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SUMMARY

Adding a metal vapor Rankine topping cycle to a steam cycle is

a way to increase the mean temperature at which heat is added to the
cycle and to ralse the efficiency of the power plant. The majority of
this study uses potassium as the working fluid with a few cesium

points for comparison. The systems studied use either a pressurized
fluidized bed boiler burning coal directly or a pressurized boiler
burning clean fuel gas from an integrated low-Btu gasifier. Included

in the cycles aré a pressurizing gas turbine with its associated
.recuperator, and a gas economizer and feedwater heater. The base case
system assumes a 1255°K (1800°F) pressurizing turbine inlet temperature
and a 15 to 1 pressure ratio. The liquid-metal vapor generator is a
fluidized bed boiler. The liquid-metal system uses a boiler with a

2.5 to 1 recirculation ratio, and several four-stage ~ 30 rps (1800 rpm )
double flow-25 MW turbine-generators which exhaust into a metal vapor
condenser~steam boiler where steam is raised for a nearly conventional

steam~-bottoming plant.

The metal vapor enters the turbine at 1033°K (1400°F) and the
condenser-steam generator at 866°K (1100°F). The steam-bottoming plant
uses a 24.132 MPa (3500 psi) either single or nonreheat plant. The
high pressure feedwater heating is accompiished partly by extraction
steam and partially by exhaust gas feed heating. A temperatun§7di£ference
of 166.7°K (300°F) is assumed across the metal vapor turbine. The steam
reheat and/or superheat temperature is 55.5°K (100°F) less than the
metal vapor condensing temperature. These variables are nct varied

independently.

Calculations show the potassium~topped plant with a capitali-
zation of $667/kW and a plant efficiency of 42.3%.

vi



Results show the comparable cesium cycle to have an efficiency
about 0.5 point higher than the potassium cycle but to have a 0.44 mill/MJ
(1.6 mills/kWh) higher cost of electricity. The need fof both the
gasifier and pressurized furnace compared to just a ptessurized fluidized
bed boiler results in a 17% high plant capitalization. The pressurized
fluidized bed system is the choice for the case for further s:uvdy.

Also indicated are a 10 to 1 - 1255°K (1800°F) pressurizing gas turbine,
a 1033°K (1400°F) metal turbine inlet temperature, and a 24.132 MPa/81i°K/
811°K (3500 psi/1000°F/1000°F) steam-bottoming plant.

The 1200 MW plant, made up of several distinct pressurized
boiler and liquid-metal turbine loops with the exception of the steam
turbine which is common to all loops, can be expected to have a higher
availability than a normal.plant with line dependence on all major

components.

The pressurized fluidized bed boiler plant shows a cost of
electricity of 8.19 mills/MJ (29.5 mills/kWh), Extrapolation to other
conditions than those calculated shows possible efficiencies of 44%
with a possible capital cost of $583/kW and a COE of 6.94 mills/MJ
(25 mills/kWh). Some limited potential for this plant may exist.

REPRODUUL:
ORIGINAL k.

LilY OF THE
5 IS POOR

vii



8. METAL VAPOR RANKINE TOPPING-STEAM BOTTOMING CYCLES

Figure 8.1 is a simplified schematic of an energy conversion system
utilizing a Rankine metal vapor topping-steam bottoming cycle. The area
enclosed by the heavy broken line is the liquid-metal system discussed in
this section. The areas outside the heavy broken line include the
furnace-boiler, the pressurizing gas turbine generator, and the steam
turbine generator, described in greater detail in Sections 4, 5, 6, and
12. Design support for material selecﬁion and the fabrication methods

suggested are presented in Section 3,

8.1 State of the Art

Considering the generation of power at present-day temperatures
and higher, it must be recognized that steam as a working fluid presents
serious problems. It requires too high an operating pressure, and it
absorbs too little heat at the maximum cycle temperature. Combining a
Rankine steam cycle with a Rankine metal vapor topping cycle overcomes

these problems and offers the potential for higher cycle efficiencies.

Historically, between 1922 and 1949, six commercial power gene-
rating stations were installed and successfully operated with mercury
vapor topping turbines at throttle conditions of about 0.8619 MPa
(125 psi) gauge/788°K (958°F). 1In 1949, the Schiller Station of Public
Service of New Hampshire went into operation with a total capacity of
40 MWe, of which 15 MWe were generated by the mercury vapor turbine gene-
rator. The 10 MWe mercury turbine generator installed at the Hartford
Electric Light Company's South Meadow station in 1928 operated until
1947. 1t was replaced by a 15 MWe unit in 1949. In general, the metal
vapor turbine presented few problems, but some boiler corrosion and

necessary replacement did occur. These plants exhibited an efficiency
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15% higher than did steam plants with similar top temperatures. Three of
these mercury plants were still operating in 1961, but the development of
more efficient steam plants (modern plants with higher inlet steam tem-

peratures) and the value of the mercury inventory have since caused them-

to be dismantled.

More recently, small power plants for space stations using
metal vapor turbines (potassium) have been studied. There are now on-
going programs utilizing liquid-metal subsystems for liquid-metal fast
breeder reactor (LMFBR) power plants. The pertinent components for which
a body of technology has been developed for use in liquid-metal systems
are metal vapor condenser-steam generators, feed heaters, pumps, piping
systems, valving, expansion joints, purification systems, trace heating

systems, inventory control, and metal vapor turbines.

The condenser-steam generator parameters listed in Table 8.1
are iludicative of the state of the art as developed by the Energy Research
and Development Administration (ERDA) for the IMFBR program.

Table 8.1 - LMFBR Steam Generator Operating Conditions

Evaporator Superheater

Temperatures, °F

Sodium in 855 950

Sodium out 700 © 855

Water in 470 715

Water out . 715 905
Sodium Velocity, ft/s 8.5 11.0
Steam Exit Velocity, ft/s 37.4 173
Pressure Drop, psi

Water 44 245

Sodium 21 29




Table 8.2 — Characteristics of Sodium Pmnpsa

. AN FFTF
System Hallam EBR-2 I Enrico Fermi 500 MWe FBR P.F.R. lOOOLHVe 400 MWt
Primary System Pumps
Design 1 Centrifugal Centrifugal Centrifugal Centrifugal Centrifugal Centrifugal Centrifugal
Type Free surface | Free surface Free surface Free surface | Free surface | Free surface | Free surface
Number of units 2 2 3 3 3 3 4
Capacity, gpm 7200 5560 38,500 38,500 21,100 62,500 11,750
Dynamic head, ft 160 200 310 379 333 375 385
Design temp., °F 1000 800 1000 1100 752 1175 800
Motor speed, xpm 800 1075 900 600 960 520 870
Motor power, hp 350 350 1060 4000 200 6000 1300
Sealing arrangembnt Mechanical Hermetically Mechanical Mechanical Mechanical Mechanical Mechanical
shaft seal sealed drive shaft seal shaft seal shaft seal shaft seal shaft seal
motor
Material 304 Ss 304 sS 304 ss 304 ss
Type of speed coﬁt;:ol Eddy current | Variable freq. { Wound rotor . Eddy current [ Hydraulic WR/DC Eddy current
- coupling and voltage motor w/liquid coupling coupling coupling
T rheostat -
£
Secondary System Pumps
Design Centrifugal ac linear Centrifugal Centrifugal Centrifugal Centrifugal Centrifugal
Type Free surface | Induction Free surface Free surface | Free surface | Free surface | Free surface
Number of units 3 1 3 3 3 3 4
Capacity, gpm 7200 6500 13,000 45,300 20,400 55,200 11,450
Dynamic head, ft 170 142 100 226 159 250 222
Design temp., °F 1000 700 1000 965 752 1085 675
Motor speed, rpm 900 1180 (MG set) 900 850 960 870 800
Motor power, hp 350 500 (MG set) 350 30C0 750 3500 745
Sealing arrangement Mechanical Total metal Mechanical Mechanical Mechanical Mechanical Mechanical
shaft seal enclosure shaft seal shaft seal shaft seal shaft seal shaft seal
Material 304 S8 304 ss 2-1/4% Cr - 1X Mo | 304 SS
Type of speed control { Eddy current | Variable Volt. | Eddy current Eddy current| Hydraulic WR/DC Eddy current
coupiing QG set) coupling coupling coupling coupling

anbtotype FFT¥ pump/fabrication complete — January 1971
Prototype demonstration pump/fabrication complete ~ January 1972
500 FBR pump P.O. - January 1971.




The technology involved in the liquid-metal feedheater is
similar to that developed for the intermediate heat exchanger (IHX) of
the LMFBR. The liquid-metal operating conditions in Table 8.1 are com-
parable to those expected in the feedheater. The feedheater can operate
at higher temperatures than thoée indicated because it is not limited by

nuclear reactor temperatures,

Existing steam generators and IHXs have been operating at capa-
cities in the order of 30 and 100 MWt per unit, respectively. The LMFBR
program is designing them for 100 and 300 MWt per unit, respectively.

Initial estimates of liquid-metal flow rates and required pump
heads indicate that a centrifugal pump will be selected according to pump
state of the art. TFigure 8.2 shows the range of flows and heads of
existing liquid-metal pumps. The pumps of the LMFBR program, listed on
Tables 8.2 and 8.3, provide additional information on centrifugal pump
designs and operating conditions. The metal vapor Rankine topping cycle
liquid-metal pump would be classified in the secondary pump parameter
range, especially for the design head. The application of electromagnetic

(EM) pumps is also a possibility.

Table 8.3 - Free Surface Sodium Pumips

Characteristics SRE HNPF
Capacity, gpm 2,500 7,200
Design Temperature, °F 1,200 1,000
Total Dynamic Head, ft ; 145. 160
Motor Horsepower, hp : 150 350
Hours of Operation - 14,000 9,000

Table 8.4 lists the sizes and designs of liquid-metal valves

which have been built and tested. These valves are of the order-of-
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Table 8.4 - Large Valves in Liquid-Metal Cooled Reactors®

Service Conditions
. Valve Total Size
Reactor F Valves > Stem Seal Approx. Approx. Approx.
unction in
in Loop Temp. , Pressure, Flow,
°F psi gpm
EBR-I Block 15 4, 6 Double 600 20 291
bellows
ERB-II Throttle 2 4 Close 700 56 630
clearance
FERMI Throttle 3 6 Double 500 118 1,000
' tellows
Check 3 16 None 600 . 118 10,000
HALLAM Block 9 14, 16 Freeze seal 950 57 6,750
Check 3 16 None 610 37 6,750
SRE Block 9 6 Bellows and 850
freeze seal
SRE-PEP Block 4 4, 6 Bellows and 1160 47 1,540
freeze seal
Throttle 1 8 Torque tube 650 19 1,420

2511 valves had stainless steel bodies.



Table 8.5 - Previous Studies

1. Condenser-Steam Generator 6. Liquid-Metal Vapor Turbine
e Westinghouse Primary Steam Generator o Two— and Three-Stage Potassium Turbine Test
Development Program by General Electric
@ AL MSG Steam Generator Study e Potassium Turbine Tests by Garrett
e EBR-II ¢ Liquid~Metal Rankine Cycle Space Power
Application

2. Liquid-Metal Feedheater

7. Inventory Control Development Programs for:

e Foster Wheeler Corp. LMFBR and FFTF IHX
Design Report

e Fermi IHX
® Hallam IHX
e ALCO Sine-Wave IHX (SCTI)

Level Instruments
Expansion Tanks, Dump Tank

Flowmeters

Temperature Instruments

e Pressure Instruments

3. Liquid-Metal Pumps e Leak Detectors
i’ Westinghouse Large Sodium Pump Study
Fermi Pump 8. If.i.:l:lid-}letal Purification Development Program

Liquid-Metal Solubility Studies

.
[ ]
e British PFR Pump
e Hallam Pump

L]

- A EM Pump Studies e Hot and Cold Traps
e Soluble Getters
4. Liquid-Metal Piping ® Sampling Techniques
e Chemical Analysis
® Material Compatibility Studies e EM Flowmeters

e Piping Stress Analysis Codes ‘

Plugging Meters

Pipe H d Penetration Studies
* pe Hangers an e Electrochemical Meters

» Piping Insulation Selection’ Studies

9. Trace Heating
5. Liquid-Metal Valves

¢ Heater Development Program

Valve Development Program
* 4 & ® Hanger and Insulation Development

o Valve Operating Experience




magnitude size required for the metal vapor Rankine topping cycle. The
LMFBR program is studying sodium valve development in order to improve on

present valve capabilities.

In addition to the state of the art of mercury vapor turbines
established for the mercury topping cycle power plants, much effort has
been expended in space vehicle application of alkali-metal vapor turbines.
The space program has also been investigating the feasibility of other

liquid metals as working fluids for power generation.

Liquid~-metal vapor turbines have been built and tested by
General Electric for NASA and by Airesearch Manufacturing for the U. S.
Alr Force. A two-stage potassium turbine was operated successfully for
18 Ms (5000 hr) by General Electric.

The same may be said of liquid-metal inventory controls, puri-
fication systems, and trace heating: the technology exists. These sys-
tems have been built and tested for the Fermi, EBR~II, and Hallam in this
country,and by several foreign nations. They have been designed for the
Fast Flux Test Facility (FFTF), and many aspects of the systems have been
tested in various facilities. Development programs are in progress to

enhance the state of the art in these areas.

8.1.1 Previous Studies

As intimated previously, the steam generator studies for the
IMFBR program provided information applicable to the condenser-steam
generator. Table 8.5, Item 1, lists a few of the studies available. The
Westinghouse Primary Stgam'Generator Developmeﬁt Program in particular

provides an initial concept for design of the condenser-steam generator.

The design of the liquid-metal feedheater will closely resemble
the IHX of the IMFBR program. Item 2 of Table 8.5 listc a design report

and three actually built IHXs as reference studies.

Item 3 of the same table lists a Westinghouse study that pro-
vides liquid-metal pump design procedures, as well as sizing and costing

information., Atomics International also has a similar study available,



which is not listed. Under Item 3 are listed three centrifugal pumps
which were built and tested. The final entry refers to the studies on

EM pumps.

The EM pumps avoid the uncertainty of hydrostatic or hydrody-
namic bearings operating in high-temperature liﬁuid metal. EM pumps re-
quire no bearing, nor do they requires seals since there is no penetration
of the liquid~metal envelope. The utilization of EM pumps would addi-
tionally simplify the liquid-metal transport system.

Item 4 of Table 8.5 is concerned with piping éystems for liquid
metals. One of the major requirements of such a system is the compati-
bility of the liquid metal with the piping material, as discussed in
Section 4. Material is available from the LMFBR program and the metal
vapor Rankine cycle program for space vehicle application. Also avail-
able under the LMFBR program are piping stress analysis codes and a
Westinghouse development analysis procedure. Development programs arée

also involved with pipe hangers, penetrations, and insulation materials.

As mentioned previously, liquid-metal valve development pro-
grams are in progress using past operating experience as a guide. These
are listed in Item 5.

Item 6 concerns previous ctudies on liquid-metal vapor turbines.
Listed first are the two- and three-stage potassium turbine tests per-
formed by General Electric under NASA CR-924 and NASA CR-1483, respec-
tively. Also listed are the potassium turbine tests by Airesearch under

contract to the Air Forcea.

Items 7, 8, and 9 of Table 8.5 cover the auxiliary system of
inventory control, purification, and trace heating. Listed under the in-
dividual systems are developed programs for specific components and equip-

ment required in the systems.

Uncertainties and development problems do exist in a liquid-
metal system, but previous studies and testing programs have provided a
good background for resolving them. Current FFIF and other LMFBR develop-

ment programs are advancing the state of the art in these areas.
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8.2 Basic Liquid-Metal Rankine Topping Cycle Plant

The parametric analysis of Task I for the liquid-metal Rankine
topping cycle included 50 different plant designs, as shown in Table 8.6.
The work scope specifically required that the analysis include pressurized
fluidized bed combustion of coal and a pressurized furnace burning low-Btu
gas made from coal. It was decided to incorporate two base cases in the
parametric analysis: Base Case 1, a pressurized fluidized bed (PFB)

plant, and Base Case 2, a pressurized furnace (PF) plant.

The plant site arrangement and size for Base Case 1 is shown as
Figure 8.3. The plant island arrangement is illustrated on Figure 8.4 as
supplied by Chas. T. Main, Inc., the architect/engineer. Figures 8.5 and
8.6 represent the plant site and plant island arrangement drawings for

Base Case 2.

The flow schematics and location of state points for a PFB
plant and a PF plant are shown in Figures 8.7 and 8.8, respectively. The
components and flow paths denoted by dashed lines repretent variations in
the system configuration that were investigated. The bise case system

configurations are represented by solid-line components.

The configuration, performance, and state point values of Base
Cases 1 and 2 are shown in Tables 8.7 and 8.8, respectively, for 1200 MWe

size plants.

The base cases were assumed to be as simple as possible—hence
the absence of recuperators, gas-heated feedwater heaters orv economizers,
and liquid-metal extractions. Based on availability studies for the
liquid-metal fast breeder, plant availability is lower for sodium reheat
steam cycles than nonreheat steam because of the increased probability of
sodium/water reaction in the event of a steam tube rupture. Thus, a

nonreheat steam cycle was selected for the two base cases.

A recirculating liquid-metal boiler was selected instead of a
once-through boiler for .the base cases in order to improve heat transfer

coefficients and to mitigate possible overheating of the furnace tubes at
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Table 8.7 ~ Liquid-Metal Rankine Topping Cycle Components and Operating

Parameters for Base Case 1

PCWER OUTPUT(MAE) 1253 GnZ TURSINE IMLET
FURNACE PR.FLDSHES TEMNPEFATURE (2EG=F)
CcaAL 81T GAS cLINOVWIZE?

WCRSING FLUIY K GAS FEZLWTEF HEATET
RECUPERATOR EFFECTIVELZIZIS .9 LemeoIZCULATION RATIO
CGMPRES3O0R PRESSURE RATIC 15 Lo M JFEETHEATER

AIR EGUIVALENCE RATIO 1.2 ST2uEs GF STEaM REHEAT

+%%% STATE POIMNTS #»s+
1 Lere TURBINE INLET
¢ LeMJCONDENSER
3 LeM.FEED PuUMP
4 L MeKECIRC PulP
5 LoM.30TLER IMLET
6 STEAN TURBINE THROITLE
7 STEAM REHEAT
8 ST.COND.BACX PRESS,
9 FINAL FEEDHATER
1 COND/SG WATER INLET
11 COMPRESSOR INLET
12 GAS TURBINE INLET
13 GAS ECON.GWnS INLET,
14 GAS FHWiM GAs INLET
15 STACK GAS EXHAUST

16 AS RECEIVED COEL

TOTaL FLOW TEMPESATUKE

10E15 LEM/HA JEG~-F

7.382 1406.009
1106.200
5277.000 GPM 1108.C00
13574.000 GPM 1280.600
128¢.090
6.774 1508.G00
€.000
560 .000
560,000
10.320 59.003
11.216 1806.000
2.0230
G.000
844 .000

499 .400T/HR

* e v ¥ CFRICTIENCIES * v & » @
1820.4u Lt SYSTES . 097
NG PFESSURIZING SUZSYSTEM .267
MO STELM CYCLE 28
2.5 1 GROSS PLANT .380
NI HET PLART .370
" NET PUAER QUTPUT (MHE) 1169.57
PrESSU=Z THERMAL LCaD POWIR OUTPUT
PSIA 10E0% dTu/nR MHE
15.200 188.000
2.400 5.856
33.900 .363
20.610 173
6.600
3515.200 720.600
C.0C0
3.50CINHG 3.396
14.690
291.500
0.0060
0.905
10.775



Table 8.8 ~ Liquid-Metal Rankine Topping Cycle Components and Operating
Parameters for Base Case 2
* *++ 5 % v EFFICIENCIES * ¢ » * &
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CUMPRES30R PRESSUFE RaTIC 15 Lok FEEORFATER N3  HET PLART .356
AIR EGUIVALENCE RATIO 1.2 STALES CF STEaM REHEAT G NET PCWEP QUTPUT (MKE) 1169.88
TOT4L FLOM TEMPERATUKE PRESSURS THERMAL LC4D  POWER OUTPUT
sevs STATE POINTS #¥es 10646 LEM/HA CEG-F PSIA 10EQY »Tu/nR MRE
1 Lo TURAINE INLET 7.327 1436.600 15.230 186.500
2 L.M.CONDENSE® 1165205 2.40¢ 5.813
3 L.M.FEED PUMP 5245.000 GPM 1108.C00 33.590 ,356
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$ £ LoM.30ILER IMLET - 1282.600 %.551
o
¢ STEAM TURBINE THOTTL.E 6.724 1000.600 3515.200 715.300
7 STEAM REHEAT 0.000 C.000
€ ST.COND.BACK PRESS. 3.500INHG 3.372
€ FIUAL FEEDWATER SE0.000
: 16 COND/SG WATER INLET 560,600
! 11 COMPRESSOR INLET 10.056 59.600 14696
H
c 12 GAS TURBINE INLET 10.960 1806.000 298.600
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14 GAS FWm GAs INLET G.000 0.503
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the hot end. Recirculation also provides for easier start-up and control,
and reduction of mass transfer and corrosion. A recirculation ratio of
2.5 to 1 was selected because, for the heat fluxes estimated in the vapor
generators, departure from nucleate boiling fDNB) occurred at approxi—‘
mately 50% quality. The recirculation ratio of 2.5 to 1 corresponds to
407 quality entering the metal vapor drum and provides sufficient conser-
vatism to avoid the problems of DNB and film boiling in the liquid-metal

vapor generators.

The recirculation ratio is defined as the ratio of total liquid-

metal flow through the furnace/boiler divided by the feed flow,

A gas turbine inlet temperature of 1255°K (1800°F) was selected
as the maximum temperature allowed for pressurized fluidized bed combus-
tion of coal to avoid melting and agglomeration of the. ash. In conjunction
with the liquid-metal temperatures selected, the 1255°K (1800°F) tempera-
ture tended to minimize the PFB and PF heat transfer areas and, hence,

minimize capital cost.

A potassium vapor turbine inlet temperature of 1033°K {1400°F)
provided a reasonable turbine throttle pressure, 104,8 kPa (15.2 psi)
abs. Since the PFB and PF are limited to overall heat transfer coeffici-
ents approximately equal to the flue gas coefficients [< 283 W/m2-°K
(< 50 Btu/hr—ft2-°F)], the log mean temperature difference is maximized
with 1033°K (1400°F) liquid metal. Reduction below 1033°K (1400°F)
would result in' a subatmospheric throttle pressure for‘ﬁhe liquid-metal
turbine. The liquid-metal condensing temperature of 866°K (1100°F) pro-
vided a reasonable condenser pressure [16.55 kPa (2.4 psi) abs] and

condenser/steam generator hot-end temperature difference.

The steam turbine throttle conditions of 24.132 MPa (3500 psi)
abs, 811°K (1000°F) provide high steam cycle efficiency. The supercriti-
cal pressure eliminates potential problems of tube fatigue and uncertain-
ties associated with DNB. The 11.85 kPa (3-1/2 in Hg) abs back pressure

represents wet cooling tower conditions. Wet towers are environmentally
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more acceptahle than are once-through and more economical for heat rejec-

tion than are dry cooling towers.

Potassium was selected as the working fluid because more data
were available. For this reason the study concentrated on the effects of
component and parameter variations on a potassium subsystem, assﬁming

that the results of a potassium subsystem would apply to cesium as well.

8.3 Method of Performance Calculation

The performance of the metal vapor Rankine topping-steam bot-
toming cycle was calculated by a combination of computer codes and hand
calculation. Computer codes were used for the performance of the steam
turbine subsystem and the pressurized combustor subsystem, and hand cal-

culations determined the performance of the liquid-metal subsystem.

The hand calculation of the metal vapor turbine was based on an
isentropic expansion turbine efficiency of 78%. For an inlet condition
of 1033°K (1400°F) and 99% quality, the potassium vapor left the tur-
bine at 866°K (1100°F) and 907 quality. Approximately 202 kJ/kg
(v 87 Btu/1lb) of useful work could be extracted from the potassium by ex-
pansion through a turbine for the above conditions. The amount of useful
work for the 1089°K/922°K (1500°F/1200°F) turbine-condenser conditions
and the 1144°K/978°K (1600°F/1300°F) turbine-condenser conditions was
assumed to be approximately the same as for the 1033°K/866°K (1400°F/
1100°F) cycle.

Further calculations on a volumetric flow basis demonstrated
that a 25 MWe potassium turbine would be of a double-flow, four-stage
design with a 1.82 m (6 £ft) diameter disk and run at 30 rps (1800 rpm).
The cesium turbine was designed for the same 1033°K/866°K. (1400°F/1100°F)
turbine-condenser conditions, with 90% exhaust quality and a 76% effici-
ency. The useful work for these conditions was calculated to be
~ 61,2 kJ/kg (v 26.3 Btu/lb).

The performance of the pressurizing combustor subsystem was

evaluated by computer program using the pressurized combustor type, the
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coal type, recuperator effeétiveness, the compressor pressure ratio, air
equivalence ratio, and gas turbine inlet temperature as denoted for the
50 parametric points of the metal vapor Rankine topping cycle of

Table 8.6. The output included the quantities of heat available from the
combustor, Qb/wa; the stack-gas cooler, Q2/Wa; and the power generated by
the gas turbine generator, P/Wa, as a function of the airflow rate, Wa,

and the fuel-to-air ratio, wf/wa.

The steam turbine subsystem efficiencies, as determined by com-~
puter code, were based on the steam turbine throttle temperatures and
pressure and condenser back pressures given in Table 8.6. All cases
utilized an 800 MWe steam turbine. The final feed temperatures were 566
and 550°K (560 and 530°F) for 24.132 and 16.547 MPa (3500 and 2400 psi)
gauge conditions, respectively, with eight feedwater heaters. For the
case which utilized a gas feedwater heater in parallel with the turbine
feedwater train, the final feed temperature was 529°K (492°F) with seven
feedwater heaters. The stack outlet temperature, total flue gas flow,
and flue gas composition were included as input. For cases with steam
reheat the reheat temperature was assumed equal to the steam throttle
temperature, and the IP turbine inlet pressure was always taken as
4,137 MPa (600 psi) abs.

The integration of the three subsystems was performed by simple
hand calculation in an iterative process. Assuming the metal vapor
turbine-generator produced 100 MWe, PLMT’ with a known useful work,

AHLMT’ the liquid-metal flow rate, W , , is:

LM
Win = Pragp/SHppp (8.1)

For any given metal vapor cycle the liquid-metal enthalpy rise
in the boiler, AHb, and enthalpy drop in the condenser-steam generator,
AHC, are known. So with WEM of Equation 8.1 the heat available to the
boiler, Qb’ is:

Q = W, AH_ (8.2)



and the heat rejected to the steam, Qc, is:

Qc = WLM AHc (8.3)

For the pressurizing combustor subsystem performance values, the airflow

rate, wa, is:

%
W =B (8-4)
a " /")
and the power generated by the gas-turbine generator, Pgt’ is:
Pgt = (P/Wa) Wa ’ (8.5)

In the case of a gas economizer or feedwater heater, the heat transferred

in the stack-gas cooler, Q2, is:
Q, = (@M)W, (8.6)

If there is no gas economizer or feedwater heater, then Q2 is 0. To de-
termine the power produced by the steam—turbine generator, the total heat

added to the steam-turbine subsystem, Q is:

stm’

Uem = W T Q 8.7)

and using the steam-turbine cycle efficiencies, Neem?® 35 determined by

computer code, the steam-turbine rating, Ps , is:

tm

) n

stm (8.8)

= (Q

stm stm
The summation of the power generated by the three subsystems is the total

plant power, P In order to determine the liquid-metal and airflows,

total”’
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the thermal loads, and the three subsystem power ratings of a 1200 MWe
rated plant, a new liquid-metal flow rate, W'LM’ was calculated from

Equation 8.9:

' =
W WLM (1200/p

IM ) - (8.9)

total

Letting wLM equal W.LM’ the above procedure, Equations 8.2 through 8.8, was

repeated.

Once the reiteration is completed, the remairing flow rates
needed to size equipment can be calculated. The steam throttle flow

rate, W , was calculated as:
stm

Qc + Q2

stm = AH 4+ AH
cs 2

W (3.10)

where AHZ is the water enthalpy rise in the gas economizer and/or gas

feedwater heater.

In order to.optimize the amount of heat input for a gas econo-
mizer with the cost of the heat exchanger, estimates indicate that ~ 507%
of the heat available at the stack-gas cooler, Q2, should be used to
economize the feedwater going to the condenser-steam generator. Obvi-
ously, all of Q2 cannot be available for economizing, &ince the exhaust
stack-gas temperature 416°K (290°F) is lower than the final feedwater
temperature of 529°K (492°F).

The water-steam enthalpyrise,AHc, in the condenser-steam gene-
rator includes the enthalpy rise for the throttle steam flow and the
reheat steam flow. A good approximation of the water enthalpy rise is
defined by:

AH  =AH + C AH
m r

cs st (8.11)

h
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Table 8.9 - Heating Values of Coals with Various % Moistures

Coal Illinois Montana North Dakota
Bituminous | Subbituminous Lignite

As Received

Moisture, % (Moistl) 13.0 24,3 36.7

HHV, Btu/lb 10788 - 8944 6890

LHV, Btu/lb 10230 8372 6248
Lockhopper

Moisture, % (Moist2) 3 20 27

HHV, Btu/1lb 12028 9452 7946

LHV, Btu/1b 11525 8907 7365
Maximum Practicable Drying

Moisture, % (Moist3) 0 16 18

HIIV, Btu/lb 12400 9925 8926

LHV, Btu/1lb 11913 9405 8401
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where AHstm is the throttle steam enthalpy rise above that at the econo-
mizer exit, AHrh is the reheat steam enthalpy rise, and C is a constant

which varies from 0.88 to 0.895, depending on throttle conditionms.

This approximation of the high-pressure turbine extraction
steam flow agrees within * 3% for computer-calculated performance values.
The flue gas flow rate, wg, based on the fuel/air ratio, wf/wa, which is

given in the pressurizing combustor subsystem performance, is:

Wg = [1+ (Wf/wa)] v, (8.12)
and the as fired coal flow, Wf, is:
W = (wf/wa) wa (8.13)

The as received coal flow rate depends on the type of coal used and the
type of combustor. For a pressurized fluidized bed the as received coal

use rate, tons/hr, is:

Tons/hr = Wf {1-M015t2]

1-Moistl (8.;&)

where Moistl and Moist2 are listed in Table 8.9 for the three types of

coal considered. For a pressurized furnace the coal use rate is:

Tons /hr = wf/ (1.0-Moistl) (8.15)

where Moistl is also listed in Table 8.9. For a pressurized fluidized

bed the total heat input of the plant Q is determined by:

total

Qtotal = (Tons/hr) HHV (8.16)
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where HHV, the higher heating values of the three coals, are listed for the

varlous moisture contents in Table 8.9.

The gasification subsystem for a pressurized furnace plant re~
quires heat for drying the coal,and process steam and alr for the produc~
tion of low-Btu fuel gas. It was assumed that these heating requirements
were satisfied by the hot exhaust flue gas from the pressurizing combus-
tor subsystem at the stack-gas cooler, Q2. When a gas economizer was
used to add heat in the steam turbine subsystem, approximately half the
heat available at the stack-gas cooler, Qz, was used to economize the
feedwater. The other half of Q2 was assumed sufficient to satisfy the

drying and process heat requirements of the gasification subsystem,

For a case where a gas feedwater heater was used in parallel
with the extraction feedwater heater string, the process steam require-~
ment was not satisfied (see Table 8.6 Cases 14, 43, 44, 45, and 50),

The process steam heat, st, then was assumed to be an added thermal load
on the pressurized furnace plant. The process steam rate, wps, was de-

termined as:

Wps = (pr/wa) W, (8.17)

where (wps/wa)’ was calculated by the pressurizing combustor subsystem

performance computer code for a pressurized furnace.

The thermal load of the process steam, st’ was evaluated by:

Qg = Wog BH (8.18)

where AHps was the water enthalpy rise from the enthalpy at the steam
condenser to the enthalpy of saturated steam at a saturation pressure

1.5 times the pressurized furrace operating pressure. [For the appli-
cable cases this saturation pressure was 1.5 times 1.520 MPa (15 atm), or
PSat is 2.28 MPa.(33O psi) abs.] Hence, for cases 14, 43, 44, 45, and 50
of Table 8.6, the total heat input of the plant was:
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Qtotal = (Tons/hr) HHV + st (8.19)

The éross plant cycle efficiency, , then, was given by:

nGross

NGross Ptotal/Qtotal (8.20)

where Qtotal is given by Equation 8.16 for PFB and by Equation 8.19 for PF.
With the various subsystem flows evaluated, the parametric points of the
liquid-metal subsystem components were sized for each of the parametric

points of Table 8.6.

8.4 Results of the Parametric Study

8.4.1 Matrix of Component and Parameter Variations

The work scope of this study required the metal vapor Rankine
topping cycle to be investigated for a variety of furnace combustor types,
fuel (coal typeé), cycle configurations, major cycle parameters, and
power levels. The matrix of the 50 parametric points for the metal vapor
Rankine topping cycle is shown on Table 8.6. Base Case 1, the pressurized
fluidized bed,and Base Case 2, the pressurized furnace-gasifier system,

are listed in Table 8.6 as Points 1 and 4, respectively.

The first 39 cases served as a sensitivity study to determine
the effects of component and parameter varia;ion for a constant power
level. This sensitivity study was then used to determine a preliminary
optimum case by combining the components and parametric values which in-
dividually provided the best cycle performance and which were estimated
to be cost effective. This preliminary optimum cycle was used to deter-
mine the effect of power level variation for a PFB plant (Points 40, 41,
42, and 49) and a PF plant (Points 43, 44, 45, and 50). Points 46, 47,
and 48 were used to study the effects of power-level variation and cesium

as the working fluid in a PFB plant.
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Table 8.10 - Effect on Cycle Performance of PFB and PF
Plants for Parameter and Component Variation

Overall Energy Efficiency, %
Component/Parameter
PFB Point No. PF Point No.

Coal Type

Il1linois No. 6 bituminous 35.9 1 35.0 4

Montana subbituminous 35.8 2 38.1

North Dakota lignite 34,8 3 38.8
Recuperator Effectiveness

€= 0.0 35.9 1 35.0°

e= 0.7 36.4 7 35.3 9

€= 0.8 36.4 8 - 35.4 10
Recirculation Ratio

25:1 35.9 35.0

1:1 (once through) . 35.9 11 35.0 12
Gas Feedwater Heater 43.4 13 40.9 14
Gas Economizer 39.7 15 38.8 16
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8.4.2 Effect of Furnace-Combustor Type

The effect of furnace-combustor type (PFB and PF) on per-
formance was investigated, while varying several other parameters
and components. Table 8,10 lists the parameter and components varied for
both furnace-combustor types and the resulting overall energy efficiency.
In all cases except the Montana and North Dakota coal cases, the PFB
shows a higher efficiency. The lower PF efficiency is due to the 907

efficiency of the integrated gasifier producing low-Btu gas from the coal.

8.4.3 Effect of the Gas Turbine Recuperator Effectiveness, €

The effect of preheating air at the inlet to the furnace-
combustor with the gas turbine exhaust was determined for recuperator
effectiveness of € = 0.7 and € = 0.8, The addition of a recuperator to
the PFB raised the air inlet temperature 33.3 and 38.9°K (60 and 70°F)
for an effectiveness of 0.7 and 0.8, respectively, over Base Case 1,
which had no recuperation. The preheating reduced the required airflow
and the power split in the cycle to improve the overall efficiency
1.4% above Base Case 1. For the PF plant the ailr temperature was
raised 38.9 to 44.4°K (70 to 80°F) for 0.9 and 1.1% efficiency improve-

ment for effectiveness of € = 0,7 and € = 0.8, respectively.

It was assumed that the recuperators would not be cost effecr
tive for the small efficiency improvements. Furthermore, the 22.2 to 27;8°K
(40 to 50°F) drop in recuperator exhaust gas temperature would reduce
the effectiveness of the gas-heated economizer and/or feedwater heaters
and increase their cost. The recuperators were not, therefore,
incorporated into the preliminary optimum.
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8.4.4 Effect of Liquid~Metal Recirculation

As shown on Table 8.6, both once-through and recirculating
liquid-metal boiler subsystems were studied. The cycle efficiency for the
once-~through system was negligibly higher than the recirculating system.
The liquid-metal recirculation pumps required 0.17 MWe (less than 0.015%)

of the net power output.

The once-~through unit will cost less due to smaller liquid-
metal inventory, storage tanks, and the absence of recirculation pumps,
piping, and vapor drum. The recirculation ratio of 2.5 to 1 was selected
to avoid DNB and all its subsequent problems. Recirculation also pro-
vides for easier control and a heated makeup inventory in case of loss of
water flow for any reason. For these reasons the recirculating boiler

system was selected for the preferred case.

8.4.5 Effect of Exhaust Gas Feedwater Heaters and Economizers

For Base Cases 1 and 2 the combustor pressurizing subsystem
turbine exhaust gas was assumed to be used to provide process heat to
other subsystems (such as process steam in the PF gasifier plant). In
the case of the gas~heated feedwater heaters,all the heat available from

the stack~gas coolers was transferred to the feedwater.

The resulting cycle efficiencies of 43.4 and 40.9% for the

PFB and PF, respectively, were the highest found. The PFB plant effici-
ency increased 20,97 over Base Case 1; and the PF plant efficiency in-
creased 16.9% over Base Case 2. The PF increase was not as large as the
PFB case due to the gasifier process steam requirements. Because of the
economizer exhaust gas temperature limitation imposed by the final feed-
water temperature of 529°K (492°F), the exhaust gas transferred approxi-
mately half the avallable stack-—gas cooler energy to the gas-heated

economizer. The performance improvement was still significant (half the
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amount of the feedwater heaters), 10.6% for the PFB and 10.9% for the PF.
In the case of the PF the process steam requirements were supplied by the

remaining available stack-gas cooler energy.

.It was assumed that incorporation of both the gas feedwater
heater and the economizer would not be cost effective. The larger in-
creagse in overall efficiency due to the gas—heated feedwater heater was
the basis for its selection as optimum. Preliminary calculations, how-
ever, indicate that there is too much heat available in the gas feedwater
heater with the assumed 529°K (492°F) maximum feedwater temperature.

With this assumption the feedwater flow to the turbine extraction feed-
water heater striug is greatly reduced. The resulting low-pressure steam
turbine exhaust flows are, therefore, larger than for full extraction
machines, thereby causing large exhaust losses 1f the same low-pressure
ends were chosen; or the use of larger, more costly ends if this is unac-
ceptable. Reduced steam turbine efficiencies were assumed when a gas
feédwater heater was incorporated. A logical optional approach would
have been to remove the 529°K (492°F) assumed maximum feedwater tempera-

ture.

8.4.6 Effect of Compressor Pressure Ratio

Calculations were performed for combustor pressurizing
subsystem pressure levels of 0.506, 1.013, and 1.520 MPa (5, 10, and
15 atm). The resulting overall energy efficiencies increased with in-
creasing pressure ratio, as shown on Figure 8.9. On the basis of effici-
ency, the 15-to-l compressor ratio was selected for the preliminary opti-

mum plant.

On the other hand, a compressor pressure ratio of 10 to 1 re-
sults in a stack-gas cooler gas inlet temperature 311°K (100°F) higher
than a 15-to-l pressure ratio. There is also approximately 227 more
stack-gas cooler energy available to the more efficient steam turbine by
means of the gas feedwater heater and/or gas economizer. The effect on
overall energy efficiency for a compressor pressure ratio of 10 to 1 with
a gas feedwater heater and/or a gas economlzer warrants further investi-

gation.
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Similarly, the energy available to the steam turbine may be in-
creased by preheating the air to the furnace combustor and lowering the
compressor pressure ratio to 10 to 1. Under these conditions the
condenser—-steam generator heat available to the steam turbine increases
approximately 10%Z. The stack-gas cooler heat available decreases accord-
ingly. Reduction in the amount of gas feedwater heating is in the proper
direction for obtaining the optimum flow split through the parallel gas

feedwater and the extraction feedwater string (mentioned in Subsection 8.4.5).

The present study has investigated the effects of individually
and separately varying such components and parameters as recuﬁerators,
gas economizers, gas feedwater heaters, and compressor pressure ratios.
The optimum plant configuration and parameters, however, can only be ob-
tained by investigating the above parameters and components in combina-

tion, a task beyond the scope of Task I of this study.

8.4.7 Effect of Air Equivalence Ratio

Three values of air equivalence ratio, ¢air’ were investigated.
The minimum ¢air of 1.2 for fluidized bed combustion was used for Base
Cases 1 and 2. Additional values of ¢air used were 2,0 and 3.0. As
shown on Figure 8,10, the overall energy efficiency decreases drastically
as ¢’air increases above ¢air = 1.2, As the airflow increases; less
energy is available to heat the liquid metal. At a ¢air of 1.2, approxi-
mately 407 of the available heat is required to heat the air. At a ¢air
of 2.0 almost 75%; and at a ¢air of 3.0 fully 90% of the heat available
is heating the air (see Figure 8.10). The base case (¢air = 1.2) was

selected as optimum.

8.4.8 Effect of Gas Turbine Inlet Temperature

The maximum allowable fluidized bed temperature is 1283°K
(1850°F) because of Ehe desulfurization reaction. Therefore, the maximum
gas turbine inlet temperatur: selected was 1255°K (1800°F). Turbine
inlet temperatures of 1144 and 1200°K (1600 and 1700°F) were also studied.
The overall energy efficiency increased as the gas turbine inlet tempera-

ture decreased, as shown on Figure 8.11. The efficiency increased 6% as
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the gas turbine inlet temperature was reduced from 1255 to 1144°K (1800
to 1600°F). This improved efficiency was the result of reducing the per-
centage of the total available energy absorbed by the combustor pres-
surizing subsystem. As the gas turbine inlet temperature was lowered,
more of the available energy was transferred to the more efficient steam
turbine. Figure 8.11 also shows the percent of available energy absorbed

by the pressurizing subsystem as a function of temperature.

On the basis of overall efficiency the 1144°K (1600°F) gas
turbine inlet temperature was selected as optimum. As will be demon~
strated in Subsection 8.6, however, a lower gas turbine inlet temperature
at the same pressure ratio reduces the log mean temperature difference
in the stack-gas coolers which transfer energy to the steam turbine feed-
water, thus increasing the cost of electricity for this plant. The in-
teraction of gas turbine inlet temperature with stack~gas coolers and
recuperators is as significant as is compressor pressure ratio. Again,
an optimﬁm plant cannot be determined until the interaction of the para-
meters and cdmponents of the combustor pressurizing subsystem has been

investigated thoroughly.

8.4.9 Effect of Metal Vapor Turbine Inlet Temperatures

In studying the effect of liquid-metal temperature variation,
a constant 166.7°K (300°F) temperature difference was maintained from
liquid-metal turbine inlet to the condenser-steam generator. The liquid-
metal temperature variations investigated were 1033°K inlet/866bK outlet
(1400°F/1100°F), 1089°K/922°K (1500°F/1200°F), and 1144°K/978°F (1600°F/
1300°F). The effect of this variation on overall energy efficiency was
negligiblé. The efficiency improved only 0.3% over the entire range
(see Figure 8.21b). The Base Case 1 liquid-metal temperatures of 1033°K/
866°K (1400/1100°F) were selected for the preliminary optimum case. The
lower temperatures tend to mitigate high~-temperature material and develop-

ment problems.

To fully appreciate liquid-metal system temperature variation
effects, the effect of liquid-metal temperature differences should be
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investigated. The liquid-metal turbine preliminary design calculationms,
however, indicated that the pressure drop through a moisture separator or
reheater were unacceptable. Preliminary studies further indicated that
internal moisture separation was not practical due to the low-turbine
speeds. The liquid-metal turbine temperatures were based on these con-
siderations and a maximum 107 moisture. Additional effort in the turbine

design area should rectify these difficulties.

8.4.10 Effect of Steam Throttle Temperature

The steam throttle teﬁperatures of 811, 866, and 922°K (1000,
1100, and 1200°F) were investigated. Unlike the previous parameter vari-
ations, the steam temperature was not varied separately but was varied
with the liquid-metal temperature. In each case a 55.5°K (100°F) tempera-
ture difference was assumed between the liquid-metal condensing tempera-
ture and the steam turbine throttle temperature. The results of the
steam turbine throttle temperature variations are, therefore, not com-

pletely independent.

The steam temperature was varied with steam pressure for both
reheat and nonreheat turbines. As the steam temperature increases, the
steam turbine Rankine cycle efficiency increases. Figure 8.12 illustrates

the increase in overall energy efficlency as the steam temperature in-

creases.

The steam throttle temperature of 811°K (1000°F) was recommended
for the preliminary optimurs case. This decision was based on steam tur-
" bine and condenser—-steam generator design considerations. Material and
development problems are diminished at the lower temperature, as are com-—

ponent costs.

8.4.11 Effect of Steam Throttle Pressure

Variation of the steam throtitle pressure was limited to one
subcritical and one supercwitiical pressure. The values of pressure in-
vestigated were 16.547 and 24.132 MPa (2400 and 3500 psi) gauge.

Figure 8.12 demonstrates the Rankine cycle principle that as pressure
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increases for a constant steam temperature,the steam turbine efficiency
improves; and as steam turbine efficiency increases, the overall energy
efficiency increases. In the nonreheat cases the overall efficiency in-
~ creases better than 1.77 at a given steam temperature when the steam
pressure increases from 16.547 to 24.132 MPa (2400 to 3500 psi) gauge.
In the reheat cases, the improvement in overall energy efficiency is

about 1.4%.

The 24.132 MPa (3500 psi) gauge throttle pressure was selected
on the basis of efficiency. It was also selected because,at 24.132 MPa
(3500 psi) gauge,DNB and all its uncertainties are avoided in the

condenser-steam generator.

8.4.12 Effect of Nonreheat versus Reheat Steam Turbine

Referring to Figure 8.12 shows the effect on overall efficiency
as a function of pressure and temperature of the steam. For a given
steam temperature, the overall efficiency improvement of reheat versus
nonreheat 1s approximately a constant 2.5%, regardless of the temperature.
The reheat cycle was selected for incorporation‘in the preliminary opti-

mum.

8.4.13 Effect of Working Fluid

The effect of cesium versus potassium as the working fluid in
the liquid-metal subsystem was studied only for the preliminary optimum
case. It was assumed that cesium would not be competitive with potassium.
The calculation of the preliminary optimum plant, however, resulted in an
overall energy efficiency of 42.9% for the cesium and 42.4% for the

potassium.

The 1.27 efficiency advantage for cesium over potassium demon-—
strated that cesium is competitive with potassium. Final conclusions
should not be made at this time due to the preliminary nature of the cal-
culations and designs. Further effort is required, particularly in the

turbine design.
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8.4.14 Effect of Power Level

No effort was made at this time to determine the effect on cycle
performance for power variation. The efficiencies were assumed constant
with power level to determine the effect of plant thermal rating on the

cost of electricity.

8.5 Capital and Installation Costs of Plant Components

This section is divided into two segments: the first subsec~-
tion presents the method of component sizing; the second outlines the

method of component costing.

Component sizing and economic evaluation were performed by the
various cognizant design groups for the metal vapor Rankine topping cycle
subsystems. -Flow schematics of the PFB and PF plant cycles are shown in
Figures 8.13 and 8.14, respectively. The schematics show the cycle sub-

systems as labeled blocks.

The combustor pressurizing subsystem was sized and cost evalu-
ated by the combustor-furnace and low-Btu gasifier design group (see
Section 4). The combustor pressurizing subsystem consisted of coel
handling and processing, compressor turbogenerator, the stack-gas cooler,
the fluidized bed gasifier and boiler and related hot gas piping, and
process air and steam piping., The steam turbine subsystem sizing and
cost evaluation were performed by Westinghouse Large Turbine and Heat
Transfer Divisions. The balance of plant was evaluated by Chas. T. Main,
Inc. (see Section 2). The heat rejection subsystem was included in the

assumptions of Section 2.

The method of sizing and costing plant components for the
liquid-metal subsystem and its related subsystems, as shown in

Figure 8.15, are presented in this section.

8.5.1 Method of Component Sizing

8.5.1.1 Pressurized Fluidized Bed
The sizing of the pressurizéd fluidized bed boiler, PFB, is

covered in Section 4). The liquid-metal considerations in the design
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and sizing of the PFB were the heat required, Qb’ as determined in Sub-
section 8.3 by Equation 8.2. The overall heat transfer coefficlent was
assumed to be equivalent to the bed-side heat transfer coefficient

[83.8 w/m2—°K (50 Btu/hr-ft2—°F)]. The tube-side liquid-metal pressure
drop was assumed to be equal to that of the pressurized furnace, approxi-
mately 6% of the operating pressure. Finally, four PFB modules are
assumed to be required for every 300 MWe of plant capacity.

8.5.1.2 Pressurized Furnace

The pressurized furnace, PF, design was an adaptation of the
recirculating-type boiler proposed by A. P. Fraas (Reference 8.2). To
ensure sufficient flow for a 2.5-to-1 ciréulation ratio, a centrifugal
pump provides the driving force in an external recirculation loop which
headers the subcooled liquid metal into the bottom of the furnace. The
cold feed passes through the headers into tube bundle clusters and rises
up through the combustion chamber to an upper set of headers. The two-
phase mixture leaving the PFenters a liquid-metal vapor drum. The vapor
is separated from the saturated liquid and passed to the liquid-metal
turbine. The saturated liquid passes to a mixing header, where it mixes

with the cold liquid-metal feed coming from the condenser-steam generator.

8.5.1.3 Liquid-Metal Vapor Drum

The liquid-metal vapor drum was sized on the assumption that
under the worst transient surge the drum will never be more than two-
thirds full of iiquid, and that under normal conditions it is appfoxi—
mately half-filled with liquid. The Clinch River Breeder Reactor Plant
(CRBRP) steam drum was sized on these criteria. The transient time of
the saturated water in the CRBRP steam drum was calculated tc bz 60 s
(1 min). It was then assumed that the worst transient surge in a liquid-
metal topping cycle wéuld not be as severe as in CRBRP, so the transit
time for the liquid-metal drum was assumed to be half that of CRBRP, or
30 5 (0.5 min). The volume of the drum, Vold, was then determined by:

Vol = 2(RC - 1) WLM t
d N

{8.21)

a Py
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where RC 1s the circulation ratio; WLM

rate to the turbine; Nd is the number of vapor drums; Py is the density

is the total metal vapor mass flow

of saturated liquid metal; and t is the transit time.

8.5.1.4" Liquid-Metal Vapor Turbine

The liquid-metal vapor turbine design was limited by available
technology for large disk forgings of superalloys and refractory alloys.
To compensate for the size limitations, the liquid-metal turbines are
assumed to be modularized, double-flow units with built-up rotors. The
rotors are similar to aircraft gas turbines, built up of disks and spacer
rings rather than of a single-solid forging. The material candidates for
the liquid-metal vapor turbine are discussed in Subsection 3.7, as are

the bearing and shaft seal techniques.

The potassium turbine was designed (see Figure 8.16) as a
25 MWe, four-stage, double-flow, 1800 rpm turbine with a 1,83 m (6 ft)
disk. Each generator is a four-pole, 1800 rpm machine rated at 30 MVA.
The efficiencies assumed for the four stages of the potassium turbine were
82, 81, 79, and 75%, respectively. In the preliminary design the cesium
turbine was assumed to have only two stages with similar power rating.

Its efficiency was assumed to be 76%.

For the base case plant rating of 1200 MWe there are two
liquid-metal turbines in tandem in each of the four liquid-metal loops,
for a total of eight turbines. Since each turbine is double flow, the

single condenser-steam generator in each loop would have four iniets.

8.5.1.5 Metal Vapor Condenser—-Steam Generator

Steam condensers for power plants are not designed in accord-
ance with the ASME Unfired Pressure Vessel code., This is probably be-
cause the design pressure of such units is not over 105.4 kPa (15 psi).
In the case of a potassium condenser, however, ﬁhe hot potassium vapor is
a lethal and flammable fluid, and liquid potassium reacts violently with
water. For these reasons it is recommended that the potassium condenser

vessel be designed in accordance with Section VIII (Unfired Pressure

Vessels).
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The design of power plant steam condensers is based upon the
use of straight condenser tubing, the most econowical form. The long
straight tubes are supported at intervals by drilled plates. These large
rectangular plates also serve as stays, or braces, for the flat condenser
wall plates. Thus, the condensers are good for full vacuum but very
little internal pressure. The slight differential expansion between the
tubes and shell is taken up by the flexing of a flat steel membrane at

one tubesheet.

In attempting to transpose such a design to a potassium vapor
condenser operating at 811 to 978°K (1000 to 1300°F), generating high-
pressure superheated steam within the tubes, many fundamental problems
are encountered. The tubesheet thicknesses become prohibitive if conven-
tional steam condenser tube spacing is used} if compact tube bundles are
used, however, vapor velocities entering the tube bundle exceed sonic

values.

To overcome these problems and at the same time allow for tube
expansion, the condenser configuration shown in Figure 8.17 is recom-
mended. The tube bundle is basically cylindrical, with the core of the
cylinder large enough to avoid direct vapor impingement from the wet tur-
bine exit vapor, moving at around 243.8 m/s (800 ft/s). Metal droplets
at such velocities would most likely erode the tubes.

The tubes in the bundle are closely spaced radially, but are
separated 11.43 to 15.24 cm (4-1/2 to 6 in) axially, 15.24 cm (6 in) for
the lowest pressure [16.55 kPa (2.4 psi) abs] and 11.43 cm (4-1/2 in)
for the higher pressures. For the 978°K (1300°F) designs the radial
depth of the bundle has been increased because of the much greater driving

head available on the potassium side.

The cylipdrical tube bundle is surrounded by a spherical shell,
which is recommended for two reasons: first, it jis the only configura-
tion which does not4require stiffening rings in accordance with the ASME
code. External stiffening rings are technically unacteptable because of

excessive thermal stresses and consequent warping; and internal
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stiffening rings would interfere with drainage, complicate the bundle
supports, and‘decrease usable volume. Second, a sphere is the most eco-
nomical of material, being basically half the thickness of the corres-
ponding cylinder. Another important reason for the use of a spherical
shell is the large inherent reserve on allowable intermnal pressure.
Thus, to meet full vacuum (as specified in the Code) the wall thickness
- required results in an allowable internal pressure of about 0.517 MPa
(75 psi) gauge, which means that there is virtually no possibility of a

condense's rupture due to a potassium-water reaction.

Since the condenser, as a pressure vessel, must be provided
with pressure reliefj since this pressure relief must be in the form of
a vacuum~supported rupture diskj and since the rupture disk must operate
below the creep temperature [700°K (800°F)], the rupture disk must be at
the bottom of a liquid potassium pool. In the design shown in Figure 8,17
these conditions are met by providing a stagnant pool of potassium in the
condenser drain line to act as an insulation layer. This pool also
should act as a trap for water should a large water leak occdr. The re-
sulting potasslum~water reaction will rupture the disk, but the bulk of
the potassium will be retained in the hot-well storage tank.

The header-type tube bundles will be assembled externally to
the shell, with all welding done on the outside. The completed tube
bundle would be lowered into a hemisphere, a second hemisphere lowered
into place, and the girth seam welded. Repairs to the bundle would be

made by entering the condenser through a manway.

The steam generating tubing is designed in accordance with the
procedures for Unfired Pressure Vessels, Section VIII, Part I, with the
exception of the HA-188 tubing, which is not a Code-recognized material.

" The stress values used for the HA-188 tubing, however, are based upon the

same criteria as are Code-allowable stress values (Reference 8.3).

Although the temperature gradient across the tube walls in some
portions of the boiler-condenser was high, with consequent high thermal

stresses, the practical effect of such conditions on the design will
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Table 8.11 — Tube Bundle Design Summary

Humber of Tubes

Heat Transfer Area

Tubes, Steam Generator

Tubes, Reheater

Case Sphere
Ro. Evaporator | Superheater | Reheater Gef\::::or Reheater Diameter, ft Ip 0D Material ip 0D Material
1 386 642 10,600 27.2 0.625 | 0.858 800 H
Z 372 619 10,230 26.8 0.625 | 0.858 800 H
3 360 600 9,890 26.3 0.625 | 0.858 800 H
4 383 638 10,530 27.2 0.625 | 0.858 800 H
5 383 639 10,560 27.2 0.625 | 0.858 800 H
6 384 640 10,580 27.2 0.625 | 0.858 800 H
7 390 650 10,730 27.4 0.625 | 0.858 800 H
8 390 650 10,730 27.4 0.625 | 0.858 800 H
9 386 643 10,610 27.3 0.625 | 0.858 800 H
10 386 643 10,610 27.3 0.625 | 0.858 800 H
11 386 643 10,600 27.2 0.625 | 0.858 800 H
12 383 638 10,530 27.1 0.625 | 0.858 800 B
13 390 650 10,730 27.4 0.625 | 0.858 800 H
14 374 623 10,292 26.8 0.625 | 0.858 800 H
15 365 608 10,040 26.5 0.625 | 0.858 800 B
16 363 605 9,985 26.4 0.625 | 0.858 800 H
17 379 632 10,434 26.7 0.625 | 0.858 800 H
18 377 628 10,374 26.7 0.625 | 0.858 800 H
19 302 503 8,315 24.1 0.625 | 0.858 800 B
20 179 298 4,926 18.6 0.625 | 0.858 800 H
21 412 687 11,320 28.1 0.625 [ 0.858 800 H
22 399 665 10,970 27.7 0.625 | 0.858 800 H
23 385 642 10,570 27.2 0.625 | 0.858 800 H
24 384 639 10,544 27.1 0.625 | 0.858 800 H
25 388 658 13,085 25.0 0.625 | 1.06 800 H
26 317 529 10,507 21.0 0.625 | 0.963 HA-188
27 325 475 200 8,248 5,580 26.7 0.625 | 0.858 800 H 1.5 1.75 800 H
28 375 625 200 10,114 5,600 25.8 0.53 0.750 800 H 1.5 1.75 800 H
29 250 420 200 8,301 6,445 25.0 0.625 [ 0.963 HA-188 1.5 1.75 800 H
30 360 600 8,473 24.5 0.625 | 0.788 800 H
31 331 551 9,714 21.0 0.625 | 0.911 800 H
32 300 500 7,786 20.2 0.625 | 0.856 HA-188
33 300 500 200 8,200 5,948 26.7 0.625 | 0.788 800 H 1.5 1.75 800 H
34 276 460 200 8,070 5,650 24.1 0.625 | 0.911 800 H 1.5 1.75 800 H
35 248 414 200 6,452 6,555 22.6 0.625 | 0.856 HA-188 1.5 1.75 800 H
36 355 592 9,770 26.1 0.625 | 0.788 800 H
37 375 625 10,310 26.8 0.625 [ 0.788 800 H
38 379 632 10,430 26.7 0.625 | 0.858 800 H
39 402 670 11,040 27.8 0.625 | 0.858 800 H




depend upon the number of such temperature cycles, since thermal stresses
are considered to be transient. Such transient conditions must be con-

sidered in a subsequent study phase.

In calculating the heat transfer, the mass velocity and inside
diameter of the tubes were held constant, not only to simplify the calcu-
lations but also to minimize random variations in results. Also, for the
866°K (1100°F) vapor-condensing temperature, sphere size was considered
to vary as the square root of surface, rather than as the cube root. In
other words, the radial thickness of the tube bundle was held constant.
This was done to ‘hold condensing vapor pressure drop to a constant value.
For the higher condensing pressures and temperatures, a more compact
bundle was assumed, but space was allowed so that all welding could be
done from outside the bundle. See Table 8.11 for the tube bundle design

summary .

Tubing costs were based on communications with International
Nickel Co., Huntington, West Virginia, for Incoloy 800 H; and Stellite
Division at Kokomo, Indiana, for HA-188. Tubing costs are probably some~
what low, however, as costs were not quoted to a definite specification.
Even if tubing costs were doubled, though, the overall cost of the boiler-
condenser would not be greatly affected, as tubing material was rarely

more than 107 of the calculated overall condenser cost.

The basic heat transfer tube material chosen was Incoloy 800 H,
because it is resistant to chloride and caustic stress-corrosion crack-
ing. For femperatures over 922°K (1200°F), however, the strength of
Incoloy 800 H falls to such a low value that HA-188 material is more

economical for the high-pressure applications.

For the reheaters, where the pressure is low, Incoloy 800 H
¢éan be used for all cases. While Croloy might be considered for reheater
tubing, it is very doubtful that a transition weld could be fabricated
that would withstand the temperature cycles, and the steam-side corrosion

rate would be excessive.
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For the spherical shell, Type 316 SS material is the most eco-
nomical, as it results in a greater than 10% wall-thickness saving as
compared to Type 304, thus negating the cost advantage of Type 304.
Incoloy 800 H must be used for the spherical shell, however, as it is the
only material acceptable for external pressure at design temperature
[978°K (1300°F)] under the ASME Pressure Vessel Code.

8.5.1.6 Liquid-Metal Condenser Hot Well

Ordinarily, the hot wells were assumed to be within the con-
denser shell. For the purpose of mitigating liquid metal/water reaction
the liquid-metal condenser hot well was placed outside the condenser
shell, as shown in Figure 8.17. This separation minimizes the possibi-
1lity of the bulk of the saturated liquid metal coming into direct contact
with water in the event of a steam-tube leak or rupture, and mitigates the
potential severity of the liquid metal/water reaction. It reduces the
possible damage due to the liquid-metal reaction, reduces the amount of
liquid~metal inventory which must be dumped, and shortens cleanup and re-

commissioning time.

The hot well was sized to hold a minute's worth of liquid metal
at v 60% of the capacity available (see Equation 8.21). This excess
volume allows for thermal expansion of the liquid metal and eliminates

the need for expansion tanks in the liquid-metal loop.

8.5.1.7 Liquid-Metal Dump Tank

The four liquid-metal dump tanks were sized to accommodate the
reaction products of a liquid metal/water reaction in the condenser-steam
generator. This accident was assumed to produce the worst pressure surge
and largest quantity of reaction products to the dump tank. Each dump
tank hold-up volume was evaluated for a minute of normal hot-well mass
flow of saturated liquid at the rupture disk design pressure of 0.207 MPa
(30 psi) gauge.

As mentioned in Subsection 8.5,1.6, the liquid-metal hot well
has been removed from the condenser shell to reduce the surface area of

liquid metal in the event of a steam—tube rupture. The design of the
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condenser drain line in Figure 8,17 shows the stagnant pool of liquid
metal above the rupture disk in the condenser dump line and the smaller
drain line to the hot well which runs off the dump line at a right angle.
In the event of a large tube leak or tube rupture, the water will collect
in the stagnant pool, and the pressure rise due to the liquid metal/
water rea:tion will rupture the disk. The reaction products will flow to
the dump tank. The bulk of the liquid metal is relatively uncontaminated
while it is drained to the storage tank where it is processed to remove

any impurities.

Each dump tank liquid hold-up is 70% of its capacity. A small
fraction of the capacity is filled with a matrix of metal rods which acts
as a condensing surface for the entering vapor. The remaining capacity,

~ -30%, 1s for.expansion.

The dump tank is equipped with a vent line to blow off the hy-
drogen produced by the reaction. A scrubber to remove liquid-metal/water

reaction products and a flame suppressor will be provided in the vent line.

8.5.1.8 Liquid-Metal Pumps

The liquid-metal feed or condensate pump in each of the four
loops was assumed to be a free surface centrifugal type, similar to the
intermediate system pumps of the Fast Flux Test Facility (FFIF) and CRBRP.
The pump operates at the temperature of the liquid-wmetal condensate. The
pump head was calculated equivalent to the sum of the frictional losses
in the vapor and feed piping, the turbine pressure loss, and the static
head due to the hot well to mixing header elevational difference [10.1 m
(v 30 ft)].

In the once-through liquid-metal subsystem design the feed pump
head had the additional requirement of making up the :single- and two-phase

total pressure losses of the liquid-metal vapor generator.

In the recirculation liquid-metal subsystem design, recircula-
tion pumps were assumed to make certain that sufficient head was available
to provide a 2.5-to-l circulation ratio in each of the four loops. The

circulation pumps operate at the temperature resulting from the mixture of
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one and one-half parts saturated liquid from the liquid-metal vapor drum,
which is 167°K (300°F) hotter than the one-part condensate liquid. For
conservatism the entire vapor generator pressure drop was assumed to be
in the two-phase region. Additional conservatism was added by neglecting
static heads. The circulation pump head was calculated as the sum of the
frictional loss from the mixing header to the boiler inlet, and the two-
phase friction (Reference 8.4) and momentum losses of the boiler and ex-

haust piping to the vapor drum.

Table 8.12 lists the ranges of pump capacities and total
developed heads calculated for the various system configuratioms,
operating parameters, and working fluids. The frictional and momentum
pressure losses of the pressurized fluidized bed vapor generator was

assumed equal to those of the pressurized furnace.

Table 8.12 - Range of Pump Performance Characteristics

. Total Pump
Pump W;;Eigg Capaciiles, Developed Power
gp Head, ft kWe/Pump
Feed Pump K 4,400 to 5,600 | 70 to 170 | 50 to 150
Cs 7,400 80 200
Recirc. Pump K 11,000 to 14,500 12 to 21 25 to 50
Cs 19,000 9 60

8.5.1.9 Liquid-Metal Piping

The liquid-metal piping was assumed to be welded pipe conform-
ing to Section VIII of the ASME Pressure Vessel Code. Piping material
selection was based on the recommendation of Subsection 3.7 of this report
(see Table 3.39), with the exception that 316 SS was used for all cold-leg
piping.

The cold-leg liquid piping was sized on the basis of a 7.62 m/s
(25 ft/s) flow velocity, for both feed and recirculation piping. The
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two-phase piping from the furnace to the drum was based on a flow velo-
city of less than 3.05 m/s (10 ft/s), and the vapor piping at 182.9 m/s
(600 ft/s) flow velocity. Smooth pipe friction factors were assumed.

Table 8.13 shows the various sizes and lengths, assumed for the

liquid-metal piping.

Table 8.13 - Liquid-Metal Loop Piping Dimensions®

Outside Number Total
Diameter, per Length,
in Plant ft
b
Feed Piping 9 (12) 4 800
Recirc. Piping 10 (14)P 8 500
Two~-Phase
Piping 30 16 400
Vapor Piping 72 8 1600

84all thickness with operating conditions and material
according to Section VIII Unfired Pressure Vessel.

bCesium.

8.5.1.10 Liquid-Metal Storage Tanks

The liquid-metal storage tanks in each loop were sized to hold
the entire liquid-metal inventory plus 20% at the liquid-metal turbine
inlet temperature. The outside diameter and length were limited to 3.65
and 10.67 m (12 and 35 ft), respectively, to allow for shipment by normal

routing and placement below the condenser-steam generator hot-well tank.

Four separate tanks were employed to allow for the appropriate
sizing of each tank and to reduce the quantity of potassium in each con-

tainer, thus diminishing the risk of a major spill or leak.

The tanks also act as dump tanks in the event of a sudden in-

crease in oxygen level. The system purity is continuously monitored by
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oxygen meters. In the event of a liquid metal/water reaction in the con-
denser and rupture of the rupture disk described in Subsections 8.5.1.6
and 8.5.1.7, the condenser exhausts to the dump tank while the rest of
the loop components drain to the storage tank. This minimizes the con-
tamination of the bulk of the loop liquid metal and permits leak tests

to determine the location and extent of damage. The system is designed
to drain by gravity to the storage tank. Separate lines from the major
loop components are sized to gravity drain in a minimum of time.

These lines and their valving will be designed to eliminate failure due
to thermal shock. The tanks will be maintained at some intermediate tem—
perature to avoid thermal shock damage by a coritinuous bleed-and-feed
line. This bleed-and-feed line will be plumbed to a hot irap to purify
the liquid metal in the event of an emergency dump.

Since the tank must be located at the lowest elevation in the

system, a lined concrete pit was selected.

8.5.1.11 Liquid-Metal Inventory

The liquid-metal inventory was determined as the sum of the
liquid-metal hold-up of the furnace-boiler, the vapor drum, the vapor
ducting, the hot-well tank, the liquid feed piping, and recirculation
piping. For conservatism 207 was added to account for liquid metal in
the vapor turbines, the condenser-steam generator, the impurity monitor-

ing system, and the receiving and processing system.

Table 8.14 represents the inventories calculated for the two
liquid metals considered and for once~through and recirculating liquid-
metal systems. Adjustments were made for the liquid-metal inventory re-
quirements of other cases. The inventories were corrected by the ratio
of the liquid-metal flow rate of the case being considered to the liquid-
metal flow rate of the appropriate reference case, The flow ratioc cor-
rection was applied only to that 64Z of the total inventory which is
flow-rate dependent (drum and hot-well hold-up volumes).
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Table 8.14 - Liquid-Metal Inventories, 1lb

Potassium Cesium

Recirc. Once-through Recirc. Once-through
PF and PFB 80,000 80,000 176,500 176,500
Main Piping 15,500 15,500 51,000 51,000
Recirc. Piping 24,300 - 65,900 -
Drum 90,000 —— 476,500 ———
Hot Well 120,000 122,000 381,200 381,200

329,800 217,500 1,151,100 608,700
Miscellaneous

(20%) 66,000 43,500 230,200 121,700

Total Inventory | 395,800 261,000 1,381,300 730, 400

8.5.1.12 Plant Arrangement and Component Modularization

As discussed in Subsection 8.5.1.10, the liquid-metal storage

tanks were modularized for ease of placement, shipment, and reduction of

liquid~-metal volume in the event of a leak or spill.
the liquid-metal tanks and drums.

This is true of all

The liquid-metal turbines were modu-

larized to compensate for the current technological inabilitcy to forge

large disks of superalloys and refractory alloys.

The number of modules of the various components and the plant ar-

rangement were selected to allow for partial plant operation.

By proper

component sizing, arrangement, and plumbing, a loop consisting of a com-

bustor pressurizing subsystem and a liquid-metal subsystem can operate

totally independently of other such loops to provide steam to a single

steam turbine subsystem.

Such an arrangement provides the flexibility for

partial plant operation,which significantly increases the plant availabi-

lity.
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Table 8,15 - Pressurized Fluidized Bed Cost Data

Point Parameter Alrflow, AFR Reference Cost Units

No, Variation 1b/s (wi/wR)O-B Case x 103, § | Required

1 Base Case 1 716 1.00 1 23,277 4

2 Subbituminous 722 1.00 2 20.875 4

3 Lignite 741 1,00 3 22.412 4

7 e = 0.7 710 0.993 1 23.3 4

8 e = 0.8 710 0.993 1 24,3 4
11 RC = 1:1 716 1.00 1 23.3 4
13 GFWHTR 596 0.863 1 20.1 4
15 GAS ECON 645 0.920 1 21.4 4
17 PR =5 810 1.00 17 32.202 4
18 PR = 10 740 1.00 18 24,998 4
19 ¢ = 2.0 641 1.00 19 12.413 8
20 ¢ = 3.0 712 1.00 20 11,153 12
21 TG = 1600°F 680 0.988 22 23.653 4
22 TG = 1700°F 690 1.00 22 24,352 4
23 TK = 1500°F/1200°F 716 1.00 23 23,882 4
24 TK = 1600°F/1300°F 710 1.00 24 28,236 4
25 3500 psig/1100°F 700 0.982 23 23,454 4
26 3500 psig/1200°F 690 0.977 24 27.6 4
27 3500/1000/1000* 700 0,982 1 22.9 4
28 3500/1100/1100* 690 0.971 23 23.2 4
29 3500/1200/1200* 673 0.958 24 27.1 4
30 2400 psig/Ll000°F 722 1.007 1 23.46 4
31 2400 peig/1100°F 716 1.00 23 23.9 4
32 2400 psig/1200°F 700 0,989 24 27.9 4
33 2400/1000/1000 710 0.993 1 23.72 4
34 2400/1100/1100* 700 0.982 23 23.46 4
35 2400/1200/1200* 680 0.966 24 27.3 4
36 2400/2 in Hg abs 715 1.00 1 23.3 g 4
37 2400/9 in Hg abs 756 1.04L 24,335 4
38 3500/2 in Hg abs 706 0.982 1 22.9 4
39 3500/9 in Hg abs 740 1.027 1 . 23.9 4
40 600 MWe 566 1.00 49 23,653 2
41 900 Mie 566 1.00 49 23.653 3
42 1500 MWe 566 1.00 49 23,653 5
46 Cs, 1200 MWe 582 , 1.00 46 23.68 4
47 Cs, 600 MWe 582 1.00 46 23.68 2
48 Cs, 1500 MWe 582 1.00 46 23,68 5
49 1200 MWe d 566 1.00 49 23.653 4
*poig/°F/°F
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For this study four loops were selected as the basis of compo-

nent sizing and arrangement.

8.5.2 Method of Component Cost Evaluation

8.5.2.1 Pressurized Fluidized Bed
The cost evaluation of the pressurized fluidized bed (PFB) is

covered in Section 4. TFor the liquid-metal vapor Rankine topping cycle
study twelve PFB cases were sized and costed on the basis of the heat

load required by the liquid metal, the gas turbine inlet temperature, the
gas turbine compression ratio, and the air equivalence ratio. Among the
twelve cases were the costs of the PFB for the three different fuels
(Points 1, 2, and 3), the variations in compressor pressure ratio

(Points 17 znd 18), the air equivalence ratio (Points 19 and 20), gas
turbine inilet temperature (Point 22), liquid-metal temperatures (Points 23
and 24), and the preliminary optimum plants with potassium (Point 49) and
cesium (Point 46) as the working fluid. For cases where the above vari-

ables were similar, the cost of the PFB was determined by:

§' = (AFR)($) (8.22)
where
v £0.8
AFR = (wa /wa) . (8.23)
where $' = cost of new PFB
$ = cost of reference PFB
wa = compressor airflow rate of reference PFB (1lb/s)
Wa' = compressor airflow rate of new PFB (lb/s).

Table 8.15 lists the point number, the compressor airflow, the
AFR installed costs per unit PFB, and the number of units per plant.

There are four PFB modules per unit. The cost of materials and the cost

8-61



of installation per unit was determined to be 64 and 36%, respectively,
of the imstalled cost per unit.

8.5.2.2 Pressurized Fuxnace

The pressurized furnace (PF) (Base Case 2, Point 4) was adapted
_from the design proposal of A. P. Fraas in 1973. The thermal duty per
furnace of Base Case 2 is 20% higher than the Fraas proposal. The header
drums, downcomer pipes, and vapor separator incorporated inside the

¥raas furnace a;e external to the Base Case 2 PF design. Thus, the total
furnace and boiler weight of the Fraas design was considered conservative

for the Base Case 2 PF total weight.

The material cost of the Base Case 2 PF was determined by ap~
plying a $22.05/kg ($10/1b) cost of material. This figure is comparable
to the installed cost of fogsil-fired boilers. To be conservative, an ad-
ditional 20X was included to the Base Case 2 PF as installation because
of the liquid-metal environment. It is assumed that this estimate is ac-
curate within 25%.

For the other PF cases calculated, the cost of material and
cost of installation were corrected according to the ratio of unit thermal
ratings as in Equation 8.22. The thermal rating ratio (TRR) replaced AFR
in Equétion 8.23 and is defined as:

TRR = (q,/Q)°"® (8.24)

where Qi is the unit thermal rating in Btu/hr and QR 1s the reference unit

thermal rating.

Table 8.16 lists the costs of materials and installation per
furnace, the point number, the furnace thermal rating ratio, and the total

number .of furnaces.
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Table 8.16 - Pressurized Furnace Costing Data®

Unit .
Point{ Parameter Thermal TRR Material |Install Numbex
0.8] Cost Cost ‘
No. Variation Rating x (Qi/Qé) x 103, §|x 103, 3 Units
10-9, Btu/hr ’ ’
4 |Base Case 2 0.819 1.00 2200 450 8
5 |Subbituminous 0.820 1.00 2200 450 8
6 |Lignite 0.822 1.00 2200 450 8
9 e = 0.7 0.827 1.00 2200 450 8
10 e =0.8 0.827 1.00 2200 450 8
12 RC = 1:1 0.819 1.00 2200 450 8
14 GFWHTR 0.676 0.858 1900 390 8
16 Gas 0.740 0.922 2000 415 8
EConomizgr
43 600 MWe 0.756 0.938 2100 420 4
44 900 MWe 0.756 0.938 2100 420 6
45 1500 MWe 0.756 0.938 . 2100 420 10
50 1200 MWe 0.756 0.938 2100 420 8
dpeference Costs: Material $2,200,000
Installation = $450,000.

in Section 4.

8.5.2.3. Combustor Pressurizing Subsystom

The combustor pressurlzing subsystem cost evaluation is detailed

This includes recuperators, gas—heatedyeconomizers, and

feedwater heaters, hot gas piping and the pressurizing gas turbine gene-

rators which were cost evaluated by the combustor-furnace, and low-Btu

gasifier design groups for a pressurizing gas turbine generator air inlet
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Table 8.17 ~ Combustor Pressurizing Subsystem Costs

Pressurizing
O N R = T Bl Bl B o s
. ' Reference/Actual Reference/Actual Reference/Actual Reference/Accuai
1 1.08 ' 2.0 2.2 6.7 7.2
2 1.088 ' 2.0 2.0 6.7 7.29
3 111 2.0 2.2 6.7 7.44
4 1.061 2.0 2.0 6.7 7.1
5 1.049 : 2.0 2.0 6.7 7.03
6 1.0367 2.0 2.0 6.7 6.95
7 1.073 1.9 2.0 2.0 2,1 6.7 7.2
8 1.073 3.2 3.4 2.0 2.1 6.7 7.2
9 1.049 2.5 2.6 2.0 2.0 6.7 7.03
10 1,049 4.3 4.5 2.0 2.0 6.7 7.03
11 1.08 2,0 2.2 6.7 7.2
12 1.06 2.0 2.1 6.7 7.1
13 0.933 1.7 1.6 2,0 1.9 6.7 6.2
14 0.91 U 1.7 1.54 2.0 1.8 6.7 6.1
15 0.994 1.7 1.7 2.0 2,0 6.7 6.7
16 0.975 1.7 1.66 2.0 1.9 6.7 6.6
17 1.19 5.7 6.8
18 1.11 5.9 6.5
19 0.994 6.7 6.6
20 1.073 6.7 7.2
21 1.0367 1.8 1.86 6.5 6.7
22 1.049 1.9 2.0 6.6 . 6.9
23 1.080 2.0 2.2 | 67 7.2
24 1.073 2.0 2.1 6.7 7.2
25 1.061 2.0 2.0 6.7 7.1
- 26 1.049 2.0 2.0 6.7 7.03
27 1.061 2.0 2.0 6.7 7.1
28 1.049 2,0 2.0 6.7 7.03
29 1.0367 2.0 2.0 6.7 6.9
30 1.088 2.0 2.2 6.7 7.3
31 1.08 _ 2.0 2.2 6.7 7.2
32 1.061 2.0 2.1 6.7 7.1
33 1.073 2.0 2.1 6.7 7.2
34 1.061 . 2.0 2.1 6.7 7.1
35 1.0367 ‘ 2.0 2,0 6.7 6,95
36 1.08 2.0 2.2 6.7 7.2
37 1.128 2.0 2.2 6.7 7.5
38 1.061 2.0 2.1 6.7 7.1
39 1.11 2.0 2.2 6.7 7.4
40 0.925 1.5 1.390 1.8 1.6 6.5 6.0
41 0.925 1.5 1.390 1.8 1.6 6.5 6.0
42 0.925 1.5 1,390 1.8 1.6 6.5 6.0
43 0.895 1.5 1,340 1.8 1.6 6.5 5.8
44 0.855 1.5 1.340 1.8 1.6 6.5 5.8
45 0.895 1.5 1.340 1.8 1.6 6.5 5.8
46 0.915 1.5 1.37 1.8 1.6 6.5 5.9
47 0.915 1.5 1.37 1.8 1.6 6.5 5.9
48 0.915 1.5 1.37 1.8 1.6 6.5 5.9
49 0.925 1.5 1.490 1.8 1.6 6.5 6.0
50 0.895 1.5 1.340 1.8 1.6 6.5 5.8
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flow rating of 294.8 kg/s (650 1lb/s). These costs were corrected by
Equation 8.22 with Equation 8.23 replaced by:

AFR = (wa/650)0-8 (8.25)

Table 8.17 lists appropriate point number, the AFR, the unit
costs of the individual component, and number required. The recuperator
material and installation costs are 75 and 257, respectively, of the total
unit costs given in Table 8.17. The same is true of the gas-heated eco-
nomizers and feedwater heaters. The total installed cost of the hot gas

piping is lisied. The gas turbine installation cost is assumed constant.

8.5.2.4 Lliquid-Metal Subsystem Tanks

The liquid-netal subsystem tanks and vapor drum were cost evalu-
ated on the basis of stainless steel, ASME Class 1, nonreactor develop-
ment technology standards. The vessel cost was $33.07/kg ($15/1b) per
vessel. Insulation cost was $430.60/m2 ($40/ft2). Both these installed
costs are adapted from CRBRP costs and include 10% for installation. For
conservatism, the unit cost of material and insulation was assumed to be
90% and installation 10%Z of the total installed costs. Table 8.18 illus-
trates the various tanks sized and costed for a total plant potassium
flow rate of 0.9072 Mg/s (7 2 x 106 ib/hr). The costs evaluated for the
liquid-metal vapor drums are believed accurate to 10%; and the costs of
the other liquid-metal tanks are believed to be conservatively high
(approximately 30%).

8.5.2.5 Liquid-Metal Vapor Turbine

The potassium turbine generators were costed from a Westinghouse
Steam Turbine Division catalog price listing for 25,000 kW ratihg. To
compensate for the use of superalloys and refractory alloys the catalog
price was appfoximately doubled for a $3 million material cost. The
cesiuvm turbine, which was designed with only two stages instead of the

four stages in the potassium turbine, was assumed to cost two-thirds as
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Table 8.18 -~ Typical Liquid-Metal Subsystem Tank Cost Data

reen Dianerer x | Cot/Vsesel | Insulgeton | ORI | o tostaild
Length, ft ’ g x 1077, § x 1073, §
Potassium Storage Tank 10 x 30 1,181 38 1,219 4 4,876
Potassium Hot-well Tank 8 x 25 787 26 813 4 3,252
Potassium Dump Tank 8 x 20 630 2} 651 4 2,604
Potassium Drum 8 x 22 693 23 716 4 © 2,864




much as the potassium turbine, or $2 million. For both turbines the cost

of installation was 9% of the material cost.

The accuracy of ‘he liquid-metal turbine cost evaluation is
difficult, at best, to estimate. Even a * 507 accuracy would represent
approximately a 2% variation in the overall plant cost. If the cost errors

were higher than 50%, the integrated system would need to be reoptimized.

The obvious conclusion is that the design, manufacture, and
cost evaluation of liquid-metal vapor turbines requires greater depth and

effort.

8.5.2.6 Liquid-Metal Condenser—Steam Generator

The method of cost evaluation of the liquid-metal condenser-
steam generator is illustrated on Table 8.19 for Base Case 1. Table 8.20
lists the cost summary for Points 1 through 39. The remaining Points
(40 through 50) are comparable to Point 27 in Table 8.20. The cost of
material was assumed to be 70% of the total cost listed in Table 8.20, and
the installation cost 30% of the total cost.

Table 8.19 - Point 1 Boiler Condenser Cost

Item © Material, $ Labor, $
Spherical Housing 106,000 233,000
Insulation (Included above) 94,000
Steam Gen. Tubing 149,000 —

Steam Gen. Headers

Inlet 2,000 -

Outlet 160,000 -

Crossover 118,000 ——
Tube Supports 170,000 ————
Fabrication and Tests . 1,285,000
Totals 705,000 1,612,000
Total Cost, per Condenser $2,317,000
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Table 8.20 - Cost Summary of Liquid-Metal Condenser Steam Generator

ot | SPUgipacertaly | valn tenders ot | bication 10| pese mesmster |1 condoner
No. Insu}gtion (Varies wi£}3\ with Sgsface) x 1073, § x 1073, §
x 1077, § Surface) » 107, § x 1077, §
1 471 412 1,285 148 2,317
2 459 398 1,243 144 2,244
3 440 384 1,200 139 2,163
4 471 409 1,280 148 2,308
5 471 410 1,282 148 2,311
[ 471 411 1,283 149 2,314
7 479 417 1,303 151 2,350
8 479 417 1,303 151 2,350
9 475 412 1,290 149 2,326
10 475 412 1,290 149 2,326
11 471 412 1,289 149 2,325
12 469 409 1,280 148 2,306
13 nd -—— -—- -— -
14 459 400 1,250 145 2,254
15 448 390 1,220 141 2,199
16 445 388 1,211 140 2,184
17 455 406 1,266 146 2,273
18 455 403 1,260 146 2,267
19 329 323 1,010 117 1,779
20 172 191 598 69 1,030
21 561 440 1,375 159 2,535
22 500 426 1,330 154 2,410
23 472 410 1,283 148 2,313
24 470 409 1,280 148 2,307
25 326 509 1,586 315 2,736
26 219 408 1,276 6€7 2,570
20 116
27 455 536 1,675 87 2,889
20 139
28 423 610 1,910 88 3,190
20 527
29 431 571 1,7%0 101 3,440
30 381 329 1,030 86 1,826
31 219 377 1,179 163 1,938
20
32 253 302 945 354 1,874
20 84
33 455 54y 1,725 93 2,925
20 136
4 331 523 1,664 88 2,762
293
35 353 505 1,580 103 2,834
36 433 380 1,186 100 2,099
37 456 401 1,251 105 2,213
18 455 406 1,266 146 2,273
39 49C 429 1,340 155 2,414
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8.5.2.7 Liquid-Metal Pumps

The cost evaluation of the liquid-metal recirculation and feed

pumps was based on CRBRP intermediate pump costs and on engineering
judgements for the reduced range of topping cycle pump performance char-
acteristilics in Table 8.12, The cost evaluation reflects pump costs based
on commercial standards rather than on the RDT standards of the CRBRP
pumps. The pump costs also include allowances for the shorter pump shaft
lengths than those designed for CRBRP.

8.5,2.8 Liquid-Metal Piping
The liquid-metal piping was cost evaluated as welded pipe under
ANSI B-31 Specification. Three tables are provided which show in detail

the cost breakdown for pipe sizes of interest in the liquid-metal, subsys-
tem, The tables includes cost of material, fittings, shop fabrication,
and shop support (which gives the manufacturing cost). The installation
includes field erection and support costs. Finally, total installed

costs of dnsulation and trace heating is added on. For simplicity the
material cost, which iIncludes piping material, insulation, and trace heat-
ing was estimated to be 75% of the total installed cost., The installation
cost was, therefore, 25% of the installed cost for each pipe size. These

cost values are considered to be * 57 accurate.

Table 8.21 lists the costs of stainless steel piping.
Table 8.22 presents the costs of Incoloy 800 piping. The cost of Incoloy
800 pipe was assumed to be twice the cost of stainless, fabrication 1.5
times more costly, and field erection twice as much as for stainless.
Table 8.23 represents the cost evaluation of Haynes 188. The Haynes 188
material was assumed to cost six times as much as stainless. The shop
fabrication was assumed to be twice as much, and field erection three
times as expensive, as stainless steel. These cost estimates are assumed

to be accurate within 57.

8,5.2.9 Liquid-Metal Inventory

Liquid-metal inventory was evaluated on the basis of information

supplied by Callery Chemical Company. The potassium inventory was
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Table 8.21 - Costs of Stainless Steel Welded Pipe

under ANSI B-31 Specification, $/ft

Pipe Size, in 8 9 10 30 48
Cost 22,70 24.90 27.00 121.90 | 1,063.90
Fitting 26.90 37.50 48.10 426.70 552.10
Fabrication 36.20 38.80 41.50 { 181.20 223.70
Support 120.40 | 125,90 | 131.40 274,40 274.40
Total 227.10 | 248.00 | 1,017.80 | 2,114.10
Field Erection 40.20 57.90 75.60 202.10 316.50
Support 35.90 35.90 35.90 35.90 35.90
Insulation 14.20 15.50 16.70 51.00 51.00
Trace 54.60 59.70 64.80 170.00 170.00

111.10 | 117.40 256.90
Total Installed 396.10 | 441.00 | 1,476.80 | 2,687.50
M = 75% x Tot. Inst. 300.00 | 330.00 | 1,100.00 { 2,000.00
I = 25% x Tot. Imst. 100.00 | 110.00 380.00 690.00
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Table 8.22

- Cost of Incoloy 800 Welded Pipe, $/ft

Pipe Size, in 9 10 30 48
Cost 2 x SS 49.80 54.00 243.80 *
Fittings 37.50 48.10 426.70
Fabrication

1.5 x 88 58.20 62.25 271.80
Support 125.90 131.40 274.40
271.40 295.75 1,216.70
Field Erection
2 x 8§ 115.80 151.20 404,20
Support 35.90 35.90 35.90
Insulation 15.50 16.70 51.00
Trace ' 59.70 64 .80 170.00
111.10 117.40 256,90
Total Installed 498.30 564.35 1,877.80 3,411.00
il = 75% Tot.Inst, = 375.00 425.00 1,400.00 2,560.00
I = 25% Tot.Inst.l= 125,00 140.00 480.00 850.00
*Assume Total Inst. = 1.27% SS Inst.
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Table 8.23 - Cost of HA-188 Welded Pipe, $/ft

Pipe Size, in 9 10 30 48
Cost = 6 x SS 149.40 162,00 731.40 *
Fittings 37.50 48.10 426.70
Fabrication

2 x 88 77.60 83.00° 362.40
Support 125.90 131.40 274 .40
Total Shop 390.40 424.80 1,794.90
Field Erection
3 x S8 173.70 226.80 606.30
Support 35.90 35.90 35.90
Insulation 15.50 16.70 51.00
Trace 59.70 64.80 170.00
Total Extras 111.10 117.40 256.90
Total Installed 675.20 769.00 2,658.10 4,834.80
M = 75% Tot.Inst. = 500.00 575.00 2,000.00 3,6920.00
I = 25% Tot.Inst., = 175.00 190.00 660.00 1,240.00

*
Assume Total Iunst.

= 180% 8S
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evaluated at $3.70/kg ($1.68/1b). The cesium inventory was evaluated at
$39.68/kg ($18.00/1b) on the basis of 100,000 1b/31.53 Ms (1 yr). The

potassium costs are considered to be * 5% and the cesium # 20%.

8.5.2.10 Liquid-Metal Auxiliary Subsystem

The liquid-metal auxiliary subsystems were evaluated from CRBRP
auxiliary liquid-metal subsystems. Auxiliary subsystem costs were par-
tially scaled for the Rankine topping cycle based on inventory, piping

length, and component sizes.

Table 8.24 lists the costs evaluated for each auxiliary subsys-

tem.

Table 8.24 - Liquid-Metal Auxiliary Subsystem Costs

Subsystem Matez%al Insta}%ation
x 107, § x 1072, §

Receiving and Processing 6,200 2,000
Impurity Monitoring 800 250
Inert Gas Receiving and

Processing 1,700 400
Leak Detection 250 200
Trace Heating 2,500 2,000
Total 11,450 7,100

The total material and installation cost is approximately 107 of the
liquid-metal subsystem cost arnd 5% of the total plant direct costs. The
assumed accuracy of * 157 is n.eligible when compared to the liquid-

metal subsystem cost,

8.5.2.11 Summary of Liquid-Metal Subsystem Direct Costs

The direct costs of the liquid-metal components and auxiliary

systems are summarized in Table 8.25 for the preliminary optimum

8-73




Table 8.25 - Summary of Liguid-Metal Subsystem
Direct Costs, Preliminary Optimum
Potassium Rankine Topping Cycle

Material Cost

Installation Cost

x 1076, ¢ x 1076, §
Boiler 60.672 34.128
Turbine 24.000 2.160
Condenser~Steam Gen. 6.160 2.640
Hot well 2.700 0.440
Piping 5.063 1.696
Drum 2.360 0.360
Recirculation Pump 0.860 0.069
Feed Pump 1.440 0.115
Inventory 0.640 0.013
Storage Tank 5.200 0.600
Dump Tank 2.280 0.344
Receiving and Processing 6.300 2.000
Impurity Monitor 0.800 0.250
Cover Gas 1.700 0.400
Leak Detection 0.250 0.200
Trace Heating 2.500 _2.000

122.925 47.415

Total Direct Cost

$17?,340,ooo
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potassium Rankine topping cycle (Point 49). Much of the costing data is
based on engineering judgement rather than on actual cost estimates. The
results are of the proper magnitude and are expected to be accurate to

+ 30%. Such an error to the total plant capitalization is approximately
7%, which is within the accuracy for similar plant estimates. Such an
eryor will not change the conclusions of this study, for which the sys-
tematic cost evaluation should provide reasonable comparisons, regardless
of the absolute validity. The cost difference evaluated in the cases

considered are meaningful.

Improvement in cost estimates for the Rankine topping cycle is
possible only through greater efforts on the part of liquid-metal compo-
nent designers and manufacturers, particularly for the liquid-metal tur-
bine.

8.6 Analysis of Overall Cost of Electricity

8.6.1 Matrix of Component and Parameter Variationms

Tﬁe work scope of this study required that the liquid-metal
Rankine topping cycle be investigated for a variety of furnace combustor
types, fuels (coal), cycle configurations, major cycle parameters, and
power levels. The matrix of the 50 parametric points for the liquid-
metal vapor Rankine topping cycle is shown on Table 8.6. Base Case 1,
the pressurized fluidized bed, and Base Case 2, the pressurized furnace,

are listed on Table 8.6 as Points 1 and 4, respectively.

The first 39 cases served as a sensitivity study to determine
the effects of component and parameter variation for a constant power
level. This sensitivity study was then used co determine a preliminary
optimum case by combining the components and parameter values which in-
dividually provided the best cycle performance and which were estimated
to be cost effective. The economic model was not available for a cost

evaluation of the sensitivity study.

This preliminary optimum cycle was used to determine the effect

of power level variation for a PFB plant (Points 40, 41, 42, and 49) and
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a PF plant (Points 43, 44, 45, and 50). Points 46, 47, and 48 were used
to study the effects of power level variation and cesium as the working

fluid in a PFB Pplant.

The economic, natural resources requirement, and environmental
intrustion analyses were performed on the 50 points calculated after the
performance analysis was completed. Availability of the economic analysis
at an earlier date would have resulted in a more cost-effective and more
efficient preliminary optimum cycle than that depicted in Points 40 to
50. This is particularly true in the selection of coal, gas-~heated eco-

nomizer utilization, and gas turbine inlet temperature.

8.6.2 Effect of Furnace-Ccabustor Type

In Section 8.2 the plant configurations and operating state
points of the PFB and PF base case plant were shown on Tables 8.7 and 8.9,
respectively. The effect of furnace-combustor type on performance and
cost of electricity for the PFB and PF base cases using Illinoils No. 6
coal are illustrated on Figure 8.18. The higher PFB cycle efficiency and
its lower cost of electricity relative to the PF is due to the high cost
and v 907 efficiency of the gasifier to produce the low-Btu gas from the
coal. The high cost of electricity from the PF gasifier system is due to
the higher capital cost, as shown in the chart on Figure 8.18. The
higher fuel and maintenance costs for the PF indicate the gasifier inef-
ficiency. On the basisz of lower cost and higher efficiency the PFB is
the recommended furnace-combustor type for the liquid-metal Rankine topping

cycle.

8.6.3 Effect of Coal Type on PFB

Three types of coal were evaluated for the liquid-metal Rankine
topping cycle. The three coals and their effect on the performance and
cost of a PFB plant are illustrated on Figure 8.19. Illinois No. 6
bituminous coal produces a higher cycle efficiency and lower fuel cost,
as shown in the chart, due to its higher heating value. For this reason
the Illinois No. 6 was selected for the preliminary optimum cycle priorx

to the availability of the cost evaluation. However, further analysis
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indicates that the Montana subbituminous produces the lowest cost of
electricity, 8.6% less than Illinois No. 6, with only a 0.3% loss in cycle
efficiency. The high cost of using the Illinois No. 6 is due to its

high sulfur content (v 4.9 times higher than the Montana or North Dakota).
The high sulfur content requires much more dolomite for sulfur removal, as
indicated by the operating and maintenance costs, which are almost double
those of the other two coals. The higher sulfur content is also reflected
in the capital cost for larger fuel handling and process sytems and for

waste disposal.

Thus, the recommended fuel for the liquid-metal Rankine topping
cycle is Montana subbituminous, not Illinois No. 6 bituminous, as shown

in Table 8.6 for the preliminary optimum cycle.

8.6.4 Effect of Component and Parameter Variation on PFB

The matrix of points investigated in this study included varia-
tions of components and parameters in the combustor pressurizing subsys-
tem, the steam subsystem,and type of heat rejection for both PFB and PF
plants. These points are listed and numbered in Table 8.6. The perfor-
mance and state point values for all cases are included in Appendix A 8.1
on computer printout sheets. The optimum point of each component or
parameter variation is plotted against the base case cycle efficiency and
cost of electricity for the 1200 MWe PFB plant burning Illinois No. 6
coal in Figure 8.20. Reference to the matrix of parametric points on
Table 8.6 shows the range of values investigated for each of the compo-

nents and parameters listed on the bottom of the bar chart of Figure 8.20.

Notice that most of the optimum points are the same as the base
case. Had the points been run with the optimum coal, Montana subbitumi-

nous, all the optimum points would show improvement ovei Base Case 1.

The use of a recuperator to preheat air in the combustor pres-
surizing subsystem resulted in an increase in cycle efficiency of
1.4% over cycles with no recuperation for recuperator effectiveness of hoth
€ = 0,70 and ¢ = 0,80, Thus, recuperation was found to be unjustified for a

15 to 1 pressure ratio. The ootimum point was Base Case 1 with no
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recuperation., Similar results were obtained for recuperation with a PF

plant.

Although not shown on Figure 8.20, a once-through liquid-metal
subsystem was investigated for PFB and PF plants. The cycle efficiencies
were the same as those of the base cases, with a slight cost advantage
for a once-through system. On the basis of ease .of control and avoidance
of DNB with all its problems and uncertainties, the recirculation system

was selected as optimum.

In the case of a gas-heated feedwater heater, the variation was
no feedwater heater or incorporation of a gas feedwater heater in parallel
with the steam turbine extraction feedwater string. As shown on
Figure 8.20, the incorporation of the feedwater had a significant effect
on the performance and cost of electricity. The cycle efficlency in-
creased 21%, and the cost decreased 9.7%, in comparison with Base Case 1.
For a PF plant the improvement was comparable. Incorporation of a gas-

heated feedwater heater, therefore, was selected.

The next variation shown on Figure 8.20 is a gas-heated econo-
mizer. Again, the optlons were either inclusion or omission of the eco-
nomizer installed between the condenser—steam generator and the final
feedwater heater. The cycle efficiency increased 10%, with a 4% reduc-

tion in the cost of electricity for a PFB plant.

In the initial design of the liquid-metal vapor turbine, extrac—
tion feedheating was determined to be inappropriate. Moisture separation
was also ruled out because of the low pressure available and the inability
to take the momentum losses. Hence, liquid-metal feedheating was not con-

sidered in this study.

One of the combustor pressurizing subsystem parameters investi-
gated was the combustor pressure level. Values of [0.506, 1.013, and
1.519 MPa (5, 10, and 15 atm)] were used [1.519 MPa (15 atm) being the
base case]. As illustrated by the appropriate bar chart in Figure 8.20,

a 15:1 compressor pressure ratio was the optimum of the values studied.
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The results showed that cycle performance increased, while the cost of

electricity decreased, with increasing pressure ratio.

The final combustor pressurizing subsystem parameter studied
was the air equivalence ratio, ¢a1r’ In addition to the minimum value of
1.2 (base case) for fluidized bed combustion of solid fuels, values of
¢a1r equal to 2,0 and 3.0 Were used. The investigation showed that values
significantly higher than 1.2 have disastrous effects on the liquid-metal
topping cycles. For ¢air of 2.0 and 3.0 the cycle efficiency compared to
the base case ¢air of 1.2 decreased 46 and 69%, respectively; while the
cost of electricity increased 40 and 110%, respectively. The base case

¢

air of 1.2 was selected as optimum.

With regard to the steam subsystem, the effect of one stage of
steam reheat was compared to a nonreheat cycle. The plot shown on
Figure 8.20 is the optimum point for a 24,136 MPa (3500 psi) gauge,
811°K/811°K (1000°F/1000°F) relieat steam cycle. It was selected as opti-
mum from among single reheat and nonreheat cycles at 24 and 16 MPa (3500
and 2400 psi) gauge with temperatures at 811, 866, and 922°K (1000, 1100,
and 1200°F). For both nonreheat and reheat cycles, and for both pres-
sures considered, the 866 and 922°K (1100 and 1200°F) temperatures showed
iricreasing improvement in efficiency but also increasing costs. At the

two higher temperatures there are materials problems .to contend with.

For the selection of steam pressure, the base case value of
24.132 MPa (3500 psi) gauge showed an advantage over 16.547 MPa (2400 psi)
gauge for both performance and cost of electricity at 811°K (1000°F)
steam temperature, as expected. Additionally, the steam pressure of
24,132 MPa (3500 psi) gauge was selected as optimum because at supercriti-

cal pressure DNB and its associated problems and uncertainties are avoided.

The base case heat rejection was a wet cooling tower. Once-
through and dry cooling tower heat rejection systems were also investi-
gatad. Even though the once-through has a 27 advantage in both cycle
efficiency and cost of electricity, the wet cooling tower system was

selected for environmental reasons. Based cn a 57 differential in

8-82



efficiency and cost, the wet cooling towers were selected over dry cooling
tower heat rejection. Figure 8.20 shows the bar chart for the optimum

heat rejection selection.

8.6.5 Effect of System Temperatures on PFB

The study also included the variation of the major cycle tem-
peratures. Figure 8.21 shows the effects of varying the inlet tempera-
tures of the three turbines on the cycle efficiency and cost of a PFB

plant at 1200 MWe.

The uppermost curve demonstrates the results of lowering the
gas turbine inlet temperature from the 1255°K (1800°F) maximum allowable
fluidized bed temperature to 1144°K (1600°F). Note the 6% increase in
cycle efficiency as the gas turbine inlet temperature decreases to 1144°K
{1600°F). Due to the delay in the availability of the costing model, the
increased cycle efficiency was the basis for selecting the gas turbine
temperature for the preliminary optimum plant. It was assumed that the
increased heat transfer area and, hence, increased cost of the furnace-
combustor due to the reduced gas-side temperature, would not increase the
plant capital cost significantly; that the lower temperature would miti-
gate cost increases by allowing the use of less exotic materials; and
that the improved efficiency would reduce the increase in the cost of
electricity. As indicated on Figure 8.2la the capital cost at 1144°K
(1600°F) gas inlet temperature decreased below the 1255°K (1800°F) capi-
tal cost. Although not shown, the cost of electricity decreased 2.0 and
0.4% For 1144 and 1200°K (1600 and 1700°F), respectively, when compared
to the base case gas turbine inlet temperature of 1255°K (1800°F). The
recommended gas turbine inlet temperature of 1144°K (1600°F) was selected,
vith 1255°K (1B00°F) as an alternate.

The second set of curves, Figure 8.21b, shows the effects of
variations in liquid-metal turbine finlet temperatures. A constant tem-
perature differential of 166.7°K (300°F) was assumed froﬁ turbine inlet
to the liguid-metal condenser-steam generator. The liquid-metal system

was investigated at three conditions 1u33°K inlet/866°K condenser
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(1400°F/1100°F), 1089°K/922°K (1500°F/1200°F), and 1144°K/978°F (1600°F/
1300°F). The gas turbine inlet temperature and steam turbine inlet tem-
peratures were held constant at 1255 and 811°K (1800 and 1000°F), respec-
tively. As Figure 8.21b demonstrates, the capital cost increased as much
as 4% with increasing liquid-metal temperatures over the 1033°K (1400°F)
base case. This was caused by the increased heat transfer area and the
cost of construction materials in the liquid-metal subsystem. The cycle
efficiency increase is negligible, considering the uncertainties of this
study. With a definite economic incentive to minimize the liquid-mekal
temperatures, the 1033°K/866°K (1400°F/1100°F) liquid-metal temperatures
were selected for investigation in Task IL. The lower liquid-metal tem—
peratures mitigate materials aud development problems, particularly in

the condenser-~steam generator.

Up to this point all the parameter wariations have been indi-
vidual variations. Figure 8.21c shows the effect of steam throttle tem-
perature variations; but for the steam temperatures the liquid-metal
turbine temperature also varied (see Table 8.6, cases 23 through 35).
For the steam temperatures listed in Figure 8.21c, the corresponding
liquid-metal turbine inlet temperature is found directly above in
Figure 8.21b, The gas turbine inlet temperature was held constant at
1255°K (1800°F). The values plotted in Figure 8.2lc were the results for
a 24.132 MPa (3500 psi) gauge single reheat steam cycle. The figure
shows that both cycle efficiency and capital cost increase as the steam
temperature increases: but when compared to the 811°K (LO00°F) steam
temperature case, the increase in capital cost is more than twice
the increase in cycle efficiency for the 922°K (1200°F) case.

The cost of electricity is 3.2 and 9.2% higher than 811°K (1000°F) steam
for 866 and 922°K (1100 and 1200°F), respectively. Again, this is the
result of higher costs for high-temperature materials to meet the tem-
perature requirements in the steam turbine and the liquid-metal subsys-

tem.

To ease the high cost and reduce the material and development

problem, a steam throttle temperature of 811°K (1000°F) was recommended.
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The parametric analysis described above concluded with the
selection of the preliminary optimum plant configuration and operating

parameters, as shown in Point 49 of Table 8.6.

8.6.6 Effect of Working Fluld on Preliminary Optimum Plant

As described in Section B.2, an initial assumption in the para-
metrlic analysis was that cesium would not be competitive with potassium
as the working fluid for the liquid-metal Rankine topping cycie. The
basis for this assumption was the limited supply of cesium available and
the initially high cost estimates. The initial cesium inventory require-
ment was approximately 635 Mg (1,400,000 1b). The availability of cesium
data was also limited. Thus, the parametric analysis of the metal vapor
Rankine topping cycle concentrated on potassium as the working fluid.

The results of that analysis were assumed to pertain to cesium within a

reasonable degree of accuracy for preliminary evaluatiorn.

Points 46, 47, and 48 of Table 8.6 define the cesium topping
cycle and power level variation. Points 40, 41, 42, and 49 define the
potassium topping cycle. Except for the working fluid these cases are
gimilar. The results of Point 49 and 46 are shown on Figure 8.22 for

potassium and cesium, respectively.

Due to the preliminary mature of the cesium turbime design and
the lack of cesium data available, the large uncertainties of the cesium
cycle tend to reduce the feasibility of application when compared with
potassium., The results definitely demonstrated that cesium is competi-
tive with potassium as the working fluid in a metal vapor topping cycle.
These results, however, contain too many uncertainties to make a final
selection at this time. Further effort, particularly in the design of

the cesium turbine, is required.

8.6.7 Effect of Nominal Power Variation

The final variation analyzed in this study was nominal power
level. Figure 8.23 shows the effect ¢f various power applications on

preliminary optimum plant configurations with cesium and potassium as the
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working fluids. The dashed curves show the relatively constant cycle
efficiency over the range of power applications selected. The solid
curves demonstrate the reduction in the cost of electricity as the

nominal plant rating increases.

8.6.8 Summary Sheets

The natural resource requirements and environmental intrusion
for Base Cases 1 and 2 are shown on the summary sheets in Tables 8.26 and
8.27, respectively. The sizes, weights, and costs of the major liquid-
metal subsystem components and cooling towers are also included on the

summary sheets.

Although they are not recommemded points for Task II, the sum-
mary sheets for the prcilminary optimum plants with potassium and cesium
are included as Tables 8.28 and 8.29. They are a close approximation of
the final results and improvements expected for the further optimization

of the liquid-metal vapor Rankine topping cycle.

8.6.9 Additional Considerations

The overall costs and efficiencies of the 50 parametric points are
included in Appendix A 8.2. Tigure 8.24 is a plot of the overall efficiency

versus capital cost for several of the cases considered. Figure 8.25 is a

plot of the capital cost versus cost of electricity for the same cases.

In analyzing the overall cost of electricity, a new optimum
cycle parameter and component configuration may be extrapolated. The
plant will be similar to the preliminary optimum plant except for a 1255°K
(1800°F) gas turbine inlet témperature and the burning of Montana subbi-
tuminous coal. A line AC has been drawn through Base Case 1 and the gas
feedwater heater Point 13 in both Figures 8.24 and 8.25. Drawing the
line A'C' parallel to AC through the subbituminous coal (Point 2) determines
the locus of subbituminous coal, gas feedwater heater plants with-a non-

reheat steam plant.

On both figures line EG is drawn through the bituminous ceal
plant (Point 1) and the subbituminous coal plant (Point 2). Parallel line
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Table 8,26 - Summary Sheet Liquid-Metal Rankine Topping Cycle Base Case No. 1, Point 1

Parameter Values Performance and Cost Natural Resourcesv
Net Power (MWe) 1133.6
: Combustor Pressurizing Subsystem Power Plant Efficiency, % 35.9 Coal, 1b/kih 9.881
; Combustor type P¥B Overall Znergy Efficiency, % 35.9 Sorbent, 1b/kiWh 0.466
| Fuel Illinois Ho. 6 capital Cost, 10° § B R TR Total Water, gal/kih 0.767
: Cas turbine inlet temp., °F 1800 Capital Cost, $/kWe 684.6 Cooling water 0.611
: Compressor pressure ratio 15 Cost of Electricity, mills/kWh 31.58 Gasifier process 0.00C
: Air equivalence ratio 1.2 Condensate makeup 0.006
(b) Waste-handling slurry 0.096
Liquid-Hetal Subsysten Scrubber waste 0.053
Fluid K
TA bine intet ¢ c op 1460 NOx suppression 0.000
! ature
urbine iniat temper: s Total Land, acres/100 MWe 114.6
Condensing temperature, °F 1100
Main plaut 16.5
Circulation ratio 2.5:1
Disposal land 77.2
Steam Turbine Subsystem Access railroad 20.8
Turbine inlet temperature, °F 1000
Turbine inlet pressure, psig 3500 ) ()
Reheat temperature, °F NA
f,: Condensing pressure, in Hg abs | 3.5
=1
Heat Rejection Wet towers
(a) Environmental Intrusion
2
16/10% Bru 1b /i
- so, 0.723 0.0068
Major Coamponents No o o
x
HC 0
Size, ft He&ghc, S;St Pigzt Units 'Iotal]Cost, Y
Component (WxL(orD)xH | 10716 | - B2 > | Requized 10° % co 0 0
103 § | §/kve -4
: Particulates 0.0365 3.45 x 10
PFB 13.6 x 121 700 5,820 4.98 16 93,160 . Btu/kwh
L-M Turbine 3,000 2.56 8 24,000 Heat to Water 2904
Condenser~Steam Heat, Total Rejected 5239
Generator 27.2 155 2,300 1.97 4 9,200 : a jecte
Cooling Tower 43 x 40 x 70 230 0.20 13 2,990 1b/kwh lb/day
Wastes
@ Ash 0.084 2.36 = 10°
Spent sorbent 0.464 13.03 x 10°

(e)
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Table 8.27 - Summary Sheet Liquid-Metal Rankine Topping Cycle Base Case No. 2 Point 4

Parameter Values

Performance and Cost

Natural Resources

Net Power (MWe)
Combustor Pressurizing Subsystem

Combustor type
Fuel
Gas turbine jinlet temp., °F

1144.4

PFB
Illinois No. 6
1800

Power Plant Efficiency, %
Overall Energy Efficiency, Z
Capital Cost, 106 $

Capital Cost, $/kWe

Compressor pressure ratio 15 Cost of Electricity, mills/kWh
Air equivalence ratio 1.2
(b)

Liquid-Metal Subsystem

Fluid K

Turbine inlet temperature, °F 1400

Condensing temperature, °F 1100

Circulation ratio 2.5:1
Steam Turbine Subsystem

Turbine inlet temperature, °F 1000

Turbine inlet pressure, psig 3500

Reheat temperature, °F NA

Conlensing pressuxe, in Hg abs | 3.5
Heat Rejecticn Wet towers

(a)
Major Components
Cost FOB
Size, ft Weight, Units ‘Total_Cost,
Component ? 3 Mfg., | Plant, 5
(WxL (or D) xH) | 107 1b mgs s/kwe’ | Required 10% §

PEB 14.5 x 25 220 2,200 1.95 8 17,600
1~M Turbine 3,000 2.66 8 24,000
Condenser-Steam

Generator 27.2 (sphere) 155 2,300 2.04 4 9,200
Cooling Tower 43 x 40 x 70 230 0.20 13 2,990

(d)

34.8 Coal. 1b/kWh 9.904
35.0 Sorbent, lb/kWh 0.478
926.1 Total Water, gal/kWh 0.813
809.2 Cooling water 0.601
35.88 Gasifier process 0.052
Condensate makeup 0.006
Waste-handling slurry 0.099
Scrubber waste 0.9054
Hox suppression 0.000
Total Land, acres/100 MWe 113.9
Main plant 17.3
Disposal land 75.98
Access railread 20.65
(c)
Environmental Intrusion
167108 Btu 1b/idh
S0 0.723 0.0074
Nox 0 0
HC 0 o
co o 1]
Particulates
Beu/kii
Heat to Water 23990
Heat, Total Rejected 5730
1b/kWh 1b/day
Wastes .
Ash ) 0.090 2.44 x 20°
Spent sorbent 0.498 13.4 x 106

(e)
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Table 8.28 ~ Summary Sheet Liquid-Metal Rankine Topping Cycle, Point 49

Parameter Values

Performance and Cost

Net Power (MWe) 1140.0
Combustor Pressurizing Subsystem Power Plant Efficiency, %
Combustor type PFB Overall Energy Efficiency, Z
Fuel Illinois No. 6 Capital Cost, 10° g
Cas turbline inlet temp., °F 1600 Capital Cost, §/kWe
Compressor pressure ratio 15 Cost of Electricity, mills/k¥Wh
Air equivalence ratio 1.2
®)
Liquid-tetal Subsystem
Fluid X
Turbine inlet temperature, °F 1400
Condensing temperature, °F 1100
Circulation ratio 2.5:1
Steam Turbine Subsystem
Turbine inlet temperature, °F 1000
Turbine inlet pressure, psig 3500
Reheat temperature, °F 1000
Condensing pressure, in Hg abs | 3.5
Heat Rejection Wet towers
(a)
Major Components
Cost FOB
Size, ft Wejght Units Total Cost
Component ? § ’1 Mfg., | Plant, & ’
(Wx L (or D) x H) 10° 1b 103 § | $/kve Required 10° 3
PFB 16.6 x 100 840 5,910 5.05 16 94,612
L-M Turbine 3,000 2.56 8 24,000
Condenser—-Steam
Generator 26.7 (sphere) 196 2,300 1.96 4 9,200
Cooling Tower 43 x 40 x 70 230 0.20 13 2,990
(@

Naturai Resaurces
42.4 Coal, 1b/kWh 0.746
42.4 Sorbent, 1b/kih 0.395
760.3 Total Water, gal/kwh 0.737
666.9 Cooling water 0.603
29.60 Gasifier prucess 0.00C
Condensate makeup 0.007
Waste-handling slurry 0.082
Scrubber waste 0.045
Nox suppression 0.000
Total Land, acres/100 MWe 102.6
Hain plant 16.4
Disposal land 65.4
Access railroad 20.7
(c)
Environmental Intrusion
16/10° Bru 1b/ksih
SO2 0.723 0.0058
NOx 0 0
HC 0 0
co 0 0
Particulates 0.043 3.46 x 107
Btu/kWh
Heat to Water 3156
Heat, Total Rejected 3934
1b/kwh 1b/day
Wastes
Ash 0.072 2.01 x 10°
Spent sorbent 0.395 11.1 x 106

(e)
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Table 8.29 - Summary Sheet Liquid-Metal Rankine Topping Cycle, Point 46

Parameter Values

Net Power (MWe)
Combustor Pressurizing Subsystem

Combustar type
Fuel

Gas turbine inlet temp., °F

1139.9

PFB
Illinois No.
1600

6

Performance and Cost

Power Plant Efficiency, %
Overall Energy Efficiency, %
Capital Cost, 1()6 $

Capital Cost, $/kWe

Compressor pressure ratio 15 Cost of Electricity, mills/kvh
Atr equivalence ratio 1.2
(b)

Liquid-Metal Subsystem

Fluid Cs

Turbine inlet temperature, °F 1400

Condensing temperature, °F 1100

Circulation ratio 2.5:1
Steam Turbine Subsystem

Turbine inlet temperature, °F 1000

Turbine inlet pressure, psig 3500

Reheat temperature, °F 1000

Condensing pressure, in Hg abs | 3.5
Heat Rejection Wet towers

(a)
Major Components
Cost TOB
Size, ft Wejght, Units Total Cost,
Component > 3 Mfg., | Plant, 3
(Wx L (or D) x H) { 10° 1b 1038 | $/kve Required 10° §

PFB 16 x 100 770 5,590 4.78 16 89,430
1~-M Turbine 2,000 1.71 8 16,000
Condenser—-Steam

Gernierator 26.7 (sphere) 196 2,300 1.96 A 9,200
Cooling Tower 43 x 40 x 70 230 0.20 14 . 3,220

@)

Natural Resources
42.9 Coal, 1b/kWh 0.737
42.9 Sorbent, 1b/kWh 0.390
823.2 Total Water, gal/kWh 0.780
722.2 Cooling water 0.649
31.25 Gasifier process 0.000
Condensate makeup 0.007
Waste-handling slurry 0.081
Scrubber waste 0.044
NOx suppression 0.000
Total Land, acres/100 MWe 103.31
Main plant 16.4
Disposal land 64.6
Access railroad 22.33
(c)
Environmental Irtrusion
15/10% Bru 1b/kHh
502 0.723 0.0054
NOx o] [}
HC 0 0
co [ 0
Particulates 0.0418 3.10 x 10_4
Btu/kWn
Heat to Water 3214
Heat, Total Rejected 3929
1b/kum 1b/da
Wastes
ash 0.065 2.36 % 10°
Spent sorbent 0.364 10.219 x 10°

(e)
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E'G' is drawn through the bituminous coal plant with a gas feedwater
heater and intersects line A'C' at Point B' to account for the reduced
overall efficiency due to subbituminous coal. Point B' on Figures 8.24
and 8.25 determines a new plant burning subbituminous coal with 1255°K
(1800°F) gas turbine inlet temperature, a gas-heated feedwater heater, a
nonreheat 24,132 MPa (3500 psi) gauge steam turbine. Point B' on
Figure 8.24 has an efficiency of 44.0% and a $583/kWe capital cost.

The line HK has been drawn through Point 1 [a 24,132 MPa
(3500 psi) gauge nonreheat steam turbine cycle] and Point 27 [a 24.132 MPa
(3500 psi) gauge reheat steam turbine] in Figures 8.24 and 8.25 to define
the rate of change of energy efficiency versus capital cost for reheat
versus nonreheat steam cycles. Parallel line H'K' was drawn through the
new subbituminous burning plant with a gas feedwater heater point B' on
both figures. Assuming the same 0.8 percentage point efficiency improve-
ment of reheat (Point 27) over nonreheat (Point 1), a subbituminous coal
plant F' with reheat steam is determined along line H'K' for 44.0% overall
energy efficiency on Figure 8.24. The new optimum plant F', with a
24,132 MPa (3500 psi) gauge steam turbine, 1255°K (1800°F) gas turbine
inlet temperature, burning subbituminous coal, has a capital cost of $583/
kWe at 44.07% overall energy efficiency on Figure 8.24.

If we follow the same procedure on Figure 8.25, the new optimum
plant F' with a capital cost of $583/kWe along line H'K' has a cost of
electricity of 7.17 mills/MT (25.8 mills/kWh). Optimum plant F' has a 3.8%
improvement in overall energy efficiency and an approximately 137 reduc-
tion in the cost of electricity over the preliminary optimum plant esti-

mates,

On the basis of conventional power plant data, an additional
cost reduction is possible. Redesign of the pressurized fluidized bed
- units to allow for greater utilization of shop fabrication instead of
field erection could reduce construction time by three to six months,
Such a reduction i time would significantly reduce the interest 6osts

during construction.
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Component modularization not only reduces construction time,
but also facilitates and lends itself to the concept of partial plant
operation; With the independent loop arrangement described briefly in
Subsection 8.5.1.11 the availability of the liquid-metal vapor Rankine
topping cycle plant can be significantly improved. Aside from loss of
feedwater flow in the single steam turbine or loss of fuel from the coal-
handling system, each of the four loops may operate independently of the

other three.

The concept of power unit modules also provides for extension
of the capital investment period. Rather than build a 1200 MWe plant all
at once and tie up investing capital, one 300 MWe basic power unit is in-
stalled with full-size fuel handling and part-load operating steam tur-
bine. When the first basic power unit begins producing power, additional
power units can be added as load demand increases. In this way invest-

ment'capital is available for other uses.

Appendix A 8.3 contains a listing of the economic model of the
direct cost accounts and the cost of electricity for the preliminary op-

timum plant cycle with potassium (Point 49) and Points 1 and 4.

8.7 Conclusions and Recommendations

The results of this study indicate that a liquid-metal vapor
Rankine topping cycle plant offers desirable plant performance. Develop-
ment of the full potential of a direct coal-fired liquid-metal vapor
Rankine topping cycle requires the development of high-temperature mate-
rials, the liquid-metal turbine, and the fluidized bed boiler. Power
plant efficiencies of 40 to 44%. are obtainable, based on current liquid-

metal vapor turbine technology.

The economic potential of the system is limited by high costs
for power conversion and liquid-metal heat transfer and piping equipment.
The lowest electrical costs determined were about 8.05 mills/MJ (29 mills/
kwWh) . Fu?iﬁer optimization studies could improve the plant design perfor-

mance and, therefore, the cost of electricity. Extrapolations presented
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in Section 8.6, for example, imply costs more in the area of 7.17 mills/
MJ (25.8 mills/kWh).

These results are adequate for a preliminary design and assess-
ment of the relative effects of components and parameters on the system
performance and costs. Further studies are required to optimize the
plant configuration and parameters. Final conclusive performance and

cost values can only be forthcoming upon completion of those studies.

0f all the systems considered, the costing factors of the metal
vapor turbine are the most uncertain, due to the preliminary nature of
the design, particularly at the high temperatures studied. The costing
factors of the pressurized combustors are also uncertain, and are lacking
for liquid-metal subsystems of both the combustor subsystems and liquid-
metal subsystems. Extensive liquid-metal power system technology being
developed will provide considerable data on the further development of

the liguid-metal topping cycle.

» ~ The major limiting factors are suitable high-temperature mate-
rizls and the uncertainties of high-temperature liquid-metal technology.
Improved design and high-temperature metal technology would probably
reduce the heat transfer and power conversion equipment costs, improving

the attractiveness of the cycle.

The performance analysis of the 50 cases demonstrated that the
copbination of individually optimized components and parameters does not
r.ecessarily yleld an optimum plant. The resulting cycle efficiencies
could have been significantly improved by optimization of the combination
of components and parameters investigated, without assuming advancement
in the state of the art of the technologies involved. The analysis, how-
ever, did provide direction in selecting a new base case for further op-
timization., It also demonstrated that cycle efficiencies higher than

conventional fossil-fired plants are attainable.

The economic analysis of the 50 cases demonstrated that high
capital costs are generally required to obtain high cycle efficiencdes;

but it also provided direction in the selection of system configuration,
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operating parameters, and, in particular, fuel for a new base from which
to continue plant optimization. For example, the extrapolations of Sub-
section 8.6.9 indicate ~ 4% improvement in overall efficiency to 44.0%
and a reduction in the cost of electricity of 13% to 7.17 mills/MJ

(25.8 mills/kWh) over the preliminary optimum estimates. These improve-
ments are the result of using Montana subbitmminous coal instead of
I1linois No. 6 and of raising the gas turbine inlet temperature to 1255°K
(1800°F). The conclusions of Section 8.4 indicate that additional im-
provements in overall cycle efficiency may be obtained by combining the
gas-heated feedwater heaters and economizers with recuperators at a com-
pressor pressure ratio of 10 to 1 rather than 15 to 1. Further conclu-
sions from Subsection 8,6.9 indicate significant reduction in the
interest during construction by reducing construction time. Modulariza-
tion of the pressurized fluidized beds could potentially reduce the con-
struction period by three to six months. The utilization of modularized
basic power units for part-load operation significantly improves the
plant availability over the value assumed for this study. Modularized
basic power units also provide for extension of the capital investmert

period, another potential cost reduction.

The recommended system configuration and parameters for Task II
are listed in Table 8.30. The plant described is the recommended base
case from which to continue the further optimization of the'liquid-metal
topping cycle. The values listed are the result of the economic and per-

formance analysis described above.

An alternate liquid-metal vapor topping cycle is also recom-
mended on Table 8.30., The final choice of working fluid cannot be made
without further analysis. The performance and cost of electricity of the
cesium topping cyéle of Task I are suspect due to the uncertainties in
the cesium property and thermodynamic data and to the preliminary nature
of the,cesiumfkurbine design and performance. A more detailed study of
cesium and, in particular, the cesium turbine is a prerequisite before

final selection of the working fluid.
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Table 8.30 - Recommended System Configuration and Parameters

Base

Alternate

Power, MWe 1200
Furnace PFB
Coal Montana
Working Fluid Potassium Cesium
Recuperator Effectiveness 0.7
Gas-Heated Feedwater, Heater Yes
(Gas~Heated Economizer Yes
Compressor Pressure Ratio 10
Air Equivalence Ratio 1.2
Gas &urbine Inlet Temp., °F 1800
L.~M, Turbine Inlet Temp., °F 1400
‘L.-M. Condenser-Steam Generator

Temperatuxe, °F 1100
Steam Throttle Temperature, °F 1000
Reheat Temperature, °F 1000
Steam Throttle Pressure, psig 3500
Condenser Back Pressure, in Hg abs 3.5
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Additional conclusions of the Task I parametric analysis are
listed in Table 8.31. A list of recommendations applicable to Task II
are found in Table 8,32,

The preliminéry optimum cycle demonstraéed a cycle overall ef-
ficiency of 42.47% for potassium and 42.97 for cesium at a cost of elec-
tricity of about 8.21 and 8.67 mills/MJ (29.6 and 31.2 mills/kWh),
respectively. These are preliminary results., Additional optimization
studies will show a significant increase in cycle efficiency and greatly
improve the attractiveness of the cost of electricity. Final conclusions
and judgements on the liquid-metal vapor topping cycle cannot be made

until the completion of these additional studies.
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Table 8,31 -~ Preliminary Conclusions

10.

11.

Pressurized fluidized bed plant is more efficient and more cost ef-

fective than pressurized furnace plant.

Subbituminous coal is the most cost effective in a pressurized
fluidized bed.

A gas-heated feedwater provides the most significant improvement in
plant efficiency.

A gas-heated economizer 1s cost effective.

Efficlency decreases as the air equivalence ratio increases above a

minimum value of 1.2,

Increasing the liquid-metal vapor turbine inlet temperature beyond
1033°K (1400°F) is not economically justifiable,

Increasing steam temperature above 811°K (1000°F) is not cost ef-

fective for eilther reheat or nonreheat steam cycles.

A supercritical steam pressure of 24.132 MPa (3500 psi) gauge is
more efficient and cost effective than is the subcritical steam of
16.547 MPa (2400 psi) gauge.

Variation of system parameters separately does not provide the opti-

mum cycle when individual optimums are combined.

Cesium is almost competitive with potassium as the selection of the
liquid-metal working fluid.

Varled separately and individually, plant efficiency improves for
increased compressor pressure ratio in the range 5 to 15 to 1 and
for decreasing gas turbine inlet temperature in the range 1255°K
(1800°F) to 1144°K (1600°F). Recuperation in the combustor

‘pressurizing subsystem is not economically justifiable., In proper

combinations together, however, and with stack-gas regeneration,
potential plant efficiencies are higher at the maximum gas turbine
inlet temperature [1255°K (1800°F)] and at a compressor pressure
ratio of 10 with recuperation than the maximum efficiency values
obtained individually.
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Table 8.32 - Preliminary Recommendations

10,

11.

12.

Provide a potassium boiler design with nucleation site promoters to
protect the boiler tubes by reducing the high wall-temperature dif-

ferences which occur during the vaporization of potassium.

Provide an ejector system on the condenser-steam generator to remove

noncondensitles.

Provide liquid-metal vapor line sized to 40% full power vapor flow to
by-pass the turbine and pass vapor directly to the condenser in the

event of a loss of turbine event.

Provide a saturated liquid-metal by-pass line from the dium to the

condenser as a means of reducing dissolute corrosion (10% flow).

Provide a liquid-metal bot trap in the above mentioned saturated
liquid 10% flow by-pass line to remove oxygen in order to reduce cor-

rosion.

Perform a feasibility study of jet pump or natural circulation to re-

place the recirculation pump.

Perform a feasibility study of the EM pump as a liquid-metal feed
pump.

L4

Study the liquid-metal component relative elevations to reduce pump-

ing requirements.

Reevaluate recuperator effectiveness as a function of the compressor

pressure ratio and the gas turbine inlet temperature,

Evaluate the gas turbine intercooling when recuperation is not feasi~-
ble.

Reevaluate the gas feedwater heater and gas economizer effect on

cycle.

Evaluate in detail the condenser-steam generator duplex-tube design

with metallic bonds for liquid-metal/water reaction protection.
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13.

14,

15.

16.

17.

18.

19.

200

21.

22,

Table 8.32 continued

Evaluate the thermal stress on the water inlet side of the condenser-

steam generator.

Perform a trdnsient analysis study to determine the saturated liquid

hold~up requirements of the liguid-metal drum.

Perform a transient analysis study to determine the dump-tank, vent-
line, and rupture-disk criteria in the event of a liquid-metal/water

reaction.

Perform a transient analysis of the boiler in liquid-metal/water

reaction transient.

Analyze the liquid-metal turbine and condenser to mitigate damage

in the event of steam tube rupture.
Perform detalled design studies of potassium and cesium turbines.

Provide protective partitions separating liquid-metal turbine gene-

rators and condensers in the event of a liquid-metal/water reaction.

Provide a scrubber system and flame suppressor on liquid-metal/

water reaction vent lines.

Evaluate the use of 300 MWe basic pewer modules to extend the

capital investment period and provide better availability.

Evaluate component modularization to reduce the time of construc~

tion.
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Appendix A 8.1
LIQUID-METAL RANKINE TOPPING CYCLE

PARAMETRIC POINTS SYSTEM CONFIGURATION
AND PARAMETRIC STATE POINTS
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CASE NO. 1
¥ ¥ % ¥ * % FFFICIENCIES * *+ & » &

PCHER OUTPUT(HWE) 1200 GAS TUR3INE INLET
FURNACE PR.FLD«3ED TEMPERATURE (DEG=F) 16000 LoM.SYSTEM .097
CCAL 31T GAS ECONOMIZER NO PRESSURIZING SUBSYSTEM .267
WORKING FLUID K GAS FEEDWATE F HEATER NO STEAM CYCLE o420
RECUPERATOR EFFECTIVENESS 5.0 L.M.CIRCULATION RATIO 2.5 1 GROSS PLANT .380
CGMPRESSOR PRESSURE RETIO 12 L. M.FEEDHEAT EX NO NET PLANT .370
AIR EQUIVALENGE RATIO 1.2 STAGES OF STEAM REHEAT 0 NET POWER OUTPUT (MNE) 1169.57
TOTAL FLOW TEMPERATURE PIESSURE THERMAL LOAD  POWER OUTPUT
s¥%s STATE POINTS **%s 10E35 LBM/HR GEG-F PSIA 10E09 BTUZHR MWE
1 LeM.TURSINE INLET 7.332 1400.000 15.200 188.000
2 L+M.CONDENSER 1106 .600 2.400 5.856
3 LeM.FEED PUMP 5277.000 GPM  1100.000 33.900 .363
L L.M.RECIRC PUMP 135744000 GPM  1280.C00 20.610 .173
E L.M.BOILER INLET 1280.000 6.600
€ STEAM TURBINE THROTTLE 677k 1000.000 3515.000 720.500
7 STEA4 REHEAT 0.000 0.000
& ST.COND.BACK PRESS. 3.500INHG 3.396
S FINAL FEEDWATER 560.000
10 COND/SS WATER INLET 5604000
11 COHPRESSOR INLET 10.320 59.000 14.890
QO =
12 GAS TURBINE INLET 11.216 1800.000 291.508 ggga
13 GAS ECON.GAS INLET, 0.000 0.000 g;gg
. P e
14 GAS FWH GAS INLET 2.080 8.000 =
O N

12 STACK GAS EXHAUST 344 4000

1€ AS RECEIVED COaL 499.L00T/HR 13,775




g01-8

CASE NC. 2
* % ¥ » ¥ ¥ EFFICIENCIES * * & » &»

PONWER OUTPUT(MWE) 1230 GAS TUR3INE INLET

FURNACE PR.FLD.3ED TEMPERATURE {JEG-F) 1£00.3 LeM.SYSTEM « 037
CoAL SUB3IT GAS ECONOMIZER NO PRESSURIZING SU3SYSTEM «2880
WCRKING FLUIY K GAS FEEDWATEFR HEATER NO STEL&M CYGLE 420
RECUPERATOR EFFECTIVENESS G.0 L.M.CIRCULATICON RATIO 2.5 1 GROSS PLANT « 374
COMPRES3OR PRESSURE RATIO 15 L. M. FEEOHEATER NO NET PLANT « 365
AIR EQUIVALENCE RATIO 1.2 STAGES OF STEaM REHEAT ] NET POMWER QUTPUT (MKE) 1169.34

TOTAL FLOW TEMPERATURE PRESSURE THERMAL LOAD POMER OUTPUT

$¥¥E STATE POINTS ®»*ex 10E06 LBM/HR DEG-F PSIA 10E09 BTU/HR MHE

1 L.M.TURBINE INLET 7.113 1500.0600 15.200 181.000

2 L.M.CONDENSER 1100.G603 2.400 5.643

3 L.M.FEED PUMP 5085.000 GPM 1100.000 31.720 324

L LM RECIRC puMpP 13080.000 GPM 1280.000 20.230 =155

5 L.M.BOILER INLET 1280.6G00 €360

€ STEAM TURBINE THROTITLE 6.527 1000.800 3515.000 694 .400

7 STEAM REHEAT 0.000 0.000

& ST.COND.BACK PRESS. 3.500IN.HG 3.273

© FINAL FEEOWATER 560.000

16 COND/SG WATER INLET 560.000

11 COMPRESSOR INLET 10.427 ' 59.000 14.030
12 GAS TURBINE INLET 13.318 1500.000 324.400
13 GAS ECON.GAS INLET, ) ¢.080 0.000

1L GAS FWH GAS INLET G.000 0.000

1% STACK GAS EXHAUST 851.000

1¢ AS RECEIVED COAL - 611.600T/HR 10.94¢



60T~8

CASE NO. 3
* %% % % s EFFICIENCIES * = & & =

PCWER OUTPUT (MWE) 1200 GAS TURSIME INLET

FURNACE PR.FLL3ED TEMPERATURE (DEG=F) 160040 LeM,SYSTEM .097
CoAL LIG GAS ELONOMIZER NO PRESSURIZING SUBSYSTEM 285
WORKING FLUID K GAS FEEDWATE F HEATER NO STEAM CYCLE 420
RECUPERATOR EFFECTIVENESS 0.6 L.M.CIRCULATION RATIO 2.5 1 GROSS PLANT +366
COMPRESSOk PRESSURE RATIO 15 L.M.FEEDHEATER NO NET PLANT «356
AIR EQUIVALENCE RATIO 1.2 STAGES OF STEAM REHEAT 0 NET POWER OUTPUT (MHWE) 1163.48

TOTAL FLOW TEMPERATURE PRESSURE THERMAL LOAD  POWER OUTPUT

*x%% STATE POINTS ¥%¥*s 10E36 LBM/HR DEG~-F PSIA 10E£09 BYU/HR NWE

1 L .MsTURBINE INLET 6.872 1500.000 15.200 175.000

2 L.H.CONDENSER 11060.000 2.430 5452

3 L.M.FEED PUMP 4913.000 GPM  1106.000 29.770 .293

L L <M.RECIRC PUMP 12637.000 GPM  1260.000 19.830 +1640

5 L.M.BOILER INLET 1280.000 6.140

€ STEAM TURBINE THROTTLE 64308 10600.000 3515.000 670.900

7 STEAM REHEAT 0.000 0.000

8 ST.COND.BACK PRESS. 3.500INHG 3.162

Y FINAL FEEDWATER 560.000
10 COND/SG WATER INLET ' 560.000
11 COMPRESSOR INLEY 10.676 59,000 144690
12 6AS TURBINE INLET 124056 1800.000 354.000
13 GAS ECON.GAS INLET, 0.000 0.000
14 GAS FWH GAS INLET 0.000 0,000
15 STACK GAS EXHAUST 855,008

1¢ AS RECEIVED COAL 812.€007/7HR 11.198




0TT-8

CASE NGe =
* % v % ¥ % EFFICIENCIES *# » & 5 »

PCHER OUTPUT(MNWE) 1289 GAS TUR3INE INLET
FURNACE PR« FUSNACE TEMPERATURE (DJEG-F) 18001 LeMeSYSTEM . 097
ccaL 31T GAS ECONOMIZER NG PRESSUFIZING SUBSYSTEHM 203
WCRKING FLUID K GAS FEEDWATEF HEATER NO STEAM CYCLE «420
RECUPERATOR EFFECTIVENESS (.0 L.M.CIRCULATION RATIO 2.7 1 GROSS PLANT « 365
CCHMPRESSOR PRESSURE RATIQ 15 L. M.FEEDHEAT ER NO NET PLANT . «356
AIR EQUIVALSNZE RATIO 1e2 STAGES GF STE&M REHEAT 1] NET POWER QUTPUT (MWE) 1169.88
TOTAL FLOW TEMPERATURE PRESSURE THERMAL LOAD PONER OUTPUT

$¥ES STATE POINTS *w¥sew 10E3S LBM/HR DEG=-F PSIA 10E0S BYU/HR MHE

1 L.M.TURBINE INLET 7.327 1400.000 15.200 186.500

Z LeMeCONDENSEXR . -1100.603 2.4G0 54813

3 L.M.FEED PUMP 5245.000 GPM 1100.000 33.539 «356

L LeM.RECIRC PUMP 13491.000 GPM 1280.600 20.550 «170

£ L.M.BOILER INLET 1280.0080 6.551

€ STEAM TURBINE THROTTLE €724 1000.000 3515.000 71£.300

7 STEAM REHEAT 0000 0.000

8 ST.COND.BACK PFRESS. 3.500INJHG 3.372

S FINAL FEEDWATER 560.000
1C COND/SG WATER INLET 560.G00
11 COMPRESSOR INLET 16.0%6 $9.000 14.690
12 GAS TURBINE INLET 10.968 1800.000 298.600
13 GAS ECON.GAS INLET, 0.000 0.000 ;'
14 GAS FHH GAS INLET 6.000 ' 0.000
1% STACK GAS EXHAUST 557 <600

1€ AS RECEIVED COAL 520.000T/HR 11.220




TIT1-8

CASE NG. =
* %% % % 3 FFFICIENCIES * * * + &

PCHER OUTPUTI(MKE) 1260 GAS TUR3INE INLET
FURNACE PR. FURNACE TEMPERATURE (CEG=F) 1:00.0 LeM.SYSTEM « 097
COAL susarvy GAS ECONOMIZER NO PRESSURIZING SUBSYSTEM « 276
WCRKING FLUIO K GAS FEEDWATER HEATER NO  STELM GYCLE 420
RECUPERATOR EFFECTIVENESS 0.0  L.M.CIRCULATION RATIO 2.5 1 GROSS PLANT .378
COMPRESSOR PRESSURE RATIO 15 L. ¥ FEEDHEAT €k NO  NET PLANT . 3€9
AIR EQUIVALENCE RATIO 1.2  STAGES OF STEAM REHEAT 2 NET POWER OUTPUT (MNE) 1169,39
TOTAL FLOW TEMPERATURE PRESSURE THERMAL LOAD  POWER OUTPUT

*s¥r STATE POINTS **%s 10E36 LBM/HR DEG=-F PSIA 10E09 BTU/HR MNE

1 L.M.TURBINE INLET 7.337 1400.600 15200 12€.800

2 L.M.CONDENSER 1100.000 2.400 5.821 )

3 L.HM.FEED PUMP 5245.000 GPM 1100000 33.590 .356

L L.M<RECIRG PUMP 13691.000 GPM  1280.000 20.550 .170

£ L.M.BOILER INLET 1280.600 6.560

€ STEAM TURSINE THROTTLE €.733 1000.000 3515.000 71€.229

7 STEAH REHEAT 2.000 6.000

8 ST.COND.BACK PRESS. 3.500IN.HG 3.376

S FINAL FEEOWATER ' 560.000
1C COND/SG WATER INLET 560,000
11 COMPRESSOR IWLET 9.95¢ 55,000 14,690
12 GAS TURBINE INLET 10.855 1600.600 296.800
13 GAS ECON.GAS INLET, 8.080 ' 0.000
14 GAS FWH GAS INLET 6.000 0.000
1E STACK GAS EXHAUST 557000

1¢ AS RECEIVED COAL 6GLcEO0T/HR 10.615



(A9

CASE NC. S
* % % % % EFFICIENCIES * » » * =

PONER OUTPUT (MWE) 1200 GAS TURBINE INMLET
FURNACE PX. FUS NACE TEMPERATURE (DEG-F)  1£00.0  L.M.SYSTEM . 037
COAL LIG  GAS ECONOMIZER NO  PRESSURIZING SUBSYSTEM ‘251
MCRKING FLUID K GAS FEEOWATER HEATER NO  STEEM CYCLE 420
RECUPERATOR EFFECTIVENESS 0.0  L.M.CIRCULATION RATIO 2.5 1  GROSS PLANT .383
COMPRESSOR PRESSURE R3TIO 15 L. M.FEEOHEATER NO NET PLANT «373
AIR EQUIVALENCE RATIO 1.2 STAGES CF STEAM REHEAT ¢ NET POWER OUTPUT (MWE) 1169.39
TOTAL FLOW TEMPERATURE PRESSURE THERMAL LOAD  POMER OUTPUT
*¥%» STATE POINTS »*e» 10€36 LBM/HK DEG-F PSIA 10E09 B3TU/HR HHE
1 L.M.TURBINE INLET 7.353 1400.000 15.200 187.300
2 L.M.CONDENSER 1100.000 24500 5.833
3 L.M.FEED PUMP 5245.000 GPM  1100.000 33.590 .356
4 LoH.RECIRC PUMP 13491.000 GPM  1280,000 20.550 178
£ L.M.BOILER INLET 1280.000 6457¢
€ STEAM TURBINE THROTTLE 6. 747 1300.000 3515.000 717.800
ow
7 STEAM REMEAT 2.600 0.000 = o
=t
6 ST.COND.BACK PRESS. 3.500IN.HG 3.383 2L
=
9 FINAL FEEDWATER $60.000 P
10 COND/SG WATER INLET 260.000
11 COMPRESSOR INLET 9.826 59.000 14.590 E
12 GAS TURBINE INLET 10.849 1300.000 294.800 e
Wl
13 GAS ECON.GAS INLET, 0.000 0.000 ke
o T
14 GAS FWH GAS INLET 0.000 ~ 0.000 g
v
1E STACK GLAS EXHAUST 356000 =i

1€ AS RECEIVED COAL 776.100T7HR ) 10.692



£1T-8

CASE NO. 7
* % % 3 3 % EFFICIENCIES *# & & » »

PONER OQUTPUT(HWE) 1200 GAS TURBINE INLET
FURNACE F%.FLD.3ED TEMPERATURE (DEG-F) 140040 LeM.SYSTEM <097
COAL BIT GAS ECONOMIZER NO PRESSURIZING SU3SYSTEM 272
WORKING FLUID K GAS FEEDWATER HEATER NO STEAM CYCLE 420
RECUPERATOR EFFEGTIVENESS .7 L.M.CIRCULATION RATIO 2.5 1 GROSS PLANT <385
COMPRESSOR PRESSURE RATIO 15 L+ MFEEDHEATER NO NET PLANT +375
AIR EQUIVALENGCE RATIQ 1.2 STAGES OF STEAM REHEAT 2 NET POWER OUTPUT (MHWE) 1169.36
TOTAL FLOW TEMPERATURE PRESSURE THERMAL LOAD  POWER OUTPUT

sv¥x STATE POINTS ®ses 10E05 LBM/HR DEG-F PSIA 1GE09 BTU/HR MWE

1 L.M.TURBINE INLET T.463 1400,000 15.200 190.000

2 L<M.CONDENSER 1100.000 2.400 5.928

3 L.M.FEED PUMP 5337.000 GPM - 1100.000 34.700 +37%

L L M. RECIRC PUMP 13730.000 GPM  1280.000 20740 .179

£ L.M.BOILER INLET 1269.000 64673

€ STEAM TURSINE THROTTLE 6848 1000.000 3515.000° 728.600

7 STEAM REHEAT 0.000 8.008 .

& ST.COND.BACK PRESS. 3.500INHG 3434

S FINAL FEEDWATER 560.000
10 COND/SG WATER INLET 5604000 X
11 COMPRESSOR INLET 10,197 59.000 16.690
12 GAS TURBINE INLET 11.082 1800.000 281.300
13 GAS ECON.GAS INLET, 0.000 0.080
14 GAS FWH GAS INLET 0.000 0.000

1& STACK GAS EXHAUST 501.000

1& AS RECEIVED COAL 493.400T/7HR 10.545



$11-8

CASE NO. 8 ,
* %% *+ % & EFFICIENCIES * * » » o'

POWER OUTPUT(MWE) 1200 GAS TURBINE IMET ! K
FURNACE P3.FLJ.3ED TEMFZRATURE (DEG-F) 1800.0 LeM.SYSTEM <09/
CoAL 317 GAS ECONOMIZER NO PRESSURIZING SUBSYSTEM o274
WORKING FLUID K GAS FEEDRATER HEATER NO STEAM CYCLE . «420
RECUPERATOR EFFECTIVENESS . 8 L. M.CIRCULATION RATIO 2.t 1 GROSS PLANT - « 365
CCMPRESSOR PRESSURE R2TIO 15 L. M FEEDHEATER NO NET PLANT «376
AIR EQUIVALENCE RATID 1.2 STAGES OF STEAM REHEAT ] NET PCHWER QUTRUT(MNE) 1169.35
TOTAL FLOW TEMPERATURE PRESSURE THERMAL LOAD POKER OUTPUT

#¥%¥ STATE POINTS #wes 10E36 LBM/HR + DEG-F PSIA 10E09 BTU/HR MME

1 L.M.TURBINE INLET 7469 1500.000 15.200 1¢0.200

2 L.M.CONDENSER ' 1100.000 2.430 5.628%

3 LeM.FEED PUMP 5337.000 6PHM 1100.000 34,700 « 375

L L.M.RECIRC PUMP 13730.000 GPM 1280.000 20.-740 «179

£ LeM.BOILER INLET 1280.000 6.678

€ STEAM TURBINE THROTTLE 64 854 1000.6G00 3515.000 729.100

7 STEAM REHEAT 3 0.000 0.000

8 ST.COND.BACK PRESS. 3+S30INHG 3.437

S FINAL FEEDWATER 560.000
1C COND/SG WATER INLET $60.003
11 COMPRESSOR INLET 18.172 59.000 14.6910
12 GAS TURBINE INLET 11.054 . 1800.000 260.600
13 GAS ECON,GAS INLET, 0.000 g0.0C0
1L GAS FWH GAS INLET 0.000 0.000
1f STACK GAS EXHAUST 794.000

1€ AS RECEIVED CoAL 492,200T/HR 10.620



S11-8

CASE NO. 3
* %% % x % EFFICIENCIES * * * » &

PGHER OUTPUT(MHWE) 1266 GAS TURBINE INLET
FURNACE P2« FUKNACE TEMPERATURE (DEG-F) 1£00.0 L.M.SYSTEM «037
CCAL 31T GAS ECONOMIZER NO PRESSUPIZING SUBSYSTEM « 265
HORKING FLUID K GAS FEEDWATER HEATER NO STEAM CYCLE «420
RECUPERATOR EFFECTIVENESS o7 LeM.CIRCULATION RATIO 2. 1 GROSS PLANT « 368
COMPRESSOR PRESSURE RATIO 15 L.M.FEEDHEATER NO NET PLANT «359
AIR EQUIVALENCE RATIO 1.2 STAGES OF STEAM REHEAT 3 NET POWER OQUTPUT (MWE) 1169.38
TOTAL FLOW TEMPERATURE PRESSURE THERMAL LOAD POWER QUTPUT

¥E¥E STATE POINTS »¥es 10EJ8 LBM/HR OEG-F PSIa 10E0S8 BTU/HR MWE

1 LM TURBINE INLET 7+3G5 1+00.000 15.2080 188.400

2 L.H.CONDENSER 1100.8080 2.4970 54869

3 L.H.FEED PUMP 5291.000 GPH 1100.008 34,140 «365

L L+M.RECIRC PUMP 13510.000 GPM 1280.000 20.840 <175

€ LeM.BOILER INLET 1260.000 €.515

€ STEAM TURBINE THROTTLE 64789 1000.000 3515.000 722.300

7 STEAM REHEAT 0.000 0.000

8 ST.COND.BAGK PRESS. 3.500INJHG 3.404

9 FINAL FEEDWATER Z60.000
10 COND/SG HWATER INLET 560.000

11 COMPRESSOR INLET 3.973 53.000 14,830
12 GAS TURBINE INLET 10.878 1500.000 2839.200
13 GAS ECON.GAS INLET, 3.600 g.080

14 GAS FWH GAS INLET 0.0020 0.000
1% STACK GAS EXHAUST 327 .000

1€ AS RECEIVED COAL 515.3007/HR 11.118



911-8

CASE NO. 10
* %% x & % CFFICIENCIES * * ¢ =

PGHER OUTPUT (MWE) 1200 GAS TURBINE INLET
FURNACE P%. FUXNACE TEMPERATURE (CEG-F)  1&00.0 LeM.SYSTEM . 097
CCAL aIT GAS ECONOMIZER NO PRESSURIZING SU3SYSTEM .257
WCRKING FLUID ~ K GAS FEEDWATER HEATER NO STELM CYCLE 420
RECUPERATOR EFFECTIVENES .8 L.M.CIRCULATION RATIO 2.5 1 GROSS PLANT .369
CCMPRESSOR PRESSURE RATIO 15 Lo M.FEEDHEAT ER NO NET PLANT .360
AIR EQUIVALENCE RATIO te2 STAGES OF STEAM REHEAT 0 NET POWER OUTPUT (MWE) 1169.38
TOTAL FLOW TEMPERATURE PRESSURE THERMAL LOAD PONWER OUTPUT

wrse STATE POINTS **s 10E36 LBM/ZHR DEG-F PSIA 10E0S BTU/HR HWE

1 L.M.TURBINE INLET 7.403 " 1480.000 15.200 188.500

2 L.M.CONDENSER 1160.600 2.400 5.873

3 LoM.FEED PUMP 5291.000 GPM  1100.000 34140 .365

L L.M.RECIRC PUMP 13610.000 GPM  1280.000 20.640 o175

£ L.M.BOILER INLET 1280.000 , 6.519

€ STEAM TURBINE THROTTLE 6.793 1000.000 3515.000 722.700

7 STEAM REHEAT - 0.000 0.000

B ST.COND.BACK PRESS. 3.500INHG 3.406

¢ FINAL FEEDWATER 5604000
16 COND/SG WATER INLET 3604000

11 COMPRESSOR INLET 9.9:3 59.000 14.690
12 GAS TURBINE INLEY 10. 848 1800.000 288.700
13 GAS ECON.GAS INLET, 0.000 0.000
1L GAS FWH GAS INLET 8.000 0.000
15 STACK GAS EXHAUST 8214600

1€ AS RECEIVED CoAL 514.200T/7HR 11.084



L11-8

CASE NO. 11
* %3 5 & % % EFFICIENCIES » » % % »

POWER OUTPUT (HWE) 1200 GAS TURGINE INLET
FURNACE PR<FLD.2ED TEMPERATURE (DEG-F) 150040 L.M.SYSTEM .097
GCAL 31T GAS ECONOMIZER NO PRESSURIZING SUBSYSTEM .267
" WGRKING FLUID K GAS FEEDWATER HEATER NO STEAM CYCLE 420
RECUPERATOR EFFECTIVENESS .0 L.M.CIRCULATION RATIO 11 GROSS PLANT «380
COMPRESSOR PRESSURE RATIO 15 - L.M.FEEDHEATER NO NET PLANT «370
AIR EQUIVALENCE RATIO 1.2 STAGES OF STEAM REHEAT 0 NET POWER QUTPUT (MWE) 1169.68
TOTAL FLOW TEMPERATURE PRESSURE THERMAL LOAD  POWER OUTPUT
*+ey STATE POINTS *res 10€06 LBM/HR DEG=F PSIA 10E09 BTU/HR MWE
1 L.M.TURBINE INLET 7.382 1406.000 15.200 188.000
2 L.M.CONDENSER 1100.008 24400 5,856
3 L.P.FEED PUMP 5277.000 GPM  1100.000 31.2:90 .331
L L.M.REGIFC PUMP : -0.000 GPM  1100.000 -0.000 -0.000
£ L.M.BOILER INLET 1100,600 6.600
€ STEAM TURBINE THROTTLE 6774 1000.000 3515.000 720.700
7 STEAM REHEAT 0.000 8.000
8 ST.COND.BACK PRESS. 3.560IN.HG 3.396
9 FINAL FEEDWATER 560. 000
16 COND/SG WATER INLET 560.000
11 COMPRESSOR INLET 10.321 59,000 14,690
12 GAS TURBINE INLET 11.217 1800.000 291.300
13 GAS ECON.GAS INLET, 0.000 0.000
14 GAS FWH GAS INLET 0.500 0.000
15 STACK GAS EXHAUST o6k 007

1€ AS RECEIVED COAL #S9,200T/HR 10.775



9118

CASE NO. 12 ,
* s % % & » EFFICIENCIES * & % & =

PCOWER QUTPUT (MKE) 1200 GAS TURBINE IMET .

FURNACE PR. FURNACE TEMPERATURE (DEG-f) 1¢00.0 LeM.SYSTEM «097
CoAL BIT GAS ECONOMIZER NO PRESSURIZING SUBSYSTEM . «263
WCRKING FLUID K GAS FEEDWATER HEATER NO STEAM CYCLE <420
RECUPERATOR EFFECTIVENESS 0.0 L.H.CIRCULATION RATIO 11 GROSS PLANT : » 365
COMPRESSOR PRESSURE RATIO 15 L.M.FEEDHEATER NO NET PLANT «356
AIR EQUIVALENCE RATIO 1.2 STAGES OF STEAM REHEAT 3 NET POWER OUTPUT (MWE) 1169.58

TOTAL FLOW TEMPERATURE PRESSURE THERMAL LOAD POWER CGUTPUT

$u%% STATE POINTS »»s+ 10€06 L3BM/HR DEG-F PSIA 10E03 BTU/HR MKRE

1 LeM.TURBINE INLET 7.323 1400.C08 15,200 18€.500

2 L+M.CONDENSEX 1100.000 24400 5.809

3 LeM.FEED PUMF 5235.000 GPM 1100.009 31.043 « 327

& L4M.RECIRC PUMP ~0.000 GPM 1100.000 -0.000 -0.000

£ LeM.BOILER INLET 1100.000 BeS43

€ STEAM TURBINE THROTTLE 6.720 1000.G00 3515.6G00 714.900

7 STEAH REHEAT ) 8.000 G6.000

8 ST.COND.BACK PRESS. 3.500INHG 3.369

S FINAL FEEDWATER 560.000
10 COND/SG WATER INLET 260.000
11 COMPRESSOR INLET 18.0=2 59.000 14,230
12 GAS TURBINE INLET 10.95%¢€ 1300.000 ’ 298.500
13 GAS ECON.GAS INLET, 8.000 6.000
1L GAS FWH GAS INLET 0.000 ' 0.000
1€ STACK GAS EXHAUST 857.000

1€ AS RECEIVED CG&L 519.400T/HR 11.207



611-8

i

PCWER OQUTPUT(4KE) 1200
FURNACE PR.FLD.3ED
CCAL 8IT
WORKING FLUID K
RECUPERATOR EFFECTIVENESS 0.0

COMPRESSOr PRESSURE RATIO 1

AIR EQUIVALENCE R&T1 1.2
T
*¥¥s STATE POINTS ¥»s#¢ 10

1 L M, TURBINE INLET

2 L«M.,CONDENSER

3 L.M.FEED PUMP

b L-H.RECIRC‘PUHP

£ LeMeBOILER INLET

€ STEAM TURBINE THROTTLE

v STEAM REHEAT

£t ST.COND.3ACK PRESS.

S FINAL FEEDWATER
10 COND/SG WATER INLET
11 COKPRESSOR INLET
12 GAS TURBINE INLET
13 GAS ECON.GAS INLET,
1t GAS FWH GAS INLET
1% STACK GAS EXHAUST

1€ AS RECEIVED COAL

CASE NO. 13

GAS TUR3INE INLET
TEMPERATURE (DEG-F)

GAS ECONOMIZER

GAS FEEDWATER HEATER

L.M.CIRCULATION RATIO

L M. FEEDHEAT ER

STAGES OF STEAM REHEAT
OTAL FLOW TEMPERATURE
Ed5 LSM/HR DEG~-F

6. 1040 1500.609
1100.000
+389.060 GPM  1100.€00
11290.000 GPM  1280.000
1280.000

5,214 1000.000

0.000

492.000

492,000

8584 59,030
9.329 13800.,000
0.000

3524000

290.000

435.400T/HR

* ¥ x % v r EFFICIENCIES * * + » x

1e00.0 LeMeSYSTEM

NO PRESSURIZING SUBSYSTEM

YES STEAH CYCLE
2.8 1 GROSS PLANT
NO NET PLANT
8 NET POWER OUTPUT (MWE)
PRESSURE THERMAL LOAD
PSIA 10E03 BTU/HR
15.200
2.400 3.871
264250
18.950
54490
3515.000
D.000
3.500INHG 3.487
14.630
8.000
1.356
8.963

«097
« 2085
s bhiD
4357
olkirS
1169.70

POWER OUuTPUT

HWE

15€.400

=209

«100

802.800

240.800



0z1-8

CASE NO. 14
*» * % % & % EFFICIENCIES * * # % #

PCWER OUTPUT(MWE) 1200 GAS TURSINE INLET
FURNACE PR+ FUKNACE TEMPERATURE (DEG-F) 16060.0 LeMeSYSTEM « 037
CCAL 3IT GAS ECONOMIZER NO PRESSURIZING SUBSYSTEM « 263
WORKING FLUID K GAS FEEOWATEF HEATER YES STEAH CYCLE 4Ll
RECUPERATCR EFFECTIVENESS 3.0 L.M.CIRCULATION RATIO 2e% 1 GROSS PLANT ' « 425
CGMPRESS0R PRESSURE RATIO iz LeM.FEEDHEATER NG NET PLANT <415
AIR EQUIVALENCE RATIO 1.2 STAGES OF STEAM REHEAT g NET POWER QUTPUT (MNWE) 1169.71
TOTAL FLOW TEMPERATURE PRESSURE THERHAL LOAD POWER OUTPUT

¥e¥¥ STATE POINTS #*¢» 10EJ6 LBM/HR DEG-F PSIA 10E03 BTU/HR MKWE

1 L.M.TURBINE INLET 6.053 14004000 1%.200 154,100

2 L.M.CONDENSER 1100.000 2.400 5.802

3 L.M.FEED PUMP +327.000 GPM 1106.600 23.€308 «200

4, L.M.RECIRC PUMP 11130.000 GPM 1280.000 18.840 «096

& LeM«30ILER INLET 1280.000 Selil

€ STEAM TURBINE THROTTLE S.194 1200.000 3515.000 799.600

7 STEAM REHEAT 0.000 0.000

& ST.COND.3ACK PRESS. 3.500INHG JolbeTH

9 FINAL FEEDWATER %92.000

10 COND/SG WATER INLET 492.000

11 COMPRESSOR INLET 8.307 59.600 14,690

12 GAS TURBINE INLET 9.054 1800.000 24€.300
13 GAS ECON.GAS INLET, 0.000 0.000

14 GAS FwH GAS INLET 865.000 1.401
1% STACK GA&3 EXHAUST 290.000

1¢ AS RECEIVED COAL 429.2007T/HR 9.€30



1218

CASE NO. 15
®* * % % s % EFFICIENCIES * * % * »

PCRER OQUTPUTY{AWE) 1200 2SS TURIINE INLET

FURNACE PXeFLD«3ED TEMPERATURE (DEG-F) 15C0.3 LeM.SYSTENM « 097
coAL BIT GAS ECONOMIZER _ YES PRESSURIZING SUBSYSTEM +265
WORKING FLUID K GAS FEEDWATER HEATER NO STEAM CYCLE 432
RECUPERATOR EFFECTIVENESS 040 LeM.CIRCULATION RATIO 2.5 1 GROSS PLANT 419
COMPRESSOR PRESSUKE RATIO 15 LM FEEQHEATER NO NET PLANT .408
AIR EQUIVALENCE RATIO 1.2 STAGES OF STEAM REHEAT g NET PONWER OUTRUT(HHE) 1168.93

TOTAL FLOW TEMPERATURE PRESSURE THERMAL LOAD  POWER OQUTPUT

we¥v STATE POINTS #wves 10E36 LBM/HR DEG-F PSIA 10E09 BTU/HR MNE

1 L.M.TURBINE INLET 6.697 1400.000 15.200 170.500

2 L +«M.CONDENSER 1100.000 2.4830 54313

3 L.M.FEED PUMP 5539.000 GPM  1100.000 28.400 J271

L L.M.RECIRC PUMP 12315.000 GPM = 1280.008 19.660 .129

£ L.M.BOILER INLET 1280.000. 5.987

€ STEAM TURBINE THROTTLE 6.417 1000.000 3515.000 7664100

7 STEAM REHEAT 0.000 6.000

& ST.COND.BACK PRESS. 3.500INHG 3.466

S FINAL FEEDWATER 492.080 '
10 COND/SG WATER INLET 560,000
11 COMPRESSOR INLET 9.363 59.000 14.690
12 GAS TURBINE INLET 10.176 1800.000 262.700
13 GAS ECON.GAS INLET, 852.000 .739

14 GAS FWH GAS INLET 0.000 » 0.000
1 STACK GAS EXHAUST 290.000

1t AS RECEIVED COAL 453.106T/7HR 9.776



CASE NO. 16
* e v s % 8 CFFICIENCIES * * & * &

PCHER OUTPUT (MWE) 1206 6aS TUR3INE INLET
FURNACE P, FUSNACE TEMPERATURE (DEG-F) 160643 L.H.SYSTEM 0397
CCAL 31T GAS ECONOMIZER YES PRESSURIZING SUBSYSTEM . 263
WORKING FLUID K GAS FEEDWATER HEATER NO STEAM CYCLE 432
RECUPERATOR EFFECTIVENESS 1.0 L.M.CIRCULATION RATIO 2.3 1 GROSS PLANT lOh
CCMPRESSOR PRESSURE RATIO 15 L. M.FEEDHEATER NO NET PLANT 394
AIR EQUIVALENCE RATIO 1e2 STAGES OF STEAM REHEAT ] NET PONER OUTPUT (MWE) 1169.¢2
TOTAL FLOW TEMPERATURE PRESSURE THERMAL LOAD POWER OUTPUT
s¥%x STATE POINTS »+es 10EJ5 LBM/HR CEG-F PSIA 10E09 3TU/HR MWE
1 L.M.TURBINE INLET 6. 622 1400.000 15.200 168.600
2 L+M.CONDENSER 1100 .600 2.400 5.254
3 LeM.FEED PUMP +734. 000 GPM  1100.060C 27.810 262
L i JM.RECIRC PUMP 12177.000 GPM  1280.000 19.560 <125
£ L.M.BOILER INLET 1280.000 5.921
g € STEAM TURBINE THROTTLE 6.576 1000.000 3515.060 762.000
[
N 7 STEAM REHEAT 0.000 0.000
& ST.COND.BACK PRESS. 3.500IN.HG 3.419
» &
¢ FINAL FEEDWATER 492.000
16 COND/SG WATER INLET 560,000
11 COMPRESSOR INLET 9.030 59,000 14.690
R 12 GAS TURBINE INLET 9.907 " 1800.000 269.400
13 GAS ECON.GAS INLET, 865.000 . 766
‘ 14 GAS FWH GAS INLET 0.000 0.000
i 15 STACK GAS EXHAUST 290.000

1t AS RECEIVED COAL 469.700T/7HR 10,134




CASE NO. 17

* % % ¥ ¥ % EFFICIENCIES & *= » i .

€718

PCHER OUTPUT{MNWE) 1208 GAS TURBINE INLET

FURNACE P~.FLUL3ED TEMPERATURE (DEG=F) 1¢00.0 LeM.SYSTEM « 027
ceaL 3IT  G4S ECONOMIZER NO  PRESSURIZING SUSSYSTEM .201
WCRKING FLUID K GAS FEEDWATER HEATER NO  STEAM CYCLE k20
RECUPERATOR EFFECTIVENESS 0.0  L.M.CIXCULATION RATIO 2.5 1 GROSS PLANT .336
CCMPRESSOR PRESSURE RATIC & L.MFEEDHEATER NO  NET PLANT .327
ATR EQUIVALENCE RATIO 1.2 STAGEL OF STEAM REHEAT 0 NET POWER QUTSUT (MWE) 1169.50

TOTAL FLOW TEHPEQ&TURE PRESSURE THERMAL LOAD POWER CUTPUT

*x¥% STATE POINTS **ex 10636 LBM/HR DEG-F PSIA 10E09 BTU/HR MNE

1 L.H.TURSINE INLET 7.265 1400.006 15.200 185.000

2 L.M.CONDENSER 1100.000 2.400 5.7€3

3 LeMeFEED PUMP 3194,060 GPM 1100.008 32.980 «34E

& L.M.RECIRC PUMP 13363.000 GPH  1280.000 20440 <165

£ L.M.BOILER INLET ’ 1280.008 8 .49E

€ STEAM TURSINE THROTTLE Be 657 1000.000 3515.000 70<.300

7 STEAM REHEAT 0.000 8.000

€ ST.COND. EACK PRESS. «S00IN.HG 3.343

S FINAL FEEOWATER 560.000
10 COND/SG WATER IMLET S60.000
11 COMPRESSOR INLET 11.682 59.000 14.690
12 GAS TURBINE INLET 12.€% 13064000 305.700
13 GAS ECON.GAS INLET, 0.000 0.000
14 GAS FWH GAS INLET 0.000 0.000
15 STACK GAS EXHAUST 1150.000
1€ AS RECEIVED COAL 565.300T/AR 12.197



yZT-8

PGHER GUTPUT (MKE) 1200
FURNACE PR.FL2.3ED
CcaL BIT
WORKING FLUID K

RECUPERATOR EFFECTIVENESS 0.0
COMFRESSOR PRESSURE R~TiO 10

AIR EQUIVALENCE FATIO 1.2
. T
s*s¥ STATE POINTS #»%s 10

1 LeM.TURBINE INLET
2 L+M<CONDENSER
3 LeMsFEED PUMF

L L.M.RECIKC PUMP -

mn

L.M.BOILER INLET
t STEAM TURBINE THROTTLE
7 STEAM REHEAT

8 ST.COND.BACK PRESS.

%s}

FINAL FEEDWATER

10 COND/SG WATER INLET
11 COMPRESSOR TINLET
12 GAS TURBINE INLET

13 GAS ECON.GAS INLET,

1L GAS FHH GAS INLET
1t STACK GAS EXHAUST

1€ AS RECEIVED COAL

CASE NG.

GAS TURBINE INLET

TEMPERATURE (DEG-F)

GAS ECONOMIZER
GAS FEEDWATER HEATER

Le M CIRCULATION RATIO

LeM.FEEDHEATEX

STAGES OF STEAM REHEAT

OTAL FLOW
£06 LBM/HR

7224

5150. 060 GPM

13360.000 GePM

6.629

10.€62
11.588

515.900T/HR

TEMPERATURE

DEG-F
1400.000
1100.000
1100.G60
1260.000
1280.008
1000.006

0.000

560,000
'560.000
59.0C0
1800.000
0.000
0.000
3492.000

PRESSURE

» % ¥ 5 % % CFFICIENCIES * *= & & &

LeM.SYSTEM

NO PRESSURIZING SU3SYSTEM

NO STEAM CYCLE
GROSS PLANT
NO NET PLANT

] NET POWER OUTPUT (MHWE)

PSIA
12.293
2.400
32.988

20 4L

3515.008
2.000

3.500IN.HG

14.690

1

THERMAL LOAD
10E09 BTU/HR

54731

o489

3.32=

0.000
0.000

1.131

« 097
«252
o420
L] 358
«359
1169.50

POWER QUTPUT

MWE

184,000

«346
«165

705.308

310.700



G218

CASE NO. 13
* * % ¥ & % EFFICIENCIES * & % + &

PCHER QUTPUT(MHE) 12080 GAS TURSBINE INLET
FULRNACE Px.FLD«3ED TEMPERATURE (DEG=-F) 1800.0 L.M.SYSTEM « 097
CCAL 51T GAS ECONOMIZER NO PRESSURIZING SUSSYSTEM e125
WCRKING FLUID K GAS FEECWATER HEATER NO STEAM CYCLE 420
RECUPERATOR EFFECTIVENESS 3.0 L.M.CIRCULATION RATIO 2.5 1 GROSS PLANT J212
CCMPRESSOK PRESSURE RATIO 15 LeM.FEEDHEATER NO NET PLANT « 207
ATR EQUIVALENGE RATIO 2.0 STAGES OF STEAM REHEAT 0 NET POWER OUTPUT (MWE) 1169.61

TOTAL FLOW TEMPERATURE PRESSURE THERMAL LOAD = PONWER OUTPUT

ss¥s STATE POINTS *#ss 10E36 LBM/HR DEG-F PSIA - 10E09 BTU/HR MNE

1 LeMeTURBINE INLET - BeTE9 1400.C00 15.200 147,400

2 L<M<CONDENSER 1100.008 2.:00 4.593

3 L.M.FEED PUMP %138, 000 GPM  1100.000 21.810 T 175

L L.M.RECIRC PUMP 10645.000 GPH  1280.000 20.350 .129

S L.M.BOILER INLET 1280.020 5.175

& STEAM TURBINE THROTTLE 5.313 1000.000 3515.000 565.200

7 STEAM REHEAT 0.000 0.000

& ST.COND.BACK PRESS. 3.500IN.HG 2.664

9 FINAL FEEDWATER ' 550.000
10 COND/SG WATER INLET 560.000
11 COMPRESSOR INLET 184485 53,000 14+ €30
12 GAS TURBINE INLET 20.089 1800.000 487.300
13 GAS ECON.GAS INLET, 5.000 0.000
1t GAS FWH GAS INLET 0000 0.000
15 STACK GAS EXHAUST 817.000

1& A4S RECEIVED COAL 894.400T/HR 19.297



CASE NO. 20
* % % » » % EFFICIENCIES * * & »

PCHER OUTPUT(MWE) 1299 GAS TUR3INE INLET
FURNACE P.FLT«3ED TEMPERATURE (JEG-F) 1835046 L.M.SYSTEM «097
CGAL 5IT GAS ECONOYIZER NO PRESSURIZING SUBSYSTEM « 096
RCRKING FLUID K GAS FEESWATEF HEATER NO STEAM CYCLE «L20
RECUPERATOR EFFECTIVENESS 0.0 L. #.CIRCULATION RETID 2.7 1 GROSS PLANT 127
CCMPRESSOR PRESSURE RATIQ 13 L.M.FEEDHEATER NQ NET PLANT o124
AIR EGQUIVALENCZE RATIO . 3.C STAGES OF STEAM REHEAT ] NET POWER OQUTPUT (MKE) 1169.77
TOTAL FLOW TEMPERATURE PRESSURE THERMAL LOAD POWER OQUTPUT
#e%% STATE POINTS *#¥»» 1GEIS LBM/HR DEG~-F ) PSIA 10E09 BTU/HR MKHE
1 L+M.TURBINE INLET 3.421 1400.000 15.200 ) 87.400
2 LeMJ.CONDENSER 1100.000 2.400 2.722
3 L.M.FEED PUMP 2446.000 GPM 1100.000 32.440 «160
t LeM.RECIRC PUK? 5290.000 GPM 1280.000 20.350 «076
£ LeM«BOILER INLET 1280.000 3.068
z € STEAM TURBINE THROTTLE 3.148 1600.000 3515.000 334.900
N
o
7 STEAM REHEAT G.000 0.000
& ST.COND.3ACK PRESS. 3.590INHG 1.578
9 FINAL FEEDHWATER 560.000
10 COND/SG WATER INLET 560.000
11 COMPRESSOR INLET 30.770 53.000 14.690
12 GAS TURBINE INLET 33.441 1800.000 777.700
13 GAS ECON.GAS INLET, 0.000 0.000
14 GAS FWH GAS INLET 0.000 0.000
12 STACK GAS EXHAUST 805.000

1€ AS RECEIVED COAL 1488.900T/7HR 32.125




LT1-8

CASE NO. 21
* % x * % % EFFICIENCIES » + » = «

PCWER OUTPUT (MWE) 1200 GAS TURSINE IMET
FURNACE P.FLC.3ED TEMPERATURE (DEG-F)  1t00.3  L.M.SYSTEM .097
COAL 3T GAS ECONOMIZER NO  PRESSUPIZING SUBSYSTEM .231
WORKING FLUID K GAS FEECHATER HEATER NO  STEAM CYCLE o420
RECUPERATOR EFFECTIVENESS 0e0 L.M.CIRCULATION RATIO 2.5 1  GROSS PLANT .403
CCMPRESSOR PRESSURE RATIO  1E L. M.FEEDHEATER NO  NET PLANT <393
AIR EQUIVALENCE RATIO 1.2 STAZES OF STEAM REHEAT 3 NET PCWER OUTPUT (MWE) 1169.27
TOTAL FLOW TEMPERATURE PRESSURE THERMAL LOAD  POWER OUTPUT

sx¥¢ STATE POINTS *ve» 10EJ5 LBM/HR CEG=F PSIa 1GEQ9 BTU/HR MNE

1 L.M.TURBINE INLET 7.833 1400.000 15,298 200,700

2 L.M.CONDENSES, 1100.000 24400 6.253

3 L.N.FEED PUMP 5635.000 GPM  1109.000 38.410 442

L LM RECIRC PUMP 144964000 GPM  128G.000 21.370 .211

€ L.M.30ILER INLET 1280.000 74048

€ STEAM TURSINE THROTTLE 7.234 1000.000 3515.000 7€9.500

7 STEAY REHEAT ' 0.600 0.000

8 ST.COND.BAGK PRESS. 3.500IN.HG 3.627

S FINAL FEEOWATER 5604000
16 COND/SG WATER INLET 560.000
11 COMPRESSOR INLET 9.737 £9.000 14,6390
12 GAS TURBINE INLET 10.583 1600.000 229.700
13 GAS ECON.GAS INLET, 0.000 8.000
1& GAS FHH GAS INLET 0.000 0.000
15 STACK GAS EXHAUST 726.000

1¢ AS RECEIVED COAL 471.1G0T/HR 10.16¢5



821-8

CASE MNC. 22
¥ » % 3 3 % EFFICIENCIES * *# & « =»

PCHER OUTPUT (MWE) 1200 GAS TURSINE INLET
FURNACE Px.FLO3ED TEMPERATURE (DEG-F)  1700.0  L.M.SYSTEM .097
CCAL 8IT  GAS ECONOMIZER NO  PRESSURIZING SUBSYSTEM .254
WCRKING FLUID K GAS FEEOWATER HEATER NO  STEAN CYCLE o420
RECUPERATOR EFFECTIVENESS 8.0 L.M.CIRCULATICN RATIO 2.5 1  GROSS PLANT « 354
COMPRESSOR PRESSUFE RATIO0 15 L.M.FEEOHEATER NGO  NET PLANT .385
AIR EUUIVALENCE RATIO 1.2 STAGES OF STEAM REHEAT 2 NET POWER OUTPUT (MWE) 1169.32
TOTAL FLOW TEMPERATURE PRESSURE THERMAL LOAD  POWER OUTPUT

ssss STATE POINTS *ewe . 10E36 LBM/MR DEG-F PSIA 10E09 3TU/HR MNE

1 L.M.TURBINE INLET 7.639 1400.000 15.200 194.500

2 L .M. CONDENSER 1100.600 2.400 6.0€3

3 L.M.FEED PUMP 5460.000 GPM  1100.000 36. 220 402
L L.M.KECIFGC PUMP 14047.000 GPM 1280000 21.000 .192

£ L.M.BOILER INLET v 1280.000 6.830

€ STEAM TURBINE THROTTLE 7.010 1000.000 3515.000 745,800

7 STEAM REHEAT 0.000 0.000

& ST.COND.BACK PRESS. 3.500INHG 3.51¢

¢ FINAL FEEDWATER 560.000
10 COND/SG WATER INLET 560,000
11 COMPRESSOR INLET 9.901 53.000 14,590
12 GAS TURBINE INLET 10.834 1700.000 25%.600
13 GAS ECON.GAS INLET, 0.000 04000

14 GAS FWH GAS INLET 0.000 0.000

1 STACK GA3 EXHAUST 790.000

1€ AS RECEIVED COAL L81.000T/7HR 10.3738



6218

CASE NC. 23
* % v s % EFFICIENCIES * * & = »

PCHER OUTPUT(MHE) 1250 GAS TURBINE INLET

FURNACE PreFLO.3ED TEMPERATURE (DEG=F) 16500.6 LeM.SYSTEM »098
CGAL 317 GAS ECONOMIZER NO PPESSURIZING SUBSYSTEM 207
HORKING FLUID K GAS FEEDWATER HEATER NO STEAM CYCLE <420
RECUPERATOR EFFECTIVENESS 8.0 L-M.CIRCULATION RATIO 2.5 1 GROSS PLANT «3561
CCMPRESSOR PRESSURE RATIO 12 % L.M.FEEDHEATER NO NET PLANT «371
AIR EQUIVALENCE RATIO 1«2 STAGES OF STEAM REHEAT 0 NET POWER OUTPUT (MRE) 1163.42

TOTAL FLOW TEMPERATURE PRESSURE THERMAL 0AD POWER OUTPUT

*3¥» STATE POINTS ®¥*» 10€35 LBM/HR DEG~F PSIA 10E03 BTU/HR MNE

1 L.M.TURBINE INLET Te03db 1-00.000 24,708 190.600

2 L<MeCONDENSER 1200.000 4.800 54640

3 L.M.FEED PUMP S44L 4,000 GPM 1200.000 43.600 460

L L.M.RECIRC PUMP 1+028.000 GPM 1380.000 29.330 o1kt

£ L.MeBOILER INLET 1380,000 6.593

€ STEAM TURBINE THROTTLE 6.755 10386.000 3515.000 Tie.600

7 STEAM REHEAT 0.G00 0.000

8 ST.COND.3ACK PRESS, 3.500INLHG 3.387

S FINAL FEEDWATER 360.000
1C COND/SG WATER INLET £60.000
11 COMPRESSOR INLET 10.310 59.000 14.690

12 GAS TURBINE INLET 11.205 1800.000 290.800
13 GAS ECON.GAS INLET, 0.000 0.000

1L GAS FHH GAS INLET 0.000 0.000
1% STACK GAS EXHAUST 844 .600

1t AS RECEIVED COAL ) 498.300T/7HR 10.757



CASE NC. 24
* ® x v ¥ x EFFICIENCIES * * » *= »

PCHER OUTPUT (MWE) 1200 GAS TURSINE INLET ‘
FURNAGE PR+ FLO.3ED TEMPERATURE (DEG-F)  1£00.0  L.M.SYSTEM .108
COAL SIT  GAS ECONOMIZER N0  PRESSURIZING SU3SYSTEM .267
WORKING FLUID K GAS FEEDWATER HEATER NO  STEAM CYCLE 420
RECUPERATOR EFFECTIVENESS 9.0  L.M.CIRCULATION RATIO 2.5 1 GRGSS PLANT .381
CGMPRESSOR PRESSURE RATIO 15  L.M.FEEDMEATER NO  NET PLANT .372
AIR EQUIVALENCE RATIO 1.2 STAGES OF STEAM REMEAT 3 NET POWER OUTPUT (MKE) 1169.27
TOTAL FLOW TEMPERATURE PRESSURE THERMAL LOAD  POMER QUTPUT
sxes STATE POINTS **e» 10E06 LBM/HR DEG=F PSIA 10E03 BTU/HR MNE
1 LoM.TURBINE INLET 7.563 1600.000 38.200 193.100
2 L+M.CONDENSEX ' 13004600 84800 5.826
3 L.M.FEED PUMP 56084000 GPH 1300000 584530 611
L L.M.RECIRC PUMP 146464000 GPM  1480.000 424590 .138
® £ L.M.BOILER INLET 1480.000 64577
-
(%)
S € STEAM TURSINE THRETTLE 6.737 1000.000 3515.000 ' 71€.700
7 STEAM REHEAT 0.G00 0.000
€ ST.COND.BACK PRESS. 3.500INJHG 3.378
o =g S FINAL FEEDWATER 560,000
g% E% 16 COND/SG WATER INLET 5604000
o2 5
R 11 COMPRESSOR INLET 10.285 59.600 14,690
g
e 12 GAS TURBINE INLET 11.178 18004000 290.200
&y
S 13 GAS ECON.GAS INLET, 0.000 0.000
Sk 14 GAS FWH GAS INLET 0.000 2.000
A
;7 15 STACK GAS EXHAUST abi. 000
= 1€ AS RECEIVED COAL 497.700T/HR 10.733
)
=

dHL J0



T€1-8

CASE NO. 25

POWER OUTPUT (MWE) 1260 GAS TURBINE INLEY
FURNACE P=eFLO.3ED TEMPERATURE (DEG-F)
CCAL SIT GAS ECONOMIZER
WCRKING FLUID K GAS FEEDWATER HEATER
RECUPERATOR EFFECTIVENESS 0.0 Lo M. CIRCULATION RATIO
COMPRESSOR PRESSURE RATIO iz L. M.FEEDHEATER
AIR EQUIVALENCE RATIO 1.2 STAGES OF STEAM REHEAT
TOTAL FLOW TEMPERATURE
#x¥% STATE POINTS »%+%x 1GEGE LBM/HR OEG~F
1 L.M.TURBINE INLET 7.331 1506.000
2 LM CONDENSER 1200.000

3 L.M.FEED PUMP

L L+M.RECIRC PUMP

£ L.M.BO0ILER INLET

€ STEAM TURBINE THROTTLE
7 STEAM REHEAT

¢ ST.COND.BACK PRESS.
S FINAL FEEDWATER
10 COND/SG WATER INLET
11 COMPRESSOR INLETY

12 GAS TURBINE INLET
13 GAS ECON.GAS INLET,
14 GAS FWH GAS INLET
1¢ STACK GAS EXHAUST

1€ AS RECEIVED COAL

5368.000 GPM 1200.000

13831.000 GPM 1380.000

1380.008
6e 140 1108.000

g.000

560.000

560.000

10.1865 59,000
11047 1300.000
0.000

0.000

844,000

491.900T/HR

1600.0
NO
NO
2‘5 1
NO
]

PRESSURE
PSIA
24.76
Lo80
42.52

29.20
3515.00

0.00

3.50

14.€9

¥+ % % x EFFICIENCIES * * * » »

LeM.SYSTEM 098
PRESSURIZING SUSSYSTEM «2€7
STEAM CYCLE « 430
GROSS PLANT « 3566
NET PLANT «376
NET POWER QUTPUT (MHE) 1169.73
THERMAL LOAD POWER OUTPUT
10EG3 BTU/HR MKE
i} 186.9000
] 5758
0 olbls O
] 135
6..500
] 725.400
0
3IN.HG 3.282
0
286.900
¢.000
0.000
10.613



ZET-8

CASE NO. 2t
* % % v % % EFFICIENCIES * % & & &

PCWER OUTFPUT (MWE) 12210 GAS TURSINE INLET
FURNACE PR.FLU3ED TEMPERATURE (JEG-F} 1t0Ce LeM.SYSTEM «10690
CCAL AIT GAS ECONOMIZER NO PRESSURIZING SU3SYSTEM « 267
WCRKING FLULD K GAS FCZEDWATER HEATER NO STEaM CYCLE b3
RECUPERATOR EFFECTIVENELS 3.0 L.M.CIRCULATION RATIO 2.5 1 GROSS PLANT « 394
CULMPRESS0X PRESSURE RATIO 15 L. M.FEEOHEATER NO NET PLANT «364
AIR EQUIVALENCE RATIiO 1.2 STAGES CF STYEAM REHEAT Bl NET POWER OUTPUT (MKE) 1169434 -
TOTAL FLOW TEMPERATURE PRESSURE THERMAL LOAD POWER OUTPUT

#3%% STATE POINTS ##»+ 10E15 LBM/HR DEG-F PSIA 10€03 BTU/HR MKE

1 L.M.TURBINE INLET 7.3+43 1€00.680 38,208 187.000

2 L.M.CONDENSER 13006.600 8.800 S5.0640

3 L.M.FEED PUMP 3431.G0C GPM 1300.000 55,770 «555

4 LeM.RECIRC PUMP 13386,.000 GPM 1580.000 424320 «125

£ LeM.COILER INLET 1480.000 6.363

€ STEAM TURBINE THROTTLE 5.€807 1200.000 3515.000 732.000

7 STEAN REHEAT 0.600 0.000

€ ST.COND.BACK PRESS. 3.530INHG 3.1b1

9 FINAL FEEDWATER 560.000
106 COND/SG WATER INLET 560000
11 COMPRESSOR INLET 9.959 53.000 16,530
12 GAS TURBINE INLET 10.823 1300.000 281.000
13 GAS ECON.GAS INLET, 6.000 0.003
1L GAS FHWH GAS INLET 0.0086 0.000
1& STACK GAS EXHAUST 84L,000

1¢ AS RECEIVEJ COAL 481.900T/HR 10.397



€e1-8

CASE NO. 27
* * % % % % EFFICIENCIES * * & = &

PCHER OUTPUT(MKE) 1200 GAS TUR3INE INLET :

FURNACE P FLD.3E0 TEMPERATURE (DEG=F) 1t36.0 L.M.SYSTEM 037
CCAL 81T GAS ECONOMIZER NO PRESSURIZING SUBSYSTEM 0267
HWGRKING FLUID K GAS FEEDWATER HEATER NO STEAM CYCLE k35
RECUPERATGOR EFFECTIVENESS 0.8 L.M.CIRCULATICN RATIO 2.3 1 GROSS PLANT ) »388
CCMPRESS0k PRESSURE RATIO 15 Le M. FEEGHEATER NO NET PLANT 378
AIR EQUIVALENCE RATIO 1.2 STAGES OF STEAM REMEAT 1 NET POWER QUTPUT (MWE) 116%.41

TOTAL FLONW TEMPERATURE PRESSURE THERMAL LOAD  PONWER CUTPUT

*x8% STATE POINTS ®wew 10EJ6 LBM/HR QEG=F PSIA 10E09 BTU/HR . MWE

1 LeM.TURBINE INLET 7.227 1400.000 15,200 184.000

2 L+M.CONDENSER 1100.000 2.L08 54733

2 LeM.FEED PUMF 166,000 GPM  1100.000 32.660 «340

L LeM«RECIRC PUMP 13290+ 000 GPM i2s0.000 204390 +163

£ LeM.BOILER INLET 1280.000 6.461

€ STEAM TURBINE THROTTLE 5.269 1000.000 3515.000 730.700

7 STEAM REHEAT 1000.000 600,000

E ST.COND.BACK PRESS. 3.500INJHG 3.239

S FINAL FEEDWATEK 5604000

10 COND/SG WATER INLET 560.000

11 COMPRESSOR INLEY 10.104 59,000 14,690

12 GAS TURBINE INLET 10,931 1800.000 285.200
13 GAS ECON.GAS INLET, 0.0080 06.000
1L GAS FWH GAS INLET 0.000 0.000

1% STACK GAS EXHAUST 8444000

1¢ AS RECEIVED COAL 4884900T/7HR 10.549



CASE NO. 238
* ¥ » ®» ¥ % EFFICIENCIES ® » % » &«

PCHER OUTPUT (MHE) 120 GAS TURBINE INLET
FURNACE PR.FLO.3ED TEMPERATURE {(DEG-F)  1806.0  L.M.SYSTEM .098
COAL 3IT  GAS ECONOMIZER NO  PRESSURIZING SUBSYSTEM J2E7
WORKING FLUID K GAS FEEDWATE f HEATER NO  STEAM CYCLE 459
RECUPERATOR EFFECTIVENESS 0.0  L.M.CIRCULATION RATIO 2.6 1 GROSS PLANT 396
COMPRESSOR PRESSURE RATIO 15  L.M.FEEDHEATER NO  NET PLANT 336
AIR EQUIVALENCE RATIO 1.2 STAGES OF STEAM REMEAT 1 NET POWER OUTPUT(MWE) . 1169.48
TOTAL FLOW TEMPERATURE PRESSURE THEXMAL LOAD  POWER CUTPUT
s¥%s STATE POINTS %% 10606 LBM/HR DEG-F PSIA 10EQS BTU/HR HIE
1 L.M.TURBINE INLET 7.19% 15004000 24.700 1€3.000
2 L.M.CONDENSEK 1200.000 4.800 5.512
3 L.M.FEED PUMP 5236.000 GPM  1200.000 40,630 408
L L.M.RECIRC PUMP 13492.000 GPM  1360.000 28.960 125
® & L.H.BOILER INLET 1280.000 6.336
[}
—
L € STEAM TURBINE THROTTLE 4. 807 1100.800 3515.000 737.400
7 STEAM REHEAT 1100.000 600.000
& ST.COND.3ACK PRESS. 3.500IN.HG 3.095
o FINAL FEEDWATER 560,000
gg gg 10 COND/SG WATER INLET 560.000
= £g 11 COMPRESSOR INLET 9.997 59.000 14.690
Lk
o é? 12 GAS TURBINE INLET 10.767 1800.000 275.600
«l {;’j
f‘ 13 GAS ECON.GAS INLET, 0.000 0.000
o 14 GAS FWH GAS INLET 0.005 0.000
15 STACK GAS EXHAUST 84 .000
1€ AS RECEIVED COAL 579.400T/HR 10.343

¥004 ot



CASE NO. 29
*# % ¥ % % » CFFICIENCIES * * * »

SET-8

PCHER OUTPUT(MHE) 12080 GAS TURSINE INLET
FURNACE P FLC.BED TEMPERATURE (DEG-F) 1€00.0 LeM.SYSTEM «1G0
COAL 81T GAS ECONOMIZER NO PRESSURIZING SU3SYSTEM 2 2€7
WORKING FLUID K GAS FEEDWATER HEATER NO STEAM CYCLE 42
RECUPERATOR EFFECTIVENESS 0.0 L+M.CIRCULATION RATIO 2e3 1 GROSS PLANT Wil
COMPRESSOKk FRESSUFE RATIO 1% L. M. FEEDHEATER NO NET PLANT «394
AIR EQUIVALENCE PATIO 1.2 STAGES OF STEAM REHEAT i NET POWER OUTPUT (MKE) 1169.39
TOTAL FLOW TEMPERATURE PRESSURE THERMAL LOAD POWER OUTPUT

*4¥%% STATE POINTS #®%»¥*» 10EQ26 LBM/HR DEG-F PSIA 10E03 BTU/HR MKE

1 L.M.TURBINE INLET 74155 1600.000 38.200 182.200

2 L.M.CONDENSER 1300.000 8.500 5449,

3 LM FEED PUMP 3292.000 GPM 1300.000 23.503 «51&

4 L<M.RECIRC PUMP 13631.000 GPM 1480.000 524110 «116

€ LeM.80ILER INLET 1480000 6.206

€ STEAM TURBINE THROTTLE 44430 1200.000 3515.060 743.900

7 STEAM REHEAT 1205.000 600.000

& ST.COND.3ACK PRESS. 3.500IN.HG 24950

9 FINAL FEEDWATER £60.000
10 COND/SG HWATER INLET 560.000
11 COMPRESSUR INLET 9,705 53.000 16.590
12 GAS TURBINE INLET 10.547 1800.000 273.900
13 GAS ECON.GAS INLET, 0.000 0.003
14 GAS FHH GAS INLET 0.000 0.000
1% STACK GAS EXHAUST E4..000
1€ AS RECEIVED COAL 469.600T/HR - 10.132



9€T~8

CASE 10. 30
* %% 5 % % EFFICIENCIES * * * * *

POMER OUTPUT{(MNWE) 1200 GAS TUR3INE INLET

FURNACE PR.FLD.BED TEMPERATURE (DEG-F) 160040 LeM.SYSTEM « 097
COAL 8IT GAS ECONOMIZER ‘ NO PRESSURIZING SUBSYSTEM «290
WORKING FLUID . K GAS FEEDWATER HEATER NO STEAM CYCLE <410
RECUPERATOR EFFECTIVENESS 0.0 L.HeCIRCULATION RATIO 2.% 1 GROSS PLANT « 374
COMPRESSOR PRESSURE RATIO 15 L. M.FEECHEATER NO NET PLANT «365
AIR EQUIVALENCE RATIOD 1.2 STAGES OF STEAM REHEAT ] NET POWER OUTPUT (MWE) 1169.45

ToTAL FLOW TEMPERATURE PRESSURE THERMAL LOAD POWER CUTPUT

$¥¥% STATE POINTS vves 10E36 LBM/HR DEG-F PSIA 10EG9 BTU/HR MHE

1 LeM. TURBINE IMLET 7.4530 1480.000 15.200 160.700

2 LM CONDENSER : 1100.000 24400 5.942

3 LeM.FEED PUMP . 5354 000 GPM 1100.000 34.910 : <379

L L.H.RECIRC PUNE 13773.000 GPM 1286:000 20.770 «181

£ LeM.BOILER INLEY 1280.000 6+69¢

6 STEAM TURBINE THROTTLE 6.338 1900.000 2415.000 713.800

7 STEAM REHEAT 0.000 0.000

8 ST.COND.BACK PRESS. 3.500INHG 3.506

9 FINAL FEEDWATER . 530.000
10 COND/SG WATER INLET $30.000
131 COMPRESSOR INLET 10.471 59.000 14.630
12 GAS TURBINE INLETY 11.380 1600.000 295.500
13 GAS EGIN.GAS INLET: 0.000 0.000
14 GAS FWH GAS INLET 0.000 ‘0.000
15 STACK GAS EXHAUSY 844.000

16 AS RECEIVED COAL. 506.700T/HR 10,933



LET-8

CASE NO. 31
* * s v v s EFFICIENCIES ® * ® « »

POMER QUTPUT (MKE) 1200 6AS TURBINE IMET
FURNACE PI.FLL.BED TEMPERATURE (DEG-F) 160048  L.M.SYSTEM <098
COAL 3IT  GAS ECONOMIZER NO  PRESSURIZING SUBSYSTEM «267
WORKING FLUID K GAS FEEDWATER HEATER NO  STEAM CYCLE . 420
RECUPERATOR EFFECTIVENESS 0.0 L.M.CIRCULATION RATIO 2.5 1  GROSS PLANT 380
COMPRESSOR PRESSURE RATIO 15 L. M.FEEDHEAT IR NO NET PLANT o371
AIR EQUIVALENCE RATIO 1.2 STAGES OF STEAM REHEAT 1] NET POWER OUTPUT (MHE) 1169.60
TOTAL FLOW TEMPERATURE PRESSURE THERMAL LOAD POMWER OUTPUT

sevr STATE POINTS *wesx 10E36 LBM/HR DEG-F PSIA 10E09 BTU/HR MNE

1 L.M. TURBINE INLET 7.456 1500.000 24.700 150.600

2 L.H.CONDENSER 1200.000 4.800 5.8L0

3 LeM.FEED PUMP S444,0080 GPM 1200.000 43.600 460

L L.M.RECIRC PUMP 14328.000 GPM  1380.000 29.330 el

£ L.M.BOILER INLET 1380.000 6.59%

€ STEAM TURSINE THROTTLE 5.824 1100.000 2415.000 718.600

7 STEAM REHEAT 0.000 0.000

& ST.COND.BACK PRESS. 3.500INHG 3.387

9 FINAL FEEDWATER 530.000
10 COND/SG WATER INLET 530.000
11 COMPRESSOR INLET 10,311 53,000 14.690
12 GAS TURBINE INLET 11.206 1800.000 296.990
13 GAS ECON.GAS INLET, 0.000 0.000
14 GAS FWH GAS INLET 0.000 0.000
1t STACK GAS EXMAUST " bt . 000

1€ AS RECEIVED COAL bQB;QDDTIHR 10.764



8ET-8

CASE No. 32
* % s 5 % % CFFICIENCIES * » & * %

PCWER OUTPUT (MKE) 12¢a GAS TURBINE INLET
FURNACE P<«.FLD.3ED TEMPERATURE (DEG-F) 160540 L M .SYSTEM 109
CCAL 31T GAS ECONOMIZER NO PRESSURIZING SUSSYSTEM «267
RCRKING FLUID K GAS FEEGWATER HEATER NG STEAM CYCLE <430
RECUPERATOR EFFECTIVENESS 3.0 Lo M.CIRCULATION RATIO 2.7 1 GROSS PLANT «387
CCMPRESSOR PRESSURE RATIO 15 L.M.FEEOHEATER NO NET PLANT 377
AIR EQUIVALENCE RATIO 1.2 STAGES OF STEAM REHEAT 2 NET POWER OUTPUT (MWE) 1169.40
TOTAL FLOW TEMPERATURE PRESSURE THERMAL LOAD POWER CUTPUT

PE¥e STATE POINTS *4*» 10E36 LBM/HR DEG~-F PSIA 10E03 BTU/HR MNE

1 L.H, TURBINE INLET T.476 1600.000 38.200 190.400

2 LM .CONDENSER 1300.G00 8.800 S.740

3 LeM.FEED PUMP . FEERERLEINR PY 1300.000 27«30 «58€

4 L.M.RECIRC PUMP 1+4242.000 GPM 1480.000 524470 -132

£ LoM.BOILER INLET ) 1480.000 6elL85

€ STEAM TURBINE THROTTLE 5359 1200.000 2415.000 723.500

7 STEAM REHEAT 0.000 0.000

& ST.COND.BACK PRESS, 3.%00IN.HG 3.273

€ FINAL FEEDWATER 530.000
1C COND/SG WATER INLET 530.000
11 COMPRESSOR INLET 104151 59.000 14.€90
12 GAS TURBINE INLET 11.021 1800.000 28€.200
13 GAS ECON.GAS INLET, 0.000 . 0.000
14 GAS FWH GAS INLET 0.000 0.000
1% STACK GAS EXHAUST 844,000

1€ AS RECEIVED COAL 490.700T/HR 10.587



6ET-8

CASE NC. 33
* %% » » ¥ EFFICIENCIES * + & + »

PCWER OUTPUT(MWE) . 12350 GAS TURBINE INLET
FURNACE PE.FLC.3ED TEMPERATURE (DEG-F) 16000 LeM.SYSTEM «097
CoAL 3IT GAS ECONOMIZEK NO PRESSURIZING SU3SYSTEM «267
RORKING FLUID LS GAS FEEOWATER HEATER NO STEAM CYCLE 426
RECUPERATOR EFFECTIVERESS 4.7 L.M«CIRCULATION RATIO F 1 GROSS PLANT «383
CCHPRESSOR PRESSUKE RATIO 13 L M.FEEDHEATER NO NET PLANT « 374
AIR EQUIVALENCE RATIO 1.2 STAGES OF STEAM REMEAT 1 NET POWER OUTPUT (MME) 1169.49
TOTAL FLOW TEMPERATURE PRESSURE THERMAL LOAD POWER OUTPUT

$¥8% STATE POINTS **¥» 10E)o LBM/HR DEG~F PSIA 10E09 BTU/HR MNKE

1 L.M.TURBINE INLET 7.320 1-00.000 15.200 166.400

2 L.HM.CONDENSER 1106.¢00 2400 5.807

3 Le«M.FEED PUMP 5233.000 GPHM 1100.000 33.~30 «354

L L.M.RECIRC PUNP 13460.000 GPM 1280.0038 20.520 .169

€ LeM.EOILER INLET 1280.000 64545

€ STEAM TURBINE THROTTLE 5.238 1000.600 2415.000 724.800

7 STEAM REHEAT 1000.000 6G0.000

& ST.COND.BACK PRESS. 3.500INHG 3.333

9 FINAL FEEDWATER 530.000
1G COND/SG WATER INLET 530.G00
11 COMPRESSOR INLET 16.234 59.000 14.690
12 GAS TURBINE INLET 11.122 1800.000 288.800
13 GAS ECON.GAS INLET, 8.000 0.000
1L GAS FWH GAS INLET 0.000 0.000
1%L STACK GAS EXHAUST bl 4000
1€ AS RECEIVED COAL 495.200T/7HR 10.E84




o%1-8

CASE NO. 34
* %% v % % EFFICIENCIES * ¢ v & &

PCWER OQUTFUT(MNE) 12400 GAS TURBINE INLET
FURNACE . P2.FLCL.BED TEMPEXATURE (DEG=F) 16043 LeMesSYSTEM « 098
CGAL 3IT GAS ECONOMIZER NO PRESSURIZING SU2SYSTEM « 267
WGRKING FLUID K GAS FEEJIWATEF HEATER NO STEAM CYCLE <436
RECUPERATOR EFFECTIVENESS Ja0 L.M.CIRCULATION RATIO . 2.3 1 GROSS PLANT «389
CCMPRESSOR PRESSURE RATIO 1% Lo M.FEEOHEATER NO NET PLANT .380
AIR EQUIVALENGE RATIO 1.2 STAGES OF STEAM REMEAT 1 NET POWER OUTPUT (MWE) 1169.75
TOTAL FLOW TEMPERATURE PRESSURE THERMAL LOAD POWER OUTPUT

“¥¥% STATE POINTS »*ev 10E06 LBM/HR DEG=F pSIA 10E09 BTU/HR MNE

1 L.M.TURBINE INLET 7.316 1500.000 26,700 186.300

€ LaM.CONDENSEF 1200.G00 4.800 5.707

3 L.MH.FEED PUMP 3320.060 GPM 1200.9000 +1.850 429

L L eM.KECIRC PUMP 13709.000 GPM  1380.000 29.120 .131

€ LoM.BOILER INLET 1380.000 Betrbly

€ STEAM TURBINE THROTTLE Le840 1100.000 2415.000 72€.600

7 STEAM REHEAT 1100.000 660.000

& ST.COND.BACK PRESS., 3.500IN.HG 3.213

€ FINAL FEEDWATEK 530.000
10 COND/SG WATER INLET 530.000
11 COMPRESSOR INLET 10.078 £9.000 14,630
12 GAS TURBINE INLET 10.950 1800.000 284,400
13 GAS ECON.GAS INLET, 0.000 ° 0.000
14 GAS FWH GAS INLET 6.00% 0.000
1€ STACK GAS EXHAUST ' dbu (600

1€ AS RECEIVED COAL . 487 .500T/HR 10.518



TYT-8

CASE NG. 35
» %% s % % EFFICIENCIES * * & » »

PCGHER OUTPUT(MNE) 1203 GAS TURBINE INLET

FURNACE PI.FLO.3ED TEMPERATURE (DEG-F) 150060 LeM.SYSTEM «100
COAL 317 GAS ECONOMIZER NO PRESSURIZING SUBSYSTEM « 227
WORKING FLUID K GAS FEEOWATER HEATER NO STEAM CYCLE 452
RECUPERATOR EFFECTIVENESS 0.0 L. H.CIRCULATION RATIO 2% 1 GROSS PLANT ) «399
COMPRESSOR PRESSURE RATO 13 L.P.FEEDHEATER NO NET PLANT «369
AIR EQUIVALENCE RATIO 1.2 STAGES OF STEAM REHEATY 1 NET POWER OUTPUT(MMWE) 1169.36

TOTAL FLOW TEMPERATURE PRESSURE THERMAL LOAD POWER OUTPUT

#¥8+ STATE POINTS #»s¢» 10ED5 LBM/HR DEG-F PSIA 10E03 BTU/HR MNWE

1 L.M.TURBINE INLETY 7.253 1603.000 38.208 184.700

2 L.M.CONDENSEK 1360.000 8.800 5.570

3 L.M.FEED PUHP 53654000 GPM 1300.800 54.830 «535

L L.M.RECIRC PUMP 13817.000 GPM 1.80.000 32.220 : 121

€ L.M.BOILER INLET 1-80.000 6,291

€ STEAM TURBINE THROTTLE b.4ED 1200.000 2415.000 : 737.700

7 STEAM REHEAT 1200.000 660,000

8 ST.COND. EACK PRESS. 3.500INHG 3.052

S FINAL FEEOWATER 530.000
146 COND/SG WATER INLET 530.000

11 COMPRESSOR INLET 9. 837 59.000 14,690
12 GAS TURBINE INLET 10.691 1800.000 277.600
13 GAS ECON.GAS INLET, 8.000 0.000
14 GAS FWH GAS INLET 0.000 0.000
1% STACK GAS EXHAUST 8444000

1€ AS RECEIVED COAL 476.000T/7HR 10.270



CASE NO. 36
* %% * % % EFFICIENCIES * * & »

PCWER OUTPUT (4HE) 1269 GAS TURGINE INLET
FURNACE P2 «FLLL3E0 TEMPERATURE (DEG=-F) 1£00.0 LeM.SYSTEHM « 097
CGAL 3IT GAS ECONOMIZER NO PRESSURIZING SUSSYSTEM .267
WCRKING FLUID K GAS FEEGWATER HEATER NO STEAM CYCLE h21
RECUPERATOR EFFECTIVENESS 0.0 L.M.CIRCULATION RATI10 Ze3 1 GROSS PLANT <30
COMPRESSOR PRESSUFE R:Tid 15 LeM.FEEOHEATER - NO NET PLANT .371
AIR EQUIVALENCE RATIO 1.2 STAGES OF STEAM REHEAT 3 NET POWER OUTPUT (MWE) 11639.38
TOTAL FLOW TEMPERATURE PRESSUPE THERMAL LOAD POWER OUTPUT
w»¥xy STATE POINTS **vs 10E36 LBM/HR DEG~F PSIA 10E09 BTU/HR MWE
1 L.M.TURBINE INLET T.371 1400.000 15.200 187.700
2 L.H.CONDENSER 1100.008 2.400 5.54L7
3 L.H.FEED PUMP 3269.000 GPM  1100.000 33.880 .361
L L M.RECIKC PUMP 13554.000 GPM = 1280.,000 20,600 173
w § LeM.BOILER INLET 1280.000 €.591
!
5 € STEAM TURBINE THROTTLE 64237 1006.C0U 2415.000 721.300
7 STEAM REHEAT 0.000 0.000
&€ ST.COND.BACK PRESS. 2.000INLHG 3.385
S FINAL FEEOMWATER 530.000
§5 Eg 10 COND/SG WATER INLET 530.000
Yeued
gﬁ gg 11 COMPRESSOR INLET 104306 59,000 14.690
“
?a Sf 12 GAS TURBINE INLET 11.201 1800.000 296.900
L
eor £ 13 GAS ECON.GAS INLET, 0.000 0.000
£ .
¢ 14 GAS FWH GAS INLET 5.000 0.080
Jor-o
L
e gt 1& STACK GAS EXHAUST 8444000
o
g & 1€ AS RECEIVED GOAL 438.700T/HR 10.760
ey
S
=5 Basi
=



£v1-8

LASE NO. 37
# %% »» % FFFICIENCIES * * * * 2

PGHER OUTPUT(MWE) 1200 GAS TURBINE INLET
FURNACE PR.FLL.3ED TEMPERATURE (JEG~F) 1600.0 L.M.SYSTEM .0¢7
coaL 3IT GAS ECONOMIZEX NO PESSURIZING SURSYSTEM 267
WORKING FLUID X GAS FEEOQWAT-R HEATER NO STEAM CYCLE +383
RECUPERATOR EFFECTIVERESS 0.0 L.M.CIRCULATION RATIO 2.% 1 GROSS PLANT «360
COGMPRESSOR PRESSURE RATIO 15 L.M.FEEDHZATER NO NET PLANT «351
AIR EQUIVALENGCE RATIO 1.2 STAGEs 07 STEAM REHEAT 2 NET POWER OUTPUT (MHWE) 1168,70
TOTAL FLOW TEMPERATURE PRESSURE THERMAL LOAD  POWER OUTPUT

¥#3% STATE POINTS *¥s+ 10E06 LBM/HR JEG=F PSIA 10E09 3TU/HR MWE

1 L.M.TURBINE INLET 7.790 1+00.00 15.208 128.400

2 L.M.CONDENSER 1100.000 2.400 5e1b0

3 LeM.FEED PUMP 3569.000 GPM 1100.000 37.560 426

L L.M.RECIRC PUMP 14325.000 GPM 1280.000 21.230 <204

€ L.M.BOILER INLET 1280.000 6.9€F

& STEAM TURBINE THROTTLE €6.531 1000.000 2415.063 693.500

7 STEAM REHEAT 0.000 0.000

& ST.CO#D.BACK PRESS. 9.000IN.HG 3.813

9 FINAL FEZOWATER £30.000
10 COND/SG WATER INLET 530,000
11 COMPRESSOR INLET 10.692 59,0600 14.690
12 GAS TURBINE INLET 11.837 1300.000 307.400
13 GAS ECON.GAS INLET, 0.000 0.000

14 GAS FWH GAS INLET 0.000 0.000

15 STACK GAS EXHAUST 844,000

1€ AS RECEIVED COAL 527.000T/HR 11,370



CASE NG. 38
* * % & v % EFFICIENCIES * * * *» =

PCOHER OUTPUT{MWE) 1250 GAS TURBINE INLET
FURNACE PX.FLG.35D TEMPERATURE (BEG-F)  1&30.0 L.M:SYSTEM .037
COAL 3IT GAS ECONOMIZER NO PRESSURIZING SU3SYSTEM .207
WORKING FLUID K GAS FEEOWATER HEATER NO STEAM CYCLE 632
RECUPERATOR EFFECTIVEXESS 0.0 LeM.CIRCULATICN RATIO 2.5t GROSS PLANT .336
COMPRESS0X PRESSUKE RATIO 13 L.M.FEEDHEATER NO NET PLANT .377
AIR EQUIVALENCE RATIO 1.2 STAGES OF STEAM REHEAT 3 NET PONER QUTPUT (MNE) 1169.50
TOTAL FLOW TEMPERATURE PRESSURE THERMAL LOAD ~ POMER OUTPUT
se¥s STLTE POINTS weev 16E36 LBM/HR DEG-F PSIA 10609 BTU/HR MWE
1 LaMeTURBINE INLET 7.258 1400.000 15.200 184,800
2 L.M<CONDENSER 1100.000 2.400 5,785
3 L.M.FEED PUMP 5188.000 GPM  1100.009 32.930 <345
L L.H<RECIRC PUMP 13346.000 GPM  1280.000 20,430 +165
£ L. M.BOILER INLET 1280.000 6489
T € STEAM TURBINE THROTTLE 6650 1000.000 3515.000 728.800
2
® 7 STEAM REHWEAT 0.000 0.000
8 ST.COND.3ACK PRESS. 2.000INLHG 3.271
- S FINAL FEEDWATER 560.000
10 COND/SG WATER INLET 560,000
11 COMPRESSOR INLET 10,147 59.000 14,690
12 GAS TURBINE INLET 11.028 1800.000 286.400
13 GAS ECON.GAS INLET, 0.000 0.000
14 GAS FHH GAS INLET 0.000 8.000
1% STACK GAS EXHAUST 844,000
1€ AS RECEIVED COAL 491.000T/HR 10.594

e i
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CASE NO. 39
= & % % % ¥ EFFICIENCIES * * & & =

PCHER OQUTPUT (MWE) 1238 GAS TUR3INE IMET
FURNACE PR.FLC.3ZD TEMPERATURE (DEG=F) 18000 LeM.SYSTEM «097
COAL arT GAS ECONOMIZER NO PRESSURIZING SUBSYSTEM 267
WORKING FLUID K GAS FEEDWATER HEATER NO STEAM CYCLE : +392
RECUPERATOR EFFECTIVENESS 3.0 L+M.CIRCULATION RATIO 2.3 1 GROSS PLANT .365
CGMPRESSOR PRESSURE RATIO 1€ LeM.FEEDHEATER NO NET PLANT «356
AIR EGUIVALENCE RAYIO 1.2 STAGE3S OF STEAM REHWEAT 0 NET POWER QUTPUT (MNWE) 1169.41
TOTAL FLONW TEMPERATURE PRESSURE THERMAL LOAD POWER OUTPUT

sx%x STATE POINTS #*%s 10E36 LBM/HR .DEG-F PSIA 10E09 BTU/HR HWE

1 L.M<TURBINE INLET 7.691 1400.000 15.200 195.800

Z LeM CONDENSER 1100.000 2.400 ©.101

3 L.M.FEED PUMP 5498.000 GPM  1100.000 36.680 10

L LeM.RECIKC PUMP 15143, 000 GPM  1280.000 21.090 «196

S LeM.BOILER INLET , 1280.000 6.87&

t STEAM TURBINE THROTTLE 7.057 1000.000 3515.000 700.700

7 STEAM REHEAT 0.000 0.000

8 ST.COND.B3ACK PRESS. 9.000IN.HG 3.769

S FINAL FEEDWATER 560.000
10 COND/SG WATER INLET 560.000
11 COMPRESSOR INLET 10.752 59,000 14,690
12 GAS TURBINE INLET 11.€685 1800.0080 303.500
13 GAS ECON.GAS INLET, 0.000 B.000
14 GAS FWH GAS INLET 0.000 0.000
1t STACK~GAS‘EXHAUST 844,000

1€ AS RECEIVED COAL 5204 300T/HR 11.226



94T-g

CASE NO. 40
* % % ¥ ¥ ¥ EFFICIENCIES * * % = »

PCHER OUTPUT{MWE]} =00 GAS TURBINE INLET

FURNACE PR FLC.3ED TEMPERATURE (DEG-F) 1€00.0 LeM.SYSTEN «037
COAL BIT GAS ECONOMIZER NO PRESSURIZING SUBSYSTEM «256
WGRKING FLUID K GAS FEEDWATER HEATER ©YES STEAM CYCLE «u33
RECUPERATOR EFFECTIVENESS (ed L«M.CIRCULATION RATIO 2.5 1 GROSS PLANT «b4b
COMPRESSOR PRESSURE RATIQ 1 Le McFEEDHEATER NO NET PLANT «435
AIR EQUIVALENCE RATIO 1.2 STAGES OF STEAM REHEAT 1 NET POWER OUTPUT (MHWE) 584480

TOTAL FLOW TEMPERATURE PRESSURE THERMAL LOAD POWER OUTPUT

#%%% STATE POINTS #¥wx 10E06 LBM/HR DEG-F PSIA 10E03 BTU/HR MKE

1 L.M.TURBINE INLET 3401 1400.000 15.200 87.630

2 LeM.UCONDENSEFR 1100.000 2.400 2.730

3 LoM.FEED PUMP +920.000 GPM 1100.000 29.850 <147

L LeM.RECIRC PUMP 128574000 GPH 1280.000 19.910 -070

E L.M.BOILER INLET 1280.000 3.077

€ STEAM TURBINE THROTTLE 2.€85 1000.000 3515.000 413.330

7 STEAM REHEAT 1000.000 600.000

8 ST.COND.3ACK PRESS. " 3.500IN.HG 1.347

S FINAL FEEDWATER 492.000
1C COND/SG WHATER INLET 492.000
11 COMPRESS 24 INLET be250 59.000 14.690
12 GAS TURBINE INLET 4e€32 1600.600 99.050
13 GAS ECON.GAS INLET, 8.000 g.000
16 GAS FWH GAS INLET 852.008 527
1% STACK GAS EXHAUST " 290.000

1€ AS RECEIVED COAL 2124 750T/HR 44590



Ly1-8

CASE NO. &1
= * % * 3 x EFFICIENCIES * * & * »

POGHER OUTFUT (MHE) 2460 GAS TURBINE INLET

FURNACE PX.FLC.32D TEMPERATURE (DEG=F) 1€00.3 LaM.SYSTEM « 037
CCAL 317 GAS ECONCMIZER NO PRESSURIZING SUBSYSTEM «256
WORKING FLUID K GAS FCEDWATER HEATER YES STEAM CYCLE . « 433
RECUPERATOR EFFECTIVENESS 8.0 L.M.CIRCULATICN RATIO 2.2 1 GROSS PLANT sbitd
COMPRESSOR PRESSURE RaTID 15 L.M.FEEDHEATER NO NET PLANT « 435
AIR EQUIVALENCE RATIO 1.2 STAGES OF STEAM REHEAT 1 NET POWER OUTPUT (MKE) &§77.21

TOTAL FLOW TEMPERATURE PRESSURE THERHMAL LOAD POWER 0OUTPUT

#¥e®¥ STATE POINTS #x¥« 10EJ5 LBM/HR DEG-F PSIA 10E09 BTU/HR MKWE

1 L.M.TURBINE INLET 5.163 1400.800 | 18.200 131.450

2 LeM.CONDENSER 1100.000 2,400 4409%

3 LeM.FEED PUMP +320.000 GPM 11080.C00 29.850 220

L L.M.RECIRC PUMP 12657.000 GPM 1280.060 19.910 105

£ L.M.BOILER INLET 1280.000 L.61i%

€ STEAM TURSBINE THROTTLE 4.027 1060.000 3515.000 620.000

7 STEAM REHEAT 1000.000 600.000

& ST.COND.BACK PRESS. 3.E00IN.HG 24771

© FINAL FEEDWATER 492,000

10 COND/SG HATER INLET 492.000

11 COMPRESSOR INLET 6.375 59.000 14,530
12 GAS TURBINE INLET 6.9-8 1600.008 148.580
13 GAS ECON.GAS INLET, 0.000 6.000
it GAS FWH GAS INLET 852.000 «792
1t STACK GAS EXHAUST 290.000

1t AS RECEIVED COAL 319.130T/HR 6.885



VHTLRIO
OHEqdd

1

» FY
£

8yT-8

CASE NCs &2

PCGWER OUTPUT(MKWE) 1500 GAS TURBINE INLET
FURNACE P<eFLI. 35D TEMPERATURE (DEG=F)
CCAL 31T GAS ECONOMIZER

WCRKING FLUID K GAS FEEDWATER HEATER
RECUPERATOR EFFECTIVELESS 2.0 L.M.CIRCULATICN RATIO
CCHPRESSOR PREISURE RATIO 15 LeM.FEEDHEATER
AIR EQUIVALENCE RATIO 1.2 STAGES OF STEAM REHEAT

TOTAL FLOW TEMPERATURE
#3%% STATE POINTS *e%x 10E3a LBM/HR DEG-F

1 L.M.TURBINE INLET 84634 1200,000

2 L.M.CONDEN3ER 1100.000

3 LeM.FEED PUMP $920.000 GPM  1100.000

4 L M .RECIRC PUMP 12657.0060 GPM 1280.000

E L.M.BOILER INLET 1280.000

€ STEAM TURBINE THROTTLE 6.711 1000.000

7 STEAM REHEAT 1000.000

& ST.COND.BACK PRESS.

S FINAL FEEDWATER 462.000
18 COND/SG WATER INLET 82,000
11 COMPRESSOR INLET 104625 59.000
12 GAS TURBINE INLET 11.579 1600.000
13 GAS ECON.GAS INLET, 0.000
14 GAS FHWH GAS INLET 852.000
15 STACK GAS EXHAUST 290.000
1€ AS RECEIVED COAL 531.830T/HR

# %% v % ¥ EFFICIENCIE

S+ %8s

163040 L<M.SYSTEM «037
NO PRESSURIZING SUSSYSTEM «256
YES STEAM CYCLE «433
2e5 1 GROSS PLANT bbb
NO NET PLANT +435
1 NET POWER OUTPUT IANE) 1462.01
PRESSURE THERMAL LOAD  POKWER OUTPUT
PSIA 10E09 B8TU/HR HWE
15,200 219.090
2.400 £e822
29.850 +367
19.910 176
74692
3515.000 1033.330
600.000
3.500IN.HG 4o613
14.690
247.625
9.000
1.320
114475



6YT-8

CASE NO. 43
* %% % & » EFFICIENCIES # + » » #

PCHER OUTPUT (MWE) [0} GAS TURIINE INLET
FURNACE P=>.FU~ NACE TEMPERATUKE (DEG=F) 1600.0 L.M.SYSTEM «097
COAL 317 GAS ECONOMIZER NO PRESSURIZING SUBSYSTEM « 282
WCRKING FLUID K GAS FEEDWATER HEATER YES STEAM CYCLE <433
RECUPERATOR EFFECTIVENESS de3 L.M.CIRCULATICN RATIO 245 1 GROSS PLANT «416
CCMPRESSOR PRESSURE RATIO 15 L.M.FEEDHEAT ER NO NET PLANT « 436
AIR EQUIVALENCE RATID 1.2 STAGES GF STEAM REHEAT 1 NET POWER OUTPUT (MHE) 584461
TOTAL FLOW TEMPERATURE PRESSURE THERMAL LOAD  PONWER OUTPUT

#¥%% STATE POINTS ¥#ses 16EJ5 LBM/HR OEG=F PSIA 10E09 B8TU/HR MKE

1 L M.TURBINE INLET 3. 384 1400.000 15.200 86.160

2 L.H.CONDENSER 1100.000 2.400 2.664

3 L.M.FEED PUMP %337.000 GPM 1100.600 28.930 o140

L L M.RECIRC PUNMP 12444, 000 GPM  1280.000 19.750 067

S L.M.BOILER INLET 1280.000 3.025

€ STEAM TURBINE THROTTLE 2.666 1006.000 3515.000 410.400

7 STEAM REHEAT 1000.000 600,000

€ ST.COND.BACK PRESS. 3.500IN.HG 1.834

S FINAL FEEDWATER 492.000
10 COND/SG WATER INLET +92.000
11 COMPRESSOR INLET 4,079 59,000 14,6980

12 GAS TURBINE INLET 4.458 1600.000 103.450
13 GAS ECON.GAS INLET, 0.000 0.000
14 GAS FWH GAS INLET 865,000 550 |
1% STACK GAS EXHAUST 290.000

1€ AS RECEIVED COAL 218.020T/HR 4.922



CASE NO. 44
* %% % % » EFFICIENCIES * % & + »

POWER OUTPUT(MWE) =G0 GAS TURBINE INLET
FURNAGE PX o FURNACE TEMPERATURE (DEG-F) 1200.0 LeMeSYSTEM « 097
ccaL 3IT GAS ECONOMIZER NO PRESSURIZING SUSSYSTEM 262
WORKING FLUID K GAS FEEOWATER HEATER YES STEAM CYCLE 433
RECUPERATOR EFFECTIVENESS 2.0 L«M.CIRCULATION RATIO 2.5 1 GROSS PLANT o416
COMPRESSOR PRESSURE RATIO 15 L.M.FEEDHEATER NO NET PLANT 06
AIR EQUIVALENCE RATIO 1.2 STAGES OF STEAM REHEAT 1 NET POWER OUTPUT (MHE) 377.22
TOTAL FLOW TEMPERATURE PRESSURE THERMAL LOAD  POWER OUTPUT
¥¥¥% STATE POINTS **%» 16E05 LBM/HR DEG-F PSIA 10E09 "‘BTU/HR MRE
1 L.M.TURBINE INLET 5.075 1400.000 15.200 129.240
2 L.M.CONDENSER 1100.000 24400 4,026
3 L.M.FEED PUMP +837.000 GPM  1100.008 28.930 .210
L L.M.RECIRC PUNP 1245444000 GPM  1280.000 19.750 .138
o & L.M.BOILER INLET 1280.000 4.538
1
=
& € STEAM TURBINE THROTTLE 3.998 1000.000 3515.008 815,600
7 STEAM REHEAT 1000.000 600.000
& ST.COND.BACK PRESS. 3.500INHG 2.751
O
j=o) S FINAL FEEDHATER 492,000
&
= 10 COND/SG WATER INLET 4924000
“ g
P,
K 11 COMPRESSOR INLET 6.118 59.090 14.690
: 12 GAS TURBINE INLETY 6687 1600.000 15.180
< 13 GAS ECON.GAS INLET, 0.000 0.000
[
i ) 1L GAS FHWH GAS INLET 865.000 «826
i
%3:53 1£ STAGK GAS EXHAUST 290.G09
- 1€ AS RECEIVED COAL 327.020T/HR 7.383

U
HL



16T-8

CASE NO. 45
* + % % % x EFFICIENCIES * * ® & »

POWER OUTPUT (MWE) 1269 GAS TURSINE INLET
FURNACE P=4 FUSNACE TEMPERATURE (DEG-F) 1€G0.0 LeM.SYSTEM « 097
CCAL 8IT GAS EGCONOMIZESR NO PRESSURIZING SU3SYSTEM «252
WORKING FLUID K GAS FEEOWATER HEATER YES STEAM CYCLE « 433
RECUPERATOR EFFECTIVENESS 0.8 L.M.CIRCULATION RATIO ot GROSS PLANT o418
COMPRESSOR PRESSURE RATIO 1€ L.M.FEEDHEATER NO NET PLANT «L0B
AIR EQUIVALENCE RATIO 1.2 STAGES OF STEAM REHEAT 1 NET POWER QUTPUT (MWE) 1462.03
TOTAL FLOMW TEMPERATURE PRESSU?E THERMAL LOAD POWER OUTPUT

*¥8¥ STATE POINTS #*e¥» 10E05 LBM/HR DEG-F PSIA 10E03 BTU/HR MKE

1 L.M.TURBINE INLET 84459 1400.000 15.200 215.400

2 L.M.CONDENSER 11008.000 2.200 6.710

3 L.M.FEED PUMP «637.000 GPM 1100.000 28.¢30 348

L LeH.RECIRC PUMP 12444,000 GPH 1280.000 19.728 «167

S LeM.BOILER INLET 1280.000 7.563

€ STEAM TURBINE THROTTLE 6. 664 1000.000 3515.000 102€.000

7 STEAH REHEAY 1000.000 600.000

8 ST.COND.£ACK PRESS. 3.500INHG Ll.E85

S FINAL FEEDWATER +92.000
16 COND/SG WATER INLET +92.000
11 COMPRESSOR INLET 10.136 59.00¢ 14,590
12 GAS TURBINE INLET 114145 1c00.000C 258.630
13 GAS ECON.GAS INLET, g.000 0.000
14 GAS FWH GAS INLET 8€54008 1.376
1£ STACK GAS EXHAUST 290.000

1€ AS RECEIVED COAL S45.050T/7HR 12.305



25T-8

CASE NO, 46

PCHER OUTPUT(MWE) 1260 GAS TURIINE IMLETY
FURNACE PX.FUZNACE TEMPERATURE (DEG~F)
COAL 81T GAS ECONOMIZER

WCRKING FLUID

RECUPERATOR EFFECTIVENELS
CCMPRESSOR PRESSURE R-T10
AIR EQUIVALENGE RATIO

¥wEY STATE POINTS »e+»

10
11
12
13
i
it

1¢

L+Me.TURSBINE INLET
LeM.CONDENSER
L.M.FEED PUMP
LeM.RECIRC PUMP
LeH«BOILER INLET
STEAM TURBINE THROTTLE
STEAM REHEAT
ST.COND.BACK PRESS.
FINAL FEEDWATER
COND/SG WATER INLET
COMPRESSOR INLET
GAS TURBINE INLET
GAS ECON.GAS INLET,
GAS FRWH GAS INLET
STACK GAS EXHAAUST

AS RECEIVED COAL

CS GAS FEEDWATER HEATER
0.0 LsM.CIRCULATION RATIO
15 Lo M.FEEDHEATER

1.2 STAGES OF STEAM REHEAT
TOTAL FLOW TEMPERATURE
10EQ0S LBM/HR DEG-F
27.263 1402.000
1100.000
8786.000 GPM 1103.008
22707.000 GPM 1280.000
1280.000
5.265 1300.000
1000.000
4LG62.000
+92.000
8.378 59.000
9.130 1530.000
0.000
852.000
250.000

419.395T/HR

%% & % % EFFICIENCIES * ® * * *

1£00.0 L.M.SYSTEH 136
NO PRESSURIZING SU3SYSTEM «256
¥e 3 STEAM CYCLE L33
2% 1 GROSS PLANT 452
NO NET PLANT KA
i NET PONER QUTPUT (MNWE) 1168,92
PRESSUZE THERMAL LCAD POMWER OUTPUT
PSIa 10€8% 3TU/HR MRE
15.230 194.11
24400 5.349
564570 1.108
21.130 «400
6.066
3515.000 810.64
600.000
3«500INLHG 3.623
14 .590
195.25
0.000
1.040
9.048



£5T-8

CASE NO. &7

POHER OUTPUT{HMKE) =00 GAS TURBINE INLET
FURNACE PR, FURNATE TEMPERATURE (DEG-F)
CCAL aIT GAS ECONOMIZER
WCRKING FLUID cs GAS FEEDWATER HEATER

RECUPERATOR EFFECTIVENESS
COMPRESSOR PRESSURE RATIO
AIR EQUIVALENCE RATID

#¥%¥ STATE-POINTS wex»

1 L+M.TURBINE INLET

2 L«M.CONDENSER

3 L.M.FEED PUMP

4 L.M.RECIKC PUMP

£ L.H.BOILER INLET

€ STEAM TURBINE THROTTLE
7 STEAM REHEATY

& ST.COND.BACK PRESS.

9 FINAL FEEDWATER
10 COND/SG WATER INLET
11 COMPRESSOR INLET
12 GAS TURBINE INLET
13 GAS ECON.GAS INLET,
14 GAS FWH GAS INLEY
1% 3TATK GAS EXHAUST

L€ AS RECEIVED COAL

J.0 L.H.CIRCULATICON RA&TIO
15 L.M.FEEDHEATER

1.2 STAGES OF STEAM REHEAT

TOTAL FLOW
10ED6 LBM/HR

13.632

8786.000 GPM

22707.000 GPM

2,633

4,189

4.551

209.70T/HR

TEMPERATURE
DEG-F

1400.000
1100.060
1106.000
1280.000
1280.000
1000.0G00

1000.000

492.000
432.000
59.000
1600.000
0.000
852.000

290.000

* %2 % % % EFFICIENCIES * * * = »

1€00.0 LeM.SYSTEM «106
NO PRESSURIZING SUBSYSTEM «256
YES STEAM CYCLE 433
2.5 L GROSS PLANT 452
NO NET PLANT AN
1 NET POWER OUTPUT (MNWE) 584447
PRESSURE THERMAL LOAD POMER OUTPUT
PSIa 10E09 BTU/HR MWE
15.2900 97.06
2400 2.674
56.570 .554
21.130 .200
3.033
3515.000 420.790
600,000
3.500IN.HG 1.812
14.€699
97.63
0.000
.520
4.524
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CASE NO, 4b

GAS TURSINE INLET
TEMPERATURE (DEG-F)

PCHWER OUTPUT (MWE) 1253
FURNAGE PR+ FURNACE
CCAL 81T GAS EUONOMIZER

WORKING FLUID

RECUPERATOR EFFECTIVENESS
CCMPRESSOK PRESSURE RaTIO
AIR EQUIVALENCE RATIO

¥3¥¥ STATE POINTS ¥ewx

10
11
12
13

14

ie

LeM. TURBINE INLET
L«MsCONDENSER

L. M. FEED PUMP
L.M-RECIRC PUMP
L.M.B0ILER INLET
STEAM TURBINE THROTTLE
STEAM REHEAT
ST.GOND.3ACK PRESS.
FINAL FEEDWATER
COND/SG WATER INLET
COMPRESSOR INLET
GAS TURB}NE INLET
GAS ECON.GAS INLET,
GAS FWH GAS INLET
STACK GAS EXHAUST

AS RECEIVEJ COAL

cS GAS FEEDWATEF HEATER
.0 L.M.CIRCULATION RATIO

1z L. M.FEEJHEATER
1.2 STAGES OF STEAM REHEAT
TOTAL FLOW TEMPERATURE
10EJD LBM/HR QEG-F
34.080 1400.008
1100.000
8786.000 GPM 1100.009
22707.000 GPM 1280.000
1260.000
6.581 1000.G00
1000.000
492.000
492.000
10.473 59.C08
11.379 1€00.008
0.000
352.000
290.000
524.250T/HR

* ¢ % % » x EFFICIENCIES * * % + &

1€30.9 L+M«SYSTEM «136
NO PRESSURIZING SUBSYSTEM 256
YES STEAM CYCLE o433
2+% 1 GROSS PLANT .452
NO NET PLANT L4461
1 NET POWER OUTPUT (MWE) 146115
PRESSURE THERMAL LOAD POWER 0OUTPUT
PSIA 10E09. BTU/HR L L1
15.200 242.640
2.400 6.686
56.570 1.385
21.130 .500
7.583
3515.000 1013.300
600.000
. 3.500IN.HG 4.529
14,690
244,060
0.500
1.301
11.311



S61-8

CASE NO. 43
* ¥ % * * v EFFICIENGIES * * ® » =«

PCWER OUTPUT(4RE)} 1200 GAS TURISINE INLET
FURNACE Pl FLUOLBED TEMPEKATURE (CEG-F) 1€6G0.9 L.M.SYSTEM 097
CCAL 3IT7 GAS ECONOMIZER NO PRESSURIZING SUBSYSTEM «2%6
HCRKING FLUID K GAS FEEOWATER HEATER YES STEAM CYCLE o433
RECUPERATOR EFFECTIVENESS 4.0 L«M.CIRCULATICN RATIO 2.5 1 GROSS PLANT abi6
COMPRESSOR PRESSURE RATIO 1s L. M. FEEOHEATER NO NET PLANT <435
AIR EQUIVALENCE RATIO 1.2 STAGES OF STEAM REHEAT 1 NET PORER CUTPUT (MWE) 1169.61
TOTAL FLOW TEMPERATURE PRESSURE THERMAL LOAD POWER OUTPUT

.B%%¥ STATE POINTS %¥3» 10E35 LBM/HR DEG-F PSIA 18E09 BTU/HR MHE

1 L<M.TURBINE INLET 6.853 1400.000 15.200 175.270

2 L «M.CONDENSER 1100.000 2.400 5.-€0

3 L+M.FEED PUMP +320.000 GPM 1100.000 29.850 «294

L L+H.RECIRC PUMP 12657. 000 GPH 1280.086 19.910 o141

£ L.M.BOILER INLET 1280.000 Belbh

€ STEAM TURBINE THROTTLE 5.369 100d.000 3515.000 826.660

7 STEAHM REHEAT 1000.000 600.000

& 5T.COND.BACK PRESS. 3.500IN.HG T 69

% FINAL FEEDWATER «G92.000
10 COND/SG WATER INLET +~92.000
11 COMPRESSOR INLET 8.500 59,000 14.630
12 GAS TURBINE INLET 9.283 1600.000 198.1380
13 GAS ECON.GAS INLET, 0.000 0.000
14 GAS FHH GAS INLET 852.000 1.08%
1% STACK GAS EXHAUST 290.0600
1€ AS RECEIVED COAL 425.50077HR 91561



9¢1-8

CASE NO. 58
* * % %+ s EFFICIENCIES * * » & &

PORER OUTPUT(MWE) 1240 GAS TURS3INE INLET
FURNACE P&. FURNACE TEMPERATURE (DEG-F) 1€0C.0 LeM.SYSTEM <057
COAL BIT GAS ECONOMIZER NO PRESSURIZING 3SU3SYSTEM e 2€2
WORKING FLUID X GAS FEEJWATER HEATER YES STEAM CYCLE o433
RECUPERATOR EFFECTIVENESS 3.0 L.M.CIRCULATICN RATIO 2.7 1 GROSS PLANT W16
CCMPRESSOR PRESSUKE RaTioO 15 LM FEEQHEATER NO NET PLANT <406
AIR EQUIVALENCE RATIO 1.2 STAGES OF STEAM REHEAT b NET POWER OUTPUT (MHWE) 1169.62
TOTAL FLOW TEMPERATURE PRESSURE THERMAL LOAD POWER OUTPUT

*¥s¥ STATE POINTS #%%» 10EJ6 LBM/HR DEG-F PSIA 10E09 BTU/HR MWE

1 L.M.TURBINE INLET 6.7b7 1400.000 15,200 172.3290

2 L<M.CONDENSEF 1100.G00 2.-00 5.368

3 L.M.FEED PUMP +337.000 GPH 1103.000 26,330 279

L LeM«RECIRC PUMP 12444, 000 GPM 1280.000 19.750 »133

€ L.M.BOILER INLET 1280.000 6.050

€ STEAM TURBINE THROTTLE 5.331 1000.000 3515.000 820.800

7 STEAM REHEAT 1000.000 600.006

€ ST.COND.3ACK PRESS. J.500INHG 3.568

¢ FINAL FEEDWATEK 492.000

10 COND/SG WATER INLET +92.000

11 COMPRESSOR INLET 8.158 59.000 14,630

12 GAS TURBINE INLET 8.93¢ 1€600.000 20€.900
13 5aS ECGN.GAS INLET, 0.000 0.G00
1L GAS FWH GAS INLET 865,000 1.104
18 STACK GAS EXHAUSTY 290.000

1€ AS RECEIVED CCAL 436.030T/7HR 9 84t
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Table A 8.2.1

T RANKINT METAL VAPOR TOPPING-STEAM CYCLL SUMMARY PLANY RESULTS

5

PARAMETRIC POINT 1 2 3
THERHDDYNAVIC EFF .coo .ooo -08e .000 M ale]s co .oce .coo
___POMER PLANT EFF 2353 _ o358 2388 388 _ 2367 _ .37l =368 _ <354
“OVERALL PoENERGY & sI5s 353 o358 <750 -3e1 38 o3zy -36%
CAP COST HILLTON & 7760073 7212338 7410956 S25-075 872011% 831708 790588 811147
CAPITAL COST18/KWE 634+G2E 527.370 643.535 B8GS.23C 748.554 752.35C7 637.187 T15a26l
__COE CAPI AL '21.543 13.833 20.53C 25.582 23.557 23.972 22.040 22.811
TOE EL 8.081 “B.035 8.325 8.338 7.985 7.817 7.313 7.373
COE op MAIN 1.852 <330 -958 1.964 .981 2998 14887 _1.847
COST OF ELECTRIC 31.585 28.358 22.823. 35.875 32552 32.786 31.852 32.830
EST TIME OF CONST. . 64500  _ 64500 500 54500 54500 64500 _ .5.500. 654500
_ PARAMETRIC POINT I ic 11 131y 15
THERMODYNAMIC EFF .0CC .Ccoo .0oo <00C -GOe -060 -0co -060
POWER PLANT EFF <351 .352 .353 383 -n34 -x07 -337 -385
OVERALL ENERSY EFF -353 <353 =350 338 -Zes
__CAP _CQST MILLION 5 94%.510 959.520 767+ qac 2176558 730036 362 ,615 762, ssn 50G.675
CAPTTAL COSszleE B2E.23C $36.250 576.977 E01.866 6334954 T57.001 610367 7884835
cor CAPIT 75.083 264493 21.801 25.349 204231 23.931 21.1%5 2%.812
COE FU 3.26% 8.241 8oGBL  Be334 €677  Tel3C  Te307  7.5(8
COE P g MAIN __1.953 -S43  1.863 1.953 1.5687 _1.770__1.78% _1.33C
~TCO6SY_OF ELECTRIC &2 308 36.359 31.3485 35.546 2B.558 32.831  30.282 38.151
EST TIME OF CONST $.500 6500 64500 64500 6<500 £.500 5.500  6.500
PARAMETRIC POINT 17 3 13 2c 21 23 25
THERMGD YRAMIC EFF -0GC <CGT .cac 060 «GG0 =000 -C0o -£cg
__POWER PLANT CFF _ =316 _ _ -347 «134 e11 «381 373 .X50_ <360 .
ERALL ENERGY EFF -3215 38T S T .1 «3B1

P COST MILLION $ 859.552 787.353 915. 6641178.917

CAPITAL COSTeS/KWE 7624292 594.367 833.05711264112

COE CAPITAL _ .. _ . 28,038 _21.98 62335 25.539
® FUEL S:i88—%Er30t-1h333 221182
L COE OP 2 MAIN 2.03% 1.304 243156 4.544
v COST OF ELECTRIC 35,320 32.280 48,130 E6.425
® EST TIME OF. CONST __ 6,500 5.500 64500 5.500
. PARAMEYRIC POINT__ 25 . 28 B B

THERMOD YNAMIC EFF . 000 L00B™ T JCLO «06C

POWER PLANT EFF .365 °373 =361 <315

OVERALL ENERGCY £FF » 365 «eX73 367 37

AP COST MILL 3 799.85“ 355 857 777 IC7 °20.520
7*‘5xprrxz‘to¢r.§/xue 708333 753.Bh 688,791 722.283

COE CAPITAL

COE FUEL

COE OP MATN

LECIRTE -

EST TIHE OF CONST 5.500 6.50C 54500

PARAHETR;C POINT 33 34 35

THERMOD YNAHIC EFF .GoC .C0D -CGO -C00

PONER PLANT EFF = .362 4363  _«378_ _ «360
TTOVERALL ENEREY EFF S3g2 3e8 379 S360

CAP_COST MILLION $ 783,820 °17.574 833.153 758340

CAPITAL COSTs+S/KWE 691.168 720. 765.932 675.854

OF CAPTITAL '21.86°_ 22.779 _28.0342  21.385

—&0F FOEC a D14~ 7,888 T7.576  TE.CBYT -

COE_OP & MKAT! .848 1.828 1.792 _1-805
i COST 0F ELECTRIC 31.712 32.493 38.310 31.218
“ EST TIME _OF CONST . . 6.500 __ 5-500 6,500  6s500_

« 373 i3 «360
7752133 788.563 7814671 82?-214

1.213 1.859 1u953
30.284  31.5863 31.713 32.871
«5( 54500 6.500 _ 5.500

.29 30 32
T3] .CT0 o] -0G0
-383 <353 -353 <255
.38 .353 >253 =365

835,524 7722837 795.843.851.515

788.056 682.838 7G1.5695 T50.855

242313 21.573 22.182 23I.72%
1378 1883 3885 185

- LedfO . e e B O - Lo
34 767 T31.678 32.122 37485
6500 6.500 6.500  5.500

.37 33 . 33 g

-COC -CO00 .Qoo aYels)
. =335 -365 =381  _ .523
TZ38 366 o341 23
£13.335 787.740 811.353 330.540
725.225 E7%.557 7224212 £85.501
22.928 2 .36z _zz.ass 214673
8.67 B.45% “g.852
1.334 1.788 1873 _1.577
33.582 31.010 33226 30.202
<50 . 6500 . 62500 . 54757




Table A 2.2.1 Continued
RANKINE METAL VAPNR TOPPING-STLAM CYCLE SUMMARY PLANT RESULTS

B0 U0 VGO VP GO Y

PARANETRIC POINT 41 &2 a3 L 1] 85 £ 2] 87 838
THZRMODYNAMIC EFF 000 -000 «0C0 «0G0 -£80 «C00 -C00 «CCO
=~ PONER PLANY EFF__ ___ .423 .'23 338 . _ 3398 2338 %23 . 3.
OVERAL ENEPCY EFF 423 «2006 «200 «AGC «A23 §29 o823
CAP COST MILLION $ 573, 661 9652793 8832078 55%. 36311054025 8232205 82123211048.2438

CIPIY“L »RSTVSIKHE 671,515 €78.296 T772.283 7T60.828 771. 150 722.150 735-238 732816
OE CAP MRS B010378 21882  28.81h 28.C33  28.378 . 39.829 23, 88231158
‘“FUE[ 6.832_ 5852 T T.293% 7_:293 7.2 3 "5—_75$ 52756 56
COE 0P 8 MAIN <578 1678 1.800 1.800 1.800C 561 1l.661 1-561
COSY OF ELECTRIC 29.758 29.'72 33,506 334132 33.871 31.2.5 31785 31.583
. EST TIME OF COMSY __ 64381  6e759 5.757 ._6e181 6799 64500 _ 57571 __ 6«753_

PARAMETRIC POIMT
SERHOD YN

9
AMIT EFF™ « 000 000
POWER PLANT EFF Yl «398
OVERALL ENEREY EFF <328 «800
CAP CO I% X\ _$ 760,233 832.808
CAPITAL _COSTe3/KWE Bboe.342 769.360
COE CAP i 21,0848 28.3
AT
L — 2 - -
STRIC 28.602 33,413
EST TINE OF CONST 6,5C0

6e5 «000 = 4008 -000

6ST-8



Table A 8.2,2
TTTTTTTTTTTURANKINE NETAL CVAPOR TCPPINGSSYTEAM CYCLE SOMMARY T PLANY RESULYS T T oot o T

PARAMETRIC POINT 1 2 3 5 5 6 7 8

TOTAL CAPITAL COST oM 776,68 721.36 781,986 szo.n7 872.11 _881.71 73066 _ 811.15_
P LIQ HET‘VIPDR GENERATOR M$~ "5% <E4Y TEILEGE  57.344 T600 I7<600 17600 53643 62208

L G HET TURE, %N oM$ 28,000 24.,00C 24.0CC ?Q.GEC 2%.000C 268.C50 24.00C 28.0CQ0
A TURB~GEN 8 FELD STG NS 21.200 21150 21e110 21 7DU 21 ZDD 214200 214235 21235
N HET VAP COND-STEA M3 JeZ80 8.36C 84850 2.340 2340 3330

TTTTTULXIA HET’CIRC & PROCESS SYS -HS 2721787 27.063° 265848 ZS;UHS *25 UHB T26.088° 27.183 "27.183
GAS TURB PUMPUP-REC-PTIPING #M$ 37,600 27,160 38.560 36.800 36.120 35.80 36.800 36800
LI3 MET AUX ELEC EQUIP. ’MS 2.750. 2750 Ze750 22750 20750 24750 2.750 24758

R TOT AKJOR CORPORENT COST ~ RS~ T81:715 TI¥-537 T79.072 127328 1372058 1362722 186956 1855518
E TOT MAJOR COMPONENT cosr.s;qu 1604303 151.843 1554742 120.010 117.655 117.601 153564 151822

S BALANCE OF "PLANT COST S7KNE T7e552 69.C30 71a515 1564247 142830 145.577 B82.685 B6e357
U _STITE LASO | JE/KME _ B85.8532 77-388 80-392_108+470__98.737 364202 8384275 30aT3L .
L ToTA ”DIchx oo 34 »S/KHE ~ 328,587 298.276 I0B 650 382.727 358,882 359.379 330.488 338.360
INDIRECT €0STS *E7KUE 830793 “39.573 41.000 53.280  ¥8. 8§5.053 K5.020 86+298
ROE_& OWNER COSTS TSIRVE P2E.J6R 23.862 28-692 30e618 28391 28.750 26.832 27.117
B_CONTINGENCY COST = _ ‘.'.fll(‘!'ﬁ_. 300832 284336 234322 360353 33,718 _ 38.141 31336  32.201.
E CAiITT N COST. 7KWE T 117.157 107.256 111.13C 138.078 128.108 125760 118301 122.3
£ INT SURERS CORLTRUCTION JS/KWE 1413535 130-028 13%-ta3 107.773 158-513 1572550 14acons Iaae
A TOTAL CAPTYALIZATION +S/KWE 6884526 5274370 64S+836 302.230 T4Ba658 T5E.307 697-i87 7154261
K_COSY OF CLECTCAPITALsMILLS/KNE 211843 132835 '20.530 25582 23.687 23972 "22.040  22.811
~—D COST OF ELECSFUEL — sMILLS/KNE = =~ ~BuoCBI 84095 “Be325 "~"BaZ3K8 ~Ta905  TeB1T 7373 7873
0 COST OF ELEC—OP&HAIN-HILLSIKH§ 1.863 <93g <3968 1.95% .a81 <938  1.847  1.887
¥ ToTAL COST OF EL sMILLS/KNE 31.586 284858 29.823 35.873 32.552 32.786 31.853 324830
N _COE Da5 CAP._FACTORAQHILLSIKHE 38.19]  39.919  36.09% &3 39,764 R0.069 38.582 392325
B TAPT FACIOR sAILLSZKRE — 27.% 25065 . SUCE 28.080  2R.217 27552 Z8ell
COE 1.2xCAP. COST  »MILLS/KME 350915 32.824 33.929 §0.995 37.286 37.581 35.267 364953
CGE 1.2XFU 8ST  sMILLS/KWE 33.203 30.371 31.a88 37.536 38.134 3mo3s0 33lése 34.G2)
COF 12ONTINSENGYLD }_oMILLS/KNE 27.817 30-338  31.050 30262 3ge7ay
é“”‘EUE"TEStIEITION“U) RSN 3708654206 —582837 3a-838 - 372886 —37:950 33:45% 399243
R
3 .
SPRRAREYRIC POIKT — =TT g g T T T T TR T I g T T
TOTAL CAPITAL COST o4 388,51 959.52 767+%1 917455 730.10 86%57 752.63 90058
LIG MET VAPOR GENERATORS __oMS 17.600 17.500 53.688 17.800  51.456 17.800 58.785 17.€00
L LIG HETY TURBI NS 28.000 TZ25.000 "Z¥.ODDT ZN¥.00D T 2% 000 _2f~nﬁﬂ 28,000 " 2¥.000D
A STEAM TURB-GEN & FEED STG eN$ 21.210  21.210 23200 21.200 26.180 26.000 26.805  2g.285
§ O MET vap coND- GEN *M$ 340 _S.3A0 0 3.380 _8.850 San 8- 860 _S.paD
EONR-RTEABCEEY oys .us 282153 2838 35330 32388 obnies 250383 3E-a33 prisce
'Jp-REC= NG oM w1207 36120 T 37.600 36,800 37.800 -3' 800 900~ 39 380
LIQ@ MET AUX ELEC EQUIP s C3i780 T3L780 20380 C2.750 C2.750 “2.730 - 5.780 2780
LT R_TOT MAJOR COMPONENT COST  #¥$  137.173 137.178 1774853 133.530‘;71.803 337-833 133.132 14a.863
1 T ETDT WAJOR COMPORENT TOST#+S7KWE~ ~YIOZBAG "TTY.8N1 156.899 115.73N 150.599 T19.505 160,988 125.891
-7} S BALANCE OF PLANT COST  »$/KWE  164.261 158.962 77.5393 1550943 71.915 1!1-6#0 712892 1X%.66
» L ToTAL Dagbcr COST TIIRNE  305-315 181-82% <SR-ite %9;‘3;% 03 :?%_32%'%35 233867 %90'2§5
Y S | - = - 22la - . [ 23 8a N e 'L» -
NGIRECT €O S 7KNE 58e271 58.583  82e068 534061 81.261  A5.837 8§3-312 Gl.880
PROF & OWNER COSTS »SZKWE 31.234 254656 302321 284273 2Ba570 254825 29,713
o Eofhetliviclti™ P B W S Bd S s Sug sl
*3 1614222 133.4. =833 137.21% 108, 3+ 51 R.308 .
%ﬂg "ST“UCTTUN oS UE’ 1T1.10. Y40.353 166,285 132,879 iSE.SHB %9 g 162,725
. A TOTAL CAPITALIZA I0 WE  825.230 50 676577 801.866 539.96% 757.021 s70.us7 7332835
. ' K COSY OF EL EC-CAPITAL-HILLS/KHE 26 .83 21-MG1 254383 20.231 234931 21-185 264812
L COST 0 EC-FUEL  oNILLS/KWE  8.26% 98281 8081 B.338 _ 5o677 __ 1-130 ._ 72303, _7.509
s —3 £C= 8HAINvHILLS7 1863 T1.953  _1.687  1.77C T 1.78% T1l33p

[¢]
W TOTAL COST OF ELEC oMILLS KH

36
N COE C.5 CAP. FACTOR sMILLS/KWKE 44 3T.876 G3.362 38.735 B8C.121 36,712 R1.70€

COF 0,8 CAP, FACTOR sMILEIS/ZKWE 31330 646 272257 30818 244686 284269, 251893 . 29.82%
. . CoE I.ZXCAP. COST sMILLS/KWE §1.528 35.625 "80.716 32.500 37.617 38.381 39,113
“ 7 CDE l«2XFUEL COST *oMILL S/KWE 37.359 32.961 37.313 239.830 3#-257 31.702 354553

...~ COE (CONTINGENCYZOl vHILLS/KHE 3a 73 28.735 33.815 27.088 1.039 28.706 32,355

B COFE (ESCALAYTONSO) . eMIIES/ZKNE AJD-BBI» 31:155_MZE¢§51‘-3ﬂ.3!2~_23;321._214823, 252807 ._28.959



Table A 8.2.2 Continued

TTRARKINE RETAL VAPOR TOPPING-STEAM CYCLE SUMMARY PLANT RESULTS

~19 20 21 22 23 25

PARAMETRIC POINT 17 18
TOTAL CAPITAL COS _BS8.55 78735 _915.56 13178.32 _175.14 188,57 7&1 67 823.21.
TP LIS HET VAPOR R ENERATORS BRI Eh.000 53888 ﬁs“‘r Co588 ~ 52.336 6lelfl§ 724192
L %¥Q HET TURBINE M 28,000 28.00C 2Z8.0C0 12.C ’R.BDD 28 .0C0 ZQ.UDD ZQ.GB
A TAM URB—GLN E FE’D STG 113 21.130 21190 20.890 ZD.QUS 212310 212250 21.2C0 2129
HET VAP COKRC-STE S Z40C

GE
l TLIQ MET CIRC 2 PROCESS SYS”™ rHS"77.GSBA”27.UEE 26.02%

g-3ac. 7.37c CaDOD 94620 . 9.38G . S.38T
T 25058 392008 72580 LFidee 2a3es

GAS YURB PUMPUP-REC-PIPING ':i 36.000 3%.800 68.800 110.300 33.240 35-8 0 37.600 37.208

LIQ MET AUX ELEC £QuUIP

2.730- 2.750 22150 2.750 2.750 2.75C 22750 2.75D

R I0T HAJOR CORPARENT COST ~ sE§ — 202:780 183145 ZI3.271 26C.F1F 160.857 183.014 183.522 196.030

E TOT MAJOR COMPONENT COST#$/KWE  179.235 151.751 1984031 289137 158.9%0 161.288 1651.878 172.302

S BALANCE ar PLANT COST  sS/KWE 50.448 784213 96.833 132.697 17.862 .778 o520 77507

U SITE LABO +S/KHE 39,532 89,172 108.458 1%9.13% 86,995 88.386 87.332 93.221

S OTAL DINECT COST  ~ ~e7KWE -~ 3592573 328.136 “385.332 530,965 323.398 327.813 326.78c 383-630

T INDIRECT COSTS sS/KME 504883 85878 534279 76.058 W&R.368 ¥5.057 88.570 N7.583

€ OWNER COSTS » S/KHE ZB.T79E 264331 31.627 &82.877 25.872 26.193 26.183 27.830

B CONTINGERCY COST —  vS/KWE 342137 31o588 37.257 Sphe8h2  30-723 31.108 33,085  S2-eh5.

LATION COST vE/KHE 130,582 118 12980 1424551 192598 1164878 118.316 117.98C 128.287

E INT DURING CONSTRUCTION sS/KWE 1582041 1482166 172712 233+563 181.587 183.350 182.342 1504535
A TOTAL CAPITALIZATION »S/KNE

K
_"_U*UUS OF ELEC-FUEL yMILLS/KWE -

[2]
W
N

COSY OF FLEC—-CAPITALsMIlL S/KWE

0ST OF ELEC—OPEMAINsMIL1 S/KNWNE
OTAL COST OF ELEC sMILLS/KNE
COE~0.5 CAP, FACTOR wMIi1S/KNE
C-B CAP. FACTOR FNILLS/KWE

COE l.ZXCAP. COST P NILLS/KWE
COE 1.Z2XFUEL COST oMILLS/KWE

COE (CONTINGENCY 03 eMILLS/KNE
CoE" JKWE ™~

TESTALATION=U} ~ oMILLS

762257 695.367 833.0571126.112 582735 6531.833 583.865 726.089
25.098 21.9827 264335 35533 21.583 21.858 21.736
730188 8.35% ° TA.939 25,182  7.608 7.786 ° %.059

N
N
oy
.
Qw
5]
U

v =28C 632253  29.822 23.831 304135 31.211
3T.2TT 27.681 38.579 SB.STE " 26.868 26.883 27.153 28.068

[e:]
[
i
2
. OIRT 7 T TUTTITT U TTTRET T T2 T T2 TUTTZEC 2e 3Zp 31 32
TOTAL CAPITAL €oST 'MS 799.08 855486 7V77.11 820453 85682 77285 73585 85152
__P 118 MEY VAPOR CENERATORS  #MS_  E0.C32 T0.656 584628 _52.332 694376 60,058 b51.188 . 71.42
L LY@ HET TURBINRE oX$ 28.000 28.000 2%.000 ~28.00! 21.003 28.000 2%.000  2%.00
'y STEAH TURB— srn g FEED STG oHS 26,800 31.500 21.230 31.55C A1.860 21.600 -26.7CC 31.390
W JEI Vap conD-sTiAM SEW o oh 10-360 10-180 31-820 31-888 1g-8g0 7-00 B-c20 8-220
R S— S _yM3 oy &) S  _bifed’ X0k - S . el m QO .. .
GAS TURS PUMPUP-REC-PIPING .ns 36 uun 35.120 36800 364120 35.500 38.000 37600 35.30C
LIQ MET AUX ELEC EQUIP *HS 2.750 2,750 2750  2.750 275G 24750 24750 2.75G
R_TOT MAJOR COMPONENT COST 187.580_20%.359 181.092_192.320 215.05% 181.536 137822 208352
- r TOT HAJOR COMPONENT tbsT.s?xHE 155.251 179.815 153.579 189.§D1 153.056 160.299 165.685 18C.108
BALAMCE OF PLANT COST KWE ac. s 81.105 77.368 822782 - 85.601 76.832 784388 80-258
tnreL QIREQT CoST .. gfﬁﬂﬁ‘ 33! 15» 33% 129 32!;5&3“312.352_3§§°%;8 zz'ggs 323 Esi_zss 532
- . B i) - .. = ¥ - - -
b INUIRE T COSTS 8.708 48,387 A&6.068 50.581 &8.053 85.935 3J8.585
8 OWNER COSTS fSIKHE 28.732 28.518 25960 z7.t3n 29-988 zs.ss 264631 28. qs;
F cgg}lggzncv S937 '25555 1350532 1337352 1317-150 13 138-857 1362777 130852 128038
L -—nbde 2 . - oJ - - 81
"‘“E NT DURING consrnubTIou -SIK £ T IAE.D267156.215 181.97 ..723 2& gu 81.885 185,478 155.587
A ToTAL CAEETAL% S/XWE  708.333 753.48% 688.731 722 283 788.098 682.838 701595 752.;55
K CO s APIYAL'HILLS/KHE 224266 234819 21.648 22.833 28.913 21.573 2Z.182 23.72%
,_D_ C.Q OF ELE ~FUE L5 HE.. - .. e ...701-'.5.,_ Te306. 77 . o575 . . 8219, 84081 . 7927
0 COST 0 LEC—OPSHAIH:HILL: xﬂE 1.841 1.812° 7 1.833 7 ‘1.805 «778 ~1.882 1.85% 1.838
¥ TOTAL COST OF ELEC #MILLS/KWE 324055 33810 31387 324375 3I8.267 31.678 324122 33.885
N COE 0.5 CAPa FAPTOR TMILLS/KNE 38.846 WL.667 37282 32,335 81.852 38.258 38.888 &0.713
_.-_Euéhﬂ.&.SAP, FACTUR «MILLS/KMWE == 27.3805 363 27.25% 284013 .232«521 27.535 .27.889 23.362
. OF "1.ZACAP. COST -u;L_SJKu 36.508 38.178 35.717 36.982 “39.283 35.859 35.559 38.229
COE 1.ZXFUEL COST MIL1S/KNE 22685 3%.5565 324963 332923 35782 33318 33.738 35.070
COE {COMTINGENCY=D) -HILLSIKRE 30.4%81 31.68% 29.819 30,713 -32.8650 30.111 3C.518 31.766
COFE JESCALATION=0) oMILLS/KNE .. 27335 234826 268e357 27537 29.05%. 27.160 7.481 28.521



Table A 8.2,2 Continued

RANKINE METAL VAPOR TOPPING-STEAM CYCLE

PARAMETRIC POTNT 33

: TOTAL CAPITAL COST _sM$ 783,82
TTPTLIGHET VAPOR GENERATORS T s§E ED.T23
L LIa MET NE fMS 25.000

k  SToax TuRo-oEm g FEED STG oM 211800

N _ MET VAP COND-STE yMS_ 11.020
—4 - P50 #eT CORY 2 PROCESY Sys Ins 37108
6AS TURB PUMPUP-REC-PTPING sMS 37.200

LIg HET AUX ELEC EQUIP #MS 22750

R T0T HAJOR COMFONCNT COST — HHS ~ 188,376 193,531 215,676 {82,756 188.866 1Z1.117
162.582 170.547 1384873 160.583 158.333

E TOT MAJOR COMPONENT COSTe$/KWE

Y BALRNCE OF PLANT COST 76.9565

U ABO _ 2 S/KHE 872312 90.287 99231 85.570 «03 85,310 884739 . 33.581
% ToT‘ IRECT cosY ™ eS/KWE T 327.4@1 351.881 372.532’32C.377“3#§ 535 313.486 3A3.834 Ih.566
IHDIRECT CDSTS e S/KNE 56004 50 43.681 8§5.803 8§3.508 85.257 7-706
ROF § 0 E COSTS »S/KNE 28.137 27.3258 zs.au7 25.630 27.538 25.558 27.512 27565
___E_QQEIIHGENEY COST . »S/KWE _  31.103 32.488 35336 30836 _32.778 _30.351 32 —
R ESCALATION COST s$S/KWE 118,271 3123.3C1 138.471 115.651 128.0°9 115,325 123702 10738
E INT DURING CONSTRUCTION YSUKWE 1430795 1432330 162.922 1%0.120 1504356 1394 143.876 127.602
A TOTAL CAPITALIZATION *$/KWE 691.158 T2L <565 785.832S5 675.858 7254225 E€7T.957 722.912 685.5C01
K COST OF E ;c—CAPITAL.MILLS/KHE,__ 212883 __72.773 28.8%42 21.355 22.926 212305 . 27+853. 214613
1] c6§T OF ELEC~FUEL MIIYS/KWE B.018 7.880 7676 8.087 8,621 T.317 84835 6e852
0 COST OF ELEC-OP&HAIN-HILLS/KHE l.828 _1.828 1.732 1.805 «89% 1.788 1.878 _1.577
W TOTAL COST OF ELEC oMILLS/KWE 312712 32583 34%.310 31.218 33.3%2 31.010 323.226 30.202
—N 0,5 CA _FALT_QR__v_H.ELLS. E 380378 39.838 41.874% 37.733 1% 375513 . 8043193 364816
COE 0.8 CAP. FACTOR sMILLS/KWE To541 284147 2Se577 274137 29.06B 2694 8.867 260
COE 1.2XCAP. cos sMILLS/KWE 360032 37.048 39.278 354491 38.027 354271 37737 3%.537
‘éug (EBNTINGENGYLO :’itt?f"“ 38:338 347840, 33:883 751830 331358 25y disEE i%'-sz;a
€] =V el I «8 . - & Je . -
@ ”1ESCRLAT16N‘U)) MILLS, "ZT.180° 27.7267 2%;112 ‘26787 '% N1 56.5 Z 28.88% 26.12
g
TPRRAFETRIC POINT & T T T T T T T T TR T T T 56 7 (7 3
TOTAL CAPITAL €0ST NS 573.56 36572 4483.C8 654,36 11C6e cz 823420 121.32 104983425
P QM VAPOR,sgg;ggzggsﬂ_v,u;*_us,scu<,75.sgp 8.80C _13.200 220 6LCe£21 30310 _75.776
TTLIET HET URBINE +M$ T 18,000 3C.000 12.000 "18.000 SD'UUD ‘164000 100 ~ 20.000
A STEAM TURB—GEN & FEED STG .Hs 15.228 31.873 12.72 19.115 31.785 zs. 30 11.905 31.898
N MEY vap conu—sr AM GEN 7863 13.1B85 5.186 7«773 12.95 5.322 3305
i £SS _SYS .ps 2.082 31,005 17.132 2l. 7125 so,ng3_~ 52907. 72866
u“E‘PuﬁP P— EC—PI‘i‘G *MS 300 38.800 18.820 22.200 37 G20 30.00C 15 000 3750
LIG MET AUX ZLEC EQUIP NS 2.C53 3.837 1.375 2.083 3.864 2750 1.375 3.837
R TOT HMAJOR COMPONENT COST 137,540 2 72 122,;03 669 1660938 20%5.573 107819 zsq!]az
: AAJ ow‘cuﬂPONERT'CEST.s/KVE IB1.861 Iss 312 125.7 §-120.87% 116.395 180;3%# 18%.168 178.737
1 S BALANCE OF PLANT COST »S/KNE 76856 T1.542 156.378 138.132 1§2. 712 71.782 884581 71.080
: u SITE LABOR »S/KWE BBeI33 8547239 1054837 100.533% ST7.B76 90.601 S8.700 S0.8560
: YOTAL DIRECT COST. c§LK!§_”_32§l13§m31331§1_Iaz, 921 3560983 3524588 312.&!3¢330.3 31
T INDIRECT COST v$/KNE 85,050 83,722 53377 51278 4S.917 464207 Ce337T 85.135
PROF_8& OWNER COSTS *S/KHE 264035 25.132 31.034 23. 533 2Be559 27.315 29-736 274227
B CONTINSENCY COST sS/KHE 25.5% 30.657 33.272 33. 92 3@.837 32555 32.617 33.213
SCA AT%Q LLOST JKWE 0 111.085 1138.0¢ 1213552”123,; 3131“12; 57&_115.&30 125.555
NT DURING "CONSTRUCTION vs/KHE 33.149 145, uf 183,735 1 80 1os.¢7n 80720 137.579 1574286
A TOYAL CAPITALIZATION KWE 6714515 6784235 772283 T60.%38 771.160 722.160 733.208 732.816
K COST oOF ELEc—CAPITALoHELLS/KHE 21.22 21.882 25.%18 28.032 28.378 2Z.823 23.358 23.158
-COST ~FUEL MILLS xﬂ;ﬁ__._é_-iS_Z_.._ﬁ_-_B.S_z__LZ_S}____zgj__J_,z_S G._-Zﬁs . £el56 5.5_
0 COST OF ELEC-OPEKAINsMILLS/KKE 1.678 1.678 1.800 1.BGO 1.80C 1.661 1.651 1.
¥ TOTAL COST OF ELEC #MILLS/KNE 29,758 29.872 33.506 334132 33871 314285 31785 3le 583
K COE g.g gip. ;ﬁngR -g§tt§;§g% gg.%3§ §§.g%g qg.ggi- qg.qsg_ gg.ggg z%.%gg ge.§%7 'ig.sgg
Y B_.» ———D @ . _— =558 U 28 .. 25e . -
-'_'ecE TeZXCAP. 1T LS/ Rouoh 3Eo26C —SEs3as “37 580 38.386 Se812 3h.45§ ’
k COE 1.2XFUEL COST *MILL S/KWE 31128 313432 38.968% 3%.591 3%,923 32.538 33.136 32.93.
COE UCON NGENCY-B) fMILLS/KNE 284270 284283 31.8780 31.388 31.665 29.591 30.218 239.861

SUNMARY PLANT RESULTS

34 35 36 37 I8

B817.67 853417 769,33 B13.8C 767.74 81

50. 058 " §5. 848 59, 64 <208 58.624

24.0060 25.00C 28.0CC 28.000 28.006C

31.820 42.258 ZL._CD Zk 153 22535

10.74C 1C. Q341

"27.263 29 GKB' 27.U1B 27 558 27.068

36.800 36.000 37.600 38.800 36700

2.750 2.750 2.750 2.750 2730 2750 137

T8T377 7 98581

4584993 1664910 1656057

8l.187 84. 359 78.258 87»55

_~___£QE_LES§ALAIID INZ0) _ eMILLS/ZKWE 25,506 25331 _ 284911 284317 28195 262870 . 27387 26.559.



Table A 8.2,2 Continued
o RANKINE METAL VAPOR 1

PARAHETRIC POINT

_____TOTAL CAPITAL COST 'MS
LUIQ MET VAPDR GENIZRATORS ~oM%

.

P

L LI HEY TURBINE oMS

A STEAM TURB—GEN 8 F:ED STG  WMS
N _Vap COND‘ M

T LIG MET CIRC

BAS TURB PUMPUP-REC-PIPYING sMS
LIG MET AUX ELEC EQUIP (3,13

RTUT MAJOR COMPONENT 'COST 7" oM§™ "TIST.E3T 135.720

E T0T MAJOR COMPONENT COSTsS/KWE
S BALANCE OF 'PLANT €OST ~ vS/KHE

U_SITE LAS ¢S/KWE
1 ~30TAL DELNECT "COST +$/7KNE
T INDIRECT COSTS ¥$/7KME
PROF_& OWNER COSTS v$/KWE

____B_CONTINSENCY COST. o 9SIKWE
RESCALATION COST vS/KNE
E INT DURING CONSTRUCTION »$/KWE

A TOTAL CAPITALIZATION 's

. _K_cOST OF ELEC-CAPI AL PBILLS/KKE
D TOSY OF "ELEC-FUE £
0 COST OF ELEC—OPEMAINSMILLS/KWE
W TOTAL COST OF EC, rMILLS/KWE
N i3 0.5 CAP, FACTOR #MILIS/KWE
COE 0.8 CAP. FACTOR sMILLS/KWE
COE 1.2XCAP. COST  #MILLS/KNE
® COE 1.2XFU vMILLS/KWE
& _COE (conrluszncv—n) sMILUS/7KWE
o COE CESCAUATIONZD) oMILLS/KWE

53 50

GE [2.L 3 h .., 3e172
E"PROC’SS SYS #H$ 38.6#3 25.518

1.20
24750 2.750

1584372 118.273

25.253 29.108
2379828 _ 33.56E
3118.126 131.651
1384273 153.506
6566242 7624350

21.888 28.321

6.887 Te283
1e.572 1.800

28.502 31.813

36.033 50.821
25.578 28.778

33.213 3B.278
30.271 34.872
_28.077 31-555

25.181° 28.324

ESULTS

52 53
280 00
<060 .00
.000 -CGG
toco __.000

3 Y )
«000 000
=060 -0GC
=060 -08e
—=J0C0 T TUIGLE
.0Co -000
.0Co Ml
<000 -0G0
<6ct -0D0
-000 -000
-0C0 -GOC
=008 . .000
=060 .000
-0ag <008
-Coa <C0D
_<0GD <800
=060 600
-080 .000
-000 -200
=000 __ _ 040
<00C 000
<000 =000
<0G -00D
=080 <000
.0C0 -000

1



Table A 8.2.3
T UTTTT O RENKINE METAL VEAPOR TOPFING-STEAM CYCCE "NATURAT RESOURCE RECUYRENMENTS ™

PARAMETRIC POINT . o8 5 & T __ .3
“TEOALs LB/KW-HR 88127 1:0BNTT 1. 12119' 90383 1.00715 1.27605 < B65KS  .38386
SORBANT OR SEEDsLB/KW-HR 86628 12096 <13558 87822 .23i38% 12171 86003 86003
TOTAL wArER. GAL KW-HR 7 7 -668 .553 «813 722 721 772 <772
gLI“G é___ 581 . 565 . _L601 o581 = L5398 L618 = 618
TFIER PRocEss HIOT 'Uﬁﬁa -0Do00 00800 cb5206 ToO5111  -D&783 ~.000GD  .00000
CDNDENSATE MAKE UP s oO06IC <0058C <OC56% oOD6CC 4GO5SC <0D053% WCO0617 <OCE1T
HASTE HANDLING SLURRY 0985 .azsc 0281 <0990 0236 <0252 <0252 0352

SCRUBEER HA;TE NATER

. 05502 Rit3 _L48RS 05217 0!

NOX SUPPRESSION .nnono";ununc ".00008 00000 “".00000 ~.00000 ~.00600 00000
TOYAL LAND ACRES/IGOMNE  118.59 67439 69.51 113.98 65.32 b67.10 113.58 113.5%
SR, n dns Mool e R e B R
LAND FOR ACCESS RR ™~~~ 20.85 "~ 20056  19-10 ~ 2765 — 20429 2033 2C-8% ~20.8%

RAHETRIC POINT Rt TSR 7 TR § IZ T IS TTIRT T 718 T T T1E
COALv LB/KW-HR 283632 89382 88127 50383 .T2812 77325 79645 81435
SORBANT OR SE| D-LB/KH—HR «B7828 87297 85528 <B7821 +38525 80912 42180 «N3087
TOTAL NATERy GAL/ZKM-HR BT = o816 o767 __ 812 758 o739 _ o763 . _ 733
COOLIN i‘TER 6L7 «6G7 «611 <501 «E2H 617 522 »508

SASIFIER PROCESS H20  .G5183 .05148 .000GO0 .D5206 .ODDOO 08858  JOOGED .OAE91
ﬁ?’s’%E“&”E ”“ESUSRR% U855 Cos7s -Usie -DBsop -CB5IS -hRees -URRY -0Be3l

AN L a e g -0S90 . _ .G8aT_ 2.
~——SCRUB EiETg ';ﬁ537s ~BEILT . G5288 .DSa33 JON3ES - c0BE3IFTB4775 Oaade
: Nt SOSRRESSIG 0000 .0O060 00000 .0COG0 .CO00G0 L00000 00008  -00000
. TOTAL LAND A%RESIlDUHHE 113'38 I1s.0e i1x.5s i13.99 ido.93 ioz.g; dc7.o3 dge.31
) e JLe30 J1ed0 JE- 15-58 25rir— b —Aih a8

&

5 17.087°
2 73«85 182,79 25C. 26 72«72 74-‘!2 77.03 77.03

N
DISPOSAL LAND 8
36 20.87 15.5% 10.%2 22.82 22483 20.85 2085

L 3. .28 ]

LAND FOR ACCESS RR 20.65 20465 20.85 <85 2077 20.57 20.78 20.60

® PARAHETRIC GPOINT 17 18 19 20 21 22 23 28
& - GOALs LB/KW_HR 1.00187 91105 1.52910 2.85522 82963 ~84912 .68788% .857881
3 sAu OR SEEDSLB/KM-HR _o.53015_ .W8208 .86196 1.51070 83892 84927 155599 _aNENS8
TERs GCAL/KW-He <781 JIEC T J77% »735 .79 182 «763
COOLING NATER <605 <599 =435 .%08 <E5 <632 230 <503
GASIFIER PROCESS H20  .00000 .00000 .00000  -00000 <000G0 .000GO 00000 00000
CONDENSATE KAKE UP o .00GCH _.DB5S8 00495 00307 _.00651 .C0631_ .G0508 _ +00667
T WASTE UING SLURRY "~ IDS7 7 L0338~ L1788 " W3127 <0909 ~ .0930 ~ 0963 ~ 0563
O % SCRUBBER WASTE WATER  .D6012 05866 09775 17131 .OK378 05085 05273 05273
& : NOX SUPPRESSION -00000 .0000C .000D0 .00000 .00000 .0000D .D0000 .0o008
- i YOTAL LAND ACRES/LOCMME 125 17 g-51 i11.61 113.3. 118.37__118.37
E:‘ MR 3 z 17.85 T 15.87 PLE:) 13‘ 53 1649

vcnj
20

LAND FOR ACCESS RR

P e e
M N . v I
N r

AN . COAL e L BreuE ZSesc 58825 .se215 .38315 5260 23 JBR125 __.ae850

§ - 2 [ .. =8 - - _.=B8837T » 8260 550

i S R AT oK SEEDILH/KW-AR  THCBCE - ARBRL —-HeRl7 ANy -a370y TaTess “neE2 7285 3a1

S TOTAL WATER» EAL/KW-HR .783 .11 .735 .705 677 .750 765 -781

COOLING. WATER -590 .5B8 c582 <558 £5320 .632 - .589

SASIFIER PROCESS H2D _ 00000 00000 _.OCOCO . ,00GGO_ .QOCG0 _ .CODCO . «0000G.. .DCOCRH

¥ EmTriAKE op +00618 7 00619 ~.00618 "L.006237 (00628 00605 00505 00612

i UASTE RANDLING SLURRY ~.0S83 0929 ~.098& ~ .092% 0905 <0982 0965 ~ #0S&T

L SCRUBBCR WASTE WATER  .05201 .0s085 .0s173 .0s0ez .0ads7 08378 .Gszst .Osis7

e X SU PRESSTON -.«B00BC »00000  .00000  .00000  .00G00 _ 010000

OTAL L AT L O0HUE 113030 ~119o02 " T1a- 8T 109 60 100 a1 tiy oe—¢Hanad.. ;hecnd

HAIR PLANT 16.48 18.46 16.88 16.85 16.83 1651 1b.5C 1668

DISPOSAL LAND 75.38 T78.35 75.57  73.95  72.81  T8.56 17.2%  73.71

ND_FOR ACCESS RR...... 20a83. _19.21 2D83 . 1920 _ 1758 __22.%5 2085 2083




i

Table A 8,2.3 Continued

HANKINE BETAL VAPOR TOPPING-GILAM CYCLL NATURAL RESDURCE REGUIREMENTS

PARAMETRIC POIMT. z3 .38 . 358 ..80_
O R RwogR -~ L BywoD- TRBeeT~ .A3708" LBITED ‘szois —55333 %%s-u 18718
SOREANT OR SEEDsLB/KW-HR .nszuz -A5502 .%8280 JR6G3§ 785 oREGT2  .WSD1E  «3353%
- TOTAL WATERs GALZKH-HR <15 L7889 sgg;—n .155 .égg ___;ﬁnﬁ 'éog .ggg
““"‘Q%gxrxsﬁ‘PRo§VSf Hzn”"‘ﬁﬁc%% .nun%%"'hnuuu .ﬂunnn ~ G080 L00000  .OOOCO  -00000
CQNQENSATE RAKE UP -0CE1s  .00E17  .00E2T  .C0ECS .0059A  .COEIR .ocs°9 ~00637
Seruser ng \?ﬂ%‘gm G5284 .GSIEE 05023 .0hoer  .Gstar 19188 05553 .fasds.
BE R uArT el . A _.=05E81 _ 30 b .
PR LY g i R
¢ Yo D A 71oomu - . - - - «EC -
e o i MG MGG To8 TR R e
- T L Vo T R o c.sj"‘ 159220 .00 I A 7717#"“22:3
~—PARRAETRICPUINT ~ ~° "~ "8I ~ ‘82 """ ~®¥ " g§ ~ " R5 T TUEg T TUUURTTT T4y
COALs LB/KN-HR «7THT2E  oTAT23 .75051 73098 .73C35 T367TT 73677 I3673
§8¥BANEA0RRSEEE. ﬁﬂKﬁﬁ"R -33538 039535 .ai3d7 81851 .818%3 33332 -33382 38280
— O T TNG WA TER T TG0 T W6b2 U Y652 U652 T T WBE2 T w689 T 2548 o583
GASIFIER PROCESS H20  -00000 .ofcoC .cisse -0ashs .0asSe  .oGeeg  .obooo  .oOCOQ
CONDENSATE MAKE UP » .00637 .005837 +0C587 o-00687 -00687 .00683 oO0683 -00683
N ANBLIR S SLORRY .G81i8 . .086E  _ .0BG66 <0256 «03GF _. «0307 ~ .020T
-5 ESTE WATER ~ .0883% 08583 ".08785 L08786 JD4785 0821 <0882  .04820
NGX SUPPRESSION .00000 ,.0000C .0COCE .00000 L00CEC .O0000C LCOOCGG 00600
TOTAL LAND ACRES/100MWE iD8.52 1D2.8% 118.83 110.25 108.%1 10331 111.77 1gg.63
AIN PLANT T 719,51 T18.36  26s15_ 20e51 1508 _ 16.N0. 28«85 180
P o LamD - TRELED sg.us “E6aBT" B6.83 " Gb.80 BH.58 TTE4eL3 B8-57
- LAND FOR ACCESS RR 23,81 22.° 22018 23428 22.82 2237  22.33 21469
% T PARAMETRIC POINT 49 50 51 52 53 . &y 55 56
EOAkaNE éé“sm LB/KN-HR 39505  -ei8a7 .COODS. 00000 08000 '83883 <ho000 . =68888
, - » - L . UV | e . ..
WATERs GAL7ZKW-HR =3935 ="183%- +C%860 "%k ~~2%%0e 000" ™ 000 <000
COOLING WATER 603 <652 .000 .000 .00n “C00 .0oa .00C
GASIFIER PROCEss Hze  .0D00D .0dssE .ofopo .obgog .ofogo .ofogs .odoon  .pdood
COMDENSATE o up -D0SSE _.006B7 .0QGG0 .OCCCC _ -GOGO0. -0Q0CC -B0C00  -DCOB0
TE_HAND §Nc SLURRY ~.0818 ~“.0865 0000 <0000 = <0000 ~.DGOR 0000 20000
scnus R WASTE WATER .ggggg .gnggs .gngnn .30606 -goooc .gunnn .%nnnn Wtils
] - .00000 -00000 .0000C 000 8 - .
TOTAL LANSPucR§§9§uunus __ioz.58 i05.83_ " .80 ,M,_g_Adv_“B _-00088  -00°pg -0o%38
rAI PLANT 650 17.2% <00 .00 it -0 .00 .00
DISPOSAL LAN £5.48 B55.8% . -60 -CO <60 -CC .00
LANDCFOR SCCESS RR 20.73 22-18 o0 -0C -0t -n0 -0t .08

IBRKPT PRINTS



APPENDIX A 8.3

DETAILED ACCOUNTS LISTING
POINTS 1, 4, 49, and 46
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" table X 8,371

RAQKIN_ RITAL VABOR TOSPING-STEAM CYCLE ACCOUNT LISTING
e e .. . PRRAMETRIC POINT NDe.1 .. _ . ... .. .
ACCOUNT NO. & NAMEs UNIT AMOUNT MAT S/UNIT INS S/UNIT HAT COSTe s

1. 1 LAND ReY ACRE 187.G 1086.06 .0C  1870GC.GC
e le 2 CLEARTNG LAND ACRE . B62.2 =00 g0CaNC . _ . . _«0C
3 GRADING LAND E 187.0 G0 2600.00 €O
1. 3 ACCESS RAILROAD MILE 508 115000.00 11000C-00 575000.00
1. 5 LOCP RAILROAC TRACK MILE 2.5 - 120080.00 7G0CC.CC  30QC00.00
_6.STDING B R TRACK . MILE ... ... .0 . 12500000 ... 8000000 . ._____a00 .
1. 7 OTHER SITC COSTS AT Y .0C <CC  5S6h06.86
PERCENT TOTAL DIRECT CCST IN ACCOUNT 1 = .854% ACCOUNT TOTALsS  1558806.86
EXCAVATION & PILIN
A A L GRMON EXCAVATION Y03 75150 -00 3.C0 «GB
2. Z PILING 2084000 6o 3,58 1302600-00
— __PERCENT TGTAL DIRECI. COST Th ACCAUNT. C3°=. .78 SRCHUNT ToTAras. . 13nscan.od
PLART I 3 _GONCRZIE
& kN!i{ I QNERET" YL3. . 25050.8 . - ABeCD . L .. .BR.UT  1753500.00
CPECTAL ETRUCTURES | YB3 - 0o <GC <00
PEREENT FOTRL DLRECT EOST TN ACCOUNT 3 = 1.021 ACCOUNT TOTALSS® 1753500000
i HEAT REJECTION SYSTEM
5 1 COOLING TOWERS EACH 13.6 .co .0C 13995500.C0
S piaiibieae M oWdE R b b
——— " ” . - 3T '. lz - . - -
~PERGENT TOTAL DIRECT COST TN ACCOONT R = 2,096 ACCOUNT ToTATTE 788230535

INS COSTsS

1750CC.0C
- . a00
396806.86
17138803.11

225850.00
1703!00 0o
1328850.00.

.zuu&unc.%g
2004000400

m
W U
M
200

! g E .
e Ta )l COAL HANDLING SYS _ _TPH . 8285 . . _ 00 = 00 10117825.12 _%3513571a81 .
7« 2 DOLOMITE HANC. SYS TPH 268.3 <00 «00 3J463GCl.50 1567851.77
7. 3 FUEL OIL HAND. SYS AL 235000C0.0 00 «0C 290836.01 22782541
PERCENT TOTAL [IRECT COST IN ACCOUNT 7 = S5.833 ACCIUNT TOTALes 132877682.62 £102283.34
FUEL PROCESSING :
1 COAL DRYER & CRUSHER TPH «00 « 00 «00 . «00
IR ,___.___.__..Q e — ———e(0 — w02t W60 . W00
84 I GASIFIERS PH -0 .0C «06 =00 «0C
PERCENT TOTAL DIRECT COST IN ACCOUNT £ = LOCC ACCOUNT TOTALeS «-0C 00



Table A 8.3.1 Continued

RANKINE METAL VAPOR TOPPING—-STEAM CYCLE
ARAMFYRTC PQOTNT ND. 1

ACCOUNT LISTING

ACCOUNT NO. & NAMES UNIT AMOUNT = MAT S/UNIT

v

INS $/UNIT  MAT COSTe$ INS COSTs'S

FIRING SYSTEH

.0 .00 .CO .o -00
PERCENT ToTAL DIRECT COST IN_ACCOUNT 9 =_ 000 ACCOUNY TOTAL.S ~00 <00
T > ! P = A
ay VAPOR BEHERATOR (FIRED} L
e 10a 1 PRESSURIZ : A :- ) o 00,
10, 2 FLULD BED SOILER EA 0 TW3IZ000 00 8387355, 9% S9588000-00 33551955.15
PERCENT TOTAL DIRECT COST IN ACCOUNT 15 =25.333 ACCOUNT TOTALs% 596880C0.C0 33551333.75
ENERGY coxVE“' '
T1-"3 SYOAM TURBINE GENERATOR 1.0 1370B000.00  125501%.50 1370008000 125501!.50
AI. 2 sus TURBINE GENERATOR 3.0 7200000.80 1576000.00 28800000.C0 630RA0G0.G0
1A 8.0 3000000.00 . 270000.00 240000004 15353‘;31
I¥. & LIQULD HETAL DRUM .0 65000000 9500000 . 2600000.00  380000.00
1l. 5 LIGUTID MET RECIRC PUNP 4.0 215000.00 17200.00 860000.00 £8800.00
11. & LIQ MET HOT LEG PIPING 2000.0 2336.00 780-00 agEU0D0.C0  1560000.00
_1i. 7 LIa ncr_gQLo LEG PIPE . _1300.0___ _~3ig.p 08-00 ___803000.00 135200«
11l. q MET unéuS]TE ‘PUWP 8.0 qsnnuo ﬁ“ 3snnn.nn 1800000.00 1qnonu.un
11. 9 LI8 MET Inv 1.8 75000.00 13500.00 575000.00 3500.0

HE RY
PERCENT TOTAL DIRECT cosT IN ACCOURT 11 —25.953 ACCQUNT TOTA':S

1
83“3800&.00 1202051!.37

COUPLING HEAT EXCHANGER
12. 1 L A

e STEAM BEN EA q U 1510000.00 630000.GC E#!DUDO 00 2760000.00
= 1Z2. 2 HOT HELL TANK EA 3,0 7250060,00___130C0C.EQ  2300000.00 _430000 .00
g PERCEN TOTAL DIRECT COSi IN ACCOUHT 12 = 3.§DS ACCDDNT TOTAL»S BSQUDUU.DU 3200000.00
“ HEAT RECDVFRY HEAI EXCH,. - had el : .
13. 1 S—AIR RECUPERATOR ch .D .BB «CC «00 «00
13. 2 ECON ZER EA .DD «00 <00
13. 3 GAS rEED WATER HEATER Eé 218

1 E EgED VATE% HLATEE STBIa Tﬂl

- EEe N .

Jﬁ%%&ﬂmﬁsm “—y8ARg:HG

33505200

788733, 93

. ‘DENINuR LIZER “TPH 115. “5500.00 ' 7nc.uu' SOT0T-30
1a. 2 CONDENSATE POLISHING KNE  720600,0 1.25 .3 S067833.38  216180.0C
PEREENT OTAL BIRECT HoST TN ACCOONT T8 = .a0n ACGOUNT TOTAL.S. 118898937 53e887:90
" S T

N b RO LT ol
g?ﬁ ; B §§AnanRusR aaﬂzgg.g .nu .00 159a387.28  31886.35
15 %S URB TRANSFORHER 277,8_ ] 0 2585736406 .00
BEReENT TOTAL DiRECT COST In ACCOUNT 15 = 2.353 ACCOUNT TOTALSS. Bea7omc 37 32525.68



Table A 8.3.1 Continued

AMKINE METAL VAPGR T ~STEAK CYCLE ACCOUNT LISTING
T 5 NE . PARAgg QINT Ne 1 DA .
ACCOUNT NO. & RAMEs UNTT AMOUNT MAT $/UNIT INS $/UNIT MAY COSTe$ INS COSTes
AUXILIARY $ICH TGUIPKENT
15. OILER FEID PUMP EDReKWZ  538375.0 1.67 10 1143231.87 58857.00
.”_ls.dz OT ER _PUNPZ _KWE . 528UCC.0 .. <38 . «12.. .6G1920.GC. 8208C.00
16." 3 MISC SERVICE SY3 KWE 11%0000.0 117 .73 1333800.00 83219%.99
16. 4 AUXILIARY BOILEZR PPH ] _ §.0C st -C0 -0C
16« 5§ LIQG HMET RECEIVING-PROC 1.0 .5200000.00 200000C.00 6200000.00 2000000400
__16a.B5 LTQ MEY SIORAGE TANK. EA _. _ 8.8 . 13000060.00 . O0aC0. .5200000.C0 . &000C0.DR
18 1 LIg-NEI IMPURLTE MONTTOR 15 170BBea-cog %38888‘9% 1580880-02  S30tpo-nc
- - - =l -
18 § CRYERR Suse "Tavk ZA 5:8 'Z70666:68 SO0 2280000-00 3880000
. _PERCENT .TGTAL_DIRECT CQST IN ACCOUNT 1 = £.479 ACCOUNT TDTAL-! 12253951.75 _8576736.98
PIPE 8 FITIINGS
___11;~1WEQB!ENIIDN4L.PIEING TaN . . 13700 . snnn;nn-_ﬁ__zaun,Uﬂ__311uﬂun‘ou znsannc.uo_
17. 2 HOT CAS PIPING E 4.0 2200C00.C0 .0C  E€80GCGCR.00
17. 3 STEAK PIPINE & FITTIN =C_ -00 u
PERCENT TOTAL DIRZCT COST Th ACCOUNT 17 = &.172 ACCOUNT TOTALsS 12%516GGC.CC  25660CC 00
* AUXILIARY ELEC EQUIPMENT
18. 1 MISC MOTERS#ETC 115000GC.C 1.%0 17 1596000.00 193800.00
_1B.. c &_MCC. PAN KWE . J13000D.0. . .. .. 1.85 .. . .__. =85 2223000400 .__513006..00.
@ 18,73 CONDULTwCABLES+TRAYS FT 49300CC.0 1.32 1.5 5507599.94 670473994
4 18. 8 ISOLATED PHASE. BUS FT 17CC.0 510.00 ncc.cu SE7CO0.CH  76500C.D00
& 18. 5 LIGHTING & COMHUN KUE 1lnuauu.u 35 395000.00 4SC20C.00
r,.lB-ﬂﬁ_LHpLEAKﬁDETECIIQM,SXS EA ey - im 25CC00WDG.. . 2nﬂccﬂ.n . .2E uunu.nu _zscn «00 .
18, 7 LM TRACE HEATING SYSTEM 1.0 2500000.00 2000000.00  2500000.00 20 0.00
PERCENT TOTAL DIRECT COST IN ACCOUNT 13 = 6.852 ACCOUNT TQTAULsS 1!342559.87 1usssvsq.75
CONTROLy INSIRUMENTATION —_ 77 T - oo
19. 1 COMPUTER EACH 1.0 5500 a DO- _1500C.00  550C00.00 15000.00
18. 2 GTHER CONTROLS CH 1.G 1Z5C8 .cs 77qccc.0c 1250000.0C 774GL0.L0C
___,EE&QEmI_IDIAL“DIRECI COST.IN.ACCOUNT 13 =_ L73§_A T . I0TALsS . .191G000.00.. 78500C.0C
U PROCESS WASTE SYSTEMS .
Hooo oo JRH WG _a00 W00 . W00 . _a00
20. 2 DRY ASH TPH §8.0 2727631+06  5319D7e71 272163106 568190777
20« 3 WET SLURRY TPH 268.3 5703133.31 677633.ra 670813231 1677033.08
20. & ONSITE DISPOSAL ACRE 87545 5125 7865.19 ®489103.44 £8856731.06
P—‘:RCJ‘LJQ,TAL IRECT _COST JIN ACCOUNY 28 = S. QS_Q_C.C.DUNI JoTA 11__135.2&8_66 o715, 9285731,87.
o
, STACK BAS CLEAN NG
_..“._._L%E.~ 4(3._.3.18.522&3.25__510&1&5;%%_____ __lg%m e ® g%..
21. ScoSTREL g .8 .00 oec -CO0 Zogo
PERCENT TDTAL D;PECT cosr I# ACCOUNT 21 = .ooD ACCOUNT TOTAL:S -GG .00
e Tt ]
§,p . _TOTAL DIRECT COSTSe$ 269573120.0C 98227531400




T Table A 8.3.2

—ACCOUNY _ .

TOTAL DIRECT COSTSsS

INDIRECT COSTr$
——PPOF & QWNER CQSTS

CONTINGENCY COSTe3

SUB TOTALeS
ESCALATION COSTrs
URIN

JR— ESY_D G _CONSTeS .
TOYAL CAPITALIZATIONS

COST COF ELEC-CAPIT
COST OF ELEC-FUTL

s 0 ¢ Tha i o T

——ACCOUNT__ . .

TCTAL OIRECT _COSTSes

INDIRECT COST»S

%

AL

PROF & OWNER COSTCeS$ |

T T CONTINGENCY COSTes$
EUB TOTAL»S
I

SCALATION COSTssS
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T TOTAL CAPITA
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COST OF ELEC-FUEL
__gngt_OE. EC—0F &
OTAL COST OF ELEC
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YOTAL DIRECT COSTS
INDIRECT COST
——PROE_& QWNER
CONTINGENCY COSTssS

SUB TOTAL+sS
ESCALATION COSTss
REST DU
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TOTAL CAPITALIZATI
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COSTS,
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CONSY %

ONvS

COST OF ELEC-CAPITAL

COST OF ELEC~FUZIL

___COST .OF ELEC-0B & MAIN

OTAL COST OF ELEC

—-ACCOUNT ... . ...

JOTAL DIRECT COSTS
INDIRECY COSTsS
COSTS

— 3§ &_gﬂﬂi = p:
INGENCY COSTss
sug,ToTAL.s
ESCALATION COSTeS
« INIRESYT DURING_
TOTAL -CAPI
COST OF ELEC-CAPI
CCST OF ELEZC-FUCL

——§OST OF

AL C

O0F ELEC

CONS
TALIZATICONy
PITAL

'3
*$

SC-0P & IN
Og* C-0P & _MA

Tes.. .
Ne$

P &8 MAIN. .
ELEC

LONST, $_ _1
ZATI(I VS
OF ELEC-CAPYTalL

[RRTp— 17

~AM CYCLE COST OF ELECTRICITYsMILLS/KNHR
RAMETRIC POINT. NOe 1 ... . . o d it ot e e e e e e on =
L RAYEe .. ... ... ... . LABQR _RATL. SSHR . ... . —
CRCENT. " 5.00 8450 10,60 15.00 21.5C
.0 2252736C3. Z4844C475. IGTSCCENS. ACBE78340. 468508204,
1.6 2B356245. 40171352« SCO2EC40. 70890522. 101609892.
2.0  .250210P3. 27375238e .29432052.... 32693947+  27512656.
35  3D300382. 33101845. 35950561a 38828D62. B45836279.
.0 41C552726. 4455883CB. 482379286. 551082960. 652577C2%.
625 113026815+ 123773630. 132800955+ 151715348. 179657072.
10a0. 136941127. 1499618274 1608991624 . 153815690..2176831€6C.
"C 580520723 723324352 175073408, 806613732.1089305256.
18.G 18.41°S7  2C.17138  21.6425 24.72508  22.27870
-0 3.631C6 3.05106 3.03105 3.03106 ~ 8.081C5
£ . _1.8E82%2 1486282 . . 1.86282 1.8E3282 1.86282
-0 28736335 30.11527 ~ 31.58645  74.668335 3%.22259
RATEe. . .. . .. CONITINGEMCYs PERCENT._ ... _ . .. . . _..
PERCENT  =5.60 <0G S.50 5.6 20.66
.G 3579D0542. 367200648. 357300543. 5573C0588. 3€790G648.
51.0 SCO36CHD. S0036040. 5C03G6G&C. 5008504C. SCLCe040.
0 28832852.  29832052. 293332052.  22332052.  29%32052.
20.0 -18235C32. G« 24550561. 1£395032. 73580129.
“0 4290337G4. 447423736« 482379296+ 3565823768« 521008864«
€-5 118113593. 123178326. 13280C955. 12B283152. 1%3435530.
1 0.0 1831055684 143241250, 160833162, 155377012« 173782178
.C " BS0253958, 719848945, 776G7SUL3. THOUB3928. 838228564,
1320 19.26218  20.07486  21.54255  20.83973 2337573
.0 8.C81C6 £.06108 £.081C6 3.08106 8.C8106
0 .. 1.BE282. . 1436282 . _1.85282 14356232 1.85232
.0 25.1930% ° 30.01335 31.58685  30.88367  23.3195%1
YEs ... .. ...ESCALATION BATEs PERCENT. _ .. — ,
PERCENT ~5.6C §.5L .00 ic.06 .00
.C 3579DPE43. 357900049+ 3673CCE48. 367500648+ 357200688
S1.C . SG036C4C. 5C0%EG4C. 5009ED4CG. 50095040. 350035504Ga
TB.C. . 29832052, .29837002. 29432052e. 29832052, 23832052.
2.5 34050561 38950561s 35950561. 3B950561. 25950561.
.0 882379296. 532379296« 882379296+ 332379235 852379296«
*E  935685783. 132300955. 167499832. 2165332628« Ce
1020 1536741C6. 1608931G2. 158856552« 178986752. 151308481,
T0 "7356391%4%. 7750734G8. 818335756 877693744. 613687775,
18.C Z0.51E20 21.58.56 22.82027  24.875683 17.11353
.o 3.081 8.08106 8.08106 82038106 3.G8106
WO .  _1.862682 . _1.86:82 1.86287 . 1a86287 1.86282
<G 30.46G09° 31.58545  32.70885  34.82031  27.05787
RATEs ... . . . .INT .DURING_CONSYsPERCENT. . . .
PERCENT  '6.0C U0 . 12450 15 .60
<D 357300E85. 36790C54%8. 267200658+ 367500543+ 357906643
51.C 500960%0. S0G7604C. SC0CE04C. SOCSBCG40. LOCS6CA0.
8a.0 23832052, 29%32052. 23132052« . 2398332052« 234832052
e % " 349505E81. 389505G6I. 389505h1. SH550561. I45250561.
.0 %8237929G. %32379296. 4323797S56. 582373239E6. 482379296
-5 132308955. 13280G955. 132800355, 132800355. 132500355
15.0. 82776997« 126159286, 1608991624« 2062712564 253876668 .
TG TC79UT24C. T41323858. TTEGTIUCE. B214515C8« 8L 3CL6312.
18.0 1%.74168 ° 20457383  21.64256 22.9C7B6  28.23583
.Q 8.0eiCE €.05105 8.081C0C £.08106 8.0810%
N §,3523" 1.85282 1.83282 .. _1.88282 1.86232
.0 28768533  30.61738  3TSGBEAS ~ zZ.85178 23817932

QANKINT METAL VAPOR TOPPING-ST
- .. . ... . .PARA



—ACCOUNT ... o
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“idbie A78.3.2 Continued

RANKINE METAL VAPOR TOPPING-S
PARAMNE

TOTAL DIRECT ccsrs.s
INDIRECT COSTe

QRNER CGSTS:S. --
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CONTINGENCY cos
SUB TOTAL s
ESCALATION COSTssS
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OTAL CAPITALIZATIONeS
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LOST QF _ELEC-0P B MAIN _
TOTAL COST OF ELEC

TOTAL DIRECT COSYSes
INDLRECT COSTeS

ROE OWNER COSISed
CONTINGENCY COST s

SUB TOTAL
ESCALATION COSTs$
URT G

JOTAL DIRECT COSTSvS
INDIRECT TOSTy s
NER CO 4!5
gouf¥gc %CY €OosTy
ESCALATION COSTy
T DURING. SDN511$
TOTAL CAPITALIZATION+S
COST OF EL C—CAPITAL
COST OF EL gL
“QE"_LEC.QP 8. MAIN
TOTAL COST OF ELEC
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R
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=
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0

I E R EEREIEREERRERER

e BATE® . .
PERCENT_ 12.0C

51.0
. 8‘>C

-0

1
]
o=

$8se O
zﬂ

ananopuouno

Ze

TEAM CYCLE C€OST 9F SLTCTRICITYsMILLS/KWHR
ZTRIC POINT NQ. 1. e -

o .. FIXED CHARGE RATEe PCY . . ...
TU..CC 18.4G 18.CC 150 T25.00
358790C648. 36790C648. ZE7SCCHA8. ZETSELEA8. 2673LLC648

56035040. 5050%504C. 50095040. 50085040. 500966404
. 294320%2. 29832052. 23432052 2 432C52 2432052
333505%1. 38355561. 34%S50561. 0561. 34950551
8823792%6. 4823732S6. 48237229G. #82373298. 88237929 .
132800955, 1328003855. 132800955. 1328009855« 132800355
-.%s Q 160898162, 160 1608389 0859162
760794C3. 1760734L8. 775073408, 775073408. 775673408 .
12.082265 17.31405 21.64256 25.97108 3C.05%12
2.C8105 8.021068 . 8.03106 3.08106 3.08106
1.8E282 1.86282 . _1.B5282 . ._1.86282 1.36232
1'21.96753 27.257%% 31.38685 35.91836  %0.00300
R iMEL,£$SIu-SJIDJJG—.IU_ [ .
T <EC «50 T2.5C 1.02
25730064 3. 3567906638, 787908058- 357900688. 3579C0643.
5C04€080. 50096040. 50GS604C. 5C026C4C. 5CCES6080.
53432052. . 23832052.. .22332052a .. 29432052 .. 29832052
34950561 34350561. 34950561 3q950561. 33350561,
582373296. 432379256. 482373296 82379236. 382373296,
132800955. 132800855. 11280s955. 172800355 13280C255.
_.1B0899162. 160339162 .1 ~_15D333152, 1608339162,
T76072408,., T7607S8(8. 775073&98. 776072808, T76073408.
21.54256 21.64258 21.5%82 21.£8256 21454256
4,75357 8.08106 14.26C7C 23.76183 S .562728
. -1leB6232 le86282 . 1.86282 .. 1l.86282 ... _la86282
28.25835 31.58685  37.76602 87.,27322  23.2026€
_._CAEACIII,EAKTQRJ.PEREEHI_N.~__.“- - .
5.00 50.00 65.00 8C.00
26730CE48. 57scusqe. 367500588, 3s7sncs48. 3s7°nc5qs.
50026 50096040. 5003808GC. SC03%6040. 50096
28832052 23&32612., ”35’2052..,234¢2051. .’SQSZDSZ.
34950561 35950561. 435056 S50561. 343950561.
482379256+ 452379236 432375235. 432373296. 482379286«
132800855. 132300855. 132300955. 132300355. 132800955,
1608991624 160899162, 160839 1608391624 1608389162 .
7750734C3. 775079ucs. 77607298468, 7765073809. 7760734CS
117.Lae,5 31.26183 28413533 21.5225% 17.58§5°
2.02106 8.03105 8.0810%& 8.GE106 8.0810
_.11183 . 2e02432 . . 1a97815 232 _ .,1.13821
8.42350 %1.36752  35.1S05%  31.58585 27.45386



Table A 8.3.3

RANKINC METAL VAPGR TGPPING-STLAM CYCLL

ACCOUNRT NO AUX POUERsHUWE PERC PLANT pOW OP’RATION CIOST RAINTINANCE COST
8. . -Ba291% - 1354658 £3.8431C . . . 1313811 ... .. e

7 7.23061 10.97667 “Iw13, 31312 -0eoae

g 11.,97123 18.02377 00000 -00C00

18 -00060 »20000 12.87066 «00000
___~.__:Ul_._<_..__~__._,_ iD.3738 15.5831 L0080 LO0BC0 .

27. B:SIS “1.93931 3.7530%5 «00cot

10T 5223 1430.57320 13.13211

L 5681
RANKINE METAL VAPOR TOPPINb—STfAV CYCLr 3ASE CASE INPUT

H¥E e £20CLURGT .-NLI.P r MWE A137.53808 . -
| HEAT.%KFEU BTOZKW=HR ~ 8980.9207 ‘NET HE T RATLI BIUZKW-HR ™ 8507.133%
ST TURE HEAT RATE CHANGE 1.0170
CONDENSER
: 3N, SUREs IN HG A . ___3=0000 _  NUMBER OF . SHELLS., e e e Sa0BOO L
i NUHBER oF TUSE’/SHELL 70355720 TUBE LENGTHs FT 62.5067
) Us BTU/HR-FT2-F 60845535 TERMINAL TEHP DIFFy F S.0000
HEAI REJECTIUN
._IE?EI E_. . e . ... T1aG0DO APPROACH: F._ . e — .- -15e613
RANG 23.000C OFF _DESIGN TEMPe F S51l.3000
OFF DESIGN PRESs IN HG A 4.1186 P TURBINE BLADE LEN, IN 2%.000C
1 1200.000 2 . ___ 0B . 3 __ _____ .. .380_ _&% ____ . PO . Be
G 72G.600 7 Z2a5C0 ¢ Z38600000C.0C0 < 3.000 10 1.08C
11 1.000 12 291.500 13 1.000 14 «a0 15 «000
is 2.C00 17 127.000 18 3.00C 19 Se > 26 2.500
—2x ... 000 22 .25050.000 23 «00 25 27300eC 28 . 000
26 T Isttiob.000 27 20080.000 26 20000.G00 28 Z260000C.000 30 «600
g% 0800 32 1370.000 22 12 gg ’Q i.ﬂﬂﬂ 35 5-888
’930000.008 37 i7ag,.00G 38 0gg «CC 80 72500C .
A1 186000.000. 42 . . £50009.000. _&3. . ._ 15_Q_Q_UnﬂUD Q!L, —- IZSUDEU’HBD 45. ... 778000000 .
46 -0CC 47 goe  us 3a.CCC 2.30C & -200
51 00U 52 .35C
1 - Q00 2 4,000 3 «GC0 L +880 5 23360000060
———oa ______. 808 _7¥ . . 1.008 3 . ... 3«00C. 3 . 84000 10. . 4.000
11 4.000 2 T 20CGC.000 13 13c0.C00 1% B.000 1% l.C00
16 1387Cg0000,000 17 -00C 138 7200000.0868 13 «000 20 3000000.00D
w23 - «0CH 22 650C00.0C0C 23 35000.00C 24 2150GC.0C8 25 -008
s _26 23300990 .7 _m e 18Q.00C 23 . . 3186000 .23, ... __103,000 20 350000800
e ;U ~ 3 «ECO 2 TETBCL0.G00 I «G0C 34 4.00C 35 5.000
== B 35 230000C.000 37 «08C 33 7250G60.60C 38 i1000C.080C &C «0CO
e gg 51 -00G 42 .CGU 43 1.08C 44 «00C 85 <000
[y — 835 . . _«000 %7 L %3 -.0020 48 000 SC «000
len] il 51 :ﬁﬂﬂ 52 1506080.00C 53 «30 58 <000 S «£00
oo 56 800 57 - 53 1.000 58 5.000 &0 1.000
- ] 6 1.080 62 4,000 €3 62008C0.B00 o8 20G000C.600 &5 1300000.000
;” o —55_ 150000.00Q &7 800000,000_ 63 ZSQDCD.UDD_“£B~._~ 700000000 .78 . _.800000.008
S ] 73 S7G0CC.C00 72 3epoL,. oo 73 oge Z2GCEC0.082 75 «G00
s b 7% l1.80C0 77 «~0CC 78 ZSGUEC 0o0o 79 200000.000 3¢ 2500000000
. : gl 2C00CCLC. Gﬂg 8% .Eg% gg == C 89 -888 35 «00C
y S . -y A - sLOL 20 . e m mn we WH g .. 1000
B 3 ~got a9z .C00 383 oDUD 5 «000 85 .ggﬂ
. 36 .000 27 «-00G 238 ~ooc 3¢ «0080 10C «00D
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~Favie K8EE e e - o ame evmma e o b e 4 emets e soemr o st e 1t i 5h e
QANKINE METAL VAPOR TOPPING-STEAM CYCLE ACCOUNT LISTING
e e . - PARAMETRIC POINT ND. &

ACCOUNT ND. B NAHEr UNIT AMOUNT MAT S7UNIT INS S$S/UNIT HRF CO5Te3 INS COST, S

SITE DEVELGPMFNT

- 1. Np ZSOST ACRE 198.0 10C6.00 .00  133C000.C0 «0G
1 1,_Z,QLE RING LAWD . AGRE . _ 668 " .00 _ 80C.00 7 [ .00 39596.0%
| 3.7 5 GRADING LAND ACRE 158.8 .00 300096 00 538000.00
; 1. B ACCESS RAILROAD MILE 5.0 115000.00  110000.00  $75000.00  550000.00
| i. S LOOP RALLROAD TRACK MILE 3.0 . 17068G.08 OﬂG.Du 360000.00 21000600
; 3o 2 SRR R. tRA;K . HILE_<_ . -_aB . 125000.0C.. snu 200 . ___a0U .. . _lD(.
2 1. 7 _OTHER SITE COSIS RE .0 .00 00 "B16B8E.52 §15885.52
Brrte R S Tar (IR T cOST TR ACCOUNT 1 = .767 ACCOUNT TOTALSS. 1349889.33 1810k85.25
: T EXCAVATION & PILING_ oo ] CoooTrTTr o o e e - s
: Z. 1 COMHMON EXCAVATION Y03 7155€.0 .uc 3.00 06 218550.00
: Z. 2 PILING FT _ 190800.0 8.50 12802G0. nn 1621800.00
: NT_TOTAl DTRECT COSY IN_ACCOUNT . 2. = . .782 Arcnuxx.:nIALgs"_.lzqn‘nn,nn., 3EA5N..08
i
: PLANT ISLAND CONCRETE L )
[ — 32 3. PLé NT.IS. ggg%ggT; $g§, 23$50.0 . RGO . . _3c,cgw4lassﬁuu,00 1303003.03
; PEREENT F54550 DERELYRERsT T nccount 3°= .17 2200unt TovaL3S® 1se9s00:B8 1300000288
HEAT REJECTION SYSTEM 77 7rwoormmm rm o om oy mmmmemem e e T T T
§. 1 GOOLING TOWERS TACH 3-8 .00 .00 1295500.C0  994500.00
4. 2 CIRCULATING H20 SYS EACH 00 «C0 113311382.05 1516785.56
o — 3= 3 SURFACE CONDENSER, ,_FIZ.,"38l365<i o .80 «C0__I1733058.08 _ 26695612
& TTPERCENT TOTAL DIRECT COST IN ACTOUNT = 31,745 ACCOUKT TOVALsS #86%750.05 2778281.69
(\.)J .
< SYRUCTURAL FEAYURES _ .. . o . o
Se 1 STAT. STAUCTURAL ST, TON 27566.T £50.00 175-00 177850G0.00 ~ 8777506.00
5. Z SILOS & SUNKERS ToH- a0 180000 750400 .00 -00
20 & STRUCTURAL_FEATURES EACH 18 723 20508 106 zsnnu.gg_ BT
___.Se & STRUCTURAI IR! \C 1.0_. ] oo 1 15500C.00
PERCERT JOTAL BIRECT NGBSt Th KCCOONT ~8°= 5/4a% AZcooNT g T T2a70000.00 ¥933500.00
&
< S e e | ) I
"“§g§LaI§§KTfﬁﬁ‘§BILoxnes TTE{Y T 7500060.0 <15 .15 1200000.00  1200000.60
5. 2 ADN INSTRAT FI2 20000.3 1g-00 14.00 22066000 ~ 280000.0C
t« 3 WAREHOUSE & F12 20000, 0 240000.00 150000.00
. PERCENT TOTAL DIRE QT CO$T.IQ.&CCQMNI_“§”=_ ~176_ 1 Cﬁnyﬁf,IQIALL£_~JJiﬂﬂﬂQJHL,15#0&&&1&0
: FYEL_HANDLING & STORAG ; ‘
¥ R_AND LINA SYE TeH 517.2 e a88 _ o0OB 10319363.87 _ 8359838-87.
Te 2 DGLOHITE HAND. SYS TTPA 273, i oGO 3579881 .31 1sxussa.ss
7o % POEDRGIE NAND: 3V &Rl 2enobbnng .00 200 T230836.01  227825eh1.
PERCENT TOTAL DIRECT COST IN ACCOUNT 7 = 8.556 ACCOUNT TOTALss 16129647412 ezcszsn.us
o e = e e .
wEL, PROCESSING : ' : .
.8 4 KGAL n§vsn & CRUSHER IpH .0 08 <00 -0 -9
~ 3w 2 £ARROUMIZES TPH_ o0 <00 05 200
5. 3 GASIFIERS ToH 517.2 -0 Tt0 S01908%%. 00 50732349250

PERCENT TOTAL DIRECT COST IN ACCOUNT & =32.175 AcCCoenT TOTAL.S 901308448 .00 S07323489.50



Table A 8.3.4 Continued

RANKINE MZITAL VAPDR TOPPING-STYEAM CYCLE ACCOUNT LISTING
e e e e e oo PARAMETRIC POINE NJe N e
ACCOUNY 0. & NAMEs UNIT AMOUNT KAT s/UNIT INS S/UNIT HAT CO5¥s3 INS COST»S
FIR*NG SYSTER
) =0 =00 -C0 -00 -00
.____EJ_RI:FM JOTAL DIRECT COST IN_ACCOUNT. 9. = _.000 ACCOUNT TOTALe$ . .. .. . _»00. . = . .00

VAPGR GENERATOR (FIRED) .

JﬂESSURIZE BOIL‘.;R__ —EA____ . 8.0 _2200000,00 ___BSQ_D.QDJ_QQJIEHBHLD,-QU 360000000
10. 2 FLUID BED BOILER EA =00 -
PERCENT TOTAL BIRECT COST IN ACCOUNT 10 = 5.850 ACCOUNT TOTAL:S I?SCDUDG.DG 360G000.00

ENEREGY CONVERTER'
11. 1 STEAN TURBINE GENERATOR 1.0 13700000.00 125751!.48 13700000.00 ©257518.%8
11. 2 GAS TURBIME SENERATOR §.C 7100080.0C 15756000.00 28A00000.CC &304000.0
_ 1le 3 LIQUID METAL TURB-GEN 8.0 3000000.,00 ,ZTDOM 00 2800000C.00  2153399.97
1i. 9 LIGUID METAL DRUM 4.0 625000.00 90000.00° 2500000.C0 360000 .00
17. 5 LIGUID MET RECIRC PUMP 4,0 215000.00 17200.00 860000.00 68800.00
11. £ LIQ MEY HOT LEG PIPING 2GC0.0 1820.00 63C.00 3640000. 1260000.00
11. 7 LIG MET COLD (EG PIPE .1300.0. . . 31000 . _ 08, 402000.00 135200.00
"11.78 LIG MEY CONDENSATE PUMP 5.8 " BS0000.00 3snuo.nn 1sacnnu.uc 143000.00
11. S LIa HET INVENTORY 1.0 655000 300.00
PERCENT TOTAL DIRECT COST IN ACCOUNT 1I =21.387 ACCOUNT TOTALss alssauun.nn 117C2818.37

CCUPLING HEAT EXCHANGER
12. 1 L M COND STEAH SEN E 4.0 1610000.00 630000.00 65440000.00 2760000.00

A
_l%ﬁﬁéﬁﬂgtrb§kL oxnscr CO¥T IN accoﬁﬂr'iiqt'zZiggﬂgES%unil%%g £:8% %390985:08 300888288

. HEAY RECQVERY HEAT EXCHa . o o e o o e e o

7118

13. T GAS—ALR RECUPERATOR ~~EA B g .ch iy -0g
13. 2 ECONOMIZER EA -0 .0g -00 .00 .00
13- 3 GAS FEED WATER HEATZR EA . -00 .ag <0G .00
FEED HATER HEATER STRING . .oo-15G 1500000.00 — 43000.00 . 1500000.00 45000.00.
£NT TOTAL DIRECT COST IN ACCOUNT 13 = ~.353 ACCOUNT T3TAL.s ~1%00000.G0 45000.00
BIBEATMENT. . oo i o = e <o -gpE .
18, i DEMINERALTIZER GPH 11074 2000.00 S60.Ed 2214324 .53 520150487
14: 3 DONDENCATE POLISHING KWE 715300 1.25 E{ 93125.0C  214530.08
PERCENT TOTAL DIRECT COST IN ACCOUNT 1% = .900 ACCOUNT TOTAL;S 31083!9.53 835730.87
POWER CONDITIONING
fouER g? %URB RANSFORMER 874255.5 .00 .00 15865B89.15 31730418
L2 MEI yAP TURB IRANSEORMER . 227855.5... . .. 00 . .00 ASDASOI.12 . 63N.AD
15. 3 GAS TURE TRANSFORMER 6a355,5 ac 00 T2556236.19

- =00
PERCENT TOTAL DIRECT COST IN ACCDUNT 137z 1.982 ACCOUNT TOTAL:S 858725650 32354.79



" Table A 8.3.4 Continued

RANKINE METAL VAPOR TOPPINC-STEAM CYCLE
PARAMETRIC PpINT NQ. 4

ACCOUNT NO. & NAMES UNTT AMOUNT
AUXILIARY KECH EQUIPMENT
1 BOIL ER FC“P PUMP E2DR.KNWE 5739535.0
_}%?QTHR MPS KE,E‘.QG_.O
U§ SERVICE SYS Kgg il4a00 Dﬂ-g
b & A ILI RY B .
}G. 5 LIa % RECQIVENG—PQOC 1.0
.-lEA_S~LIB_HEL STORAGE _TANK _ EA 8.0
16. 7 LIQ MET £HPURITY POQITER 1 o
1t. 8 COVER GA TEM D
16. 3 LIQ MET DUM

N¥
— PERCENT IQTAL4DIRECT LosT IN AQCDUNT lE L=

___ziisl& ﬁ;gﬁy NAL EIEING TQN

... 15800 .
17. 2 HOT GAS PIP : 4.
17. 3 STEAM PIPING 8 FIT
PERCENT TOTAL DIRECT COST Ih ACCOUNT 17 =

AUXILIARY ELEC EGU%;HENT

ACCOUNT LISTING

MAT $/UNIT TINS S$/UNIT MHAY COSTe$ INS COSTesS
1.67 «10 1133823.%4 67353.50

. .88, . . . . «l2.. .8§01320.CC 82080.00
1.17 S737 1333800.00 332199.99

80 =00 +00
EZDDDDU-DG 20p000Ca00 5200000.00 2000008.00

- 1300000400 . 150000.00. 5200000.C00 0 600000008

300000.00 2580 0. 00 %g D00 2§8888.88
1700G00.00 COC.00 1 “EU o aL ®

57000000 8600C.00 2230L0C0.00 351000.00

5540 ACCOUNT TOTALo% lSZ’ﬂSQ.nZS B57£233 4%

3000.00... _1300.00  S520000.00_ ZTIZHDD-BD_
2gocoan.en QG BGGUGBG¢UG ‘

-D0 -00
3.5148 ACCOUNT TOTAL:S IZSZGBOU.EG 2772000, DG

18. 1 MISC MOTE 113000840 180 «17 153500000 193800.00

2 SHITCHEFAR & MCC PAN KMF  114800G0C.0 . ... 1.385 _ _ .. __a25 222300000 .. 513000.00

o 18« 3 CONDUITsCABLES+TRAYS FT 8930000.C le32 1.36 65507599.9% 6704729.9%
1 18. 4 TSOLATED PHASE 5US F 1700.0 £E10.00 5C.00 867000.00 765C00.00
W 18+ 5 LIGHIING & COMMUN KWE 1140000.0 329000.00 530206.00
G ——18. 6 IM LEAK DETECIION SYS EA. 1.0 . ZSQGUD,DD-._ZDDCDU. .. 25000000 ZRpoen .00

.7 18. 7 tM TRACE HEATING SYSTEM 1.0_ 2500000.00 20000C0.00 2500000.00 2000800.00

. PERCENT TOTAL DIRECT COSY IN ACCOUNT 18 = 5.756 ACCOUNT TOTALsS 123%2535.87 1U8567932.75
CORTROLy INSTRUMENTATION .

18. 1 COMPUTER "ACH 1.0 560000.00 15000C.00 66C000.00 15000.00
19. 2 OTHER_CONTROLS 1.0 12506GC.00 775C00.00 125C000.G0 7740G6C .00

__M_EERBEUJ;JQIAL.DIRLQT COST-IN ACCOUNT. 19 = _.616 ALCOUNTY TOTAL.S = 1310000.080 723000.00

ﬁ PROCESS WASTE SYSTEMS

v 20e 1 BOYTOM_ASH JIBH «f =0 — [ afl . . .a08. .
20« 2 DRY AS TPH 49,56 2804510469 701102.567 2804n110.69 701102467
20. I WET S RY TPH 273.6 6945#89.13 1736372.30 6345089.19 7736372.3C
20. 8 ONSITE DIS 0SAL 86345 -3 - 3452 - 335066.81

___ILBQ§ET T~.AL.QIRE§I_CQST INﬁACQQQ 1 20 E-S;ﬁﬁ! QQQNI.IQIALJ - 8354175

13

4 STACK GRS EAN - .

. 23e 1 R_‘ ——w - EACH . w0 DaS0  _5866T2875 . . .. 00 ... . __ . «00.
2l. 2 SCR BB KWE =0 21.72 9.36 =00 =00
21. 3 MISC T EL & DUCTS «00 «00 -00

PERCENT TOTAL DIRECT COST IM ACCOUNT 21 = .oce ACCOUNT TOTAL:S 00

TOTAL DIRECT COSTSe$

AT,

"
K2

318‘34380-00 119555347-00
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T Table A 8.3.5 7

RANKINE MCSTAL VAPOR TDPPI\G— TEAM CYCLE COST oF ELELTRICITY.HILLS/KH HR
T ARAMETRIC_POINT NO. B
CSOUNT .. o BATEw_ . . .. LABOR RATE: S/HR __ . _.__ .

PERCENT 6.00 «508 1060 1500 TZ21.507
TOTAL IRECT co’Ts's __«D 3851CE875. 414383748 §437383128. 487615624 . 560327496
TR S1.0 “Snigsis “uShEisis. ‘eoarzszn- 3558522“' 132‘5%1'3%'
ROF WN R COCTS-S B.C 30888550.  _33184832C0. . (D - . .
%Gurfusgﬂc COSTe's --8vE” IE5630153. “39358B55. A41608366. N6323888. 532883111.
SUB T «O 888188548. 535700272. 575610136. 659’30[85. 782761280«
ESCALATION COST»$ G«5 1348002%0. 185T7480435%. 158457778« 1814888873- 215897320
EST. DURING COiSTsS _ 10.0_ 152836856. 17_85.8.55‘&&1..,1913 £608e 213888538 «. 261032536,
TOTAL CAPITALTZATION'S «0 7858255654 51855248 60745”0-IUGDSU8200.1259351136.
COST OF ELEC —CAPITAL 13.C 21.638633 23.80787 25.5815% 292.29787 34.7878
CGS; OF ELEC— T -g g.ggg?ﬂ 8. ggggc 3. 33%70 8.33372 i.gg3gg
S MAIN o 1 - .
—— A o6 QFLEC -0 31723435 34216233 35235393 33788388 42288333
_ACCOUNT _ . ._ ... _RATEs . . . CONTINGENCYy PERCENT e
PERCENT -5.00 <00 S.50 S5.00 20 .00
TINTAL DIRELCT COSTS»S =0 13379839124, Q379831"4. 93798912%. %#37989128. 437989124.
THNDIRECT COSTe% 1.0 60972920« 72820, 60872920. £&03972920. 6£03872920.
... PROF 8 DORNER CO5TSsS 8.0 35039125. 55039129¢ 3503912% 35039129 35@39123-
ONTIHGENCY COSTes 2C.C 21898456, O 416508866, 21839856. 8759782K.
SUB YO .D 512121716. $38001172« 575610135« 555900628, 6215398992.
ESCALATIGN COSTes 140983656, 147012668 LS58867778« 153081672. 171128696,
NIREST DURING CONSTsg . 10 u-,‘nuazsuo. 128117808« 131296608« 185822836 207336338
TOTAL CAPLTALIZATION®% -0 8238398536. 355131532- G26076520 894365728.100006402%
COST OF ELEC—CADTTAL 18.0 22.75809 23.73235 25.58156 24.70562 274625482
COST OF ELEC .0 8.33370 833370 B8.33370 8.33370 8433370
%p EC—OP HAIN «D 1496351 1.396351 1»35351 _ le35351 136351
-TAL CO OF ELEC o0 33.D05628 '34.02556 35.8%7877 35.00283 3782263
___AEQDLNIM_.“. e e emw .. RAYES . AEaCALAIIQN RATEJ”EERCENI P - .
PERCEN 5.00 250 1 «00
TOTEL RYOFCT COSTSes$ __.0 437989124. 437983124. 43738912Q. 37989124. 437289328,
INDIRECT COSTs3 3isC §0372920. 60272920. £0972320. 60972928 §60972%920.
—_...PROF OHNER COSTS.S 8a0 _ 3503%149. 35039129. 039129« 3503312%9. 35[33129-
gDNTINSENFY C0STe 3 9.5 41650896bs H16083556 608966« §1508966. 603366«
TOTAL -0 575610136, 575610136. 575610136. 575610136. 575510138.
- ESCALATION COSTsS .0 118952302. 158567778. 199873080 258143944 . Oa
M{RESI DY G._CONST2%5. lﬁAD A1833154824 191 668w 20103148638 . 21353nﬂ5ﬂ 156686850
OTAL CAPIL LIZATION: 78773812, 507@5"0. 376497848-104733412U. 732295 84«
COST OF ELEC~CAPITAL 1F.D ZQ. 5C18 25.58156 26.37445 8693118 22872
COST OF ELEC—FU L P 8.33370 833370 8033370 8 32376 8.33370
.__g T_OF ELEC-0P & MAIN 0. . _1.8R351 1.96351 . 1.36351. . ._1.96351 1.36351
OTAL COST OF ELEC Pl 38.,58740 35%.87877 37.27168 33.228%3 30.52532
— ACCOUNRT. .. . - PR _RATEs.. R INT DUR_T.NG_ C.!!!!SI;,EERCE_NI_._. m e
PERCENT 6.00 8.00 .00 12.50 1% .00
JOTAL DIRECT_COSTSes _.«0 837333124. 237983124, §37989124- !31989124. 537989124«
INDIRECT CGSTsS 51.0C 603872920, £&03872920. 972920. 6£09872%2C. SD°72 20
- PROE _E_OMNER COSTSe3 3.0 35032123« .35039128- 3:u33123J,~350391~3. .25038129%.
CDNTINSENCY CaST S S.5 51608366, B1608956. 608966 1608956 816083966«
SuR TOTAL» 0 575610136. 575610136+ 575610136 575510138. 5756101356«
ES ALATION COST.S €a5 158857778. 158457778« 158465T7778. 158867778. 158867778
TREST DURING CONSTrS. . 15.0. 110648611. 150530476« .131336608. 286137898~ 302985140
TOTAL CAPITALIZATION:S L 8443725520, 884El8334. 926LC7a520. 980215808.1C’70220“8.
EDST OF ELrC—CAPITAL 18.L 23.33443 25,4351 25.58156 27 D77%§ 28.64834
asT O LEC~FUEL .0 8.33270 863337 8.3337 Ba33 8.3337C
_—....COST_OF ELEC -QF 8 MAIN «0_ 1.S§351 14356351 186351 | 1.28351 . 196351
TOTAL COST ¢F ELEC =0 IX.E3164 348.73332 35.87877 37.375%35 38 .95355%




T "Table A8.3.5 Continued’

RANKINE METAL VAPOR TOPPING-3TCAM CYCLE "DST JoF :LE\.TRICITYUHILL IKH-HR
P . . PARAMETRIC POINT NOe o
—ACCOUNY . _ ... RAIEe .. __. EIXED CHARGE RATEe PCT. __.. . _____  ____ .. .
PERCENT _10.00 1%.40 18.00 2160 25400
TOTAL DPIRECT COSTS»$ <0 437989124, 43739831248, l'iS'I“f‘lSilZﬁ. 3327389128, 437983124,
I‘IDIRLCT COSTys 31.0 53097 fgg. Ega-”é?‘-g. gggzza;g. snagz;%g. ggc"ﬂgg%g.
.___F.RQ QRN R._CO TSP; Ba - 3 - Lde - -» el PgVY .
CDNTINSENC COS%’ 9.5 4160%366. 31608366 3416038966« 8150896« 41608966
SUB TOTALy 86 575610136. 575610135. 575610136« 575610136. 575610136
ESCALATION CDST-S 5e5 158457778[15 367778« 158867778. 158867778. 158867778
TREST DURING CONSTeS _ 10 0. 1919966084 1919266L8a..19139660L4 131336608. 151936608,
TOTAL CAPITALIZATION+S «0 92507%520. 92G0T7TR520. 8250745250. 326073520. 926078520.
COST OF ELEC-CAPTITAL 25.0 18,21158 2L <86525 25. 58158 30.697 35452395
COST OF ELEC-FUEL o0 8.33370 8.33370 8233370 8.33370 843337C
—LOST OF ELEC-OP & MAIN L 1.36351 1.963551 1.96351 . «96351 . 1926351
TOTAL COST OF ELEC -0 28.50319 30.76286 35.87877 40 99508  85.82715
___ACCOUNT. ... _._ e . RATE .. e FUEL COST» &/3iDee5 BID. .. . ... . .
PERCERT 50 «85 25 1.02
TOTAL DIRECT COSTSeS «0 8327989124. 5373831Z4%. Q?7989144- 3373891244 437289124,
INDIRECT COSTeS 1.0 66372920 60572940- 6(3872320. £0972%20. £DS872S20.
—..P 2 OWNER COST3e% . ~8«0. 3503391 35033129, 35D33129.._3503912%. _ 25039129..
COATINGENCY COST 5 9.5 81603366. #1608966. K#1608366« G1608966. B1608966a
SUB TOTALsS «0 575610136« 5755101356« 575618136~ 575610136« 575610136.
ESCALATION r‘051"-5 €.5 158867778. 158667778. 158467778« 158867778 158487778.
. DUBTNG . CONSTeS.. _.10.0 996608 191996608a 191338608 19199660Ra 191936608, ...
TOTAL CAPITALIZATIONsS -G 826074520, 825074570. 8260758520« 326074520« 926874520.
COST OF ELEC-CAPITAL 18.0 54581556 «581556 25.58156 2553156 2558156
COST OF ELEC-FUSL oL 3.9G218 .33075 13 .70652 22.51088 IC.UDDQQ
1S ELEC-0P B MATH. _ . .0___ -363 JaS8635 .—1e36351 ..  _1a86351 . «36351...
@ TOTAL COST JOF ELEC <G 32.44728  35.87877 A42.25160 52.05595 37.5!551
K
H
L ACCOUNT RATEs . . CAPACITY_E e
PZRCENTY 12.C0D 35.00 50.C0 B85.0C 80.00
TOoTAL. DIRECT COSTS:$ «0 83798%124. §378839178. 453798912%. 337588124, 477989124-
INDIRECTY COSTy 51.0 60972320« ©60372%20. 60972920. 560372920, 60972920.
PROF B OWNER CO TSes, .. 8.0 . 35033129, 35029129. 35039129, ,_KR.QSSJ.Z&-_ I5CIS129. ..
CONTINGENCY Co0STrs «5 3150835 QlGﬂBSES. 41508966. 1508966« 81558365«
70 -0 57561013 756 36 57 0136 755.-0135. §75610136.
ESCRLATION cosns 6.5 15885K7778. 8457 784 158487778. 158'!!;7778.,158‘387778.
DURING COMST.$  310.0 19139660 .131.9_9 96608 191936608
TOTAL CAPYTALTZATION:S «0 925078520. 3925074520. 3256074520. 32507852D. 926074520
COST OF ELEC-CAP TAL 18.0 138.56679 36.95114 33.25603 25.5815¢6 20 « 78502
COST OF ELEC-FUSL - a0 «33370 84333780 333370 8.33317C 8433370
COST Q_EL_EC"Q.P .&_HAIE - el 3a21801 212566 .. _2.078%83 ___1e96351 . _1.88890 ..
—_—TAL TOSTY EC =0 150.11906 §7.5%3050 33.55%856 35.87877 31.00751

_! .
L




Table A 8. 3 6
T T TURARKING METAL VAPGR TOPPING-STCAM CYCLE

ACCOUNT NO AUX POHER:MHc PERC PLANT POW OPERATION COST MAINTVNANCE CIST
e B . 8.24281 e -406e02183 . 55.05127 . ... P RO 31 . . .
7 T 54857 13.57805 '1853.94225 -008gr
8 -Gaes -30000 3.76623 -00n0c
14 .UUUUD la.ggggg 87.19%5& .ggggg_
B e .. 100221808, . . 184 e e e a0 U P -
20 28a 82114 51.82895 3.L06275 .0CCO0C
TCTAL 55 5239 1620.01373 13.08731
RANKINL HETAL VAPOP TOPPINu~STFAH CYCLC BAST CASE INPUT
NAL POWERe - 1200.0C00. . . NET POWERs MNE = . _ .. __ . _31148.3897
NOM HEAT RATEs BTUIKH—HR 8343.3338 NET HEATY RﬂTEt BTU/ KW -HR 98CR.3522
gguggﬁBEsEAT RATE CHANGE «9781
N _PRESSURE. TN HE6 A ... . .Z.5000 . NUMBER OF SHELLS = . . __._._ _ Z.0600
NUHBER OF TUBES/SHELL 6985.350C TUBE LENGTHe FT 685067
Us BTU/HR-FT2-F 6843535 TERMINAL TEMP DIFFe F L.0000
HEAT REJECTTDN
-ﬁhuQESIGN TEMPe. . R _T700G00 APPROACH% - . 1 .56713
23.0000 OFF DESIGN TEMPs F~ 51.4%0400
OFF DESIGN PRESy IN HG A 2.4186 LP TURBINE BLADE LENs IN 25.0000
SS—— S _IZDE;DDUN.NZ e e -a0B0L 3 . w365 8. .. _ .__ 000 .. 5 . S«500
& 715.300 3.5C0 8 33720C0GC0.0C0 g I.CCC iC 1.C00
11 1.000 12 298.60C 13 i.000 1% 3.008 15 1l.000
is 2-000 17 198.0C0 ig 3.000 19 5.C0C 20 J.000
—— .22 .. . 23850.800 _ 23 s -0040 . 2% . 21300.000. 25 _eQ
26 " 75hoddo. UDD 27 20000.,00C0 28 20000.000 28 2600000.000 3C -600
31 1.0ur 32 1540.000 33 .BBO 35 1.000 35 1.000
35 8530000.050 37 1700.000 38 39 1.00C &o 72500C.GO0
— 21 156000.000 .32 . _680000.000. 43 . 15GQQ.DDU 48 _3250000.000.. 85.. 175000000 .
36 1.000 47 «0CC a8 -COD g2 2.000 50 -000
51 «000 52 5.350
1 3.008 2 PRatery 3 2200¢00.00C L] 450CCD.080 5 -000
@ ey B e UDD 7 . laiDC a .. §.000 3.. . . ...8a.000 10 .Q.SES_
1 11 12 2600.000 13 i3c0.800 18 &.000 15 1le
216 197DDUE9*E”D 17 -0co 13 7100000.000 18 D02 2D 3000000000
® . 21 vl 22 625000.000 23 s0060.000 23 215000.000 25 0
_____ZS__._.__-,__IHZE‘QDU .27 .. .- . B30.000 .28, _ . . ..310.000._.29 .. _ __10%.000 30 QSUDQO'HOQ
31 -000 32 655000.,C00 33 -0080 38 2.080 7S5 &.U00
a 2300000.000 37 .000 238 7250C0.800 35 110000.000 &g «000
41 000 42 +CBC 43 1.0CC 4y -0C0 &5 -000
— - -000. 47 .- - ..«000 .88 -.000 .43 <000 S5¢ -000
51 -000 52 1500C00.000 53 -000 58 «0080 55 .GUU
56 -.000 57 «00C 538 1.000 59 $.000 60 1-00
61 1000 62 8,000 £3 620CCCC. UﬂU [, 2000060C.000 65 1300000 DDU
—Bh . ...150000.000 .67 800000000 .68 250 DDD;D -89, 1700000.00C 78 . . 400 GD-UDD
71 570000.000 72 8600C.EC00 73 DU 74 20068000.000 75 Go
76 1.000 77 1.000 78 ZEUUEB gcc 73 200000.000 30 ZSODUDD-UDO
81 200000C.00C 82 <000 83 cee as © <0080 85 -000
——B5 . L. .«30G_..87 . ... .«000..323 ..eD0D..83_ . ... _ . =000 30 -000
91 -000 92 <800 383 008  Sh -000 25 «000
Se .000 97 -000 g8 -6B0 33 -000 100 =000



“Table X78.3.7

RANKINE YETAL VAPOR TOPPING-STEAM CYCLE ACCOUNT LISTING
o i _ PARAMETRIC POINT NO.4S .
ACCOUNT ND. & NAMEs UNIT AMOUNT MAT $/UNIT Ins c/UNIT HAT ccsr-s
SITE DEVELOPHMENT
1. 1 LARD COST ACRE 137.5 108C.00 .08 187000.00
‘““'i' _CLEARING LAND ACRE £2.3 SG0 _  _EJC.CP T
- 3 GRADING LAND ACRE 187:80 .00 3000-00 2ok
3 ACCESS RAIL 5.0 115006.00 1100CC.08  575000.00
LOOP RAILROAD TRACK SHE z.g v iigggg.gg ggggo;gg 300000.88
_£:_§"E;HER oFR IRAGK - MEE— - 2B .00 200 T398%0€. 86
PERCENT TOTAL DIRECT COST IN ACCOUNT 1 = .883 ACCOUNT TOTALss  1458205.86
TTTEXCAVATION & PILIN ’ T o T
2.1 comMaN EXCAVATION Y03 75150.0 0o 3-00 .00
TLIN FT 200300, 6.50 138 2600.60
*“~HEERQENT _QIAL.DIRECI_QQST IN ACCQUNT. NZA—~.Q§93 ACCOUNT _ IOIBL!S_ . 1302800.00.
PLANT ISLAND CONCRETE
_ 3. 1 PLANT IS. CORCRETE YD3  2505G.0 _76.00 _ _ _8G.0C 17535G0.00
32 SPECTAL STRUCTURES _ YD3 =0_ . 200 :
PERCENT TOTAL DIRECT COST IN ACCOUNT 3 = 1.08% ACCOUNT TOTAL»s  1753500-G0
BEAT REJECTION SYSTER ™ T o T Tt T T T rm e T e e
5. 1 COOLING TOWERS EACH 13.0 .0g .00 1995500.08
B Z CIRCULATING 120 SYS EACH - -ag -9¢ 113021983
__ 8. 5 SURFACE CONDENSER 31071-3 200 -0 173702845
® " PERCENT TOGTAL DIRECT COST ECaccoon? 3% 2,123 n2Chunt Torars el E32548-30
K
-~
‘2 __STRUCTURAL FEA URES e . e
T (T< STRUCYURAL ST. ToN ’*73E6'ﬁ 65000 175.ac 17745000.00
5. 2 STLoS 3 RuaK ERS 18G0.00 7sC.eC .
5. 5 CHIMNEY FT s -96 og 200
5.3 STRUCTURAL FEATURES EA 1.0 _T725C <00 __725C00.50.
“PERCERNY YOTAL DBIRECT COSY IN KCCAUNY 5 = B.507 ﬂﬂT TbTAL:S "18470000.00
Bg_I.LD —— e I
i 3T}TI§N~EHILDINGS ?T3 TT50C0G0.0 <18 =16 1200000.006
§. 2 ADMINSTRATION 200000 16.00 15.00  320C00.00
G- 3 WAREHOUSE & SHOP 12 2600 12.C0 8.0C 3600000
¢§chnr TOTAL DIRECI COST IN ACCOUNT s = _.945 ACCOUNT TOTALsS  176C000+00
FUELlﬁANDLIaGNgLfaoRggg 325e6. o0 CDR__5321766,13
<2 DOLOMITE HAND. SYS~ "Tpu T 228e2 T TTTTILO0TT T To0D 3062780087
7- 2 FUEL OIL HANDa. SYS 26C000C+0 .00 GG 230836.01
PERCENT TOTAL DIRECT COST IR ACSOUNT "3 = 3.708 ACCOUNT TOTALISC 9930835005
FUEL PROCESSING :
8. 1 CAQ%ODRYEg 8 CRUSHER {PH -0 -0g -o¢ -a0
8. 3 GASIL Fomma PH '—"”_'LL‘— SRt i T e "-?'E'_C— R of i
PERCENT TOTAL DIRECT COST In ACCOUNT 3 = .000 AGCOUNT TOTALsS <0c

INS COSTeS

37336-26
561008C-00

175000.00

. «00
3368065. 86
1713803 .11

225450.00
1703%00.00
1328850.00..

2ppa00C.0¢
2004600 20C

394500 co

25875 =23
2776866231

577750000

1zo0000.00
280000.00
160000.0C
1680000.00

2517738403 .
1385278422

227826 .01
4130892.66
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TFable A 8.3.7 Continmed

RANKINE METAL VAPOR TOPPING-STEAM CYCLE
B JPARAMETRIC PQINT NI.&42 |

& NAMEv

ACCOUNT NO. UNIT AMOUNT MAT $/UNIT INS S/UNIT

FIPIVG SYSTEM
34 -
PERCENT TOTAL DIRECT COST _IN ACCOUNT ¢ =

JATOF EMCELNOREROERY e 0 09
10. 2 FLULD BE OILER ~— - 'g.0 I5I€3C00.00 8531382,
PERCENY TOTAL DIRECT COST IN ACCOUNT 10 =26.385 ACCOUNT TOTAL:S
“ERERBY COMVERTER .
11. 1 STEAM TURSINE GENERATOR 1eG 13700000.00 1209338.25
11. 2 GAS TURBINE GENERATOR 4,0 5000000.00 1576000.00C
11. 3 LIGUID METAL RB—GEN N . 8.0 _3000C00.00 Z7CGCCC0.00
TT1I T LIQUICTMETAL DRUM ¥.0 590000. 00 35000« 00
11l. 5 LXQUID MET _RECIRC PUMP 4.0 215060.00 1720C.00
1l. 5 LIQ MET HOT LEG PIPING 2000« 330.00 780.
_._11. 7 LIG MEY COLD LEE PIPE ) 13GG.0 218,00 i0a.C0
‘II} B LIB MET CTONDENSATE PUMP n.n 350000.08 28800.00
LIG MET INYENTORY 1. 640000.00 1280C.00
PERCENT TOTAL DIRECT COST IN Accounr 11 =25.008 ACCOUNT TOTALsS
COUPLING HEAT SXCHANGER
12« 1L D—STEAH GEN EA u G 13486000.00 834000 .00
«© 12. 2 HOT HE TARK EA 675000.00 1100006.00
& TTPERCENT rDTAL DIRECT LOST IN ACCOUNT 12 = 3.963 ACCOUNTY TOTALsS
<o
o
_.HEAT RECOVWERY HEAT EXCH. e . R
I§’ 'EﬁgyE "RECUPERATOR — EA -0 - 00" .00
13. 2 ECONOHIZER A <0 <00 00
13. 3 GAS FEED WATER HEATER EA q.n 1082500.00 347509 0o
13- 4 FEED TER .HEATER STRIN -0_ 1720060.08 S1 00 |
T PERCENT TOTAL DIRECT COSY IN "ACCOUNT 13 = 2.037 ACCOURT TOTAL.s
WATER TREATMENT. e N B - .
”‘13:”1 HINERALTZER GP 132.3 250D0.00 700.CC
18. CONDENSATE POLISHIMG KWE 82670

1.2 =30
<478 ACCOUNT TOTALss

Da0_
PERCENT TOTAL DIRECT COST IN ACCOUNT 14 =

POUER CONDITLONING

15. 1 STM TURB TRANSFORMER 1010411.1 0o 0D
15+ 2 MET VAP TURB TRANSFORMER . 21#133 3 . .....=80 _  ___  _ .08
15. 3 GAS TURB TYRANSFORMER 28212242 " » 00 -0
PERCENT TOTAL DIRECT cosr IR ACCOUNT 15 = 2.413 ACCOUNT TOTALws

ACCOUNT LISTING

MAT COST-S

00

_.el0.

3]

=00
-CG
6067200000

197CDEUD.GG

%0000 .00

78063000.80

7728C000.00
2700000.00

10484000400

1330673.39

1033373.98
13648054.87

175125739

2
8647286 .37

INS COSTesS

N oo
QRO LD
Qw
[=]
Q
.
(]
(=]

-00
«0C
1330000.00

516G0.00
15%1600.00

'82%3C.a0
258010.00
38660033

35025.15
. 700.50.

«00
25725.65
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Table A 8.3.7 Continued

RANKINE METAL VAPDR TOPPING~-STEAM CYCLE ACCOUNT LISTING
PARAMETRIC POINT ND.3S

ACCOUNT NO. & NAMEs UNIT AMOUNT MAT s$/UNIT INS $/UNIT HAr cssr.s
AUXILIARY chu EGUIPW”LT
16« 1 BOILER FEED PUMP EDR.KWE T85365.0 1.587 »10 1311559.53 7853€ .50
__1s. 2 DTHER : KYE 684 00Ca0 -88 .. e12 6£1920.00 82n380.0¢0
18. 3 MISC SERVICE SYS KWE 11830CCO0.C0 1.17 «73 1333800a.00 832199.99
164 & AUXILTIARY SO0ILER PP -0 . 4.00 =80 -00 -00
16- S Q@ MET RECELVING-PROC 1.3 €30000G.00 20G00C0.0C E3C0000.00 zncunun.ou
16, 6 _LI0 MET STORAGE TANK _EA 3.0  1300000-00 _ 150D00.00 5200000400 000000
TTis. TTLIG MET IHPURITY HONITOR 1.6 8GCOCL.O0 250000 .00 85000 .00 uuon.us
15. 8 COVER GAS SYST 1.0 1708000.00 qnunon.cu 1700000.C0 &nuu
16. S LIQ_MET DUMP TANK 5.0 5700C6.00 COC.CC 228000G.CO0 3:#000.00
. . PERCENT TOTAL DIRECT COST IN ACCOUNT 16 = B.701 ACCOUNT TDTAL.s- 19527273.50C #4586816.48%
PIPE & FITTING
17+ 1 CONVENTIONAL PIPING TON _  1370.0. 3000.0 . 1B00.0C_ 4310000.00 @ 286E0C0.00 .
T 2 HOT GAS PIPING EA 3.0 1800000. Dﬁ <007 6500000.00 <00
17. X STEAX PIPING B FITTIN 20 _ 00 00 -tC =00
PERCENT TOTAL DIRECT COST In ACCOUNT 17 = 3.606 ACCOUNT TOTALsS 10510000-080 286600000
AUXILIARY ELEC faUIPHENT
18+ 1 MISC MOTERSSETC 1140000.0 1.50 «17 15260CG.00 193800.00
18. 2 SKRITCHGEAR & MCC PAN KME 114%0000.0 .1.95 .. e85  2223000.00 _ 000« D!
TTIB. I CONDULTCASLES»TRAY §320000.06 1.32 1.3 6567599.94  G708799.98
18+« & ISOLATED PHASE 3us F -0 51C.00 350.00 867000.C0 76500000
18. 5 LIGHTING 8 COHHMUN KWE 118000G.C =35 -83%  335000.00 390200.00
18. & LM LEAK DETECTION SYS E ,1-0 . 250000.00 260000408 250000.00 20000000
« 7 LM TRACE HEATING SYSTE .0 '2500000.00 20B06CD.G0G  2500000.00 200000000
PERCENT TOTAL CIRECT COST IN ACCOUNT is = 7.006 ACCOUNT TOTALs$ 1%382529.87 10866739.75
cd”TRoL- INSTRUMENTATION"
19. 1 COMPUTER EACH 1.0 66C00C.00 15000.00 £60CC0 .00 15C00.00
18. 2 OTHER_CONTRO EACH 1.6 1250008.00 77%000.00 125000000 77%000.00
___PERCENT TYOTAL DIRECT COST _IN_ACCOUNT 1S = _.750 ACCOUNT TOTALes  1910000.0G 783000 .00
PROCESS WASTE SYSTEMS
= 20. ) BOTTOM ASH | _  _ ¥IPH __ &0 _ .00 00 «00 g .
T 20. 2 DRY ASR “TPH B0.8" Z400835.16" " BCG208.75 Z4CCB35.16 6002084735
20. 3 WET_SLURRY TPH 225.2 5715443.06 1328862.27 5715%33.06 1428852 27
Ce. & ONSITE DISP 786,0 5272.85 808Y.34 3332806.16 6£028318.81
SERCENY TOTAL DIRECT cosr IN ACCQUNT 20 = 5.588 JACCOUNTY TOTALe$ 120%839630.25 805788%.31
STACK BAS % ANING .
231. 1 PRECIPITATOR == _ _ EACH _ .0 7752708.06_ _ 5035260.19 _ _ _ .00 _ -00
212 UBBER ~ KWE D 21557 T9.88 -00 00
2. 2 MISC STEEL & DUCTS oo -CC -C0 -0C
PERCENT TOTAL DIRECT COST IN ACCouNT 21 =  .00C ACCOUNT TOTAL:S <00 «0C
. TOTAL DIRECT COSTSesS 262282562400 97557838 .00

INS COST, S



T Table A §.3.8

RANKINE METAL VAPOR TOPPIhG STZAK CYCLE COST OF ELECTRICITYeMILLS/KW.HR

__ACCOUNT _ o

TOTAL DIRECT COSTSesS
INDIRECT COSTs»$
_PROF 2 OWNER COSTSes
CONTIRGEHCY COSTe$

(1]
ESCALATION COST

NIREST DURING CONST-S o

¥0TAL APITALIZATIO
TA

UEL
____.COST OF ELEC-0P & MAIN
rAc Cosy 6r FoELED

.. ACCOUNT, _

TOTAL DIRFCT COSTSes
INDIRECT CGSYeS

_»*PRUF e OHNER cosrs.s
C”u WAGENTY COST»

TALy
ES’ALATION S CoSTrs
ZNTREST DURINGE CONSTI»S
“—"TOYAL CAPITALIZATION:S
COST OF ELEC-CAPITAL
cOST OF ELEC-FUEL
COST OF ELEC~0P & MAIN

© “~TOTAL COST OF ELEC
g
.. ACCOUNT - -
10 DIRECT COSTSes

IN IRECT COST»S
.__“gh ;I gHNER CO;TS-S
NG NCY COST

ALsS
£s ALATIgchgSTés o

—— INIR ING_CONSTeS

I TAE CAPT TALEZATLON S ~
C05T OF gLfc—cagxr L

COST OF ELEC-0P 8 MAIN |

‘TﬁTAL COST OF ELEC

_ACCOUNRT __
TOTAL DIRELTTC%'TSrS

.. PROF & OHNER COSTS»$
6URTINSENCY COSTsS

SUB TO

gsc ALATION 0STss
___INTIREST DURING CONST S

“TOTAL CAPITALYZATIONeS
COSY OF ELEC—CAPITAL
coST OF ELEC-FUZL

0ST QF ELEC—-OP & HAIN
TOTlL COST oF ELEC

RAMETRIC FOINT ND.#3

__RATEe
PERCENT _ ~ 6.00
<8 3175D3S7E.
51.C 28152521
8.0  254300318.
9.5 30162877.
-0 301230088.
€.5 110850252.
1040 133831583.
.0 ~ 6455213820.
1840 17.3008%
- G+84663
«0_  1.57201
-0 26.81948
RATEs .
PERCENT_ ~5.00
-0 58848C3%2.
51.0  4975543%.
8.0 28787231.
28.0 ~1799201%.
.0  §20390C95.
6.5 115735080
10.0 _ 130222854
-0 6763475450.
18.C 18.75566
«0 5.84663
. 1.67201
«D 27.2Z7830
TEs
PERCENT 500
«0 3598508392
1.0 397584384,
8.0 2878723%
9,5 33IBRE3T .
o0 q?zsssaqa.
«0 57
10.0. . 150439152.
<L T20728Ce0.
18.0 19.98526
»C 5.B88E63
-0_ . 1.572C1
.0 28.50450
ATEs . . . .
PERCENT  5.00
-0 3588480392.
10 438758434,
£.0 28787231.
a5 35188837
.0 &72556948.
fe5 1300938576
15.0  90B&OT85.
-0 633507304,
18.0 19.23151
-0 5.845563
-G 1.67201
«0 27.75015

CONTINEENCY» PERCENT

] LABDR RATEw. s/HR -

1t
3&05128:5. 3538403“?- 450336096- #50158295-
33897471. 497588S4. 7DG07302. 10091713%.
272%1GZ1. 28781231-, 52026887 ~58127§3
32348725, 38184837, 38031929. 48371513
!40000115. 572566348. 520802208 SQIGUKZGS.
121133797. 130039576. 148885016 176636234,

1496753450, 157625222-A1 0386312, 213003168«

707897350. 60292732b. 8TCD73536.1032243688«
-63056 21.08353 24.1278% 28.52511
68REE3 5+88663 €& «88E6Z
. 1.57201 . . 1.87201 157201 . _1.67201
28.14520 T 29.60217 7 32.5EBF8 T 37.1%375

D 5.00 20.00
359880352, 3‘38483°2- 359840392. 359840332
43754498, 43754495 4375%53%. §9754439%.
28787231. 28787231. 281787231 28787231.
D. 3%18%837. 17982D018. 71968078«
438382112. %72566948. 856372128. $1L350188.
120688355. 13D0089576. 1256H1628. 150501454«
145223760 157626222 152275055. 170228952,
705254228, 760292736. 732250800. 821080575,
13.55837 21.083257 2036102 2476922
6.886563 685663 688663 5.84663
1.67201 1.67201 167201 1.67201
28.07701 29.60217 28.87373 31.28786
EaCALATION RATE: EERC’NT . .

10.0C 00
353840332. 359840392- 359840322. 353840332.
497544‘@. 43754 RS;%Q#SQ. 43754434,

287

28737 287372 231 8737231
35184 3 351848 3% 3#18183%- %418%83%.
5725669488, 4¥72565358. B72556008. 272556948
130093576« 164032682, 211332152. Qe
157626222 1£502983%¢ 175345882« 128537552«
760292736. 801689504. 8538458976. 601204408,

21-08 5 25-231&3 23-82319 18-67%28

3
63 6.8%
1.572 1 167201 157201 1,67201
29.60217 30.75013 32.36283 25.18052

INT DURING CONST2PERGCENY _ _ . .. .._

12,50 15.00
359880452, 353840302, 355840392. 3538A0392.
38987331, 384873310 22%3%“?2' 331899310
Sl '3 1872 - le
Sw1888371 5837 3NIg4837. 34184837
872565908, RT2566588. R72566988. 4725665484
130093576- 130099576- 130089576+ 1300395754
125583178 1876262220 Z02075378. 2588712816,
2268580, T60292736. BCRI21B96. B51378336w
20.135828  21.08383  22.3161%F 2360342
6081663 S84E563 6 Baces 6-88663
1-672C1 1-67:C1 S67201  1.67201
28288593 28180507 s0-8¥a73  33i3a08



\
"7 "Table A 8.3.8 \.oncinuéd : - cUroTm T e

RANKINE KETAL VAPOR TOPP*hG~STEAH CYCLE COST OF ELECTRICITYSMILLS/KN.HR
o PARAMETRIC POINT N3.4Z ) T
|
_RCCOUNT P  RATEs FIXED CHARSE RATEs PCT __ e
B - PERCENT IC GG ‘13 .8C" 18.00 "21.50 25.00
JOTAL DIRECT COSTS&S 840392« 259540392« 32598480392« 359840392« 35984C332a
INDIRECT COST 51 B 49754494. 497544598, &§97544%4. B975483%, 48437584334,
_PROF & OWNER COST 8.0 28787231. 28787231. 28787231. 28787231. 28737231.
TTTCONTINGENCY €057 9. 5 I41B4237. 3818R537. 3I4188837. 3%5184837. ITHIBABIT.
SUB TOTALesS 3725563488, 472566948« 872566988« 87256658488+ 3725663938,
ESCALATION COSTs G.J 136098576. 1300339576. 130089576. 130083576. 13003839576,
;NTREST _DURING CONST-S 10.0 157626222. 157626222. 157626222+ 157226222 157626222«
CTAL CAPLTALIZATION (S 760292735+ 160292725. 7602921726, 760292736, 760232736.
COST OF ELEC-CAPITAL 25. D 11.71307 16.86E82 21 £8253 25.30023 29-28258
COST OF ELEC-FUEL wC 6.84663 6E.84EB3Z E«BUERT 6.84563 688663
— ?05T OF ELEC-0P & MAIN «0 1.67201 167201 w1.51201 1.6720 1.67201
OTAL COST OF FLEC »0 20.23171 25438586 29.60217 33.8188 '37.80132
~—ACCOUNT_ ... . RATEs .. FUEL COST» $£10se6 BYU . __ . . -
PERCENT «50 -85 1.50 2.50 1.02
TOTAL DIRECT CO;TS-i o0 35984C252. 3528A80392. 35984C392. 359840792. 35984033%2.
Hoefhelthina s D LrmGE mus nesl dasen o
R (2% el .. £ - 3 QoL de L0 - 2 -
DNTINGg Y CDngs 9«5 33184837, 3!18“%37 %418@837. 3%184837. 35182837a.
TOTAL «C 472566348. 472566348« AT2566348. 472566988 . §725669%8.
ESCALATION CDS 6.5 133339576. 1300939576. 130089576 130099576. 130099576«
____%N R&S. 0 \STe$ 108.,C 1576262224 157626222 -ISIEZSZZZJJSTSZS"ZZ- 157626222,
0TAL € PITALIZA I0NsS «C 760232735« 760292736. 76029273b. 760282736 760232736,
COSY OF ELEC-CAPITAL ig8.0 21.08253 21.082Z53 21.08353 21.G835 21.0835X
COST OF ELEC—FU‘L -0 §.02743 684663 12.08230 20.13716 821588
LEC-0P & MAIN L 1.67201 1.67201 l.672C1 . % «£720]1 . 7201
@ "TﬂTKL COST OF ELEC -0 26.78237 28.60217 38.83783 ' 82.892% 30.971%9
s
[
G_ ACCOUNT .. .. ... . RATEs __ CAPACITY FACTORs PERCENT _ o
PERCENT_ TZ.0U A5.CD 50.00 55.00 80 .00
YOTAL DIRECT COSTSes -0 353840322. 35938403732 353840392- 3598480392+ 359840392«
INODIRECY COSTrsS 51.C 43754484, 8975845, 8975845 ROTL453] 43758894,
PROF.- § OWNLR COBTS-S S.0 28787231. 28787231. 28787231- 28787231.' 28787231
...... GhntY osT 3.5 35188837. 33183B37. 3R18WB37. 35184837. 34184837.
SUB TOTAL » .0 #725865958. 872566948. M72566988. 3725669%8. 3725665948.
ESCALATION COSTvS 6.5 130088576. 1300938576. 130099576. 1300938576. 130033576«
INTREST DURING _CONSTeS  10.0 157626222. 157626222a 157526222« 157626222s 157626222
[~ CAPITALIZATION 3" o0 TBL239Z2736. 760282738. 7Th(2892736. 76029 27361‘780292738-
COST OF ELEC—-CAPITAL 18.0 1153.2024% 30.45333 27.450858 21.08353 17.13037
COST OF ELEC-FUZL -0 6.88663 684663 6.88663 6488663 684663
___ _COST OF ELEC-QP & MAIN -0 282707 1.83416 78333 1.6720 139740
TALL COSY OF ELEC N 123.37€1% 38.13578 36.02855 23.5021 2557880
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Table A 8.3.9
T T T U RARKINE METAL VAPOR TOPPING-STEAM CYCLD

ACCOUNT NG AUX POWERe¥WS  PERC PLANT POW OPERATION CGST MAINTECNANCE COST
e 2 T 8e34353 18.82792 55.00832 13,8170
7 6.21172 IG.3A738 12G4. 57034 00000
g 16213370 16.93042 <3008 -00006
1% .caoop .0GCCo 1%-33887 .00000
18 10296020 18425723 8800 . +0p000
ac 23.71698 32.5010% 7299955 -009GC
TOTALS 5Ga03210 5.266 128143573 13.G6817¢0
RENKINE METAL VAPGR TOPPING-STTAM . CYEeE EASE CASE TNPUT
__ NDMINAL PGWERs BRL 12608. 0068 NET POWER, MHE 1133.9579
NOW_HEAT RATEs STU/KE-HE 7651.905 NET HEAT RATEs PTU/KW-HR BUSA.2541
ST TURB HEAT RATE CHANS t3780
CONCENSER
DESIGN PRCSSURZs IN HG A  3.5000 NUMBER OF SHELLS . Z.000g
—NOMBER OF TusEs/SHELL $98G.5634 TUBE LENGTHs FT 62.5L67
Us BTU/HR-FT2- . B03.353% TERMINAL TiMP DIFFs F 5.0600
HEAT REJECTION
__DESIGN TEMP» F 77.000C APPROACHs F 15.5713
RANSEs F 23.0008 OFF DESIGN TEMPy F 51.5000
OFF DESIGN PRES» IN HG A 2:4175 LP TURBIME BLADE LENs IN 25.0300
_____ 1 ~ 1200,.00C 2 .0CC 3 386§ .000 S . G500
5 8z3.700 7 3.566 8 3359s000G8.088 9 3.000 18 1.000
11 o206 12 198.10C 13 1.C00 1k .GhD 1% tiTi]
1% 2.006 i7 .00 18 3I.66C 15 G5:086 28 2500
21 o 22 ZSC5G.CE6 23 <€ 24 273 25 -oog
©2E 7500000.000 21 20000-000 23 20000.000 25 2600000060 30 <600
31 3z 1376.C00 23 -C 34 <000 3E 1.000
35 5530000.000 37 1700-000 33 1-000 39 1.000 #0 725000000
&1 'igeccolcoo &z 66COG0.E00 &3 150C0.C00 44 1250060000 45 778000 .000
%3 .0OC 47 -00S 43 3.000 43 2.000 50 -08G
© 51 l0e6 sz 5. 35C
. 1 .006 2 §,000 2 .oo0  n .000 5  23700000.000
® € ) .Bce 7 1.000 8 §.CCC 8 2.000 1G 4.060
11 45.0C0C 1 2000.000 13 _ 13002060 15 3.000 15 1-000
i€ 197CC00G.8G0 17 : 1s 6COGGGO.C00 19 -00G 2@ 30C000G.000
21 - 22 $90090-808 23 20000.00C 25 2150004080 25 Zooo
—. 2B 23302080 27 780.000 223 310.0CC . 28 10k.60C 30 36000G.00¢
%1 . 32 B4D000-CCC 23 3 35 52000
36 278GOCO-CCD 37 .C6C 38 5750C0-060 39 11C600.0GC A0 <660
31 -pog &2 wigoc &3 . by -02C 83 -0ag
&6 coee &7 <GGC_ &3 . 58 -0G0 50 1720000008
51 .gog 52 17200C0-000 53 .00 58 -00D 5F -000
o 3 LTEeE 22 42000 2 §3000CH-60D &4 2000000900 &5 3 S conn
Yoot =t . 2 3 - 80000. 13C00C0.000
e 5 8B 15606G.C06 67 8CO0C0 080 €8 S0BCg.g00 62 17C0GE0.0C6 7T 3c0cen.600
& e 71 570000.00¢ Iz 85000.000 73 78 15C0C86.008 75 -
o 785 -ece 71 .ace 78 2500C0.008 14 Z0CGUNLBGE  eC 2500000 <066
L 31 2000005, oo a2 -G60 o3 -306 3% Spoo ss .
£ _ 86 lepz 87 .60 &5 -Cco 23 .06C  °p 1.G0C
L 91 .ioc 82 s0es 93 -0D0 3% +000 o5 -00p
o 35 .oco 87 -ooC S8 -e0f  as .00C 100 .00c

HOOI
[HI &l

n
S



Table A 8.3.10

RANKINE METAL VAPCR Tg PING~STTAH CYCLE ACCOUNT LISTING
: PARAMETRIC POIRT NJO.&
ACCOUNT NOe & NAMES UNIT AMOUNT MAT SSUNIT INS SZUNIT MAT COSTes
SIYE DEVELOPMENT _ -
1. 1 LAND COST ACRE 187.0 1000.00 -00  187C00.08
_....1e Z CLEARINE LANG ACRE 622 .08 600.00 oL
1., 3 GRADING LAND ACRE 187.0 -0G 300G.0C =00
1. & ACCESS RAILRGAD MILE 5.0 ° 115000.0C  110000.00  STSCCCWCC
1. 5 LOOP RA;LROAD TRACK MILE 2.5 12D080.00 70000.0C  300000.00
1. E SIDING R R TRAEK MILEA .0 125CEC. 05 8GGOLCC «CE.
1. 7 OTHER SITE £GSTS ACRE 0 396405« 35
PERCENT TCTAL D7BRICY COST IN ACCOUNT 1 = .318 ACCDUNT TOTALYS  145B8C6.
EXCAVATION & PILING
« 1 COMMON EXCAVATION ¥YD3 75150.0 .00 3.0C =00
2. 2 PILINSG 28040046 650 .50 13C260C.C0
_ PERCENT TOTAL DIRECT COST IN ACCOUNT 2 = 827 ACCOUNT TOTALs«S.  13C2600.00
PLANT ISLAND coﬂngTL
. 1 PLA Yo32 2505C.C 7C.0C 80.CC 1753500.0G
3. ¥ SP CIAL STRUCTURES YD3 «0 « 00 - M
PERCENT TUTAL DIRECT COST IN ACCOUNT 3 = 4862 ACCOUNT TOTALsS  1752500.00
“"HEI\T REJECTION SYSTEM .
1 COOLING TOWERS 15.C .00 «CC  2149000.00
- 2 CiRCULATING H2GC SY3 EAC 1.0 .00 -0C 1I2153948.G6
B« 3 SURFACE CONDENSZER 4G3753.4 .00 «CC 1237835%.33
“PERCERT TGTAL DIRECT COST IN Acco UNT 4§ = Z.0% ACCOUNT TOTALss ~ 5201848.3%
(o]
& _STRUCTURAL FEATURES L L
@ 5. 1 STAT. STRUCTUTAL SY. ToN Z27306.8 550.00 17500 17745800.00
i ~ 2 SIL0S «G 18G0.006 750.0[ GO
5. 3 HI EY FT -0 .00 .cn
... 5. & STRUCTURAL FEATURES EACH 1.0 725000.08 EC  7250G0.
PEﬁCENT TOTéL DIRECT COST IN ACCOUNT % = 5.,99% ACCOUNT TDTAL.s 18¥70000.
___BUILDINES L o )
6« 1 STATIOGN BULLDINGS FI3 "756000C.C 15 16 ‘1 0cccc,cc
B. 2 ADMINSTRATION £12 206G00.5 16.0G 18,08 6050
6. 3 WAREHDUSE & SHOP 12 000G .0 12.00 g.0C 24c £G.CO
_PERCENT TOTAL DIRECT COSY IN ACCOUNT & = .870 ACCOUNT TOTAL,S  1780C00D.00
FUEL HANDLING & STORASE
. Te_ 1 COAL HANDLINS 5YS  TPH 318,98 =80 . 0D _ 5850870.50
7T E DOLOMITE HAND. 375 TPH _ 722.2 .00 W«CC ™ 2966791.5%
7. 3 FUEL OIL HAKD. SYS _ GAL 25C0GCOLC -00 .00  298836.C1
PEREENT TOTAL DIRECT COST IN ACCOUNT 7 = 3«373 ACCOUNT TOTALsS  9108537.87
FUEL PROCESSIN
8« 1 COAL DRYER - CRUSHER TPH -0 .00 00 00
[ ZNCARBOHIZE S e - ~ =8 L eBO . SWUB__ . .00
B. 3 GASLF -0 .00 .CC .00
PERCENT TOTAL CIRECT COST IN ACCOUNT 8 = 4000 ACCOUNT TOTAL-S 00

U_

INS COSTesS

«00
3732€.26
56100000
55000C .00
17500000
«00

35%{15. 86
171988?.11

225
783400.0C
82885006

Z00AD00 00
20065008.00

14671000.0C

16296E3.83
286827.81

2387517.22

8777500.00

~Nw oW
™



Table A 8.3.10 Continued
RANKINE METAL VAPQR TOPPING-SYEAM CYCLE ACCIUNT LISTING

ACCOQUNT NO. & NANEs URTT

FI?INC cYSTEH

PARAMETRIC POINT NO.45

AMOUNTY MAT S/URIT INS S/URIT MAT COST»$

1 .0 .06 .00 .50
__grnczur TCTAL CIRECT COST IN ACCODNT‘ &=  .0OD ACCOUNT TOTALsS .00
VAPOR GENERATOR (FIRED)
10. 1. PRE SSURIZE BOILER EA 0 .08 N 00 «00
10. 2 FLUID BED BOILER EA 5.0715185200.00 8574792.87 GEE2CETH 00
PERCENT TOTAL DIRECT COST IN ACCOUNT 1C =26#.2%3 ACCOUNT TOTALeS 50620800.00
—ENERGY CONVERTER
11. 1 STEAH TURBINE GENERATDR 1.0 197000CC.00 1215823.08 13700000.00
131. 2 BAS TURBINE GENERATOR §5.C £300008.00 1576000.00 23600000.C0
11. 3 LIGUIC META RB-GEN _ . _ 8.0, 200000G.00 1aucuq.po,;s,oqqne.uu
1174 LToUID NETAL DRUM 5.0 1180000.00 1350000.00 ~ %#720008.00
11- 5 LIQUED NET PECIRC PUM 4.0  z35000.00 i8g00.rc | 98£000.CO
11. & LCIa “ET HOT LEG PIPING 2000.0 2330.00 780.060 466000000
_131. 7 LIg coLD LEG PIPE 1306.0 367.00 128.00 477100+CO
. B LIG’HET CORDERSATE PUMP - 4.0 ° 495000.00 33500.00 193nunn o]
11 110 _MET INYENTGRY 1.0 28636000.008 572720.00 2ZB8E360C7.00
PERCENT TOTAL nIchr COST IN ACCOUNT 11 =3G.115 ACCOUNT rorAL.s 18651%1¢ .00
CQUPLING HEAT EXCHANGER R
2. 1L M COND aTEAH 6EN ER 4.0 1911C00.00 B81300C.CC 7684000.C0
__12.. 2 ot WELL EA 4.0 _7500G0.00 12500000 3000000.00
——PERCENT TOTAL DIRECT COST IN ACCOUNT 12 = 3.691 ACCOUNT ToTALes 10EHGOGCE.CO
HEAT RECOVERY HEAT EXCHa i o )
. 1‘slsy§1R thupz ATo EA .0 .0 Zog .00
13- 2 EgONO EA < .08 0o .00
13. 3 GgA&S FEED HATER HEATZR EA 4.0 102750008 382500.00 3110008400
® _13. 4 FEED WA HEATER STRING 1.0_ 1720000,0C 51600.00 17200G0C0.GQ
= PERCENT OTAL DIRECT €oST IN ACCOUNT 13 = 1.856 ACCOUNT TOTALsS  5830000.00
o
___H5T~R JTREATMENT T e e e . . ..
1 DEMINERALTZER €PN 17347 2506.60 T¥06.0C 324239299
s 3 CONDENSATE POLISHING KHE _ 810600 1.25 Z0  1D013253.938
BEREEN T T TAL DIRECT COST TN ACCOUNT 18 = o428 ACCOUNT TOTALS®  1337483.97
POMER couoxrxonxue
15. 1 STM TURE_TRANSFORMER 99073343 .00 -00  1727847.28
—15- 2 NET VAP TURB TRANcFORHER 237298.5 <00 . _.eD0 ®515806.18
15. 3 gAS TURB TRANSFORM 533638.9 <00 .08 ' 2803333.00
PERCENT TOTAL DIRECF cusr IN ACCOUNT 18 = 2.222 ACCOUNT TOTALsS 8687246437

INS COSTeS

1215823.08
63B§DUG.UU
1433%399.38

* 5430000.008
5200.00

7
155C000.08
18527383.00

32760CR .00
50000000
3776080.00

’ .'nﬁ
13vunonqoa

51600.00
1321600.00

345484935
&S0 .38

«00
3523%.92



T ""Table A §,3.10 Continucd

ACCOUNT ND. & NAHE- UNIT

AUXILIARY HrCH EQU.LPM;NT

MAT $/UNIT INS $IUNIT

18. 1 BOILER FEED PUMP EDR.KWE  770070.C 1.67 «1C
__15. 7 0THER PUMP5S KWE  53800C.0 .23 L el2.
16. 3 MISC SERVICE svs KiE 174000640 1.17 -73
16. & AUXTLIARY £0T H s 8.00 « 80
16- 5 LIG HET RECEL ;NC-PRoc 1.C -czoocOf.OC  2000000.0C
162 5 ITQ MET STORAGE TANK EA. . BIG 1710000.90 . 285000.00
16. "7 L1 MET IFPURITY HDNITOR 1.0C S80CCOL.0C '25000C.0C
16. 8 COVER GAS SYSTEM 1.0 1700000-0C &0C0pC-00
16 3 CRaERet Sump Tavk E 4.6 770080.00 175000.00
____PERCENT TOTAL DIRECT COST IN ACCOUNT 15_Z 5.943 ACCOUNT TOTALsS
PIPE ® FITTING
ONVENTIONAL PIPING - TON.. 1570.8 . 3000.00.  _ 1800.C0.
I7-727HoT SRS PIPL SEA 150000000
17. 7 STEAM IPI N FITT

PERCENT TOTAL DIR’CT COST IN ACCOUNT 17 =

AUXILTARY ELEC EQUIPHENT

«00 DG
3.322 ACCOUNT TO:“‘-S

18+ 1 MISC MOTERS 114600046 1.80 17
18« 2 SWITCHGEAR & MCC PAN KWE  114000G.08 = __ 135 _ . __ 85
18. 3 CONDUIT-CABLESiTRAYc FT  4§930009.0 1.32 1.3€
18. & ISOLATED PHASE B FT 170C.0C 51000 350,00
18. 5 LIGHTING & counun KWE 114€000.0 35 83
18e 6 LM LEAK DETECTION SYS EA__  "1lal_ _25D000.030 . 200000.00.
18. 7 LM YRACE HEATING SYSTEN 1.0° 25000G0.00 2unﬁnnvico
@ PERCENT TOTAL DIRECT COST IN ACCOUHT 18 = G853 ACCOUNT TOTALeS
& .
=1
N TEONTROLs INETRU ENTATION T
18« 1 COMP EACH 1.0 660006.00 15000 .00
18. 2 OTHER con oLS CACH 1.0 1250000.0080 778000.00
PERCENT TOTAL DIR;CT COST IN_ACCOUNT 1S = 691 ACCOUNT _TOTALsS.
ggocgsgnu%erAgverns IPH 0 __»00
. 2 URY"XSH“’H“’ - T YPH T G0e3 23T53R5.91 T STZEIECHR
20. 3 NET SLURR TPH 22242 5839580.31 1509895.08
20. & ONSITE DISP SAL 736, 528 =5E
Eggcayz_JoTAL,oIRfcr cosr IM ACCOUNT 20 = 5.088 5
rAcx CLE N NG
Y BRECFREIATER JEAGH . B 7672318.8
21. 2 SCRUBBER KH -0 51
21« 3 MISC STEEL & DUCIS oG .00 .00
PERCENT TOTAL DIRECT COST IN Accouur 2i = ACCOUNT TOTALesS

YOTAL DIRECY COSTSesS

e

«0ce

RANKINE METAL VAPOR TOPPING~STEAM CYCLE ACCOUNT LISTING
.. PARAMETRIC POINT NJ.8E _

AMGUNT

MAT COST.S INS COST, $
1286016.87 77007.0C
._601920.0 3203C.00
1333800.00 83219%.32

-00 : «0C
SZGUUGB.UD 20CCE00 00

53u0000.00 _ 1180000.00

20C000.C0 25C00C .00
1700000.0C 20000000
308C00R .00 50000C.00

218831736.75 | 528128634

CB1310000,0G _ 2866080.00 ..
£400000.00 -

<00 00
i0510080.00 236600000

28735856%.00 103278379400

1

1596000.C0 193800.0
_2223000,00  _513000.0
65C7529.84 6704792.9
857000.080 765000.0
320000-56 30880040
- gz2UlbUe DO 2 Ue
2500000.G0 20000000
183%2539. 87 108§8799.7
6G00C0.E0 15000.00
1250000600 774000400

.-1310CC0.C0 . 783SC00.00
SRS ¢ ¢ R ¥ 1 |
2375345451 523836.4
5639530.71 14038895.0
3821820 596376545
130f G 73674897,0
- »00

<00

-00

«00 «00



Table A 8.3.11

RANKINE METAL VAPOR TOFPINS-STEAM CYCLEC

COST
"PARAMETRIC POINT NO.G5

OF ELECTRICITY+MILLS/KK.HR

ACCOUNT . _ RATEs o LABOR’RATE: _S/HR ) o
- Tt PERCENT 6.G0 (A ] 1C.60 15.60° 21.50
TOTAL DIRECT COSTSes .0 34%5813020. 370176128« 39G6365950. b33557212. 436833283
INSIRECT COSTiS 51.8 29214374, &§2226358. 52571972. 74535810. 10GE83RE5S.
PROF 2 OWNER CO3ST3ss .80 27655481. 296185S0. 31250955. 38680575. 339747063.
[ BENCY COST %" 9.5 32852712. 35166732. 371105C8.° 41183185. &47199637.
SUB YOTAL+S -0 #36150%468. 877123304. 5311670372« 533306775« 630618637
ESCALATION COST» £.5 1200733979. 131373356. 130864306. 160751878. 136130358,
INTREST DURING CONSTes 180.0 1@547933#.v1591595‘8.m17 669298, 138763978, 23035839%.
TOTAL CAPITALIZATION»S .U 7617038%6. 757736848, 823264560 9384226243.1111108368.
c0ST OF LLEC-CAPITAL 18.0 19.55352 21.29C%% 22.82307 25405202 30.31321
COST oF ELEC—FUEL -0 575603 6.75603 675663 6756063 .75603
___COST OF ELEC-OP MAIN =0, 1.66133 1.66133 1.56133 . _1.56133 «6513
TTYDTAL "COST OF LEc -0 2T.87638 29.7022C 31.2868% " Z4.86932 ss.zxns
ACCOUNT __ __ . e RATEy . CQNTINGENcy. PERCEN[, .. .
PLRCENT -5a08 5000 2000
YOTAL DIRECT coSTS.s -0 39C63638G. 300535040. ?°0638940. 390636940. 390636940
INDIRF COSTy» 51eC 52671372. 52671972. 52571972. 52671972. 52671872
__.._PRGF 8 HNER ccsrs-s 8.G_  3125C9355. 3125C955. 2125C955.  31250S55. 3125C355.
EDNTINGENCY COSTes 2n.0° ~-19531247. O. 37110565. ~19531847. 78127387.
TOTAL » .0 85502800. 378559868, 511670372, 4S8C591703. S5E26E87288.
ES%LQP‘”‘ oSS 5 %55-2,%%“32' 1395%n4aa. 170665298, %35252833 1853800ka .
NIRE URING NSTs$ 18,0 1 756, 2 5. 170665258, 16 «. 185350605 .
L CIBiTIEfZKTInN. .0 732075112,7783 nésuss. 823208560. 799923 B38313586%
COST OF ELEC— CAPI AL 1e.C 20. 30187 21 1723 22.22307 22.54477 28 .55911
cosr 0F ELEC-FUE Y} 5.75603 »15 oG3 575603 575603 575603
OF ELEC—OP & HAIN . o0 1.66133 ,1 66133 1.66133 1.66133 -66133
@ TGTAL COST OF ELE o 28.713923 29.59068 3124683 3085212 33.07687
&
o«
© _ACCOUNT _. . .. .. . - RATEy _ ESCAJ..AT DN RATE» PERCEKT
PERCENT 5.00° E 2. 16.08 «0f
TOTAL OIRECY cosrs-s <0 33053594C. 3906363#0. 330035340. 3306369480. 320536940
INDIRECT COST» 51.0 62671972. 52E71972. 52671972, 52671%72. 52671872.
.. PRofF & DHNER CO)TS'S 3.0 31250955« 3125095S5. 31250955. 31250355 31250855.
TONTINGENCY COST % 9.5 27110569, 3711065C8. 37110508« 37110509« 37110508.
SUs TOTAL .0 511670372« 511670372. 511670372« 511670372« 311670372
ESCALATION COSTe$ .0 165738876. 140884956. 177670838. 225468870. 7]
INTREST uunx NG_CONSTes  10.0 152952482. 6632°9%. 178685586« 189855202« 139281808«
CAPITALI7ATION1$ -0 780361725. 823205560. 86802€788. 83089A44C. 550952176
c0ST OF EL SC~CAPITAL 18.0 21.54088 22.82907 24.07208 25 81829 18.05218
COSY OF ELEC—~FUEL -0 5.7568 .75603 c«75602 Sa 63 615602
0ST OF _ELEC-QP & MAIN o0 _ 1.66133 1.565133 165133 . 1.65133 "1e65133
“‘”% 0TAL COUSY OF ELEC - 30.05831 31.28683  32.88983 7 35.23665 26 86353
—ACCOUNY .. .. .. . RATEy _. . INT DURING consraPERthT . . N
PERCENT 600 12.50 15.00
TOTAL DIRCCTY_COSTSes$ .0  339C6369aC. 3305 sssqn. 3°0635340 390636940 . 39C063654C.
%é‘SERE ouﬁ‘égfcosrs s Cmio §f§§é§§s' BatTisiz: “sztilule: “iiszisre: “RaEmidly:
L4 ol Z L ) . - < ;3 > a 2 -
Tfﬁ ntY tosT -5 37110569,  37110509. 3711050S. 3711050%9. 27110503.
s TAL .0 511670272, S11£T70IT72 51;570372 511670372. 5116703724
fscALATI Cncfz, 5.5 130865906. 140853906« 1A086%4305. 13086%350C- 130854906
NTREST _DURING CONSTe8 . 15.0 98357573, 133809251, 17066925%. 218796%78. 259232584,
T TO0TAL CAPITALIZATION:S .0 7508823480. 7853%4550., 823208560, 87133174%. 321827856
COST OF ELEC-CAPITAL i8.G 20.82372 21 80E87 22.828C7 25.16372 25.56803
C0ST OF ELEC-FUEL -C 675603 §-75303 Ge oK1 6¢75003 « 75602
_COST OF ELEC—0P & MAIN D 1.66132 1.661Z3 1466133 1.66133 1.66133
TTOTAL COST oF ELEC .0 25.28138 30.224823 31.2365%  32.58183 33.381458



“~" Table A 8.3.11 continued

INTRESTAQyRING CQNSTns,

ACCOUHT

ToTAL DIRECT CO;TS:S

INDIRECT COSTssS

PROF_8 OWNER COSTSxs

’CONTINGENCY COST s
SUB TOTAL»s
ESCALATION co

TOTAL CAPITALTZATIONsS
COST OF ELEC-CAPITAL

0ST OF EL

'—“’TOTIL €06SY OF ELE

6818

___ACCOUNT

TCTAL DIRECT COSTS s

INDIRECT COST+S

_..PR & OHNER COSTSss
CONTINGENCY COSTs $

SUB TOTAL+*
ESCALATION COSTvs

____§ﬂ E3T. CONSTe$
TAL C>PI LI ATIONS

EC—OP

%DTAL Cos OF ELEC

ACCOUNT

INDIRVCT COST S

,HAIN

TAL DIRECT COSTSesS

PROF & 0STSy s,
CON TINGEREY CUST-S

sSus TOY
ESCALATION

0STy
INTREST Duaiuc consr's‘

LIZATION o

FUEL
QOST OF ELEC—-0P § MAIN
AL €O T OF ELEC

- m b e R B T P

RANKINE HETAL VAPOR TOPPING-STEAM CYCLE €OST OF ELECTRICYTYsMILLS/KN.HR
PARAMETRIC POINT NO.&B .

RATEe _ _ FIXED CHARSE RATEs PCT_ _ —.
PERCENT ~10.0C “18.80° T8.00 Z1.60 25 .60
.0 3305836340. 33053594G. 390636940. 330635340+ 390636980
1.0  52571872. 52671872. 52671372. 52671%972. 52671972.
8.0 31250955. 31250955, 31250355. 31250955 ,3125:555.
9.5 371105 3I7110569. 37116509, '3711050%9. 27110509
.0 511570372. 511670372. 511670372 511570177. 511E70372-
5.5 1408E4905. -180864906. 1&0868906. 14808649G66. 140864306.
10.0 17G6692%8. 17066923%. 17066329%%. 1703632%%. 17066329,
.G B232085tC. 823204560, 8232064560, £232C4560. 823204560,
25.0 12.68232 18262256 22.82907 27.39888 21.7C70%
.0 S.T5603 €.75603 s 75603 e 756032 675603
-0 1.56133 166133 166133 _1e65133 . 1466133 _
0 2110017 26.68061 31 ZRER3T Z5,.8122% RO 12640
RATEy . . FU£L_QQSI;_§/10‘¢S _Iq_«W,___.-__,_ -
PERCENT 1. Ze “1.02
.G 330536940, 3sns?s<nc zsnszosxc. 330536940. 350636980
51.0 52571872, 52671972. 5257197 ;2871872. 52671372«
B.C  _21250255. 31250955« 31250955. £95%. 312503955,
9.5 "3T71I05D8. 371I05G%. 3711050 9.'”3 110509. 37110509
.0 511670372. 511670372, 51157G372. 511670372« 511670372«
5.5 13085%806. 140354906, 130865306. 140854906, 130864306«
-_Lﬂm%__12955§235,m170669294 1195632&.:_17E552251J 17US59225.
- 823204560. 8232045504 550 823204560 823208
18.G 22.82S07 22482507 22.82307 22.82907 22.82957
-0 27514 Se75603 11.9225%1 18287063 8 16728
=B 1.£6133 166133 . 1066133 . . 1.66133 _  _1.66133_
S0 28.856853 31.286%3  36.81280 T §%.36107 ~ 32.593753
BATEs . ... CAPACITY . CIQB: EERQWuI e e -
P@RC NT~ 1Z.eC - 55,00 kA 8C .00
_ .0 390636340. 330636910. ,sosassuo. 390636940. 390636340
%1.0 52671872. 52871972. 52671872. G52671°7Z. 52671572.
3.0 3125D855. -3125D9553,.31250955;“.31250955-nw-12§9355-
2.5 371105068, "37110509.7 37110508, 71105 37110508.
-0 511570372. 511670372. 511570372. 511670372+ 511570372+
6.5 140854505. 130855906, 120864906« 1580864306. 140868206,
.10.0 17G66929%. 170669234, 17G6692%%. 170659238, 170669290
Py 32328k=50. 823204560, 3’3204550. 823208560, 873204560,
18.0  122.55747 32.97532 25 677 22.82307 18.58862
.g g.gssgg g 75503 .;;a_ .ggggx _i.gsggz
..eB. . _Ze315 =8 1. 1. - 2
WO 133.32%89 a1. 55q83 33.20847 T"31.2864 TZ6 89137




Table A 8.3.12
TTOTT T RANKINE THETALT VAPORT TOPPING-STEAM CYeie — 7 T

ACCOUNT NO AUX POMERsUWE PERC PLANT pPOMW JPERATION COST MAINTENANCE $O3STY
g . _8.62017 .. _15.01231 8910 _ . _1l&8.0228° . __ _ .
e T 612927 10.201%% 1188.66802 ~0080
8 10.05831 16.75166 «0000 <8000
15 Geo 18.02819 00200
.18 . .._..1D.B6360 . 13.08205 . _0000CG . _. __ _»R0000 . S
20 Ja8C21 3895223 735876 <0oeee
TOTALS 60.07346 527050 1258.2280% 18,022872
RANKINE METAL VAPCR TOPPINCG-STEAM CYCLE BASE CASE INPUT
_.._u_oumm.,yowsa HNE 1206.0000 NZT POWERe MHWE _ .1132.920s
HEAT RATEw BTU/KW-HR 7550.3316 NET HEAT RATE. BTUIKHuHR 794842714
gguggRB HEAT RATE CHANGE 9781 -
sm.psassua&. LIN MG A, ... __ 3.5000.. _ _ NUMBER._ DE.SHELLS e —eee 30000 ..,
NUMBER OF TUBES/SHELL 75C5.3598 TUBE LcNGTHe FY 695067
Uy BTU/HR-FT2-F £08.3535 TERMINAL TEHP DIFFe F 5.0000
HEAT REJECTION
... DESIGN TEMPs F _ A . 17.0000 APPROACHs F _ 156713,
RANGEs F ' Z23.0008 OFF DESIGN TEMPy 51.40500
OFF DESIGN PRESs IN HG A 2.4235 1P TURBINE BLADE LEN: IN 250600
.1 . ..1208.000 2  __ __ __ .O00B 3 852 & W.0B0 . 5 . . Ge500
810.5600 T 3500 3§ 3523000000.00C 2 2.006 16 1.000
11 1.0CC 12 185.250 13 1.000 1% «CG0 15 «000
16 2.000 1 137.000 18 3.080 18 E.DUU 280 24500
21 CCO 22  25050.5CC 23 -CO0 28 2730C-000 25 -0C0
25 7SDUUUB 000 27 "20000.000 28 20000.000 29 ZSDUDGU.ODG 30 «600
31 o 32 1Z70.000 - X3 800 24 1. 35 1.080
36 4930000 UUD 37 1700.000 38 1.908 38 1la DDU 80 725000.00
. [ 21 166000.00C &2 _660000-800 &3 .15000.000 44§ 125gn_np.ncc 85 778000 00
L 19 L0ag T 47 -0007 43 3.000° 49 2.0 5G «008
51 .00k 52 5. 350
? 1 « 200 2 4. 0c0 3 «000 4 « 300 23680000000
o .6 ... .._e.C00 7T 1.G00. 3 . 8,000 g . _ 8eCGEC 2} %,000
P 1T %.000 12 2008.000 13 1300.000 1% 3.800 1 la000
16 19700000.000 17 »306 18 5880000.080 18 gGc 20 2000000.000
21 - 000 22 1180000.08008 23 1350000.800 24 235000.00G. 25 «000
-,Z§,_‘~A 233c.000 27 . 78C.,00G 28 . . eBCG.. 29 . . ___ .12%.000 ZC0. . QSSUUD.DDD
.000 32 28636000.C00 33 «000 3% B.000 25 «000
38 2730000 goe- 37 008 38 7500C0CCC 38 125CGCa.C0C 40 .GDU
51 080 42 5,000 83 1.000 4% ~80C 85
85 . _ .000 &7 .000 48 .CO0 &3 | -C0G &6 1370000.000
1 000 B2 1720000.000 53 -008 54§ «000 55 «000
SS .UBU 57 . 0 58 l1.800 58 .60 60 1.000
- 000 B2 «0080 63 62C0000.080 &% 2000000.000 €5 1710000.000
6 . zs_s_qoc 000 BT suuucm 000 €8 250000.000 69 1700000000 7C _ 400000.000 .
71 77DDUﬁ.DUG 72 125000.000 73 5,000 78 1600000.000 75 «000
785 «000 77 1.000 78 250800.000 79 2C0000.000 & ZSCBOEB.DUD
81 2000000 OGD 82 «000 33 «000 83 «0CB 85 -
8 . _.800C 87 ._ . _eCDO 88 «CCO. 89 _. . -CCC 20 1.0080
33 .DBD 92 «000 93 «000 34 «000 35 «000
1 000 87 -C00 98 «GC00 388 «C0C8 19D «000

T0€-099 — 9L6T :0dDSN&y



