 1971, the average heat
rate of the best plants was 8915 Btu/kWh, with a negligible difference
between the 24,132 MPa/811°K/811°K (3500 psi/l000°F/1000°F) plants and
the 16.547 MPa/811°K/811°K (2400 psi/1000°F/100CG°F) plants,

Further, if we look to the immediate future we cannot expect
a change in thése figures, Of the coal-fired units currently being bullt
or on order, 35 are 12.411 MPa/811°K/811°K (1800 psi/1000°%/L000°F) unirs,
153 are 16.547 1®a/811°K/811°K (2400 psi/l000°F/1000°F), and 53 are
24,132 MPa/811°K/811°K (3500 psi/lO00°F/1000°F). There are no coal-fired

plants on order with steam conditions more advanced than these.

This does mot mean, however, that these are the most advanced
steam conditions existing in a currently operating steam power plant.
One of the most famous steam power plants in the world, Eddystone I, went
into service in 1960. This plant was designed for steam conditions of
34,474 MPa/922°K/839°K/839°K (5000 psi/1200°F/1050°F/1050°F) and was first
run at these temperatures in 1961, Further, this plant is being run today
ag a base-load plant with a turbine inlet -temperature of 886°K (1135°F)
and a pressure close to 34.474 MPa (5000 psi). The plant had an original
design value heat rate of 8230 Btu/kWh and an actual annual average heat
rate of 8534 Btu/kWh for the year 1963 (Reference 12,1).

% Heat rate is the common dimensional term used in the industry to specify
thermodynamic performance. - Its units are Btu/kWh., Its inverse,
multipllied Ly an appropriate constant, gives the efficiency.

i2-1
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Fig. 12.1—National average heat rates for fossil fueled steam-electric plants
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4 great deal of information obtained from the experience of
designing, constructing, and operating this plant is germane to the
development of future steam plants with the same or greater steam temp-
eratures and pressures. For instance, the turbine suffers in performance
slightly in the high-pressure end because the steam flow rate corresponding
to the design power level of 325 Mie is too low, resulting in parasitic
losses being too high a percentage of the output.

The turbine control and stop valves have had cracking problems
due to low cycle fatigue. Redesigned valves have been oiffered by
Westinghouse to circumvent this problem, but currently the utility is
avoiding the problem (and therefore the replacement cost) by operating
below 922°K (1200°F). Whatever the design, however, the life is
dependent upon minimizing the frequency of thermal stress cycles, This
means that the plant should be run strictly as a base-load plant with

minimal load following operation.

Design improvements have been made in junction headers to reduce
cracking, but the basic tube life of the superheaters and reheaters is
affected most directly by fire-side corrosion caused primarily by the
combination of high temperature and the chemical action of the coal ash,

A reduction in the maximum steam temperature to 886°K (1135°F) has led to

a substantial reduction in the amount of boiler tube replacement.

While the désign value of superheat temperature was increased
significantly for the Eddystome plant, the reheat temperatures were at
normal levels so that the turbines below the superpressure unit did not
require significent departure from state-of-the-art design. This will
not ba the case, however, for reheat temperature levels of 922 and 1033°K
(1200 and 1400°F), 1In this case there will be major design problems in
the BP, 1P, and LP turbines, in addition to those encountered in the heat
exchangers and piping. For instance, facilities do not exist which are
capable of forping rotors of the size required inm higher-alloy materials,
and the development of suéh facilities would require major financial

commitments. Alternatively, the design and development of a disk-curvic

12-3




TABLE 12. 1-ECONOMIC COMPARISON 600 MWe PLANTS?

{3% Sulfur Coal)

Pressurized Fluid Bed Boiler Conventional Conventional
Combined Cycle Coal -Fired Plant Coal-Fired Plant
Once-through Dolomite Wellman-Lord Sulfur w/o Sulfur
Sulfur Removal System Removal System Removal System
Plant Capital Cost, $/kw 269 350 306
Energy Costs, mifis/kWh
Fixed charges 6. 55 8. 60 7.48
" 0gM 0.71 lL21 0. 67
v Fuel 4,09 4,55 4,11
0.75 (dolomite}
TOTAL 12.10 14.36 12.26
150/ year
10% capacity factor
No sulfur credit
Coal @45¢/100 Btu

Methane @ 80¢/ 100 Btu (Weliman-Lord)

Dolomite at $ 10/ ton (purchase plus disposal)
1975 operation of fluid bed boiler plant; 1976 operation of conventional plant.
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clutch~-thxough bolt approach would constitute a major prbgram whose

technical and econoi ic viability would have to be carefully evaluated.

There is wo existing wnit comparable to the Eddystone wmit for
pressurized boiler power plants. Various studies and proposals have been
made (for example, see Reference 12,2), but the basic impediment to their
development is the difficulty of using coal as the energy source. The
compactness and high heat transfer rates which result in theilr economic
attractiveness make them very vulnerable to the deleterious effects of

deposition and corrosion caused by the use of coal.

'Currently, there are two primary approaches to accomplish the
successful application of coal to pressurized boilers. The simplest,
from the viewpoint of the boiler, is the use of a clean gaseous fuel which
has been derived from a close-coupled coal gasifier unit. The other is
a fluidized bed type of beiler into which raw coal is fed, the treatment
of which is an integral function of the system. The thermodynamic cycle
characteristics of these two types are very similar. The kinds of
puoblems they present to the development engineer are quite different,

however,

The prespurized fluidized bed boiler concept has been studied
in copsiderable detail by Westinghouse for the Environmental Protection
Agency (EPA) and has been reported (Reference 12.3). These studies
have shown that a lower energy cost is achieved by the pressurized system
than by the atmospheric system. (The cost figures which have been
pub®ished are shown in Table 12.1.)

The key uncertainty is whether the projected equipment and
sorbent materials, with their associated costs, will provide the required
degree of mechanical and chemical cleanliness to result in satisfactory
life of components such as the gas turbine, steam superheater, and
reheater., A number of problem areas have been identified in the EPA
report, Table 12.2, taken from the report, is a concise description of

these problems and potential solutions.

12-5
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Table 12.Z - Problem Areas

Proposed Design Primary Backup Alternatives

Particulate Removall Cyclones and Aerodyne-type & Provision for third stage # Cool gas .and -reheat -
dust collectors prior to gas turbine

% Reduce gas velocity i
¢ Modify turbine

¢ Reduce fines content of . o
solids feed e Drop back on gas-turbine

o Alternative system: operating conditions

granular bed fiiter

Sulfur Bioxide Control bolomite, in bed; 1.2 to 2 ® May have to increase use o Select new stone

. Ga/s rate for some sorbents
Nitrogen Oxlide Minimized during combustion #8 Promote reducing conditions
{demonstrated) i in lower region of the bed
Materials Conventional boiler tube a Use higher-grade materlalsg
materials (which are available)
Coal Feed Petrocarb feed system ® Increase .-wber of feed: » Alternative technolngy .
“(lockhoppers) points per bed 2.8., slurty feed,

¢ Reduce unit capacity: serew fegders

bed depth
Alkali Metalsl ) Temperature maintained ® Lower temperature further © » Add sorbent to remove
i sufficiently low to avoid to avoid prablem i alkali metals
.problem . Modify turbine operation
Turndown and Load Vary bed temperature s Vary excess alr & Additional modules )
Follow . modular bollers ' . Recirculaping bed
Spent Stone Disposal Land£ill ® Sulfur recovery ' .

o Commexcial utilization

1Cantrnl to achieve gas-turﬁine relliability and.loug Hife

.




The use of a low-Btu fuel gas pasifier greatly reduces the
problem of corrosion and deposition in the pressurized boiler and gas
turbiﬁé.' Aithbugh this in turn reduces the cost and improves the
reliability of these units, other penalties are incurred, as for instance,
the steam supply, auxiliary power imput, and auxiliafy COMpTressar
re@uired by a gasifier.

Both the fluidized bed and suspension-type sasifiers give
promise of reduced cost reélative to fized bed-type gasifiers, but they
are still experimental,  This means that their cost and performance have

not yet been verified on a commercial scale. Greater detail on the state

of the art with regard to gasifiers is contained in Section 4. -

It should be emphasiéed once more that the thermodynamic
pexformance advantage of higher cycle operating temperatures implies the
concomitant penalty of imcreased material cost and/or corrosion rates
and potentially decreased plant reliability. Reliability is a problem
of considerable concern to the utility industry. It was reported in the
January 1, 1975 issue of Electrical World that”oﬁe”large uﬁility .
eiperienced an average availability of 69% fbr five new 500-to--800 Mie
coal-fired units, This was a decrease from earlier availability

experience,

12,2 Description of Parametric Points Investigated

For purposes of this study, three types of advauced steam power

plants were chosen for parametric analysis:

e Atmospheric furnace system
e Pressurized boiler~gasifier system

® Pressurized fluidized bad boiler system.

The following paragraphs give a general description of those plants.

Sections 12.2.4 to 12.2.6 explain the parametric points investigated.

12,2.1 Atmospheric Furnace System

The atmospheric furnace steam plant is the familiar power plant

used exteﬁsively by the electrical utilities. It varies widely in size

12-7
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and in details of comstruction. All plants, however, have the following
major components in commomn: . '

Steam boiler

Steam turbine-generator

Condenser o

Feedwater heaters

Boiler feedwater pumps

B % & » @

Stack-gas cleanup and treatment equipment
Draft fans
e Stack,

The largest single component is the steam boller. For the base
case 500 M@e plant the gross dimensiops and weights of particular major
components are given in Table 12.16 {See Section 12.5.4).

Based on these major component dimensions,nominal coal and
dolomite consumption rates, and standard power plant practice the plant
site layout was designed by Chas. T, Main, Inc. and is shown in Figure
1z.2, '

As the temperatuxe {and/or pressure) of the steam is increased,
the general size and appearance of the plant does not change significantly.
Rather, the materials at the hot end of the cycle are improved (at a cost

increase, of course) and/or increased in thickness.

Because this type of plant burns the coal directly without
treatment othexr than drying and grinding, the cpmbustion products are both
mechanically treated for particulate removal and chemically treated for
sulfur removal to satisfy environmental requifemeuts. As a result,

combustion product treatment equipment is both large and expensive.

An alternative atmospheric system that was -investigated
incorporates a boiler which is designed with a fluidized'bed furnace with
in-bed desulfurization. One potential cost advantage of this type of
boiler is the elimination of the scruhber'to remove sulfur from the stack
gases., Another potential cost redu.tion séems_f:om the high convection

heat transfer coefficient oi the exterior of the boiler tubes

12v9_




due to the fluidized bed action. These capital cost reductions are discounted
to some degree by an increased dolomite usage rate which increases the
operating cost of the plant. The higher dolomite usage rate results

from the desulfurization reaction occurring at a much:higher temperature

in the furnace than in the stack-gas scrubber.

12,2.2 Pressurized Boiler-Gasifier System

The pressurized boiler-gasifier system differs from the standard
atmospheric furnace system in three ways. First, the boiler is pressurized
on the combustion side to reduce its size by improving the fire-side
heat transfer coefficient, Secondly, it has a gas turbine set to produce
the pressurized combustion air for the boiller and to produce electrical
power from the excess power of the gas turbine. Thirdly, it has an
integrated coal gasification subsystem that receives pressurized process
air from the gas turbine compressor and delivers clean low-Btu fuel gas
to the boiler and gas turbine combustor. Thus this power plant has the
following major components: V

e Steam boiler

& Steam turbine-generator

« Condenser

Feedwater heaters

e Boiler feedwater pumps
e Gas turbine-penerator
e Stack-gas coolers

e Stack

s Coal gasifier,

Note that the stack-gas cleanup equipment has been eliminated
since the coal-cleaning equipment is incorporaﬁéd in the gasifier sub-
system, HNote further the addition of stack-gas ccolers. These are
necessary heat recovery units designed to extract heat from the gas .
turbine outlet gas before discharging it up the stack.

For the base case 700 MWe plant (approximately 500 MiWe from

steam turtine and 200 Mile from the pressurizing gas‘tufbine) “he gross
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dimensions and weights of particular major components are given in
Table 12.16 (see Sectiom 12.5.4).

The site layout for this plant is shown in Figure 12,3,

As in the case of the atmospheric furnace system, the general
size and appearance of the plant does not change significantly as the
peak temperatures and/or pressures of the working fluids (air and steam,

in this case) are increased.

12,2.3 Pressurized Fluidized Bed Boiler System

The pressurized fluidized bed boiler system is similar to the
pressurized boiler-gasifier system in that it incnrporates a gas turbine
to pressurize the boiler and to produce net electriczal power. The cpal,
however, is simply dried, crushed, and added directly to the boiler.
The boiler has a compact construction because the combustion occurs in
a fluidized bed which achieves a high convection heat transfer coefficient.
Dolomite is added directly to the fluidized bed to chemically remove the
sulfur in the coal., Elutriated particulates are removed in pressurized
separators downstream of the boiler before the combustion products enter
the gas turbine. The major plant components are:

e Steam boiler

8 Steam turbine-generator

e (ondenser

» ' Feedwater heaters

e Boiler feedwater pumps

e (as turbine-generator

e Stack-gas cpolers

e Stack -

For the base case 700 MWe plant (approximately 500 MWe from
the steam turbine gemerator and 200 MWe from the gas turbines) the
gross dimensions and weights of particular major components are given in
Table 12.16 (see Section 12.5.4).

The site layout feor this plant is shown in Figure 12.4,
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As in the case of the other two power plant systems, the general
size and appearance of the plant does not change significantly as the

peak temperatures and/or pressures of the working fluids are increased.

12.2.4 Atmospheric Furnace System Parameters

The choice of performance varlables to investigate parametrically
depends, of course, upon the thermodynamic cycle of the pawer plant. A
typical schematic cycle diagram for an atmospheric furnace steam plant is
shown in Figure 12,5, The parameters investigated for this cycle are
essentially those designated by NASA. Table 12,3 gives the parametric
points for which performance and energy costs were calculated, as well
as the performance calculation results. (The calculated results are

analyzed and shown graphicélly in Sactions 12.4 and 12.6).

The two primary variables are the steam temperature and
pressure, Temperature was varied, from the s:andard value of 811°K
(1000°F) that is currently in extensive use commercially, up to the 1033°K
(1400°F) level specified by NASA. The pressure levels quEStigatEd were
16.547, 24,132, and 34.474 MPa (2400, 3500, and 5000 psi), In addition
some thermodynamic performance calculations were made for a 68.948 MPa
(10,000 psi) level, but the turbine and boiler were so far from practicable

that no price was estimated for them.

The aumber of reheats was varied from none to two. The effect
of condenser pressure variation from 6.754 to 30.393 kPa (. to 9 in Hp abs
was investigated, along with a corresponding change in the method and

cost of heat rejection.

The bulk of the parametric points was calculated at a nominal
power rating of 500 MWe. A representative number were repeated at a
nominal power rating of 900 MWe to determine the effect of scale on

energy cost.

Finally, the capital cost and performance effects of the
three coals designated by NASA were investigated for both a standard

furnace and a fluidized bed furnace.
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% % Dwg. 257022
‘8 % TABLE 12.3 — ADVANCED STEAM PARAMETRIC POINT INVESTIGATION { ATMOSPHERIC FURNACE STEAM PLANT)
l;.% ? Sheet 1 of 4
o - Parametric Paint 1 2 3 4 5 1] 7 8 & 10 11 12 13 14 15 14 17 18
o g i;owler Duiput, Mile . 464 64 | 457 464 464 | 465 [ 465 465 | 466 do6 | 466 | 467 | 465 | 465 | 464 | 464 | 465 464
ue
% Bituminous Coal ¥ T X T ¥ [ X [ X T X 1% T ¥ T X T I X I XTI X ¥ I X T X1 XX
Subhituminous Coal
7 Lignite Caal
Furnace Type
Atmpspheric (Conventiona) X X X X X X T X% X X X X X X X X
Fluid Bed X ! X X
Steam Turbing N
Throtile Press , psia 10000 [ 10000 [ 10000 | 5000 | 5000 | 5000 | 5000 | 5000 | 5000 | 5600 | 5000 | 5000 | S000 | 5000 | 3550 | 3500 { 3500 3500
Throttle Temp |, °F 1000 | 1000 | 1000 | 1000 | 1000 | 1000 [ 1200 | 1200 { 1200 1 1400 { 1400 { 1400 | 1000 [ 1000 { 1000 [ 3000 | 1000 | 1000 |
First Reheat Temp , °F 1000 | 1000 | 1000 | 1000 | 1000 { 1000 | 1200 [ 1200 | 1200 | 1400 | 140D | 1400 | 1200 1060 | 1060 | 000 | 1200 | 1000
2 Second Reheat Temp , °F 1000 | 1000 ! %000 | 1000 | 1006 | 1660 | 1200 | 1200 { 1200 [ 1400 | 1400 | 1400 1 1200 { 1200 { 1000 { 1000 | 1200 | 1000
'L Third Reheat Temp | °F 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 100D [ 1008 | 1600 | w000 | 1000 | 1000 | 1000 1000 1000 | 1000 | 10060 1 1080
o Condenser Press , in, HgAbs [ 2 3.5 9 2 3.5 3.5 2 3.5 | 3.5 2 51 35 2 2 2 3.5 2 3.5 |
Thermodyramic Eif , % [0} 46110449 | 420 | 45.7 | 24.5(44.5 | 48.8 [ 47.5 | 47.5| 5131 50.1[ 50,1] 47.7| 48.3| 45.3 | 44.2 | 47.1 1 45.9
Powerplant Eff , % 3 0] 359 1332 | 366 | 356354 139.0 {381 37,90 L1} 40,11 399 382 385! 3634 384! 3T | W1
Querall Eff, % % 35.9 | 33.2 | 3.6 | 35.61 3.4 139.0 {381 3.9 4L1] 401 39.9( 382( 385( 363135413771 367
L_jg@_c_a_gml Costx 1070 % 730117205 740712524 |251.5 | 212.2 13953 12959 | 3258 ) 593, 015875 {4723 3555 /38140 230112965 1353113185
Cavital Costs, $/kWe 1572.9{ 15710 6101 | 544, 7 1542.3 1 456.1 1852.4 [ 851, B |593.4 [1275.1]125) 2/ 1010, 8]765.2 [8%0.6 { 515.7 1509.9 ) 759.9 | 685.9
Cost of Elect, Mills/KNh
Capltal 29. 7221 49, 690[ 51, 1841 17, 2041171431 14, 417 1 26. 946 | 26, 927 27. 079 40, 307 |39, 8691 31. 955| 24. 191 | 25. 942 16,302 |16, 118) 24, 021§ 21, 6B4
L; Foel (2 7.861 | 2.073 | 8.739 | 7.920 (R 146 [9.202 [7.479 | 7.618 | 7.661 | 7.063 | 7.231 [ 7.264 | 7.600 | 7.540 [8.0NL |8.206 | 7. 692 | 7.896
Oper, & Mainl, 7,132 1,145 1 1,101 11,338 12,152 12.068 11106 t1.118 11974/ 1,083 | L0930 90501 1z |1 133 /L 143 11,152 L. 118 | L135
Tolal 58,72 | 58,01 (61,04 | 26,27 (26,44 | 2469 | 36.48 | 35.66 | 3L.71| 4R 45{ 4R 19 41,12 32.91 | 34,60} 25.45 | 25.48 | 32. 83 30, 32
Est. Time of Construction, yr 60 | 60 | 60 | 501 56|50 1501} 50)50]50]( 6507 50) 50[50¢]501]3%50) 50350
Notes:

@ Where Applicable
@ Use Base Delivared Fue! Cast
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TABLE 12.3 — ADVANCED STEAM PARAMETRIC POINT INVESTIGATION { ATMOSPHERIC FURNACE STEAM PLANTH cant'd)

Sheet 2 of 4
Parametric Poin 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 3 35 36
IF’ower Quipui, MWe %63 | 463 | 4% 464 | 464 | 466 | 465 465 | 467 464 464 | 465 466 | 465 465 486 | 464 | 465
ual
Bituminous Coal X X X X X X X X X X X X X X X X
Subbituminous Coal X
Lignite Coal X
Furnace Type
Atmospheric (Canventional) X X X X X X X X X X X X X
Fluid Bed X X X X X
Steam Turbine i
Throtlle Prass | psia 3500 | 3500 3500 | 3500 | 3500 | 3500 [ 3500 [ 3500 [ 3500 [ 3400 1 3500 | 3500 | 3500 | 3500 | 3500 | 3580 | 3500 | 3500
Throttle Temp , °F 1005 [ 1000 1000 | 1200 | 1200 | 1200 | 1400 | 1400 [ 1400 | IdoD ) 1000 | 1200 | 1200 | 31400 | 1400 | 1600 | 1000 | 1000
First Reheat Temp , °F 1500 | 1000 | :000 | 1200 | 1200 [ 1200 [ 1400 | 1400 | t400 | 1400 | 1460 | 1400 | 1400 1080 | 1600 | 1009
et Secontl Reheat Temp , °F
( Third Reheat Temp , °F
gt Condenser Press., in, HgAbs| 2 3.5 9 z 3.5 13.5 2 3.5 3.h 4 Z 2 2 2 7 3.5 3.5 3.5
Thermedynamic £if , % (D 4.5 | 43.4 | 40.5 | 47.4 | 46.1 (46,1 | 49.6, 48.3 |43 | 45.8 [47.1 | 485 | 4B.5 | 47.5] 47.5 | 43.4 | 434 | 43,4
Powerplant Eff , % 35.6 L 347 1320 | 37.9(36.9 1367 | 39.7[387 [385 [ 356|377 | 388 | 386 | 380| 378 | 35 01335 344
Qverall Eff , % 3.6 4 347 1320 37,9 136.9 [36.7 37387 1385 | 3.6 [37.7 [ 388386 ) 380 37.8350i3.5]| 44
Tolal Capital Cost x1076, % 232 812311 | 252.4 1290.0 [288.2 [282.6 | 5789 | 378.2 | 347.0 [ 268, 4 | 296,3 | 3249 | 289,00 | 3453 [ 3115 | 2328 | 2451 203.0
Capital Costs, $fkwe 502 4 | 498.7 | 553.0 | 624.3 | 620.3542.0 18144 [ 8127 [ 743.4 [ 56].9 | 638.0 | 698.9 [ 61%.7 | 743.2 | 668, 5 [ 430. 0 527.9 | 436.6
Cost of Elect, Mills{kWh |
Capital 15,883 15, 767 | 17. 483 |19, 735 | 19, 610] 17, 134 | 25. 744} 25. 692 123, 501 | 17. h54] 20, 168] 22, 093[19, 680 23, 496] 2. 131 115, 806! 16, 68 {13, B03
Fuel (@ 87491 836319075 76551 7.851| 7899 | 7.306) 7,490 | 7529 1 7, g | 7.607] 7,469 7.507 1 7.627| 7.670] 8.296! 8 648} 8 424
Oper, & Maint, Lisa |l 1166 11,1271 L1215 1133 20161 1,098] 1,210 { 1,951 1186 | 1123] 1.100] 1,048 1 1. 389] 1,976] .894} 9121 2 107
Total o510 [ 7590 | 27.60 {28511 028,591 2705 | 34,15 134,29 £32.98 | 27.01 } 28,99 | 30,67 | 20.05 |32.24130.78 | 25,00 | 26.75 | 24 33
Est. Time of Construction, ¥ 5.0 5.0 5.0 50 50 | 50 5.0 5.0 5.0 5.0 50 | 5.0 5.0 50 | 5.0 5.0 5.0 5.0
P‘hles: .
@ Where Applicable '

(2) Use Base Delivered Fuel Cost
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TABLE 12.3 — ADVANCED STEAM PARAMETRIC POINT INVESTIGATION { ATMOSPHERIC FURNACE STEAM PLANT} {cont'd)

Shest 3 of 4
Parametric Point 37 38 39 40 41 42 43 a4 45 13 47 48 49 50 51 52 53 54
Power Quiput, Mie 465 | 466 444 463 | 465 | 456 464 464 | 466 457 464 1 466 | 464 465 464 458 835 835
Fuel
Bituminous Coal X X X X X X X X X X X X X X X X
Sutbituminous Coal X
Lignite Coal X
Furnace Type i
Atmospheric {Conventional) X X X X X X X X X X X X X
Fluid Bed X X X X X
Steam Turbine ’
Thiottle Press |, psia 3500 | 3500 | 2400 [ 2400 2400 | 2400 | 24007 2400 | 2400 | 2400 | 2400 | 2400 | 2400 | 2400 | 2400 § 2400 | 5000 | 5000
Throtile Temp |, °F 1000 1000 | 1000 | 1000 1000 | 1000 1200 | 1200 { 1200 ] 1200 | 1400 | 1400 ; 1000 | 1260 | 1200 | 1200 | 1000 | 1000
'; First Reheat Temp , °F 1000 | 1000 | 1000 | 1000 | 1000 | 1000 12001 1200 | 1200 | 1260 1200 { 1400 | 1400 { 1400 | 1000 | 1000
? Second Reheat Temp , °F 1000 | 1000
5 Third Reheat Temp , °F
Condenser Press , in. HgAbs | 3.5 3.5 2z 3.5 | 3.5 9 2 3.5 {35 9 2 2 2 2 3.5 9 z 3.5
Thermodynamic Eff , % (D 3.4 434 1 371425 [ 426 (39,8 146.2 | 451 | 45.1 | 42,2 1 46.5 | 46.5 | 451 | 47.5 | 46.2 | 43.4 | 46.1 | 44.7
Powerplant Eff , % 35,0 | 3351 349 {340 (3385314 | 3701} 361|358 3333721370 301{380( 370 344|591 358
Overall Eff , % 35,01 335 1 349 | 340 | 33.8 1314 [ 37,0 | 31 (358333 | 372370, 30 [380(30] 344]369] 3538
Tolal Capitaf Cost 1076, % 2233 1231,9 (223.0 [220.2 1199.3 § 241, 8 | 281, 2 | 278.9 y 246.3 | 200,71 334 29631252 8 [N3,8 3122 1334714128 1413 0
Capital Costs, $/kWe 4795 1499.4 148, 7 1475 6 | 478,41 530, 5 0 16009 1528.9 4 6573172121630, 215454 1505616721 [ 730.61494.3 | 494
Cost of Elect, Mills/&Wh
Capital 159 | 5 787 115, 228115,034 |13, 54316, 770 |19, 157 /18,997 | 16, 719 0, 17 799) 26 312|317 71, 3560 21,25 123 097 (15,6251 15, 636
Fuel @ 829618648 19,308 | 8522 | 85871 9.245] 7,843, 8,040 [ 8,093 8701 | 7,794 7.840; R 049 | 7.637| 7.834 ; 8,444 | 7,870, 8 113
Oper. & Maint. (894 | 912 11,157 ] 1,170 12,1300 11300 13271 1,139} 2.044] L1037 L1724 20000 11400 1,004 1, 126 L o9l B854 | . 879
Total 24.35 | 28 20,69 124.73 124,26 |1 27.15 ;2813 | 2818 | 26,86 | 30.58 131, 72 129,95 [ 26,43 {30, 11 30,21 {3263 124,36 | 24.63
Est. Time of Construction, ¥r 5.0 | 5.0 5.0 50 5.0 5.0 5.0 5.0 5.0 50 ] 50 5.0 5.0 5.0 5.0 50 ] 55 5.5
Motes:

(D) Where Applicabls
() Use Base Delivered Fuel Cost




% % Bwy, 25;0227
g g TABLE 12. 3~ ADVANCED STEAM PARAMETRIC POINT INVESTIGATION { ATMOSPHERIC FURNACE STEAM PLANT) {conl' d}
3 E:: Sheet 4 of 4 _
= - Paramelric Point 55 56 57 58 59 60 61 62 63 | 64 65 66 67 68 69 70 71 72
=t Eg Power Output, MWe 837 831 839 339 835 835 | 83% | 8% 834 | 8% 836 836 | 838 837 834 | 834 8% | 83%
- Fuel
o QH) ) Bituminous Coai X X X £ X X X T X X X X X X X X X X X
é o Subbituminous Coal i
75 Lignite Coal I
Furnace Type —
Aimospheric (Convenlional} X X X X X X X X X X X X X X X X X X
| Fluid Bed
Sleam Turbine
Throtile Press , psia spoc | 5000 J 5000 | 5000 | 3500 ] 3500 ] 3500 | 3500 § 3500 ] 3500 | 3500 | 3500 ] 3500 ] 3500 | 2400 | 2400j 2400] 2400
Throttle Temp , °F 1200 | 1200 1400 { 1400 1000 | 300D | 1000 | 1000 | 1000 | 100D } 1200 1200 [ 1400 [ 400 | 1000 | 1000) 1200| 1200
= First Reheat Temp , °F 1200 | 1200 | 3400 | 1400 | 1000 | 1000 | 1200 | 1200 | 100D [ Jop0 | 1200 | 1200 | 1400 | 1400 | 1000 | 1000] 1200 1200
T Second Reheat Temp , °F 1200 | 1200 1400 | 1400 {1000 | 1000 | 1200 | 1260 -
s Third Reheat Temp , °F ;
. Concenser Press , in. HgAbs| 2 35 2 3.5 2 3.5 Z 3.5 | 2 3.5 2 3.5 F 3.5 ? 3.5 12 3,5 !
Thermodynamic BT, % (D 4921 42,7 | 5L6 1502 | 457 ) 443 | 4241 46,0 | A48 ) 435 ) 4761 46,2 | 4981 484 | 440 | 4271465 | 452
Powerplant Eif , % 394382 4.3 {462 | 365( 3551 38014 369 | 358 | 34 381 [ 370} W9 | 38743511 34213721132
Qvarall Eff, % 394|382 |43 ]402 | 365 355 | 3801} 369 | 358] 34 381 | 37,0 399 | 3873351 | 362377 | 36,2
Total Capitat Cost X 1006, $ 600. 716107 |ROL5 (8884 1394 6(303.0 | 405214942 | 385 A {3R1.1.) Ana 7| 464.0 {583 1 | SRR 7 {369.7 1 367.8 | 430, 2 [ 429.3
Capital Costs, $/kWe _ 728.2 | 730.8 (1062.811051.1 {472.61471,9 1592 2 1591, 2 | 462 2 1455,9 | 655, 7 1 5550 70,0 1702,9 | 4435 {4412 | 514.9 | 5133 _
Cost of Elect, Mills{kWh ‘
Capital 23021} 73,101 ] 33, 509 33. 296 | 14, 940] 14. 917 | 18, 722 18, 688 |14, 611 |14, 412} 17, 566| 17, 544] 22,193 | 22. 221 | 14, 019] 13, 94R| 16. 277] 16, 247
Fuel (& 7.368 ] 7.593 17,009 j7.217 | 7.942 /8178 | 7.640 1 7.858 [8.101 |8.322 § 7,615 7.839 | 7.275 | 7.485 | 8 258 18490 | 7. 800 )} 8 024
Oper. & Maint. 832 | 846 | .BL1 | .823 | .89 | .883 | .850 | .864 | .879 | .8/8 | 848 [ .862 | 827 | .B40 | .883 | .897 | 854 | 853 i
Total 31,22 | 31,54 [ 41,43 141,27 | 23.75123.08 { 27.21 | 27.42 | 23.59 1 23,61 | 26.03 | 26.25 (30,29 |30.55 ! 2214 | 23,34 }24.93 | 25.14 !
| Est. Time of Construction, yr 55 | 55 55 | 55 155 | 55 155165 |55 ]551]55]) 55| 53 ! 55 | 55 | 55 |55 |55 :
Notes:

@ Where Applicable
(@ Use Base Detivered Fuel Cost
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12.2.5 Pressurized Boller-Gasifier System Parameters

Figure 12.6 is a schematic cycle diagram of this system which
incorporates a gas turbine that serves both te raise the pressure on the
combustion side of the boiler and to produce net electric powex. In
addition, the gas turbine suppi;es process air to the gasifier, although
an auxiliary compressor is required to overcome the substantial pressure

drop incurred by the gasifier.

Table 12,4 gives the parametric points for which performance
and energy costs were calculated, as well as the performance calculation
results. (The calculated results are analyzed and shown graphically in
Sections 12.4 and 12.6).

The primary variables of the gas turbine are the turbine inlet
temperature and the compressor {(cycle) pressure ratio. The temperature
was varied from 1144 to 1644°K (1600 to 2500°F), and the pressure ratio
ranged from 8:1 to 25:1.

The airflow entering the gas turbines is fixed (for comstant
ambient conditions), but the amount of fuel burned in the beiler varies
the amount of steam raised in the boiler, The theoretical limit of fuel
addition is that corresponding to a stochiometric fuel/air,ratio entering
the gas turbine, The fuel ad&ition was varied such that the amount of
steam generated in the boiler varied from approximately 315 to 504 kg/s
(2.5 x 10° to 4 x 10° 1b/hz).

Similarly to the atmospheric furnace system, back pressure was
varied from 6.754 to 30,392 kPa (2 to 9 in Hm)ahs, Ales, the effect of

operation with the three coals was examined.

Finally, a2 limited number of points were run with steam
conditions up to 34.474 MPa (5000 psi) and 1033°K (1400°F).

12,2.6 Pressurized Fluidized Bed Boiler System Parameters

The parametric variation for this system is essentially the

same as in the previous system. In this case, however, the gas turbine

inlet temperature was limited to 1255°K (1800°F) because the desulfurization
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TABLE 12 4—ADVANCED STEAM PARAMETRIC POINT INVESTIGATION {PRESSURIZED BOILER GASIFIER SYSTEM)

DBwg. 257C215

Sheet 1 of 3

Parametric Point 1 2 3 4 5 6 ) 7 B 9 10 nHlwlinliu 15 ] 16 | 12 | 18
Pawer Output_MWe 667 | 980 | 484 | 668 | 592 | 486 | 662 | 6713 | 417 | 642 | 555 | 458 | 714 | 628 | 535 | 724 | 635 | 541
Fuel

Bituminous Coal X X X X T X X X X X X X X X X X X X

Subbituminous Coal

Lignite Coal
Gas Turbine

Inlet Temp., °F 1600 | 1600 | 1600 | 7600 | 1600 | 1600 | 1600 | 1600 | 1600 | 1600 | 600 | 1600 | 2000 | 2000 | 2000 1 2000 2000 |

Pressure Ralio 8 8 8 10 10 1 15 15 15 2 20 20 3 8 8 10 10 10

Air Equivalence Ratio_{Nominal) | 1.1 | 1.5 | &.8 | 1.1 | 15 | 1.§ | 1.1 | 15 | t8 | 11415 | 1.8 | .1 | 1.5 | 18} 1.1 15§ 1.8
Steam Turhing

Throtile Press_, psia_ 3500 [ 350C | 3500 | 3500 | 3500 | 3560 | 3500 | 3500 | 3500 | 3500 | 3500 [ 3500 | 3500 | 3500 | 3500 | 3500 | 3500 | 3500

Thoitle Temp , °F 1000 | 1000_| 1000_| 1000 | 1000 } 1000 | 1550 ! 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1600 | 100D

Reheat Temp , °F 1000 | 1000 | 3000 | 1000 | 1000 | 2000 | 1000 | 1000 | 1000 | 1000 | 3000 | 3000 | 2000 | 1000 | 2000 | 1000 [ 1000 | 1000

CungenserPress:ianAbs 35 35135 [35 (35 35| 35(351] 35 35 35| 35 | 351 35|35 | 35| 35| 35
Thermodynamic Eff ,
Powermlant Eff , % 356 | 357 | 30| 355 | 356 | 35.8 | 35.0 | 35.0 | 35.1 | 34,0 | 33.9 | 33.8 | 3.5 | 30.7_| 38.2 | 37.4 | 37.7.} 38.1
Overatl B, % 35.6 | 35.7 [ 36,0 35.5 [ 356 [ 358 | 35.0 | 35.0 | 35.1 | 34.0 | 33.9 [ 33.8 | 3%.5 [ 37.7 | 38.2 | 37.4 | 37.7 | 38.1
Total Capital Cost X106, § 4007 {3527 {300 7 [400.8 [353,7 [302.4 {404.1 [356.0 [304.0 |400.7 [352.4 [ 299.9 [420.6 | 372.9 £321.2 1 475.4 | 376.2 | 323.1
Capital Costs, $/kwe 601,11 607.81623.0 | 600.0 06720 1610,4 {6213 [537.0 | 624.6 | 6351 | 654, 7 (5887 | 593.1 1599.9 | 587.9 | 592.2 [ 597.2
- Cost of Elect, Mil lsfkWh

ital _ 19,001 | 19, 213(19. 695 {18, 967 | 19, 21919, 663 | 19, 207 (29, 641120, 137 | 19, 745720, 078 (20, 696 [18, 611 [ 18. 751[ 18 G6a] 18 584] 18. 722[18B. BRD

Fuel_ (D 8152 1812718057 [8 165 | 8147 | 8.098 {8.293 |8 280 |8.274 (85,538 [ 8.570 | 8.585 | 7. 744 | 7.689 | 7.603 | 7.760 | 7. 688 | 7. 604

Oper._& Maint, 1,562 | 1,620 [ 1699 | 1563 | 1621 | 1.702 |1.582 (1645 [1.734 | 1.628 [1.698 11.707 |1 478 | 1.524 | 1,587 | 1. 471 [1.519 {1 58]

Total 28,72 | 28,9 | 29.45 | 28.69 | 28.99 | 29.46 [ 29.17 [ 29,57 [30.15 {29.01 {30.35 [31.09 | 27.83 [ 27.96 | 2R 15| 27.82 | 27.93 [ 28.07
Est. Time of Construction, yr 59 [ 58156 (59 |58 5659 |58 {56159 (5765560 5957 (6050657

Notes: (7 where Appiicable

(@ Use Base Delivered Fuel Cost
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Bwg. 257C2i6
TABLE 12.4—ADVANCED STEAM PARAMETRIC POINT INVESTIGATION (PRESSURIZED BOILER GASIFIER SYSTEM){CONT D}
Sheet 20of 3
Paramelric Point 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 kY] 36
Power Quiput, MWe 733 | 639 | 547 720 [ 629 1530 {792 [703 607 806 715 1618 ! O3 [ 711 inl2 | 771 |68 583
Fugl
Bituminpus Coal X X X X X X X X X X X X X X X X X X
Subbitumineus Coal
Lignite Cozl
- Gas Turbine .
Iniel Temp. °F 2000 | 2000 | 2000 | 2000 | 2000 | 2000 | 2500 | 2500 [ 2500 | 2500 { 2500 | 2500 § 2500 | 2500 3 2500 | 2500 | 2500 | 2500
Pressure Ratio 15 B 15 2 20 20 10 10 10 15 15 15 20 20 2 25 Fo] ]
Air Equivalence Ratio 1.1 | 15 1.8 | L1 1.5 L8 | L1 1.5 L8] L1]| L5 1.8 11 ] 251181 L1 ]| 15 ] L8
Steam Turbine
Throtile Press | psia 3500 | 3500 | 3500 | 3500 | 3500 | 3500 { 3500 | 3500 | 3500 | 3500 | 3500 { 3500 | 3500 | 3500 | 3500 | 3500 | 3500 | 3500
Throtlle Temp , °F 000 | 1000 | 1000 | 1000 | 1COD { 1000 [ 1000 | 1000 | 1000 | 1000 | 1000 | 1000 000 | 1000 | 1000 | 00O | 3000 | 1000
Reheat Temp |, °F 000 | 1000 | 1000 { 1000 | 1000 | 1000 [ 1000 | 1000 | 1000 | 3000 [ 1000 | 1000 | 1000 | 1000 | 1000 ¢ 1000 | 1000 | 1000
Congdenser Press ,_in Hg Abs 35 |35 351351 3535 351351 35 351 35135 381 35 3.5 35 135 | 35
Thermodynamic £lf , (D
Powerplant Eif , % 3720 1374 1377 1361 13,3 |368 1395 1399 1406 1394 {39.8 |40.4 {387 [39.1 1306 |366 | 369 3L
Overall Eff , % 37.0 1 37.4 |37.7 361 {363 |36.8 |395 /1399 1406 1394 |39.8 |404 |387 |3%1 1306 |366 ) 369 |37.4
Tolal Capital Cost x10~0, $ 432.6 | 367.4 1329.9 |432.3 | 382.0 [327.8 1 458.5 | 406.9 |352.9 | 470.3 | 420.0 1364.8 |1474.8 {473.4 13676 {476.7 1 493,.0 | 364 9
Capital Costs, $/kWe 590.21606,1 £608,7 |600.4 [ 6069 {6186 15788 [579.0 1581, 6 [583,3 1587,0 1590,8 {5915 |505.4 1600 2 {618.6 ¢ 621,9 | 625. 7
Cost of Elect, Mills/kWh
Capital 18,658; 19, 160) 19, 278118 981 119, 184119, 563118, 29818 303 /18 386} 18 430/18 557 |18 675118 697 }18, 827 |18, 972119, 555) 19, 660119, 778
Fuel @ 78471 1.763| 7.6R9 | 8.038[7.995 | 7,892 7,338 | 7.265 | 7,148 | 7,358 | 7.287 [ 7.377 1 7.493 ) 7.426| 7.323 { 7.930] 7.865) 7.763
Oper. & Maint, 14791 L5250 L.990{ L511 | 1,561 | L. 627 1.381 ) 1.418| 1.465 [ 1.376 { 1.412 ] 1,459 | 1.394 | 14321 1. 4811 1. 465 | 1.5051 1.559
Total : 27,98 | 28.45 [ 2851 128,53 128 74 | 29.08 [ 27,02 126,99 { 27,00 | 27,371 27.26 | 27,31 | 27.68 | 27,68 127,78 1 28 95 | 29.03 § 29.10
Est. Time of Construction, yr 60 | 5% |57 160159 (57 (61 | 60558 161160158 (61 60 31 58 1 61 [ 59 i 58

Notes:

(D Where Applicable
(2 Use Base Delivered Fuel Cost
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TABLE 12.4 ~ADVANCED STEAM PARAMETRIC POINT INVESTIGATION (PRESSURIZED BOILER GASIFIER SYSTEM) (CON'TD. )

Dwg, 257C217

Sheet 3of 3

Parametri¢c Point 37 38 39 40 41 42 43 44 45 46 47 48 49 50 S1 | 52 53 54
Power Quiput, Mwe 732 | 648 | 554 | 682 | 599 [ 511 783 | 688 | 583 | 824 | 723 i 611 | 724 | 635 4l 1723 1634 | 540
Fuel

Bituminous Coal X X X X X X X X X X X X

Subbiturminoys Coal X X X

Lignite Coal X X X
Gas Turbine

Intet Temp , °F 2000 | 2000 | 2000 | 2000 | 2000 | 2000 | 2000 | 2000 | 2000 | 2000 | 2000 | 2000 | 2000 | 2000 | 2000 | 2000 | 2000 | 2600

Pressure Ratio 10 10 10 10 10 10 10 10 10 10 10 | 1o 10 10 10 10 10 10

Afr Fquivalence Ratio (Nominal) | L1 | 1,5 1.8 i L1 | L5 L8] 11115 118 |11 L5 118 |11 1.5 | 1.8 11§15 1.8
Steam Turbine

Thiollle Press, psia 3500 | 3500 | 3500 [ 3500 1 3500 | 3500 | 4500 | 4500{ 4500 | 5000 | 5000 § 5000 | 3500 | 3500 | 3500 | 3500 | 3500 | 3500

Throttie Temp, °F 1000 | 1000 | 1000 | 1000 | 1000 [ 1000 | 1200 | 1200 § 1200 | 1400 | 1 1400 | 1000 | 1000 | 1000 1000 | 000 | 1000

Reheat Temp, °F 1000 | 1000 | 1000 | 1000 | 1000 | 1000 [ 1200 § 2001 1200 { 1400 | 1400 { 1400 | 3000 | 1000 | 1000 § 3000 [ 1000 | 1000

Condenser Press, in Ho Abs 201 20} 20 ) 490 9.0 9.0 | 3.5 357 35 | 3.5 35 [ 3.5 3.5 3.5 1 351 35| 35 | 3.5
Thermed snamic_Eff,
Powerplant Eff, % 3781385 1390 1352013563601 405 40,7 | 41.0 {423 1424 | 426|376 | 37,90 ! 384 | 367 | 371 § 37.5
Overall £If, % 37.8 1 3.5 (390 | 352} 356 360 ) 40.540.7 | 410} 42,3 | 42.4 | 42.6 | 376 | 37.9 | 38,4 | 367 | 371 | 375
Tola! Capital Cosl x10~0_ 3 432.0 |383.3 |330,7 | 436.2 1385.9 {331.8 |536.8 | 470.01399.7 1700.4 [607.6 (507.1 {390.6 | 346.1 [297.3 |412.3 |356.3 1305.%
Capilal Costs, $/kWe 589.0|591. 0 15974 163951643, 7 [649.4 1685 7 | 683.4 1685, 1 [840.8 [840.% J830.5 | 639.3 | 644.7 [549.3 | 570.2 )} 561 7 566, 1
Cosl of Elect, Mills/kWh

Capital 18 648118 71018 885} 20, 215) 20, 348120, 530121, 676 71, 604121, 689 | 26, 865 26, 583 | 26, 254117, 047 | 17. 220117 365 | 18 025117, 757 117, 897

| Fuel (@ 7668 7,541 17,433 18,231 ;8144 | 8051 | 7,169 |7.126 | 7.083 16.865 16.836 | 6.805 | 7.714 | 7.646 | 7.563 | 7.899 | 7,829 17.744
QOper. & Maint. 1,458 |1,492 11.549 11,495 11,542 |1.607 |1, 388 {1,412 11,478 | 1,306 11,352 11.419| . R48 | .900 | .968 | 873 | 924 | .993
Total 20,70 1.27.74 | 27.87 | 29,94 130,03 {30,188 (30,21 130,14 } 30,25 136,04 134,77 134,48 [ 25.61 § 25 77 125 90 | 26.80 |26.51 | 26.63
| Fst. Time of Consiruction, yr 60 159 {57 | 59158 {57 (6159 |58 (61 601581 6059157560159 57

Notes: (7) Whera Applicable

(@ Use Base Delivered Fuel Cost
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process in the boiler fluidized bed is temperature-limited, " Further,
within the restraints of the system as hypothesized, the;e'is-no clean
fuel gas available to reheat the combustion products just before they

enter the gas turbine.

The schematic cyecle diagram of this system shown in Figure 12.7
is slightly simpler than that of the previous system because the gasifier
loop is deleted.

Table 12.5 gives the parametric points for which performance
and energy costs were calculated, as well as the performance calculation
results. (The calculated results are analyzed and shown graphically in
Sections 12.4 and 12.6).

12,3 Approach

12.3.1 Atmospheric Furnace Systems

The thermodynamic cycle performance of the atmospheriec pressure
furnace steam plant was calculated by means of an existing computer code.
Known as the Westinghouse Generalized Performance and Heat Balance Program,
this complex code was developed over a number of years. It has the
flexihility to do either wvery precise and detailed analyses based on
existing Westinghouse turbine components or to use more approximate
performance criteria in order to make broad parametric evaluatioms of the
type done in this study. Typical assumptions normally utilized by the
prograz for heater and feed pump performance are shown in Table 12.6. A
typical example of the cycle configuration for which results were

calculated is shown in Figure 12.5.

The Generalized Performance and Heat Balance Program calculates
what 1s known as the "net turbime heat rate,”" which is the heat input to
the steam dividad by the power output of the generator. Boiler efficiency
and plant auxiliaries are applied to the turbine heat rate to calculate

the overall plant heat rate.

12-25
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8 é', Dug. 2570231
& ﬁb TABLE 12.5 — ADVANCED STEAM PARAMETRIC POINT INVESTIGATION ( PRESSURIZED FLUIDIZED BED BOILER}
=
g o Sheet 1 of 3
B | Parametric Point 1 2 3 4 5 i 7 8 9 10 il 12 13 14 15 16 17 18
=] g Power Output, MWe 6% | 551 |42 708 | 568 [ 430 | 710 [ 510 | 431 703 | 562 422 | 705 566 | 430 | 722 | 582 443
Fuel
?E Bituminous Coal X X X X X X X X X X X X X X X X X X
) Subbituminous Coal
Lignite Coal
Gas Turhine
Injet Temp , °F 1600 | 1600 | 1600 | 1600 | 1600} 1600 | 1600 | 1600 | 1600 | 1600 | 1600_| 1600 | 1700 | 1700 | 1700 | 1700 [ 1700 § 1700 3
Presseire Ratio 5 5 5 8 8 8 10 10 10 15 15 15 5 5 5 8 [] [
Air Equivalence Ratio {Nominai} | 1.1 1.5 | L8 [ L1 1.h [ 1.8 1.1 | 1.5 1.8 | 1.1 1.5 | 1.8 | L1 L5 | L3 LT[ 15 [ LB
Steam Turbine
Throttle Press , psia 3500 | 3500 | 3500 | 3500 | 3500 [ 3500 | 3500 § 3500 | 3500 | 3500 | 3500 | 3500 | 3500 § 3500 | 3500 | 3500 | 3500 } 3500
Throtile Jemp , °F 1000 1800 | 1000 | 1000 1000 | 1000 | 1000 | 1000 [ 1000 1000 | 1000 | 1000 { 1000 | 1600 | 1000 | 1000 | 1000 | 1000
j= Reheat Temp , °F 1000 1000 | 1000 | ioog 1000 | 1000 | 1000 | 1000 | 1000 { 1000 | 1000 | 1000 [ 1000 { 1000 | 1000 [ 10060 [ 1000 [ 100D L
5 Condenser Press , in Hy Abs 3.5 13.5 3.5 | 3.5 3.5 3.5 35 [ 3.5 |35 3.5 | 3.5 3.5 3.5 1 3.5 3.9 3.5 3.5 3.5
[y Thermedynamic Eff , (D)
Powarplant Eff , % 37,2 | 37.3 [ 35 | 375 1376 (379 [ 315 | 376 | 37,9 {373 |342 | 3731375 1306 |37,9)|379 |381 {385
Quenali Elf . % 37.2 1 31.3 1315 | 315 [ 316 ;379 |375 376 | 379 |33 372 1373375 1376 |3i.91379 381 [385
Tolal Capilat Cost % 1076, % 306.6(262.8 12061 | 304.1(254.91210.31300.3 12524 | 208.4 1293.4 | 247.9 | 2051 13:3.7 [ 2661 [217,8 {309.5 | 259.1 | 214.3
Capital Costs, $/HWe A54,8 | 471.4 §513.7 | 479.7 1 449.] 1 489.6 £422.9 (443.0 14835 [417.2 | A41.2 | 466.4 | 453.1 | 469.8 | 506.9 |428.8 | 445.6 | 483.7
Cost of Elect, Mills/ ¥Wh
ifal 14, 376! 14,9031 16, 24013, 583 [ 14. 197 {15, 4781 13, 370 | 14. 008 | 15, 284 | 13. 188} 13,946 | 15.38 |14, 375 | 14. 850116, 02513, 554] 14, 0861 15. 292 3
Fugl (@ 7.798 (7.785 | 7.744 | 77330 7715 (7 6p4 | 7.725 (7.909 | 7.663 {7.783 {7.798 | 7. 78] | 7.741 | 7.716 | 7.653 | 7.649 | 7.614 | 7 537
Oper. & Maint, 1,801 [1,806 (2032 (1,782 [ 1,875 12006 |1.780 |1.872 12,004 [1.793 |1.892 j2.03 |1L.785 |1 877 {2005 |1.760 | 1. 846 |1 968
Joial 23,98 24,591 26,02 | 23,10/ 23,791 2515 22881 23,504 24951 2276 23.63 | 25,19/ 23,85 | 2444 25.68} 22 96! 23.55 | 24.80 |
Est. Time of Canstruction, yr 50 |1 48 | 46 | 50 48 ) 46 | 50 | 48 i 46 | 50 ) 48 | 46 {50 48 | 46 | 50 | 48 | 4.6
Notes:

@ Where Applicabie
(2 Use Base Delivered Fuel Cost
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TABLE 12,5 — ADVANCED STEAM PARAMETRIC POINT INVESTIGATION { PRESSURIZED FLUIDIZED BED BOILER)

Dwg. 2570232

Sheet 2 of 3
Parametric_Poini 19 [ 20 [ 21 | 2212 24 |5 T [ 27 | 28 [ 29 j.30 (31 |32 | 3 T
Power Oulput, MWe 723 | 582 443 721 | 579 438 715 515 438 | TM 504 | 455 738 597 451 736 594 454
Fusl
Bituminous Coal X X X X X X X X X X X X X X X X X X
Subbituminous Coal
Lignite Coal 1
Gas Turbine
Inlet Temp , °F 1700 | 1700 ! 1700 ) 1700 { 1700 | 1700 | 1800 | 1800 | 1800 [ 800 ) 1800 | 180D | 130D | 1800 | 1800 | 3800 | 18GO | 1800
Pressure Ratio 10 10 10 15 15 15 5 5 5 8 8 8 10 10 10 15 15 15
Air Equivatence Ratio 1.1 1.5 1.8 L1 115 1.8 L. 115 1.8 | 1.1 ] 15 1.8 1.1 1.5 1.8 .1 115 1.8
Steam Turbine
Throltle Press |, psia 13500 | 3500 } 3500 § 3500 { 3500 | 3500 § 3500 ) 3500 3 3500 | 3500 } 3500 ] 3500 ) 3500 ) 3500 [ 3530 | 3500 3500 ! 3500
Throllle Temp , °F 1000 | 1000 | 1060 | 1000 [ 1000 | 1060 | 1000 1000 | 1000 | 1000 | BGOG ) 000 | 1000 | 1000 ) 1000 | 1000 1% 1 1800
Reheal Temp , °F 1000 | 1000 | 1000 4 1900 | 000 | lopo | 3000 | 1000 | 1000 | 1060 | 1000 | 1000 ] 1000 | 1000  10GD | 10001 1000 3 1000
Condenser Press , in Hy_Abs 35 ) 35] 35 | 35] 35 35} 35) 35] 35) 35135 |35 )35 |35 {35!} 35] 35 135
Thermedynamic Fif (D
Powerptant Eff , % 37.0 | 381 [38.4 | s7.8 {228 | 381 [37.7 | 37.9 1383 [383 | 385 391 1383 | 386 (39,1 | 382 ]384 387
Querall Eff , % 37.9 £38.1 [ 384 [ 37.8 {378 {381 [ 377 {379 1383 {383 (385 |39.1 {383 /386 {730.1 i382 384387
Total Capital Cost, X106, ¥ 302.9 | 254.9 1 208.¢ [297.7 | 251.6 | 208.0 [323.1 [268.1 {220.7 | 31).6 | 251.8 | 217.3 { 309.0 | 26L1 | 217.0 1 304.3 | 2585 | 213.0
Capital Costs, $/kWe 489 [437.9 1470 7z [413.1 | 434.8 [ 4765 §452.1 14659 | 503.6 | 424.2 | 440.8 (477, 4 [ 418.6 [ 437.4 | 474.5 | 413.31435.3 | 469.4
Cost of Elect, Milis/ ¥Wh
| Capital 13, 241 {13, 843 14, 863 | 13. 057 [ 13, 745 | 15. 062 | 14, 253114, 729] 15.92C {13, 411 ] 13,936 |16, 091 | 13, 23213, 828 [ 15. 0011 13, 066] 13. 760 | 14. 840
Fuel @ 7550 | 7,620 7,648 | 7,682 | 7,666 | 7.6231 7.686) 7,650 | 7.569 | 7.578) 7,528 | 7.42B| 7.566 | 7.519 ] 7.424! 7.596] 7.561 | 7. 487
Oper. & Mainl. 17590 1.847) 19695 1. 766 | 1857} Lo87| 1,770 1. 858[ 2. 9791 1,740) 1.822) 1,934 1.735 | 1.817 ] 1.931[ 1.7427 1.825 | 1.84%
Total 22.65 123,31 [24.38 | 2250 | 28,27 820,67 | 23.75 [ 24,24 | 25,47 {22.73 | 23.30 | 24.45 [ 22.53 |23.)64 | 24.36 | 22.40 {23.15 | 24.27
£st. Time of Construction, yr 540 4.8 4.6 5.0 [ 4.8 | 46 5.0 4.8 4.6 5.0 48 | 46 50 | 4.8 46 | 5.0 4.8 4.6
Notes:

@ Where Applicable
(2) Use Base Delivered Fuel Cost
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TABLE 12,5 — ADVANCED STEAM PARAMETRIC POINT INVESTIGATION ( PRESSURIZED FLUIDIZED BED BOILER]

wg, 2570233

Sheet3 of 3
| Paramelric Point 37 38 39 | 40 a1 42 43 4 45 A | a7 43 49 50 51 52 23 54

Power Cutpul, MWe 7% | 585 M2 1665 | 53 | 403 | 717 62 | 466 | B3 | 656 40| 710|510 | 43 090 1569 | 430
Fuel

Bituminous Coal X X X X X X X X X X X X

Subbitumjnous Coal X X X

Lignile Coal X X X
Gas Turbine

inte! Temg., °F 1600 | 1600 [ 1600 | 1600 { 1600 | 1600 | 1600 | 1600 | 1600 | 1600 | 1600 ; 1600 { 1600 | 1600 | 1600 | 1600 | 1600 | 1600

Pressure Ratio 10 10 10 0 10 10 10 10 10 10 10 10 10 10 10 10 10 10

Air Equivalence Ralio LT | 1.5 | 1.8 .1 [ L5 1.8 | 1.1 1.5 .8 | L1 1.5 1.8 | 1.1 1.5 LB ] 1.1 {15 | L8
Steam Turbine

Thiroitle Prass , psia 3500 | 3500 1 3500 | 3500 | 3500 § 3500 | 4500 i 4500 | 4500 [ 5000 | 5000 | 5000 | 3560 { 3500 | 3500 [ 3500 | 3500 | 3500

Thuolile Temp , °F 1000 | 1000 | 1000 | 1600 [ 1000 | 1000 | 1200 | 1200 | 1200 | 1400 | 1400 | 1400 | 1000 | 1000 | 1000 ; 1000 | 1000 | 1000

Reheat Temp , °F 1000 | tooo 1 1000 | 1000 f 1000 { 1000 [ 1200 | 1200 ) 1200 | 1400 1400 [ 3400 | 1000 | 1000 f 1600 § 1000 | 1060 | 1000

Condenser Press . in Hg Abs 2.0 | 204 20 .01 9.0 90| 3.5 3.5]135 |35 |35 3.5 3.5 | 3.5 3.5 3.5 [ 3.5 § 3.5 |
Thermodynamic Eff , (D
Powerplant Eff , % 38.4 | 38.6 | 38.8 [35.2 | 353|354 140.9 § 40.8 | 40.8 | 42.8 | 427 1426 139.0 |30 3.3 381 1382 | 384
Overali Eff , % ) 384 1386 [ 388 352 1353 /354|409 {408 {408 j 428 J427 j42.6 139.0 [39.1 139310381 1382 ]384
Total Capital Cost X1076, % 3082 | 7585 | 213.3 [311.9 [260.7 | 214.1 1 400.0 | 335.3 | 266.9 | 484.3 | 457.9 | 434.8 | 287.7 | 238.0 {20L.7 | 297.4 [ 2516 | 2AW.5
Capital Costs, $/kWe 424.2 14408 [ 4823 | 268.7 [488. 1 | 530.7 1 526.4 { 540.2 | 572.7 | 588.8 | 69R. 3 [ 887.4 [ 4D4.0 | 417.5 |467.7 | 419, 3 [ 442.1 | 48h. 7
Cost of Elect, Mills/kWh

Capital 13, 410] 13, 9667 15. 245| 14, 818{15. 431 [16, 772 | 16. 641 | 37. 077] 18.104 |18 613 (22, 074 | 28, 064( 12, 800 13,199 | 14, 784} 13. 256 13, 975 | 5. 387

Fuel 7.552 )7.506 | 7,467 18.244 18,223 | 8,180 ) 7.099 ) 7.305 | 7.106 ) 6. 782 | 6.794 | 6. 807 ) 7.440 ) 7.423) 7.378] 7.608) 7.5%0 ] 7.545

Oper. & Maint. 1,742 11.826 | 1958 [1.824 11.923 | 2.066 | 1.638 | 1. 701  1.868 | 1561 |1.653 ) 1.790 | .879 | .973 1 1.1111.914 | L. 009} 1,146

Total 2270 | 73,30 [ 24,67 | 24.80 125.58 | 27.03 12538 | 25,92 | 27.08 1 26.95 | 30.52 | 3.65 | 21.12 121,60 | 23.27 | 1. 78 } 22.57 | 24.08
Est. Time of Construction, yr 50148 | 46 {5048 |45 | 61§49 |46 |51 |49 | 47 150 {48 46|50 48 | 46

Notes:

(D Where Applicable
(@ Use Base Delivered Fuel Cost
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TABLE 12, 6~TURBINE OPERATING PARAMETERS
SAMPLE AND TYPICAL ECAS ASSUMPTIONS

bwg, 1672827

Sample Typlcal ECAS Assumptions
Steam Pressure Bolter Pressure Boiler
Conditians Load Drep Heaters Feed Pump Drop Heaters Feed Pump
2400 psia 510100 KW Reheater 10% | Number? Np = 82% Rehester 0% | Number 7 Mp = 82%
1000°F @1.0in Hg Abs "| 10pen N =80% 1 Open 1, =80%
1000°F Reheat 0% M U Throtle 4% | 4 with Drain T Throitle 4% 6 with Drain T
Valve Coalers Excess Valve Coolers Excess
DTD = 10°F Pressure = 16% DB = 10°F Pressure =
TD =—3°F HIR #1 TD = 5°F &%
0°F HIR #2 APIP = 5% At Valves
5°F All Others Wide
AP P =% Open
3500 psla 584536 KW Reheater 10% Number 8 Tp =8 8% Reheater 10% Number 8 np =82%
1000°F @1 0in Hg Abs 1 Cpen =80.8% 1 0pen =80%
1000 °F 0% MU, Throtlle 4% | 7 with Drain Mp =l Throttle 4% | 7 Closed Mp =
Valve Coolers Excess Valve DD = 10°F Excess
DD = 10°F Pressure = 18% TD = 5% Pressure =
TD =—2°F HIR #1 APP =5% 5%
29F HIR #2 At Valves
—39F HIR #3 Wide
5°F All Others Open
APIP=5%
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12.3.2 Pressurized Boller-Gasifier System

Sy

In a steam power plant with a pressurized boiler, the performance

of the plant depends in part upon the performance of the pressurizing gas
turbine. As can be seen in Figure 12.6, the cycle consists essentially

of 2 gas turbine power plant and a steam turbine power plant operating
nominally in parallel and utilizing interacting heat exchangers. These
heat exchangers are a pressurized steam boiler, an upper stack-gas cooler,
and a lower stack-gas coolsr. The boiler, of course, boils and superheats
the feedwater. The upper and lower stack-gas coolers recuperate heat
from the hot exhaust gases of the gas turbine and transfer it to the

feedwater stream.

This cycle incorporates an integrated coal gasifier which uses

T T N

pressurized air and steam (process fluids) from the gas and steam turbines.

Because of the substantial pressure drop in the gasifiev it is necessary

to provide an auxiliary compressor to raise the pressure of the process
3 air.
A previously developed Westinghouse computer code was modifled

i to incorporate the performance variations of the coal gasifier which are

a function of the process air temperature and, therefore, the cycle

pressure ratio. With appropriate component performance characteristics

incormorated into the code, the cycle calculation proceeds to determine
the state point of the working flulds throughout the cycle and solves

T

ten mass and heat balance equations simultanecusly to determine the

steam extraction flow rates. This system is solved iteratively to

determine the combination of fuel input and steam flow rate which results

R

from the assumed values of steam and gas turbine imnlet temperature,

g

12.3.3 Pressurized Fluidized Bed Boiler System

RS

e,
=3

& As shown in Figure 12,7, this cycle is similar to but slightly
'3 simpler than the previous system because the gasifier is eliminated., The
35 same basic computer code applies and was used without the gasifier

;% modification but with an appropriate pressure drop associated with the

&

fluidized bed combustion process.

R S
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Table 12,7 -~ Advanced Steam Conventional Atmospheric
Furnare {Parametric Point 20)

Location MSTM x 10—6’ T’O;F ?’
lh/hr (1-x)* psia
1 3.515412 10G0 3515
2 3.096373 570 667
3 3.096373 1000 600
4 2.989328 648 143
5 2.654888 648 143
6 0.215946 647 136
7 0.215946 125 1.96
8 2.184833 8.3% 1.72
9 0.348643 565 633
10 0.155059 825 284
11 0.130405 647 136
12 0.167026 529 75
13 0.098205 346 28
14 0.126278 235 14
15 0.083817 162 5
1é 2,184833 91.7 1.72
17 3.515373 492 4390

% 1-x = % moisture
X = quality
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12.4 Performance Results of the Parametric Study

12.4.1 Atmospheric Furnace Systems

Table 12.7 lists the flow rates and state points of the steam
working fluid for the base case throughout the cycle as defined in Figure
12,5. The hase case is a nominal 500 MWe steam plant with a 24,134 MPa
{3500 psi) throttle pressure, an 811°K (L000°F) throttle temperature, a
single reheat to 811°K (1000°F), and a condenser pressure of 11,819 kPa
(3.5 in Hg)abs.

Figure 12.8 shows the increase in overall emergy efficiency
that results when the steam temperature and pressure are increased, As
can be seen, increasing the steam temperature from 81l to 1033°K (100C°F
to 1400°F) increases the efficiency from v35% to 39%, and the benefit of

high pressure increases with increasing temperature.

The efficiency for the 16,547 MPa (2400 psi) pressure level at
1033°K (1400°F) is shown for a ca ‘e without reheat. This is because at
this elevated throttle temperature the use of reheat would result in
superheated steam in the turbine low-pressure end at the design operating
polnt, The superheated steam in the low pressure end presents a serious
materials problem since the blading and rotor is subjected to excessive

temperature when the turbine operates at off-desipgn conditions.

Figure 12.9 shows a comparison between the overall energy
efficiency of a power plant with a conventional Soiler and one with a
fluidized bed boiler. The efficiencies of the power plants, both at a
24,132 and 34.472 ¥MPa (3500 and a 5000 psi) throttle pressure, are plotted
against throttle steam temperature. As would be expected, the furnace
type has negligible effect on the slope of efficiency versus temperature,
but the fluidized bed system results in a slightly lower efficiency at a
given tempefature level. This is primarily due to the lower boiler
efficiency of the fluidized furnace which results from the in-bed

desulfurization reaction loss.
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The variation of overall energy efficiemcy as a function of
condenser pressure ls shown in Figure 12,10. As would be expected in a
steam plant, reducing the condenser pressure results in a signiflcant

improvement in plant efficiéncy.

The effect of increasing the size of the plant from a nominal
level of 500 to 900 Mie is small {see Figure 12.11). The slight improve-
ment in energy efficiency is the result of a small improvement in turbine

efficiency.

Figure 12.12 illustrates the effect of type of coal burned on
the overall energy efficiency., The slight improvement caused by changing
from Illinois No. 6 bituminous to Montana subbituminocus coal is due to the
sulfur content of the Montana coazl, which allows a lower air preheater
exit temperatrirz [400°K (260°F) instead of 428°K (310°F)], thus reducing
sensible heat loss. .This improvement is slightly greater than the higher
latent heat loss due to the greater moisture content in the Montana coal.
The North Dakota lignite, however, has an even greater moisture content,
which overcomes the sensible heat gain and results in a decrease in

overall efficiency.

Finally, Figure 12,13 illustrates the effect of various
combinations of throttle amd reheat temperature, The poilnts are located
on the abscissa at the temperatiure level defined by a simple average of
the throttle and reheat temperatures, The significant variations from
the trend of similar throttle and reheat temperatures result more from
the number of rehests than from the average temperature for a given number

of reheats.

12,4.2 Pressurized Boiler-Gasifier System

Table 12,8 lists the flow rates and state points of the steam
and gas working fluids for the base case throughout the cycle illustrated
in Figure 12,6. For the base case, the steam bottomer has a 24.134 MPa
(3500 psi) throttle prassure, an 811%K (1000°F) throttle temperature, a
single reheat to BL1°K (1000°F), and a condenser pressure of 11.819 kPa

(3.5 in Hg)abs. The gas turbine emgine has a pressure ratin of 10:1l and
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Table 12.8 - Advanced Steam Pressurized Boller-Gasifier
System (Parametric Point 16)

Location z%ogtzzée T;r : zia G:iUW-Rata
X 1073, 1b/hx (1-x)# P ) 1b/s

1 3954.6 1000 3550 —

2 3671.3 557 608 —

3 3671.3 1000 534 -

4 3471.7 617 121 _—

5 3265.4 617 121 —
6 206.3 617 121 -

7 206.3 4.9% 1.7 —_—

8 2877.2 7.5% 1.7 -

9 139.9 650 925 -—
10 143.5 557 608 -
11 106.9 843 304 -
12 92,7 617 121 -
13 64 .2 434 47.9 -
14 61.0 341 28.1 -
15 145.8 240 15.0 -
16 117.1 3.4% 5.2 -
17 3083.5 117 1.7 —
18 3954.6 530 ~ 4000 -
19 3954.6 608 ~ 4000 -
20 —— 59 14.7 1520
21 _— 663.8 145.9 147.4
22 -— 663.8 145,9. 970.8
23 - 2000 137.1 1613.4
24 s 1155.3 15.3 1613.4
25 - 470 145.9 147.4
26 - 1112.4 15.3 1721.9
27 - 600.6 15.0 1721.9
28 - 275 14.7 1721.9

*‘l—x = % moisture
% = quality 12-41
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a nominal 600 MWe steam plant with a pressurized boiler gasifier
system
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a turbine inlet temperature of 1367°K (2000°F). The steam bottomer has a
nominal power of 550 MWe, and the gas turbine engines have a nominal
power of 200 MWe.

For a fized airflow rate of 689.5 kg/s (1520 1lb/s)} (specified
by the use of two W50l gas turbines for all parametric points), the steam
flow rate is determined by the rate of fuel burned in the boiler. This
is limited, however, by the fact that the sum of the fuel burned in the -
boiler and gas turbine combustor must not exceed the stochiometric value,
The plant power level imcreases, of course, as the steam flow increases,
as shown in Figure 12.14. Figures 12.15, 12.16, and 12,17 give the overall
energy efficiency versus the main steam flow rate with parameters of gas
turbine temperature and pressure ratio. It can be seen from these figures
that the efficlency is not very sensitive to steam flow rate, that it
increases substantially with gas turbine temperature, and that it nears
a maximum at a pressure ratio of 10:1. Figure 12.18, which is a cross-
plot of the previous three figures, shows clearly the beneficial effect

of increasing the gas turbine inlet temperature,

Because the bulk of the power comes from the steam bottomer, the
condenser pressure has a significant effect on efficiency, as shown in
Figure 12,19,

Tha yariation in th~ combination of sulfur and moisture content
among the fuels results in the variation in efficiency shown in Figure
12,20,

Finally, Figure 12.21 shows that a substantial inerease in

efficiency will result from an increase in steam temperature and pressure.

12.4.,3 Pressurized Boiler Fluidized Bed Boiler System

Table 12.9 lists the flow rates and state points of the steam
and gas working fluids for the base case throughout the cycle illustrated
in Fipure 12,7, For the base case, the steam bottomer has a 24.134 MPa
(3500 psi) throttle pressure,an 811°K (1000°F) throttle temperature, a
single reheat to 811°K (1000°F), and a condenser pressure of 11.819 kPa
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Table 12.9 - Advanced Steam Pressurized Fluidized Bed
Boiler Base Case (Parametric Ioint 7)

Location géogtzz;e TsrnF Fs Flow Rate
C X 10-3, Ib/hr (1-x)% pela Gas, 1b/s
1 4000,0 1000 3500 —-—

2 3639.8 557 608 ——

3 3639.8 1000 534 -

4 3386.0 617 121 -

5 3166.1 617 121 -

6 219.9 617 121 -

7 2.919 4.,9% 1.7 -—

8 2742.7 7.5% 1.7 -

9 177.8 650 925 -
10 182.4 557 608 -
11 135.9 843 304 -
12 117.9 617 121 -—
13 81.6 434 47.9 —_
14 B4.4 341 28.1 -
15 153.8 240 15.0 -
16 123.6 3.42% 5.2 -
17 2962.6 117 1.7 -
18 4000.0 530 = 4000 —
19 4000,0 608 = 4000 -
20 — 59 14,7 1520
21 o 595.8 145.9 92.7
22 - 595.8 145.9 1427.3
23 — 1600 134.2 1563.2
24 - B66.6 15.3 1563.2
25 o 470 145.9 92.7
26 o 844, 4 15.3 1655.9
27 - 584 15.0 1655.9
28 - 275 14,7 1655.9

* l-x = % moisture
x = quality 12-51



Table 12.10 - Advanced Steam Pressurized Fluidized Bed
Boiler -~ Preferred Case (Pzrametric

Point 31)
Location gii‘;tz.::le Tc’:roF 1;;_ a Gz‘is.ow 11‘;7_:&
X 1073 1b/hr (1-x)* P ’

1 4000.0 1000 3500 -—

2 3640.4 557 608 —

3 3640.4 1000 534 -

4 3387.0 617 121 —

5 3167.1 617 121 -

6 219.9 617 121 -

7 219.9 4.9% 1.7 -

8 2743.5 7.5% 1.7 -

9 177.5 650 925 -—
10 182.1 557 608 —
11 135,7 843 304 -
12 117.7 617 121 -
13 81.5 434 49.9 -
14 64.5 341 28.1 -
15 153.9 240 15.0 -
16 123.7 3.4% 5.2 -
17 2963.4 117 1.7 -
18 4000.0 530 = 4000 -
19 4000.0 642 = 4000 -
20 -— 59 14.7 1520
21 — 595.8 145.9 120.1
22 - 595.8 145.9 1399.9
23 - 1800 134,2 1538.3
24 —_ 1008.9 15.3 1538.3
25 - 470 145.9 120.1
26 - 970.4 15.3 1658.4
27 - 584 15.0 1658.4
28 - 275 14.7 1658. 4

% l-x = % wmolsture
X = quality 12_52




(3.5 in Hg) abs. The gas turbine engine has a pressure ratio of 10:1 and
a turbine inlet temperature of 1144°K (1600°F), The steam bottomer has a
nominal power of 600 MWe, and the gas turbine engines have a nominal
power of 120 MWe,

Table 12,10 is a similar listing of conditions for the preferred
case, which is very similar to the base case except that the gas turbine
inlet 1 perature is increased to 1253°K (1800°F),

For a fixed airflow rate of 689.5 kg/s (1520 1b/s) (specified
by the usa of two W501 gas turbines for all parametric points) the steam

flow rate is determined by the boiler coal consumption rate, This

is limited, however, by the fact that the amount of coal burned must
not exceed the stochiometric value. The p:rant power level increases, of

course, as the steam flow rate increases (see Figure 12.22}, Figures
12,23, 12,24, and 12.25 show the overall energy efficiency versus the
malin steam flow rate with parameters of gas turbine temperature and
pressure ratic. It can be seen from these figures that the efficiency 1is
not very sensitive to steam flow rate, that it increases substantially
with gas turbine temperatuse, and that if nears a peak at a pressure ratio
of 10:1., Figure 12,26, which is a cross-plot of the previous three
figures, shows clearly the beneficial effect of increasing the gas
turbine temperature. It should be noted, however, that the maxzimum temp-
erature shown is 1253°K (1800°F). This is because the maximum temperature
in the bed is limited by the in-bed desulfurization reaction. Further,
without substantial additional equipment to produce a gaseous fuel it is
not possible to increase the gas turbine inlet temperature by means of

a reheat combustor.

Figure 12.27 shows that a significant improvement in efficiency
results from & reduction in condenser pressure. This is because the major

portion of the system power is produced by the steam bottomer.

The variation in the combination :f sulfur and moisture content
among the fuels results in the variation in efficiency shown in Figure
12,28,
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Fig. 12. 22—Effect of steam flow rate and pressurizing gas
turbine infet temperature on plant power output for a
nominal 600 MWe steam plant with a pressurized fluidized

bed hoiler
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Fig. 12. 23—Effect of steam flow rate and pressurizing gas turbine
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Curve 682201-A
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Fig. 12,24 ~Effect of steam flow rate and pressurizing gas turbine
pressure ratio on overall efficiency for a nominal 600 MWe steam
plant with a pressurized fluidized bed boiler
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fluidized bed boiler
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Finally, Figure 12,29 shows that a substantial increase in

efficiency will result from an increase in steam temperature and pressure,

12.5 Capital and Installation Costs of Plant Components

12,5,1 Atmospheric Furnace Systems

12.5.1.1 Boilers

The prices of conventional atmospheric furnace steam boilers
at standard and advanced steam conditions were calculated for a range of
specified operating conditions by the Foster Wheeler Corporation under
subcontract to Westinghouse. The steam conditions supplied to Foster
Wheeler are shown in Table 12.11. The prices calculated by Foster
Wheeler are shown in Table 12,12,

As can be seen, the price of the boilers increases rapidly
with increase in temperature, particularly at the higher pressure of
34,472 MPa (5000 psi). In fact, Foster Wheeler declined to estimate the
price of a 34,472 MPa (5000 psi) boiler producing 1033°K (1400°F) steam.
For the purposes of the study, therafore, the 34,472 MPa/1033°K/1033°K
(5000 psi/l400°F/1400°F) steam boiler price was determined by plotting
price versus temperature and extrapolating to the 1033°K (1400°F) level,
The reason that Foster Wheeler declined to make the estimate is that
they believe the technology required to satisfy these conditions is not
sufficiently well defined for price estimation purposes.

Because the relatively large number of parametric steam
condiitions to he investigated, a representative number was chosen to be
priced in detail by Foster Wheeler, and prices for all other conditions
were interpolated. Figure 12,30 is a plot of the Foster Wheeler
boller prices versus ztsam temperature, with the steam conditions for
each. point noted on the curves. 4All the price caleculations were made
for nominal 500 MWe plants. The prices for nominal 900 MiWe plants were

calculated with the simple scaling formula:

900 0.89
(PriCEQDOMW) = (Price500Mw) 6566) {12.1)
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Fig. 12. 29—Effect of steam flow rate and steam turbine
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600 MWe steam plant with a pressurized fluidized bed

boiler
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Table 12,11

- Atmospheric Pressure Boiler Performance Speclfication

Throttle First Reheat Second Reheat

Press, Temp, Flow, Tenp, Press, Flow, Temp, Press, Flow,
. peig °F 1b/hr °F psia 1b/hr °F psia _1b/hr
1) 5000 1000 3,520,000 1000 1100 2,818,212 1000 350 2,801,924
2) 5000 1200 3,228,610 1200 1800 2,564,958 1200 600 2,405,788
3) 5000 1400 2,414,416 1400 1100 2,007,571 1400 350 2,012,940
4) 5000 1000 3.236,028 1200 2000 2,286,806 1400 450 2,220,503
5} 3500 1000 3,515,412 1000 1300 3,096,373 - - -
6) 3500 1200 2,928,516 1200 600 2,603,877 - - -
7 3500 1400 2,393,811 1400 450 2,213,746 - - -
B) 3500 1200 2,662,053 1400 600 2,352,980 - - -
9) 3500 1400 3,057,206 - - - - - -
10} 2400 1000 3,620,509 1000 600 3,228,487 - - -
11} 2400 1200 3,056,834 1200 600 2,749,. .9 - - -
12) 2400 1400 3,157,693 - - - - - -

* Corresponds to a back pressure of 3.5 in Hg abs.
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521.5 731 -
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521.5 731 -
522.3 - -
520.5 644 -
520.9 837 -
522.4 - -




Table 12.12 - Prices Calculated for Boilers

Estimated Furnace Dimengions,ft Add to Ill.Mo. 6 coal, cost & weight
Budget Price,$| Wt. (tons) W } D T H for alt., fuel units
Mont, (Rosebud) N. Dak. Lignite T
Iy 34,606,000 17,341 53.4 55.0 1430 ' For all units Hring Montanz
(Rosebud) coal add 6% to
2} 57,147,000 17,556 49.4 45.0 132.0 +..8% +15.7% furnace width,
For all units firing North
See note 2 for Case 3 i Dakota lignite add 187 teo
furnace width, -
4) 58,659,000 17,874 49.7 45.0 133.0 —
5) 29,375,000 +—*14.627 +——+ 49,6 45.0 133.0
s This budget price is for
& 6) 34,026,000 * 11,841 52.1 45.0 139.0 materials erection super—
= i vision, field erection costs
7) 38,882,000 9,827 49.4 45,0  132.0 +6,5% ) +20.9% (total installation price) —
on a teday's price basis. Avg.
8) 39,908,000 11,044 50.7 45.0 135.0 U.5. field erection is
estimated at 50% of the
9) 37,018,000 12,117 50.4 45.0 135.0 materials cost.
10} 25,110,000 12,668 56.8 45.0 152.0 i —
11) 30,707,000 11,035 53.2 45,0 142.0 +6,2% +22,6%
12) 34,863,000 10,655 52.8 45.0 141.0 . {

NOTE 1: The budget pricing above makes no allowance for the developmental engineering which would be
necessary for the advanced steam applications.

NOTE 2: Case No. 3 - As we determine that this case would require the use of cast superalloys at the high
temperature locations, this is not considered feasible with present materials.

NOTE 3: Case No. 5 - RH inlet conditions 580°F, 650 psig assumed. Furnace size, heat imput, and cost will
have to be scaled up to meet 520 MWe output,




) (s o \Jt en ~J
o o [ L= =) =
¥

Atmospheric Boiler Price (Given by Foster Wheeler) X 1076, $

frmad
O

Curve 682234-A

/
/

4

/7
5000/ 1000/ 2OV 1400 /" Extrapolated Region
5000/ 1200/ 1200/ 1200

3500/ 1400/ 1400

500/ 1400 A
2400/ 1400

5000/ 10001000/ 1000 3500/ 1200/1200 __

3500/ IWM‘/
Aj 120071200

C‘)/
2400/ 1000/ 1000

1000 1100 1200 1300 1400
Throttle Temperature, °F

Fig. 12 30—Effect of steam turbine throttle conditions
on the price of a 500 MWe steam plant with atmospheric
furnace

1285




(=

w
[we]

Atmospheric Fluidized Bed Boiler Instailed Price X 1076, $

20

Curve 6B2235-A

5000/ 1406/ 1400/ 1400

3500/ 1400/ 1400

0
_ 3500/ 1400
5000/ 1200/ 1200/ 1200
200/1400

5060/ 1600/ » 2000/ 1400

3500/ 1000/ 3500/ 1200/ 1200
A o000/ 120

2400/1000/1000

Y

1000 1100 1200 1300 1400
Throttle Temperature, °F

Fig. 12. 31 ~Effect of steam turbine throttie conditions
on the installed price of a nominal 500 MWe steam plant
atmospheric fluidized bed boiler

12-66




The prices shown are installed prices. TFoster Wheeler stated
that the price of installation is 50% of the delivered material price.

Thus installation price is one-third of the total price shown,

The prices of the atmospheric fluidized bed boiler were
calculated in-house, and the methods used to calculate these prices are
described in detail in Section 4 of this report. Figure 12.31 is a plot
of the calculated prices as a function of steam temperature, It is
Interesting to note the comparison between the shape of the curves for
the Foster Wheeler and Westinghouse boilers. The Foster Wheeler boiler
prices increase substantially linearly with steam temperature, whereas
the Westinghouse prices increase at a greater rate between 922 and 1033°K
(1200 and 1400°F) than between 811 and 922°K (1000 and 1200°F)}, This
resulted from the need to use tube materials at the hot end of the 1033°K

(L400°F) boilers which were markedly higher in price.

12.5.1.2 Steam Turbine-Generator

The prices of steam turbine-generator units were calculated by
the Westinghouse Steam Turbinme Division Marketing Department for a range

of specified steam operating conditions.

Details of the methods used to calculate the turbine-generator
prices are presented in Appendix A 12.1. A summary of prices for 500 Mie
and 900 MWe units is given in Tables 12,13 and 12.14. In order to facilitate
the interpolation of prices for units corresponding to the balance of the
parametrie points, the calculated prices were plotted versus steam temp-
erature in Figures 12.32 to 12,37. Turbine prices increase substantially
with increasing steam temperature (similar to the price increase with

temperature seen in hoiler prices).

Due to a communicatiwn error, prices shown in both the figures
and tables are for units delivered in wid-1%74, The tabulated prices were
multiplied by a factor of 1.2456 to obtain the price for units oxdered in
mid-1974 as requireu in this study.
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Table 12.13 - 500 MWe Steam Turbine-Genmerator Prieing Summary

Initial | 1974 Net Selling Price x 10 >, §*
Press, Initial 1st 2nd 3rd 2.0 in 3.5 in 9.0 in
ltem psig T,°F Rht,°F Rht,°F Rht,°F Hg abs Hg abs Hp abs Remarks

1 10000 1000 1000 1000 1000

2 5000 1000 1000 1000 15,635 . -

3 5000 1200 1200 1200 53,158 Cross-compound :

4 5000 1400 1400 1400 98,768 Cross—compound {

5 5000 1000 1200 1200 44,618 Cross—compound :

51 5000 1000 1200 1400 64,568 Cross-compound ;

6 5000 1000 1000 1400 56,018 Cross—compound T_—

7 3500 1000 1000 1000 13,811 !

71 3500 1000 1000 1000 - i

8 3500 1000 1200 1200 42,774 . Cross-compound :
=9 3500 1000 1000 T 12,849 11,545 14,385 —
& 10 3500 1200 1200 29,949 j

11 3500 1400 1400 55,599 ;

12 3500 1000 1200 21,399 !

13 3500 1000 1400 29,949 T

14 3500 1200 1400 38,499 |

15 3500 1400 41,349 ’ g

16 2400 1000 1000 12,901 11,608 14,453 ;

17 2400 1200 1200 30,001 28,708 31,553 F—

18 2400 1400 41,401 ;

19 2400 1000 1200 21,451 }

20 2400 1200 1400 38,551 37,258 40,103 :

* For units shipped in 1974, multiply by 1.246 for pricing of turbines ordered in mid-1974,

g Fiod, e

gt




Table 12,1/ -~ 900 MWe Steam Turbine-Generator Pricing Summary

3

Initial 1974 Net Selling Price x 10 ~, 8%
Press, Initial Ist 2nd 2,0 in 3.5 in
Item Psig T,°F Rht,°F Rht,°F Hg abs Hg abs Remarks
5000 1000 1000 1000 24,593 23,247 ) —
5000 1200 1200 1200 64,562 63,152 Cross—compound
4 5000 1400 1400 1400 113,012 111,602 Cross-compound
3500 1000 1000 1000 22,313 20,967 -
3500 1000 1200 1200 53,732 52,322 Cross—compound
3500 1000 1000 2:,128 19,775
10 3500 1200 1200 41,078 39,725
j=
5 11 3500 1400 1400 69,578 68,225
—
> ‘
16 2400 1600 1000 21,767 20,442
17 2400 1200 1200 41,717 40,392

*# For units shipped in 1974, multiply by 1.246 for pricing of turbines ordered in mid-1974.
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12,5,1.3 Steam Piping

Included under the category of steam piping is the piping for
the main steam, the Lot reheat steam, and the cold reheat steam. A1l
other piping is included in the general category of piping in the balance
of plant costs calculated by the A/E.

The pulce of the steam piping is based on the known price for
a given 16.547 MPa/811°K/811°K (2400 psi/1000°F/1000°F) 750 MWe plant,
This price is $2,100,000 for material and $840,000 for installation. To
arrive at prices at other conditions for each of the parametric points

investigated, the fcllowing equation is used:

Material price = (base price material) {flow factor)
(pressure factor) (temperature factor)

(reheat factor) (12.2)

where the flow factor is (steam flow rate, in 1b/hr)} 4,811,700

pressure fuactor = 1.15 for 3500 psi
1.3 for 5000 psi

[}

6.7 for 1200°F
21.3 for 1400°F

temperature factor®

0.75 for no reheat

i}

and the reheat factor
i3 for one reheat

1.2 for two reheats

Erection price = (base price installation}{flow factor)
(pressure factor) (temperature factor)
{reheat factor) (12.3)

* Combination of increased material cost and increase in required
material due to lower allowable stress
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where the flow factor is the same as im Equation 12.2
pressure factor " = the same as in Equation 12.2

1.3 for 1200°F

3,2 Jfor 1400°F

i}

temperature factor®

reheat factor = the same as in Equation 12.2

12.5.1.4 Feedwater Heaters

The primary variables affecting the cost of feedwater heaters
are the pressure level of the throttle steam and their rapacity (i.e.,
the heat transferred in them), Their capacity, in turn, is approximately
propartional to the throttle steaa flow rate. Thus for a known price of
$1,150,000 for a 500 MWe, 24.132 MPa2/811°K/811°K (3500 psi/l000°%/1000°F)
steam plant with a throttle steam flow rate of 443 kg/s (3,515,000 lb/hr),
the price is given by:

Feedwater heater price, $ = (1.15 x 106)(———“EL-———EJ(pressure factor)  (12.4)
. 3.515 x 10
where M = the throttle steam flow rate (Ib/hr),
preasure factor = 1.15 for 5000 psi and

0.85 for 2400 psi.

12,5,2 Pressurized Boiler—-Gasifier Systems
i2.5.2.1 Boiler

The basic cost advantage of the pressurized boiler is the
veduction in heat transfer surface due to the higher convection and
raudiation heat transfer coefficients on the hot gas side resulting from
the elevated gas pressure. In addition, the use of a clean low-Btu fuel
gas parmits the use of a water-walled multicell combustor configuration
which improves the ratio of heat transfer area to combustor volume.
These two factors, in conjunction with the use of two boiler umits for

each gas turbine, results in a relatively simple and compact unit.

r———

* Due to an increase in required matevial resulting from lower allowable
stress; increase in raw material cost has no effect.
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Figure 12,38 shows the design configuration upon which the cost

evaluation has been made.

Appendix A 12,2 describes the heat transfer analysis tha was
made to calculate the required area and size needed for the base case
to deliver the steam determined from the cycle performance calculations,
The cost was then developed from tubing price quotations with appropriate
adders for fabrication and auxiliary hardware required for a complete

functional unit,

The pressure vessel was designed in conformance with the ASME
boiler code for fired vessels. Because of its size [nominally 6.1 m
(20 ft) in diameter by 30.5 m (100 £ft) long] it had to be field
fabricated. The assumption, therefore, was that the heat treatment and

X-ray inspection of the welds would also be performed in the field,

The assumed boiler construction was such that the relatively
coal compressor discharge air flowed in an annular space between the
pressure wall and an inner wall which supports the steam generator tubing.
For most of the pressure levels of interest, however, the air temperature
was high enough to require insulation on the inside of the pressure
vessel wall to maintain a low metal-working temperature and to minimize

heat losses.

Table 12,15 gives the weights and costs of a boiler unit for
the base case. Appendix A 12.3 is a description of the method used to
calculate the costs for the different operating conditions corresponding
to the various parametric points investigated. Basically the method was
to ratio the costs of appropriate components as a function of pressure
level and gas flow rate, which in turn affects the gas-side heat transfer
coefficient.” Also, the cost is ratioed by the flow rate of the steam
generated, since this determines the amount of heat which must be trans-
ferred. Finally, a factor of 1.88 and 3.84 for 922 and 1033°K (1200 and
1400°F) steam, respectively, was applied to the superheater and reheater
elements to account for the increased material cost corresponding to the

higher required operating temperature, These factors were derived from
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Table 12.15 - Pressurized Boiler Price Analysis
3500 pei/1000°F,1000°F)

Material Installation Total Cost x 3073 5
Component unit cost, unit cost, Total Instal-
waight ,1b $/1b §/1b 5/1b Macerial lation Total
l. Burner Section (Evaporator)
1.1 Tubing {1-1/4 Cr, SA 213, 98,000 Q.57 ’ 1.00 1.57 56 48 154
2 in od x 0 3753 in wall)
1.2 Structural plate 60,000 Q.50 0,16 0,66 30 10 40
1.3 Refractory -
1.4 Tube ancnors (@ 5 lba/tube) 2,500 0.80 2.00 2,80 2 5 ?
1.5 iube headers (6 in id) 32,000 0.63 0.63 1.26 20 20 40
1.6 Steam risers (6 in id) 57,000 0.35 0.35 0.70 20 20 40
1,7 Fittings - 10
2. Superheater
2.1 Tubing {2-1/4 Croloy, 103,000 1.16 0.24 1.40 120 25 145
2 in od x 0.375 in wall)
2.2 deader piping & fictings 11,000 0.64 ¢.91 1,55 7 10 17
{8 1in jid)
2.3 Turbine piping & fitrings 11,000 Q.64 0.9 1.55 7 10 17
(8 in id)
2.4 Struetural steel 30,000 Q.40 0.26 0,66 12 8 20
3. Reheater
3.1 Tubing (2-1/4 Croloy, 206,000 1.16 0.20 1,00 240 42 282
2 in od x 0.375 in wall) d
3.2 Structural steel 50,000 0,40 0.26 0.6¢ 12 8 20
3.3 Header piping (8 an 1id) 131,000 0,64 0.81 1.55 7 10 17
4. Pressure Vessel (SA 515,
Grade $S, o = 13,700 psi
= 1.5 in, D = 20 f¢)
4.1 Vessel fabricated 434,000 u. 80 1.40 2.20 350 J1c b60
4.2 Refractory 176,000 0.39 0,37 0.76 69 65 134
4.3 Anchors 33,000 .29 0.29 0,58 11 11 22
’»  Burner Apparatus
5.1 Burners and header pipe - 25 - 25
5.2 Vessel, burner Instruments - 25 - 23
1,250,000 1023 652 1,675
3. Contingeney @ 15% __ 251
1,936 per unit
4 unirs reqd.
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detailed analysis done for these various temperature levels in the

pressurized fluidized bed steam bollers (see Section 4).

12.5.2.2 Steam Turbine-Generator

The prices of the steam turbine-generator units for the
pressurized boiler-gasifier system are based on the prices determined for
the atmospheric boiler systems. The following equation was derived from
the prices established at the 500 and 900 MWe level:

Price = (Price...) (m/500)%%2 (12.5)

500

The value of MW used in the formula, of course, is the power generated
by the steam portion of the power plant. The price depends upon steam
temperature and pressure, and the reference value at 500 MWe was taken

at steam conditions similar to the parametric point being calculated.

12.5.2.3 Steam Piping

The steam piping was priced on the same basis as for the
atmospheric boiler case except that it was estimated that the multiple boiler
arrangement for the pressurized boiler case would increase the price by

a factor of 1.5.

12.5,2.4 Feedwater Heaters

For gilven steam conditions, the price of feedwater heaters is
proportional to the quantity of the heat transferred in them. 1In the
case of this pressurized cycle the heat transferred in the feedwater
heaters is not directly proportional to the main throttle steam flow rate
because a portion of the feedwater by-passes the extraction heaters and is
heated in a stack-gas cooler. Accordingly, using information calculated
in the c¢ycle performance computer program, the actual heat transferred in
the heaters was calculated and the price propoftioned accordingly. For
the parametric points with 31,027 and 34.472 MP-» (4500 and 5000 psi) steam
conditions, the price is multiplied by an additional factor of 1,15.
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12.5.2.5 Gas Turbine-Generator

Prices of the gas turbine generator units were calculated on
the basis of detailed proprietary information developed by the Westinghouse
Gas Turbine Engine Division, This information made it possible to
calculate the various components of the gas turbine a2s a function of
such performance parameters as airflow rate, pressure ratic, enthalpy
drop, and power rating, As requested, the price was broken down in the
major components of compressor, combustor, turbine, and balance of plant
and is presented in that form for each parametriec point in the detailed

account listing.

12.5.2.6 Hot Gas Piping

The low-Btu fuel pas was assumed to be generated in the
gasifier at the nominal cycle pressure level and 1144°K (1600°F) and
transmitted to the beilers and gas turbines in appropriate piping. The
piping design chosen was a multiple layer construction with an inner
liner of Incoloy, a middle layer of insulating refractory, and an outer
layer of carbon steel. The outer carbon steel pipe concains the pressure
forces. The insulation minimizes heat losses and allows the use of a low-
temperature, low-cost oucer pipe material. The inner layer of Incoloy
0.64 cm (1/4-in) thick igs a lightweight liner that is inert to the
corrosive effects of the high-temperature fuel gases and prevents
possible shedding of the insulating material, which would damage the

gas turbine downstream.

Prices were obtained from suppliers,which allowed the
calculation of the prices of two pilpe sizes, each operating at two
pressure levels, These sizes and pressure levels ccovered the range
expected to be encountered in the parawetric study. DBetails of the cost
breakdown of these reference pipe configurations are giwen in Appendix
A 12.4,

For control and turndown purposes, the plant design calls for
one gasifier module and corresponding fuel gas pipe for each boiler and

gas turbine, The inside diameter of the pipe was calculated from
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continuity on the basis of fuel gas mass flow rate (determined from
cycle performance calculations), the gas density (determined from the
parametric operating conditions and fuel gas properties), and an assumed
flow velocity., A value of 30.5 m/s (100 ft/s) was chosen; this is a
nominal industry standard above which noise levels, and/or erosion rates

become excessive.

The pipe price values which were calculated for a 0,91 m
(3 ft) id and a2 2.44 m (8 ft) id, each at 1,034 and 2.069 MPa (150 and
300 psi), were assumed to be an exponential function of pressure and

diameter, which gave the following equation:

3

Price ' = (pressure)o' (dia) (12.6)

Using the continuity equation, the form of the equation becomes:

2 0.5

Price = (pressure)—o' (fuel pgas flow rate) (12.7)

This equation-and a reference case cost permitted the calculation of hot

gas pilping prices for each parametric point.

For loss of load purposes, stop valses must be provided in
each of the hot fuel gas lines, Because of the high operating temp-
eratures, these valves have a significant cost. On the basis of bids as
a function of size, an equation was developed for the price of the

valves (total of 6) as follows:
Price,$ = (9227) {(gas flow rate/pressure) {12.8)

where gas flow rate is im pounds per second and pressure is in

atmospheres.,

12,5,2,7 Stack-Gas Cooler

The performance characteristics of the upper and lower stack-
gas coolers were calculated by the computer code for overall cycle per-
formance. These results, in comjunction with an assumed convection h2at

transfer coefficient value of 56.77 wfm2—°K {10 Btu[hr—ft2—°F) for finned
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tubing, allows the calculation of the total area required in the stack-
gas coolers, Because of the cleanliness of the combustion gases and the
relatively poor heat tramsfer coefficient on the gas side, an externally
finned tube was used.

The major cost of the heat exchanger was that of the tubing,
which was 5.1 cm (2 in) od, 3.9 mm {(0.155 in) wall thickness, 9.1 m
(30 ft) long and made of A-209 TI material with a 1.3 mm (0,050 inY
thick by 9.5 mm (0.375 in) high 304 58 fin welded to the tubing
with a spacing of 236 fins/m (6 fins/in). Appendix A 12.5 gives a
tabulation of the component costs for a heat exchanger with 46,450 m2
{500,000 ftz) of transfer surface. Not included is the cost of the gas
turbine exhaust ducting that encases the stack-gas coolers; it is
included in the cost of the gas turbine, The price of the stack-gas
coolers for each parametric point was then calculated as a direct ratio
of the area required for that peint compared to the price for the
46,450 n? (500,000 £t2) unit. Normalized, the price of the stack-gas

coolers is f$46;50/m2 ($4.32/ft2).

12.5.3 Pressurized Fluidized Bed Boiler System
12.5.3.1 Boiler

The basis for the design and pricing of pressurized fluidized
bed boilers is described in detail im Section 4 of this report. Boilers
were priced to satisfy the performance requirements defined by the cycle
performance computer calculations. Figure 12,39 shows that the effect
of steam temperature ig similar to that of atmospheric fliuidized bed
bojlers. Figure 12,40 shows the effect of gas-side pressure level on
the boiler price, As can be seen, the price decreases as pressure
i~creases, This is primarily the result of a reduction in particulate
removal equipment cost due to the reduced volumetric flow of the hot gas

to the gas turbine as the cycle pressure level increuses.
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12,5.3.2 Steam Turbine-Generator

The price for the steam turbine-generator units for the
pressurized fluidized bed boiler system were calculated in the same

manner as was done for the pressurized boiler-gasifier system,

12.5.3.3 Steam Piping

Bacause of the similarity between the multiple boiler arrange-
ment of the pressurized boiler-gasified coal system and the pressurized
fluidized bed boller syétem, the steam piping was priced on the same
basis for both.

12.5.3.4 Feedwater Heaters

Again, the pricing method used was the same as for the

pressurized boller-gasified coal system.

12.5.3.5 Gas Turbine-Generator

Using the appropriate values of airflow rate, pressure ratio,
and enthalpy rise corresponding to each parametric point, the gas turbine
prices were calculated as described for the pressurized boiler-gasified

coal system,

12,5.3.6 Hot Gas Piping

The design of the pipe required to transport te hot combustion
gases from the fluidized bed boiler to the gas turbines is essentially
the same as that used to tramsport the hot fuel gas from the gasifier
in the pressurized boiler-gasifier svstem. The cost is calculated for
the appropriate size for each parametric point, of course, and there
are a total of four pipes, two for eacn gas turbine. Further, no high-
temperature stop valves are required since the loss of Jloal emergency
will be handled by pressure relief valves om the air inlet side of the
boiler,

12.5.3.7 Stack-Gas Cooler

The design, and, therefore, the pricing method, cf the stack-
gas coolers is the same for the pressurized fluidized bed-boiler system

and the pressurized boller-gasifier system.
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Table 12,16 - Advanced Steam Major Component Sizes & Prices (Ease Cases)

Unit Price
Unit FOBE Mfgp. Total
Unit Size, ft o -3 Plant Cost
Weight x 10 7, -6 Units -6
Unit W L{or D) H 1h x 10 7,3% $/Kie® Rad. x 10 ,$
Atmospheric Boiler System
10.1 Boiler 50 45 133 29,254 ig.9 42,139 1 19.9
1i.3 Stm, Turb-Gen. 19,5 125 21 9485 14.3 30,46 1 14,3
Pressurized Boiler—Gasifier System
10.1 Boller - 20 120 1,392 2.05 2,82 4 8.2
11.1-4 Gas Turb.-Gen 11 125 40 1,550 9.25 12,73 2 18.5
- 11.5 5Stm. Turb.-Gen 19.5 127 21 1,050 16.4 22,56 1 16.4
™3 -
& 13,2 Stk-Gas Cooler 30 40 67 1,690 2,0 2,75 2 4,0
oo
Pressurized-Fluidized Bed Boiler System
10.1 Boiler - 18.3 116 930 10.8 15.14 4 43,3
11,1-4 Gas Turb.-Gen 11 125 40 1,550 6.55 9.18 2 13.1
11.5 Stm. Turb.-Gen 20 130 21 1,150 17.4 24,39 i 17.4
13,2 StRk..Gas Conler 30 40 64 1,600 1.9 2,66 2 3.8

*Note: Plant Net Power
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12,5.4 Summary of Systems and Components

Table 12.16 shows the sizes, weights, and prices of the major
components for the base cases of each of the advanced steam systems that

were Investigated,

In addition to the major ccwponents described in the foregoing
material, a number of components are common o most power plants. The
costs of all of the major components sad the balance of plant equipment
were segregated according to a standard accounts classification system
and printed in tabular form by the computer. Tables 12,17 through 12.28
show these results for each of the base cases and for a recommended case
for the pressurized fluidized bed system, Included in these tables are

the summary sheets and the input/output sheets for each of these points.

12.6 Analysis of Overall Cost of Electricity

12.6.1 Atmospheric Furnace Systems

Figure 12.41 shows the cost of electricity for the three
throttle pressure level plants as a fumction of steam temperature (foxr
the cases where reheat temperature equals throttle temperature). Shown
in addition to the total cost are the three major componants of the cost -
capital, fuel, and operating and maintenance. The results are clear. As
the temperature increases in 111°K (200°F) steps, the slight decrease in
the fuel cost contributior to the total cost of electricity is overwhelmed
by the wery large increase in the capital cost. The rate of increase is
nearly the same for the 16.547 and 24,132 MPa (2400 and 3500 psi) plants °
but is significantly greater for the 34,472 MPa (5000 psi) plants.

At the 811°K {1000°F) temperature, the total cost of electricity
produced by the 16.547 and 24,132 MPa (2400 and 3500 psi} plants is nearly
the same at 6.9 mills/MJI (25 milis/kih), whilé the 34.472 MPa (5000 psi)
plant cost of electricity is slightly higher.

- Figureg 12.42 and 12.43 compare the conventional furnace plant ‘

and the fluidized bed Furnace plant as 2 function of temperature at the
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ADVANCED STEAY CYCLE KITH ATH EOILER ACCOUNT LISTING
Table 12.17 RAMZTRIZ POINT NO. 20D

ACCOUNT NO. & MAME» UNTT AMBUNT HAT S/UNIT INS $/UNIT HMAT COSTs$ INS COSTesS

SITE DEVELOPHENT

1. 1 LAND £D ASRZ 13%.1 1339.32 21 134000.G7 «00
1. 2 CLEARING LAND ACRE 44,7 .Cr suu u 00 25797e32
1. 3 GRADENG LAND RERS 134,0 <33 o0 402000.00
1. 4 ACCESS RATLROAD MILE 5.  115000.0C 11&035.00 575000,08 55COOC .00
I. 5 LOOP RALLROAD TRa2K MILE 2.5  1zJ000.73% 70600.00 300000.08 2 175000.00
_ 3. & SIDING R R TRACK HILE .0 125000.GC BLODD OO +0D »00 .
3. 7 OTHER _SITE _£OSIS ACRT 23 <19 295612.43 _295612.03
FERCENT TOTAL GIRECT COST IN ACCOUNT I = 2,264 ACCOUNT TOTAL»S  1383617.62 14458303.73
?E5§§3
T EXCAVATION PILING &= E§
2e 1 HoN sxcnvnrruu Y93 4743747 .13 3.00 .00  142208.00 ]
2a 2 I ING FT  126500.0 650 28.50 B21600.00 107440000 )
_ PERCINT ToTAL DIREST COST IN ACSOUNT 2 = 1.675 ACCOUNT TOTAL:S 821560,080 121550000 (=)
Q
PLANT ISLAND SONCRETE w EE
3. 1 PLANT IS. COMCRETE  YD3 158C0.0 70.50 80.00 1106000.00 1zsnuac.un ')
-~ % SPECNTAL STRUCTURES  YD3 .00 «00 - )
PERCENT TOTAL DIRECT COST IN ACCOUNT 3 = 1.843 ACCOUNT TOTAL3S 110600000 1zsuuun.nu [ 14
" REAT REJEBTIDN SYSTEM _ : g: gg
™ 1 QOLINS TOMERS ACH 3.9 «13 .03 13915an.ua 583500.00
. CIRGULATINC H2D_s¥s EACH 1.5 «0p .00 5 .42 1D2EB34 .38 . 7
ke % SURFAC cDNngS“ =Tz 255553,7 <30 .00 z 3.42 T1B5884.58
~""PERCENT TOTAL DIRECT cosT ACCOUNT & = 4.317 ACCOUNT TOTALTS 3348111.81 150042854
-
E Rt ch$A% FE?EHR¥§RAL 5T. TON 150742 550423 175 an  975000.00 262500.00
- ATas C K] - - - - -
o 2, 3 3t0% 2'G0RkeERs TPH 205.2 1800.C0 D.00 37227541 15511875
B 3 BHIHNE a 50347 .09 .00 523557.88 890336.82
. 5. q_STRucTuRAL FEATURES EAC 1.0  774000.00 13400000  376000.00 11400000
PERCINT 70TAL SIRECT COST IN Ascuunr § = 3.074 ACCOUNT ToYALsS 2314833.24 1521951.5B
_ﬁau:gpxua
" Tga STATInu EUILDINGS FI3 37500CC.0 «16 +16 GOCO00.00 GCOCES.CO
Ge z ADMINSTRATEON . 572 500741 15.00 15400 80000403 70000.00
6« 3 WAREH ousz SH F12 100C0.0 12.00 8.00 128000.00 8CO00.00
_ PEREINT TOTAL DIRE:T COST IN ACCL™NT 6 = 1.275 ACCOUNT TOTAL?S 308000.80 750000400
Fycl HANDLINS % STORA3E
7,_%_CBAL HANDLING SYS TPH z11.3 .00 00 315%9888.28 1465142 .09
T 7. 8 DOLOMITE 4ANDLTSYs - TPd .8 =30 .00 555529.24 330798436
« 3 FUEL OIL HAND. SYS  GAL 100000.5 -0 .00 2070641 16770.11
PERCENT TOTAL OIRECT COST IN ACSOUNT 7 = 4.556 ACCOUNT TOTALeS  3726310.91 181271D.55
FUEL PROCESSING
8e 1 COAL DRYER & CRUSHER TPH oD .00 -0 «DT =0T
Bo .2 CARBONIZERS TP ] .00 =00 .00 «00
.« 3 GASIFIERS IPH «OF =BT -00 <00
PZRCENT TOTAL ALRZST 20ST IN ACCOUNT 8 = ,030 ACCOUNT TOTALeS <00 .00




Table 12,17 ADVANCED STEAH CYCLE WITH ATH BDILER ACCOUNT LISTINE
— . Coatinued. . PARAHEZTRIC POINT NO.2

ACCOUNT N0 2 NAHE» UNIT AMDUNT  HAT s/UNIT INS S/UNIT HAT cosT;s INS COSTe$
FIRING SYSTEM :
9, 1 e «37 .00
_ PERCENT TOTAL DIRECT COST IN ACCOUNT 39 = .000 ACCOUNT TOTALsS =00 i}

VAPOR GENERATOR (FIRED}
— 3B 1 ﬁT STEAM BOILER ZACH 1.
PERCENT TOTAL DIRECT COST IN ACCOUNT 10~ =%

ENERGY CONVERTER

T TIe1 STEAH TURBINE-SZN EA 1.3 1 4561,50 1907055 23 15%324561.50 10078502
11« 2_STEAM PIPINC E 1,0
PERCEHT TOTAL DIRICT COST IN QCEDUHT i1 =1 8% ACCQURT T&TAL.S 15024561, 1707050.2

|
|
|
|
|

532 5 8

1700000.80 70000000 _ 1700800 .00 160C000.0D

4.5 5 1.50 8

COUPLING HIAT EXCHANSER
1223 oG +E0 «00 o000 .00
_ "PERCENT TOTAL DIRECT COST IN ACCOUNT 12 = ,933 ACCOUNT TOTALsS -a0 i}
HEAT RECOVIRY YEAT EXCH.
1%. 1 FEED WATZ@ HEATER STRING 140 1200000.08 3600000 1200004 .00 3500000
~— “"PIRCTINT TOTAL JLREZST COST IN ADCOUNT i3 = 1. e COUNT ToTALsS ~ 120000G.00 36000400
N WATER TREATMENT
L 18 1 DEMINERALIZER GPH 800 2500 460 700.00 20000000 56000 .00
2 iy, 7 CONDIWSATE. POLISYINS KNE  500003.5 T L. . §25000.00 150000.00
PERCENT TOTAL DIRECT COST IN ACCOUNT 14 = .B48 ACCOUNT TOTALS 825000.00 2BE000.00
wwnmmnmnm
15« 1 ST0 NSFORMZR KHT  511111.l »33 00 125810%.41 25352.09
PERBENT TDT L DIRECT COST IN ACCOUNT 15 = 1.06% ACCOUNT TOTAL:S 126810441 Z25362.03

AUXTLTARY HECH EQUIPNENT

.18+ "L BOILER FEED PUHP EOR.KHE  543189.2 1.57 »10  915475,93 54818492
: 16+ Z OTHER PUHFS KME TR3008.1 -8B el2 530BET.iB 72360 8 .
i6e 3 MISC SERVIES svs st 549189.2 1.17 o173 G%13B81.38 500178 (@ g
16. % AUXILIARY BOILE 200000.0 %,00 .80 _BODCDO.00 IGCLOC.O0 =i =l
-~ ___PERCENT TOTAL DIRECT cosr T nccounr 16 = 2,940 ACSOUNT TOTALe$  288750%.50 587358401 t%325
2Y0E & FITTINS : 8 =)
. T7e 1 CONVENTIONAL PIPING_ TON 50 3000400 1800.00 2250000.00 135008000 Ny
?Enceur TOTAL BIRSST £OST IN ACCOUNT 17 = 2,961 ACCOUNT TOTALe$  2250000.00 135000000 =® E%
— wxn.rapy SLER EQUIPHINT ' % g
18 1 HISC HMDTERSPETC 54818942 1.50 «17 76746551 83192417 e
18. ZJSHITCHBEAR-& HCD PAN KHE  588183.2 1.95 +i#5 105B9GA.A7 35585415 &
18a 3 CONDULTSCABLES+IRAYS FT 1950CG0.0 32 1.35 2573999.97 25651998.97 ) r
. 1B & ISOLATED PHASE 3US cT 457,8 510.30 350.00 229500.00 02508 by L :
18. 5 LIGHTING & COHMUN KHE  5%8189.2 »35 <43 191866423 _235721.36 .
PERCENT TGTAL DIRELT COST IN ACCOUNT 18 = 6.735 ACCOUNT TOTALe$  4831800.00 3#30098.52 - EE

o SRS AR
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Tsble 12.17 ADVANCED STEAM CYCLE WITH ATM BOILER ACCOMNT LISTING
Continued PARAMETRIC POINT NDa22

ACCOUNT N0+ B NAME» UNIT AMOUNT HAT S/UNIT INS S/UNIT NAT COSTrS

CONTRDLv IRSTRUﬁENfATIou

19a 1 COMPUT ZACH 1.7 43307019 1.0009.80 4308790.07
1%. OTHER CONTRDL” EACH 1.0 HOCC00 .00 240000 .00 400000 .00
P-QC NT TOTAL OIRECT COST IN ACCOUNT 19 = .865 AGCCOUNT TOTALsS 800003.00
PROCESS WASTE SYSTEHS
20« 1 BOTTOR ASH TPH 4.1 S05836.81 128459.20 505836 .81
20« 2 DRY ASH TPy 15.2 1103780.54% 275935.16 1103780.6%
20« 3 WET SLURRY TPH 3Ca.8 SUSZEL L 87 236318 .24 Q4526 .87
20= & ONSETE oISPOSAL [T LE5.3 5509.30 10146,69 1149335.77
PERCGENT TOTAL DIRECT COST IN ACCOUNT 20 = 4.960 ACCOUNT TOTALeS 3704218B.16
STACK GAS CLEANING
21- 1 PR‘CIPITKTUR ZACd Led 27653J5.15 1%50098.3% 2246305.16
SCRUBS KYE 50000040 28484 13.22 144818303.52
2% 3 MISE T"L 2 JUSTS w’) =30 « 00 -00
ER CE NT FOTAL DIRECT COST IN ACCOUNT 217 =z0.345 ACTOUNT TOTAL?S 16G6G8G608%75

TOTAL DIRECT COSTSes 83743273 .00

IHS COSTr»s

153650098.3%
66310558.00

80
807065631

317836708.00

e
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ACEIUNT LISTING

AN _SYSTEM
INT NOe1E
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Table 12,20

COSTes$

INS

INS S/UNIT MAT COSTeS
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E )
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Table 12,20  PRESSURLZED 30LLER ADVANCED STEAM SYSTEM  ACSOUNT LISTENG
_Comtinued " PARAMETRIC POINY. NO.1E ..

ACCOUNT ND- & N!H' UNIT AMDUNT MAT S$/UNIT INS SIUHIT HAT EDSTtS INS COSTes

TIRING SYSTEM

9. 1 s .0 .00 .00 00
__PERCCNT_YOTAL_ OLREZT S0ST IN ACSOUNT 3§ =. .000 ACCOUNT TOTALES . . .00 . . ana
VIPOR GENERATOR {FIIED) 1
— A8 1 PRESSURIZEN BOILER EA . 1.0 B£183929.94 J519999.98_ P1§95999.95 1818998.98
PERCINT TOTAL OIREZT COST IN ACCOUNT 10 = §.830 ACCOUNT TOTALsS $185959.9348 1819999,88
fnfgﬁz CONVERTER , _ ) N .
1 Ba%8 URS CUHPRESSOR—SECT 1.0 1700000.00 B85000.008 1700000.00 850068 .00
1ml 2 BAS TURS £OHZ SFE 1.0 1500000.30 75000.0 S0OB00.00 750 D.%g Q'
1le ¥ GAS THUHRB YURBINE SECTION 1.0 370000000 1850: TOORD0 .00 1850060 g
e dle %, BALANCE OF GAS T E i.0 1160000Q0.08 17500 1316500000.00 - 1750600200 - . T
115 STEAH TURBINE 150 1644710537 1130080-95 13539928-99 1112459228 L. _
i1. 6 SENERATOR i.0 39 N e
FERCENT TOTAL *\IREcT COST IN ACCOUNT 11 =18.403 ATCOUNT TOTALYS 34842105400 3187459428 Iy
COUPLING HMEA: XGHANEER il e
2. 1 .2 =30 .00 .an -08 o &
__ __PERCENT TOTAL DIRECT COST IN ACCOUNT 12 = 000 ACTCOUNT TOTALRS . . w00 i S & b
s HE“T RggggEggTEEA;“E¥cg STRINFZ 1 300090,19 2400 800008.00 25000 é§’ i
& B SRRk B AS, COOLER v 439 42D000DLD0. 235000000 400000000 23a000LLAD &y ‘.
~ PERCERT TOTAL DIRECT COST IN ACCOUNT 13 = 3.437 ACCOUNT TOTALe$ © X¥30000C.00 232400000 e 5 ;
WATER “TH'E.'&"T'H'-'NT " o T T !
1te 1 DEHINERALIZER GPH E8Ce1 20C0.00 560.0C 1360187.50 38C855.30 ;
fas 3 CGHENESMIZER rourn N3 KRE 87880040 . . 720500.00 172920.00 ‘
DERFENT TOIAL DIRECT GOST TN ACCOUNT 18 = 1.271 ALCOUNT TOTALSZ 2000897900 5339539 i

PONER CONDITIOHING ’ -

— 38._1_STO TRANSFORHER . 9097004 0. Ry | 1 .. «fll Z158056.39% 53161148,
PERCENT TOTAL DIRECT COST IN ACCOUNT 35 = 1.062 ACCOUNT TOTALeS 2158D56.58 4316114
,____EQXILIA ECH EQUIPHENT .
;igﬁ FEED PUHP BJReKHE 578603.9 1.67 el 965268457 57860439
15. GTHER PUHPS " KHE 82186645 «88 el2 723237425 98623 »26 H
16« 3 MISE SERWICS SYS KNE 93333244 1.17 «73 10927004851 68177065 !
16 & AUXXLIARY BOILER . _ PPH =0 4a00 - ... »BO «0f . «00 i
PERCIHT TOTAL DIRECZT COST IN ACCOUNT 16 = 1.787 ZCOUNT TOTALeS 2782206472 B33254.30 -
. 2I2E B FITTINGS ‘
17« 1 CONVENTIONAL. PIPING TON 895.0 3UE0.00 1800.00 2685080.C0 1I6511C0C60
1T« 2 HOT 3AS PiPIHS FT 1.0 1208000,30 200000.00 12000680.00 #BDDGU.SS
17« 3 STEAN PIPING TON 1.0 2000008,.00 800000.00 2Z00EDO0GOD 80DCOD0 o
— . -RERGENT TOTAL DIRSCT COST IN ACCOUNT 17 Ge13& ACCDUNY TOTALeS 5885000.00 2811000.00




able 12,2 PRESSURIZED: BOILER ADVANCED STEAM SYSTEM
© MITRIZ POINT NO.1

ontinued ARSK
ACCOUNT NCe & NANEY UNTT AHOUNT
AUXILIARY ELEC EQUIPHENT
19. 1 HISC HOTERSZITD 3219£3.5
_ 1Be 2 SHITCHEBEAR & HMCC PAN KWE  B21BEC.5
- 18. 3 CONDULT+CASLIS«IRAYS =7 3145009.0
Ne B ISDLAT§D PHASE BUS FI 675e0
8. 5 LISHTINS & COMHUN XKW:  7871%5,9
'PERCENT TOTAL DIRECT COST IN ACCOUNT 18
ngTRDLr zg;rauvanruTxou Zac4 1.3
— 432 5 STER conTROL EACH 1.D
PERCGENT TOTAL DIRED T T0ST IN RCCOUNT 19
T TTTYROCESS WASTI SYSTEMS
20 1 BOTTOM ASH TPH el
20. 2 DRY ASH P4 e )
.20« 3 _MET SEURRY TPH 1EZ.G
20« & ONSLITE DISP CRE 53545
PERCENT TGTAL DIRECT cosr IN ACCOUNT 20

STACK GAS CLEANING
1 PRECIPITATOR
2l- 2 SCRUBBER

.5
E

g%. % HISC S Ju
ER EHT‘TUTAL DIRECT CDST IN ACCOUNT 21

- ———.TOJAL DIRECT COSTSe%$

86—~

MAT S/UNTT

5737996,12
TN

o‘JU

-UUD Accdal

ACCOUNT LISTING

INS $/UNIT  MAT COSTvs

12000.30 528000.00
375080.00 52500000
UNT TOTALeS 115300000
«0C L
453625.07 1838500.2
1023002.128 &£1120D8.7

- 3043318.9

COUNT TOTALrS §993BZ27.8
3758597.#7 =00
D“ «08
UNT TOTAL?S «00

144822766 .00

INS COSTeS
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NNO T

E2357485.50 .

e e -

[



COST OF ELECTRICITYsMILL S/KHHR

NDe 1E

30

T

o

Y

ITRIZ FOINT

o STEAM

PARAN

PRESSURIZEC SOILER ADVANCE

Table 12.21 -

e e b g0 g S il
2000 DU A O T 1N 2P gt
Qe MNMT~ 00O~ 0

1P md 310 70 e 0 41 P o 1 g )
LI - TN GHY M
el lad i1
o 5] -

e 8w b g8 by

=]

= (T (N OGN P o 0O
A CA LD o & g #

S PICTLE WO O O el 7 CO P gt T
b P D 99 2 T MLy (]

W O eo@N

= ™ &

w8 p s, 0 g Eingm
NP g oML & il
0 et LG By L Lrpe LT

F=LTokTs Ly o TRt T4 T ) ]
PR Wt o (Tl e 1)
[ o My

w s s g b U Y

SO AN o 8 4 &
W et bt 2 DL LA B0
ol mbe e g - ™
[l Lo TN
- o i
-
-l
L O GO AN n oG e
jeld s B a8 gk yw gyt
. AT W00 et
ol b -
o

205TSe S

ACIOUNY
T
[}
0
N
3
[
I
T
S
s
5
T

COKTINGENCYr P

RATE »

ACCOUNT

cooaiAD PAGH IS
vi, POOR QUALITH]

N LD ey Peep DAL 0 ™
i ™ Qe 0D
©~ =

(3}

® o & gy
" A el
Lo L N ST IO

F:SIIEST.I
™ ™ =3

‘g8 g del yrrip.

LN G L L T T T el T o
[} o

T gt LI ey 22 By D 1
L prrrf g M=o @0
™~ ™~ o=+

[N Ll
Uareia Ne st omian
M e el et R

[T oY Y B 1V B T o Ty

it~ g Me@mM r=arin

s~ NOOr & e 8 g
crooln LoD e
Mol e WM o
p = Wlnbeoy
Y] [\ "

& g b g 8 pd PO
Cidedpn ey bl en

CH™= OO P T el P 00
T pninm, & g 4 o
L0 2250 b (LD 2 D pa T
1 P i) o Wt M L34 t
[E ety B 7. 1]
™ [ P

LS TEY L Y AT AT [ ]

g m g tad g,y
1ﬂﬂ.bUB
:_2 1*1

RCINT

P

[ T
LS ~
—Zd <
UVigea ¥
= s
& Q=i _1004,0

OF 8 OWNER COSTSe%

TAL DIRELT COSTS %
HTINSCNCY COSTeS

o
NDIRECT ZOSTe%

R
U]
U

HOLOWVMHRO Q-

Heriio OO LN
[alallaludond gl nil o
o

o

= Sl
~N N

o

Q) Oerip-Um
i o ™

F.

ads ¥l e sNFIAM

B30 00 0ry L 20 prw CD o v e LD
e Tl aprdon Ty
oMy tipellt )
o

ot
-
U=

wiWDOOUoCooo

ACTOUNT
T
D
20F F
N
9
C
T
T
s
S
s
T

12-99 :

I ERE RN T ]
0O QN=MINED =t

w S gt g b g paOiim
LN IO S Ny S T
ARINT et I el T O Pt

1 4% g8 4l oicHM

$ 404848 oY
O AN 0 el e
LMD sONNOND
AN SR WM

g LT CO S P o
LB T ool P TR
.nln. 2 2 .-.1

LN N Foatale L]
s MmN MM
W UM @M oOr~0
Al Mpgtd i mP ek
=IO Dl O et o0
droNoOneo,m e 8 .
Wi N Ml M-partio
tupe ool e
iyt enir ot
o L "

(™

N - v -
HDOOOUING W OO0
c-

[+
I

RATE e
Sle

8

2

[

5

8

]
&,

G Ts3
COSTS »S
COST»3
DN _TO0STsS
“-FUTi
T fL=C

ES
ki
5

DURTNG CONET ¢S

CAPTTALTIZATIONsS
F ELEr~CAPITAL
LEP-OE B HAIN

ECT COSTS S
COST 0

L

F
E

Ll BE-REL TN | R R

ACCOUNT
T
]
. ¢}
N
B
C
I
T
S
5
5
T




Table 12.21 Continued -

Ngcg* CF ELECTRICITYsMILLS/KRJER

TRIZ POINT

ST-AK SYSTIH

PARAM:

PRESSURIZEP 2CTILER Aauencg

(AR R R I

OOy YRS P DB 21 ] B

L DI AN S A et et G £
e 011 DL P e D e 5
U= N O oo
POt ¢ * 3 ©
HIP DN D (NN EY et M LA
O P el LD QI e DD LB N m

T i pa bl s N

™~ o &

LI T A m AL ] =]

N M =M S D

1O CHCO LN e T 1 et d S Pee €O
[= I R T A LT T Ta e T TEe o ]
L P= N O DI 21
Sordimiai)af- o ¥ o 8
1 OER L) (UTT e M P e
[T e (T L - 5 D NTRTN] ]

P st WDen

™ N

- %A g0 a el
LA I o R Ll L = L
0. _ OO e Ut e
S NMIPs O U R DW= O
» D= TN S DM B o
Wi SO~ o v 0 &
e 10 0N B0 LS O LY e P Y= e P
=2 i 4L 00 o D AN vy N
[ = T P L TV T, T o
o~ ] &
w
(L) « g b g ¥ bl
o CINe TR e Dt AT g D
o b K e S e e L
20 eI PO M= L0W=
[T oy T L TIRT A TR, Y
M- g F o ®
SR EGN AD P e B S P
[ F T PRIV R TN TF T [\Y]
F I AR T L o oS WY S T
B ] -
1
RS,
P b P NS e LN S e
LD N O U e WY S -0
ned £ 1B DAL = 0D e W
=il N mid D P U
ArUipllignuliap o & 5 8
L2 ORI PG 1| Pt T
L A0 e U e ey -
P el 2y

[ I T
-
24
L WOEOEONOLaLea
p=C2 g " p kg B g, ae N
i el Wwo e
oW b e
a.
i rd
- [T
th gl wt
- NG ety
N - (5}
= = * GOt
W ke mpaaln W
oRo = Moo Ut
€100 Weniolaey
L~ - T
i i Qo Lralden
OCLI>E =Ly
ML - e
o B A0 LILILHA
Ol = h=]
o O b Dy Ly, O
[y WeeZo<n 000
= A M -t
o gk b Sy T b £
o OO ZmU k=Lt
(r ORroONVFSnsnl
[ LN SYV IS R STE S ol
=r

S g b g g b gtemris
Opaeip Mg re e
W@ i etd N m

L R AR AT i, s

LpurMtdari~rerioi e

WOt el il e T 0
foe Lo o L LT TR T TN G
- MNMMNEHOMNW @
RN~ s 9
NN SN M@ gHN

M miNuIEiNy

Litrard M=o v}

™ o~ -

g e g g8 ghmrin

TN N Prtiet ety

s e e e e
=TI HOM LOUD
s @OInade. # 0 4 2
O mMoNOIHMD M

M= O moiNnria M

S melgtinoon

o~ & Ed

g e g ¥ g8 gPmprin
pg i Mo arri o i
(R e i o e oy Lt ]
L DI MP= N UHO W) P CHRE M-
D=yt HO MG 0
O DRS¢ ¢ b e
[l I ot Fe T Tod-bl L o P
P gt (i T (N N
O T PP AT R

o o =

*as g by s i

Ts 37105 BTU

FUrL

O P oy WD Dot
UM NN DM LGS
P N A A e I
rigan N D o) spriae
P i o S gy O (0 [ 9
Lignet oy P10 0 oy
™ ™ o

* COSTS 2
BSTrS
1
¢
Y
P
<
L

0. Tud
<

~
-

ACCOUNT

T
ND
0
N
B
c
I
T
S
S
S
T

M D et
™~ =

O NN G P e T e

-

bt 0 & g 8
028552313Q?lﬂ

o Kirs 4 0o C0 pulilea
o

ACCOUNT

12-100

Ot 0 O 0N
~ Y] -

AR RE R )
It PO & P N 1y S gt
LS S Ly e Ll 1

1905 gy P 29 0
N N

AR R E RIS T
N IO e PN 2 g KO
OOy A Ul S Dol
CenaMipa DI M W O

SorlirelO@mio o 0 5 @

CUPICNLI (O pud 17047 P et 01

e tipa QU @ palit -
PN g e L 1 M i ~t
Ll (3] =

A -

-- -4

[T ezl W

- - hDe ¥
vt v A= L
= e ® e e do b
v ke sadg L2
oottt = Moo W

Q00 WNnkollo
0 o) i
[ 215 1a] Wy s S

e T R




T et e L . 3

SYSTEN

R AIVANZID STEAM

TSSURLZZI 20ILI

‘Table 12,22-PR

iy Yo Mo
v BDu Hoo
o oty ~mt
um Qe wurd
- LIS -ﬂ -nu r- -:“
Umtisn™m Mo [l ol
a2 o8M ey ~ il
CapOnlos My
GrnOooooM Ll
Pael=l=4
M.._ by oﬂ“
[=3
2 i
=3
=
pr} o z
o = b
“ 1
- = . e
< £ =
T ~ - w
HVHONGT D W
P RNDOIN = ot
NOUNOINE @ W H o el
OO CwE+ =] [ N~
OmdNAOMODW e ol =
v9edatacxur WO
2t (ROZET e =0
Qi tnn Wit = (L - «{TT e
Py o epr b= =l
= e Loy =0z
< . Ol Tt
= =i WS O
in] LOou @2 <uin
o L W H QoD
S ui BLT @ =
LA o O
wIaMoralw  DOW Lo
=aeGMOL s D= 20
oupwas
0 oSt
ouguoaE
Em taNLOmY Ooe Oo@
= D
Gt Mg UMM U Uon
a e Cupel Cimls IO
& M0 BT QM
T a0 S g 2,
ey =as Mot gt
e T M M
™ = Lo
o = o @
tn
i ol
notinsa
= e T
ke Ll Ll ST TS
Latorimta
g B g 4, s ol & =
N pds =0
1] N )= © «
x o =< IT_p =
= ¥T o
o A w0 Zia =
LW I -
% el v
2 HEmb= sy -
< o = WAk 9
A e wlr )2l W
®up  Smio &
roldpets  UDbe = 0,
WE S Wil il
NOott W 1 HE Z
g o T orsTu, 3
o = b u.
o D@ Sy A
- VA SHE ZZ Doz ol
= SADw R0y BQ
5. Siglt om0
o HEEn ZVE anZ
'xy On CotaollD &kl
m | 24 NNSDDNUHDRT

B

5

fe T LT =0 [l 1=
NN T )

pootooot
CR0ooat

5@

-
PN
e N P e

a@oLobol
Lo Q

Q
]
a [=]

8cpE0LOCN00D
g.ﬁﬂ

m
e 2T ey 00 ey €0 3 €O
P N T

-050

4400000.000
030

1200000.5300
«GDY

1730000.0008

wn
owginginoio
Pl e L T

5]

Soopleaudn
OoRERQOND0
(1= =l lelal=]
e [
pr] e et

.u
0

IITC0ON WO
80CCON W

L

Mo adm
i N MY 2

14CGCEC.000
1.0

L¢]
aeMNaMmmMe
et BP0 S o

o =)
Qoo tonUofaootndo

oolouobot
GueLatob

P gl g8 gdg
331.05550

ol nta0nto
~ SO b DL his
W a ¥ g B g8ty

L A~
auntatg L o o0
P P PoYr- Yo L =1
moe= s oo ==
@ et o~ =] [=1=
~ W [T- I T7] e
i nty
O = P Py i S R 0
eafpal=aaf= i Bopn P O N (e
PSR NER L B et Mpu NI S 2
G nLOEEUeD ALE U nEaU
~UnUnnaYenQ b Snudot,
MOOSaPOolnUann o oatin
AOPOONCOSN 00o0abSson
4 b p B g 8 g Bbogd gt gt o0 gl gy
DN O™ o o 0@
Tr (TP ~ M3
T3] o Qo 0 od
O O, o ok
[ =4 . o ob
t~ - w OF
[ ] -
i
- -

N N0 o S

D G A DO Dyt trEten Hp e riin

' ' '

i m 12-101




Table 12,23-FLUIDIZEZ 329 3DILER ADVWANCZID STTAM SYS ACCOUNT _ISTING
_— PARAMETRIC POINT KOs 7

KCCOUNT NO« B NAMZ. UNIT AHOUNT HAT SFUNIT INS S/BHIYT MAT COSTe#3 INS COSTeS

5ITE DEV;LBPH’NT

-1ls 1 LA COST ACRE 13E.8 1000.00 «0C 13s000.0C =00
le 2 CLEARENE LAND ACRE 4543 «30 500.008 «00 2719728
le 3 GRADING LAMD ACRE 13E.D « 00 300000 G0 408C0CC0
1. § ACCESS RAILROAD MILE S50 115800. 30 118000.00 575000.00 5500006,.00
1« 5 LOOP RAILROAD TRACK MILE 2.5 120000400 I000C.00 J000G00.00 175C0G.CO
— 1. & SIDING R TRACK HILE -0 125000.00 5100000 -0B =00
la 7_OTHER_SITE_COSTIE ACRE »C Yy 80 258561.39 298561.39
PERCENT TOTAL JIRECT COST IN ACCOUNT 1 = 1,755 ACCOUNT TOTALsS 1309561.39 1458758466
ZXCAVATION g PILTNG .
2 1 COHHON EXCAVATIDN Y03 54500.0 00 3.00 -08 163800.00
2e 2 PILIH FT 145600.0 6w 50 8450 g46400.00 1237600410
. FERCENT TOTAL DIRECT COST IN ACCOUNT 2 = 1.488 ACCOUNT TOTAL+sS 94640D.00 14014004050
PLANT ISLAND CONCRE TE
- 3= 1 PLANT ¥Sa CONCRITE Y93 1532372 70.32 BZ.00 1274000.J0 1456000.00
3« 2_SPECIAL STRUCTURES ¥p3 «0 . =08 . -
'PERCINT TOTAL DIRECT COST IN ACCOUNT 3 = 1.73%1 ACCOUNT ToTaALrS 1274000.00 1456000800

"4ERT REJECTION SYSTEM
COGLIN

1 NG TOWERS EACH 11.0 «CD 00 1688500 .00 841500 .00
Q- 2 CIRCULATING HZ20 SYS SACH 1T «20 -0 QUOEBE.20 - 1261073.14
- 3 SURF ACE CONDENSER FTZ 37638747 - 00 <00 1513943484 oD
Cpa FERCENT TOTAL DIRECT COST IN ACCOUNT 4 = 3,896 ACCOUNT TOTALz2S 403 2930.03 2102573-12
h
i
5 STRUCTURAL FEATURSS
h S5« 1 STAT« STRUCTURAL ST. TON 1550.0 BEE0.ED %TS.UE 108750C .GE 271250.00
e 2 SILOS 2 SUNKERS TPy - 1800.94 50.00 - -
Be 3 CHIHNEY F 4 DD =00 «00 .435070.92 E52606 <38
- 5e 4 STRUSTURAL SEATURES TAQC! iw I22000.00 7700000 322000.B80 T 1000.00
PERCENT TOTAL DIRECT COST IN ACCOURT 5 = 1.753 ACCOUNT TOTALs$  1760570.92 1000856438
BgILBIg?STI N BU IN T 337 16 508 an 54000
« 1 ATTON BUFL 38 FT3 5887 ,.11 - «15 0800, 40000 .0
be Z AD INSTRHTEO% Fie 10000.0 16.00 -14.%0 160080.080 IRUDDH-H%
~HWAREHOUSE. & SMOP FT2 1750%.0 12.730 8.00 ziognn,.00 1500800400
— PERGENT TOTAL DIRECT COST IN ACCOUNT 6 = 1.0S7 ACCOUNT TOTALS 1008 .00 820000 .00
FUEL HANDLING & STORAGE
- Te 1 COAL HANDLINS SYS Py Z892a5 « 03 « 00 u224218.06 1B8B445B.42
T 2 DDLOHITE HAND« SYS TPH 358.3 « G0 «00 1214155,.87 586034 a72
7= 3 FUEL L HAND. SYS SA 13990030 « 00 -00 135000.00 10600030
PERBENT TOTAL DIRECT cOsT IN ACCOUNT 7 = 5.166 ACCOUNT TOTALsS 5572373.87 2576493.09
FUEL PROCESSIR
1 COAL DRYER 8 CRUSYER TPH «0 »329 <00 «J0 «00
. 8- 2 CARBONI E TPH 0 N1y . 00 -0l <00
E 4 «T1 «30 =30 .08 1]
PER EN TBTAL BIRECT CcOST IN ACCOUNT 8 = 000 ACCOUNT TOTALe S «00 «00
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Table 12.23 ~TLULDIZZ] 33 3INILIR ﬁDVQ”” 0 STEZAM SYS ACCDUNT LISTING
- Continued PARAHETRIC PDINT WO. 7

-~ ACCOUNT Nga B N&HIs UNIT AHUUﬂT MAT B/UNIY  INS 3/UNIT Hﬁf'CDSTls INS COST.S

AURILIARY ILIT TAHIPMINT

‘18« 1 MISC MOTERSSETC 8340363 1.4C «l7 122765081 - 15C286.17
_ 19« 2 SHETDH3ITAR 8§ MO PAN KHE 9234035.3 1.35 o5 1723B7C.78 39781533
1B. 3 CONDUITsCABLES»TRAYS FT 2G6HE00C.LD 1.32 l.36 4BD47599.94 535C394.30
149. & ISULAT”D PdAST-BUS ET 5752 510.30 450.00 344250.00 3803750.00
18« 5 LIGHTINE & COHMU ‘KHE 73EEBbe9 +35 «43 257843.92 BETT13.57
. P’RB HT TOTAL DIRZCT CDST IN ACCOUNT 18 = 3.1%4% ACIOUNT TOTAL»S 2358415.37 §$119032.06
SONTRILy ENSTRUHT NTAT[DN
19. 1 CoMPFUT TER EACH le0 F2EOLG.CD 12805.98 522DCC &G 12000 .80
19. OTHER CONTR < 1.1 SESQDRR,0T a00.0n 565000.00 400800.00
. PERCEHT TOTAL DIRECT COST IN ACCOUNT 13 = 1.017 ACC DUNT TOTAL:E 1il23000.00 412000.00
PROCESS UASTE SY TENS )
20. 1 90TTOM AS TPy ‘el «3] : «00 L] «00
20« 2 DRY ASH IPH 22.7 1703525.59 450588140 1803525,.59 550881 W40
20, 3 MET _SLULAIRY P4 153,3 47176838.59 1004408.67 4017638.6% 1004408.57
20« 4 OMSITE DISPOSAL ACRE 523.9 5708.18 S8EBCWHH 2981293.12 K5337585.87
PERCENT TOTAL DIRECY CTOST IN ACCOUNT 20 = 3,785 ACCOUNT TOTAL+S BB12457.37 53892876.%4%
= STACK GAS CLTANINZ ;
» 2i. 1 PRECIPITATOR EACH «0 5787525.25 3JT7E1B9D.75 00 =08
= 21. 2 SCRU33IZR KHE. «] 254458 1l.286 .08 «0o
2 21. 3 MISC STEEL B DUCTS 0 Ny =00 «08 «00
PERCEINT TOTAL DIRICT COST IN ACCOUNT 21 = OO0 ACCOUNT TOTALeS «D0 [y i

TOTAL DIRSCT COSTS:S : 107313719.00 198225391.50
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Table 12.25 - FLUIDIZED BED BOILER ADVANCED STEAM SYS
ACCOUNT NGO AUX CPORSReMHE PERC PLANT POW OPERATION COST HAINTEHAN%E CIST
4 7

4 TaH7122 »CHEE « 7702 ~10e52312
7 2473259 13.02965 B46.82170 =-30000
8 « 38032 « 78405 aog ~B2000
14 . 00000 «J0ano 10.67949 -0000g
- ig 7235360 34,5222 «00000 -00000
20 3.3L428 15.54584 5225239 « 0008
TOTALS L.21,.31801 3.00219 12E3.74336 i0.562312
FLOIDIZED 30 3CGILIR ADVANCZD STIAYM SYS 3ASE CASE INPUT
NOMINAL PONERe MHE 731.4000 NET POHWERy MHWE .. 7i0.082E
NOHM HEAY RATZ. 3TU/ZKNH-4R 8825.0304 NET HEAT RATEs BTULEN-HR 3089.93786
ggﬁgyﬁgrgEAT RATE CHANGE 8628.9782
- DESIGN PRESSUREs IN HG A 3.5000 NUMBER OF SHELLS 2.00008
NUHBZR OF TUIES/SHILL 8712.23992 TUSE LENGTH» 7i.355.0
ggangéﬂg:i%gﬁF 591.8577 TERMINAL TEMP DIFFy F 5.000C
DESIGN TEHPe F 77.00C0 APPRCACHy F 15,6713
RANEEs F 23.08030 OFF _DESIGH TEHPs F 51.5000
OFF BESIGN PRESs IN HG A 23935 LP THRBINE BLADE LENs IN 25.0000
R o1 731.839 2 000 «-000 L] 88304370 5 SeJ0n
E £l7.100 ? 3.500 8 aTs100000.000 g =000 10 1.000
11 1.829 12 132,300 13 1.008 14 . i5 «» 009
15 2-00C 17 136.000 1B 3.000 18 5.000 20 25080
.. ..21 «013 22 13207,000 23 o0 2h . 1550, 000 25 300.000
26 3375000000 27 1D000.000 28 175G0.000 28 1000000.000 30 1.1
31 «250 32 1040.900 33 - 34 »200 35 le
36 3640000.000 37 675,000 38 l1.000 38 1.000 AO 322000.800
—— 51. 77G00-000 {2 528000.,000 43 12000.000 &4 6a25000.000 45 . ¥o0oNt.0no
85 . 47 «000 48 3.000 48 2.000 50 «800
51 «503 52 5.350
1 l-000 2 25952000.00C 3 17301000,000 4 1.000 5 1.000
e B 1.000 7 1.0400 8 1.00 Q 1740000.000 10 . «050.
Iy 11 90D000-008 12 : <050 13 3200006.,080 15 «050 15 1300000000
' 15 ) 15 17 14000009.008 18 . 19 i.000 28 1.00D0
b= 21 sgooog.000 22 020 23 3800000,000 24 2200000.000 25 l.000
< -...25. . . 12000 27 00000.200 28 s00000.000 28 . . 2000000.000 38 .80000B.000
31 00 32 <000 33 «000 34 1.080 35 o008
35 -003 37 «233 33 «300 39 -000 40
. Ul «000 42 GO0 43 1.000 &g 1.000 45
—_ . kB <800 47 =000 48 «000. . 48 2.080 50.




Table 12.26 -TLYLQIZZY 3ID 3I0ILIR AJQVANCIO STIiY SYS ACCOUNT LISTINS
PARAHETRIC POTINT ND.31

COQUNT Y0« & NAMZy UHIT AMDUNT MAT $/UNLT TNS S/UNIT MAT COSTs5 INS ZOSTsS

SITE JEVELOPMENT

e« 1 LAND COST ACRE 138.1 loo0.00 <00 138095.45 «0u
1T 5 BRABING. LAND 5T "0 . apooung W0 adasse.ag
1 DING L [ 8. . . - -
le E ACCESS RATLR04Q MILE 53 115090, 10 110000.00 575000.008 50000.00
1. 5 LOOP RATLROAD TRACK WiILE 2.5 120008.00 70000 .00 303692.26 177153 .82
. 1. § SIDING R P TRACH MILZ «d 125000.9% 87008.80 - 00 <00
1. 7 _OTHER SITE COSTS ACRE =0 » 80 - 302688.78 302688.79
PIRCINT TOTAL JIRECT Z0ST IN ACCOUNT 1 = 1.7245 ACCOUNT TOTALeS 1318476452 1371745.39
TEXCAYATION B PILINS .
2. 1 COHMHON EXCAVATION Yo3 S5E145.1 00 3.00 00 168435425
Zo 2 PILING < 149720.2 5.50 B.50 973181.42 1272621.86
PERCENT TOTAL DIRECT COST IN ACCOUNT 2 = 1.491 ACCOUNT TOTALvS 973181.42 1451057.0%9
PLANT ISLAND CONCRETE
_ : ké RITZ YbD3 13715.3 73.23 83,00 1310051.31 1H57202.19'
3- g CIAL STRUCTU ES YD3 - . - -
F”RG‘NT TOTAL DIRECT COST IN ACCOUNT 3 = 1,735 ACGOUNT TOTALsS 1310051.%1 1%372D2. 19
HEAT QEJECTI ON SYSTEH
4. 3 COOLING TOWERS EACH. il.D « 00 «00 1588580.00 B515D0 .00
e 2 CIRCULATINS 420 3YS TACY 1.0 - «d0 -0o0 08.25 126150%.95
- G+ I SURFACE CONDENSER FT2 3ZE50%8.4 « L0 «00 141433“.31
t PERCENT TOTAL OLRECT COST IN ACCOUNTY 4 = 3.796 ACCOUNT TOTAL+% Fo#3882.56 21030044994
1
o
@ STIUCTURAL FEATURES
5« 1 5TATs STRUCTURAL S5T. TON 1562.9 650.58 175.00 102890641 277013.25
5e 2 SILOS B BUNKERS TP «J 1809.43 750.80 -
5+ 3 CHINNEY FT 403.1 »00 - 4539481.03 559238.55
Se E STRUCTURAL TEATURZS ALY le 325951.38 78186.42 325361.38 78186.42
PERCENT TOTAL OIRECT COST IN ACCOUNT 5 = 1.735 ACCOUNT TOTALsS 179535B8.81 101@#35-22
BUILQINFSTIDN IULLILNSS T3 34%5969.7 18 18 552951.083 552851 .03
A 5 < o’ . - - -
Bas 2 NOHINSTRATEDN F12 10Z239.8 l18.00 14.00 163837 .44 183357 .68 L
HAREHOUSE & $§10°P ’y2 17B37.7 12,20 8.00 214052437 153270158 :
PERCENT TOTAL BIRECT COST IN ACCOUNT & = 1.033 ACCOUNT TOTAL»S 9308074 833010.28
FUEL HANDLING & STORAGE
7« 1 COAL HANDLIN3 SYS Py 237.9 «27 o0 42393356452 1910882.31
7= 2 DOLDMITE HAND. SYS TPH 1bl.2 -00 <080 12348D28.20 595252429
7a 3 FUEL QXL HAND. -SYS 3AL  1031853.5 «J0 «00 13736582 10362781 !
PERCENT TOTAL DIRELT COST IN ACCOUNT 7 = ©£.113 ACCOUNT TOTAL:S 5664789.68 2613763.00
- i
FUEL PRBCESSIN P
8+ 1 COAL ORYER 2 ZRUSYHEIR TPH -9 =33 .00 . =00 -0
8. 2 CARBONIZ RS P »0 00 00 «0D =00
8= 3 GASEIFIER e q el «30 -00 -00 <00
PERCENT rornL DIRECT COST IN ACCOUNT 8 = .0DD ACCOUNT TOTALY S -00 =00
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Table 12,26 FSLYIDIZEZD 3ZD 3JILIR AJVANCID STEAM SYS ACCOUNT LISTEING

~.-  Continued PARAHETRIG POINT NO.31
ACCOUNT HO. & NAHES UNTT AHOUNT HAT $/UNIT INS SZ/UNIT MAY COSTe$ INS SOSE+%
MUXILIARY ZLES zaurnnrur . :
18. 1 MISC HOTERSIETC sssssu.u 1.40 17 1307130417 158722.95
18. 2. SHITZH5EAR B_MC2 PRMN ¥ 56%a 4 1.95 “oH5 1820655.51- - 420158.38 i
18 3 BDHDUIT-CABLESrTRAYS 55 3727 8956 1232 =35 H920035e37 506912737
18- & ISOLAT=] P il i1 GB343 510400 450.00 348486487 30748B.%1
8§ oG & 5837, & +35 W83 PE5940.63 32572705
- PERCINT TOTAL DLREET cnsr i accounr 18 = 9.233 ASCOUNT TOTALsS  B662238.50 6282218462
CONTROLy INSTRUMTNTATION o
. .1%. 12 EAHE UTER EACH 1.0 £33070.05 12115.23  538188a81 12231.56
1§, 2 OTHER CONTROLS - =ABH is0 <73184.52 404923.02 G5A1¥63.77 403906.53
PERCENT FOTAL BIREET COST IN® ACCOUNT 13 = 1034 ACCOUNT TOTALs®. 1210688.50 4233138019
R NS CASySTENS TPy 3 'f"na 0
20 1 BRTT AR TPH 290% 1430610055  A57652°61 1830616499 457652580
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Cost of Electricity, Mills/kWh
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Fig. 12.41—Effect of steam turbine throttle conditions on the
cost of electricity from a 500 MWe steam plant with an atmos-
pheric furnace
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Cost of Electricity, Mills/ kWh
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Fig, 12.42 —Effect of steam turbine throttie temperature and
furnace type on the cost of electricity from a 500 MWe steam
plant

12-115




Cost of Electricity, Mills/kWh
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34,472 and 24.132 MPa (5000 and 3500 psi) pressure levels. The fluidized
bed plant has a lower capital cost, as would be expected, but the fbtal
cost of electricity is essentially the same as the 811°K (1000°F) level.
This is because of a higlier operating and maintenance cost for the flui-
dized bed plant, which is due to the greater dolomite usage required when
the sulfur cleanup is done at bigh temperature in the fluidized bed, as

compared to the lower temperature of a stack-gas scrubber.

Figure 12.44 shows the effect of condenser pressure on energy
cost, The contribution of fuel cost increaaes nearly linearly with in-
creasing pressure, as might be expected. The capital cost, on the other
hand, depends upon the condenser temperature (defined by the condenser
pressure}, the amblent temperature, and the assumed cooling method. As
described in Section 2 of this report, two ambient conditions were used
in the study: IS0 and 5% day. For the results shown on Figure 12.44,
wet cooling towers were used with the IS0 and 5Z day ambients producing
6.754 kPa {2 in Hg) abs and 11.819 kPa (3.5 in Hg) abs condenser back
pressure,respectively. The 30.392 -kPa (9 in Hg) abs condenser back pres-
sure was produced by the use of dry cooling towers working in a 3% day

ambient.

As can be seen from Figure 12.44, the capital cost decreases as
the baeck pressure decreases from 30.392 kPa (9 in Hg) abs to 11.819 kPa
(3.5 in Hg) abs. This i due primarily to the lower cost of wet cooling

towers compared to that of dry cooling towers.

If wet cooling towers were used to produce a 6.754 kPa (2 in Hg)
abs back pressure for a 5% &ay their cost would be excessive. Accordingly,
the IS0 conditions were assumed for this back pressure, and the result
was a very small decrease in capital cost., Thus, for the assumed condi-
tions, the cost of E;ectricity decraases with decreasing condenser pres—

sure, but below 11.819 kPa (2.5 in Hg) abs the improvement is small and

the cost of electricity may actually .nerease.

Figure 12.45 shows the effect of planﬁ size on electrical energy

cost. From a nominal level of 500 to 900 MWe the total cost decreases
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Fig. 12.44—Effect of condenser pressure on the cost of electricity
from a 500 MWe steam plant with an atmospheric furnace
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_ Curve 682229-A
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Fig. 12.45 ~Effect of plant size and steam turbine throﬁ!e
condition on the cost of electricity from a steam plant with
an atmospheric furnace .
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approximately 0.278 mill/MJ (1 mill/kWh). Most of this reduction is due
te a rveduction in capital-cost; the contyibution due te fuel cost reduc-

tion is negligible.

Flgure 12,46 shows the effect of changing coal on energy cost.
Montana coal produces slightly lower electrical energy cost’ than does
Illinois No. 6 coal, due primarily to the reduction in dolomite required
because of the lower sulfur content. In the case of North Dakota lignite
the effect of the smaller amount of sulfur is overwhelmed by the still
higher moisture content which lowers the boiler efficiency. In addition,
the capital cost for North Dakota lignite is higher, due to the increased
costs of handling the very moist coal. Thus, compared to Illinois No. 6
coal, the use of Montana coal reduces the cost of electricity by approxi-
mately 0.11 mill/MJ (0.4 mill/kWh), while the use of North Dakota lignite
increases the cost by approximately 0.19 mill/MJ (0.7 mili/kWh).

Figure 12.47 shows the effect of various combinations of
throttle and reheat steam temperatures as a fumnction of the average
temperature. In general it can be said that no significant advantages
are to be gained from using throttlie and reheat temperatures that are
different, At the 1033°K (1400°F) level, however, a reduction in the
numbher of reheats reduces the total cost of electricity (because of a
substantial reduction in capital cost}, even though the fuel cost is

increased due to a lower efficiency (see Figure 12.10).

12,6.2 Pressurized Boller—Gasifier System

Figures 12,48 to 12.50 show the c;st of electricity of the
pressurized boiler-gasifier system plant as a function of mein steam
flow for gas turbine inlet temperatures of 1144°K (1600°F), 1367°K
(2000°F), and 1644°K (2500°F), respectively. Also shown are the components
of the total cost broken into capital, fuel, and O8M cost, as was done

for the atmospheric furnace systems.

For the largest steam flow rate corresponding to near
stochiometric fuel/air ratlo, thesa three curves are cross—plotted in

Figure 12,51 to show energy cost as a function of gas turbine inlet

12-12],
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Cost of Clectricity, Mills/kWh
N
(o]

Curve 682212-A

Coridenser Prassure:
2in. Hg. Abs

S50l ol 200/1200 ;
35007 1400/ 2400

" 35001400 1
S
3500f 12004 1400
g*?&%fizzﬂlf&li%;
500/ 1000/ 100 5

/ — 35007 1200/ 1200]

3500/ 1000/ 1000] Y000
3500/ 1000/ 1000

2400/ 1000/ 1000

1000 1100 1200 1300 1400
Steam Throttle Temperature, °F

Fig. 12. 47 —Effect of steam turbine throttle conditions on the

cost of electricity for a 500 MWe steam plant with an atmospheric

furnace
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| Fig. 12.48 —Effect of steam flow rate on the cost of electricity |
from a nominal 600 MWe steam plant with pressurized boiler-
gasifier system

Nominal Potwer =00 MW. .. }
34 Steam Plant *Mpﬂﬂlﬁﬂmﬂ
© L.5in Hglby: o
32 - Gas Turbine Inlet %..r—l,ﬁm."?.
Gas Turhine PressureRatio=10:1 :
i 0 o j . o
o L  Total Cost !
T bty
; 28 ¢ S S
.
: £
22
l 20| e .. Gaphaf-Cost.
| - e A
=
| T 18
3
m 16
' é 14
12
i
10 -
g E A o FuelCost
|
g 6
| A
§ 9 0 &M Cost
| - - Om e
|
|
|

12-123




24

 Cost of Flectricity, Mills/kWh
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-VFlg 12. 49— Effect of steam flow rate on the cost of electricity from
- a nominal 600 MWe steam plant with a pressurrzed boiler-gasifier
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temperature. Both the capital and fuel costs decrease with increasing
pgas turbine temperature so that the lowest cost of electricity
[approximately 7,5 mills/MJ (27 mills/kih) ] occurs at 1644°K {2500°F).
This compares to the lowest energy cost of approximately 6.9 mills/MJ
{25 mills/kWh) for the atmospheric furnace systems, The higher cost is
due to the higher capital cost, of which a2 major factor is the cost of

the coal gasifier subsystem.

Figure 12,52 shows the effect of condenser pressure ou
electrical energy cost. As would be expected, because the bulk of the
power is produced by the steam plant, the increase in cost with increasing
condenser preésure is similar to the result found for the atmospheric
furnace system.

Figure 12,53 shows the effect of coal type. For this system
the use of Illinois No. 6 bituminous coal, which has the highest sulfur
content, results in the highest cost. This is primarily due to the
considerably larger quantity of dolomite required for sulfur removal in
the high-temperature gasifier than in the atmospheric stack-gas cleanup

subsystem used with the atmospheric furnace system.

Figure 12.54 shows the effect of improved steam conditions,
Because the steam plant costs dominate the gas turbine plant costs, as
the steam conditions improve, the cost of electrical energy rises in a

manner similar to that of the atmospheric furnace system.

12.6,3 Pressurized Fluidized Bed Boiler System

Figure 12.55 to 12.57 show the cost of electrical energy and
a function of main steam flow rate for gas turbine inlet temperétures of
1144°K (1600°F), 1200°K (1700°F), and 1255°K (1800°F). These three
curves are comparable to Figures 12,48 to 12.50 for the pressurized
boiler-gasifier system. Figure 12.58 is a companion curve to Figure
12.51 but is plotted only up to a gas turbine temperature of 1255°K
(1800°F) since the desulfurization reaction requirements limits this.
Even so, at 1255°K (1800°F), the cost of eliuctricity is approximately
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Fig. 12, 52—Effect of condenser pressure on the cost of electricity
from a nominal 600 MWe steam plant with a pressurized boiler-
gasifier system
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Fig. 12.53—Effect of coal type on the cost of electricity from a nominal
600 MWe steam plant with a pressurized boiler gasifier system
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Fig. 12.54—Effect of steam flow rate and throttle conditions

on the cost of electricity from a nominal 600 MWe steam

plant with a pressurized boiler-gasifier system
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Fig. 12.55—Effect of steam flow rate on the cost of electricity from
a nominal 600 MWe steam plant with a pressurized fiuidized bed
boiler
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Fig. 12.56—Effect of steam flow rate on the cost of electricity from

a nominal 600 MWe steam plant with a pressurized fluidized bed
hoi‘er '
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Fig. 12, 57 —Effect of steam flow rate on the cost of electricity from

a nominal 600 MWe steam plant with a pressurized fluidized bed -
boiier
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Fig. 12.58—Effect of gas turbine inlet temperature on the cost of
electricity from a nominal 600 MWe steam plant with a pressurized
fluidized bed boiler
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6.3 mills/MI (22.5 mills/kWh). The cost of electricity for the
atmospheric plant is 6.9 mills/MJ (25 mills/kWh); for the atmospheric
fluidized bed plant it is 6.6 mills/MJ (24 mills/kWh); and for the
pressurized boller-gasifier plant it is 7,5 mills/MJ3 (27 nills/kWh).
The pressurized fluidized bed boiler system has the lowest energy cost

of the three steam systems investigated.

Flgure 12.59 shows the same cost trend with condenser back-

pressure ag was found for the other two systems.

Figure 12.60 again shows the higher cost of electricity
associated with Tllinols No. 6 coal due to the higher dolomite use

required by the high-temperature desulfurization process.

Finally, Figure 12.61 shows the cost of electrical energy

increasing with an increasing steam temperature and pressure.

12,5.4 Effect of Other Changes on the Nost of Electrieity

Standard values of cost factors such as labor rate, con-
tingency, escalation rate, interest during construction, fixed charges,
fuel cost, and capacity Eactor have been used to calculate the above
electrical energy costs. Variations in these cost factors were also
investigated for each of the parametric points. TFor each of the base
cases, the relationship between each of these factors and electrical
energy cost given in Tables 12.18, 12,22, and 12.26, is displayed
graphically‘in'Figures 12.62 through 12.70.

& summary of the economic results for each parameiric point
was caleculated and printed by the computer, These results are shown in
Tables 12,29 through 12.31. The major components summations in

Table 12,29 include material prices from the following subaccounts:

Subaccount
e Steam tﬁrbine—generator and
feed string 11.1, 13,1
e Steam boiler 10.1
¢ Steam piping 11.3
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Fig. 12, 59—Effect of condenser pressure on the cost of eleciricity
from a nominal 600 MWe steam plant with a pressurized fluidized
bed hoiler
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Fig. 12. 60 —Effect of coal type on the cost of electricity from a nominal
600 MWe steam plant with a pressurized fluidized bed boiler
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Fig. 12.61 —Effect of steam flow rate and throtile conditions on the
cost of electricity from a nominal 600 MWe steam plant with a
pressurized fluidized bed boiler '
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Fig. 12. 62—Effect of labor, indirect and fixed costs on the cost
of electricity from a 500 MWe steam plant with an atmospheric
furnace
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Fig. 12 63 —Effect of fuel cost on the cost of electricity from a 500 MWe
steam piant with an atmospheric furnace
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Fig. 12. 64—Effect of capacity factor on the cost of

electricity from a 500 MWe steam plant with an
atmospheric furnace
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Fig. 12.65—Effect of lahor, indirect and fixed costs on the cost
of electricity from a riominal 600 MWe steam plant with a
pressurized hoiler-gasifier system
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* Fig. 12. 66—Effect of fuel cost on the cost of electricity from a nominal
600 MWe steam plant with a pressurized boiler-gasifier system
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Fig. 12. 67 —Effect of capacity factor on the cost of
electricity from a nominal 600 MWe steam plant
with a pressurized boiler-gasifier system
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Fig. 12.68 —Effect of labor, indirect or.fixed costs on the cost
electricity from a nominal 600 MWe steam plant with a pressurized
fluidized bed hoiler
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Fig. 12.69—Lifect of fuei cost on the cost of electricity from a nominal 600
MWe steam plant with a pressurized fluidized bed boiler
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The major component summations in Table 12,30 include the material

prices from the following subaccounts:

Subaccount
e Steam turbine-generator and
feed string 11.5, 11.6, 13.1
e Gas turbine-generator 11,1, 11.2, 11.3, 11.4
e Pressurized boiler 10,1
e Stack-gas cooler 13.2

The major component summations in Table 12,31 are similar to those in
Table 12.30 except that the title "Fluidized Bed Boiler" replaces the

title "Pressurized Boiler."

In addition, the natural rescurces requirements for each
parametric point were calculated and printed by the computer. These
results are shown in Tables 12.32 through 12.34.

12.7 Conclusions and Recommendations

Increasing either throttle or reheat steam temperature in
111°K (200°F) increments from 811 to 1033°K (1000 to 1400°F) results in
an increase in electrical energy cost because the increase due to higher
capital cost substantially exceeds the decrease due to lower fuel costs

(higher cycle efficiency). .

The system resulting in the lowest energy cost is the pres-
surized fluidized bed boiler system with 811°K (1000°F) steam and 1255°K
{1800°F) gas turbine inlet temperature.

It is recommended that the pressurized fluidized bed boiler

system be investigated in greater detail in Task II.

Any future study of this type may well benefit by first
defining the most promising areas for investigrelon by looking at the
energy availability and intermal reversibilities of various cycles.

This wouid allow the major portion of the effort to be concentrated where
it belongs vather than diluting the effort by covering too large a

number of points, An example of such an approach is given in Appendix

A 12.7.6,
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Appendix A 12,1
STEAM TURBINE PRICING AND EQUIPMENT CONFIGURATION

A 12,1,1 Basis for Turbipe Pricing

1t is common practice throughout the electric utility industry
to price equipment from published list prices, Westinghouse has such a
price list for steam turbine-generator units, a copy of which (for fossil

units) is included in this appendix, (Subappendix aA 12,1,1),

Such a price list reflects primarily those units and speci-
fications currently, ov expected to be, accepted within the industry.
This study, however, involved specifications relative to pressures and
temperatures not entirely covered by this price list. S8ince the list is,
in general, designed to reflect our costs, however, it has been possible
by means of estimating costs for the higher-temperature applicatioms to
extend this price list to produce estimated turbine-gemerator prices for

most of the future applications requested.

One convenient operation is to identify the priece structure in
terms of high-pressure components, low-pressure components, and generators.
By identifying pricing modifications in these categories and adding them
together in accordance with required modifications, a new selling price

.

can be obtained,

The turbine selling price is obtained by adding the selling
price of the low-pressure turbine to that of the front end of the turbine.
The front end conéists of an HP turbine, a combined HP-IP turbine or a
separate HP and IP turbine, The front-end incremental list price is
$9/kW, This includes, as mentioned above, the HF, IP or combined HP-IP
turbiné, the digital EH controller, technical direction of installation
(at $0.36 kW + $56,000), and the miscellaneous heat exchangers,
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The generator list price is based on the incremental kVA list
price of $7.50/kVA. To relate this to kilowatts, multiply the VA by 1.2,
which translates into an incremental list price of $9/kW. The generator
price includes the generator frame itself; a brushless exciter; a voltage
regulator; and the hydrogen, seal oil, and exciter air coolers. It also

includes a stator water cooler if the generator is water cooled.

Since there are a large number of frames for front ends, heat
exchangers, and generators when costs are plotted, they appear as a series
of step functions, The steps over the wide range of kW are rather small
and can be approximated by a straight line. The costs are then trans-
lated inte a list price with the algorithm $ = 18 kW + $4,250,000. This
means that for any kW rating, the front—end turbines and the generator are
sold in accordance with the above algorithm for 1list price, The list
price is subject to the current multiplier to obtain the net price, which
includes the necessary charges for overhead and a reasonable profit for

Westinghouse,

The low-pressure turbine list prices are shown on Table
A 12.1.,1. First, there is a base list price for .:ach double-fiow end.
For the two-flow 0.724 m (28.5 in) end, it is $4,600,000, Because
miscellaneous items are added or subtracted, depending on the configuration,
the base list price for a given end is modified for such a configuration,
Table A 12.1.1 also shows the modified list price for a twn-flow machine, and
addition for the second element to comprise a four-flow machine, together
with the total four—-flow list price, Ther it shows the addition for a

six-flow machine together with the total six-flow list price.

The list price then consists of large step changes such as the
low-pressure turbines and small step changes which are translated into a
straight line algorithm, For a given megawatt rating, the purchaser has
the option of selecting a small end at lower cost and higher heat rate,
or a larger end at higher costs, but with lower heat rate .nd can then
make his own evaluation as to which end to select. The front end and
generator would not change, however, since they are strictly functions of

kilowatt rating.
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Table A 12.1,2 below shows how the list prices in Price List
No., 1252 were construcred, The base megawatt ratings selected weré
nominal ratings at fairly light end loadings of the turbine. Tor an
actual negotiation, the given low-pressure back end may be loaded up to
its maximum limit and no additional charges made for the low-pressure
end, Since the steam flow to the front end increases, however, the
front end components are increased in size, and the increased cost must
be reflected in the price. Increases in kilowatt rating start only
from the listed base raving. For example, if a2 double-flow 0.635 m
(25 in) eud machine were rated at 250 MWe, there would be a charge of
$18/kW only for rhe additiomal 50 MW, '

Figure A 12.1.1 shows schematically the base line and additions
for a six—-flow 0.724 = (28,5 in) end machine.

In making any modifications to the printed price lists, the
same framework is kept, with any new or extrapolated items follow.ng the

same pattern for increased costs.

The price additions for pressure and temperature were constructed
in the same way - that is, taking into account the increased cost for
materials or volumetric flow. Subsequently, the net selling prices and

list prices were calculnied on the basis of costs.

Table & 12.1.1 -~ List Price Built-up Low-Pressure Ends x 10"3, 8
LP End 25 in 28.5 in 31 in
Base (standard) 3,500 4,600 5,300
As Modified:
2F 3,050 4,600 5,700
Add for 4F 3,950 4,750 _52550
TOTAL 4F 7,000 9,350 11,250
Add for 6F - 4,900 5,500
TOTAL 6F —= 14,250 16,750
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Table A 12.1,2 - List Price No. 1252 x 1073, s

Base Base Cost Add for )
LP End MW (MW)18+4250 LP ¥nd Total List
2-25 200 7,850 3,050 10,900
2-28.5 275 9,200 4,600 13,800
2-31 325 10,100 5,700 15,800
4-25 425 11,%00 7,000 18,900
4,28.5 550 14,150 9,350 23,500
4-31 650 15,950 11,250 27,200
6-28.5 800 18,650 14,250 32,900
6-31 950 21,350 16,750 38,100

A 12.1.2 Added Tables for Westinghouse Price List 1252

Table A 12,1.,3 -~ Basic List Prices for High Back Pressure Units
Including Technical Direction of Installation and
Freight; 3600-REM, Single Shaft

Basic Unit Turbine
Turbine Rating, Generator Rating, Exhaust, Basic List
ki kVA ' Ends Price x 10733
325,000 390,000 2 - 23 in Hg abhs* 16,200
650,000 780,000 4 - 23 in Hg abs* 27,900

* H denotes LRB designed for high exhaust pressures.

The turbine ratings as listed are the maximum guaranteed kilowatts at

27.090 kPa (8 in Hg) abs exhaust pressure and 3% makeup.

The turbines are suitable for operation at exhaust pressures up to
50.795 %Pa (15 in Hg) abs.
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Exhaust pressure and makeup correction factors to be used in a manner

similar to those shown on page 6 of PL-1252 are as follows:

Table A 12.1.4 -~ Exhaust Pressure and Makeup Correction Factors
Corrections for Corrections for
Exhaust Pressure Makeup
Exhaust Makeup,
Pressure, in Hg abs X A Y
5.0 0.030 3.0 0
6.0 0.020 2.0 ¢.003
7.0 0.010 1.0 0.006
8.0 0 0 0.00%
9.0 -0.010
10.0 -0.020
11.¢ -0.030
12,0 ~0.040
13.0 -0.050
14.0 -0.060
15.0 -0.870

The maximum allowable exhaust flow is 123.48 kg/s (980.000 1b/hr/row)
LRB at 27.09 kPa (8 in Hg) abs exhaust pressure with zero makeup flow

and as otherwise defined im Exhaust Loading Limits of YL-1252,

Table A 12.1.5 Price Additions for Pressure, psig

Initial Pressure Range, fpsig

Turbine Rating ki 4600-5000
500,000 $3,250,000
900,000 $4,000,000

12-175



Table A 12.1.6 - Price Additions for Temperature, °F

Price Additions x 10_3,$ Price Additions x 10-3,$ Price Additions x 10_3,$
Turbine Initial Temp Range First Reheat Temp Range Second Reheat Temp Range
Rating, kW 1101-1200 12011400 1051-1200 1201-1400 1051-1200 1201-1400
500 15,000 45,000 15,000 30,000 35,000 70,000
900 15,000 45,000 20,000 40,000 35,000 70,000
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A 12,1.3 Discussion of Pricing

A 12,1,.3,1 Introduction

The limiting factors inm deslgning and building turbines with
steam temperatures higher than 811°K (1000°F) in large ratings are the
materials required to contain the high temperatures and the availability

of these materials in the large quantitles required.

Another problem which arises when the initial temperatures are
greater than 811°K (1000°F) is that the inlet temperature to the low-

pressure turbines exceeds 661°K (730°F), also a limiting factor.

The problem then is marrowed down to two specific areas. First,
materials must be available to contain the high temperatures in the
quantities required for the high-pressure portion of the turbine; and
second, some method must be used to overcome the 661°K (730°F) inlet

temperature limit to the low-pressure turlines.

Materials are available for the high-pressure portioﬁ of the
turbine designed for 922 and 1033°K (1200 and 1400°F), but in relatively
small quantities, The high-pressure elements would have to be designed
with disk construction for the rotors, since it is anticipated that even

in 1990 large ingots of the sizes required would not be available.

The prices in tha attached summary assume that the terchnology
will exist by 1990 to provide the materials required in the sizes and

quantities required for at least the disks.

The prices in the summary do not include any money required for
the development of various items listed where new technology is required,

or for any capital investment required to produce the materials required.

It was assumed that turbines with a normal 294,3 Ms (30 yr) life

were required.

A 12,1.3.2 Low-Pressure Elements

In those cases where the inlet temperature to the low-pressure

turbines would have exceeded 661°K (730°F) using normal designs —- that
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is, in every case where the last reheat temperature was either 922°K
(1200°F) or greater -- the design philosophy was to take the temperature
drop in an interposed intermediate pressure element so that the steam
entering the low-pressure element would not see temperatures higher than
661°K (730°F). This requires that the low-pressure elements be designed
with larger steam inlets because of the greater volumetric flow, and that
the first few stapes of blades be removed, down to the first extraction
point, In pricing the low-pressure elements, it was assumed that the
costs, and consequently price, do not change, because the omission of the

blades would ocffset the additional cost of the larger steam inlets.

The temperature of a low-pressure element could be extended to
700°K (BOO°F) with a rotor heat soak, but this will not help much because
the rotor would operate at lower temperatures than its transition temp-
erature after start-up. This is another area where, if technology of
metallurgy were improved to the point where materials are available for
low-pressure rotors to take the higher temperatures, the design of the

overall turbine would be simplified by eliminating some of the IP elements,

A 12.1.3.3 High-Pressure Elements

In addition to the problem of designing for temperatures greater
than 811°K (1000°F), a less serious problem is that of pressures. This
study will concern itself only with the 34,47 MPa (5000 psig) initial
pressure, which is not in the current price list., For the 34.47 MPa
(5000 psig) initial pressure, the only additional requirement over 24.13
MPa (3500 psig) design is an increase in wall thickeess, which is directly
proportional to the pressure ratio., For a thin wall cylinder, as an

example, the following algorithm demonstrates the point:

{Internal Pressure, psi)(Radius, in)

Thickness, in = (Allowable Stress Level, psi)

For this study, the pressure addition table has been extended
and included in this report as Table A 12.1.5.

We can now address ourselves to the main problem -- that is, the

high temperatures.
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A 12.1.3.4 High Temperatures

The present technology for initial and reheat temperatures is
based on 811 and 839°K (1000 and 1050°F). See Table A 12.1.7 for a list

of these materials for the major components of a turbine.

For 922°K (1200°F) temperatures, the material problem is a
little more acute, although the technology exists. The rotor forging
availability is limiting. The materials are available only in small
quantities, DISCALOY, the material used in the Eddystone turbine, is alsa
subject to segrepation on solidification of the rotor. Also, there is
danger of stress corrosion of austenitic materials. The original
DISCALOY forging for Eddystone No. 1 was meltad in air. If done today,
it would probably be melted in a vacuum furnace, which would help
alleviate some of the metallurpical problems, This study is based on

using refractaloy for 922°K (1200°F) materials.

The design of turbines for 1033°K (1400°F) temperatures is a
little more difficult. Materials are available, but here again, size
if the limiting factor. While castings do not represent <45 severe a
problem, the rotor forgings are at present on the critical path. The
heat limits production of good forgings., The materials used in this
study for 1033°K (1400°F) is Waspaloy. The present limitation for
Waspaloy ingots is 6350 kg (14,000 1b), or a billet of about 0.762 m
(30 in) diameter by 3 m (118 in) long. It is assumed that by 1990,
ingots of 907 kg (20,000 1b) will be available.

A 12.1,3,5 Configurations

Even with the limitations imposed by the materials, turbines
can probably be designed and built. By isolating the hipgh temperatures
in separate elements, the high temperatures can “e contained at the front
end of the turbine and conventional elements can be used downstream.

The number of elements required would be consistent with the largest

element available based on the material quantities available.

The basis for pricing given in this report is the cost of the

equipment supplied. For purposes of determining coste, configuratioms for
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Table A 12.1.7 -~ Materials

Temperature/Part Type Material Composition
1. 1000/1050°F
a. Rotor F Ferritic Alloy Steel 1-Cr 1-Mo 1/4-V
L. Blades B S5 Type 422 12-Cr
Inner Cyl. C Cr-Mo Steel 2-1/4-Cr 1-Mo
d. Outer Cyl. C Cr-Mo Steel 1-1/4-Cr 1/2-Mo
2. 1200°°F
a. Rotor F Refractaloy 18-Cr 40-Ni 20~Cr Fe
b. Blades B Refractaloy
. Inner Cyl. C Austenitic Alloy Steel Type 316 17-Cr 12-Ni 2-1/2-Mo
d. Outer Cyl. C Ferritic Alloy Steel 2-1/4-Cr 1-Mo
3., 1400°F
a. Rotor F Waspaloy 19-Cr 13-Co 4-Mo 3-Ti 1.3-A1 59.7-Ni
b. Blades B Udimet 500 19-Cr 18-Co 4-~Mo 3-Ti3-Al 53-Ni
.  Inner Cyl. c Austenitic Alloy Steel Type 316
. Outer Cyl. c Austenitic Alloy Steel Type 316
C = Casting
= Forging

Bar Stock




the high-pressure portion of the turbines have been assumed and have been
factored into the costs, All of the 500 MWe units were based on four-flow
low-pressure ends, and the 900 MWe were based on six-flow low-pressure

ends,

For purposes of this study, the high-pressure configurations
will not be delineated into the number and size of cylinders or the type
of cylinders and their pressure and temperature ranges. This is the
practice followed in pricing the normal fossil productlline. The front
end for high-pressure elements could consist of a superpressure element,

a VHP-HP element, an HP element, an IP element, or a combined HP-IP
element, Where multiple cylinders were used in tandem, and the number of
HP elements approached five or six elements, complications arose. For
example, only one thrust bearing is permitted per shaft, and a long string
of turbine elements complicated the situation, To overcome this prublem,
some of the turbines were designed and priced as cross-compound turbines.
This step was taken where the preliminary confipuration indicated that
there were five or more elements in the high-pressure portion of the
turbine. The main difference is that cross-compound units have two half-
size generators instead of one full-size generator. As far as the turbine
is concerned, there is no physical change in weights and dimensioms,

other than having two separate shafts, All of the turbimes would operate
at 60 rps (3600 rpm).

A 12.1.3.6 Costing

Every element utilizing the high temperatures was costed by
using empirical methods., Since the high-temperature material costs
are much greater than 811°K (1000°F) materials, and since the working of
the materials is difficuler, the prices calculated include the labor and
materials for the high-temperature elements; but the overleads were
included only as a fixed dollar value and not as a factor on the entire

elepent.

One reference for costing where existing cylinders were not

applicable was the Philadelphia Electric Company's Eddystone No. 1 turbine.

L2-181
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The Eddystome No. 1 machine is a two-flow, 1.12 m (44 in) cross-
compound machine rated at 325 MWe, It was shipped in July 1938 and
consists of two LP elements, each a single-flow 1,12 m (44 in) end machine
operating ar 1800 rpm, and a superpressure element, a VHP-HP element and
an IP element for the HP portion of the turbine, Initial pressure is
34,474 MPa (5000 psig) and the initial temperature is 922°K (1200°F).

The throttle flow is 252 kg/s (2 x lO6 1b/hr). This unit has a first
reheat temperature of 839°K (1050°F) and a second reheat temperature at
839°K (1050°F). The Eddystone No. 1 turbine used a DISCALOY rotor
weighing approximately 1587.6 kg (3500 1lb). The shell is a ferritic
alloy cast steel, Type 316. The nozzle and inlet steam pipings are
castings of austenitic steel, Type 316. All parts in contact with the
34,474 MPa (5000 psig), 922°K (1200°F) steam are Type 316 alloy steel,

The outer shell of the VHP-HP element is 1 Cr, 1/2 Mo alloy
steel, The inner shell or blade ring for the VHP section is 2-1/4 Cr,
1 Mo, 1-1/4 V alloy steel,

A 12,1.3.7 Price List Tables

the pricing of the turbines and generators for the Advanced
Steam Systems was done within the framework of existing Westinghouse
price lists. After the configurations were'costed, new tables were
developed for the higher temperature (Table A 12.1.4) and pressure
(Table A 12,1.5) as extensions of existing price lists. A new table is
included for the high back-pressure turbines (Tables A 12.1.3 and
A 12,1.40)

0f all the items supplied in the T-G Bill of Material, as
detailed in the price list, the generator, TD of I, miscellaneous heat
exchangers, turbine coatrol system and generator control system are not
affected by the high initial temperature gr the pressure, The existing
price list can be used for these, in addition to any other extra features

and accessories required.
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A 12,1.3.8 Prices

The prices given are the net selling prices, or customer costs,
which were in effect for shipments made in mid-1974. These were based on
the list price times the multiplier of 0.37, which was a typical billing
multiplier for that period., The multiplier for turbines ordered in mid-
1974 for delivery before mid-1977 is 0.71l. Prices on deliveries made
after this date are subject to escalation. This study assumed delivery
of steam turbines ordered in mid-1974 and delivered during the two-year
fixed price period. To correct to prices for units ordered in mid-1974,

the prices given must be multiplied by 1.2456.

A 12,1.4 Summary of Pricing for 500 MW and 900 MW Turbine-Generators

The following tabulations are summaries of prices for the items
requested. For the 500 MW T-G, there are 28 propositions listed. 1In
addition, to those requested, the Steam Turbine Division added two other
propositions: Item 5-L and 7-I., All of the propositions are based on a
6.773 kPa (2 in Hg) abs back pressure. However, Items 1, 9, 16, 17 and
20 were also priced with 11,852 kPa (3.5 in Hg) abs back pressure and
30,477 kPa (9 in Hg) abs back pressure. Item 1, the 68.947 MPa (10,000
psig) initial pressure turbine is listed in the tabulation but was not

priced,

In seven of the cases, the prices could be prepared from

existing price lists without modifications.

For the 900 MWe turbine, the same item numbers were kept, based
on initial concitions of the steam to the turbine. These are Items 2-5,
8-11, 16,and 17.' Four of these items could be priced directly from our
existing price lists, All of these propositions were prepared with
6.773 and 11.852 kPa (2 and 3.5 in Hg) abs back pressure,

The typical p-ice list calculation is shown below. For the 300
MWe plant, a 600 MVA generator was selected with 2 0.90 power factor (pf;
and 0.58 short circuit rating (SCR). For the 900 MWe plant, a 1080 MVA

generator was selected.
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For the 500 Mwe plant, a TC4F 0.635 m (25 in) turbine was
used for the 11.852 kPa (3.5 in Hg) abs back pressure; a TC4F 0.724 m
(28.5 in) turbine was used for the 6.773 kPa (2 in Hg) abs back pressure
and a TC4F 0,584 m (23 in) turbine was used for the 30.477 kPa (9 in Hg)
abs back pressure. The high back-pressure price list is one of the

additions to the regular printed price lists.

For the 900 MWe plant, a TC6F 0.724 m (28,5 in) turbine was used
for the 11,852 kPa (3.5 in Hg) abs back pressure and a TC6F 0.787 m (31 in)

turbine was used for the 6,773 kPa (2 in Hg) abs back pressure. There were

no propositions for the 30.477 kPa (9 in Hg) abs back pressure.

All of the prices include a generator neutral enclosure.
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Table A 12,1,8 - Typical Price Calculation, 500 MW - Item 3

Guaranteed Rating — 500,059 kW @ 2 in Hg abs and 0% makeup
Cuirection for Back Pressure and Makeup - 1.000-0.015-0.009 = 0.976
Pricing Rating - 500,059 x 0.976 = 488,050 kW

Use 488,000 kW for study
Base Price kW - 500,000 MW
Generator Rating - 600,000 kVA
Base Generator kVA - 660,000 LVA

Exkbaust End - TC4F - 28.5 Pricing x 1073, ¢

I. Base Price - TC4F - 28.5 23,500
II. kW Adder at $9,00/kW (488,000-500,000) 9.00 (-) 558
I1I. kVA Adder at 7.30/kvA (600,000-660,000; 7.50 (-) 450
1V. Pressure Adder, 5000 psig 3,250
V. Temperature Adders Initial Temp. 1200°F 15,000
lst Reheat Temp. 1200°F 15,000
2nd Reheat Temp. 1200°F 35,000
VI. Cross—Compounding 2,500
VII. Accessories
. Gen. Neutral Enclosure 36
Total List Price 93,278
Total Net Price (0.57 mult,) 53,168
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:‘} Table A 12,.1.9 - Pricing Sumﬁ:ary
' : 500 MWe
Initial . ~3 I
Press, Initial lst 2nd 3rd 1974 Net Selling Prices x 10 ~, §%*
Item Psig - T,°F Rht,°F Rht,°F 'Rht‘,"F 2 in Hg abs 3.5 in Hg abs 9 in Hg abs Remarks
1 10000 - 1000 1000 1000 1000
2 5000 ~ 1000 1000 1000 15,635 .
3 5000 1200 1200 1200 53,168 : Cross-compound |
4 5000 1400 1400 1400 98,768 » Cross—~compound
5 5000 1000 1200 1200 44,618 Cross—compound
51 5000 1000 1200 1400 64,568 . Cross—compound 1
6 5000 1000 1000 1400 - 56,018 . - Cross-compound L—
3500 1000 ~ 1000 1000 13,811 . '
71 3500 11000 1000 1000 —
— 3500 1000 1200 1200 42,774 : o Cross—compound
kg 9 3500 1000 1000 _ 12,849 11,545 14,385 B
3 10 3500 . 1200 1200 _ 29,949 :
1L 3500 1400 1400 ' ' 55,599
12 3500 . 1000 1200 . 21,399 .
13 3500 1000 1400 - 29,949 ' L s
14 3500 1200 1400 | ' 38,499 )
15 3500 1400 ; 41,349 - .
16 2400 . 1000 1000 - oo R 12,901 11,608 14,453
17 2400 1200 1200 o ﬁ' 30,001 28,708 31,553 -
18 2400 1400 L ﬁ 41,401 o
19 2400 1000 1200 : 21,451 | .
20 2400 1200 1400 - - . 38,551 37,258 - 40,103
% For units shipped in 1974,




Table ﬁ. 12,1, ~- Pricing Summary -
S 900 Mye -
Initial . 3
- - Press, . = Inikial 1st 2nd 1974 Wet Selling Prices x 10 ~, 8%
Item Psig - . T,°F.. Bht,°F . Rht,°F - 2 in Hg abs 3.5 in Hg abs Remarks _

2 5000 - . 1000 1000 1000 24,593 23,247 _
5000 - 1200 1200 1200 64,562 63,152 " Cross-compound
5000 . 1400 1400 1400 113,012 111,602 ' Cross—compound
3500 1000 1000 1000 22,313 20,967 | | |
3500 - 1000 1200 1200 53,732 52,322 Cross-compound s
3500 . 1000 1000 , 21,128 19,775 S ' B .
10 300 - 1200 1200 41,078 39,725 | s N
11 003500 . . 1400 1400 - 69,578 68,225 o o '
16 2400 - - 1000 1000 . o 21,767 20,462 B
. (2400 . 1200 12000 - . 41,717 40,392 oo ' B B §

B 0e Iy s

| ABTEL -
g

% Tor units shipped dn 1974,
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‘Subappendix A4 12.1.1
'PRICE LIST 1252
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Price List 1252 Page .01

Steém Turbine Generator Uniis

Condensing Non-Reheat and Reheat
Doubie Flow 2b5~in~h Last Row Blades

and Larger
index Pages Attached is revised Westinghouse
Subjact Price List 1252, covering large
Conditions of Sale « « « « « + « « & 1-6 turbine generators. Please destroy
General Information . . . .. . .. 7 previous Price List 1252 dated
Steam Turbines . . . . . . . . . . . 8-9 July 1, 1974. _ S S
Standard Features and Accessories. 10-13 f
Ac Generators. « « « + ¢« ¢ . - . 14-15 The foliowing is a tabulation of §
Standard Features and Accessorics. 16-18 current pages and their dates: ' ;
Excitation Systems . . - . . . . . 19 _ :
Standard Features and Accessories. 19-20 Price Pages Date
Price List :
Basic List Prices . . « . . . e . 21 . i
Special Turbine Equipment . . . . 22-24 1252 1,2 October 30, 1974
Special Generator Equipment . . . 25 1252 3,4 October 30, 1974
Special Excitation Equipment . . . 26 1252 5,6 October 30, 1974
Weatherproofing . - . . .« . . . . 27 1252 7.8 October 30, 1974
Special Accessories, turbine , . . 29 1252 9,10 October 30, 1974
Special Accessories, Generators. . 3 1252 11,12 October 30, 1974
1252 13,14 Ociober 30, 1974
1252 15,16 October 30, 1974
1252 17,18 October 30, 1974
1252 19,20 October 30, 1974 _
1252 21,22 Octobeyr 30, 1974 ;
1252 23,24 October 30, 1974 ;
1252 25,26 October 30, 1974 5
1252 27,28 October 30, 1974 T
1252 29,30 OQctober 30, 1974 ;
1252 31,32 October 30, 1974 ;
{
Nest1nghouse Electric Corporation ' October-30, 1974 o 5
Steam Turbine Division Supersedes Price List 1252, , |
Philadeiphia, Pennsylvania 19113 Page .01 dated July 1, 1974 : §

Printed in U.S.A, E.C/1683/PL

12-189




Westinghouse

Conditions of Sale

@Selling Policy (Price Adjustmant)
Tha price of the equipment is subject to ad-
justment upward or downward for changes
in labor and materials costs and changes in
the GNP Deflator. This adjustment will
apply to each pa, -~ Which is dus in
August 1976 and latar, and will be deter-
mined in accordance with the following
method;

A. Definitions

For the purpose of this price adjustment
provision only, the following definitions
apply:

Labor Index will be the final Average
Hourly Earnings in the Steam Engine and
Turhine Industry (SIC-3511) published by
the Bureau of Labor Statistics, U.S. Depart-
ment of Labor, for "Empioyment and Eamn-
ings." _

Material index will ba the final fron and
Stee! index (Code 101} published by the
Burear of Labor Statistics, U.S5. Depariment
of Labor, in "Wholesele Prices and Price
Indices,”

GNP Deoflator will be the Gross National
Product Implicit Price Deflator published
by the U.5. Department of Commercs in the
Survey of Current Business for tha third
quarter of 1976 or the calendar quarter
which contains the Reference Month,

Base Labor Index and Base WMaterial
Index

Each Base Index will be determined by av-
graging that index for the months of June,
July and August, 1976.

Base GNP Deflator is that for the third
quarter, 1976,

Reference Manth will be the month in
which the payment to be adjusted is due,

B. Lebor Adjustment Component

For the purpase of adjustment, the propor-
tion of sach payment representing Labor is
astablished as 50 percent.

The above amount reprasenting Labor will
bo adjusted for changes in labar costs.
The Base Labor Index will be compared
with the '‘abor Index far the Retarance
Month ang a percentage increase or de-
crease will be determined. The adjustment
for changes in Labor will be calculated by
multiplying such percentage of increase or
decrease by the amount of the payment rep-
resenting Labor, as indicated above, and the
rasult will be the increase or decrease in
the payment.

(D Changed since provieus issue.

Prices offactive Octobar 30, 1974; subjoct to
change withcut notice.

C. Metarjals Adjustment Component
For the purpose of adjustment, the propor-
tion of each payment representing Material
I5 established as 40 percent.

The above amount representing Material
will be adjusted for changes in material
costs. The Base Material Index will be com-
pared with the Material index for the Re-
farence Month and a percentage increase
or decrease will be determined. The adjust-
ment for changes in Material will be cal-
cufated by multiplying such percentage of
increase or decrease by the amount of the
payment representing Matarial, as indicated
above, and the result will be the increase
ot decrease in the payment.

D. Profit and Overhead Ad}justment
Componant

For the purpose of adjustment, the propor-
tion of each payment representing Profit
and Overhead is established as 10 percent.
The above amount ;epresenting Profit and
Overhead will be adjusted for the rate of In-

flation or defiation. The Base GNP Deflator’

will be comparad with the GNP Deflator for
the Calendar quarter which contains the
Reference Month and a percentage increase
or decrease witl he determined. The adjust-
ment for changes in Profit and Overhead
will be calculated by multiplying such per-
centage of increase or decrease by the

amount of the Payment representing Profit |

and Overhead, as indicated above, and the
result will be the increase or decrease in the
payment,

E. General

A provisional adjustment will be made to
the Labor, Material, and Profit and Over-
head content of each payment at the time
of billing. This adjustment will be calculated
as in paragraphs B, C and D using the West-
inghouse estimate of the Labor Index and
Material Index for the Reference Month
and GNP Deflatar for the ¢ lendar quarter
which contsins tho Refarence Month. Re-
visions toc this provisional adjustment, if
necessary, will by made at the time the final
indices are published. f a published final
index is revised within one month of initial
publication, the revised final index will be
used for purposes of price adiustment. No
other adjustment wili be recognized for
changes in Labor, Material or GNP Deflator.

The Base Labor index will he determined
to the nearest second decimal place. The
Base Material index will be determined to
the noarest first decimal place. The Base
GNP Deflator wil! be determined to the
nearest second decimal place. Labor, Mat-
erial, and Prafit and Overhead percentage
increase or decrease will be calculated to

Prico List 1262 Page 1

Steam Turbine Gonerator
Units

Condensing Reheat Double Flow 25-Inch
Last Row Blades and Larger

the nearest one-tenth of one percent. In
any case, if the next succeeding place is
five or more, the preceding decimal place
will be raised to the next higher figure.

Changes in the base year(s) reporting basis,
minor changes in the weighting and minor
changes in benchmarks will not be con-
strued as substantial modification to the
indicas. Price adjustments will be calculatad
such that Base indices are consistent with
current indices reported by the U.S. Govern-
ment.

Should the specified indices be digcontin-
ued, or should the basis of their calculation
be substantially modified, proper indices
will be substituted by mutual agreement of
Purchaser and Westinghouse.

Payments due and payable after the month
of shipment shall be adjusted through the
month of shipmeant,

In the event of a change in contract price,
the ravised contract price shall be consider-
ed as having been in effect from the date of
the original commitment for the purpose
of grice adjustment. The resulting increase
or decrease in contract price will be reflect-
ed in payments due and payable beginning
one month after agreement on the change
in ptice. The first such payment on the basis
of the revised contract price shall include
a lump sum payment to zccount for the
ditference between payments already made
by the Purchaser, and tha payments (in-
cluding price adjustment), which would
have been due and payeble had the re-
vised contract ptice been in effect from the
date of the original commitment.

Except as provided below, this Selling Pot-
icy is applicable to sach turbine-generator
scheduled for shipment in July, 1881 or
sarlier. For each turbine-generator schedul-
ed for shipment in August, 1981 or later
the price of such turbine-generator shall be
determined by the Westinghouse Selling
Policy which fitst becomes zffective for
such shipment.

This Selling Palicy is also applicable to esch
turbine-generator on 2 multiple unit order
for duplicate units provided the scheduled
shipment date{s) is July, 1984 or ecarlier
and provided further that at ieast ona {1)
turbine-genetator is scheduled for ship-
ment in July, 1981 or earlior. For eacy
wvbine-generatar on such order schaduled
for shipment in August. 1584 or later the
price of such turbine-generator shalf be
determined by the Westinghouse Seiliny
Palicy which first becomes effective far
such shipment.

Qeotobar 30, 1974
Supersodes Price List 1262, dated JSuly 1, 1874
E, C/1683/PL




Price List 1262 Page 2

Steam Turbine Generator
Units

Condensing Rehest Double Flow 26-Inch
Last Row Blades and Larger

Conditions of Sale, Continued
For the purpose of Selling Policy the ship-
ment date is defined as the dete the last of
the following parts is transferred to the
carrier: bearing pedestals, outer and inner
turbine cylinders and generator stator,

@Quotations

Quotations will expire sixty days after the
date of quotation. Should Westinghouse
announce a price increase prior to the ex-
piration of the 60 day quotation validity pe-
riod, then the quotation will expire in ac-
cordance with the provisions of such an-
nouncement.

@Taxes

The price doas not include any Faderal,
state or local proparty, license, privilege,
sales, use, excise, gross receipls or other
like taxes which may now or hereafter be
applicable to, measured by or imposed upon
or with respect to the transaction, the prop-
erty, its sale, its value or it§ use, or any
services petformed in connection therewith.
Purcheser agrees to pay ar reimburse any
such taxes which Westinghouse or West-
inghouse’s subgontractors or suppliers are
raguired to pay,

®OTerms of Payment

Payment shall be made in U.S, dollars by
the Purchaser to Westinghouse in accord-
ance with the fellowing standard terms
of payment:

a. 1% of the contract price, as adjusted by
the Seiling Policy, in each of the first
six calendar months after the date of
Written Release

b. 2% of the contract price, as adjusted by
the Selling Policy, in each of the 24th
through the 13th calendar months prior
to the month of scheduled shipment.

¢. 3.5% of the contract price, as adjusted by
the Selling Palicy, in sach of the 12th
through the 7th calendar months prior
to the month of scheduled shipment,

d. 6% of the contract price, as adjusted by
the Selling Policy, in each of the 6th
through the 1st calendar months prior
te the month of scheduled shipment.

e. 6% of the contract price, as adjustad by
the Selling Policy, together with sli un-
paid adjustments in the month of sched-
uled shipment,

f. 5% of the contract price, as adjusted by
the Selling Policy, 60 days after the
shipmant date.

{® Changed or added since previous issue.

Westinghouse Electric Corporation

g. 2% of the contract price, as adjusted by
the Selling Policy, together with all re-
maining unpaid adjustments one year
after the shipment date.

Each of the payments detailed in “a"
through “‘e” above shall be due and pay-
able on the 15th day of the month in which
they are dus.

In the event that Purchaser and Westing-
house agree to a date of Written Release
less than 30 months prior to scheduled
shipment, the Purchaser shall make uni-
form percentage payments from the month
of Written Release through the 13th month
prior to scheduled shipment 50 that a cum-
ulative total of 30% of the contract price, as
adjusted by the Selling Policy, is paid by the
13th month before scheduled shipment.

Unless otherwise agreed, no payment shail
be deemed to constitute an acceptance of
the equipment or a release of any respon-
sibility on the part of Westinghouse.

For the putpose of Terms of Payment the
shipment date is defined as the date the
last of the following parts is transferred to
tha carrier: bearing pedestals, outer and
inner turbine cylinders and generator stator.

If the Purchaser requests minor changes in
terms of payment less favorable to West-
inghouse than the standard terms of pay-
ment above, and where the preposed minor
changes are acceptable to Westinghouse,
a time-price differential will be charged as
outlined below.

1. Westinghouse will require payment of a
time-price differential (equal "o 15 percent
per annum) compounded annually on the
difference between the contracted terms of
payment and the standard terms of payment
otitlined in "a"” through "g” above.

2. The time-price differential shall be es-
tablished prior to the date of Written Re-
lease and shall be added to the contract
price. The price adjustment provisions of the
Selling Policy shall not be affected by such
change in terms of payment,

There will be no reduction in price for terms
of payment which are mote favorable to
Westinghouse thap the standard terms of
payment.

®Payments

If, in the judgement of Westinghouse, at
any time during the manufacturing period,
or at the time the equipment is ready for
shipment, reasonable grounds for insecurity
arise with respect to the ability of Purchaser
to make payment as required, Westinghouse
may in writing demand adequate assurance
of payment and until Westinghouse re-

Steam Turbine ' ivision, Philadelphia, Pa. 19113

Printed in USA
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ceives such assurance it may suspend man-
ufacturs or shipmant. :

if Purchaser and Woestinghouse agree fo
change the shipping date to a date earlier
than originally scheduled, Purchaser shall
make 2 payment on the 15th day of the
month following the date of changs, which
payment shall inciude the dilference be-
tween the payments already made by the
Purchaser and the payments, including
price adjustment, which would have been
due by the 15th day of month following
confirmation by Westinghouse of the earlier
shipping date had the Purchaser selected
the earlier shipping date at the time of the
Written Release. All subsequent payments
shall be based on the revised {earlier} ship-
ping date.

®Suspension or Extansion

At any time prior to twelve months from the
previously scheduled shipping date Pur-
chaser may by written notice to Westing-
house request a later shipping date. If West-
inghouse agraes (o the revised shipping
data Purchaser shall pay to Westinghouse,
within fiftean days of notice to Purchaser
of the revised shipping date, the diffarence
between the value of the work performed
{based upon the contract price, as adjusted
by the Selling Policy, and percentage com-
pletion) and the sum of the payments made
prior to the date of revision. Upon estab-
lishment of a revised shipping date the
contract price shall be increased to reflect
the costs resulting from the extension. With
the establishment of a revised shipping date
and centract price a new payment schedule
will be determined assuming that the re-
vised shipping date and contract price had
been in effect from the date of Written Re-
lease. Purchaser will resume payments
when the cumulative payments {inciuding
price adjustments) which are due and pay-
able based on the revised shipping date
and contract price are equal to or greater
than the payments already made. The re-
vised shipping date will be based on ap-
propriate considerations including, but not
limited to, Westinghouse's commiiments
10 other customers, engineering work load,
and the availability of labor, materials and
manufacturing space,

At any time prior to twelve months fram
the previously scheduled shipping date
Purchaser may by written nolice to West-
inghouse request suspension of manufac.
ture of all or part of the equipmant, H West-
inghouse agrees to the suspension, Pur.
chaser shall pay to Westinghouse, within
fifteen days of notice to Purchaser of ac-
ceptance of 'he suspension, the difference




Westinghotse

Conditions of Sale, Continued

between the value of the work performed
{bused upon the gontract price, as adjusted
by the Selling Pollcy, and percentage com-
pletion) and the sum of the payments mada
prior to the date of acceptance of the sus-
pension, When suspansion is accepted by
Westinghouss further payments under the
Terms of Payment will be discontinuad un-
1il the Purchaser requests Westinghouse to
resume work. Prior to resumption of work
the contract price shall be increased to re-
flact the costs resufting from thé suspen-
sion. With the establishment of a revised
shipping date and cantract price a new pay-
ment schedule will be determined assuming
that the raevised shipping date and con-
tract price had been in effect from the date
of Written Release. Purchaser will resume
payments when the cumulative payments
{including price adjustments) which are
due and payable based on the revised
shipping date and contract price are equal
to or greater than the payments already
made. The payment which is due on the
16th day of the month following resump-
tion of wark will, if necessary, be increased
to make the total amount paid and due by
said 15th day equal to the total payments
{including adjustments in accordance with
the Selling Policy) required by the new
payment schedule. When Purchaser directs
Westinghouse to resume woark the revised
shipping date will be established based
on appropriate considerations including,
but not limited to, Westinghouse's com-
mitments to other customers, engineering
work joad and the availability of labor,
materials and manufacturing space,

If as a result of extension or suspension the
revised shipping date is later than the date
which qualifies the unit covered by the
contract for the Selling Policy contained
in the contract, then the price shall be deter-
mined by the Selling Policy which first be-
comes affective for such shipment.

Within 12 months of the scheduled ship-
ping date, extension of the shipping date
or suspension of manufacture is not per-
mitted and payments will contirue an the
basis of the previously establishe shipping
date. Westinghouse will continus man-
ufacture of the equipment and when com-
pleted will ship the equipment to the Pur-
chaser or to a suitable storage location
selected by Purchaser. Purchaser shall reim-
burse Westinghouse for any additional ex-
penses incurred by Westinghouse including
but not limited to preparation for placement
into storage, inspection, shipment to the

@ Changed since provious issue,

Pricas affective October 30, 1974; subjoct to
change withour notice,

Purchaser's storage site and any necessary
rehabilitation prior to installation,

@OWritton Release

Unless otherwise agread upon by Purchaser
and Wastinghouse, the Purchaser shall by
written notice to Westinghouse release each
Turbine Generator for enginesring and man-
ufacture not later than 30 months prior to
its schaduled shipping date.

OTitle

For the purpose of title passags, legal and
equitable title to each component or item
of equipment shali pass upon transfer of
component or item to the carrier at the
point of shipment,

ORisk of Loss

Risk of loss or damage for each component
or item of the equipment shall pass to Pur-
chaser upon arrival of each component or
itom of the equipment on board the com-
mon carrier (8) at the railsiding nearest the
Purchaset's plant site for equipment ship-
ped by rail and (b) at the Purchaser's
plant site for equipment shipped by truck.

OTransportation

Shipment will be made i.0.b. point of ship-
ment, freight (not exceeding regular charges
of the normally selected common carrier)
prepaid and included in the price (including
trucking at the option of Westinghouss) to:
(1) rail siding nearest to the installation site
or; (2} if the installation site is outside the
United States or is in Alaska or Hawaii, to
the rail siding nearest to the point of com-
mencement of overseas shipment. Any
charges resulting from the use of a method
or routing required by the Purchaser and not
normally selected by Westinghouse and any
charges for - cial services {such as, but
not necesst ¢ limited to special trucking,
special trains, barging. lighterage, or con-
struction or repair of transportation facili-
ties) will be paid or reimbursed by the
Purchaser.

®Dolay

Shipping dates are based on prompt ra-
ceipt of all necessary information and
approvais from the Purchaser. Wasting-
house shall not be liable for failure 1o per-
form or for delay in performance due to
fire, flood, strike or other labar difficulty,
act of any governmental authority or of
the Purchaser, riot, embargo, car shortage,
wrecks ar delay in transportation, in-
ability beyond its control to obtain neces-
sary materizls, or manufacturing facilities
from usual sources, or due to any other
causes beyond the reasonable contrel of
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Westinghouse, its suppliers and subcon-
wactors, of any tier.

In the event of delay in performance due
to any such cause, the date of delivery or
time for completion will be postponed by
such length of time as may be reasonably
necessary to compensate for the delay.

in the event of any delay dus to causes
beyond the control of Westinghouse, its
suppliers and subcontractors, of any tier,
such as those contained in the above para-
graph, or to any causes within the reason-
able control of Westinghouse, its suppliers
and subcontractors, of any tier, all payments
made ‘thereafter shall be paid and adjusted
in accordance with the new shipping date.

OWarranties

A. Equipment

Wastinghouse warrants that the equipment
to be provided will conform te all specifica-
tions {including those relating to parform-
anca) which are part of the contract, will be
free of defects in workmanship or material,
and will be designad and fit for the purpose
of generating electric powet.

If any tailure to conform to the foregoing
warranties appears before twelve months
after the date of initial synch. .nization (pro-
vided synchronization is not unroasonably
delayed by the Purchaser or others} and
Purchaser gives Westinghouse prompt writ-
ten notice of such non-conformity and
makes the apparatus available for correction,
then Westinghouse shall correct such non-
conformity by suitable repair or replacement
at the option of Westinghouse and at its ex-
pense. The cost of field labor directly asso-
ciated with such repair or raplacement of the
equipment provided under the contract shall
be borne by Westinghouse. This obligation
for field labor is himited to the equipment
provided under the cortract and does not
include the cost of removing or replacing
parts, equipment and/or structures not fur-
nished under the contract.

B. Technical Direction of installation
Westinghouse warrants that the Technical
Direction of Installation teo be provided here-
under for installation of the equipment wi!l
be competent and non-nagligent.

If any aortion of the equipment furnished
under the contract is damaged as a direct
result of incompetent or negligent Techr cal
Direction of Installstion hefore twelve
months after the date of initial synchroniza-
tion (provided synchranization is not un-
reasonably delayed by the Purchaser or
others) and Purchaser gives Westinghouse
prompt written natice of su 'y damage be-
fore twelive (12) manths after the date of
initiat synchronization and makes the equip-

Qctobor 30, 1974
Supersedes Prico List 1262, dotod July 1, 1974
E, C/1683/PL
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Conditions of Sale, Continued
ment available for comection, then Westing-
house shall repair or replace at its option
and expense any portion of the equipment
furnished wnder the contract that has been
so damaged. The cost of field labor directly
associated with such repair or replacement
of the equipment furnished under the con-
tract shall be borne by Westinghouse. This
obligation for field fabor is limited to the
equipment supplied under the contract and
does not include the cost of remaoving or
 placing parts, equipment andfor struc-
ures not furnished under tha contract.

In no svant shall Westinghouse be respon-
siole for any damage caused, in whale or in
part by (&) Purchaser, its employees, con-
tractors, or their employees, agents, or sub-
contractors, (b} failure to observe Westing-
house's field representatives’ instructions,
(c) failure or malfunctioning of any tools,
equipment, facilities, or devices not pro-
vided by Westinghouse, or {d) the failure of
equipment, the installation of which was
not observed ar approved by the Westing-
house field representative.

C. Cnnditions

The following conditions apply to both the
Equipment and Technical Direction of in-
stallation Warranties:

1. Westinghouse will not be respansible for
any failures 1o conform to the warranties
detaited herein that are caused by faiture
of the Purchaser or his agents to store,
install, operate, inspect or maintain the
equipment in accordance with the re-
commendations of Westinghouse, (in-
cluding the appticable quality assurance
requirrments for installation), and with
recorsnized industry practice,

2. H prior to the expiration of the above
stated warranty period, the equipment is
not avaiiable for operation due to a failure
to meet the warranties, such time of
unavailability shail not be counted as
part of the warranty period. Provided,
however, that Westinghouse shall not be
responsible far any faifure to conform to
these warranties which appears more
than eighteen months after the date of
initial synchronization,

w

The warranty on repaired or replaced
parts will be on the same terms and con-
ditions as set forth above and will extend
from the date of such repair or replace-
ment.

@ Changed since previaus issue,

Westinghouse Elsectric Corporation

4. The foregolng warranties are ox-
clusive and in [ieu of all other war-
ranties of quality whether statutory,
express, or implied {including any
warranty of merchantability or fit-
ness for purpose). Correction of non-
conformities in the mapner and for the
pariod of tima provided ahove shall con-
stitute Westinghouse's sole liability, and
the Purchasar's exciustve remady for
failure of Westinghouse to meet its war-
ranty obligations whether claims of the
Purchaser are based in contract, in tort,
or otherwise.

®Limitation of Liability

Neither Westinghouse nor its suppliers or
subcontractors, of any tier, shall be liable in
contract, in tort (including negligence), or
otherwise, for damage or {oss of other prop-
erty or aguipment. loss of profits or revenue,
foss of use of power system, expenses in-
volving costs of capital, cost of purchased
ot replacement power (including additional
expenses incurred in using existing power
facilities). claims of customers of Purchaser
for service interruptions, or any special, in-
direct, incidental, or comsequential dam-
ages.

The remadies of the Purchaser setforth here-
in are exclusive, and the total liability of
Westinghouse with respect to any contract,
or anything done in connection therewith
such as the performance or breach thereof,
or from the manufacture, sale, delivery, in-
stallation or technical direction of installa-
tion, repair or use of any equipment covered
by or furnished under the contract whether
in contract, in tort {including negligence},
or otherwise, shall not, except as provided
under the Warranty and Patents clauses,
exceed the amount of the billing price of the
unit out of which the liability arises; provided
however that the scle liability of Westing-
house for claims invelving defactive or
damaged equipment furnished under the
contract, will ba the correction of such defect
or damage but in no event, except as pra-
vided under the Warranty clause, shall the
correction exceed the amount of the billing
price of the unit aut of which the fiahility
arises. All liability of Westinghouse shall, in
any event, terminate four years after initial
synchronization ot the equipment.

Patents

Subject to the following provisions, West-
inghouse shall at its own expense, defend
or 8t its option settle any claim, suit or pro-
ceeding brought against the Purchaser,
and/or its vendees, mediate and immediate,
so far as based on an allegation that any
goods, material, equipment, device or article
(hereinafter referred to as product) or any

Steam Turbine Division, Philadelphia, Pa, 19113
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part theraof furnished hereunder constitutes
a direct or a contributory infringement of any
claim of any patent of the United States. This
abligation shall be effective only if Purchaser
shali have made all payments then due here-
under and if Westinghouse is notified
promptly in writing and given authority,
information and assistance for the defense
of said claim, suit or proceeding. Westing-
house shall pay all damsges and costs
awarded in such suit or proceedings so de-
fended. In case the product or any part
ihereof furnished hereunder becomes the
subject of any claim, suit or proceeding for
infringement of any Uni#ed States patent, or
in the event of an ad).:fication that such
product or part infringes any United States
patent, or if the use or sale of such product
or part Is enjoined, Westinghouse shail, at
its option and its own expeanse, either:

(a) procure for the Purchaser the right ta
continue using said product or part
thereof; or

(b} replace it with a non-infringing product;
or

{e) modify it o it becomes non-infringing.

The faregoing indemnity does not apply to
the following:

1, Patented pracesses performad by the
praduct, or another product produced
thereby.

2. Products supplied according to a design
other than that of Westinghouse and
which is required by the Purchaser.

3. Combinations of the product with another
praoduct not furnished hereunder unless
Westinghouse is a contributory infringer.

4. Any settlements ot a suit or proceedifig
made without Westinghouse's written
consent,

The foregoing states the entire lability of
Westinghouse with respect of patent in-
fringement by said product or any part
thereof.

If a suit er proceeding is brought against
Westinghouse salely on account of activities
enumoerated in paragraphs 1, 2 and 3 above,
Purchaser agrees to indemnify Westinghouse
in the manner and to the extent Westing-
house indemnified Purchaser in the pre-
ceding paragraph insofar as the terms thereof
are appropriate.

®Termination . : )
Any contract ‘may be terminated by the
Purchaser only on written notice and upon
payment of reasoneble and proper termina-
tion charges. Payments received by West-




Westinghouse

@

Conditions of Sale, Continued
inghouse prior to the date of termination
will be credited 1o the amount due as ter-
mination charges.

Any such termination occuring prior to
the date of Written Release will be without
charge provided the planned generation
expansion which would utilize the equip-
ment covered by the contract, be abandoned
or cancelled.

@Acceptance Tests

If tests are made after erection o deman-
strate the ability of the unit to operate under
the contract conditions and fulfiil the war-
ranties set forth herein, the conditions of
test and methods employed will be mutuaily
agresd upon within the framewark of the
ASME power test code.

Westinghouse will be notified and will have
the right of representation at the acceptance
tests, To insure the equipment being in
proper adjustment and in condition to under-
go tests, Westinghouse may require prelim-
inary 1ests made under Westinghouse's gen-
eral direction.

®Price Itemization

When prices are quoted for a turbine genara-
tor unit along with other power plant ar
systern equipmant, the price and terms of
payment for the turbine ganerator including
accessories will be listed separataly.

@Changes

The Purchaser may request changes in the
unit type, rating or steam conditions or in
the accessory items being purchased here-
under. Westinghouse reserves the right to
zceept or reject any such change but shall
exert avery raasonable effort to comply with
the requests of the Purchaser. The prices and
conditions of sale for such changas and ac-
cessories will be established on the same
basis as the turbine generator contract, Pro-
vided however that should such a request
be made after release by Purchaser for engi-
neering, Westinghouse reserves the right to
require an additional increase in the contract
price to reflect the sxpenses of re-enginger-
ing and manufacturing re-work, and to ad-
just other appropriate provisions of the
contraat.

The prices for the equipment supplied. under
the contract are based upon the Westing-
hduse design criteria and manufacturing
processes in effect as of the date of the bid.
Should the Purchaser require changes in the
Westinghouse design criteria and/or manu-
facturing processes to meet requirements
established by the Purchaser or by any fed-
eral, state or local governmental agency, the

(@ Changed since previous issue.

Pricas affective Octebar 30, 1574 subjest to
change without notice.

price, shipment and other conditions of sale
will be adjusted accordingly.

®Compliance with Laws

The Contract price-is based on designing
and manufacturing the equipment supplied
under the contract in accordance with West-
Inghouse design criteria, manufacturing
processes and quality assurance programs in
atfact on the date of the bid, and in compli-
ance with all applicable Federal laws, rales
and regulations thereof in effect on the date
of the bid. Unless otherwise stated in the
contract, the contract price is based on
compliance with those provisions of State
and local faws, rules and regulations thereof
which were, prior to the date of the bid,
identified in writing by the Purchaser as
applicable to the equipment or services to be
furnished under the cantract.

in the eveat that; {a) Federal laws, rules and
regulations enacted and/or effectuated after
the date of the bid, (b) revisions to and re-
vised interpretations of Faderal laws in effect
as of the date of the bid, {c) State and local
laws, rules and regulations (untess otherwise
nated in this article); require changes in the
equipment or quality assurance programs,
then the price will be equitably adjusted to
reflect the added expense incurrad by Wast-
inghouse as a result of such change(s) and
other appropriate provisions of the contract,
including but not flinited to the shipping date,
will be equitably adiusted. Furthermore
where the requirements of '(a), (b) or {c)
above require changes in the equipment or
quality assurance pregram(s) and these in
turn necessitate changes in the Westing-
house design criteria and/or mmanufacturing
processes, then, the price will be equitably
adjusted to reflect the added expense in-
curred by Westinghouse as a result of such
change(s) and ather appropriate provisions
of the contract, including but not fimited to
the shipping date, will be equitably adjusted.

Purchaser will provide Westinghouse with
writteri advice as to those State and local
taws, rules and regulations which are appli-
cable to the equipment or services to be
furnished under the contract. In the event
that State and local laws, rules and ragufa-
tions thereto necessitate changes in the
equipment which Westinghouse can not
reasonably incorporate in its design, then
the Purchaser has the option to ¢ither trrmi-
nate the contract in-accordance witn the
Termination provisions or to direct Wasting-
house ta complete the equipment without
change with Purchaser assuming responsi-
bility for obtaining all necessary waivers,

As used in this article the term State andg local
means the State and locality in which the
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equipment is to b2 installed and the State
whose law governs the contract,

Inspection by Purchaser

The Purchaser shatl have reasonable access
to the areas of the Wastinghouse plant where
his work is being manufactured and tested
for purposes of observing and witnessing
such operations. Waestinghouse will advise
the Purchaser of the scheduled date(s) to
perform the test{s)} which Purchaser has
specifically indicated a desire 1o witness;
however, no rescheduling of tests nor delays
in manufacturing or shipment will be made
to accommodate such inspection.

Westinghouse will exercise avery reasonable
effort to secure similar rights with res, 2ct to
the inspection by Purchaser of work at sup-
plier's and subcontractor's premises.

®Technical Direction of Installation

1 Westinghouse shall, as specified below,
furnish the services of one or more field
engineers as deemed necessary by West-
inghouse, 1o give technical direction to
the Purchaser regarding methods and
procedures for the installation of the
equipment covered by the contract; to
direct the Purchasaer's representatives in
making such operating tests as are speci-
fied in the contract; and to ipstruct the
Purchaser’s operating personpe! in the
recommanded procedures for starting,
operating, and shuting down the equip-
ment. As used herein, ‘Technical Dirac-
tion of Instaflation” is defined as follows:

Technical Direction of Instaliation is
the engineering and technical guid-
ance, and counse! based upon current
engineering, manufacturing, instalta-
tion and operating standards for the
Waestinghouse equipment. Technical
Direclion exciudes any supervision,
matagement, ragulation, arbitration
and/or measuremant of Purchaser's
persoanel, agents or contractors and
wark related thareto, and it does not
include responsibitity for planniny,
schaduling, ‘monitating, or manags
ment of the work.

Westinghouse will provide full time tech-

nical direction for the period defined

below to direct the following activities:

« Transverse snchor hlocks and sole-
plate setting:

b Unloading and tran ‘arring the major
components from rail -« i, tucks or
vesso! to the foundation,

. ¢- Instaliation and assembly of the equip-
ment on foundation; ~

d Starting the equipment and placing it
in'good operating condition.

October 30, 1972 o
Supersedes Prico List 1252, dated July 1,1974
E,CMB83/PL - TR T
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Conditions of Sale, Continued
The Field Engineer shall also perform the
following services:

a Confer with Purchaser’s installation
personnal tegarding equipment, plans,
objectives and procedures;

b Inspect the major parts as to assembly,
clearances, alignment and cleanliness;

¢ Coordinate shipment of parts from the
factory to minimize delays in transit;

d Observe work practices and proce-
dures of Purchaser's installation per-
sannel to assure that factory-recom-
mended quality assurance installation
procedures are not violated;

e Provide estimates of time vequirements
for accomplishment of work;

f See that the necessary prints and in-
structions are provided to accamplish
planned instzliation.

Westinghi use shall furnish speciai erect-
ing tools and instruments it deems neces-

sary.

The Purchaser shall furnish alt labor,
superintendence, materials, and equip-
ment and shall do everything not spe-
cifically set forth above, necessary for
the installation of the squipment, The
Ptérchases shall, without hmltatmn, pro-
vide:

a Adeguate unloading and storage facili-
ties;

b Foundations with foundation bolts,
grouting forms, grouting and labor for
pouring same, conduits, cables, and
cable supports;

Reinforcement of floors, overhead pro-
tection from the elements and other-
wise, and such modifications in Pur-
chaser's buildings or premises as are
necessary for the proper erecting of
the equipment;

d Electric power and eqmpmant to dry
out the equipment;

o Interconnecting wiring and installation
labor;

Painting and all externa! steam, oil,
and water piping not fumished as an
integral pant of the equipment;

g Operating force, steam, ail, instru-
ments, and supplies for starting and
prelirninary rurs;

All necessary labor for installation, in-

cluding inspection and superintend-
anca.

Purchaser shall notify Westinghouse

when tl_'la first major alignment part of

the equirment has arrived at the carrier’s

delivery point. The Purchaser shall con-
@ Changed singe previgus issue,

»
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suit the Field Engineer betore scheduling
any installation work and shall afford the
Fiald Engineer reasonable opportunity to
perform the serviees specified herein
during his regular working hours.

3 a The period of Technicai Dkection of
Installation at the site shali commence
on the date agteed upon by the parties
for setting foundatian hardwara and,
excapt for the times during which no
installation wars on the eguipment is
scheduled or porformed by the Pur-
chaser, shall continue until the date
upon which Wesiinghouse gives the
Purchaser notice that the technical
direction, inspection and instruction
is complete.

b The price quoted includes technical
direction servicas on straight time,
during the first 8 hours of each shift,
6 days per wesk, Monday through
Friday.

In the event the Purchaser interrupts,
extends, gr accelerates the work, so as
to require technical direction service at
times other than provided in (b} above,
Westinghouse reserves the right to
render additional hilling as follows:

1) If the work schedule goes to aver-
time for the purpose of accelerating
the work, the overtime billing due
Westinghouse will be the premium
portion of Westinghouse's pub-
lished rates in effect at the time the
work is performed.

2} If tha work schedule is interrupted,
or extended, or if other services of
the field representative ara required
not spacifically provided for hersin
such as, but not fimited to, using
special equipment when handling
the turbine generator during transit,
starage, of installation, or when the
service is required during delays
caused by the Purchaser or others,
or when the service is required dur-
ing periods when wark on the
equipment is being performed by a
tabor force of less than adequate
size and composition, services will
be billed at Westinghouse's current
rates in effect at time the work is
performed.

a

4 Westinghouse shall indamnify and save
harmless the Purchaser for, but only for,
(a) all actions, suits, tiability, and claims
for non-nuclear damage to property(ies)
of third parties located at Purchaser’s
power plant site which oceur during, and
rasult directly and solely from the negli-
gence of the employees of Westinghouse
in, the performance of Technical Direction
of Installation on the premises of the

Steam Turbine Division, Philadeiphia, Pa, 19113
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Purchaser; and {b) all actions, suits, lia-
bility, and claims for non-nuclear injury
to persons, including death, which occur
during, and result directly and solely from
the negligenca of the employees of West-
inghouse in, the performance of Technical
Ditection of installation on the premisas
of the Purchaser.

Goneral

These standard conditions of sale are issued
for the information of prospective Purchasers
and are not intended as an offer, All offers or
‘quotations on behaif of Westinghouse for
the sale of the aqu:pment dascribed herein
will be prepared by its Steam Turbine Divi-
sion, Lester, Pennsylvania. No amendments,
modifications, or attemptad waivers of the
provisions set forth hergin shall be binding
on either party unless set forth in writing
and signed by authorizad representatives of
both parties.

When requested by Purchaser, Wasting-
house may supply Digital Electro-Hydraulic
control documents and tapes which contain
proprietary information. A program protec-
tion agreement must be executed before
available program listings can be submitted
to the Purchaser,

The equipment covered in this price list is
not designed primarily for use in nuclear
power plants. in the event the equipment is
to be used with steam from a nuclear source,
it is necessary that such intent be declared
at the time of the inquiry. In such event the
clauses antitled Warranty, Technical Direc-
tion of Installation, and Insurance — Nuclear
Indemnity from Price List 1262 will be in-
corporatéd in the contract,

If the equipment is used in, with, at, or near
to a nuclear installation without notification
to Waestinghouse and its written censent
thareto, Westinghouse disclaims all respon-
sibility of every kind, including negligence,
and, in addition, the Purchaser shall indem-
nify and hold harmless Westinghouse, its
suppliers and subcantractors, of any tier,
from any liability or damage whatsoever
arising out of the equipment.

®Westinghouse centifies that the equipment
10 be provided and services 1o be performed
under the controct will be provided in ac-
cordance with the provisions of the Fair
Labor Standards Act.of 1938, as amended.

Any asstghment or transferral of the contract
ar any rights herein shall be marde only with
the written consent of Westinghouse,

Should any of the foregoing conditions of
sale be held invalid, such condition shall be
considered severable and such invalidity
shall not affect the remainder of the condi-
tions herain.
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Westinghouse

Genaral Information

Negotiation Pata

Delay esn be avoided and bettes service
given if complete information is sent in with
tha original inquiry. Therefore, requests for
quotations should give full information for
each of the following polnts:

1 Turhine rating, kw — (see page 6).
2 Steam conditions:

a [nitial steam pressire, psig.

b Initial steam temperature, F.

¢ Reheat steam temperatute, F.

d Exhaust pressure, inches of Hg abs,
normal and maximum.

a Mumber of extraction openings re-
quirad.

{ Quantity and type of steam to bo ex-
tracted for purposes other than feed-
water heating.

g Final feedwater temparature,

Type designation: TC2F, TC4F, CC4F,
atc,

Exhaust blade length, inches.

Speed, rpm.

Generator rating, kva.

Power factor. .

Ganerator phase, frequency.
Shart-circuit ratio.

Excitation speed aof response ratio.
Type of hoiler feed pump drive and
pumyp efficloncy data,

1% List all optional accessories and special
regjuiremants desired by Purchaser, such
as haater out of service, overpressure, ete.

- O oo~ /]

Era—y

Eraction Service

Pricas far arection services are not listed
in this price list. Such services wiil not be
quoted with the unit, but will be quoted
when unit size and configuration have been
finalized and when major drawings have
heen issued by Westinghouse and approved
by Purchaser.

Refer such inquiries to Power Generatian
Service Division, Marketing Depariment,

No changes since pravious issup.

Prices ¢ffoctive Qctober 30, 1574: sublect to
change without notices,

Basis of Prices

The tabulated prices include a complote
turbine ganerator unit consisting of a steam
turbine, an electric generator, an excitation
system, and standard features and acces-
sories as listed herein, including technical
direction of installation.

Seismic Considerations

Meither the standatd nor the special acces-
sories include seismic restraints for turbine
generator apparatus. Such restraints, where
required, are to be supplied by the Purchaser
and suitable attachment provisions will be
made where feasible and necessary.
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Steam Turbines

Turbina Rating

Turbine ratings listed in this publication are
the maximum guarantsed turbing kilowatts
at 3.6" Hg absolute exhaust pressure with
3% makeup.

Price of unit will be based on the maximum
guaranteed output of the unit at 3.5* Hyg
absolute, 3% makeup with the highest
initial steam canditions for which the me-
chine is guaranteed. Accessalies will be
priced at this maximum guaranieed output,
Thrattle Flow

Each unit, in order to provide for manufau-
turing tolerances, will be desianed with 5%
flow margin above the flow required to maet
the maximum guaranteed outpet.
Overpressure

Each unit will be safe for continuous oper-
ation ai 105% of the rated pressurs with the
governing valves wide open when operated
in accordance with the parameters shown
on the maximum calculated 5% aoverpres-
sure heat balance. Should & unit be desired
that is safe for continuous opetation at a
pressure highar than 105% of rated pres-
sure, the unit will have a guerenteed output
at a prassure 5% lower than the specified
wfessure and a 5% flow margin will be de-
signed into the unit above that flow neces-
sary to meet this guaranteed output.
Extractions

Openings are provided in each turbine for
steam extraction required for the usual feed
heating cycle, for up to 6% of the throttie-
flow at maximum guaranteed output for
uncontrolled extraction such as air  heat-
ing when specified, and to heat 2% .iakeup.
Should a unit be required to provide addi-
tional extraction flow, for purposes such as
uncontrolled extraction ahove 6%, boiler
feed pump turbine drives, and to heat more
than 3% makeup, the extraction must be
considarad in the dasign, and a price addi-
tion will be required.

@Feedwater Heater Extractions

Should the Purchaser desira te removae one
or more feedwater heaters from service to
obtain additional capability beyond the
guaranteed capabiiity obtained with all
heaters in sarvice, this incraase in capability
at 3,5" Hg absolute and 3% makeup will be
guaranteed and priced at the incremental
price in dollars/kw set farth sisewhere in
this publication.

For emergency operation, heatars may be
removed from service, Such emergancy
operation with heatars out of service will be
governed by the following rutes provided
the Exhaust Loading Limits are not exceeded:
1 If the turbine output is adjusted such that

(@ Changod since pravious tssue,
@ Fer high back pressure unls, see Pago 19,

Westinghause Electric Carporation

it does not exceed the maoximum guar-
anteed output: (a) one or mora non-
adjacent hesters may be removed from
service or (h) adjacent heaters may be
removed if all higher pressura heaters also
are removed from service.

‘2 Should the Purchaser desire to remove

adjacant lower pressure heaters from ser-
vice while higher pressure heater(s) re-
main in service, the load must be reduced
by adjusting throttle flow such that there
is at least a 10% reduction from maximum
guaranteed load for each successive adja-
cent heater removed from service. For
example, if two lower pressure adjacent
heaters are removed while a higher pres-
sure heater remains in service, the load
must be reduced 10%. If three adjacent
heaters are removed, the load must be
reduced 20%, ete. The maximum load re-
duction nacessary is 50% for any combi-
nation of heaters out of service.

\f the Purchaser desites to maintain the
maximum guaranteed load with two or
more adjacent lowar heaters out of serv-
ice whila a higher pressure heater remains
in service, a price addition wilt be made
for the kilowatt load in excess of those
outlined above,
QOperation with heaters out of service with
unusual arrangaments or multiple strings
of heatars must be analyzed to detarmine
the necessary load reductions to assure that
the loading of the unit parts will not exceed
that under normal operation with all ex-
tractions in full normal operation.

For unusudt cycles or heater arrangements,
refer to Steam Tutbine Division, Markating
Department.

Uncontroiled Extractions

Uncontrolled extraction steam may be re-
quired by the Purchaser. This extraction
steam flow may be separated into two types
as follows:

1 Seasonally variable flow such as that re-
quired to preheat the air to a temperature
warm enough to prevent air preheater
corrosion or preheat the air to a summer
ambient. This flow shall be assumed to
be shut off in the determination of maxi-
mum turbine exhaust flow, as defined in
exhaust loading limits.

2 Continuous flow such as ihat required to
increase the combustion air from the am-
hient temperature te a higher required
inlet temperature. This extraction flaw,
since it is continuous, will not pass
through the last row of blades under nor-
mal operating conditions, This flow is
not assumed to be shut off in the deter-
mination of maximum turhine exhaust
flow.

Steam Turbine Division, Philladephia, Pa. 19113
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The turbine may be operated for emer-
gency perlods with the continuous €x-
traction steam flow shut off providing
that the contro! valves are adjusted so
that the turbina does not exceed either
the maximum guaranteed output or the
maximum exhaust loading limits.

The total of all uncontrolied extraction
flows, including seasonal and variable,
shall not exceed 12% of the throttle flow
at maximum guaranteed output.
The turbine may be operated for emer-
gency periods with the continuous steam
flow reduced provided the contro! valves
are adjustad such thst the load on the
turbine is reduced in kilowatts by an
amount equal to the per cent reduction in
the continuous steam times the difference
between the maximum calculated &%
overprassure capahility and the maximum
" guaranteed output. The turbine must also
not axceed the maximum exhaust lpad-
ing limits,
Makeup and Exhaust Pressure@
Should a machine be specified with a maxi-
mum guarantsed output st exhaust and
makeup conditions other than 3.5" Hg
ahsolute and 3% makeup, the rating will be
currected to a 3.5" Hyg exhaust, 3% makeup
basis for pricing by use of the following
formula: )
Specified maximurs guaranteed output
times {1 — A - B)=pricing 1ating at 3.5"
Hg absojute — 3% makeup, whare A anu
B ara correction factors for exhaust pras-
sura and makeup from the following table:

Corrections for Exhaust Pressuri

Exhaust Pressure (In, Hg Abs.)

4.5 -0.020
4.0 -0.010
3.6 0

3.0 0.065
28 0.010
2.0 0016
15 0.020
1.0 and 0.5 y 0025
Corregtions for Makeup

Makeup { ) 1 B

3.0

20 06,003
1.0 0.006
o 0.603

The turbines are suitable for operation at
back pressures up to 5.5" Hg absolute. For
units to operate at high back pressures, Pur-
chaser must either purchase auxiliaries suit-
able for use with higher coaling water tem-
peraturas, if svaitable, or find another source
of cooling water other than rondensate, The
standard coolers are desiggng S far 85 F cool-
ing water and the standard gland condens-
ars are designed for 126 F cooling watar.
See the pricing tables D and E for available
oversize coolers and gland condensers,
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Steam Turbines, Continued
Automatic Extraction Machines
An automatic extraction turbine as opposed
1o a8 non-automatic unit, witl inciude all of
the features and accessoties included with
a nan-autematic unit as well as:
Automatic extraction equipment to con-
trol the pressure of the extracted steam by
varying the flow of steam to the lower
pressure turbine stages.
Necessaty inter-connections between the
turbine governing system and the ex-
traction control equipment.
Automatic non-return valves with tnp
actuated by the turbine ovarspeed device,
for each automatic extraction opening.
For details and prices, refer to Steam Turbine
Division Marketing Department.

Allowable Steam Pressure and
Temperature Variations

The turbine rating, capability, steam flow,
spead regulation and pressure control are
based on operation at rated steam condi-
tions. The turbine generator unit is capable
of operation under the fallowing variations
in steam pressure and temperature. These
allowable variations & . 1tended 1o provide
for operating exiger ‘.. and it is expected
that such abnormal operation will be kept to
a minimum, especially the occurrence of
simultaneous variations in pressures and
temperatures,

Inlet Prassure

The pressure at the turbina throttle valve
inlat connection shall be controlled to main-
tain an average operating prassure of not
more than 106% of rated pressure. In main-
taining this average over a 12-month operat-
ing period, the pressure shall not exceed
105% of rated pressure by more than 1%
for periods of time no longer than reasonably
raquired for contrel, During abnermal con-
ditions, the peak of pressure swings at the
infet shall nat exceed rated pressure by
more than 30%. The aggregate duration of
all such momentary swings ahove 105% of
rated prassure shall not exceed a total of 12
hours per 12-month operating period.

Such momentary swings are conditional
upon the control valves being adjusted
such that the turbine flow does not exceed
the steam flow obteined by operating at
105% rated pressure with control valves
wide open.

Reheat Prassure

The pressure at the exhaust connection of
the high pressura turbine shall not be greater
than 25% above the highest pressure existing
when the high pressure section of the turbine
is passing the maximum caiculated flow with

@ Deletion since previous issue.

Prices offective October 30, 1874; subject to
change without natice.

105% rated pressure and normal operating
conditions. Suitable relief valves must be
provided by the Purchaser.

Injet Temperature

The steam temperature at the turbine throttle
valve inlat connection shall average not more
than rated temperature over any 12-month
operating period. In maintaining this average
the temperature shall not exceed rated
temperature by mare than 15 F.

During abnormal operating conditions the
temperature at the turbine throtile valve inlet
connection shall not exceed rated termper-
ature by more than 25 F for operating periods
not more than 400 hours per 12-month
operating period, nor rated temperature by
mo'e than 50 F fer swings of 15 minutes
duration or less aggregating not more than
80 hours per 12-month operating period.

In maintaining the temperatures specified in
the preceding paragraphs the steam delivered
through any turbine main inlet valve must be
within 25 F of the sieam delivered simwlta-
neously thiough any other main inlet valve.
During abnormat conditions this ditference
may be as high as 75 F for periods of 15
minutes maximum duration providing such
occurrences are ot least four hours apart.

Reheat Temperature

The steam temperature at the turbine reheat
admission shall average nct mure than rated
reheat temperature over any 12-month oper-
ating periad. In maintaining this average the
reheat temperature shall not exceed rated
rehaat temperature by more than 15 F,

During abnormal conditions reheat temper-
ature shall not exceed rated reheat temper-
ature by maore than 25 F for operating
periods totalling not more than 400 hours
per 12-month operating period, nor rated
reheat temperature by more than 50 F for
swings of 15 minutes duration or less, aggre-
gating not more than 80 hours per 12-month
operating period,

In maintaining the above reheat temperature
averages the steam delivered through any
hot reheat intet zenes in the turbine must be
within 25 F of the steam delivered simul-
taneously through any other hot reheat zone,
During abnorma! conditions this difference
can be as high as 75 F for periods of 15
minutes maximum duration providing the
uoourrences are at least tour hours apart,

OFactory Tests Performed on Turbines
The following tests normally will be made by
Westinghouse at the factory prior to ship-
ment:

Governocr component tests
Valve and steam chest servomechanism tests

12-198
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Turning gear assembly aperation
Mechanical balance of rotor

Tests to insure thermal stability of rotor
Rotar overspeed

The individus! turbine sections will be as-
sambled as required by Westinghouse to
establish and verify the operating clearances.

Exhaust Loading Limits
Loading of last row blades will be permitted
up to the exhausc flows tabufated below.

The flows shown are to be obtained at 3%"
Hg abs, 0% make-up and at the operating
conditions which impose ths most severe
condition at the exhaust These condtions
include valves wide open, maximum premis-
sible initial pressure for safe continuous
operation, heaters out of service when ap-
plicable an+ seasonal variations «n air pre-
heating requirements etc. Continuous nor-
mal air preheating steam will not be con-
sidered in determining the maximuem per-
missible exhaust flow since when this ex-
raction is shut ¢ff, throtiie flow musat be
reduced such that the load does not exceed
the maximum guaranteed load.

Last Stage Rpm Exhaust Flow
Blade Length ¥ /Ht/Last Row
Inches

25 3600 616,000
28.5 3600 805,000
31 3600 952,000
40 1800 1,585,000
44 1800 1,857,000
52 1800 2.586,000

Octobor 30,1974
Supersedes Price List 1252, datad Jduly 1, 1874
E, C/1683/PL
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i Steam Turbines, Continued

i Standard Features and Accessaries

1 Cantro! and protective valva systems, in-
cluding the fallowing:

A Separate ~ounted steam chests with
: stop-throttle valves and governing
control valves, each including:

] 1) Servo-actuator,

2) Nine (9) switch contacts for each
: stop-throttle valve.

4 3) Removable temporary fine mesh
; and permanent heavy masli strain-
ers for each stop-throttle valve.

B Flexibla inlet piping between the
steam chasts and turbine casing.

: Heheat stop valves and interceptor

; valves, each including:

! 1; Actuator.

2} Nine (9) switch contacts.

3) Removable temporary fine mesh
and permanent heavy mesh strain-
ars for interceptor valves only.

B Piping from interceptor vaives to the
intermediate pressure turbine (when

; required}.

E High-speed synchronizing equip-
ment for cross-compound units. In-
cludes stop and controt valves, valve
hangers {excluding supporting steel),
steam piping, oil piping, diiferential
speed indicator and crossover tem-
perature alarm.

2 Elsctrohydraulic control
cluding:@
A High pressu; 3 {1,800 psig nominal)
bydraulic fluid system cansisting of:
1) Fluid reservoir with separate fluid
charging unit {fluid not included).
2) Fluid supply systamn mounted on
the reservair and consisting of:
a) Two a-c motar-driven posi-
tive displacement pumps.
{Motors are totslly anclosed.}
b) One ‘suction and four dis-
charge filters.
¢) Two pressure switches for
sensing drop across discharge
filters,
d} Two unloading valves,
e} Relief valve.
f) Two check valyes.
a) Drain system pressure switch,
h) Two coolers.
) Two polishing
filters, .
j) Bypass check valve,
Delction since previous issue. :
@ Tho digital £ H coitrol systemis doscribed, An
analog systers can Le furnished for ao price addi-
tton in tigu o1 the digital system. For other control

systems, refer w the Large Turbing Division, Mar-
«oting Depantment. .

system, in-

—

returnt  fine
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k) Fuller's earth fluid condition-
ing unit.

1} Lave! gauge.

Dial thermormeter.

n) Two “pump running” pres-
sure gauges.

o) Header pressure gauge

p} Heeder pressure transmitter,

4} Magnetic plug assembly.

1) Hydraulic fluid thermocouple.

Hydraulic accumulators, gas
charged, (Gas not included.)

4} Suitable interlocks and alarms as

follows:

a) Automatic start of second
pump on fow fluid pressure.

b) Low ligh-level switch for
alarm.

e) bLow Iaw-level” switch for
alarm and trip.

3

—

5) Terminal box for:
a)} Pressura switches.
b) Terminal block for electrical
connections.
e} Phone jack.
8) All inmterconnecting piping be-

tween the H.P. fluid supply sys- -

tem and the actuators. Stainfess

steel tubing and manifolds will be -

used where applicable.
7) Emergency trip valve,
8) Emergency trip solenaid valve.
9) Two auxiliary governor solengid
valves.

10) Fluid transfer pump.

B Solid state digital controller, includ-

ing:
1) Throttle valve controller consist-
ing of:
a) Automatic wide range speed
contral to enable the nperator

to preset the desired speed -

and rate oY speed increase.

b) Manual costrol from opera-
tar's panci,

¢) Tracking device far transfer
from opsiator automatic to
manual contro! together with
the necessary switches.

.d} -Bumpless transfer from aper-

ator automatic to manual, or °

manual to operator automatic,

e) Serva amplifiers for throttle
valves,

2) Governor valve controller con-

sisting of:

a) Automatie load and speed
contral. .

b) Manual contrel from opera:
tor's panel.
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¢} Tracking devices to permit
manual contral to- vack-up
operator automatic ontral,

d) Bumpléss teansfer from oper-
ator automatic to manual,
manual to operator astomatic,
impulse pressure “out” mnode
to “in" mode and impulse
pressure “'in" mode to *‘out”
mede.

e) Servo amplifiers for- govern-

ing valves,

Valve position iimit control from
operatat’s panel,

Ovarspeed protection controller
to close valves in response to a
mismatch between unit output
versus turbine internal pressure
and turbine overspoed. (Inciudes
provision to tast.)

Throttle pressure regulator con-
tro! gongisting of:

a) Pressure transducer.

h) Pressure controller.

¢) Adjustable pressure set point,

Speed ci_mtrol cuhsisting of:

a). Speed transducer (two mag-
netic plckups plus one spare
an one pulse wheel).

b) Main speed computing chan-
nel. -~ -

c) Auxiliary spaed computing
channel. :

d) Reference channel with set
paint and rate controk,

NOTE: Digital .speed tolerence system
can.bo used far speed motching contrn
of tutbine-generator upittoline frequency.

Load contro!
a) Impulse chamber pressure
. transducer, .

b} Pressure control channel.

c) Referunce channal for on-line
load control with adjustable
set point and rate control,

d) Megawatt. feedback for slow

. trim of load control.

Transfer contrul to change throttie
valve {ull admission- operation to
guvernar valve pattial arc ad-
mission operation.

‘Vaiva managemant (when appli-

cable) for operator initiated auto-
matic change of governing con-
trot valve sequencing while under
load,

Interface provistons for Purchas-
er's automatic load dispatch, load
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Steam Turbines, Contmued
Stantard-Eaatures angd Accessoties,
c::ntlnuad :

holler control. {IApots consisting
of ralse-lower contacts, and ana-
log outputs consisting of fre-
quency bias and load reference.)

Automatic acceleration programy
capable of directing the accelera-
tion of the unit from turning gsear
to synchronous speed, - while
monitoring HP turbine rotorstress,
steam, oil and metal temperatures,
steam pressures, unit vibration,
thermal expansion and generator
temperaturas and hydrogen praes-
sures. included are necessary
sensors, computer hardware and
software.

Automatic loading program, ca-
pable of directing the increase
and dacrease in load of the unit
betwean minimum load and the
load corresponding to valves
wide opan, while monitaring HP
turbine rotor stress, steam, oil and
matal temperatures, steam pres-
suras, wnit vibration, thermal ex-
pansion and generator tempera-
tures and hydrogen pressures.
Also included is the ability to pro-
vide a continuous indication of
the load incresse or decrease
capability of the-unit, Included are
necessaryLensors, computer hard-
ware and softwara.

13) Logout program to indicate the
value of up to 19 variables at a
frequency of up to every 60 sec-
onds on the typewriter. Sansors
and inputfoutput equipment in-
cluded only. if provided by West-
inghouse under items 2811 and
12 above.

Indication of the optimum range

of control valve pasitions during
ssquantial valve operation,

1

-

12

-~

14

—

15) Alarms and selected operator in- '

-structions  printed out on the
typewtiter,

16) "“At load” and” Load changing”
contacts for Purchaser's use when
requirad.

- C Paper tape teader.

D Operators panel (three sections),
consisting of!

1) Control panel (upper)
a) [ndicating meters for shaft

No change since pravious issue,

Pricas effoctive Octobor 30, 1874; subject to
change without notice. -

frequency cnntral ‘or coordinated .

speed and electried joad,

b) Throttle valver additive posi-
tion meter.

¢)- Governtr valvas additive po-
sition meter.-

d) Indicsting lights for:

1 Turbine trip,

2 Runback operation.

3 Controllar speed channel
monitar.

4 Qverspeed p:Jtection con-
troller speed channel mon-
itor.

5 Megawatttransducer mon-

itor.
Qverspeed prolection con-
trolier prassure transducar
monitor.
7 QOverspeed proteci‘on con-
troller monitor,
8 Impulse pressure trans-
ducer monitor,
9 -Emergoncy power supply.
10 Transfer relay, .24 volts,
monitor.
11 Controller off.
12 Throttle . pressure. trans-
ducar monitor:
13 Throttle pressura limiting,

[+]

2) Contral panel (lowsr)

a) MNumeric in-line display of
spead, governar valve posi-
tian, or load demand settings.

b) Numeric in-line display of
speed, governor valve posi-
tion, or load references,

c) Back-lightad pushbuttons for:
1 Operator automatic.

2 Turbine manual,
32 HRaise, lower and fast man-
ual throttle valve contral.
4 Raise, lower end fast man-
ual governor valve control.
impulse pressure out of
service.

Imputlse pressure in service.

Transfer from full to pastiat

arc admission,

Single valve operation,

{when applicable)

Sequential valve operation.

{when applicable)

10 Speed or load reference

- setler buttons witi '‘go”
and "hold".

11 Acceleration, rpm/min,

12 Load rate, mw/min,

13 Speed gontrol reset.

14 Controller reset,

18 Throttle pressure regulator
out of service.

16 Throttle pressure regulator
in sarvice.

m =~ -,

o
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-7 Megawatt feedback Inap

. out of sarvice, -

18 Megawatt iaedhack loop'

in servics,

19 Governor valve: position
fimit disptay, fimit raise
and lower,

20 Data entry keyboard, in-
cluding the following
pushbutions:

a Enter

b Cancel

¢ Turkine program display
d integers O through 8

# Dacimal point

f Minus sign

21 Valve tasting/status push-
buttans, including:
a Valve test
b Valve status
¢ Throttlg valve
.d Governagr valve
e Open
f Close. .

d) Indicating light for: -
1 "Invalid raquest”

e) Maintenance test key: switch

with two poistions:
1 Off
2 Test -

") O.P.C. tast key switch with

3y

thres positions:

1 O.P.C.test

2 1n service

3 Overspesd test permissive
g) Phone jack

Valve test panel
a) Back-lighted pushbuttuns for:
1 Latch
2 Test left mterceptur and
teheat stop valves.

3 Test right interceptor and .

réheat stop valves.

b} Indicating lights for:

1 Throttle-valves. open and
closed.

2 Governor valves open and
-closed.

3 Rceheat stop valves open

~ and closed,

4 Interceptar valves open
and ¢losed. .

E Automatic synchronizer to ba moupt-
ed by Purchaser. Wiring to the syn-

chronizer and the DEH cabinet to be

provided by the Purchaser. Controi
system interface with the automatic
synchronizer is ingluded:

F {BM 736 Selectric typewriter.

Octobor 30, 1974
Supersodas Price List 1252, doted July 1. 1874
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Steam Turbines, Continued
‘Standard Features and Accessories,
Continusd

Nota: A-c.motors. will bo 460 or 575
volis, 3 phase D-c motoss will he 120 or
240 volts {10% voltage vatigtion),

switch to'. prevent . nperatmn wnlhnut
bearing lubrication, el

All mators will bo open, drig-proof can- 8 Prateative devices, canststlng cf ‘the
G Super Bee 16 inch black and white §}.:,“b°i:,'g€w’mmmB'""“'"““""mmc following:
CRT suitable far mounting and wiring A Turbi h dia-
I oc Twi . il coalars with ) rthine ax| aust casmg mlief ia
b;j ‘;hg .Pur]fhasar in his p?nels. lfn- _ BD"' fzuglBE\'.!TJ'BG,OSDJOB;ppm-r?cl:gI phragms.
:hu:i '15 ! SECDI'IIPUIIBT ‘E;Q tuz{are or tubes for 86 F cacling water at a B Exhaust casing alarm thermncouple
npiratsgr%ya;acr‘t?:ln vol systam dta on maximum working. prassure of 128 operating via metal temperature re-
* b » psig®, and with interconnecting oli carder, {One perexhaustconnection).
H It:}agms::lrlzaﬁrng :gbLe:er::t‘\:anpg:?;; piping aT‘dﬂmanualiihree-wa\[v val:e. c Oil—loperalled pilotfd“mp valve for
h ' Pressure switches with test valves far spositive closing of the Purchaser’s
where distance between controllar automatic starting of the bearing oil extraction steam nonreturn valves.
and pane! does not exceed 60 fest, pump and emergency beaﬂng ol ‘. -
| Power supplias for digital controller. pump. 9 ‘;Egﬁ;;‘?‘: ﬁz’é’:;‘{;rs‘gf)\’;gs;::?‘:;w (fﬂt’
. 1 e unit,
J Autostop and emergency trip system Complete interconnacting oil piping - includings
with continuous protection while to and from gll bearings, oil raservoir
performing on-fine testing, and oil coolers. (Fipe hangers not A Recording type;.
1) Maechanical hydraulic overspead included.) .1} Turbins rotor eccemrmny
trip with 43" oil trip test gauge, Plate-type oil demister, moumed by .2} Rotor vibration.
for manual overspeed trip test. Westinghouse. 3) - Turbine rotor position.:
2) Remote ‘test.of mechanical over- 4 Gland seallng system, consisting of the 4) Tutbine casing expansion.
speed trip. following: 5) Turhine casing and rotor differen-
3) Electrical avarspeed trip device. A Steam sealed glands tial expansion,
4) Turbine protective devices, with . L 9 g 6) Speed and governor valve posi-
remote tast including: B Pneumatically operated gland stsam tion. (items (1) throtigh (6) have
a) Low bearing oi! prassure trip regulators {and spillover regulator outputs compatible for use with
with 4% trip test gauge. when required). computers.)
i i g Motor-operated shutoff and bypass 7) Steam and metal temparatures for
b) Low vacuum trip with 4%
trip test gauge. valvas, for high pressurse tegulator. turbine operation..
¢) Thrust bearing wear and ro- Manual shutoff and motor-operated B Vibration phase angle meter and
tor movement trip. by-pass valves for the spillover regu- selector switch, Includes shaft mount-
d) Low E-H fluid pressura trip. tator, when required by deslgn, ed reference detector and required
6) Electrical sofenaid trip. Motor-operated shutoff valve only circuitry.
N for cold reheat regulator. C Eccéntricity phase angle meter. In-
3 Complete lubricating oil pumping system Surfaca-type gland steam condenser cludes shaft mounted reference de-
(oil not included), consisting of the with stainless steel tubes and lavel tector and required sircuitry..
following: alarm, designed for 400 prig maxi- 10 Th | Simp! ;
A Main oil pump on the turbine shaft, mum and 125 F cooling we i with a ; darm::zou%es. (Simp: °_“ type- unless
5 oil Inciuding: motor-driven exhauster designed for ndicated otherwise) :
reservalr, Including: 0.25 pslg maxtmum discharge pres- A For measurement of turbine steam
1) Float-type oil level indicator, sure. . and metal temperatures for the pur-
2) Flaat-typeg high and low lavel Tempsrature‘sensmg elament and pose of turbine operation. .
alarm devica, spray desupetheater shead of low- B Embedded in .sach of two thrust
3) Top-mounted ralief and access pressura glands. bearing shoes on each side (one du-
doors. Steam seal piping from the regulators plex and one simplex).
4) ga_aring oil pump {a-¢ motor- to the turbina and from the turbine to .C Embeddad in metal of the main bear-
riven). = the gland condenser, including high- - ings. (Duplex) - - o
&) Emergency bearing oil pump (d-c prassure and spillover regulator by- o
motor-driven) and motar starter, passes. (Plpe hangers not included.) - D For all main bearing drains, }
6) IEJ-Iigh pressure hydrogen se_al oil 5 Preumatic-operated drain valves and E For the thrust baarmg drains,
7 Oa;rlsj-;.l;::lmp(a—cmotur-dnven). piping from turbine to the drain valves.® . F For tha ail inlet and outlet of the oil
8) Motor-operated vapor extractor, 6 Exhaust casing spray nozzles, and a coolars. ’ '
9) Oil strainers located at each Enwzr-o:}erata:i valve :‘“ mouning i 11 Thermaotneters, consisting of the :follaw-
motor-driven pump and oil ejector urchasers watar supply piping: -Ing:
suction and atthe oilreturn to the 7 Motar-operated rotor turning gear with A For all main bearlng dralns.
raservoir. . manual and automatic angagement, in- d
® Changed since pravious issue. cluding a Jog swilch and a zero-speed- . . 2 Fnr the thrust haarlng rains.
@ 160 psig at no change In price. sensing davice, interlocked with the [ub- c Fur the oit inlet and outlat of the oil
(@ Motor-operated at ne change in price. rication system through a pressure coolars.

Wastinghouso Electric Carporation

Steam Turbino DI Division, Philadelphig,- Pa.19113 _ S QR!GINAL P AGE ﬁ.‘
12-201 GF PooR QUAmm
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Westinghouse

Steam Tubines, Continued’ -
Standard Features and Acnessorlas,

Continued

i2

13

1
15

16

Qil pressurd gauges (41& mnh dlamaier)
mountad on the equipment, or loose for
Purchaser’s mounting, for the following:

A Bearing header.

B Main oll pumgp suction,

C Main oil pump discharge. -

D Bearing oil pump discharge.

E Emargencybearingcilpumpdischarge.

Miscellaneous instruments, consisting

of the fo!lowmg {mounted on the West-

inghouse piping unless otherwise' in-

dicated):

A Electric transmitter and receiver for
steam seal prassure, (Loose for Pur-
chaser's mounting)

B Electric transmitter for inlet steem
pressure (if required), (Loose re-
" ceiver for Purchaser's mounting).

C EBlectric transmitter for steam chast
pressure. (If required),

D Electsic transmitter for reheat steam
pressure (if required), (Loose Re-
ceiver for Purchaser's mounting).

E Pressure gauge {4% inch diameter)
for the exbaust hood water spray.

F Prassure geuge (2.0 inch diameter)
for the gland exhatister vacuum.

G Up to & indicating lights (for Pur-
chaser's mounting).

Rotar-grounding devica,

Turbine stegl appearance lagging (in-
door units). (Embeddad lagging sills to
be furnished by Purchnaser.}

Insulating material, in accordance with
factory specifications for installation by
the Purchaser, cnns[s!ing of lhe follow-
ing: -

A Blogk and plastlc (or spray type)

heat insulatina materlal for upper and.

lower turbine casings, steam valve
bodies and exhaust casmgs, where
. required,

B Praformed segmental plpa msulaimn

with aluminum jacketing {or all steam
piping furnishied by Westinghouse.

C Removable oxpanded matal lenge
anclosures covered with block and
plastic insulation, dr removable wite
mesh encased blankets, as required
by design for the combination stop-
throtile valves, reheat stop end inter-

Mo change since provious issue,

Pricos effactiva October 30, 1974, suh]ncl to
change wlmoutnnﬁnn L

17

i8

19

20

ceptor valves, flanges at the tutbineg,
‘and flanges in crossover pipas where
required, .

D Purchaser has the option of selecting
one of the following, in accardance
with factary specifications, for the
turbine casing(s) “horizontal flange
joint(s) that must be parted for tur-
bine disassembly:

1) Block and gplastic or any com-
hination theraof.

2} Reusable blankats.

3) Block and plastic on removable,
reusable steel cages.

Set of lifting slmgs and’ speclal tools
and wrenches (one set only, for similar
or duplicate units-in the same station
of Purchaser).

Turbine . exhausl lempiate {when re-
quired},

Shims, seating and sulep|ates requ:rsd
to set and align the unit.

Insiniction books (twanty-iive (28)
copies) and operator Equipment Famil-
jarization Manuals (up to 30 copies).

12-202
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Stoam Turbme Ganarator
Units

Condanslng Reheat Double Flow 25-lnch
Last Row Blades and Larger. .. :

Alternating Current Gensrators
Rating -

Synchronous turh!ne genemtors ara rated at
the maximum kva load they aro guaranteed
to be capable of carrying continuously with-
out exceeding thair temperature guaranteas.
The ratings are expressed in kilovolt-
amperes at 0.30 power factor, 0.58 short-
circult ratio at the maximum design gas
pressure.

3600 rpm and 1800 rpm generators rated
210,000 kva and smaller will be conven-
tional-couled. 3600 rpm and 1800 rpm
generators rated above 210.000 kva will be
inner-coaled.

The bill of material and technical data for
conventichally-cooled generators are in
Price List 1232,

Short-Circuit Ratio

The short-circuit ratio is the ratio of the field
ampers-turns required . to produce rated
voltage at no-load and at rated frequency,
to the fleld ampare-turns required to produce
rated armature current at sustained short
circuit,

Standard short-circuit ratio at rated kva for

the turbine generatars included in this price-

list will not be less than 0,58.

Temperature Rises

Inner-cocled generators have maximum
guaranteed temperatures based on maximum
dssign gas pressutes and on a cooling wa*ar
temperatura of 95 F or lowar as follows;

Cooling Hydrogen: 45 C to 50 C by de-
tector.

Armature Winding: 65 C to 60 C rise
{depending on cooling hydrogen tem-
perature), by detectors in coolant
irom armature winding.

Cooling water to armature winding —
45 C to B0 € by thermocouple. (where
applicahle)

Warm water from armature winding -
55 C to 50-C rise (depending on cool-
ing “water temperature) by thermo-
couple in coofant fram armature wind-
ing. {(where applicable)

Field Winding; 65 C to 80 C rise (de-
pending on cooling hydrogen tamper-
ature) by resistance.

Allowable Valtage Variation

Geanerator will operate successfully at rated
kva, frequency, power factor and gas pres-
sure at any voltage not more than 5 percent
above or below rated voitage, but nat neces-
sarily In accordance with the standards of
perfarmance established far operation at
rated voltage.

No change since previous issue.

Wastinghousa Etectric COrpnmtion

Steam Turbine Division, thladalphia, Pa. 19113
Printed In USA

Clnaza of Inaulintion
Class B insulation is standard for armature
and field windings,

Abnormal Conditions

Short Time Thermal Capability
Balanced Currents

The generator armature’ wnll he capable of
aperating at 130 percent of rated armature
current and the field winding at 125 per-
cent of rated loed field voltage for one
minute and for other times up to 120
saconds based upon the same mcrement of
heat storage, all staring from Stabilized
temperatures at rated conditions.

This capability is based on the assumption
that the number of operations under these
conditions will not exceed two times pet
yaar.

Short Time Thermal Capability
Unbatanced Currents

The gennrator will be capable of withstand-
ing, without injury, the effects of unbal-
anced cuments resulting from shott circuit
at the machine terminals for times up to 120
seconds, provided the integrated praduct
{13T) of generator negative phase sequence
current {l;) and time (T) does not exceed
10 for inner-cooled ganeratars up to-8Q0
myva, and the valte obfained from the formula
10-{.00625} (mva-200) for znerators rated
800 mva to 1600 mva.

{Negative phase sequence current {I.) is
expressed in per unit statar current at rated
kva and time (T) in seconds.)

Mechanical Capabhility

Generators will be capable of withstanding,
without mechanical injury, any type of
shart circuit at the machine terminals for
times not exceeding the Short Time Thermal
Capability, when operating at rated kva and
power factor and § percent overvoltage;
provided the maximum phase current is
limited by external means to a value which

does not exceed the maximum phase cur-

rent obtained from a 3 phase. fault.

In the case of stator windings,- tha criterion
far no injury is that the windings will satis-
factorily withstand a2 normal maintenance

_high potential test. There will be no-visible -

abnormal deterioration or damage to- the
winding coils and cnnnectlons. i

Wave Form
Tha deviatian factor of a wave is tha ratio of

as.possible, |

The deviation farstar of the open ctrcult

terminal voltage wave of synchronous gen-
oratars will not exceed 10 percent.

Telophone Influence Factor

Turbine generators included in this price list
have a balanced line to line, no-load apen-
circuit, normal voltage TIF not exceeding 40.

The residual component will not exceed 30.

Capacity as Synchronous Condenser
Special stafting pruvlstuns and equipment
are raquired for this operation, Extra featuses
may be added for a price addition {refer to
Steam Turbine Division, Marketing Depart-
ment) which will permit the operation of
listed generators as synchronous condensers.

The generator kva capacity at zero power
factor, over-excitad gs a synchronous caon-
denser, is equivalent to the kva capacity at
zero power factor as shawn on the generator
capability curve.

Tests
The following standard commercial factory
tests will be made an the generator:

Mechanical

1 Rotor overspeed

2 Rotaor mechanical balance
3 Mechanical inspection

4 Air leakage test

Electrical

1 Measuremsnt of cold resistance of arma-
ture and field windings.

2 Insulation resistance measurements

3 Dielectric tests: )

Armature: The standard test voltage
shall bs an alternating voltage whose
effective value s twice the rated voitage
of the machine, plus 1000 volts, applied
for 60 secands, -

Fiald: The standard test voitage {or field
voltages up to and including 500 volts .
“Is.a voltage of ten times the rated valtags,
but not less than 1500 valts. The standard
test voltage far - field voltages rated
greaterthan 500 volts is 4000 volts plus -
twice the rated volts. ThIS lest is applled
for 60 seconds.. . SR .

4 Resistance temperatura daiecmr test.

the maximum difference between corres- -

ponding ordinates of the wave and of the
equlvalent sine wava ta the maximum ordi-
nate of the equivalent sine wave when the

waves are superimposed in such a way as -
to make thfs maxlmum dlﬂomnca as small ‘

12-203




Westinghouse

Alternating Gurrent Ganeratars,
Continued"

Altitude

Generator ratings specified hieteln ara based
on aperation when the gonerator is installed
at an elevation of 3303 fast or less above sea
level. Génarators operated at altiudes ahove
3300 faat will have the gauge prassura of
tha hydrogen in the genarator casing in-
creased above the gauge pressure specified
in this price list so as to maintain the same
absolute casing pressure as that requirad
for operation at sea leval,

Na change stnee pre\nous issue.

" Pricos aflactivu Octnbnr an, 197-‘!. suh]ncl tD
. chanpe without notica.

12-204
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Steam Turbine Generator -
Units

Condensing Reheat Double Flow 26-Inch
Last Row Blades and Larger
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Steam Turbine Generator
Units

Condensing Reheot Double Flow 28-Inch
Last Row Blades and Lerger

Alternating Current Generators,
Continued

Standard Features and Accessories
Each generator is of the totally enclosed,
self-ventilated, non-selient pola-type and
includes the following standard features and
aceessories:

Hydrogen Innar-cooled Generators

®1 Hydrogen coolars with 30-10 copper
nickel tubes mountad within the generator
housing and desianed to operate with
95 F and lower cooling water at a maxi-
mum pressute of 125 psig®.

2 Generator figld discharge resistor for
mounting in excitation cubicle, {Not in-
cluded when brushless excitation system
is furnighed.)

3 Six (6) high-voltage bushings.

4 Twelve (12) bushing current transformers
(two (2} per terminal) with provisions for
ohe additional transformer per bushing,

§ Hydrogen system!

A Seal oil unit assembled on a base and
including:
1) One hydrogen side and one air

side seal oil pump, both with totally
enclosed a-c motors.

2) Air side seal aoil back-up pump
with totally enclosad d-¢ motor, -

Hydrogen side seal oil cooler and
filtar,

4) Air side seal oil cooler and filter.
§) Main pump relief valves.

3

§) Differential pressure switch with
alarm contaets for annunciator and
for activation of back-up pump
including manual test valves.

7} Prassure switch with alarm con-
tacts for seal oil back-up from
turbine.

8) Two differential pressure switches
with alarm contacts across air side
and hydrogen side seal oif pumps.

9) Float switch with alarm contacts
in seat drain systern.

10} Gauge panal with:
a Air side seal oil pressure gauge.

b Twa differential pressure gauges

~ for measuring diffarential be-
tween hydrogen side and alr
5ide seal il pressires, - .

¢ Test gauge for hydrogen side
seal oil pressure.

(M Changed since pravious issue.
@ 150 psig at no change in price.

Westinghotise Elactric Corporation’

Steam. Turbing Division, Philadelphia, Pa, 19113
Printed In USA

d Test gauge for air side main and
back-up seal oil pumps.

e Test gauge for turbing seal oil
back-up pressure.

f Test gauge for chacking starting
of air side seal oil back-up pump,

{Note: Test gauges are mount-
ed at point of test,)

11) Junction box for electrical con-
nections (except for motors).

12} Necessary check valves and shutoff
valves.

13) Generator gas temperature thermo-
stat with alarm contacts.

B The following are furnished for field
assembly:

1) Seal oil loop seal system, including
a seal tank with intarconnecting
piping, bypass and/or check valves
whete required, and motor-oper-
ated vapor extractor.

2) Stee! pipe and weld type fittinas
for seat oil piping (exciuding vent
piping).

3) Hydrogen drier and blower.

€ Hydrogen and carbon dioxide systams,
ingluding:

1} Hydrogen manifold with one bartle
prassure regufator with high and
low pressure gauges, shuioff valves
and four bottle conpectars.

2} Manual generator hydrogen pres-
sure reguiator and marnual bypass
valve for fast feading (in series with
bottle prassure regulator),

3) Carbon dioxide manifald with pres-
sure gauge, relief valve, shutoff
valves, mounting brackets, and four
bottle connactors,

4} Puraing control valve assembly.

§) Three generator casing liquid de-
tectors. with alarm contact.

Stesl pipe and weld type fittings
far gas control system (excluding
vent lines).

D Hydrogen cunlrn! cabmm, consisting
of: .
1) Gas compann.ent. mcludmg:

a Dual pressure gaude for indica-
tion of machine .gas prassure
and generator fan prassure, Ma-
chine gas prassure electrically
wansmitted and equipped with
high and low alirm contacts,

b Prassure compensated gas pur-
ity meter (and blower) for purity
indication, electrically trans-

6

—

12205

mitted and equipped with high
and low alarm contacts, -
Compartment wiring and gas-
tight wiring seal into hydrogan
clectrical compartment,

d Compartment piping with pipe
adapters at top of compartment.

Electrical compartment (separated

from gas compartment by a gas-

tight partition), including:

a Annunciator with d-c pilot light,
alarm contacts and menpual resat.

b Relay for loss of d-c supply with
contact for remote alarm,

¢ D-c horn for annunciator alarms.

d Switches for ac and de supply
including ovarload protection,

e Necessary terminal blocks and
wiring.

f Alarm switches r~ferred to in
gas compartment are mounted
in electrical compartment.

. g Control wiring.

h - Interior light.

Elactrical receiver for genarator gas
pressure, for mounting by Pur-
chaser at generator hydrogen sup-
ply manifold.

" NOTE: Far crosi-compound units com-
bined gas and soal oil systems will bo pro-
vided whestever practicable: ntherwiso

separate individual systems will be fur-
nished,

2

—

3

—

6 Temperaltire detectors (resistance type ~

10 ohms at 25 C) as follows

" A One {1) Ioreach cnuler outlet cold gas.

B One {1) In commbr kot gas inlet 10
coolers,

C One {1} (:ncludmg immersion well)
in common cold gas outlet from hy- -
dragen ¢oolers for contra! of hydrogen
tamperature by Purchaser. '

D Six (8) i armatuie tail dlscharge pas
of 2-pole ganeratars. i

E Twelve (12) in armature coil dlscharga
pas of 4-pole generators,, ...

Generator condition-monitar,

Special tonlg; ~ *TET eI

A Necessatv rofdr erUVal and instalia-

tioh tobls, - :
B Gap barr:artensiumng Yoo, i requlred

<€ Cooler, ‘bushing, bearing’ and ‘bearing

brackat assemblv mcls where appli-
cabla, 3

D Setof mtnr I[ftmg tables. .

NOTE: (If duplicite or simﬂ:xr generator is fo-
cated in same station of the Purghaser, only
hose specialtanls, vrenches and eablas unique
to the new generator vilit bo supplicd). *




Westinghouse

Alternating Current Generators,
Continued

Hydrogen Inner-Cooled Generators,
Continued

E Stator jacking or lifting trunnions.
(Provided on a loan basis and to be
returned to Westinghouse.)

9 Miscellansous:
A Generator frame grounding peds.
B Seating plates, shims and soleplates.

*C Removable appearance lagging from
centerline to floor. (Embedded support
plates not inciuded.)

Hydrogen Innar-Cooled Generators,

With Water Cooled Stator Winding

@1 Hydrogen coclers with 90-10 copper
nickel tubes mounted within the generator
housing and designed to operate with 85 F
and lower cooling watar at a maximum
pressura of 125 psig®.

2 Generator field discharge resistor for
mounting in excitation cubicle. (Not in-
cluded when brushless excitation system
is furnished.)

3 Six (6) high-voltage bushings.

4 Twelve (12) bushing curtent transformers
(two (2) per terminal) with provisions for
one additional transformer per bushing.

5 Hydrogen system:

A Seal ail unit assembled on a base and
including:

1) One hydrogen side and one air side
seal off pump, both with totally
gnclosed a-c motors.

2) Airside seal oil back-up pump with
totally enclosed d-¢ motor.

3} Hydrogen side seal oll cooler aind
filter.

4) Air side seal ofl cooler and filter,
§) Main pump relief valvas.

6) Differantial pressure switch with
alarm contacts for annunclator and
for-activation of back-up pump in-
cluding manual test valves,

7) Pressure switch with alarm con-
tacts for seal oil back-up from
turhine,

8) Tvyc diffsrantial pressure switchas
with alarm contacls across air side
and hydrogen side seal oll pumps,

9) Float switch with alarm contacts
in seal drain system.

@ Charnged since prevmus issue,
@ 160 psig at no change in peice,

Prices effective Octobor 30, 1974; subject to
chiange without notice.

10) Gauge panel with:
a Air side seal oil pressure gauge.
b Twao differential pressure gauges
for mea:uring differantial be-
tween hydrogen side and air
side seal ol prassures.
¢ Test gauge for hydrogen side
saal oil pressure.
d Test gauge for air side main and
back-up seal oil pumps.
e Test gauge for turbine seal oil
back-up pressure.
f Test gouge for checking starting
of airside seal ofl back-up ptmp.
NOTE: Test gauges are mounted at
point of 1est.
11) Junction box for electrical connec-
tions (except for motors).

12} Necassary check valves and shutoff
valves.

13) Generator gas temperature thermo-
stat with alarm contacts.

B The following are furnished for fisld
assembly:
1} Seaf oit Ioop seat system, including
- a seal tank with interconnecting
piping, bypass and/or check valves
where required, and motor-operated
vapor gxtractor.

2) Steel pipe and weld typae fittings
for sea! ol piping. (excluding vent
piping).

3) Hydrogen drier and blower,

C Hydrogen and carbon dioxide systams,
including:

1) Hydrogen manifold with ane bottle
pressure regufator with high and
low prassure gauges, shutoff valves
and four connectors.

2) Manual generator hydroges pres-
sura regulator and mapual bypass
vaive for fast feeding {in serie,
with bottle pressure regulaar).

3) Carbon dioxide manifold with pres-
sure gauge, relief valve, shutoff
valves, mounting brackets, and four
bottle connactors.

4} Purging control valve assembly.

5) Three generator casing liguid de-
tectors with alarm contact.

6) Steel pipe and weld type fittings
far gas control system (excluding
vant lines).

12-206
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Steam Turbine Generator
Units

Condensing Reheat Double Flow 25-Inch
Last Row Blades and Larger

D Hydrogen control cabinet, consisting
of:

1) Gas compartment, inéluding:

a Dual pressure gauge for indica-
tion of machine gas pressure
and generator {an pressure, Ma-
chine gas pressura electrically
transmitted and equipped with
high and low alerm contacts,

b Pressure compensated gas pur-
ity meter {and blower) for purity
indication, olectrically trans-
mitted and equipped with high
and fow alarm contacts.

¢ Compartment wiring and gas-
tight wiring seal into hydrogen
electrical compartment,

d Compartment piping with pipe
adapters at top of compartment,

2

—

Electrical compantment (separated

from gas compariment by & gas-

tight partition), including:

a Annunciator with d-c pilot light,
alarm contacts and manual reset,

b Relay for loss of d-c supply with
contact for remote atarm.

¢ D-c horn for annunciator alarms.

. d Switches for a-c and d-c supply
including overload protection,

e Necessary terminal blocks and
wiring.

f Alarm switches raferred to in
gas compartment are mounted in
slectrical compartment.

g Control wiring.
h Interlor tight,

3) Elactrical receiver for ganarator gas

pressure, formounting by Purchaser
at generator hydrogen supply man-
ifold.

NOTE: For crosg-compound units com-
bined gas and sea) oil systems will be
provided whaoraver practicable; othieswisa
5?p;mdm individual systems will be !ur-
nishe

—

6 Stator coil cooling water system:

A Stator coil cooling water unit assem-
bled an a basa, including:

1} One main and one full capacity
hack-up water circelating pump,
both with totafly enclosed 3-¢
motors.

2) Pressurized water reservair.

3} Two (2) water-to-waler hoat ex-
changers,

October 30, 1974 S
Suporsedes Pticn List 1262, dnlad July 1, 1974
E, C/18B3fPL

et e e
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Steam Turbine Generator -
1 Units

Condensing Reheat Double Flow 25- !nch
Last Row Blades and Larger -

Alternating Current Ganeraturs,

Continued
Hydrogen Inner-Cooled Generators,

E Statarjacking or fifting trunnions, (Prdjf
vided on a loan basis and to be returned

With Water Coolad Stator Winding to Westinghouse.)
Continued 10 Miscollaneous:
4} Two (2) 50 gpm delonizers. A Generatar frame grounding pads. K
5} Filters, gauges, conductivity cells, " i
pressura switches and regulating B Seating plates, shims and soleplatas.
equipment as necessary. C Removable appearance lagging from

canterline to floor. (Embedded support

.6) Gouge to indicate differantial pres -
) Goug P plates not included.)

sure between ganerator stator cull
cooling water inlet and discharge
manifolds and alarm,

7) Water reservoir pressure gauge.

B Stator coil cooling water contral cabi-
net combined with the hydrogen con-
trol cabinet, including:

1) Conductivity recorders and alarms.

C Valves and piping as required, excapt

i hydrogen vent lines and water supply

lines to coolers.

! 7 Temperature detectors as follows:

A One (1) resistance type for each cooler
autlet cold gas.

i B One (1) resistance type in commaon hot
i gas Infet to coolers.

; C One {1) (including immersion well)
in common cold gas autlet from hy-
drogen coolers for controt of hydrogen
temperature by Purchaser.

D Six (6) resistance type embedded in
armature windings.

E One {1) thermocouple in each stator
coil discharge header,

" F One-{1) thetmocouple in cooler watar
infet.

G QOne (1) thermocouple in tooler water
outlet.

. NOTE: Resistance type - 10 ahms at25 C.

8 Generatnr condlt-nn momtor

9 Special tools:
A Necessary rotor removal and installa-

~ fion t_uuls.
B. Gap barrier tensionirig 194}, if required.
C Cooler, bushing, bearing, and bearing
bracket assembly tools, whera appli-

cable, "
D Set of rotor ffting cables, : gRIGINAﬂ PAGE Is
NOTE: (I.f duﬁiicnw or éimil;'u generator is fo- . F POOR QUALIETH

cated in same station af tho Purchaser, onty . -
these toafs wrenches and cables unigue to the o :

new genesatar will be supplied.) -
No change since pravious istue,

'Westmghouse Electric Corporation -
Steam Turbine Divtsion, Ph:radelphla. Pa, 19113
Printed in L-SA .
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Westinghouse

Excitation System

The excitation for gonarators covered in
this price list is supplied by a brushless
excitatfon system,

The brushless excitation system consists of
a permanent magnet pilot exciter (PMG), an
. a-c exciter, 2 diode and fuse wheel diractly
connected to the gsnerator shaft with a
static voltage regulator and associated ax-
citation switchgear,

For other types of excitation systems, refer
to Steam Turbine Division Marketing Depart-
ment,

Excitation Tests
Standard factory tests, will include the
following unless specifically waived:

1 Mechanical balance.

2 Measuremant of cold resistances.

3 High-potential tests,

4 Qverspead fast,

5 Resistance temparsture detector tests.

Rutal‘ing exciters will be completely assem-
bled in the factory and run at spesd.

Exciter Temperaturs Guarantesas
Brushless exciters ara rated on the basis of
continuous operation at rated output and
will not exceed a guarantaed maximum tem-
perature rise of 70 C for Class B insulation
and 80 C for Class F insulation above an
ambient of 40 C based on the standard 95 F
cooling water requirement at an altitude of
3300 feot or less,

® Changed since previous issue,

Pricas affective October 30, 1574: subject to
chango without rotice,

Excitation Systems and
Accessories
[ Brushless Excitation System
{Air Coolad)
1 Permanent magnet pilot exciter for ex-
citation to the a-c exciter through the
excitation switchgear.

2 A-c exciter with a rotating armature and
a stationary field winding.

3 Rotating rectifier assembly including
silicon diodes, indicating fuses, and other
components,

4 All necessary electrical interconnections,

5 Set of mechanical parts, fncluding:
A Fabricated steel bedplate.

8 Air-to-water heat exchanger.

C Insulated pressure-lubricated pedes-
tal bearing.

D Temperaturo detectors (resistance
type - 10 ohms at 25 C) as follows:

1) Twaoa (2) for cold air temparaturs.
2) Two (2) for hot air temperature.

€ Dripproof enclosure mounted on the
exciter base with the following
features:
1) Daoor or access covar with glass
window opposite the fuse and
diode wheals.

Door or access cover at the end of
the housing for access to the per-
manent magnet generator.

3) All doors are provided with lock-
ing devices to insurs they remain
closed during normal operation.

4) Sat of internal lights, switches
and copvenience outlet,

5) Hydrogen vent.

2

—

8 Terminal board In exciter bass, and in-
ternal wiring in exciter for application of
excitation system automatic ground de-
tection device.

7 tndicating fuses for visual inspection
during operation.

8 Convenience outlet.
9 Exciter base ground connection.

10 Type WTA solid state voltage regulating

aquipment and associated excitation
switchgear, ingluding:

A One set of metal enclosed excitation
cubicles with ventilating means as
required to maintain permissible heat
rise and including the following:

12-208
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Steam Turhine Generator
Units

Condensing Reheat Double Flow 25- lnch
Last Row Blades and Larger

*1) . Static voltage regulator including
the required reference and sensing
circults.

2) Reactive droop compensator for
parallel operation,

3) Static minimum excitation limiter.

@®4) Static maximum excitation limiter,
and over excitation protector,

5) Volts per Hertz pratection equip-
ment.

Static pawar amplifier and asso-
cinted firing circuits,

Excitation system stabilizer,
Protection devices annunciatar.
A-c exciter fleld breaker.

Mounted and wired instruments
as required hy Westinghouse for
monitoring operation.

11) Exciter fieid current shunt.

12) Automatic genarator field ground
dstector.

13) Motor operated base adjuster.
14

6

—

7
B
9
10

et e et

~—

Motor operated voltage adjuster
with ranga width setter.

15) Set of bare busses

16} Set of terminals of suitable size
and rating for outgoing leads,

17) Set of nameplates.
18} Set of small wiring.

18) Set of internal lightc, switches
and convenience outlets.

20} Setof pull fusas for control powaer.
21) Field current-isolating transducer.
22) Fisld voltage-isolating transducer,

B One set of devices for remote mount-
ing and wiring by the Purchaser,

1) Zero center regulator output ba!-
ancing meter. .

2) Type W-2 control switch and in-
tegral position indicator for motot
operated base adjuster.

3) Type W-2 control switch and in~
tegral position indicator for motor
operated voltage adjusier.

4} Type W-2 regulator control switch
and indicating lights.

5) Type W-2. a-c exciter field
breaker control switch and indi-
eating lights.

Cctobar 30, 1974
Supersedes Price List 1252. datad July‘l 1974
E, C/1583/PL




b e A1

-,

Pt e s

Prica List 1252 Page 20

Steam Turbine Generator

Units

Condensing Rehaat Double Flow 25- Iru:h
Last Row Blades and Larger - :

Excitation Systems and

Accessoriss, Continued

il Brushless Excitation Systam
{Hydrogen Coolad}

1 Permanent magnet pilot exciter for ex-
citation to the a-c exciter through the
excitation switchgeat, logated at the end
of the exciter shaft outside the sxciter
hydrogen enclosure.

2 A-c exciter with a rotating armature and
B stationary field winding,

3 Rotating rectifier assembly irncluding
silicon diades, indicating fuses, and othey
components.

4 All necessary electrical interconnections.
5 Set of machanical parts, including:

A Hydrogen-tight enclosure.

B Shaft gland seals.

C insulated pressure-lubricated bearing
with bearing bracket. .

D Inspection window(s) adjacent to
the fuse and diode whaesl(s).

6 Necessaty parts and functions coordi-
nated with generator hydrogen system,
to operate exciter cooling system?

A Hydragen feed to exciter enclosure,

B Carbon dioxide feed to exciter en-
closure,

C Exciter enclosure hydrogen control
valves,

D Exciter enclosure tiquid detector with
alarm contact.

E Hydrogen intake and discharge lines

to appraopriate zones of generator -

casing, to provide cooling of exciter
from main generator caoling system,

F Pressure compensated gas purity
meter with blower and alerm contact

- for exciter enclosure gas purity. indi- -

cation preumatic transmission,
mourted in hydrogen control cabinet,

G Additional alarm contacts for annui.-
ciatar to provide functions necessary,
for hydragen contro| for the exciter,

H Exciter gas temperature thermostat

with alarm contacts.

7 Temperature detectors {resistance type
- 10 ohms at 25 C) as follows:

‘A One (1) for cold gas temperature.
8 One {1} for hot gas temperature,
8 Connactian to seal ail unit, .

@ Changed since previous issuo,

Waestinghouse Electric Corporation -

8 Terminal board in exciter base, and in-
ternal wiring in exciter for appllcanon of
excitation system automatic gmund de~
tection device. ‘

10 Indicating fuses for visuil inspection

during operation,

11 Convenience outlat.

12 Exciter base ground connection.

13 Type WTA solid state valtage regulattng
equipment and associated excitation
switchgear, including:

A One set of metal enclosed excitation
cubicles with ventilating means as
required 10 maintzin permissibla heat
fiss and Including the following:

1) Static voltage regulator including
the required reference and sensing
cirguits, -

Reactive droop compensator far
parallel operation.

3) Static minimum excitation limiter.

®4) Static maximum excitation limiter,
and over exgitatian protector.

Volts per Hertz protection equip-
ment.

Static power amplifier and 2550~
ciated firing circuits.

7) Excitation system stahilizer.
8) Protection devices annunciator,
9} A-c exciter field breaker.

10} Mounted and wired instruments
as required by Westinghouse for
monitoring operation.

11} Exciter field current shunt.

12) Automatic generator field ground
detectour.

13) Motor operated base adjuster.

14) Motor operated voltage adjuster
" with range width setter.

15) Set of bare busses.

2

—r

—

5

—

6

—

e

16) Sct of terminals of suitable size

and :ating for outgoing leads.
17) Sat of nameplates.
18) Set of small wiring.

19) Set of -internal lights, switches

and convenignce outlets.

20) Setof pull fuses for control power,

21) Fiold current-isolating transducer. . .

22) Fiold voltage-isalating transducer;
B One setof devices for remate mount-

ing and wiring by the Purchaser.

Stean: Turbina Division, Philadelphta, Pa 19113

Printed in USA

12-209 .

1) Zero center regulator output bal-
ancing meter, e

2) Type W-2 control swilch and in-
tegral pasition indicator for motor
operatad baso adjuster.

3) Type W-2 control switch and in-
tegrai .position indicatar for motor
operated voitage adjuster.

4) Type W-2regulator control switch
and indicating lights.

8) Typo - W-2 a-c exciter fiald
breaker contral switch and indi-
cating lights,




Westinghouse B

Table A: Bazic List Prices
Pricos—in Thousands of Dallars—Iin-
clude Freight and Technical Direction

Pricing for Units with Capability
other than Listed in Table A

Price List 1252 Page 21

Steam Turbine Generator
Unitls

Candensing Reheat Double Flow 25-Inch
Last Row Blades and Larger

Table A-1: Basic List Prices for High
Back Pressure Units
For prices for units with high back pres-

1. Add or deduct turbine capabllity at

of Installation %$9,00/kwv far each kw more or less than

sures, refar to the Steam Tutbine Marketing

Basic Unit Generator  Tutbine  Basie List . 3 Department, -
Turbine fiating, Eshzust  Prico listed in table for base machine of the
Rating, ¥w Kva Ends type desired.

2. Add or deduct generator capability at
$7.50/kva for each kva more or loss
than listed in table for base generator

Tandem Compound—3600 Bpm
200,000

275.0 0090 285" 13800 rating :
Ul a3p,00 -28.5" 13,800 . 3
325000 380,000 231" 15,800 - ORIGINAL PAGE Iz
325,000 350,000 4.23" 16,000 F 00 { ) T
425,000 510,000 4-25°  1B.800 0 i POOR ,QUALTI’Y '
550,000 860,000 4-2B5" 23,500 :
650,000 780,000 4-31" 27,200
800,000 860,000 6-28.5" 32,300
950,000 1,140,000 6-31" 38.100
Cross Compound—3600/3600 Rpm Table B: Price Additions for Pressure (Psig)
325,000 290000 423 18,400 Priges—m Thousands of Dollars
425,000 510,000  4-25" 21,600 Tubiae _Initial Pressure Range, Psigd | N
500,000 660,000 6-23" 23,600 Rating, Kw “1250-1450 1600-1800 2200-2400 3200-3500 4160-4500
550,000 660,000  4-28.5" 26,000 1£0,000 $ 120 s 0 $ 300 $B40 $1,200
650,000 JR0000 4.31° . 29,600 200,000 300 [1] 120 540 1,000
800,000 960,000 6-28.67 36,000 300,000 B40 120 D 100 800
D 500
g0000 1020300 828 3600 400,000 8 300 ¢ 120
g 1,140,000 8431 ,300 0,000 1,200 0 120 o 700
1,100,000 1320000 B-28.5" 45,700 ggo.ggg 1,620 g:n 300 ] 800
1,200,000 1.440,000 8.31" 49,200 700,000 Veeane 1,200 540 D 900
,00 JRP 1,620 B840 o 1,000
Cross Compound—2600/1800 Rpm 500000 ‘
900,000 2,100 1,200 1} 1,100
500,000 600,000  2-40” 24,000 4,000,000 ves 1,620 0 1,200
650,000 780000 2-44" 29,200 1,100,000 . vabie 2,160 0 1,300
E50,000 1.020,000 2.52° 37,600 1,200,000  f sanes erren B 2,640 0 1,400
1,000,000 1,200,000 4.-40" 42,500 '
1,200,000 | sivser cdeaes 3,240 ] 1.600
1,200,000 1,440,000 4.44" 49,000 1,400,000 eane 3,900 Q 1.800
1,400,000 1,680,600 6-40" 66,600 3,500,000 cheaan 4,620 o 1,700
1,500,000 1,800,000 4-52¢ 60,700 .
1,500,000 1,800,000 B.44" 64,200 @For pressures bietwaen those listed shave, use the adjaining pressure range which results in the higher pnce

Table C: Price Additions for Temperature {F)
Prices—in Thousands of Dollars

Turhine Initial Temperaturs Flsnggm . . _ .| First Reheat Temperawn_a Range . | Second Reheal'fempemlute Range
Rating. Kw 826~ 501- §51. 1001-  3051- B26- §01~ a5, 1001- 1026 1000 1001- 10i6-
900 a50 1000 1050 1100 800 250 1000 1026 1050 . 1025 10FD
150,000 660 —$40 S0 5180 5 AB0 | ~560 -S540 D $300  $500 - | SLECD  SLEQD 52,000
200,000 -~ 80 - 60 0 180 £80 - a0 ~— B0 0 300 500 1,600 1.800 2,000
300,000 ~ 120 - 80 ] 240 480 - 120 — 80 1} aon [=]+]» 1.600 - - 1,800 2,000
- 400,000 - 160 -~ 100 0 Joo 500 - 160 = 100 ] 300 500 1,600 1,800 2,000
500,000 - 180 - 120 ] 360 720 — 180 -~ 120 0 300 500 1.700‘ 1.900 2,400
600,000 - 210 - 140 1] 520 84D - 210 -~ 140 0 320 620 1,800 2,000
0,000 - 230 - 16L 0 480 860 -~ 240 - 160 0 390 540 1,900 2,100 2,350
800,000 vevess = 1BO 0 540 1.080 veaess = 180 0 3ED 560 2,000 . 2,200 2,460
500,000 vevive  sesras O 600 1,200 vriere weeeee D 380 580 2,100 2,300 2,580
1,000,000 cresen ceseae 0 &60 1,320 basana arasar 0 400 £00 2,200 2,400 2,700
1] vebana varsse 0 720 1,440 cevens searne o 420 §20 2,300 2,500 2,820
1,200,000 T 0 780 1.560 besasa  snsens 0 440 640 2,400 2,600 2,540
1,300,000 PO B40 1,680 vesesr  asrare O 460 660 2,500 2,700 3,060
1,400,000 haviae  aesess A 8500 1,800 cersas  assssna o 480 680 2,600 2,800 3,180
1,600,000 B | S50 1820 | ..... v eeeres 0 §00 700 2,700 2,500 3.300
No change since previous issue,
Prices offoctiva Octobar 30, 1974; sublect 10 Outeber 30, 1974
change without notice, E'ugl;r‘ssngg? Price Liss 1262, duted Ju!v 1, 1974

-
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Price List 12562 Pags 22
Steam Turbine Generatoer
Units

Condensing Reheat Double Flow 26-Inch
Last Row Blades and Larger

Table D: Special Turbine Equlpment, Features and Requirements—200,600 to 700,000 Kw

Prices in Dollars

Turbine Rating, Mw
200 250 300 350 400 450 501 600 700
1 Tachnical Direction of Installation
{Deduct for omission) . c.eeevoeervenier..| $128000 5146000 4$3164000 $182000 5200000 $218000 9218000 $230000 $308000
2, Turbine tests
o Turbine acceptance tast in field ot Pur-
chaser's 1QUOSt® . vvveee s iranerane.a.of 130000 140000 4160000 160000 170000 180000  190Q00 200000 215000
b Turbine connections for Purchaser's tast®. . . . 17 000 18500 20 G0 21 500 23000 24 500 26 000 25000 32 000
¢ Turbine connoctions far Purchasor's emhaipy :
drop 10St3. c . iurneannsrirrrrriararan 1 400 1700 2000 2300 2600 2900 3 200 3800 4400
3. Extroctlons
a Forench typo auxlliary turbine opplication with
steom from auxiliory turbine entering into the
food-water hoating cyela®
1. Does not re-gdmit to main wwrhine........ 50000 50 000 £5000 55 000 60 000 50000 70 000 20000 90 000
2. He-admits to main terbing. ... ... . 110000 110 000 120 000 130 000 150 Qoo 160 000 170000 190000 210 000
b For other uncontralled exteaction@. cooyvvins 18 000 22 500 27 000 31 600 36 Q00 40 500 45 000 54 000 63000
c Single-aut ic extraction for cond ]
UnitS e eesnvesse [ £ Rofer 1o Factory ¥
d Doubl-automatic extraction for condonsing
L0 I B Rafer to Foctory >
4. Side axhaust apeninga®
a Bolow Flgerdine
1. 3600-tpm, doubla-flow.,.....s.cuuvous ) 140000 160000 180 000 ceevere Ceseran eisesns  ammives Levuean
2, 3600-rpm. four-flow...... vasverieat..] 200000 220000 240000 260000 280000 300000 320000 360000 400000
. 3600-rpm, six flOW. .. viviei s chranas veress. 280000 310000 340 000 370 008 400 000 460 000 520 000
- b Above Floot lina
. 3600-rpm, doublo-flow, v oo viiuniiian 190000 210000 230000  sovevrs srsmaes suuibad geiasis veises  eieaind
2. 3600-rpm, four-flow.......cevievvunia. ) 250000 270 000 230000 310 000 330000 360 000 400 000 460 000 6§20 000
3. 3600-rpm, six TOW. v v0venn.. anaea everes 60000 390000 420 Q00 460 000 510 000 640 000 670 000
4, 1800-rpm, doublo flow. .. ovuvinauan, . o[ 300 000 330000 350000 280000 . AZOOOD  AS0000 ABDOCO  EAGOOD 60O OCD
6. 1800-1M, 1OUT-fl0W, v v v evrverranness] wnersas  sssusns  sesases  eevres.. 520000 H60Q0O0  GOODOOD GEOODD 760 Q0O
B. 1B00pm, SIXTIOW. o .o iivvvninurnvarrn] sanuner  rrveses  e-csean sasases srsesrs  sesssss  saseass BADOOO 920000
5. Speciol o' coolers {price for two) :
o For 100 F wator temporaturg, o voevversiae 21 000 24 000 27 000 30 000 33 600 a6 000 RE ] 45 000 49 500
t For 105 § water temperature or 30% ovusiza
LT 67 000 61 60D 60 000 70 500 76 000 79 500 84 000 90 000 96 000
¢ FPor300 psiconlers, ..o e v vianiianananis 12 000 13 000 14 400 16 000 16 000 17 000 18 QoD 20000 22 000
d For %-inch or %-inch diamater tmﬂs. erhuas 7500 7500 7 500 9000 9000 9 000 9 a0 12 000 12 000
o For siainless steel tubes {smooth}, ..ooiuvin. 48 000 51 000 51 000 54 600 54 000 57 000 57 000 60 000 - 60 00D
f For aluminum-brass or arsenical capper tubes. . 5 000 6 500 6000 6 500 7 000 7 500 8000 9000 10 000
g Deduct for ono cooler and transfar valve. ... . 31 500 33750 36000 ag 250 40 500 42 750 45 000 48 Q00 51 000
{D5. Accossorlas
a Qil for filling lubrication system. . ...vveesee 30 o000 35 000 40 G0 45000 50000 &5 000 60 000 704000 a0o0e
b Hangers for oil ond gland stoam piping....... 16 60O 20 0G0 24000 28000 32000 36 000 40 000 45000 A6 000
{rlping analysis not included} *

@ Changed since previous issue.

Westinghouse Electric Corparation:’

Steam Turbine Division, Philadelphis, Pa. 19113
Printed in USA -
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Westinghouse

Price List 1262 Page 23

Steam Turbine Generator
Units

Condansing Reheat Dowble Flaw 25-Inch
Last Row Blades and Larger

Tahla D: Special Turbine Equipmant, Features and Requirements—3800,000 to 1,500,000 Kw

Prices in Dollars

Turbine Rating, Mgv___

BOO 800 100D 1100 1200 1300 1400 1600
1. Technleal Birection of Installation
{Poduct for omission}@......c00vvivaia..] S344000 S 380000 $ 416000 5 452000 S 488000 § 524000 S 60000 & 536 000
2. Turbine tests
8 Tutbing a. .epiance tast in field at Pur-
chaser's Ienuest®. o oo varineiasrnraesaa] 230000 245000 260 000 270000 280 000 290 000 309 000 310 000
b Tutbino sonnactions for Purchaser's tust@, . . . 35000 38000 41 000 44 Qo0 47 000 £0 000 53 GoC 56 000
¢ Turbine connactions for Purchasar's anthalpy .
diatosts@. o aaninas 5000 5600 6 200 b5 EQO 7400 8 Qo0 8 €00 9200
3. Extractlons
n For pach type auxiliary twhino applicdtion
wilh steam from auxillary turhino entaring into
the {fecd-water heating cycln@
1, Doos not re-admit to main turbine........| 100000 170 GO0 130 000 J20000 - 120000 130 600 130000 140 000
2. Re-admits to main tuthine. . ... vesieecne 220 00D 250 000 270 000 280 400 ato 000 330 000 asn 000 370 000
b Far othes uncontraflod oxtraction®..........| 72000 81000 90 000 99 000 108 GO0 117 000 126 000 135 000
¢ Singlo-outometic extraction for condonsing
L S R T P T PPN B Rofer ta Factory »
d Double-automatic oxtraction for condansing .
UDE, y v vrvrnrraebbrnnnranrs savansras| — Refer to Factory -
4. Side exhaust openinps@®
2 Bolow Floor lino
1. 3600-rpm, daublo-fiow saravean
2, 3600-rpm, four-FlOW. oo oy eiianraerosnaes 440000 versaran eranean
3, 3600-rpm, six-MOW.. . .viersnrssyes.,.| BGROODD 640 000 700 000 webieert amerasen Cebbrenr  Aserarel ameasane
b Above Floor ling * '
1. 3600-rpm, double-flow.......oiieeiecn] cennneas PR
2. 3600-rpm, four-flow...........,.......| 5BDOAD baearans
3, 3600-tpm, shx-flow. .. ... cvvviunaa...| 750000 830000 910 000
4. 1800-rpm, double-flow, ... ... .. e 660 000 T
8, 1800-fpm.luur—!low................... 840 000 920 000 1000000
6. 1800-1pm, six-flow........ «-u.-..} 1000000 1080000 4160000 1240000 1320000 1400000 1480000 1560 009
5. Speclal cll coolors (prico for two)
8 For 100 F water temperature. . . 54 000 58 500 63 000 66 000 69 000 72 000 75 000 7B 0
b For 105 F walar 1emporatute ar 30% oversize
COOlBI. . ivnrenrarrsararnnnsaranssareass] 102000 108 000 114 c00 120 000 126 Q00 132 000 135 00D 144 000
¢ Far 3C0 psi coolers 23000 24 000 25000 26 000 27 000 28000 29 000 36 000
d For %-inch or K-inch diametor tubes 15 000 16 000 18000 18 000 21000 21 000 24 a0o 24 00D
o For stainloss steel tubas {smaoth)....,. 66 00D 66000 72000 72000 78 000 78 Q00 85000 B4 00D
t For sluminum-btass of atsanical copper tubr .- 11 000 12 000 13000 14 000 15 000 16000 17 Q00 18 000
g Deduct for one cooler and transforvalve. . ... 54 030 57 000 60000 63 0d0 66 000 69 00D 72 000 75 Qo0
@6. Accassories
a Ol for filling lubricotion system. .. svvaersn. 90 000 100 000 110 GO0 120 000 130 000 140 000 150 000 160 000
b Hongers far oil and gland steam piping....... 43 c00 52 000 §5 000 58 000 61000 44 00D 67 000 70 0G0

{piping analysls not included)

@ Changed since previous tssue.

Prices offoctive October 30, 1874: subject to
change withaut notice,

12-212

For foot-notes, refer to pape 28, -

Qctobaer 30, 1974
Supersedes Price List 1252, dsted July 1, 1574
€, C/1683/PL




Price List 1262 Puge 24

Steam Turbine Generator
Units

Caondensing Reheat Double Flow 25-Inch
Last Row Blades and Larger

Vo
i
[
1
t
\A"

Tahle D: Special Turbine Equipment, Featuras and Requirements—200,000 to 700,000 Kw, Continused
Princs In Duilsrs o ;

| Tusbine Rating Mw
\: | 200 250 200 350 400 450 500 600 700

f Faundation Bolis, seev: cevvnnsrsvecncas.| $ 6400 % 7000 % 7600 5 B200 % BEHOD % 9400 410000 % 11200 $ 12400
¢ Blanket-typa Insulation®
1. Tandem-compound Units, ccaerrarrreesrs 32 000 38 000 40 600 44 000 48 ¢00 52000 56000 64 000 72000

2, Cross-campeund unlts +.,vrrvcansssen 43 000 52 ¢0 56 000 60 000 64000 §8 000 72000 80 000 88 090

t Omission of metal lagging Daduct®. ....... 28 000 32000 36 008 40 000 44 000 418 0na 52 000 55 000 58 000
j Totally onclosed motors ot turning geer, ac
turning gazr ofl pump, o¢ hydrogen seal oil
back-up pump, de emerge ey boating ol
pump, vaper extractor and gland con-
denser blowers{. cocisannnrrranraanann 4200 4 B0D 6 400 6 000 & 600 7200 7 800 8 800 9 80D

k Lagping Support S5, couiiieveraisnannnes 2400 2400 2 600 2 600 2800 2800 3000 32n0 -3 400

1 Tnbing shalt sealing systems
1. Additlonal glend condenser@........... 46 000 #2000 54 000 53 000 62 0eD &6 000 70 Q00 76 &G0 81 200

2. Addition2) motaor-driven blower for gland ’ .
4200 4500 4 800 5100 5400 5700 6000 6 600 7200

condenser@. « . oisanraan i aaiaas
3, Gland condensor far 135 F water tompi

awre in liew of standard 126 F........... 4900 4350 4700 5050 6 400 6750 8100 6 80D 7 600
4, Gland rondonser for 160 F water temper- .

ature in liow of standard 126 F@®. ..., ... 23 200 24 000 24 800 25 600 26 400 27 200 28 000 23 600 31 200
5. Motor-driven blawor for gland condenser

dasigned far 1.0 psig discharga pressuta in
liou of standard 0.25 psig. ...v.vieyenn-. 1700 1800 1900 2000 2100 2200 2300 2400 - 280D

O e

il S

Table D: Spacial Turbine Equipment, Features and Requirements—=300,000 to 1,500,000 Kw, Continuad
Prices in Dollars

Tutbine Ratinp, Mw

[
i' 800 900 1000 1100 1200 1300 1400 1600
{ f Foundstionbolts. .. .vevreraneaciasrse d § 13600 $ 14 800 $ 16 000 $ 17 200 $ 18 400 $ 19600, $ 20800 $ 22000
g Blanket-type insulation®
i 1. Tandem-compound units. . ..e.pvueevn.| 80000 88 000 86 600 reivies wiannas vonuyas IETLIRT) vesanas
i 2, Cross-compourd UnS, , c oo ciirainnay 96 000 104 Q00 112 000 120 000 128 000 136 000 144 000 152 000
i h Omission of meta) lagging Deduct®,.,..... 67 000 64 000 67 000 70000 73 000 76 000 79000 82 000
i j Totally onctosed molors for tumning gear, ac
X wraing gogt oll pumyp, ac hydrogen seal oil
back-up pump, dc emergency hsaung ol
" pump, vapor oxtractor and glsnd condenser
H BIOWEIED . e s v s ianeranrissarerniansnreess| TOEH 11 800 12 800 13 800 14 800 15 800 16 800 17 800
: k Logging supportsitls. L....iuieriiieaina, 3 800 3800 4000 4 200 & 400 4 600 4800 5 000
i I Tueroine shaft sealing systems .
: 1. Acditional gland condenser@........c.e00 86 800 92 400 88 000 103 6500 100 200 114 800 120400 . 126 000
2, Additonal motor-driven blower for gland '

condensaT@. v oo aiiiiinrrariaaanians 7800 8400 950 9 600 10 200 10 800 11 400 J12 000
€£ 3, Gland condenser for 138 F water temper-
i ature in lisu of standard 126 F..uvvunsy 8200 8 800 9 600 10 300 11 000 11 700 12 400 13100
£ 4. Gland condonser far 160 F water tompor-
- ature in liev of standard 125 F@.........} 32800 34400 36000 37 600 39200 40 300 42 400 44 000
5 5, Motor-tiiven blowes for gland condenser .

designed fot 1.0 psig discharge pressute in

ttau of standard 0,25 pSigasesrsrrnsnneae 2800 3 guo 3200 3409 3800 3 800 4 000 & 200

For foat-notes, refer to page 28,
No change singe previous Issue.

Westinghouse Elactric Corporation
Steam Tusbirie Division, Philadelphia, Pa. 19113
Peu.tad in USA . . o
’ 12-213 ) e '




Prico List 1262 . Page-25

Westinghduse Steam Tuvbma Genara‘tor
Unpits - :

Condsnsing Raheat Daubla Flow 25 lnch i
Last Row. Blades and Larger BT .

Table E: Special Genarator Equipment and Foatures—240,000 to 250,000 Kva
Prices in Dallars

) Generator Rating, Mva

| 240 300 360 420 480 540 - B00 720 840
1. Gunerutor modifications '
0.80 power f060%. vavrennnn. . wiarraseees.] S160000 $200000 5240000 $2B0000 5320000 S3E0000 S4U0COQ 4BO OO 9560 00D
b 0.85 power fac10r, ,ve e,y . veevis.-.id]  BOOOD  4000D0 120000 140000 160000 180000 200000 240000 280 00O
¢ 0,85 power factor {Daduct). ceveerrreneel 28000 32 000 36 000 40 000 44 000 48 000 52 000 60000 83000
d 072 short-clruit ratio. ... v v v o vuveneaaa | 370000 410000 450000 480000 530 000 570 000 6810000 680 000 70 GOO
e 0.64 short-gircuit tatéo. ... .. ..... ceireesas| 150000 170000 150000 210000 230000 250000 270000 310Q0C .0 Q0O

t Q.80 short-circult ratio (Dodum]@.. wee.ona| 30000 34 000 38 000 A2 000 46 000 50000 54 000 62 000 70000

g Voltago range of plus or minus 6% within

guorantesd LoMpOrature S0, .. cvevae v 60 000 70000 820 ¢0D 90 000 100 000 110 000 120 000 140 00O 160 000

2, Special ganeratar coolors
a Genorator coolors

1, For300psice,veevvnciarnarsers
2. For aluminum-brass tubes - 16 BWG -
d. For stainloss-steal tubes - 18 BWG. . .....
b Cooling water 105 F within guaranteed tem-
peratuta tise
1. Tandem-compound upils. .oy vnraneeenn. 117 400 124 200 131 000 137 860 145 Q00 152 200 159 200 173 200 187 200
2, Cross-compound uhits, o v .vveevauur.-.f 207 600 214400 221 200 228 Q00 234 EOO 241 500 248 390 262 Q00 275 600
3. Accassorles
o Bushing cuerant transformer {Add or Deduct

. 12000 14790 16 000 18 000 20 000 22 goo 24 000 28 000 32 000
6400 © 400 7200 7600 aa00 8 400 8 Qo a9 500 10400
36 ¢l 36 000 40000 42000 44 000 45000 48 000 52 000 56 0o0

=1 T 1700 1900 2100 2 300 2 500 2700 21400 3300 3700
b Gonerator nestial enclosure. .. ...... e 14 900 18 409 22 009 25 600 28200 32 800 36 400 A3 600 50 200
¢ Noutral grounding cquipment@..... ... ... g 600 10 200 10 80O 11 400 12 200 42 500 13 400 14700 16 G0

d Caniage far gonerator cotor removal. . o va . 20 000 20 000 20 000 20000 22 000 22 000 22 000 24 000 24 000

Tahle E: Spocial Generator Equipment and Features—360,000 to 1,800,000 Kva
Prices in Dollars

Gonerator Rating, Mva
260 1080 1200 1320 1340 1560 1680 1500
1. Gonerator modifications
o 0.80 power foctor, cvus s enan . eievsarea.| 9640000 5720000 S E00OOD 5 BEOOOD 5 S60C00  $1040000 51120008 51 200000
b 085 powerdactor. ... oiiiiriarann. «..| 4320000 360 oo 400 000 440 000 430 000 520000 560 000 600 000
& 0,95 power facior (DBduct) sy 75 GO0 84 000 92 000 100 000 108 000 116 000 124 000 132 Q00
d 0.72 shost-citGuit 1o, oo vvvannan.. e o| 850000 €30 000 1 010 000 1 090 000 1170 000 1250000 1330000 1410000
o 0,64 short-clreult 1510, . .uuvuvs v avaaaa f 390000 430000 470000 510 Q00 550 000 £50 000 630 Q00 670 000
f 0.80 short.circuit ratio (Daduct)@..... e 78 Q00 86 000 94 000 102 000 410 000 118 00D 126 000 134 000
g Voltage ranga of plus ar minus 5% within
gueranteod temperature riso. ., . ... 0000 h0. -] 180000 200 aod 220 GO0 240 000 260 ord 280 000 300 000 320 G600
2, Spacisl generator caolers
a Gonerator caolers
1. For 300 psi..... et 36 000 40 000 44 000 48 000 52 000 56 000 60 000 §4 000
2. For aluminum-beass mhus 16 BWG..,... 11 200 12 000 12 800 13 600 14 400 16 200 16 Q00 16 800
3. Fer stainless-steel tubos-18 BWG....... 60 000 64 000 £8 000 72000 75 090 40 oo 84 000 88 000
b Cooling watar 105 F within guarumued tom.
porature rise
1. Tandem-compound units. .o veverva.....f 201 200 221 200 241 200 261 200 231 200 307 200 21200 ..eness
2. Cross-compound WRitS .. ....vvavun.a...| 280000 304 400 318 400 332 400 346 A00 360 400 374400 338 400
3 Accassoriss
s Bushing currant transtormer (Add or Deduct
f07RACh) e v v van it 4100 4 500 4 900 5 300 5700 6100 & 500 65300
b Generator noutral enclosurd, . .uvuvenyen .. 5B Q00 55 200 72400 78 600 86 g00 94 000 101 200 108 400
¢ Neutral grounding equipment®............. 17 200 18 600 19 800 21000 22 400 23600 25 000 26 200
d Cariage fo) gcrmralur tator removal, ., b ae.s 26 000 28 GO0 26 000 28 00D 28 00O 30 000 30000 20 000
Far foot-notes, rofer to page 28,
No change since pravious issue,
Pricos effactive Qcotober 30, 1974; subject to Octobar 30, 1974
change without natlce. Sugwgdei Price List 1252, dated July 1.;1974
E, BIA/F
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7 Price List 1262 Page 26

Steam Turbme Generator
Units

Condensing Reheat Double Flow 25-Inch
Last Row Blades and Larger

Table F;: Spacial Excitation Equ:pment and Features—240,000 to Ban,uuu Kva
Prices in Deollars
Cenerator Rating, Mva
240 300 360 420 48D 540 &00 720 840

1. Excitation specd of rasponso® - f
o For tandem-compound units ' ‘
4. Response ratin 1.0, . v iverenncaananian ) $ 27600 § 31200 5 34800 ¢ 33400 $ 42000 ¢ 46000 49 800 ¢ 57400 & 65000
2. Rosponse fatlo 1.8...cusessnnvans-....] GG 8O0 68 400 76 000 84000 92000 100000 108000 123600 139 200
3. Responsa Mo 200 s i ovesivnnraaiansas]| T00GO0 172 000 124 000 136000 148 000 160 000 172040 166 000 220 000 1
4, Responss ratio 25, . .vvovrsasinsanarad] seaeaes 152000 168000 184000 200 0G0 216 000 232 000 2G4 000 286 000 ;
5. Responspralio 3.0........ eriaviad] ereses  1B400D 218 000 234000 254 000 274 Q00 294000 334 0DD 374 000 i
6. Rosponsp ratio 3.6,... 0000 vevss] sevesss 236000 260000 284000 30BOOG 332060 356000 405000 452 000
b For cross-compound units. Two shall— ar
motor-drivan excitors - .
1. Response fatio 1.0, .. 0eenens PR 40 000 . A3 200 47 200 51 200 55 200 53 200 62 400 B3 606 - - 76 80D
2. Responsg ratio 1.6 . uv v s dvranrns.nus 81 600 98 800 106 000 113 600 121 600 129 200 136 800 152 000 168 QOO
3. Retponseratio 2,0, ... ..c00viansarq..f 152000 164 000 176 00C 188 000 200 00D 212000 224 000 248 000 272 000
4. Responseratio 26, . . vinvr v e renainas] raneaes PR tresara PP wereres 304000 338 000 368 000
5, Rosponeetatlo 3.0, .. ..hcveiiaan, il easens PR srasaes 388000 AZBO00 - A6B 00O
6. RosSponso raliD 3.5, . v vvevvavannrvrarac| sansurs  tasvere sasases ersaere  aseeres 472000 E20000  SGBOUO
2. High initiol raspansa
a Far tandem-compound enits with

7. Response ratid 0.6, civvvvecancds tunve] vavenen srraees 340000 340000 340 QUO 360 00O 3B0 000 420000 460 000
2. Response rativ 1.0..... sieneas | . £1 101 305 000 301 000 318000 338 000 37 oo 407 00D ;
3. Respanse ratio 1.5. . werbesridf wresers PPN 278 000 270000 262 00O 276 000 292 000 322 000 355 000 i
4, Respanse tatio 2.0, S I 246 000 234 000 222 000 235 000 248 000 274 00 ano ooo :
5, Rosponse ratio 2.5, oererens 216 009 200000 184 00D 193 000 203 o0 223000 243 000 3
6. Response ratio 3.0, .. do. 186 000 166 000 146 000 151 000 158 000 172 000 186 000 5
7. Responso ratio 35........ Cirerensann creaens sresias 155000 131 GO0 107 000 110 500 114 000 121 000 128 000 :
b For cross-campound units wllh i
1. Response ratio 0.8, .. i anivnerne] wvanens 680000 680 Q0D 3
2. Rosponse matio 1.0. .o iuveiivanaciiiiad] eararey  daenaer essaise seraess seaases 617000 609000 1
3. Rasponse ratio 1.5, .. oo eieiiiiiinna] venaany [ . ceddsss  wessaas 554 000 538 000
4. Responserotio 20, . .0 veeien i ans tensray tesvans dernane 482000 4GB ODO :
6, FOSPONEO 70D 2.5, cvvvuneuarvssranna] aneitss  wnsasns  bebsess  ameress smsrass ssessss sxesesy 431000 399000 !
G. Response matio 30, -, . veciiiiiaanianns] avenins shrsane Lasrans  sveaves  deerees ceranes vavsaes Q70000 330000 :
7. Responsemtio 3B, .. ovnvnnnerenneend] vneraas sesvane ciresis  asesvse  tessaies seseans veseess 310000 262 0OD
Table F: Special Excitation Equipment and Features—860,000 to 1,800,000 Kva 1
Prices in Dollats i
Genesator Rating. Mvo j
860 10B0 1200 1320 1440 1560 1680 1800 f
1
1. Excitation speed of responso® |
a For tandom-compound units ;
1. Respanso ratio 1.0.,....,. 5 72800 $ Bo 800 $ BB 800 & 96800 5104 800 $112 800 $120 800 $128 800 }
2, Response ratio 1.5. . 154 80D 170 400 186 000 201 600 217 200 232 800 248 400 264 000 :
3. Responso ratio 2.0 f 285000 268 000 282 000 316 GO0 340 000 364 000 3R8 000 412 000 i
4. Responso ratio 2.5. . 328 000 360 000 392 000 424 000 456 000 488 400 520 000 552 00D ‘
5. Response ratio 3.0.... . 414 000 454 000 494 000 534 000 574 000 614 000 654 000 694 000 :
6. Rosponse ratio 3.5........ .| &600CO 543 00f: 596 000 624 000 693 000 740 000 787 000 834 0bo :
b For cioss-compound units. Fwo ‘shalt.’ or ' - :
motor-drivan oxciters B ;
1. Rosponse 1atio 1.0, v.vreivicinnrin i 84 000 &2 000 98 600 107 200 114 B0O 122400 130 000 137 800
2, Rosponse *atin 1.5...... Ceevrcesae...| 184000 200 000 216 00D 231 690 247 200 262 800 278 400 294 000
3, Response fatio 20, . cveervearansiiad ) 206000 320 000 344 000 368 000 392 000 416 000 440 000 AB4 OGN0
4. Response ratio 2.5....... Caiseaiaeaaef 400000 432 000 464 00D 496 Q0D 528 000 560 000 £92 000 524 000
5. Response fatid 3.0..000v0vsavar0.,..\] 5OBOOO 548 00D 588 000 628000 668000 708000 748000 738000 |
6, Aosponse tatio 35, .. c0viivaeravea..| G16000 664 Q00 712000 760 000 808 000 856 00 404 000 952 000 i
2. High initial response ;
o For tandem-compaund tnits with ;
1. Rosponse tatio 05, .o .voveennn.. coaeae| SODDOD 540 000 580 000 620 000 660 000 700 Q00 740 00D 780 000 E
2. Responso ratin 1.0........ ETETIIREEEE 442 000 477 000 513 000 548 000 583 000 619 000 6854 000 689 000 ;
3. Response ratic 1.5. ., 0 v oveninnn., .. 364000 414 000 446 000 476 00D 506 000 538 000 568 000 538 Q00 ;
4, Rasponso ratio 2.0............. vevve..]| 326000 352 000 372 00D 404 000 430 Q00 456 000 482 000 508 000
5. Response ratio 25. .00 v eanriviinias 262 Qob 282 000 302 000 321 000 341 600 361 000 381 000 401 000
B, Response ratio 30.....vvevarreaniaas| 198000 212 000 226 000 238 000 252 008 266 00D 280 000 294 00D ;
7. Responso fatio 3.5, . ....vvvuiinna. .| 135000 142 0410 149 000 156 000 462 000 170 00D 178 00D 186 000 ,
b for cross-compound units with
1. Rosponse satio 0.5, . ... i.une rareses| 680000 720 200 760 000 800 000 B840 000 880 00D 920 00D 960 000
2. Rospanse ratio 1.0 .. ciii i eeneina 697 00D 637 Q00 672 000 707 000 743 000 778 000 B13 000 848 000 :
3. Responseratio 1.5. . ........... vieeass| B22000 554 00U 584 000 614000 646 Q0D 676 000 706 000 7368 000 i
4, Aosponse ratio 2.0..... et b aar s 444 000 470 000 496 000 522 00D 548 000 574 000 600 000 626 000 ;
5. Rosponso ratio 26...cuvvvuvrvrpeoennd] 367000 387 00D 407 000 426 000 445 000 466 000 485 000 505 000
6, Rosponso ratio 3.0 vvovee} 280000 304 000 318000 330 000 344 Q00 358 000 370 QOO 384 000
7. Response ratlo 3. ..{ 214000 221000 228 000 235 000 242 000 249 000 256 000 263 000

For foot«notes, reler to page 28.
No change since plevicus issug.

Westinghouse Electric Corporation

Steam Tuvbine Divislon, Philadelphia, Pa. 19113
Prnied in U3SA
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Price Llst ‘_|252 Page 2

Westinghouse Steam Turbme Generatnr
Units ’ .
Condensing Reheat Double Flow-25-Inch '
Last Row Blades and:Larger - - - :
b
. _ i
Tabla G: Weatharproofing of Turhine Gonerators—200,000 to 700,000 Kw 1
Pricas in Dallars x
Twblno Ratlng, Mw !
200 250 360 360 . A0 450 500 600 700 !
N i
1. Waetherprool complote unit far pamal tom.
poratuns® )
0. Tandom-compount,iveuercnranes veae.sf $ 96000 5105000 SI050D0 $105000 S$712000 $1312000 $112000 $125000 %126 GDO
b, Crass-compound. ...vuivviasraiareerss| 121000 130000 130000 130000 137 000 137 000 137 000 150 609 150 000
c. Tandem.campound (Ratlaway)..........| 216000 225000 - 2265000 225000 232000 232000 232000 245000 295000
d, Cross-compound {Rollaway) .. ....'u 241000 250000 250000 250000 257000 257060 257600 270000 - 270 000
2. Weatherproof.complete unit far suh-nurmul . * : .
tomperatures

a. Tandom-compound. .. ovevvrrearonar...] 16000 125000 125000 126000 §35000 135000 136000 445000 145000
b, Cross-compoundy, . uveeiaiisiariaaas..f 140000 . 150000 150000 - 160000 160000 160000 160000 170000 - 170 ORO
c, Tandom-campound (Rolfawoy)..........| 236000 245000 245000 245000 255000 255000 255000 265000 266000
d. Cross-compound (Rnllnway) cesiaseass..] 260000 270000 270000 270000 280000 280000 280000 290000 290000
3, Twbino walk-in onclosura@. ... ...u0u0.0..| 40000 . 4D 000 40 000 40000 . A& 00D .44 000 43000 48000 48 GO0
4. Wns'lherpmo‘ud unc!nsuru mmr front ped- - L. . : T L

S13l8) : B
n. With limitod walk-sround SPACE. 4 .. pean 32 000 ‘33 000 34 000 35 000 36 000 37000 38 000 40 000 42 000
b. With walk-around spaco, plus additional :

smace for panmls. ..ve st vnensaenais c_Muau- 45000 46000 47000 < AB000 . 49000 50000 52000 65000

Table G3 Waatherpraof’ng of Turblne Generatnrs—ﬂﬂﬂ,ﬂnn tn 1,500,000 Hww ' cee e T
Prices in Dullars . o

Turbine Ba{ing, Mw

HCO 900 1000 1100 1200 130D . 1400 15C0 {

1. Weatherpront complote unit for narmal tem- i

paraturesdd

o, Tandom-cumpaund. cirasnerrranereaaadd $125000 $135 000 %135 009 150 000 $160 000 $160 000 $150 GO0 $1650 D0g

b Cross-compound....... vervaasal) 150000 160 000 160 000 160 000 175 000 176 000 175 000 180 O0C

¢. Tandem.compound (Ho"awav) seaaraaae,]| 245000 256 000 255 000 255 000 270 000 270 Q00 270 000 276 00D

d. Cross-compound {Rollaway)...........,.] 275000 280 000 280 000 288 000 286 000 2395 000 235000 ° 300000
2, Weatherpraof complato unit for sub-neimal ’ ;

tomperaluros@ -

a. Tandom-compound, v oo vssrianisrinenas 145 000 155000 156 Q00 165 000 170 000 170 000 170 000 176 000

b Crnss-cumpound... feiarariansiriesras| 170000 180 000 180 000 180 000 185 000 195 000 195 00G 200 000

¢, Toandom Roll Y 265 000 275000 . 275000 275 000 290 000 280 000 280 000 285 000 i

d. Crass-cnrnpnund {Ro]laway) . 280 000 300 000 300 060 300 L0 315 000 315000 . 315060 300 000
3. Tutbine waik-in enclosure@®. . 62 000 52000 62 000 66 000 56 000 56 000 56 000 . 56000
4, Wsa!lhurpmulnd enslasure aver front p . :

estal@ . :

a. With limited walk-around $pace.......... 44 000 46 000 48 000 50 000 62 000 54 000 sinsenn

b, With walk-around space, plus additional :

tianaes

Spnee fOr PaNAlS. v v v an i ar i b 56 00D &8 000 60 000 62 000 64 000 66 000

For fﬁdt-nuxes, refer 10 page 28,

No change since provious issue,

Prices effoctive October 30, 1974; subjoct to - " October30, 1974:

change without notice, Eug%sgde;z Price List 1252, du!ud July‘l 13?6
y 83/PL
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Price List 1252 Page 28

Steam Turbine Generator -
Upits ' o

Condensing Reheat Double Flow 256-Inch
Last Row Blades and Larger

Foot-Notes
For Pages 22 through 27 inclusive

@ A Westinghouse enginesr must be employed to
direct the instaflation. This deduction may be made
if the Purchaser desires to hita the Westinghouse
angineer at the pravailing haurly rata.

@ Putchaser's and Woestinghousa's teprasentatives
will jointly plan test procedure and instrumaentation,
Calibrated instruments and dewices reguited far
the 1est will be futnished by Wastinghouse {to be

* tatunad), Wastinghouse will provide engineering
diraction of test installation and the runhing of the
test, Westinghouse will calculata the test results
fsom the test data and furnish a camplete test
report to the Purchaser,

Includes turbine connections far the test instrue-
mentation,

The Purchaser will make the unit availabla at the
Ipads and steam conditions necessary for the test
and will- provide material and tabes for installation
of the test | fon, and p I 10 1ead
and record tost data.

@@Presswe connections in low prossure intar;
Prossure fer LP i baskat
ups oy LP exhaust: ofiticos amd tharmocouple wells
1 steam seal piping systom,

@ Two thermecouple wells and. pressure connection

- {of low-pressure inlet.

& The mein unit steam sea! regulating valves and
glond steam congenser will (if requested by
Purchaser) bo sized 1o handto the auxiliary turkine
applications.

@ When uncontrolled exiraction steam is required
o-¢4 and above normal foedwater heating and
asxiliary Wwihing applications {whete required}. the
piices listed are to be multiplied by the nearest per-
cent extraction determined by the fermuta:
Fossil Units .

Additional exwtaction flow x 100

Throttle flow at guaranteed cutput
Nuclear Units

Addstional extraction flow » 100

Throtile flow at guarantced output
Tha uncontrolled extraction steam need not re-
enter the feedheating cycle,
The prce includes protection to prevent overload-
m’g‘; the turbino pars when the extaction is shut
off.

@ Sids-exhaust units will have the same heat rates
&3 downward exhaust,

@® Completo blanket insulation avet high tem)-oratute
tutbine parls instead of standard block and plastic.

@ Includes omission of the enclosure aver the HP
and IP turbine(s), inlet bends and inlet va'ves.
The front pedestal, and tow pressure :urbinag
cylindar foot will bo enclosed.

{® The A-c lurning gear oil pump motor i availahle
encapsu'ated if it is over 40 HP.

@ Includes standard tube materials, one motor-
dliven bluwer, one manudd inlet valve, Tevel alasis
Al two tor opuerated solateng vidves,

@ Inchtdes puig, wonual valve. and two check
valves,

@ Includes two exhaust blowetrs,

® No extrapalation far SCR below 0.50.

@ Neutiol grounding equipment includaes distribution
lype neutraf trans dary resisto!

o
contained in a cubicle with sealing bushing and
coRpraclion,

@ Bosa response rotio is 0.5, The definitions of

“gxcilalion system valtage respanso” and “excits-

(D Changed os added sinca previous issue,

Westinghotise Electric Corporation

Steam Turbine Division, Philadelphis, Fa, 18113

Printed in USA

tion syslem voltage response ratio™ are presented
in JEEE Standard 421-1872, L .

@®@Includes weathorproofing of front pedestak: weath-

erproofing af twbine enclosure, including enclo.
sure aver cantrol valves and cylinder-mounted in-
tercapt valves; weathampraofing of generator en-
ctnsurs; and waathierproafing of exciter enclosure,
in cases where the tuibine employs oxternal
crassover pipes, their insulation will be coverad.
The tuning gear and beating pedesial batwaen
turbine exhaust hood and genarator will bo covered
by a weatheraroof enclosure,

Rollaway enclosure gver turbina casing area can
bo provided instead af weatherproof turhine ap-
elasura if desired. Enclosure designed in detach-
able sections, with necessary vents, doors, rottars,
and hargware, Reils and supports in foundation
are 10 bo furnished by Putchaser.

The shafi-driven exciter will be covered with a
weatherpioof  shoot-metal enclosure, Including
fighting, cooling, and a hoater, but not insulated,
All turbine and generator motors will ba futnished
with spaco hpatets where available and are the
tatally enclosed type except the tuming gear
molor. which is adequalely protectad by the tur-
bino lagging and tharefore is of tho opon <drip-
praof typa. 1f the ol reservair, E-H fluid 1ecervoir,
stap valves, intercept valves, hydragen-seal oil
unit and control panel, gas manifald and excitation
cubicles ate exposed 10 the elements they wilt be
weather-prooled and heaters will be provided in
the reserveirs. A price deduction foi the omission of
weatherproofing these itams and for the omission
of the reservoir heaters will not be made.

The £-H fluid lines will ba designed, Including
Trace Heating, for an ambient temperatuie of O F
with an assumed wind velocity of 26 MPH maxi-
mum. Westinghouse will pravide the Trace Heat-
ing Equipment. Installation to be dong by athars,

it standard opeh motars an the oil reservoir ara
desited, a price deduction will be made.

Normal iemperaturas ero those whare ambient
temperature is not below 0 F.

@O® Sub narmal. tamperatures are those whero am-

bjont tamperature is frem O F to —40 F,

Additionat weatherpraofing for subnormal tomper-
atures includes fans for circulation of warm air,
additional ventilation shutters in turbine genorator
anclasure and hoating cloments far exgoaed goges
and instrumants,

¥ qvet tho tutblna cylinder area
as doseribed in nota &) can be pravided.

The E-H fluid lines will be designed, including
Trace Heating. far an ambient temperature of O F
with an assumed wind welogity of 25 MPH,
Westinghouse will pravide the Trace Heating
Equipment. Installation 10 ke dons by othoes,

The turblne walk-in enclosute consists of ajighted
and vantilated sheet-mota) enclaiure over the
turbine front ond, The enclasue axiends from
about four feet in front of tho turbine padestal
back to the main seclion of enclosure, There is 0
door an each side. No insulation or haating is pro-
vided in the enclosure, The turhine enclosure will
consist of waalherpreofed, shaet-meta) lagging
from the turbine walk-it: enclostte over the high-
pressure and intermedigto-pressura cylinders to
the govarnor end of the oxh hoed, The h
proofod enclosute over tho fuming gear and exciter
will remain unchanged.

@ o Waatherproofod shest-matal onclosure with

approximately three feet of walking space, In-
cludes vents and lighting, but no insulation or
hesting: has temovable sections to facilitate
méintanance, '

Whon rallaway houge ts used over turbine casing

i12-217

arco, b rollaway house of approximatsly tho
same siza as this weatherproofed englosure can
bo provided over tuthine front pedestal, instead
of tha weathorproofod englogure, for the same
price addition,

b Weatherpraofed sheat-meta) entlosure with at
least theoe faot aof walking space araund tho
fromt pedestal, plus sdditional widih to provide
space for focation of starteup anafor tutbine
supervisary instrument ganels. Includes vents
and lighting, but no insulotion or heating: has
removablo sections 1o facilitate maintenance.
when rollaway house 1s used over turbine
casing area. ¢ rollaway house of approximately
the same size as this weatherproofed gnclosure
can he provided over wwibine front pedestal,
instead of the h fed enctosure,

DRIGIN ya o f
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Westinghouse

Tahlae H: Spacial Accessories and Requiramants, Tarbines

Price List 1262 Page 29
Steam Turbine Generator
Units

Candensing Reheat Double Flow 26-Inch
Last Row Blades and Larger

Prico . Prico Prica
Addition Addition Addition
1. Electro-hydraulic control system 7a Dilfereniial expansion tip selay and 30, TumpnrathInl\:rduwn cn}mrs and
o Remotosotofvelye pasition setpolat % 1,000 dOtECIOr . n s v i i aees 13,000 :?é\ﬁd?itn anking plates for staam
b Operator push button adjustmant af b Provisions fer future mounting ol a Nonerohoat, por s6t............. § B000
hrottle pressusa HhillS. e v vy ervees 1,000 BbOVD, serisesieininiariaeers. ¥ BOD b 5 i 22,000
! [npte rehent, pErsot.cuasssesaas i
& git::rr:;g; sot Hi-Lo llmit on load P Spoad rEOrder. . e 2,400 ¢ Double roheat, per set. . ..., ... 36,000
d Indicator jamps - not puth button, . a00 8. Efnotrls spoed indicatar.. ... ... . 500 ) 31 Telmnmarv bl:lov':l_dnwn] ;:c;v?rs nqg
o Relay contact autput (mercury wote 10, Milliammoter. oo ovvanraiianns . 500 Vwﬂa‘;‘;‘ ;‘[’la‘m g hi]’;:”"dm:;_“'
)4 inerniasnrr i isaianae 475 | 11. Electric positfon transmitter... . ... 1.050 2 NOnrrBheat. v os s seiraevernenes 10,000
f E_H el switch 10 hulk qgg | 12 Elestric positien recelver......... 690 b SDigsLt;argh;ati ----------- veees g;-ggg
eteararebtadeaaner s c Frtaerrraganenn . s
g High pressuro  heador  switches 13, Esxtra shaft vitiomoter pickug, ... . 1,600 u °_ ea
{high and Jowh...euessveaiaes 240 | 14, Eatro vibration retotder. ... .. .. 3,600 | 322 Zectde ail reservoir hoater (WPt o
h ;?:f":?:,e“ﬂ;g f:;::;t'??_?‘f‘?:sw_“ of 8OO 15, Extra wmporature rocorder. .., ... 3,600 b Provisions for fulu}u; ‘r‘nnunting of
@ Two thormostatically coniralled 16. Suporvisary instrumont cobnt ABOVE e eerenenenssninne 1600
volves, twoisolated valves. & strainer. a Tandem-compound unlt, .\...... 13,000 | 33. Dilmisteliminator (Motor-diiven).. . 3.000
1;r E-H !h.lld hoat nE:tr:l:mngcr. caan 1,000 b Cross-compound uait. ...... PN 16,000 34, Repmduiblc copies of final draw-
} Rasorvoie heater - E-H....... ‘e 3,600 § 47, Tuminggearcontrolpane), pershaft@ 1,340 ings, polyester base diazo
& Special loading rates for load rate . & In licu of standard. ... ., .. 3,700
L T R 1,800 | 18 ?-ﬂl; up panel, lnd:DTQl) 32,000 b In addition to standerd. . ... 6,500,
| Spare magnetic picku ulsa a Tandem-compound unlt. ........ g )
whasl, o BT o B 1,000 b Cross-compound umit. . - 24000 | 35 f5l_MM ;‘“ﬂ!ﬂ"'m";?ﬂﬂl“;“ .
- . WIRGS
m Sp-am E-H fluid supply pump..... S20 1 18, TypeWswitch. . ..oounivuiinns 260 3 1n fieu of grints of final cra dué’uc, 1.400
n ;‘:{'{d for E-H systam.. . RN 8000 | 25 Limit switch b inliou of prints of olf lssues of draw-
o £ Haunnnl length of cable botween a 1 N.O. and 1 N.C. cONtACtS. sy 230 ings doduct 5,600
panel and controller cohinet ~ b 2 N.O. and 2 N.C. contacts...... . 310 ¢ In addition to prints of final draw-
pot 110 foot longth.. IRFERNINEE 600 ¢ 3 N.0. and 3 N.C. contacts, . «.... 350 ings = add por sot... (... 1.400
Q@p h:d?n? of E-H {lui Imau;';f:: 2.000 d Pravision far fulura mounting. . .... 140 d :,“ addition to prinis of ail fssuos of £.600
2 Sommmtscusion tor worm a0 | 213 Ptz | S o -
tost valvos (in ou of manual voives,) b Diﬂurqnnal pressute switch,...... 920 | 36. Extra coplos of Instrustion book,
par valve ' a50 e Provision for fuiure mounting......... 140 O8N, s aaertecnrtirasnnasinene 50
3. Glond systorns 22, Indleator lght. s ooiuviniaiiiins a0 | 37, 1,3“:3,“;9 mgduld(}'"=1') 2500
a Peduct for omission of motor apore 23, Gauges 8 LARClem-COMPOURG. + oo v evreeree -
ated bypass and shut-off valves 0 Dirett mading. cvovvervann..n . 160 B Cross-campolnd,,..ovcvsererer 4500
oround main and spiltover ragulators 5,000 b Pneumatic v 38. Comhined maln turbine systems with
b Motor-oporated butterdly discharge 1, TrANSTHHE e e vencenaecinnsas 760 Waestingbause furnishod auxitiaty tur-
valve forisolation of oxhauvstar blow- 2, ROLOIVEL. eeninsarenrneessnss 160 bine systems: (@
B PEIVEVE ., ey e 2,200 ¢ Eloetiic o Combined E-H fluid system - cath
o Additional manual buumﬂv dis- 1, Transmitter. . ovesirianeaans 1,100 suxiliary urhing, ..., .. 12,000
chorge valve for isolation of ox- 2. Recelvar.eervacareenan.s iees B0 b Combined E-H ffuid and ube il
houster blowar, ..., ... 6500 - system = asch auxillary turbino. ... §0,C00
d Gland Tt et 24, Additional pressire tap with nipple ¢ Steam seal piping belween main
: and condenser water 5OUDP1'J' de. and shut off valve unit and aexitiary tusbine{s)., . . ... 12.000
:gnt presswre for each 100 psig or g, Turbine cylicder=oach. .. ....... 2,700 d Manual isolation valves in steom
s;g;:i%?d ;i;u;no%f saibmm maximum 4,000 by Other—esch, cuoniavsnrananns, 60D seal piping bolween main unit and
4 s ! motor p _9' rrreceranes 5 2B, Temperature detection davices auxiliary turbine{sd........ e 5.000
. e L a Thermocoupte or thormostat in bear- i ; ili
2 4160 voht main owaifiary oll pump ing oil draln lings, ... ..v....e. 120 38 2’:3;:3;;?;‘" ﬂ;w'i‘,’,'gﬁ's Q! spemlm 60,000
MOMOT, 4t e e v asnnseorsrnnrsren 8,200 b Tharmocoupla in hoating metal. ... 340 )
b 2300 volt auxiliary oil pump motors. 1.800 ¢ Exhaust hondlthurmasms 230 40, Thrust load recorder®....o0o. .. sz;;’i:ew
¢ Spacohestors ~turbine and gonorator 1. With ono oloim contact,..... ..
wmatars, por unit 2000 2, With two alarm cantact, ....... 350 an. M h d 200,000
d Spaco heata for metar and bo o ' @ Hanao. o o Doty or bannel. -+ 480 | 4o e '
1:ater {or motor and box for flange, or volvo body or boanet. .. . ; . .
molor-opecated valves, por vaive. . . 150 o Two or threa clement theimozouple 42 Anti-motoring protection®. ... ... 1.350
o Dolote d-c matar staster far emor- intiou of standard single element. . . 130 . . i
quency oil pump motor - Daduct, . 1,320 f Extta thermocoupla well. ... ... 120 | D43. Boxing :nr overseas shipment m‘2°/
I D-c motors 1o accammodate vaoli- -] El_{_:g[mm 1;1 licy of conventionz! 150 créase total PHED ., . v v ve oo e 5
ages helow 10% of ratod voliage, Y S, each ..... FITRLEE
1. Indoor units {(ODP Motars)  Indicating thomometers (ial} o
a Bearing oil pump mMOLGT, ..., 1,500 « No alarm contact. .. .. ... e ggn
b Soal oil pump motor, 4 ..., 1,000 2‘ With alarm contact.......... ‘
2, gu;zg::i:‘ ;rghs P("Jl’gl;CmM‘mum) 2500 26 Addltluinnl llot mllvpe olt tevol olorm 700
ofor, ... [+}1 rrrrarerraaans .
b Soal il pump motar. . ... 1,000 27 l(.ur:ursts:anlnul )boxes on tushine
- crmina -
5. Stparatevibration tip rolay nd o | 5 oo TN TN oo
6. TOMmDErature tHp sliYs .o ureenen. 6,060 | 28. Sfiding-link typo terminal boards, 8,000
® Addition since provious lssue. tuehine . . i it iirieiin e v
For foot-notes, rofer to page 30, 29, Steal wrench cabinef,.... .00, 2.600
Pricos offective October 30, 1974; subject to QOctoher 30, 1974

change without notice.
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Price List 1262 Page 30 £
Steam Turbine Generator : A -
Units e o L

Condensing Rehsat Double Flow 25-inch
Last Row Blades and Larger. -~

Foot-Notas for Table H, Page 29

@ tncludes ammeter and - switch for tuming gont
mator, switch for ac boaring oil pump mator, and
signal lights.

@ Includ iver-lype  steam  pl gages,
(main, 15t stape. to reheator, from rehoater, ox-
haust) : Typo W switch and tamps for turning gear
motar, twibine all pump motots and vapor extac-
tor molor; indicators for stendard turbine supere
vitaty Instruments, Panels for cress-compound
units include additional supervisaty indicators and
turning gear mator switch and tamp.

@ a Includ ] capacity for the E-H fluid

. lem components and tho Interconnecting
piping from main unit 1o -header connoction
peints ot each puxilizry futbine. Requires all
valve hydraulic ralays to bo located at on eleva-
tlon higher then E-H {luid tank to peimit gravity
drainage. E-H fiuid tiot insluded.

b Includes increased capacity of the lube olk sys- : . : 3
tem components for the supply of lube ail te the . ' !
auxiliary turbine and its driven auxiltary, and in- . i
terconnecting o piping fram main unit to '
header connection paknts at the auxiliary units. . :
Includes combined E-H fluid system for main . E
unit and auxiliary turbine, where applicable, :
with festures as described above. Aequires aux-
itiary turbine{s} to Le facated at an clevation
higher than main.unit lube oil lank to penwit
gravity drainage of oil. Lube il and E-H fluid
nat Included,

Daoes not include isolating valves basween main . 2
unit and auxilisry tutbine{s). f

o

® Includes thrust lngd calis mounted In thiust
bearing housing and recorder {mounted by Pure
chaser).

@ Includes SG-1 Relay, pressure switch, and differ-
entia) pressuie switch,

No change since pravious issve,

Westinghouse Electric Corporation

Steam Turkine Division, Philadelphia, Pa. 19113
Printed in USA
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Westinghouse

Table J: Special Accessories
and Reguirements, Generators

Prico
Additian

Ganorator
1. Two oxtre baltle connections on
C0; or Hy gas menifalds,........ § 100
2. Delation af hydragen and C8, mani-
folds {DodUCt)..ioavniiiaanias 720
3. Space heators in Hy contral pansl
or oxcitation cubiclos, por cubicle

S0CUCN ssesesenrsanansarrasban 170
4. Dc motor starter for de seal oll pump. 1,600
B. G F o indi (no!

,including leads or solestor switches) 500
6. Hydrogen purity recelver gauge. .. 500
7. Relay typo annunciator

212014 pointe.,eeniiiannann . 2,000

w, B 30ROk et e eursriaecnaes. 5,000

B. Thermocouple or ATD i stator wind-
ings, ond iron or coolant passage,, . 120
8, Tube expandor for Hy coo'or. ..., 80
10, Test aquipent tontal;
o Forhighpotentialtestafiorinstallation,
POF WORKa s vavsnreas snnsnsear 5,600
b Additlonal oscillograph rente!, per
WEOK. s asiarsenrrrsanntesaras 2,000
11. Caolibration of bushing curront trans-
former, per CT per hurden®, oy . 360
12, Stator winding cooling watar system
compopents
a Spare daionizer with required piping

vOlveES ORD QARTS. v eurrrarrrrans 16,000
b Isolntion valves ond nssaciatad piping
(O CADI0MB. cavnnvrinaasnarianins 10,400
¢ Spare full-flow filter with required
plping, valves and goges. coveeeys 12,600
di i hoater, th at and
pressure switeh. o veenreacarancas 2,700
13. Sliding=link typo torminzl boards,
QENOLAtOr Onlyssesssvsnrasonsnrs 6,000
14, Tosts
a Short factory tost saries®,....,.. 300,000
b Long factary tost ~ories@. . ...... 320,000

Excitation systam and miscellana-
ous switchgear {prices aro an 8 "por
gonorator” basis)
15, Line drop cOomponsatioNeess eesen. 1,108
18, Powaer systom stabilizing
a F-7 supplomental signol....sea.s 12,000
b F-V8 supplomontal signad®..ase.s 18,300
17. Pasition indicator tor computer input 1,600
18a Interposing ratays for oxcliation sys-
tem oparation on computor pulse
Contrel@® s v s vavencovnrscersane 5,400
b Pravislon for future mountiag of
nbava with witing, pet set, .. ..., . 1.000

No changa sinco pravious issus.

Prices effactiva Octobar 30, 1974; sublect to
thangs without notica.

Prica
Addition

19, Vollage regulator iatching relays® 61,280
20, Voltage matching equipment®. ... 2,200
21. Dust-preof onclosure per cubicle

SOEHON. cenvannantsinnnvnanras 3,740
22, Maxismum volts{Hertz axeitation

it e e vvrvrernesrrnearnres 2,400
23. Loss of oxcitation felayecss v v v 1.800
24. Base adjustar follower®......... 2,750
2§, Partable stroboscope, acuovu.iaas 1,100
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Price LIst 1262 Page 31

Steam Turbine Generator
Units

Condensing Reheat Double Flow 258-Inch
Last Row Blades and Larger

Foot-Notes for pagse 29

@ Standard includes 2 two-point calibrahon, pet
ANSI standargd hurden B-2; this price opplies et
additional oy special test burden.
) Short factory test series includes runeng the gon-
erator at the factary end performing the following
test
1. Oaen eircuil saturation curve
2. Open cirguit core loss curve
3, Shesn citcuit loss curve
4, Synchronous impedance curve
5, Doubte frequency vibiation
6. Voltage balante
7, Current baolance
0. Prase sequence
9, Shaft voltage

10, Rosidual valtage

11. Hydregen seal oil flow

12. Bearing and seal insulation test

@ Long factory west series includes the short factory
tost series plus:

1, Open delta saturation cuive
2. TIF and harmonic analysis
3, Open circuit hoat run

4. Short circuit heat run

5, Zero excitation heat run

& Bias of voitage regulator so that during changes in
Iraquancy the excitation is regulated as a function
qf both valtage and fraquency,

& Latching or interposing relays to allow paralies
computerfoperator contiol of fiold breaker, trans.
fer telay, de voltage adjuster and ac voltage ad-
juster, Provides made selection.

(@ Laiching to prevent regulator refurning to manual
contral on battety supply intesruption.

@ Matches generator 1etminal vallage to line vollage
priar 1o conneciing generator 1o line,

® Vollage requlator bias by generatar lrequency 1o
umit valts per Hertz sn autamatc mode and below
57 Hertz while off-iine.

@ Conknuous adjusiment of de segulator while oper-
ating on ac regulatcr 5o that & requlator {ranstes
will not change excitatiea,

Octohar 30, 1974
Supersedes Prics List 1252, dated July 1, 1874
E.C/1683/PL




Price List 1252 Pngo 32

% Steam Turbme Generator

Units :

: Condensing Reheat Double Flow 25-Inch

i Last Row Blades and Larger

:

I

H

i

i

|

i Poop QU QGJ iif B

:

1

i

: New Inlormation

!

i Wasﬁnghnuse Electric Corporation

¢ Steam Turhine Diviston, Philadelphia, Pa. 19113
3 Printed in USA
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Subappendix AA 12.1.2
PROPOSAL DESCRIPTIVE LEAFLETS
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AA 12.1.2.) 500 MW Turbine-Generator Configurations

Combined HP-IP element plus two dual flow 25 in LP
ends (4F-25)

Combined HP-IP element plus two dual flow 31 in LP
ends (4F-31) ' '

HP element plus dual flow IP element plus two dual
flow 31 in LP ends (4F-31)

Dual reheat machine - VHP-HP element plus dual flow
IP element plus two dual flow 31 in LP ends (4F-131)

12-224

12-226

12-227
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Tandem-Compound Quadruple-Flow Reheat Turbine

SCe-71

sanan
Longitudinal section of TCAF reheat wurbine, 3600 rpm.

®

asnoy3upisam
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7YY Longitudinal section of TC4F reheat turbine, 3600 rpm.
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Tandem-Compound Quadruple-Flow Reheat Turbine

__-

2571373 Longitudinal section of TC4F reheat turbine, 3600 rpm.

0Z1-0871 1ad
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BTz-71

Tandem-Compound Quadruple-Flow Double Reheat Turbine

HSTTYTY Longitudinal section of TCAF double reheat turbine, 3600 rpm.

asnoy3ujisam
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AA 12.1.2.2 900 MW Turbine-Generator Configurations

Page
Dual flow HP element plus dual flow IP element plus 3 dual
flow 28.5 in LP ends (6F-28,5) 12-230
Double reheat - VHP-HP element plus dual flow IP element
plus 3 cual flow 28.5 in LP ends (6F-28.5) 12-231

12-229
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Tandem-Compound Six-Flow Double Reheat Turbine

46-537-TL71-T2

i Longltudmal scction of mdnnbleuhutmtb g, 16001'[:!11 e

asnoysulisam

®
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Ver-ost1 103

Tandem-Compound Six-Flow Reheat Turbine

Longitudinal section of TCEF reheat turbine, 3600 rpm.

22-47-72-72-72

asnoysuisam
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AA 12.1.2.3 Element Pictures and Features

Superpressure Turbins: (SP) Element
Picture-element, seals and piping transition
Drawing

Piping and valve chests

Very High Pressure-High Pressure (VHP-HP) Element
Picture with details
Drawing

Section and features
Dual High-Pressure Element (HP) Section and Features

Combined High Pressure-Intermediate Pressure (HP-IP)

Element Sectioan and Features

Dual Flow Intermediate Pressure (IP) Element Section

and Features

12-232

12-233
12-234
12-235

12-236
12-237
12-238

12-239

12-240

12-241
12-242
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View (b)

View (c)

View (d) g-' el

| View (a)
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VHP-HP REHEAT TURBINE ELEMENT
3600-RPM OPPOSED-FLOW HP DESICN

FEATURES

1. Inner and outer casing construction reduces temperature gradients, thereby
minimizing thermal stresses.

2. Very high-pressure and high-pressure elements balanced independently.

3. Very high-pressure inlet and exhaust piping brought through inner casing
by slip joints.

12-238

PDL 12563
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High-Pressure Element
3600-Rpm Double-Flow Design

Features

1) Inner and outer casing construction reduces thermal gradients, thereby
reducing wall thickness and bolting size.

2) Steam inlet piping connected to the inner casing by slip joints in order to
reduce distortion due to temperature changes.

3) Double flow design insures thrust balanc:.
4) Rotor checked in heater box for thermal stability prior to shipment.

5) Ultra-sonic test of rotor performed at steel mill and at the Westinghouse
factory.

12-239
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Westinghouse
HP-IP Reheat Turbine Element
Features
1) Inner and outer casing construction reduces temperature gradients, thereby
minimizing thermal stresses.
2) High-pressure and intermediate-pressure elements balanced independently.
3) High-pressure inles and exhaust piping brought through inner casing by slip joints.
12-240
“DL 1750 1 34A




INTERMEDIATE PRESSURE ELEMENT
3600-RPM DOUBLE-FLOW DESIGN

FEATURES

1. Inner and outer casing construction reduces temperature gradients, thereby
minimizing thermal stresses.

2. Steam inlet piping connected to the inner casing by slip joints in order to
reduce distortion due to temperature changes.

3. Double flow design insures thrust balance.
4. Rotor checked in heater box for thermal stability prior to shipment.

5. Ultra-sonic test of rotor performed at steel mill and at the Westinghouse
factory.

12-241
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PDL 1250-151

®

Westinghouse

Intermediate Pressure Cylinder

3600-Rpm Double-Flow Desiga

Features

1) Inner and outer casing construction reduces thermal gradients, thereby
reducing wall thickness and bolting size.

2) Steam inlet piping connected to the inner casing by slip joints in order to
reduce distortion due to temperature changes.

3) Double flow design insures thrust balance.
4) Rotor checked in heater box for thermal stability prior to shipment.

50 Ultrasonic test of rotor performed at steel mill and at the Westinghouse
factory.

12-242
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¢ Subappendix AA 12.1.3
WEIGHTS AND DIMENSIONS
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500 MW Plant
2.00" HgA
Item 9 - 3500 psig 1000°/1000°
Similar to Item 16
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500 MY Plant
2.00" Hgh
Item 12 - 3500 psig 1000°/1200°
Similar to Item 19
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500 MW Plant
3.50" Hgh
Item 9 -~ 3500 psig 1000°/1000°

Similar to Item 16
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900 MW Plant
2.00" HgA
Item 9 - 3500 psig 1000°/1000°
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800 MW Plant
3.50" HghA
Item 9 - 3500 psig 1000°/1000°
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Appendix A 12.2

DESCRIPTION OF PRESSURIZED BOILERS

A 12,2.1 The Duty of the Pressurized Boilers for the Base Case, Point 15

Due to the desired close coupling arrangement of the gas
turbine-compressor units, the totai heating duty is divided among four
boilers. Each beiler transfers 25B.1 MWt to the steam cycle. Each
of the four boilers burns 45.133 kg/s (3.582 x 105 1b/hr) of low-Btu
gas, which is supplied from a coal gasification vnit at 1144°K (1600°F)
and 1.0342 MPa (150 psi) abs with 134.95 kg/s (1.071 x 106 1b/hr)
of air supplied from a compressor at 624°K (664°F) and 1.0342 MPa
(150 psil) abs. After releasing heat to the steam system the products
of combustion are exhausted to the boiler pgas turbine at 755°K
{900°F) and 1.010 MPa (146.5 psi) abs. In order to avold too high
a boiler combustion chamber ' temperature, the boiler exhaust temperature
is limited to 755°K (900°F) for a specified fuel/air ratio. The gas
in the gas turbine, however, must be expanded from a much higher
temperature than 755°K (900°F). More low-Btu gas, therefore, is
burned in the gas turbine combustor.

Feedwater enters the boiler at 644°K (700°F) and 26.2 MPa
(3800 psi) abs. It is raised to steam at 811°K (1000°F) and 24.235 MPa
(3513 psi) abs. Tollowing two high-pressure stage feed-heating
extractions, 92.8% of the steam flow is returned to the bhoiler at
572°K (570°F) and 4.4821Pa (650 psi) abs for reheating to 811°K
(1000°F) at 4,137 MPa (600 psi) abs. Within these constraints the
primary steam flow delivered per boiler is 124.58 kg/s (0.9887 x 10
ib/hr), and the reheat steam flow for each of the four boilers is
115.64 kg/s (0.9178 x 10° ib/hr).

6
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A 12.2.2 General Configuration of the Boller

Since combustion and subsequent heat transfeyr is at elevated
pressure, 1.013 MPa (10 atm) for the base case, the heat transfer sur-

face is contained within a eylindrical pressure vessel.

In order to limit the temperature to which the vessel shell
is subjected, it was decided that the wall should be internally
insulated. Furthermore, in ovder to minimize the thickness of imsulation
required it was decided that the insulation be blanketed by the
incoming air from the compressor which, at 624°K (664°F), is the

coolest gas inside the boiler.

Since this air is available from the turbocompressor at a
low elevation it is advantageous if it is directed upwards in an amnular
passage adjacent to the shell insulation and surrounding the heat
transfer surfaces. The low-Btu fuel gas is available most conveniently
at a high elevation. This is-due to the configuration of the gasifier
and the desire to minimize the length of high-temperature gas piping.
It is, therefore, natural to merge the air stream and the gas stream
at the top of the vessel and pass the combustion products downward c.-=r
the heat transfer surface. This arrangement is further beneficial in
that the combustion products are brought to their lowest temperature
at a low elevation, where it is most convenilent to exhaust to the gas

turbine. Figure A 12.2.]1 illustrates this layout.

A 12,2.3 Distribution of Main Evaporator, Superheat, and Reheat Tube
Banks within the Pressurized Boiler

Homogeneous nonluminous flame temperatures close to 1948°K
(3046°F) are anticipated in the region just below the burners. In
order to maintain tube wall temperatures below 1089°K (1500°F) excellent
heat transfer within the tubes is necessary, preferably to a fluid
of a temperature somewhat less than the maximum steam cycle fluid
temperature of B811°K (1000°F),

12-261




(e

Dwg. 6365435

r=——=="

|
!
1
Y l
1
= i
Primary :
|
Reheat |
-— T _:
l_, Boiler
|
A
zﬁ“ﬁ-_—J !
Burn| Compressor

Gasification

i {
| i
I i
I i
! t
i |
| |
i Coal
| |
: Plant
|
' |
! i
| |
|
! :

Legend
—p——— Fuiel Gas
— - - — Combustion Products
——p=—— Alr
=== Steam System
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These requirements preclude the use of the reheater section
to cool the flame. The primary steam circuit, therefore, occupies
the hottest region of the boiler., In line with the most advanced
current practice the combustion products are cooled to 1478°K (2200°F)
before being passed in crossflow over the tubes. Reduction of the gas
temperature to 1478°K (2200°F) provides a little over half of the heat

required to raise primary steam. Clearly, then, the primary steam

circuit must be divided into two sections. The first section cools

{ the hottest region of the flame from 1948 to 1478°K (3046 to 2200°F) and
: ig axially parallel but countercurrent to the combustion gas stream.
This 1s sufficlent to take the feedwater from its imput value of 644°K
(700°F) and raise it to 678°K (760°F). This is thus a water-wall
section, the details of which will be discussed later. The second

section cools the gas from 1478 to 1095°K (2200 to 1512°F) and in

so doing takes the water from 678°K {(760°F) and raises it to its
final condition as steam at 811°K (1000°F) and 24,235 MPa (3515 psi) abs.
This section has a conventional tube bank configuration over which

the combustion product gas passes in crossflow.

In the first primary evaporator section (the water wall)

it might at first seem logical to inject the feedwater at the top where
the highest flame temperatures are experienced, but for hydrodynamic
reasons it is preferable to have the water flow upwards against gravi:y

until the temperature is elevated above the pseudocritical value. The

rationale for this procedure is outlined in detail in Appendix A 9.3,
Section A 5.3,2. This involves collecting the partially heated water

by a system of headers at the top of the water-wall section and transporting
it down in headers to the crossflow section for finish superheating.

i The partially heated water is injected at the top of the superheating

i section so that the tubes, which are exposed to gas at 1366°K (2000°F)

on the outside, see the coolest water at this point.The water passes

in net downward flow, cocurrent with the gas, by virtue of a series

of cross passes, each at a lower elevation than the previous one.

12-263

S
;




Dwg. 6365A33

=
= x
8o
< A
0 o
E oL
253
<o m®
{= Gas from Gasifier =
1600°F
=]
Tge 3046 F :;’Vh
5 &F
el =
2 S
S5 glv =
p— S b
= =
T
o 2 o
- EE8  x B
Tgj = 760°F £ ‘gg x|
Tsup = 1000°F  <— Tg, B12.5°F 1537 5
Trhf = 1m0° F gy — y g cuj
] w S
| § oa:‘o|_::
T = 570°F — Tg 900°F 5 S )
o 'Z_Li__q—‘ ek . &
= a—— o~ ;
Mcas to Turbine g £
=
w Air from r

Compressor 664°F
Fig. A 12.2.2~-Layout of Heat Transfer Surface

12-264



' 1 i PR 1 O B

The water leaves this tube bank as sunerheated steam at 811°K (1000°F).
The combustion product gas, at 1095°K (1512°F) proceeds downward to

the reheat section.

The rehieat section is a conventional crossflow tube bank.
In orderlto preserve a positive temperature difference between the gas
and the stream, the cold reheat steam, at 572°K (570°F), enters at the
bottom of the tube bank where the gas is at its lowest temperature value
of 755°K (900°F). The steam passes in net upward flow, countercurrent
to the gas, by virtue of a number of cross passes, each higher than
the previous one. The steam leaves the reheater bank at the top at
811°K (1000°F) /4.137 MPa (600 psi) abs, Thelcorresponding gas temperature
is 1095°K (1512°F). )

This distribution of surfaces and temperature is schematically
illustrated in Figure A 12.2.2. Figure A 12.2.3 is the corresponding

temperature approach diagram.

A 12,2.4 Special Features of the First Evaporator Water-Wall Section

In this section the tubes run vertically, parallel to the
gas stream. At their upper extremity they are adjacent to the hottest
region of the flame. The homogeneous flame temperature at this point
is caleculated to be 1948°K (3046°F). The flame is, however, not
homogeneous in temperature; rather, there will exist within tune flame,
temperatures several hundred degrees higher than this value. This is
one of the reasons why it is conventional practice in water-wall
design to restrict the water tubes to a peripheral area surrounding
the flame. The tubes are thus radiation coupled to the highest
temperature zone of the flame but are impinged by gases which are

actually lower in temperature than the homogeneous femperature.

In normal practice several burners are combined to produce a
very large flame ball 6.096 m (20 ft) or so in diameter. This is
normally enclosed with a large box or cylinder furnace wall which is made

up of the water tubes. This layout has the disadvantage that very
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little tube surface per unit volume can be provided. Thus, with a
normal heat transfer coefficient, a considerable length of furnace

is required before the combusting flame as such no longer exists

and the combustion products are cooled to a temperature where they
can be passed over crossflow tube banks. This length is typically of
the order of 30.48 m (100 ft).

In this boiler design we sought to increase the surface area
of the water wall per unit volume of the furnace by locating each of
the seven burners employed on the center axis of a hexagonal water-wall
passage 1.58 m (5.2 ft) across flats. The seven hexagonal passages

are then c¢lustered to form a honeycomb. See Figure A 12.2.4.

Dwg. 6365A34

Air (Upflow)
7 Burners (Downflow)

12 Internal Walls 3 ft. Long
18 External Walls 3 ft. Loni7

6 Downcomers  q i,

Internal
Wall Detail LA Liner (Insulated)
Assume View Factor =0, 85 Rua ' Pressure Vessel

for 2 in. OD Tubes on 3 in. Pitch 18 ft. Dia. View Factor =1

Fig. A 12.2.4 —Proposed layout of vaporator section (water walls)

The 18 external facets of the homecomb contain one row of
tubes. The gaps between tubes on the external facets are occupied by
T bars welded to the tubes. This provided a closed outer periphery

also, and the T bars pick up heat from the gas and conduct it to the tubes.
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The 12 internal facets of the honeycomb contain two rows of
tubes, The gaps betwen tubes are left open. This provides a higher

radiation view factor than would be the case if the gaps were filled by

a ceramic. Also, the gaps provide hydrodynamic coupling between the |

seven passages, Lenefiting the stability of flow in the passages.

It is estimated that this arrangement provides nearly three
times as much effective surface as would a conventional water-wall

design of the same height and cross sections.

Dwg. 6365A36

For Base Case P =3 in.
do=2in.

Figure A 12.2.5 - Heat transfer of Flow Situation in
the Water-wall Evaporator.

Equations A 9.3.26 through A 9.3.28 of Appendix A 9.3

describes the overall heat transfer situation. Stating Equation A 9.3.28

again we have:

h

1
- T (A 12.2.1)
o 1/hg + llhw + 1/hs
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The heat transfer roefficient from the gas to the wall, hg, has two com-
ponents; namely, that due to radiation from a2 nonluminescent gas and that
due to forced convection., The baslc equations for these situations will
be rewritten here, but for a detailed description of the procedures in-

volved the reader is referred to Section A 9.3.4.

h =h_,+h (a 12.2.2)

where
ole (T +460)* ~o (T + 460)°
g g g.W Wo
ad - (A 12.2.3)
a T -
g v,
and
0.023k (Vo d 0.8 0.4
h S -1 [—g—-] Pr* (A 12.2.4)
conv d n

o g
In Equation A 12.2.3 Eg in the pressurized gas emissivity at Tg and is
the sum of contributions from the radiating components of the gas; namely,
water vapor and carbon dioxide. The partial pressures of these compo-

nents, on a percentage of total pressure basis, for the base case are:

e
[}

o 10.61% (A 12.2.3)

)
n

HoO 4,427 (A 12.2.86)

The radiant path length for a hexagonal enclosure is given by the equa-

tion:

L = 0.9 (Dimension across Flats) (A 12.2.7)
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Using 2 1.5¢ m (5.2 ft) across flats dimension:
L = 1.426 m (4.68 ft) (A 12.2.8)

With these basic parameters in hand and proceeding by the same method as
described in Sectionm A 9.3.4 we obtain:

By = 117.9 W/m=°K (20.77 Btu/hr-£t2-°F) (A 12.2.9)

Using an average hnll combustion product gas temperature of
g 23 n

17i2°K (2623°F) to evaluate properties in Equation A 12,2.4 we obtain;

- 2_, er? o
LI 37.19 W/m“-°K(6.55 Btu/hr~ft“-°F), (A 12.2.10)

So that by Equation 12.2.2

hy = 155.1 W/me-°K (27.32 Btu/hr—£t>—°F) (A 12.2.11)

The heat transfer coefficient for conduction through the
cube wall, hw, when referred to the outside surface 1s given by the
following equation:

2k
W

h_ = (A 12.2.,12)
w [a)
do in E;T] )

1

Using a thermal ccnductiviry of 20.76 W/m-°K (12 Btu/hr-ft)
or the 5.08 em (2 in) od, 3.81 cm (1.5 in) 1d Croeloy tubes, Equation
A 12.2.12 yields

h, = 2844 W/m2=*%(501 Btu/fti-hr—°F) (A 12.2.13)
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Turning our attention to the forced convection heat transfer
coefficient within the tubes, the situatlion is that of a supercritical
fluid being evaporated through its pseuwdocritical temperature.

Section A 9.3.5 of Appendix A 9.3 contains a discussion which ig pertinent
to this section. Briefly, the preferred equation is that of Kutateladze
and Leontiev. If the very minor approximation of substituting bulk tem—
peratures for film temperature is made when evzluating fluid properties,
however, the equation reduces to the more familiar Dittus Boelter expres-

sion. Thus:

.8
x (e 4, 0.4
h, = 0.023 d—s- —u—l [PIS] (A 12.2.14)
i s

Referring this heat transfer coefficient, which actually
pertains to the tube inside diameter, to the outside diameter
we obtain:
d
i
T = —
hs hs d

o (A 12.2.15)

In Equation A 12.2.14 the mass velocity is given by the
equation:

4(ms)

G = ) d.2 N (A 12.2,18)
i cire

\ 1ere Ncirc is the number of parallel tubes in the water-
wall section (504) and m is the total mass flow of primary steam for
each of the four boilers [124.58 kg/s (0.9887 x 106 ib/hr). Im
Equation A 12,2.15 cli is the inside diameter of the tubes [3.81 cm
(1.5 in = 0.125 ft)].

Evaluating fluid properties at an average bulk value of
661°K (730°F), Equations A 12.2.14 through A 12.2.16 yield the
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Table A 12.2,2 -~ Computation of Effective Area per Foot of Length for Heat
Transfer on the Gas Side of the Water-Wall Evaporator Section ——
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% In Table 12.2.2 the equation for Per is justified by the fact that only half
the tube periphery is exposed to the gas plus the fact that a 2.54 cm {1 in)
long fin of near 100% efficiency connects each tube on external fzcets,
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following value for heat transfer coefficient from the inside wall to

the steam, when referred to the outside tube wall.
h_' ='4258 W/n ="K (750 Btu/hr~ft’-°F) (A 12.2.17)

Combining the results stated by Equations A 12,2.11, A 12.2.13,
and A 12,2.17 into Equations A 12.2,1, we obtain the following overall

heat transfer coefficient referred to the outside of the tube:
h, = 142 W/n*=°K (25.04 Btu/hr-£t>~°F)

. It is clear from the foregoing discussion that the overall heat
transfer situation is controlled by the gas—side heat transfer; moreover,
it is obvious that radiation is by far the most important factor on the
gas side. Accordingly, when determining the required height of the
water-wall section, the outside tube area per foot of height takes ac-
count of computed view factors. Thus, we use the effective area exposed
to the vadiating gas, which is smaller than the actual area by virtue of
the view factors. Table A 12.2.2 shows the computational steps to arrive
at the effective area per foot length of the water-wall evaporator sec-
tion. Since we already have derived values for the overall heat transfer
coefficien£ and the log mean temperature difference, it is then a simple

matter to compute the required length of the sectiom.
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Recall that, consistent with our desire to cool the gas to
1366°K (2000°F) before exposing it to the crossflow tube banks, the water
was raised from 644°K (700°F) feed temperature to 678°K (760°F) and that
41% of the 258.1 MWt transferred in the boiler is transferred to the
water-wall section. Also, the log mean temperature difference over this
section was computed to be 1240°K (1773°F) in Table A 12.2.1, and from
Equation A 12.2.18 {and arguments leading thereto) the overall heat
transfer coefficlent in the water-wall section was seen to be
142.2 W/m2—°K (25.04 Btulhr—ft2—°F). The average heat flux over the sec—
tion can then be cbmputed by the following equation:

= ho (IMTD) = (25.04) (1773} = 4.44 x 104 Btufhr-fl:2
(A 12.2.19)

Ga-yq1

The subscript, e-il was first introduced in Figure A 12.2.3 and refers

to the fact that after the section in question is cooled from some entering

temperature (hence the e) to some first intermediate temperature of in-

terest (hence the 11). The total area required for heat tramnsfer is thus:

Q.
e (A 12.2.20)

A .
e—il 9a-11
Finally, the lenpgth of this section can be determined using the
result of Table A 12,2.2:

~Ao31 8,139 x 10°

Yocil = Per -~ 202.71

= 40.15 ft (A 12.2.21)

This length would be rounded to 12.2 m (40 s/ft).
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Three considerations lead to the decision to run all 504

of the water-wall tubes in parallel. These were:
e Headerinpg is simpler,

s Under all load conditions the pseudocritical temperature

is traversed in upflow,

o There was no incentive to ralse the heat transfer
coefficient inside the tubes, hs, because it is
already high and the overall heat transfer coefficient
is dominated by the gas side.

An effect of running the water-wall tubes in parallel is to render
the water-side pressure drop dinsignificant when compared to pressure

drops sustained in the superheat bank and, later, in the reheat bank.

In a similar view, principally because of the large effective
passage diameter, the gas pressure drop through the combustion tubes,
which form the water-wall evaporator section, 1s very small compared
with the pressure drops sustained in crossflow over the superheater
and reheater banks., These low pressure drops over initial flow
sections can, under certaln circumstances, lead to flow instabilities,
On the water side the situation can be corrected, if necessary,
by orificing. On the gas side this would be difficult because of
the need to preserve a good flame shave. Experience with conventional
boilers, however, indicates that series gas-side flow iInstabilities

do not oeccur.

A 12.2.5 Design of Crossflow Superheat and Reheater Tube Banks

From the point of view of determining their heat transfer
and pressure drop performance,the crossflow tube banks In the pressurized
boilers are essentially the same as the main evaporator and reheater

banks of the coupling heat exchanger for the open—-cycle MHD system.
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This steam generator was described in detail in A 9.3 The reader

is referred to A 9.3.5 whrre every equation starting at Equation A 9.3,26
and proceeding through Equation A 9.3.48 applies to the superheat

and reheat tube banks of the supercharged boiler also. The one
exception to this Is Equation A 9.3.31 which is replaced in the

system of equations by the equation to be derived below.

For the pressurized boiler both crossflow tube banks are
such that each row contains 35 tubes of 5.08 em (2 in) outside
diameter and 3.51 m (11.5 ft) length placed in parallel array on a
10.16 cm (4 in) pitch. The total gas mass flow rate which must

flow over and betwen these tubes in each of the four pressurized
bollers is 172.1 kg/s (1.365 x 106 l1b/hr}. Using Equation A 9.3.30

and the above parameters as a basis, the new equation for Vmax is:
NE-TYL IR (A 12.2.22)
max pg

Equation A 12.2.22 replaces Equation A 9.3.31 in the calculation
scheme us:d to determine the required number of tube rows and the
number of individual ecircuits in order to satisfy the heat exchange
and pressure drop requirements of both the superheater and reheater
tube banks. The route taken by this calculation procedure and

the resulting configuration of the tube banks is summarized in
Table A 12,2.3 which follows.
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Appendix A 12.3
PRESSURIZED BOILER PRICE ANALYSIS

Table 12,15 is a breakdown of the component costs of the
base case pressurized boiler based on the heat transfer analysis developed

in Appendix A 12.2. The boiler costs will vary, of course, as the power
cycle parameters are varied. The following development derives an
expression for the boiler cost in terms of the base case cost and the

pertinent cycle parameters.

For pressure drop comparable to the base case, the mass velocity
on the hot gas side should be kept constant in the boiler. Because the
gas turbines ingest a constant airflow rate, the mass flow rate through
the boller is essentially constant. From continuity:

y 2

= pAVGp%D \J (A 12.3.1)

where M gas mass flow rate

]

gas density

vessel diameter

< O T
1]

= gas velocity

Since the temperature on the gas side is approximately conctant, p is

proportional to the gas pressure P. Because Mg and V are constant:

D = ¥1/p (4 12.3.2)

Since D equals 6.096 m (20 ft) when P is 1.013 MPa (10 atm) the constant of
proportionality is 63.25. The sitell labor cost, which results primarily
from the welding operation, is a function of the thickness, t, of the

shell and the length of the weld, which in turn is proportional to the

shell diameter. Referring to the base case whose labor cost is $310,000,
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thickness factor D

case thickness factor

Shell Labor Cost = (base cost) (base
base

where the thickness factor 1s approximated by the equation 1 + 2 (t - 1)
and the base case thickness factor equals 2.
From stress analysis, the thickness of the shell is given by

- EB
t = 3g (A 12.3.4)

where g i® the allowable tensile stress. Substituting for t and D, the
shell labor cost (SLC) in millions of dollars is:

63. )
1+2 (22 gg Z.o_ 63.25
SLC = (0.310) 7 (—) (A 12.3.5)
2047

where P is in atmospheres. The shell material cost (SMC) in millions of
dollars is given by Equation A 12,3.6 for a base cost of $350,000,

SMC

1

(base eost) (I%g) Cgﬁ)

63.25 vP/2g0., ,63.25

{0.350) ¢ 1.5 ) (20 5

1

) (A 12.3,6)

The heat exchanger components can be considered according to the

nature of the heat transfer process within them.

In the combustor/evaporator secticn the heat transfer by
radiation prodominates. The radiation heat transfer is affected somewhat
by pressure through the effect it has upon the emissivity of carbon
dioxide and wa%er vapor. Due to limited data the effect is difficult to
quantify above 506.5 kPa (5 atm) and becomes progressively weaker as
pressure increases, Accordingly, it will be assumed that the combustor/

evaporator cost is a constant for the range of conditions encountered.
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The superheater and reheater units are banks of tubes with the
hot gas passing over the tubes in cross flow. Neglecting radiation and
making the assumption that the heat transfer rate is gas-side limited, the
heat transfer area is inversely proportional to the gas-side convection
heat transfer coefficient., The convection coefficient is given by:

0.6
h = 0.33 (ﬁ—d) Pr

0.33

vhere the tube diameter, d, the viscosity, u, and the Prandtl Number, Pr,
are constant since the temperature level is essentially constant. The
mass velocity, G, equals the gas mass flow rate, ﬁg, which is comstant
divided by the open flow area, Since the tube diameter and pitech are
constant, the open area is proportional to the vessel diameter, D,
squared. But since the square of the vessel diameter is inversely pro-
portional to the gas pressure, P, as shown previously, the convection

heat transfer coefficient can be written

h .l:: (P)O.G

Now the heat transfer area, and, therefovre, heat exchanger cost,

is given by the equation

A = AT

Since AT is comstant the steam and gas temperature profiles at design

point will be maintained essentially constant; then,
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With this information and the cost breakdown of the several
elements of the base case boiler the following equation for the price
(in millions of dollars) of the beiler is found:

Boiler price = 0.978 + 0.566{1 + 2{0.4743 B - 1]
6. . d (A 12.3.7)
(107) (1) (TF)

-
(P)0'6

-

where P is in atmospheres, M is in millions of pounds per hour, and TF
is & temperature factor multiplier to account for a materials cost

increase of the convection bank tubes for thne higher steam temperatures.
This factor is based on similar cost increments determined for fluidized

bed boilers. As a function of steam temperature, the temperature factor

is as follows:

o
Tsteam’ F TF
1000 1.0
1200 1,88
1400 3.84
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Appendix A 12.4
HOT GAS PIPE REFERENCE CONFIGURATION COSTS
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?m Table 12.4.1 - Mot Gas Pipe Reference Configuration Costs - Size 1
E stze: 3 ft, id Pressure: 150 peip
Lenpth: 680 ft Max. Temperature: 1BOQ°F
Weight, Mtl. Cost, Lbr. Cosc, Total Cost, Materjal, Installation Total _,
1b $/1b $/1h $/1b Cost x 10§ Cost x 1073  Cost x 10 .8
1. Carbon Steel Pipe 160,684 0.51 0.56 1.07 82 a0 172
2. Incoloy Liner, 67,800 3.26 1.76 5.02 221 120 341
1/4 inch thick
3. %efractory, 258,000 p.16 0.22 .38 41 57 98
ey 9 in TK x HN-HI-LI Harbison Walker
|
h
& 4. LiningAnchors | 38,500 0.31 ¢-31 0.62 12 12 24
@5 lbfea
5. Refractory Anchors 57,650 0.31 0.33 0.62 18 18 36
@5 lbfea
6. Structural Steel {(truss) 240,000 0.30 0.08 0.38 72 i8 90
7. Concrete (truss) 21 11 32
8. FExpansion joqprs (4) Allow 140 S 140
607 326 933
Contingency 15% 140

1,073
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‘Teble 12.4.2 - Hot Gas Pipe Reference Configuration Costs - Size 2

Bize: 3 ft, id : . Pressure: 300 psig L
Length: 680 ft - Max. Temperature: 1800°F . }
Weight, Htl. Cost,. Lbr, Cost, Total Cost,  Material, Tnstallation Total _, f
‘ 1b LY /1b S/1b Cost x 10 % Cost_x 103§ Copt x 10 5 |
1. Carbon Steel mp'e - 315,000 0.48 . 54 1.02 . 150 R . 323 E
2. Incoloy Liner, - ' 67,800 326 1,76 © 5.0 221 . 120 361 &
“1f4 inch thick : : ' : I
3. Refractory, 258,000 0.16 T 22 0.38 &1 L .98 }
9 in TK x HY-HI-LI Harbison Walker :
= . . .
5 4. LiningAuchors 38,500 0.31 0.31 0.62 12 12 . 2% o
g 8.5 1bfea .. . . ‘ a ) : . . N
5. Refractory Ant:hbr::s R 57,650 - a3l .0.31 : 0.62 18- 1B . 36 .
-85 1bfea
6. Structural Steel (truss) 240, 000 30 008 _ 0.38 72 18 80
7. Conecrete (i;russ). ' ’ : . ’ 21 o 11 . a2
8. Expansion Joints (#) ' Allow L!;_(_) _ - ' - 140 -
S _ ' ‘ 675 409 1,084
Contingency 15% _ ' o 163

1,247
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: -%\) Table 12.4.3 - Hot Bas Pipe Reference Confipuration Costs - Size 3
. S5ize: g f£t, 1id Pressure: 150 psig
Length: 680 ft - Max. Temperature: 1800°F
Wedight, Mel. Cost, Lbr. Cost, Total Cost, Haterin}a Installation Total _3
1b ${Lb S/Lh S/Lb Cost x 10 5 Cost x 10735  Copt x 10 35
i. Ca';\:bnn : - B
5 $reel Pipe 707,200 0.35 0.55 0.90 248 389 637
~ 2. Incoloy Liner, 176,500 3.34 0:68 .02 586 120 706
1/4 inch thick’ .
3. Refractory, ' 599,000 0.16 0.22 0.38 94 133 227
9 in TK x HN-HI-LI Harbison Walker
(v
";: 4. LiningAnchors, 102,000 p.30 0.30 0.60 31 k1 62
& ' @ 5 ibfea
5. Reftaqﬁbry Anchors | 122,000 0.30 0.30 Q.60 35 36 72
. @ 5 1bjea
6. Strectiral Steel {truss) 720,000 0.28 0.035 0.375 202 69 271
7. Concrete (truss) 40 20 60
8. Expansion Joints (4) Allow 212 —_— znz
: 1,449 798 2,247
Contingency 15% 337
2,584
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Table 12,4.4 - lHot Gas Pipe Reference Configuration Costs — Size &
Size: 8 ft, 1id Pressure: 300 psig
Lenpth: 680 ft M. Temperature: 1800°F
Weight, Hel, Cost, Lbr. Cost, Total Cost, Moterial, Installation Total 4
1) $/Lh __S§/1b 8/Lb Gost x 10”75 Cost % 10~35  Comt x 107§
1. Carbon Sgeel Pipe 1,655,000 0.37 0.47 0.84 619 785 1404
2. Incoloy piner, 176,500 3.34 0.68 4.02 586 120 706
1/4 3nch thick
3. Refractory, 599,000 0.16 0,22 0.38 94 133 227
9 in TK % HN-HI-LI Harbison Walker
5 :
é %, LiningAnchors, 102,000 0.30 0.30 0.60 3l 31 62 j
- ¢ @5 1b/ea ) )
5. Refractory Anchors, » 122,000 0.30 0.30 0.60 36 36 72 l
@5 lbfen ' |
6. Struetural Steel {truss) 800,000 0.28 0.085 0.375 224 76 . 300 ‘
7. Concrete {truss) 1 23 67 :
8. Expansion Joints (4) Allow 22 —_ 212
1,846 1,204 3050
Contingency 15% : 458

3508




4 Appendix A 12,5
STACK GAS COOLER COST BREAKDOWHN

(Costs in dollars are shown for 1/2 million square foot unit)

Material Labor Total
Finned Tubing and Module

Assenbly 1,160,000 660,000 1,820,000
Boiler Plate 10,000 15,000 25,000
Headey Piping 10,000 5,000 15,000

Module Exection and Support
Steel ‘ 5,000 15,000 20,000
Subtotals 1,185,000 695,000 1,880,000
Contingency: 157 282,000
TOTAL 2,162,000
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Appendix A 12.6 >

THERMODYNAMEIC GAMESMANSHIP/COMBINED CYCLES

If the "cost of apparatus" is defined as the sum of O&M and
capital charges, then it is easy to show that generating cost is minimum
when the derivative of heat rate to "“cost of apparatus" is proporticnal
to minus the inverse of fuel cost. Higher fuel cost allows the genera-
tion optimlzer to spend more dollars on efficilency-raising apparatus and,
thus, diminishes the importance of specific work compared té efficiency.
The efficilency is the product of the internal reversbility of the cycle
and the ratio of input avallability to enthalpy. This last ratio is the
ratio of: '

T
2 r
J c, [1 - E?} ar (A 12.6.1)
T
to
sz
| G ar (A 12.6.2)
T

Thus the vital importance to efficiency of beginning the heat addition to
cycle at high temperature as well as ending it so is highlighted. Of
ceurse the importance of low temperature of heat rejection (To) is
equally pointed up, Such "improvements," however, must not be made at
the expense of internal reversibility, or reversible success may turn to
actual failure,
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A simple-minded example may be worthwhile. A cycle is designed
in which the fluid is heated-fromuah enthalpy of 2.3255 to 3.2557 MJ/kg
(1000 to 1400 Btu/lb) and thelentropy increases in the heating from 4.579
to 5.710 kJ/kg~°K (1.094 to 1.364 Btu/lb~°F). The heat rejection from

" the cycle is assumed to take place at 306°K (90°F). The availability

addition is 0.5849 MI/kg [ 400 - (550)(0.27) = 251.5 Btu/lb]. If the
cycle is reversible this will be the specific work. We find, however,
that pipe and heat exéﬁanger pressure drops and turbine and compressor
inefficiencies result in summed entropy increase of 3.828 J/kg-°K
(0.09145 Btu/1b-°F) in these adiabatic processes internal to the cycle.
The lost work due to imternal irreversibility is then 0.11697 Mi/kg
[(550) (0.09145) = 50.3 Btu/ib]. The work then becomes 0.4690 MJ/kg

[ 251.5 -~ (50.3) = 201.2 Btu/lb] and the reversibility index is
(201.2/251.5) = 0,80, The efficiency is (201.2/400) = 0.503. This is

the same as:

AR, - T As ' ' :
E k| (400 - (550)(0.27)) _

Now a way is found to increase the fluid temperature into the
input heat exchanger. Typically, the imitial enthalpy goes to .
2,6953 MI/kg (1159 Btu/lb) and entropy is 5.048 kJ/kg-°K (1.206 Btu/lb-°F).
The hot—~end conditions are unchanged. The availability additiomn becomes
0.3584 MI/kg [241 - (550)(0.158) = 154.1 Btu/lb]l. The net work becomés
0.2414 kJ3/kg (103,8 Btu/lb) and the reversibility 0.6736. The efficiency
becomes [(154.1 - 50.3)/241) = 0.43. The previous reversible efficiency
was (251.5/400) = 0.6288, and the new rveversible efficiency is
(154.1/241) = 0.6394. Merely to break even on the change:

E, (8A; - 84))

n, =
i EZAAl - ElAAz

= 0.9744 (4 12.6.5)
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Let us define some characterizing variables of Brayton and
Rankine cycles preparzcory to deriving some efficiency expressions in
algebtaic form which cast much light on the question of concept guidance

to apply to parametric search.

Symbol Meaning

Realized Work
vnB Reversibility index Brayton = Availability in
LY Reversibility imdex Rankine
i Subscript-Brayton heat input profile
kN Subscript-Brayton output profile
2 Subscript-Rankine input from Brayton (nonpostfired)
T Characteristic temperature of heat exchange (or
firing) process = Ahfas
Ta . Characteristic temperature of supplemental firing
to Rankine cycle
th_ Stack enthalpy less ambient ("exhaust loss")
E Ideal thermal efficiency - reversible/enthalpy

addition.

The efficiency of a nonsupplementary-fired combined cyele is
(see Subappendix AA 12.6.1):

(h to 'wcark‘)‘grl TZ-TG l—n :[T:LATB] '+n. [?i”TB]‘ ‘
N e - A T o
s[{72 . To i [°] : .
=" '[ J{“‘"ff?} =10 [ ] (A 12.6.5
T L )
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where n, is the net reversibility index of the combined oycle. If sup-
plementary firing ig added:

. E E
1 : - _0° L
Efficiency = T+ o) (eu + Elp) =TF 5 1+p [Ea]]

(4 12.4.6)

where p is the ratio of postfired heat to origimal, e, is the nonpost-
fired efficiency, and €; 1s np (Ta -T /T ). Since p is positive, the
efficiency increases only if € > Ege This may be obtained even if T <
Ti if N is gufficiently larger than N, Optimum cyoles will show values
of Np approaching 0.90 and g around 0.65. The keystone No. 1 steam

power station has an apparent n, of 0,90 and our open gas turbime cycles

. R
run zround 0,65 (see Subappendix AA 12.6.2). These do not include me-
chanical and electrical losses. The Ny is primarily a function of speci=
fic work; and Ny varies little but is higher with exhaust cooler than

with extractive feed heating.

The nonpostfired cycle reversibility is best (other things being
equal) if the Rankine cyecle 15 operated in the critical range and if the
mass flows of the two cycles are such that a reasonably linear, counter-
flow heat exchanger ('waste heat boiler") is obtained. At present levels
of metallurgical limits on temperatures and pressures the Rankine stream
cannot be 'waste-heated" far into the critical region. But the tempera-
ture at this point is high enough that fired heating into the superheat
field yields an attractive value of characteristic temperatuze, Ta'of the- .
last paragraph, when combined with the high reversibility index, Ngs of
the Rankine cycle. As higher Brayton firing temperatures bhecome possible,
the optimum Rankine pressure increases; if this is dlsmissed on practical o

grounds, the postfired heat ratio, p, declines.

In short the issue is that the optlmum combined cycle is likely
to have the following oharacteristics. '

® Supercritical Rankine pressure -
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# Mass flow ratio of the order of 4 to 1

s HNo intercooling (indeed, modest prewarming or better,
interheating may be beneficial to Brayton reversibi-
lity with reduction of pressure ratio)

e High supplementary firing ratio (declining with
Brayton temperature)

s Multiplie Rankine reheat or steam—steam recuperation
with few reheats (the purpose of either is to raise
the temperature at the begimning of fired reheat)

e Modest Brayton pressure ratio or reheated high pres-

sure.ratio Brayton

e Extractive feed heating below the prescribed stack
temperature but not above it (due allowance for heat

exchanger approach)

e WNo Brayton recuperation {(as a consequence of the in-
varlably better reversibility of the Rankine cycle
than the Brayton). :

It is clear that the gas generator/free power turbine Brayton
arrangement 1s superior to the all-synchronous Braytomn, both for part-
load pertormance and for the provision of bonus reheat capability.
Brayton reheat is obviously thermodynamically superior to equal heat ad-
dition through postfiring. Brayton reheating may be performed with pri-
mary (unvitiated) air suppl ed from compressnr bleed

The steam-steam recuperator mentioned ia the 115t is, of
cuurse, ‘a heat exchanger located between a cold reheat line and the fol~
1owing réheat turbine group exhaust. ‘Since it returns the expansion 1ineﬁ _
to about cold rehea' temperature, equlvalent to reheating the original

expansion 1ine to cold reheat temperature at reheat turbine exhaust pres-

' sure, ‘one must be ‘sure that the resulting end point is not too wet. This
~cbtains if the throttle temperature is adequately h;gh and the reheat

turbine exhaust pressure is adequately low.

12-292




. The steam recuperator vas originally associated with a concept
called Balanced Pressure Superreheat which is described in the
Westinghouse ECAS Proposal under "Advanced Steam." It is really 2 means
of combined—cycle improvement since it requires about a 3.0398 MPa
(30 atm) pressurized furnace for a reasonable minimum reheat pressure of
3.1026 ﬂPa (450 psi) abs. This concept should be parametrically explored
under Section 6, since it obtains its full leverage only without higﬁ—
pressure extraction us is obtained with full flow exhaust feed heating.
Atmospheric flred superreheating is a near thermodynamic equivaient and
should be considered practical to about the same temperature level as

closed-cycle gas heaters.

_ We can see little plausbility in such MASA-specifled concepts as
“repdwaring," "oressurized furnace closed cycles," and “organic bottomed

gas turbines."

The remark on organic bottomed gas furbines is based on stabi-
lity and inventory cost. It is reascnably clear that a low critical
pressure £luid of sﬁitable critical temperature would be waluable on
thermodynamic grounds since good linear heating is obtained at reduced

pressures, Pr, of 3 or thereabouts.

The candidates for combined nonsteam cycle study are ammonia,
sulfur-dioxide, and the Light hydrocarbons, with carbon-dioxide a rather
implsusible trailer. Of these, sulfur-dioxide seems to be the clear
choice on the grounds of reasonable critical pressure [7.88l MPa
(1143 psi) abs], critieal temperature well above siak [430.7°K (315.5°F)]
so that isothermal heat rejection is obtained, good stability and accept-
gble cost (in fact it is extractable from the coal fuel either in treat-
ment or postcombustion). It is true that the eatropy of the saturated
vapor at 310.9°K (100°F) is approximately. equal to that of the 24.132 MPa.
(3500 psi) abs vapor at 700°K (800°F), so that even at this high Pr (3.08)
unreheated expansion becomes molst only if the throttle temperature is
somewhat less than 700°K (800°F). The implication of this fact is that
sulfur-dioxide will probably be found most uvseful in waste heat rather
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than in supplementary fired cycles, since high throttle temperature or
reheated cycles will require vapor-liquid recuperation and can ralse the
stack lﬁss. A sulfur dioxide combined cycle at optimum will probably be
of a réther conventional waste heat pattern, aithnugh highly supercriti-
cal. It should provide highly competitive efficiency to optimized gas-
steam; in fact, we would expect that for highﬂpreésure ratio cyecles with
gas turbine exit temperature in tha range of 616 to 728°K (650 te 850°F)
it will be definitely superior to steam if high sulfur dioxide throttle
pressure is used to improve the reversibility of the intétcycle.heét ex-
changer.

This disrussion may be a little startling to the gas turbine-
oriented mind which has been acclimated to the concept of an existing
open gas turbine frame whose large exhaust heat loss is to be converted
to work (or process steam), as well as it can with no mejor effects on the
gas turbines. Base-load optimization must begin with no frozen apparatus
or cycle parameter concepts derived from either previous gas turbine
practice or previous orthodox steam utility practice. The need for
supercritical Rankine pressure is derived £rom the need for thermally
coupling the Rankine plant to the Brayton plant as reversibly as possible,
Supplementary firing is then used to, and only to, the extent that it
satigfies the physical requirements of the Rankine (provision of reason-
able end point), improves the thermodynamics of the combined plant (by
reason primarily of the higher Rankine reversibility), and improves gene-
ration cost. It is important to understand the trade-offs involved in
concept-optimlzing a gas—steam plant. Steam is an unusual vapor in that
its saturated entropy at around 311°K (lO0°F) is unusually large compared
to its critical entropy. Thus, the analyst is confronted with the need
on the one hand to employ supercritical steam to minimize the opening of
the hot end AT (with the ﬁaaking of Specific heat at the rectilinear
diameter or with subecritical evaporation), and on the other to attain
high Ah/As in the supplementary heating necessary to move the expansion
line to é reasonable end point. Multiple reheat or steam~—to-steam re-~
cuperation with single reheat are the means, and high level reheating is a
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coupled need. Likewise,in attempting to attain plausible improvement of
the “conventional" steam plant, it is necessary to increase the mean tem-
: perature of heating at throttle pressure by increasing feed temperature
fi without offsetting degradation of the reversibility of the feed heating,
_ and to increase the mean temperature of reheating by multiple reheat or
H by steam-to-steam recuperation with a single reheat,with the hot reheat

i temperatures driven as high as is plausible in fired heat exchangers.
In the combined cycle it is clear that:

o The transfer of heat from Brayton to Rankine in the
form of postexpansion exhaust heat (waste heat) has
the function of as reversibly as possible extending
the sink temperature of the cycle to the 311°K
(100°F) neighborhood, The thermal efficiency of the

Rankine cycle per se is of no importance so long as

this is done. Very nearly this requires that the

e iadey 3

Brayton cyecle be designed to maximize its reversibi-
lity index [(work/Ahi)(’l‘i - Tl)} rather than its’
specific work or ordinary efficiency., This follows
from the fact that the Rankine reversibility is

largest,so the Brayton must degrade its input heat

et i epirm e LE

as little as possible.

s Any supplementary heating of the Rankine cycle must

e tpntgtern e
PR TS

be done at such a mean temperature, L thas the in-
L _ cremental thermal efficiency of its use is higher

than that o? the combined cycle without its use, Ta

maysstill be less than T, because Np > Ng»

i c

4 As a consequence, it is reasonably clear that combined cycle

thermodynamic gameémanship requires in generzl that:

o The Bravion reversibility index be kept near maximum.
This, of course, is a function of component polytropic
efficiencies, pressure ratio(s), pressure losses, and

extraction heater apjroach and spread.
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The Brayton heat addition takes place at as large a
[ah/ (As Ti)] as possible, For any specified turbime
inlet temperature this factor increases with increas-
ing pressure ratio, but the reversibility index de-
clines with increased pressure ratio. The conflict
with the previons requirement will produce an optimum
which may be improved by such unorthodox measures as
recuperative compressor prevarming or interwarming of

mo;ast amount.

Brayton reheat be employed to the extent economic and
practical factors permit. Reheat combustion primary
alr may be fresh compressor blead air if beneficial
in a practical semse. Brayton reheat is, of course,
superlor to the same fuel used in supplementary
firing of the Rankine.

The Rankine be operated at as high a reduced dimen-
sionless praessure,Pr = P/Pc¢,as possible to permit
linearizing the Brayton—to-Rankine waste heat ex-
change. Sulfur dioxide should be considered parti-

cularly for monsupplementary-firsd combined cycles.

The Rankine waste heating profile should proceed to
as high a temperature as possible (supercritical), if
supplementary firing is used, so the incremental sup-
plementary heat efficiency can be made larger than

that of the base unfired cycle.

For cases in which Rankine reheating is used, the
cold reheat temperature should substantially equal or
better exceed the waste heating temperature. This
implies high remaining superheat at reheat pressure
or the use of steam—to~steam recuperation. The
latter is effective in the sense of obtalning signi-
ficant reheat enthalpy increase only if the hot
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reheat temperature is rather high. The balanced

pressur¢ reheater was invented as a plausible me-

| chanism for relief of stress-temperature problems at

i high reheat temperature. No lack of plausibility is

i seén, however, in a [say 3.0398 ¥Pa (30 atm) abs]
steam heater with atmospheric furnace compared to a
closed-cycle gas heater of equal pressure and tem-
Eerature.

e Gixtractive feed heating is used in the Rankine only

below the acid dew point (stack) determined 1limit of

exhaust cooler feed heating. This implies, as does

linear waste heat transfer, a wass flow ratio around
4 to 1. It has the further advantage in a superre-
heat cycle of providing high mass flow leverage for

S —

the high-temperature reheating event.

The following example is a rather simple-minded one to illus-
trate a method of rapidly surveying the parametric field im order to
block out the areas of interest for more detailed (but limited in aumber)

H examinations:

Example: Postfired Cycle

Gas Turbine (ailr cycle—-fuel mass not accounted)

I AT g e ey o S e 4
e RN T T T QYR

Pressure ratio - 15/1
; Compressor efficiency - 0.8%
% Turbine efficiency . 0.90
§ 525 B - 0.08
% Exhaust cooler out - 275°F
f Stack -~ 235°F
.i Prewvarm temperature - 100°F
Firing temperature ~ 1800°F
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Point Pr h ¢ TR
Comp. in 1.5742 133.86 0.6095 560

Rev, comp. 23.813 290.03

Comp. out 309.33 0.811 1270 Ah, = 268.18 -

577.51-309.33

Turbine in 285,6 577.51 0.96626 2260 Ah/As=l727.3=Ti 0.96626-0 811

Turbine rev. 279.62
Turbine out 309.41 0,811 1271
Exhaust.
309.41-133.86 ... -
cooler out 176,03 0.67501 735 Ah/ds 0.810-0. 6095 871.22 Tl
Stack 166.36 0.66147 695
Ambient 124,27 0.59173 520 stack 1oss=166.36-124.27-6he

Net Work = (577,51-309.41) - (309.33-133.86) = (268.1-175.47) = 92,63

_ __ (92.63)(1727.3)
Mg ® 268.18(1727.3-871.22)

= 0.697

Steam cycle 3500 psi/L000°F/1000°F/1200°F; Cold reheat about 630°F

Point T P h s

Exhaust
“ecooler in 690 4000 207.0 0.3335

out 1180 3600 875.8 1.0325 Iy = 956.8°F Ta = 555°R

n 956,8-555) 1727.3-871.22
Unfired Eff. » 0,9 [w] I:l - 0,697 [-—m—g—-]]

1727.3-871.22) _ 42.09 )[956.8-555
+ 0.697 [ 1727.3 )~ 0F [258.18)[‘“553.8

= 0.1305 + 0.3454 - 0.0593 = 0,4166
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T, > (0.9-0.4166) }033 R;whi_ch_ is _egs:-_ly_ accomplished. )

At 24.821 MPa (3600 psi) abs from 656 to-811°K (1180 to 1460°R,
720 to 1000°F),

Ah _ _ (1692-875.8)

= -]
&s = T.632-1.0325) ~ LR

for which the incremental efficiency is 0.533.

At 6.894 MPa (1000 psi) abs reheating from 617 to 922°K (1110
to 1660°R, 650 to 1200°F),

Ah _ (1618.4-1290.1)
As ~ (1.7256-1.4833)

= 1355°R

where the incremental efficilency is 0.531,
The overall fired heating,

Ah T 1144.5

E= m = 1359.6 Ei = 0,5326

steam _ (309.41-176.03) _ 0.2
air  (875.8-~208.61) *

Mass Ratio

o, |(1692-875.8) + (1618,4-1290.1)] _ .
p=0.2 [ (577.51-309.33) | R

Efficiency = [0.4166 + (0.5326)(0.8535)1 = 0.4700

L
1.8535
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Postfiring is seen to have.increased the combined-cycle effi-
ciency by some 12,9% (from 0.4166 to 0.47), a benefit due to two elrcum-

stances:

e The postexpansion Brayton heat has been rather re-
versibly delivered to the Rankine and so balanced
that a high feed temperature is attained [656°K
(1180°R, 720°F)]. Thus, the primary Rankine-fired
heating is moved up to a respectable Ah/As.

e The Rankine expansion line is adjusted to use a re~
spectable cold reheat temperature [617°K (1110°R,
650°F) here] for the same purpose. This requires a
relatively high-pressure f£irst reheat; and if only
one reheat is used, the hot reheat temperature must
be very high if a satisfactory expansion line end
point (ELEP) is to bte achieved. If one assumes that
superreheat is plansible, then & steam recuperator
will extend the thermodynamic gain and assist in op-
timizing the ELEP. If low hot reheat temperature
[811°K (10D0°F)] is assumed then, of course, multiple
reheat is the orthodox and correct method of improv-
ing the cold reheat temperatures. Parenthetically,
very higﬁ steam temperature is probably plausible
only at relatively low pressure, 24.132 MPa/811°K/
1033°K (3500 psi/1000°F/1400°F) is much more plausible
than 24.132 MPa/1033°K (3500 psi/1400°F), whether the
balanced pressure reheat concept is used or not. The
steam recuperator will be found most useful both in

obtainirg satisfactory cold reheat temperature for a

single low-pressure reheat and in obtaining reason-
able ELEP.
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Subappendix AA 12,.5.1

COMBINED -CYCLE EFFICIENCY

Let us first try to be very clear on the definition of "rever-
sibility index" of a cycle. It is the ratio of actual efficiency to the
efficiency of a reversible cycle with the same heat addition and heat
dissipztion profiles. From the second law of thermodynamics this is the
same as the ratlo of the specific work to the flux of availability (Ah -
TDAS) Into the cycle. To is the thermodynamic temperature of heat dissi-
pation, which is the ratio Ah/As over the dissipation profile. For the

orthodox condensing Rankine, To is, of course, the effective condensing

‘temperature. The sources of availability less (internal) are, of course,

turbulent entropy growth in expanders, compressors, ducts, and so on and
net entropy gains in heat exchange. Lower specific work of expansion and
higher recycle work (of compression) in the Brayton cycle impose on it a
lower reversibility index via the turbuleqc%iiévefége in thése processes

imposed upon low specific net work as compared to the Rankine.

The efficiency of a combined cycle without supplementary firing
of the Rankine cycle is derived thus: o s

The Brayton cycle has reversibility index Nips is heated to en-
thalpy increase Ahi and entropy increase s, at thermodynamic temperature

deaw Isand ad

= Ahi/Asi. It is cooled at thermodynamic temperature T, by the trans-

far to the Rankine of Ah carrying As and then in preccoler (or stack in
the internally-fired Brayton with sultable ad;ustmants fo;ﬂgﬁp fuel %?ss
addition from the burner on) to the COMPTessor inlet temperature ‘or am-
bient, HNote that a precoocler is not necessarily used in a combined-
closed cycle if a sufficient high degree of coupling heat exchanga§9 odT

linearity is attained by means previously described. The "stack" or

12301




R L

precooler heat and entropy are Ah s and Ass. The thermodynamic cooling
temperature of the Brayton cycle is: )

As. + As
8

' sy + oh
5

%~ e

1

so the Brayton specific work (closed cycle used for model simplicity) is:

T, - T
1~ "B
Wg = 7y [Ahi][ T, ]

The Rankine cycle recives heat from the Brayton at T, = Aﬁzlﬁsz, where

capitals indicate Rankime fluid property charges and T, is necessarily

2
lower than Tl' The work of the Rankine cycle (specific to Brayton mass

flow) is:

T2 — TD
WR - TIR [TJ Ahi - WB - Ahs

T, - T T, - T
2 o] i B
"R {__T;__.] Ahi - Ahs - "B' Ah:i. [_'f_i—_]]

The total work is:

Ty =T T, =T T, = T
- 2 o _ 1 Bl| _ i "3
wng (2 g [ 2y () g () (5

The efficlency iz W/Ah i
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&= Mg T, g T, "B 7T, R 7T, )8,

Now consider a combined cycle with Brayton heat QO at efficiency
Eq and no supplementary firing. Pay no attention to the prs .al impli-
cations of such an initial model as, for example, a throttle steam condi-
tion of 24.132 MPa/644°K (3500 psi/700°F). Now add additional heat Q; to
the Rankine cycle in such ways as to make the Rankine cycle plausible.
This is done at an incremental efficiency €qs which is the product of LY
and (TA - To)/TA, where TA is the thermodynamic temperature {(AH/As) at
which the heat is added and TO the Rankine sink temperature. The total

work is:

W= ey (0] ey (o)

and the efficiency!

W [...L]H {L_]

@ +aq) %o @ o) "Lyt
Let:

Q

a: = p

m
n

R S
Efficlency = TS [Eo + slp]

- It'is obvious that the efficiency € > €5 only if € > €0 Thus Raunkine

supplemental heating is justified only if g (TA - To)f'rA is significantly
larger than the unfired combined-cycle efficiency given previously. Since
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nR > nB, ?A need not axceed T to abtain this desired result but only be
in reas:anable range of it. A “ '
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Subappendix AA 12.6.2

TYPICAL REVERSIBILITY INDEX VALUES

Let us consider the differences between cycle types in the
matter of reversibility index. The history of heat engine development
suggests a fundamental and important difference between phase-change
(Rankine) and single-phase (Brayton) cycles in the great difference be-
tween their ratiovs of compression work to net work. The steam cyele with
its small feed pump work was reduced to successful practice in the 18th
century, but the Brayton cycle, with its ldrge compressor work, had to
wait untdl 20th century technology made efficient compressors and ex-

panders available before it could be reduced to successful practice.

Tzke a gas turbine cycle—to be specific, the maximum effici-
ency 1144°K (1600°F), simple cycle of Westinghouse Report 66-1D8~FLINJ-R2
(Reference 12.4). It has a2 pressure ratio of 20/1 and would use about
4 kg fuel per 100 kg air. The compressor adizbatic efficiency is 0.865
end tne turbine 0.90. A 19/1 turbine pressure ratio is assumed to ac-
count for pressure loss and use air properties but account for the fuel
mass addition. This yields the rough accounting:

. ) Tthermo
Point h & T Ah Ad {Ah/As)

Comp. inlet 124.27 0.59173 520°R

Comp. outlet 318.56 0.81799 845°R 194,29

Turbine inlet 521.39% 0.94026 2060°R 202.83 0.12227 1658.8
Turbine outlet 258.53 0.76732 1070°R 262.856

Ambient 124,27 0.59173 520°R 134.26 0.17559 764.6
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262,86 - (194.29/1.04)

Efflciency = 502.83

= 0.3749

_ (0.3749) (1658.8)
g = (1658.8 — 764.6)

= $.6955

'Of course, losses such as those asgsociated with cooling air, hot part
radiation, and so on were not accounted for, and a real uycle Ny will be
somewhat lower. Brayton eycle reversibility indices, however, will be

found in the range 0.60 < n, < 0.72.

B
By contrast,Keystone No. 1l steam unit has a much higher rever-
sibility index. ¥rom the heat balance:

Point h s Ah As Flow
Ffeed pipe 532.1 0.7232 |
Superheater out 1424,0 1.4721 891.9 0.7489 5,784,000
Cold reheat 1254.3  1.4980

Hot reheat {(at Pcald) 1518.2 1.71i60 263.9 0.2180 4,890,553
Condenger T = 563.7°R
Flow Ratio = 0.84553

M/bs = o = 18919 + (263.9)(0.84553)]
T = T0.7488 + (0.2180) (0.84553)]

= 1194,8°R

Net Heat Rate = 7421 Btu/kWh

We assume a combined bearing and alternator loss of 0.012 and
auxiliary loads of 0.043 times gross following the Petersen paper at the
March 1963 American Power Conference. Then:
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ST TR e T et e T vl e s R =

T

Gross Heat Rate = [7&21][%433%] = 7188 Btu/kWh

. _ |3413) _
Shaft Efficieney = [Tigg] 0.475
{0.475) (1194.8) _ 0.899

"R = T1194.8 - 563.7)

A Rankine cycle in which feed is heated in an exhaust cooler
rather than in extraction heaters is not burdened with this heat exchange
irreversibility and will, in general, have a higher reversibility index.
The expected range of values is narrow, perhaps 0.88 < ng < 0.92, 1its
variability is dependent on economies rather than on technology limits—

primarily with the cost balance between fuel and apparatus.

Note that since the Brayton discussion included no mechanical
and electrical loss we have tried to back out these losses in the Rankine
discussion. The Keystone heat balance we have does not define the term
"Net Work," and we have assumed that it is the alternator terminal work,
gso that the 0.043 auxiliary fraction is deducted while the 0.012 bearing
and alternator fraction is credited. These assumptions are rnmpletely

ad hoc, so the 0.899 reversibility index caleculated is really only a fair

~approximation, and possibly a little high, for Keystone I. But the con-

clustonnis clear that Rankine cycles are 25 to 35% more reversible than

Brayton c¢ycles, and this is a dominating element in the gamesmanship of

combined~cycle optimization.
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