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1.0 SUMMARY

This report presents the results of a study carried out to
modify the conceptual design and performance of the reference
coal-fired, conventional furnace electric power generating plant
with wet lime sulfur dioxide scrubber, developed during the Energy
Conversion Alternatives Study (ECAS; Ref. 7), to comply with the
New Source Performance Standards (NSPS), shown in table I, pro-
mulgated by the U.S. Environmental Protection Agency in June 1979.
I+ also presents detailed capital cost estimates for the ECAS and
modified reference plants in mid-1978 dollars for both 250° and
175° F (394O and 353° K) stack gas reheat temperatures based on
the cost estimates developed for the ECAS study.

The scope of the work for this study included
1. Technical assessments of,
- Sulfur dioxide scrubber system design
- On-site calcinaticn versus purchased lime
- Reheat of stack gas: method -~- selection preference

- Effect of sulfur dioxide scrubber on particulate
emissions

- Control of nitrogen oxides

2. Determination of the design changes required for the
ECAS reference plant to meet the June 1979 NSPS, modi-
fication of the ECAS design dappropriately, and side-by-
side comparison of the characteristics and costs of the
modifierd and unmodified components.

3. Update of the ECAS reference plant detailed capital
cost estimates presented in the ECAS study (Ref., 7)
from mid~1975 to mid-1978, and presentation in a format
in accordance with the Federal Energy Regulatory Com-
mission (FERC) code of accounts.

4. Development of detailed capital cost estimates for
the modified reference plant, based on the coste of
the ECAS reference plant.

1
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TABLE I. - RELEVANT SOLID FUEL EMISSION
LIMITS FROM THE JUNE 1979 EPA
NEW SOURCE PERFORMANCE STANDARDS (Ref. 2)

PARTICULATE MATTER

(a) 0.03 1b/10° Btu heat input.

(There 1s also a percent reduction of uncontrolled
emissions requirement. Compliance with the stated

limit, however, assures compliance with the percent

reduction requirement).

(b} 20 percent opacity (6-minute average) except for
one 6-minute period per hour of not more than 27

percent opacity.

SULFUR DIOXIDE (S02)

(a) 1,2 lb/lO6 Btu heat input and 10 percent of the

potential combustion concentration (90 percent

reduction).

' (b)Y 30 percent of the potential combustion concentra-
tion (70 percent reduction) when emissions are less
than 0.6 lb,/lo6 Btu heat input.

' (Compliance with both Items (a) and (b) is based on
a 30-day rolling average).

NITROGEN OXIDES (NOx)

0.6 1b/106 Btu heat input for bituminous coal.

(There is also a percent reduction of uncontrolled
emissions requirement. Compliance with the stated
limit, however, assures compliance with the percent
reduction requirement).




5. Side-by-side comparison of the modified and ECAS refer-
ence plant capital costs and costs of electricity.

6. Preparation of a final report detailing the work done.

The five technical assessments were carried out first in
sufficient detail to determine their effects on possible plant
design alternatives. Exhaustive, detailed technical and economic
studies were beyond the scope of work.

Based on the sulfur dioxide scrubber system design assess-
ment, it was concluded that the modified reference plant should
be designed for 90 percent reduction of uncontrolled sulfur
dioxide emissions of 8.3 1lb 802/106 Btu heat input, correspond-
ing to a coal having a design sulfur content of 4.5 percent and
heat value of 10,788 Btu/lb. These parameter values are the
same as those employed in the ECAS reference plant. It was also
concluded that the plant should be designed to burn two alternate
coals with the properties shown in table II. The first corres-
ponds to that used in the ECAS study (Ref. 7), the second to that
used in the ETF study (Ref. 5).

Based on the technical assessment of on-site calcination
versus purchased lime, it was concluded that neither on-site
lime production, which was included in the ECAS study, nor the
purchase of lime from an off-site manufacturer should be included
in the modified reference plant design. The on-site lime pro-
duction and purchased lime alternatives were both determined to
be more expensive than direct limestone utilization. Wet lime-
stone scrubbers, therefore, were substituted in the modified
reference plant for the wet lime scrubbers included in the ECAS
reference plant. This design change decreased the cost of the
502 scrubber system and reduced the coal input rate to the plant
by the amount required for the on-site lime production, result-
ing in an approximately 0.5 percent increase in plant efficiency.

Seven alternatives for the method of stack gas reheat were

considered for use in the modified reference plant. These were:




TABLE I1. - SELECTED PROPERTIES OF ILLINOIS NO. 6 BITUMINOUS
COALS USED FOR DESIGN OF THE MODIFIED REFERENCE PLANT

Primary Coal (1)

Alternate Coal (2)

Properties Standard Standard
Mean Deviation Mean Deviation
Proximate Analysis
(A8 Received), % (wt)
Moisture 13.0 1.1 8.9 1.1
Volatile Matter 36.7 1.7 38.0 1.1
Fixed Carbon 40.7 2.0 41.7 1.0
Ash 9.6 0.9 11.4 1.1
Ultimate Analysis
(As Received), & (wt)
Sulfur 3.9 0.3 3.3 0.6
Hydrogen 5.9 0.1 5.4 0.1
Carbon 59.6 1.2 62.4 0.6
Nitrogen 1.0 0.05 1.2 0.02
Oxygen 20.0 1.2 16.3 0.9
Ash 9.6 0.9 11.4 1.1
Higher Heat Value
(As Raeceived), Btu/lb 10788 216 11265 135
Coal Rank HVCB - HVCB -
Ash Analysis, % (wt)
Al203 19.3 6.8 19.3 6.8
Fej03 20.8 6.3 22.3 6.8
Ti02 i 0-8 0.3 0.9 003
P20¢ 0.24 0.1 0.12 0.04
cao 7.7 4.7 5.4 3.3
Mg?d 0.9 0.7 1.7 1.3
Na,0 0.2 0.1 0.6 0.2
K20 1.7 0.3 2.1 0.4
SO3 2.4 0.2 7.5 0.6
| Initial Defcrmation
i Temp., © F (¢ K) 2050 (1394) 70 (39) 1960 (1344) 70 (39)
Softening Temp.,
O F (°K) 1979 (1355) 68 (38) 2030 (1383) 70 (39)
: Fluid Temp., © F (o K) 2265 (1514) 175 (97) | 2260 (1511) 200 (l1i)
. Grindability, H.G.I. 54 | 2 | 54 2
i L

Lo

(1) Corresponds to the coal used in the ECAS study (Ref. 7).
(2) Corresponds to the coal used in the ETF study (Ref, 5).




(1) in-line (direct steam-flue gas heat exchange), (2) indirect
(steam-air-stack gas heat exchange), (3) combined indirect and
in-line, (4) direct combustion (using oil), (5) flue gas bypass,
(6) waste heat recovery (combustion gas-air-stack gas), and (7}
no reheat. Each alternative was eliminated in favor of the
indirect (steam-air-stack gas heat exchange) method ("method 2"
used in the ECAS reference plant).

In-line reheat components (method 1), and the in-line
portions of combined indirect/in-line systems (method 3) were
noted to be susceptible to corrosion and solids deposition.,
Their rehapility was therefore expected to be lower than that

of indirect reheat.

A variation of in-line reheat was also briefly considered
in which the in-line component was split into a part constructed
of a more expensive corrosion resistant alloy and a part con-
structed of a less expensive carbon steel. The alloy part would
be placed just downstream of the scrubber, where condensation
and acidic attack would be most severe, and provide initial
superheat of the flue gas before it reached the less resistant
carbon steel part. Some success of this method was noted, but
since its long~term reliability was not proven it was eliminated.

Direct combustion utilizing oil (method 4) was noted to be
not in accordance with the Fuel Use Act and national policy to
reduce the use of oil. It was also noted that the method was
expected to be relatively more expensive than the indirect
method in view of the increases in the price of oil expected

in the future.

Flue gas bypass reheat (method 5) was noted to require
separate trecatment of the bypassed gas before it was discharged
to the atmosphere. Thus, it did not provide any advantages over
indirect reheat of the total flue gas.

Waste heat recovery (method 6) using heat extracted from
the combustion gases just upstream of the boiler air preheater
was noted to be promising for the future. However, insufficient




information was available to assess its impact on the air pre-
heater design, operation and cost, the operating temperatures
downstream of the air preheater, the boiler efficiency and the
overall reliability of the plant,

The last method considered, no reheat (method 7), was also i
noted to be promising for the future. Since it eliminates the
need to divert energy from the power cycle, it is very attractive.

However, it requires a significant modification of the exhaust
stack configuration and materials compared to a stack preceded
by reheat. & few plants were noted to have been built employing
the method, but they all included a provision for installing re-
heat should it become necessary. This indicated the current lack
of confidence in the long-term reliability of the method and made
it less attractive than indirect reheat.

Based on the assessment of the effect of the sulfur dioxide
scrubber on particulate emissions it was concluded, for the pur-
poses of this study, that current wet scrubber designs were ade-
quate to meet the June 1979 New Source Performance Standards for
the design coal. The scrubber 2ffects were noted to be due
primarily to the effectiveness of the mist eliminator. At the
time the New Source Performance Standards were promulgated, the
EPA indicated that it was of the opinion that wet scrubber
particulate emission could be made to comply, but the data were
not conclusive and required further study. Acid mist carryover,
however, created by the emission of moisture and the residual
502' S0, and NOx allowed by the June 1979 NSPS, and not currently
subject to any emission limitation, was noted to be a possible
problem in the future. Acid mist carryover affects accurate
monitoring of the particulate emissions. The EPA was noted to
have recently proposed that a major emissions source, such as
the coal-fired plant in this study, which emits more than one
tone of sulfuric acid mist per year be subject to EPA approval
that the best available control technology has been employed in
the plant design. 1In addition, if the source exceeds 1 pg/m3
24~hour ground level sulfuric acid mist concentration, a detailed
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ambient air quality analysis would be required. 8ince these
restrictions were only in the proposal stage at the time of this
study, their affects on scrubber design or cost, if any, were
not included.

Based on the assessment of the control of nitrogen oxides,
compliance with the 0.6 1b N02/106 Btu heat input June 1979 NSPS
emission limit was concluded to be achievable with design changes
internal to the boiler furnace, made by the boiler munufacturer.
These changes provided by one manufacturer, were noted to include
redesign and reorientation of the burners to provide a larger
combustion zone and more uniform mixing to prevent the formation
of high temperature regions where NOx wouvld be generated. They
also were noted to permit operation with a stoichiometric fuel/
air mixture, which was in accordance with the staged combustion
technique referred to in the ECAS study (Ref, 7). Staged com-
bustion with reduced excess air, as referred to in the ECAS study,
was noted to be basically a variation of the technique included
in this study, since it also extends the combustion zone to make
it more uniform by turning down the fuel flow to the upper com-
bustor burners, increasing it to the lower ones and at the same
time increasing the air flow to the upper burners. Partial com-
bustion takes place at the lower burners and completion at the
upper ones. Since the NO_ techniques included in the ECAS and
this study were similar, no incremental cost differences were
included for the boiler in this study compared to that in the
ECAS study.




2.0 INTRODUCTION

In December 1976, the National Aeronautics and Space Admini-
stration (NASA) released the results of a "Conceptual Design and
Implementation Assessment of a Utility Steam Plant With Conventional
Furnace and Wet Lime Stack Gas Scrubbers" (Ref. 1) as part of the
Energy Conversion Alternatives Study (ECAS). The ECAS study was
undertaken by NASA for the National Science Foundation and Cepart-
ment of Energy (called the Energy Research and Development Admini-
stration at the time), and had as its primary objective, the identi-
fication and comparison, on an equivalent basis, of national options
for the future generation of electricity from coal and coal-derived
fuels. Since the ECAS study focused on advanced concepts such as
magnetohydrodynamics (MHD) for the conversion of heat to electricity,
the conventional furnace plant provided a reference for comparison.

Among the guidelines specified for the plant designs included
in the ECAS study were several controlling ones pertaining to the
protection of the environment as required under Section 111 of the
Clean Air Act of December 1971. Under Section 111, the Environ-
mental Protection Agency (EPA) issued standards of performance to
limit emissions of sulfur dioxide (802). particulate matter and
nitrogen oxides (Nox) from new, modified and reconstructed fossil-
fuel-fired steam generators (Ref. 1). Those standards, revised in
1973-74, were in effect at the time of the ECAS study, and formed
the basis upon which the design of the advanced concept and con-
ventional furnace plants were based.

About three years later in August 1977, President Jimmy Carter
signed into law the Clean Air Act Amendments of 1977. Under Section
111(b) (6) of the amended Act, the EPA was required to further revise
the standa:ds of 1973-74, and on June 11, 1979 a revised set of
standards (Ref. 2) was promulgated.

Based on the revised s:@s;dards, the ECAS conventional furnace
plant was no longer in compliance and could not be used as a refer-
ence with confidence. The work presented in this report, therefore,
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was commissioned by NASA to modify the ECAS reforence plant design
to meet the EPA June 1979 New Source Performance Standards (NSPS),
revise the detailed cost estimates for the construction of the
plant developed during the ECAS study, and provide an up-to-data
reference with which to compare current advanced concept plant
designs.

The body of this report is divided into nine numbered sections.
Six lettered sections follow as appendixes. Sections 1.0 and 2.0
are comprised of these introductory remarks and a summary of the
study work included, respectively.

Section 3.0 discusses the criteria and guidelines specified
for the study. Among them are the EPA June 1979 New Source Perform-
ance Standards, just mentioned, and the site and fuel characteristics.
The fuel characteristics are further discussed in section Al.O,
which presents a technical assessment of the sulfur dioxide scrubber
system capability required to meet the EPA June 1979 NSPS using the
coal characteristics selected. To provide reliability (and gen-
erality), the plant is designed to utilize two coals, one corres-
ponding to that specified for the ECAS ctudy (Ref. 7) and the other
corresponding to that specified for the MHD engineering test fa:ility
(ETF) conceptual design study (Ref. 5). 1In addition, section 3.(
also discusses the detailed capital cost presentation format and
the calculaticn of the cost of electricity qguidelines provided by
NASA. The former corresponds closely to that used in the ETF study.

Section 4.0 discusses the plant description which is funda-
mentally the same as that employed in the ECAS study (Ref. 4). Be-
cause of this similarity, much of the descriptive information
included is extracted directly from the ECAS study. The two flue
gas reheat temperatures, 250° and 175° (394° and 353° K) , con-
sidered in the ECAS study, are also considered in an equivalent
manner in this study. The possible methods available for achieving
the required flue gas reheat and the one selected for inclusion in
the modified plant design are discussed in section A3.C. One




significant difference is the deletion of on-site lime production
from the plant design in this study. The reasons for this are
discussed in section A2.0, which presents a technical (and semi-
quantitative economic) assessment of on-site calcination (lime
production) compared to purchased lime.

Section 5.0 discusses the major plant components and character-
istics. Included are the steam turbine-~generator, steam generator,

particulate scrubber and sulfur dioxide scrubber. As in section 4.0,

becau:: of the required equivalence and resultant similarity of the
modified reference plant with the ECAS reference plant, much of the
descriptive material presented is extracted from the ECAS study
(Ref. 7). Section 5.5 presents a comparison of the components of
the ECAS and modified reference plants to illustrate the differences
in their component characteristics and costs side by side. The two
reheat temperature cases are included. All the balance-of-plant
costs shown are in mid-1978 dollars.

Section 6.0 briefly discusses the performance of the modified
reference plant with respect to the steam cycle (gross power) out-
put; breakdown of auxiliary losses; net plant power output, heat
rate and efficiency. An approximately 0.5 percent increase in the
modified plant efficiency is noted due to deleting on-site lime
production,

Section 7.0 presents the detailed plant capital cost estimates.
Cost estimates for the ECAS reference plant - 250° F (394° K) reheat
(table X), ECAS reference plant - 175° F (353o K) reheat (table XI),
Modified reference plant - 250° F (394° K) reheat (table XII), and
Modified reference plant - 175° F (353o K) reheat (table XIII) are
included. All costs are in mid-1978 dollars. Also included in
this section is a discussion of an illustration showing the cost
accounts associated with the major plant components.

Section 8.0 presents a comparison of the detailed capital cost
estimates as of mid-1978 for the ECAS and modified reference plants.
Both the 250° and 175° F (394° and 353° K) stack gas reheat tempera-
tures are included side by side. Also included is a siae by side
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comparison of the ECAS reference plant costs as of mid-1975 and
mid-1978.

Section 9.0 concludes the numbered sections with a list of
references used during the execution of the study.

Appendix A presents five critical technical assessments
which form the basis of the modified plant design. Included are
discussions of the sulfur dioxide scrubber system with respect
to design sulfur removal capacity, on-site calcination process
versus purchased lime, reheat of stack gas methods, effect of
the sulfur dioxide scrubber on particulate emissions and control
of nitrogen oxides.

Appendix B presents the escalation method employed to update

the detailed costs of the ECAS reference plant developed during
the ECAS study (Ref. 7).

Appendix C presents the original detailed cost tables as of
mid-1975 that were developed during the ECAS study (Ref. 7) and
that form the basis of this study.

Appendix D presents, for comparison, the ECAS and modified
reference plant design parameters.

Appendix E presents the detailed capital cost estimates for
the ECAS reference plant, as of mid-1975, recast in the format
required for this study from the tables presented in Appendix C.

Appendix F concludes the appendix sections with a list of
references used in their preparation.
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3.0 CRITERIA AND GUIDELINES

The criteria and guidelines for carrying out this study were
svecified by NASA. In general, they can be grouped into four
sul ject areas

1. EPA June 1979 New Source Performance Standards (NSPS)
2. Site Characteristics

3. Fuel Characteristics

4. Detailed Plant Capital Cost Presentation Format

A discussion of each of these areas is presented in the
following sections.

3.1 EPA June 1979 New Source Performance Standards

Table I lists the applicable solid fuel emission limits
extracted from the June 1979 New Source Performance Standards
(NSPS). Those which are specifically relevant to bituminous coal,
which was specified by NASA to be the fuel for the modified refer-
ence plant, consistent with the fuel specified in the ECAS (Ref. 4)
and ETF (Ref. 5) studies, are included. The characteristics of
the particular coals selected for this study are discussed in

section 3.3.

3.2 Site Characteristics

As in the ECAS study (Refs., 4 and 7), the site specified for
this study was near the city of "Middletown, USA." To provide a
more refined definition, for the purpose of determining the
escalation factors (see Appendix B) used to update the ECAS study
costs, the location of Middletown was further restricted to the
North Central Region of the country,.

The following hypothetical site description, extracted from
the reference in which it first appeared (Ref. 6), presents the
major site characteristics, as modified for this study

"The site is located on the east bank of the

North River at a distance of twenty~-five miles
south of Middletown, 250,000 population, the

12




e T T R T e

m—

A

nearest large city. The North River flows
from north to south and is one-half mile

(2600 feet) wide adjacent to the plant site.

A flood plain extends from both river banks

an average distance of 1/2 miles, ending

with hilltops generally 150 to 250 feet

above the river level. Beyond this area,

the topography is gently rolling, with no
major topographical features. The plant

site itself extends from river level to
elevations of fifty feet above river level.
The main turbine-generator building and the
switchyard are located on level ground at an
elevation of eighteen feet above the mean
river level. This elevation is ten feet above
the 100-year maximum river level, according to
the U.S. Army Corps of Engineers studies of
the area.

"Highway access is provided to the site by five
miles of secondary road connecting to a state
highway. This road is in good condition and
needs no additional improvements. Railroad
access is provided by a railroad spur which
intersects the B&R Railroad. The length of

the required spur from the main line to the
plant site is assumed to be five miles in
length. The North River is navigable through-
out the year with a forty-foot wide channel,

12 feet deep. The distance from the shoreline
to the center of the ship channel is 2000 feet.
All plant shipments are made overland except
that heavy equipment (such as the generator
stator) may be transported by barge. The
Middletown Municipal Airport is located 3
miles west of the State highway, 15 miles

south of Middletown, and 10 miles north of

the site.

"The site is in an area of low population den-
sity. The nearest residence to the plant is
on the opposite bank of the North River,
directly west of the main building location,
2600 feet west of the plant boundary.

"There are five industrial manufacturing plants
within 15 miles of the site. Four are small
plants employing less than 100 people each.

The fifth, near the airport, employs 2500
people. Closely populated areas are found only
on the centers of the small towns so the total
land area used for housing is small. The
remaining land, including that across the river,

13
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is used as forest or cultivated crop land,
except for railroads and highways.

"Utilities for the site are available as
follows:

- The North River provides an adequate source
of raw makeup water at 750F. The average
air temgerature is: Wet bulb, 51.5°F; dry
bulb 59°F. The average relative humidity
is 60%, (These values z2llow the turbine
backpressure to be specified as 2.3 inches
Hg. absolute).

- Natural gas service is available two miles
from the site boundary on the same side of
the river,

- Communication lines are furnished to the
project boundaries at no cost,

- Power and water for construction activities
are available at the southwest corner of
the site boundary.

- An emergency power source is required at
the plant, since the distribution system
in the area is a single source transmission,
and is subject to occasional outages.

"According to Weather Bureau records at the
Middletown Airpori, located ten miles north
of the site on a low plateau just east of the
Nerth River, prevailing surface winds are
predominantly southwesterly 4 - 10 knots
during the warm months of the year, and
westerly 6 - 13 knots during the cool months.
There are no large daily variations in wind
speed or direction. Observations of wind
velocities at altitude indicate a gradual
increase in mean speed and a gradual veering
of the prevailing wind direction from south-
west and west near the surface to westerly
and northwesterly aloft.

"Soil profiles for the site show alluvial

soil and rock fill to a depth of eight feet;
Brassfield limestone to a depth of 30 feet;
blue weathered shale and fossiliferous
Richmond limestone to a depth of 50 feet;

and bedrock over a depth of 50 feet. Allow-
able soil bearing is 6000 psf and rock bearing

14




characteristics are 18,000 psf and 15,000 psf
for Brassfield and Richmond strata, respectively.
No underground cavities exist in the limestone."

3.3 Fuel Characteristics

Table II lists the properties of the Illinois No. 6 bituminous
coals selected for the design of the modified reference plant. Two
coals from nearby sources are gpecified consistent with usual
utility practice of providing a guaranteed fuel supply throughout
the life of the plant. As noted, at the bottom of the table, the
primary coal corresponds to that used in the ECAS study (Ref. 7),
whereas the alternate coal corresponds to that used in the ETF study

(Ref, S5). The mean values listed are the same as those appearing in
the ECAS and ETF studies. The standard deviations, however, are
calculated from the characteristics of actually occurring Illirois
No. 6 coals, as discussed in section Al,.0,

It may be noticed that the mean ash content listed for the
primary coal is the same as the design value used on the ECAS study
(Ref. 7) for specifying the particulate emissions reduction required.
This does not influence the results of this study, since the alter-
nate coal in this study has higher mean and design values than those
for the primary coal and controls the design of the modified plant
for particulate enissions reduction.

3.4 Detailed Capital Cost Presentation Format

Table I1I illustrates the format used to present the plant
capital cost estimate details presented in se-~tion 7.2. NASA
identifies it as the "DOE Code of Accounts - Fossil (Steam) Plant
With FGD." 1It closely resembles the relevant parts of the code of
accounts employed in the "Engineering Test Facility (ETF) Design
Report" (Ref. 5), prepared for the Department of Energy in June .‘'/8,
which presents a capital cost estimate for a magnetohydrodynamic power
generating plant.

The following briefly describes the significance of each of the
column entries
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TABLE III. - FORMAT USED FOR THE PRESENTATION OF THE DETAILED
CAPITAL COST ESTIMATES
----- — Column Wumber
[ 2 ] = ] ) ] - oD T ] 5 . 7 . »
ECAS 1 Material Costs /dgl I
Frin tacpast T
Aot [ PP Main Brlance Installation Indirect Contingency Totai
[T R i At i vise s fan. FLpY Lo b i ieal bl ¥ TEETT IS w! Flant Cosr f Costy Allmunc./ Comt/
- _,,_ML e - L‘l—»«L-._..ﬁal dsl 401
310. - LAND AND LAND RICHTS Mot 1Included in study. - - - - - -
. - STRUCTURFS AND IMPROVEMENTS | Total Account J11. - 11,341,000 10,607,230 9,530,220 6,300,000 37,798,000
t.2 7.0 Inptovements to Site Totel Subdivision 31L1.1 - 1,420,000 3,063,250 2,740,220 1,441,000 8,644 000
n.n 7.1 Stte Preparation snd Soil testing, clearing and - 10,000 1,022,250 920,440 391,000 2,343,000
leprovemant s grubbing, rough greding, finieh
gvadiag, landsceping
3112 7.2 Site etlitten Storm and sanitary sewars, non- - 30,000 58,750 $2,900 32,000 194,000
process service water
311.13 7.3 Rosds and Railroads %silroed epur, rosds, welks and - 740,000 317,250 285,660 269,000 1,611,000
parking areas .
3. 14 1.4 Yard snd Flant Vice - - 600,000 611,000 550,160 352,000 2,113,000
Protection, Pences snd
Cates
niLs 7.5 Vater Trestment Poads Escthwork, poad lintag, off- - 20,000 1,03 ,000 931,040 397,000 2,382,000
site pipeline
3l - Mein (Turbine-GCenerator) Total Swbdivisicn 311.3 - 2,533,000 1,926,000 1,734,000 1,219,000 7,312,008
Building
nm.n 5.1,5.) - Excavation, substrurture, de- - - - - - -
watering and piling, tncluding
excavation and substructure
for tranemission plaat ewitch-
yord
111.32 3.2 - Suilding structure and sarvices - - - - - -
i11.4 - Stesm Cenerator Building Total Subdivieion I11.4 - 5,972,000 4,727,000 4,256,000 2,991,000 17,946,000
pIAME Y} 3.1,5.3 - Excavation, substructure, de- - - - - - -
wvatering and piling
.42 5.2 - Enclosure structurs snd ger- - - - - -
vices -




Column 1 lists a reference number for each account or sub-
division., It is of note that the account numbers (310.,
311., 312., 314., 315., 316. and 350.) and their corres-
ponding titles, listed in Column 3, conform to the numbers
and titles specified in the uniform systems of Federal
Energy Regulatory Commission (FERC) electric plant accounts
(Ref. 8) (formerly called the Federal Power Commission (FPC)
accounts). These accounts provide a consistent overall
framework, recognized throughout the utility industry, for
designating the systems and components in an electric plant
investment cost estimate or operating financial report. It
is also of note that the numbers assigned to the account sub-
divisions (i.e., 311.1, 311.11, 311.3, 311.4, etc.) in this
study can also be generally traced to the FERC guidelines
(Ref. 8). However, since the FERC guidelines specifically
list only the contents of the accounts, and not the number-
ing or ordering of their subdivisions, the numbering and
ordering of the subdivisions is discretionary. 1In this
study therefore, the subdivisions conform to those listed
in the "DOE Code of Accounts," with a few minor alterations
and additions, as requested by NASA.

Column 2 lists reference identification numbers from the

ECAS report /Ref. 7) to permit locating the tables on which
the descriptive and cost data for each account or subdivision
are based. For the modified plant tables, identification
number (s) of components cr systems which are altered with
respect to those in the ECAS reference plant are followed

by the letter M.

Column 3 lists the title of each account or subdivision as
noted in the discussion of the Column 1 entries.

Column 4 lists a description or specification of the equip-
ment, as presented in the ECAS report or as revised for the

modified plant, for each component or system comprising an
account or subdivision.
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Column 5 lists the estimated cost of materials for each
account or subdivision and is broken into two parts: Major
Component and Balance-of-Plant. Major component costs are
those for major purchased items which are engineered,
designed, fabricated, shipped, and in some cases, erected

by one supplier or manufacturer. Balance-of-plant costs

are those for all components (other than major ones), miscel-
laneous materials, etc., which are assembled and erected on-
site,

Column 6 lists the estimated total direct installation cost
for the components in each account or subdivision. The ECAS
reference plant costs, as orf mid-1975, are based on the
direct field labor manhour (MH) estimates presented in the
ECAS report (Ref. 7), which are converted to mid-1975 dollars
employing the relation, given in that report, that 1 labor
MH = $11.75 (Ref. 7, p. 33).

Column 7 lists the total indirect construction cost assign-
able to each account or subdivision. This cost is computed

to be about 90 percent of the total direct installation cost
listed in Column 6, as in the ECAS report, and includes such
items not conveniently charged directly to a single estimating
account as wage related costs (overtime, late time, lost time
due to inclement weather, paid holidays, paid absences, sick
time, etc.); payroll taxes, insurance and bonds; construction
equipment and small tools; construction facilities; expendable
supplies; and field hire nonmanual labor. For the ECAS refer-
ence plant, this cost amounts to $10.58 per labor MH, as of
mid-1975.

Column 8 lists the contingency allowable provided for each
account or subdivision to allow for additional equipment that
might result from a more detailed design of a definitive pro-
ject at an actual site. Items such as unusual site condition
and construction problems, minor scope changes, incomplete
designs and estimate revisions are included. A contingency

18




rate of 20 percent, as in the ECAS report (Ref. 7), is
applied to the sum of the major components, balance-of-
plant, installation and indirect costs of each account

or subdivision. The location of applying the contingency
factor, however, is different between the ECAS and the
present study. In the ECAS accounting format, the 20
percent contingency rate was not applied to each cost
item, but it was applied to the sum of the total plant
cost (exclusive of escalation and interest during con-
struction) including 15 percent architect and engineering
(A/E) fee. In the ECAS, therefore, the effective A/E fee
rate, afteor the 20 percent contingency rate was applied,
was 18 percent. In the format of the present study as
shown in table III, the A/E fee is not affected by the

20 percent contingency rate on the contrary to the ECAS
format. To maintain consistency between the total plant
costs for the two studies, an increased A/E fee rate of
18 percent was used in this study.

3.5 Calculation of Cost of Electricity

The relationship used for calculating the levelized cost
of electricity (COE) was provided by NASA, It represents the
plant life cycle costs in terms of an equivalent uniform annual
cost over the life of the plant, and consists of three terms
which account for the amortization of the total plant capital
cost, the levelization of the fuel costs ard the levelization
of the operation and maintenance (O&M) costs.

The formula for TOE, expressed in mills/kWh, was provided
by NASA as follows

®OFE = (CAP x FCR/8760 x CF x P) + (FUEL x 341.2/n) x LEV
+ (0O&M) x LEV

where

CAP total plant capital cost at the end of construction,
de-escalated to mid-1978

FCR fixed charge rate (= 0.18)

19
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CF

FUEL
n
LEV

oM

capacity factor (= 0,65)

net plant power output at 100 percent operation (MW)
fuel price in mid-1978 dollars (= $1.05/10% Btu)
overall plant efficiency (percent)

levelizing factor for fuel and O&M (= 2,004)

operation and maintenance cost (mid-1978 mills/kwh)

The levelizing factor (LEV) is defined as

where

CRF

LEV = CRF(r'N)/CRF (k'N’

capital recovery factor
interest rate per vear (= 0,10)
plant life (= 30 yr)

general escalation rate per year (= 0,065)

CRF(r,N)

r + o[+ oV -]
k(1 + k)“/[(l + )V - 1]
k= (r-e)/(l + e)

CRF (k,N)

For the purposes of this study, the fuel price escalation
rate is assumed to be the same as the general escalation rate.

Hence, no further adjustment is included for any differences
between these two rates.
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4.0 PLANT DESCRIPTION

The modified reference plant description is the same as that
of the ECAS reference plant with one exception. On-site lime pro-
duction is not included for the reasons disci3ised in section &2.0.
Limestone is used for wet sulfur dioxide scrubbing directly. Con-
sequently, all of the equipment and facilities associated with the
operation and maintenance of the calciner in the ECAS reference
plant are deleted from the modified reference plant. Also, the
lime slurry sulfur dioxide scrubbers included in the ECAS reference
plant are deleted and limestone slurry scrubbers are substituted in
their place. B.:ed on a discussion with a scrubber manufacturer,
the differences occurring in the basic construction of the wet lime-
stone scrubbers compared to the wet lime scrubbers were not felt to
be significant to the level of accuracy of this study. The follow-
ing plant description is, for the most part, adopted from the ECAS
report (Ref. 7).

4.1 Cxcle

A simplified cycle schematic is presented in figure 1. It
shows the major pieces of equipment included in the plant. The coal
and air are fired using properly designed burners, as discussed in
section A5.0, to limit generation of Nox' The boiler, steam turbine,
condenser, and cooling towers are all proven conveitional elements.
After passing through the electrostatic precipitators that reduce
its burden of fly ash, the flue gas enters the sulfur dioxide
scrubber and is quenched to 125° F (325o K) with limestone slurry
sprays. The sulfur is removed as calcium sulfite and calcium sul-
fate, which precipitates out in the sludge pond. Water-vapor-
saturated flue gas at 125° F (325° K) leaves the scrubber and is
reheated to the final stack temperature. 1In this study, two stack
temperatures were studied: 250° and 175° F (394° and 353° K). The
means of reaching these temperatures is by blending the treated
flue gas with a large quantity of air that has been prehcated above
the required temperature with steam extracted from the steam turbine
cycle.
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Figure 1. - Simplified Cycle Schemuatic (Based on Fig. 1,
Ref., 7).

The steam cycle is based on conditions for a supercritical
reheat unit with seve. feedwater heaters. The large extraction of
steam at the turbine crossover pressure for the stack gas reheat
approaches the limit set for conventional practice. The condenser
back pressure was chosen to optimize the total cost of electricity
with respect to turbine output and cost, heat rejection system cost,
and auxiliary power consumptior.

One stack gas reheat temperature case was studied at 250° F
(394° K) in conformance with conventional steam power plant
practice. The influence of stack gas temperature, however, is
significant for this steam plant configuration. Since corrosive
component dew points in the flue gas were expected to be no more
than 125° F (325° k), as a result of the scrubbing process, a lower
reheat temperature of 175° F (353° K) was also studied.

Figure 2 presents a more detailed schematic of the 250° F
(394° k) stack temperature case. State points and stream flows
are shown, where the enthalpy values are referenced to 32°F (273° K)

22
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water, for steam and water, and to an 80° F (300° K) zero reference
for air, combustion gases, and solids.

The steam turbine is contained in four shells connected in
tandem to a single 820 MW generator. The low pressure stages have
parallel flows exhausting downward into a common condenser. The
condenser coolant is water recirculated in a closed circuit to
evaporative cooling towers. The regenerative feedwater heating
cycle has four low-pressure feedwater heaters, a deaerating feed-
water heater, and two high-pressure feedwater heaters. Part of
the steam exhausted from the high-pressure turbine is used for feed-
water heating, while the rest is returned to the boiler to be re-
heated to 1000° F (811o K). Part of the steam from the reheat tur-
bine exhaust is used for driving the boiler feedpump. The exhausts
from the three drive turbines are routed to the main condenser. All
other pump drives are electric motor driven. The boiler feedpump
and its drive are an integral part of the steam cycle and are fully
accounted for in the heat balance for the steam turbine-generator.

The final feedwater temperature is 505° F (536° K) for 100 per-~
cent operation. All major components were specified for continuous
performance capability at a flow margin of 5 percent above the
intended plant operating flow. The steam cycle at the valves wide
open (VWO) point would pass the intended flow with margin, and the
designated 510° F (539° K) feed temperature would then exist., It
is important in conventional steam systems that the operations be
evaluated at the 100 percent operating point where performance is
guaranteed, and not at the specification condition for design with

margin.

The coal to be fired is dried by the primary airflow at the
eight ball mill pulverizers. Between 15 and 20 percent of the total
air is heated to 633° F (607o K) in the hottest part of the air pre-
heater as primary air. This air serves to dry the coal, convey the
pulverized coal to the burners, and react in the initial combustion
process. The remainder of the air is preheated to 585° F (580° K)
and delivered to the burners as secondary air.
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The water circuitry in the steam generator provides water
walls, radiant energy absorption surfaces, convection and radiant
surfaces for superheating and reheating of steam, and an economizer
to bring the flue gas to 740° F (666° K) as it leaves the boiler
and enters the air preheater. Slag is removed from the boiler
furnace beneath the firing zone, fly ash from a hopper just before
the air preheater. These solids, representing 15 and 10 percent
by weight (25 percent combined) of the total ash, respectively,
are sluiced to the sludge pond. This leaves 75 percent (wt) of
the total ash (as dust) remaining in the flow to the electrostatic
precipitators. The electrostatic precipitators, with an efficiency
of 99.7 percent, remove 99.7 percent (wt) of this remaining dust
leaving only 0.225 percent (wt) of the total ash in the gas flow
to the wet scrubbers. The collected fly ash is stored in dry silos
for shipment off-site. Induced draft fans follow the electrostatic
precipitators.

The wet gas scrubbers apply a spray of recirculated hot water
that is rich in limestone in order to capture sulfur compounds.
The remaining fly ash will be washed out of the flue gas also, as
discussed in section A4.0. Following the main reactive spray there
is a demisting spray that recirculates a makeup water and captured
drift mixture. Carryover of the limestone slurry is avoided using
this demisting spray in a properly designed mist eliminator. Acid
mist carryover is also minimized using the mist eliminator as dis-
cussed in section A4.0,.

A continual removal of sludge and a continual replenishment
of limestone and water is required. The sludge is flushed to the
sludge settling ponds in a stream comprising 10 percent undissolved
solids. The return water from the pond is enriched with limestone.

The makeup water moves in a counterflow mode. It is first
used in the mist eliminator recycle wash. The bleedoff replenishes
the So2 absorber recycle liquids and eventually becomes part of the
sludge and water mixture that accumulates in the settled portion of
the sludge pond.
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The flue gas at 125° F (325° K) leaves the wet scrubber
saturated with water vapor and with many constituents at or near
their dew point temperatures. Since direct in-line gas heaters
cannot have suitable service lives when heating such a corrosive
gas mixture, as discussed in section A3.0, an indirect method is
employed. This is a large flow of air that has been separately
heated and injected into the flue gas. Figure 2 shows that 14
Mlb/h (1764 kg, ' of air heated to 334° F (441° K) blend with 8
Mlb/h (1008 kg/s) of flue gas to produce a 250° F (394° K) stack
temperature. The stack air heaters use steam withdrawn from the
steam cycle as their heating medium. The stack and flues are
lined to withstand attack from the flue gases,

The major components of this system are conventinal and of
proven reliability in utility service. The wet scrubber system
utilizes equipment which requires maintenance and protection from
the corrosive effects of limestone and cool flue gas. The sub-
division of the scrubber into six parallel units, and the sub-
division of critical pumping functions in the scrubber system, is
designed to assure that at most one-sixth of the capacity would
be down at any time.

4.2 Site Plan and General Arrangement

The plant site plan is based on receiving coal and limestone
by rail and shipping fly ash off-site by rail. A 60 day pile of
coal and limestone is provided. Solos to hold 15 days' accumulation
of dry fly ash are provided adjacent to the rail terminal. A series
of small ponds catch run-off water from the site and provide for
treatment of all water returned to the North River.

Figures 3 and 4 show the site plan and general arrangement.
The smaller overall layout at the bottom of figure 3 indicates the
dominant size of one 3600- by 3600-foot (1097~ by 1097-m) sludge
pond. The upper detail of figure 3 shows that at the active site
about half the area will be used for coal storage and cooling towers.
The boiler house abuts the turbine building. The electrostatic pre-~
cipitators are of substantial size in order to achieve 99.7 percent
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particulate removal. A ringle stack serves the entire plant. The
estimated land area for the plant is 92 acres (372,311 mz). The
sludge ponds require an additional 1785 acres (7,223,640 mz) in
close proximity to the main plant.

The coal feed system provides transportation by belt conveyor
from the line storage pile to the transfer tower. Tramp iron is
removed and large size frozen coal is crushed to small size. Next,
the coal is conveyed to the surge bin in the boiler house, where
vibrating feeders and two conveyor belts feed eight coal silos dis~
posed on opposite sides of the building. The filled silos guarantee
eight hours of boiler output. Each silo feeds a single coal pul-
verizer by a gravimetric feed. Coal drying and conveyance tc the
burners is by hot primary air. For startup and warmup an oil system
firing no. 2 fuel oil is provided, along with 100,000 gallons (379 m3)
of fuel storage in two tanks.

The plant general arrangement is presented in figure 4. The
eight silos on either side of the boiler each hold an 8-~hour coal
supply and feed to one pulverizer. The air preheaters are significant
features of the left side of the lower figure. The ground level of
the turbine hall on the right side of the lower figure indicates the
arrangement of the many support :unctions for the steam turbine cycle.

The general arrangement elevation view shown in figure 5 shows
the boiler details and orientation relative to the turbine hall and
the flue gas exhaust system. The arrangement provides for short
steam lines and liberal access space for all apparatus. At the

extreme left, the flue gas exits to the electrostatic precipitators
and sulfur dioxide scrubbers.

The four electrostatic precipitators are sized to provide the
low gas velocities essential to the capture of 99.7 percent of the
flue gas fly ash. Each unit is nominally 54 feet (16.5 m) high, 93
feet (28.4 m) wide, and 44 feet (13.4 m) deep. The entry and exits
are divided in two to retain normal flue connections. Each unit is

services by one induced draft fan working in the cleaned gas leaving
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the unit. The six wet gas scrubbers and reheaters then deliver
the flue gas to a single 500-foot (152-m) stack.

4.3 Electrical One-Line Diagram

Figure 6 shows the plant electrical one-~line diagram. The
station service requirements at 3.8 KV may be seen to be supplied
by two separate buses for increased reliability. An emergency
diesel generator is also included to provide black-start capability
should the plant be regquired to start up at a time when power from

the external power network is unavailable.
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5.0 MAJOR PLANT COMPONENTS AND CHARACTERISTICS

This section briefly reviews the salient characteristics of
the major plant components as originally presented in the ECAS
study (Ref. 7) and adopted, with necessary changes, for use in
the modified plant. Further details, not presented in this sec-
tion, may be found by reference to the ECAS study (Ref. 7).

5.1 Steam Turbine-Generator

A heat balance for the steam cycle is presented in figure 7.
It is identical to that for the ECAS reference plant. Operation
at the 100 percent rated power conditions of 820 MW is shown for
the 250° F (394° K) reheat temperature case. The 175° F (353° k)
reheat case requires modification to account for the small extrac-
tions needed. The rating at the valves wide open (VWO) point is
860 MW. The seven feedwater heaters and the throttle and reheat
conditions are typical of supercritical reheat units. The unusual
feature is the 926,000 1lb/h (117 kg/s) of extraction steam used
for the stack gas heating service. The effect of the extraction
on the steam turbine cycle is as if a separate condenser were
located at the 134 psi (923,897 N/mz) level. The reduction of
steam flow to the low pressure stages reduces generator output
and also the condenser and cooling-tower heat rejection load.

The steam turbine comprises four shells. The high-pressure
turbine, the reheat turbine, and two double-flow low-pressure con-
densing turbines are arranged in tandem with the single generator.
The last-stage turbine buckets are 33.5 inches (851 mm) long. These
are the largest buckets applied to 3600 rpm turbines for fossil-
fired service. The unit is specified as "TC4F33.5," indicating
tandem compound, four exhaust flows, with 33.5-inch (851-m) last-
stage buckets.

The heat to the steam cycle at 100 percent operating conditions
is 6867.5 MBtu/hy (2.01 GJ/s). The heat input would be 8375.54
Btu/kWh (8.84 kJ/kWh) for generator output.
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5.0 MAJOR PLANT COMPONENTS AND CHARACTERISTICS

This section briefly reviews the salient characteristics of
the major plant components as originally presented in the ECAS
study (Ref. 7) and adopted, with necessary changes, for use in
the modified plant. Further details, not presented in this sec-
tion, may be found by reference to the ECAS study (Ref. 7).

5.1 Steam Turbine-~Generator

A heat balance for the steam cycle is presented in figure 7.
It is identical to that for the ECAS reference plant. Operation

at the 100 percent rated power conditions of 820 MW is shown for
the 250° F (394° K) reheat temperature case. The 175° F (353° k)
reheat case requires modification to account for the small extrac-
tions needed. The rating at the valves wide open (VWO) point is
860 MW. The seven feedwater heaters and the throttle and reheat
conditions are typical of supercritical reheat units. The unusual
feature is the 926,000 1b/h (117 kg/s) of extraction steam used
for the stack gas heating service. The effect of the extraction
on the steam turbine cycle is as if a separate condenser were
located at the 134 psi (923,897 N/mz) level. The reduction of
steam flow to the low pressure stages reduces generator output

ard also the condenser and cooling-tower heat rejection load.

The steam turbine comprises four shells. The high-pressure
turbine, the reheat turbine, and two double-flow low-pressure con-
densing turbines are arranged in tandem with the single generator.
The last-stage turbine buckets are 33.5 inches (851 mm) long. These
are the largest buckets applied to 3600 rpm turbines for fossil-
fired service. The unit is specified as "TC4F33.5," indicating
tandem compound, four exhaust flows, with 33.5-inch (851-m) last-

stage buckets.

The heat to the steam cycle at 100 percent operating conditions
1s 6867.5 MBtu/hr (2.01 GJ/s). The heat input would be 8375.54
Btu’/kWh (8.84 kJ/kWh) for generator output.
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5.2 Steam Generator

A general layout of the conventional supercritical once-~through
steam generator included in the plant is shown in figure 5. It is
the same as that of the ECAS reference plant. Eight ball mill coal
pulverizers are located at the base elevation. Low emission burners
are arrayed about the radiant furnace section. The combustion gas
flows upward over superheater sections, downward in parallel paths
through the reheater and the primary superheater, and exits from the

economi zer.

Iin contrast to the ECAS reference plant design, a low-NOx fur-
nace configuration, such as that recently developed by one boiler
manufacturer, is substituted for the "staged combustion" technique.
The low-NOx configuration includes a specially designed furnace
chamber with directional low-emission burners to provide a diffuse,
extended flame and uniform mixing throughout the combustion zone.
This prevents the formation of high temperature regions where excess
NOx can be produced. It also permits stoichiometric firing. Since
combustion stoichiometry was not addressed in the ECAS study (Ref. 7),
it 1s assumed within the accuracy of this study, that the staged
combustion technique referred to in the ECAS study permitted opera-
tion close enough to a stoichiometric mixture that any differences
in air flow with that for stoichiometric firing could be neglected.
The costs of the steam generator for the ECAS and modified plants
were therefore estimated to be the same. Control of nitrogen oxides

is discussed further in section AS5.0.

5.3 Particulate Scrubber

The electrostatic precipitator is located downstream of the
boiler air preheater as indicated in figures 2 and 3. It is of
conventional design incorporating features that are characteristic
of American units. For example, the plant includes weighted wires,
maximum power density to minimize collection plate area, and fre-

quency and intensity adjustable air driven rappers and vibrators.
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5.4 Sulfur Dioxide Scrubber

A schematic diagram of the wet limestone sulfur dioxide
scrubber system is shown in figure 8, The diagram is the same
for both the 250° and 175° F (394° and 353° K) stack gas reheat
temperature cases. The sulfur removal efficiency is 90 percent
to meet the EPA June 1979 NSPS as discussed in section 3.1. A
60-day supply of limestone is stored on-site to provide continu-
ity in case of any loss of supply.

The right half of figure 8 illustrates the portion of the
scrubbing system that causes the limestone to react with the flue
gas sulfur to form the solids thit accumulate in the sludge ponds.
Limestone is mixed with pond recycle water and transferred tc a
lé~-hour slurry storage tank. The limestone slurry and pond recycle
water are discharged to the SO2 absorber effluent holding tanks

vhere they are recycled to the SO2 absorber.

The three-stage So2 abhsorber operates on flue gas that has
been quenched from 300° F (422° K) and saturated with water vapor
at 125° F (325° K) by presaturation sprays at each absorber unit
gas inlet, The flue gas flows upward through the three absorber
stages. The liquid-to-gas ratic maintains 110 to 120 percent of
the calcium-to-sulfur stoichiometric ratio. The effluent wet gas
is further washed in the mist eliminator sprays. These sprays
receive all of the fresh water intended for makeup in the scrubber
system. This final wash captures large droplets of drift or re-
cycle wash liquids and is designed to minimize acid mist carryover.

The flue gas exiting the SO2 scrubber at 125° F (325° K) and

saturated with water vapor ‘'~ highly corrosive and chemically

active as noted in section 4.0. Normal heat exchangers that would
reheat the flue gas to a stack temperature that would provide ade-
quate bhuoyancy of the stack gas plume would not withstand the
chemical attack of the flue gas as discussed in section Al.0. The
necessary stack temverature, therefore, is achieved by steam-heating
air in a separate neater and blending the heated air with the flue
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gas. Six low head fans and six heaters are provided for this
purpose. Two alternatives of stack temperature were examined

as previously noted: 250° F (394° k) and 175° F (353° k).

Table IV lists the parameters of the blend air and its heat
requirements for these alternatives at their 100 percent oper-
ating point. The blending method of gas heating makes the plant
increasingly inefficient as the stack temperature is increased
toward the available air temperature of 333o F (4400 K) , because
of the ir_.rease in the steam extraction rate for the additional
air heat.: j associated with the higher stack gas reheat.

TABLE 1IV. - AIR HEATER PARAMETERS
FOR STACK GAS REHEAT SYSTEM
(Ref. 7, Table 4)

Stack Gas Reheat Temperature, ©F (° K)
Parameter
250 (394) 175 (353)
Heat Duty (10° Btu/hr) 971 217
Steam (O F) In/Out 620 /356 620 /356
air (° F)  In/out 59 /333 59 /333
Air Velocity (ft/min) 900 900
pir Flow (10° 1b/hr) 14.6 3.3
Pressure Drop (in. water) 1.5 1.0 |
Heat Transfer Rate |
(Btu/ (hr) (sq £t) (° F)) 5.5 10.4 ;
Finned Surface {sq ft) 645,000 86,500

The sludge ponds are the remaining element of the wet scrubber
system. Each pond measures 3600 feet (1097 m) by 3600 feet (1097 m)

by 22 feet (6.7 m) deep.

Six ponds would be expected to accommodate

30 years of plant operations. The accumulation rate of solids would

equal the snlids delivery rate of 150,000 lb/h (18.9 kg/s) of calcium
sulfite and excess unreacted limestone.
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5.5 Component Comparison: ECAS Reference Plant Versus Modified
Reference Plant

Table V presents a comparison between the components of the
ECAS and modified reference plants. Both the 250° and 175° F
(394° and 353° K) stack gas reheat temperature cases are included.
The table lists the design features, manhour installation times
and balance-of-plant costs of all those items which differ from
any one case to another, Each item is identified with the FERC
Account Subdivision Number (as discussed in section ".4) in which
it appears in the detailed capital cost estimates of section 7.2
and the ECAS report numbers (Ref. 7) which are used as designations
in ECAS tables 15, 16, 27 and 28 (see Note 1 to the table).

All the component costs listed are in mid-1978 dollars. The
costs for the ECAS reference plant have been updated from their
mid-1975 values, as reported in the ECAS study (Ref. 7) and included
in tables XXXII and XXXIII, to mid-~-1978, as discussed in section 7.0.

The table shows that there are a number of items which have
design/cost differences between the 250° and 175° F (394° and 353° k)
stack gas reheat temperature cases. These design/cost differences
reflect, from the point of view of the 175° F (353o K) reheat case,
the decreased quantity of steam diverted from the main turbine for
reheat and consequent increased quantity of steam reaching the main
condenser and condensate reaching the feedwater heaters. The table
also shows that there are only three items which have design/cost
differences between the ECAS and modified plants. The electro-
static precipitator and breeching (FERC Account Subdivision No.
312.71), sulfur dioxide scrubber (FERC Account Subdivision No.
312.81) and lime manufacturing system (on-site lime production;
FERC Account Subdivision No. 312.83). The precipitators are in-
creased in particulate removal efficiency from 99 to 99.7 percent,
the wet sulfur dioxide scrubber is changed from lime to limestone
utilization at 90 percent sulfur dioxide removal efficiency, and
the lime manufacturing system is deleted entirely due to poor

economics, as discussed in section A2.0.
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TABLE V. - COMPARISON OF THE COMPONENTS AND ASSOCIATED MANHOUR (MH) INSTALLATION 1
AND BALANCE OF PLANT (BOP) COSTS BETWEEN THE ECAS AND MODIFIED REFERENCE PLANTS
{Mid-1978 Dollars)

1 £CAS ECAS Neference “lant (2} Modified Meference Piant  (2) I
Trs ! Pepors 5 3 vy
St 1dans. Stack Gas Reheat Temperaturs r {x) Stack Gas Reheat Terperature, F_ 0
Cader Zols) (1) Title 250 (394) 175 (353) 250 (3194) 17: 43533
31292 6.7 Instrumentation snd Controls | Integrated boiler controls, The same as the 2507 F The uame as the ECAS 250° ¥ The sams as the PCc 1752 F i
i (steam generator system) boiler/turbine coordinating reheat case. rehe.t cise. releat case.
] controls, wain mechanical
L ] syste: control hoards, sample
3 1 ing system including .
. analyzers and sampling panal, i
i | stack emissions monitoring
! syttom and data acquisition ,_\
g tum, i
1 220,000 M¥, $€,076,000 POP 219,000 My, $5,976,800 BOP . —_ ]
t
112.61 V3.3, Main Cordensate Pumps Vertical centerlinc, 4250 gpm, Vertical centerline, The smse as the ECAS 250° ¥ T8 same as the SCAS 1739 §
I Y] and Motors €00 hp motor, 410 fr. TOH (2 5100 gpm, 752 ap motor, 410 reheat case. rebaat case.
s reqd. 8 $10%,400ea.) ft. TPH (2 regd. @ $117,80
o $002 Mp, 3806,000 ROP (in- ea.) 5000 KH, $830,000 BOP
! cludes othear pumps and {includes other pumps and
L drivers pct listedglsevhere drivers nnt listedelsevhere i
T !
‘ Lo, Fecowater Heaters Flov (100  Heat Flow (100  reat The sane as the ECAS 2500 F The same as the ECic 175C T ;
[ a2 Percent) Transfer Area Percent) Transfer Area reheat case. reheat care. !
10% ibfur _ (3q. €r.) 10% 1b/hr _ (sq. fr.;
t P4l 4.0% 14,330 LPIl 4,75 17,170 :
! LPeZ  4.05 13,550 L292  4.75 1€,260 |
, LPe3  4.9% 13,720 LPs)  4.75 16,600 :
LP¥4 4.05 18,770 LPo4 4.75 2z,
|
oMY, $1,794,400 BOP 9000 ™M, 33,916,420 BOP {
(includes miscellaneous {includes miscellaneous L
. heaters and exchangers: heaters and exchangers; tanks
i tanks and vessals: an3d and vessels: and intermediate
intermedists pressure(l), pressurse (1), high prassure (1)
high pressure (1) and and deaerating feedwater
i deserating feedwater heaters) ;
heaters ) :
{See Note 3.) {Ses Note 3.) :
i
*5ee page 45 for explanation of footnotes.
I T
|
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NOTES TO TABLE V

(1) Identification numbers in this column consisting of letters and
numerals refer to tables 15 and 27 of the ECAS report (Ref. 7),
reproduced in Appendix C, pages 1738 to 180 (table 15) and 188 to
191 (table 27), for reference. Identification numbers in this
column consisting of numerals only refer to tables 16 and 28 of
the ECAS report, reproduced in Appendix C, pages 181 to 187
(table 16) and 192 to 198 (table 28), for reference. References
to ECAS report tables are as indicated.

(2) All the costs of the equipment and balance-of-plant materials
listed are as of mid-1978. Those listed in the ECAS Reference
Plant columns are escalated from the mid-1975 values listed in
tables XXXII and XXXIII, as discussed in section 7.0. (See also
tables X to XIII).

(3) Only those feedwater heaters which have design changes are listed.
The manhour (MH) and balance-of-plant (BOP) costs, however, are
for all the heaters.

(4) Only those items which change are listed.

(5) This value is listed in the ECAS report (Ref. 7, table 27, Item
F-8) and appears to be low. A value closer to 282,000 gpm would
be more consistent with the addition of the three cooling tower
cells and the increase of the circulating water pipe diameter
from 114 in. to 123 in. indicated for the 175° F (353° k) stack
gas reheat case.
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Based on discussion with an emissions control equipment manu-
facturer, the estimated cost of each of the four electrostatic
precipitator units with the increased efficiency required for the
modified plant is $2,500,000 compared to $1,906,500 for the ECAS
plant. The same precipitators and costs are included for both
the 250° and 175° F (394° and 353° K) reheat cases, as shown,
since approximately the same quantity of the flue gas is expected
to be processed in each case. The direct labor manhours and
balance-of-plant materials cost associated with the precipitator
installations are also estimated to be the same for the two reheat
temperatures and for both the ECAS and moditied plants.

The estimated cost of each of the six wet limestone SO2
scrubber units in the modified plant is $1,500,000 compared to
$1,240,000 for the wet lime SO2 scrubbers in the ECAS plant. The
increased cost of the units in the modified plant results from
the increased size and number of internals necessary to permit
the greater quantities of limestone slurry to be sprayed into the
flue gas flow to achieve the required 90 percent SO2 removal. The
same size units are provided for both the 250° and 175° F (394° and

353O K) reheat cases.

The 502 scrubber system pumps, tanks, large piping, and founda-
tions and structures are also estimated to cost more for the modi-
fied plant than for the ECAS plant reflecting the greater quantities
of limestone and limestone slurry requirel to be handled. Respec-
tively, these balance-of-plant costs are estimated to be: $1,812,000
compared to $1,339,200 for the pumps, $3,360,000 compared to
$2,703,200 for the tanks, $4,213,200 compared to $3,261,200 for the
large piping (for the 250O F (394o K) reheat case), and $4,800,000
compared to $4,538,400 for the foundations and structures. A de-
crease in the cost of the large piping between the 250° and 175° F
(394° and 353° K) reheat cases for both the ECAS and modified plants
reflects the reduced reheat air heater steam supply and condensate
return piping sizes required for reheat to 175° F (353o K). The
decrease is seen to be $3,261,200 to $2,938,200 for the ECAS plant
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and $4,213,200 to $3,920,000 for the modified plant. The cost of
the scrubber ductwork is estimated to be about the same for both
the modified and ECAS plants, since (as already noted) approxi-
mately the same quantity of flue gas is expected to be processed
in each case. Since the physical sizes, weights and shapes of
the 802 scrubber system components for both the ECAS and modified
plants are expected to be nominally the same, no exception is
taken to the values of their associated direct labor installation
manhours, developed in the ECAS Study (Ref. 7), and the manhours
are estimated to be the same as the ECAS values, as shown.
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6.0 PLANT PERFORMANCE

Table VI summarizes the estimated output of the modified refer-
ence plant for the 250° and 175° F (394° and 353° K) stack gas re-
heat temperature cases. The auxiliary losses listed in the table
are broken down in table VII. For the purposes of this study, the
quantities listed are estimated to be the same as those of the ECAS
reference plant (Ref. 7). The variations introduced in the ESP and
scrubber losses, for example, are expected to be of secondary
importance and not to affect any performance results of the ECAS
reference plant. Selection of on-site limestone production, how-
ever, reduces the coal input rate to the modified plant by 2 percent
and improves the overall plant efficiency by 0.5 and 0.6 percent
for the 250° and 175° F (394° and 353° K) stack gas reheat cases,
respectively.

TABLE VI, - ESTIMATED PLANT POWER OUTPUT*

Stack Gas Reheat Temperature, °F (° K)
250 (394) 175 (353)
Steam Cycle Output (MW) 819.9 868.6
uxiliary Losses (MW) 72.7 73.1
et Power Output (MW)
1500 kV, 60 Hz, 3 phase 747.2 795.5 j
L L _

*Bagsed on Ref, 7, Tables 10 and 26.

Table VIII summarizes the plant performance for the two reheat
cases. As in the ECAS study (Ref. 7) the summary is broken into
two parts; the first refers to the steam cycle, the second refers
to the overall plant. The heat input to the steam cycle, 6867.0(106
Btu/hr, is the same for both the 250° and 175° F (394° and 353° k)
reheat cases because the coal input and boiler efficiency were held
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TABLE VII. - ESTIMATED PLANT AUXILIARY POWER LOSSES*

Auxiliary Power, MW

No. of Stack Gas Reheat Temperature, © F (Y K)
Item Assumptions Units 250 (394) 175 \553)
| Furnace
| FD Fans 15" LP, 0.82 eff 4 7.3 7.3
PA fans 42"/.pP, 0.82 eff 4 2.9 2.9
, ID fans 23" \p, 0.78 eff 4 8.8 8.8
i ESP 695,000 cfm, 300° F, 4 5.2 5.2
0.997 eff
‘ Pulverizers 8 7.6 7.6
Subtotal 31.8 31.8
Turbine Auxil- 0.33 percent of
iary gross kW 1 2.8 .9
Wet Scrubber 10.0 .6
Major Pumps
booster 600 psi, 6x10% 1b/hr,
75 percent x 90 per-
cent 2 3.7 3.7
condensate 185 psi, 3.9x106 1b/
hr, 70 percent x 90
: percent 2 1.0 1.0
, circ. water proportion to cooling
‘ heat duty 3 4.8 5.6
Subtotal 9.5 —10.5
Water Intake { ECAS Estimate* 2 0.9 0.9
Solids Handling : Based on rates and
! lifts 1 3.0 3.0
"Hctel"™ Loads ' ECAS estimate 1 per-
| cent of generation* 1 8.3 8.4
Cooling Tower ’ Proportional to heat
. Fans [ duty 20 2.3 2.7
| Transformers ' 0.5 percent of gross
f ! generator 4 4.1 4.3
. Total Auxiliary
| power 72.7 73.1

*RBased on Ref. 7/, Tables 11 and 25.




TABLE VIII.

= PLANT PERFORMANCE SUMMARY*

Steam Cycle

Heat Input (106 Btu/hr)
Gross Power Output (MW)
Gross Heat Rate (Btu/kWh)
Thermodynamic Efficiency

(percent)

Overall Plant

Coal Heat Input Rate
(106 Btu/hr)

Net Power Output (MWw)
Net Heat Rate (Btu/kWh)

Efficiency (percent)

Stack Gas Reheat T;hggratureg O F (9 K)
6867.4 6867.4
819.9 868.6
8376 7906
40.7 43.2
7881 7881
747.2 795.5
10,547 9907
32.3 34.4

“Based on Ref, 7, Tables

21 and 31 and Figures 2 and 5.
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at constant values. The gross power output, however, is signif-
icantly lower in the 250° F (394° x) case, due to the extraction

of 926,000 lb/hr of steam at the crossover point for the flue gas
reheat air heaters in the 250° F (394° K) case compared to 213,426
1b/hr in the 175° F (353° X) case. As a result, the sieam cycle
gross heat rate, which is the ratio of the steam cycle heat input
to the steam cycle gross power output is significantly higher for
the 250° F (394° K) case than the 175° F (353° K) c»se. Specifi-
cally, it requires 8376 Btu of input thermal energy to produca

each kilowatt hour of electrical energy in the 250° F (394° k)
reheat case compared to 7906 Btu of input thermal energy to produce
each kilowatt hour of electrical energy in the 175° (353° K)
reheat case., These requirements can be alternatively expressed

as thermodynamic efficiencies of 40.7 and 43.7 percent, respec-
tively, for the two cases relative to an ideal plant which requires
3412 Btu of thermal eneray to produce each kilowatt hour of elec-
trical energy.

Total heat input to the modified plant is held at 7881x10°

Btu/hr based on the HHV of the coal. This coal input rate is
identical to the fuel input rate used in the ECAS reference plants
when the coal for the on-si*e lime production is excluded. The
boiler efficiency of 87.13 percent is used for both cases as in

the ECAS. Noting that the net plant power output is 747.2 MW for
the 250° F (394° K) reheat case and 7°5.5 MW for the 175° F (353° K)
reheat case, the net plant heat rates ar< 10,547 Btu/kWh and 9907
Btu/kWh, respectively, for the two cases. These, alternatively,
represent overall plant efficiencies of 32.3 and 34.4 percent.

It is of interest that both of these efficiencies are slightly
higher than the corresponding values calculated for the ECAS refer-
ence plant (31.8 and 33.8 percent, Ref, 7, Tables 21 and 31).
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7.0 DETAILED PLANT CAPITAL COST ESTIMATES

This section presents the detailed capital cost estimates,
as of mid-1978, for the ECAS and modified reference plant con-
ventional furnace coal-fired power plants with wet SO2 scrubber
and 250° and 175° F (394° and 353° k) stack gas reheat tempera-
tures. Specifically, the estimates are for the

l. ECAS reference plant - 250° F (394° K) reheat (table X)
2. ECAS reference plant - 175° F (353° K) reheat (table XI)

3. Modified reference plant - 250° » (394o K) reheat
(table XII)

4. Modified reference plant - 175° F (353o K) reheat
(table XIII)

The format employed was specified by NASA, with a few minor
variations, and is discussed in section 3.4. The numbering and
titles of the major cost accounts (i.e., account numbers 310.,
311., 312., 314., 315., 316.) conform to those specified in the
uniform systems of Federal Energy Regulatory Commission (FERC)
accounts (Ref. 8) (formally called Federal Power Commission (FPC)
accounts), and the subdivision titles generally conform to those
employed in the " (MHD) Engineering Test Facility (ETF) Design
Report" (Ref. 5). The following section provides a pictorial
guide to the components which are included in the FERC accounts.

7.1 Cost Accounts Associated With the Major Plant Components

Figure 9 (adopted from Ref. 7, Fig. 2) presents a schematic
process flow diagram for the reference conventional furnace coal-
fired power plant with wet SO2 scrubber. The diagram is based on
the ECAS reference plant which utilizes a limestone calciner.
Indicated in the figure are the numbers of the respective FERC
accounts or subdivisions in which each of the components or systems
illustrated is included. For ease of reference, the corresponding
titles of the accounts and subdivisions are listed in table IX.
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TABLE IX. - TITLES OF THE FERC ACCOUNTS INDICATED
ON THE PROCESS SCHEMATIC OF FIGURE 9

I FERC
Acct.
No. Account Title
311, STRUCTURES & IMPROVEMENTS
311.15 Water Treatment Ponds
311.3 Main (Turbine-Generator) Building
311.4 Steam Generator Building
311.9 On-Site Waste Treatment (Including Water
Treatment) Building
312, BOILER PLANT
312.1 Coal Handling
312.3 Limestone Handling
312.41 Steam Generator (Equipment)
312.44 (Steam Generator) Auxiliaries
312.61 Condensate and Feedwater System
312.71 Precipitators and Breeching
312.72 Chimney
312.73 Stack Gas Reheat System
312.81 i Flue Gas Desulfurization Equipment
312.83 i Lime Manufacturing System
314. ; STEAM TURBINE-GENERATOR AND AUXILIARIES
314.1 ? Steam Turbine and Auxiliaries
314.2 ' Condenser and Auxiliaries
314.31 (Circulating Water System) Pumps, Valves,
Piping and Structures
314.32 , Cooling Towers
314.41 ' Main Steam (Piping Systems)
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To revise the schematic to represent the modified reference
plant, the only significant change necessary is to replace the
lime manufacturing system (calciner, calciner coal supply, cal-
ciner exhaust gas cleanup and lime transfer system) with a lime-
stone preparation system (limestone pulverizer and slurry pre-
paration tank). The limestone preparation system will also
replace the lime manufacturing system in FERC Account Supdivision
312.83. The material flows indicated in figure 9, of course,
will require alteration too, but this will not affect the FERC
account in which the equipment is listed.

7.2 Detailed Capital Cost Estimate Tables

Tables X, XI, XII and XIII present the detailed capital
cost estimates for the four reference plant configurations con-
sidered in this study. Each of the estimates is based on the
original ECAS cost estimate details developed as part of the
ECAS study (Ref. 7), which are included in Appendix C, for refer-
ence. To provide the means to correlate the estimates in this
section with those in Appendix C, each of the estimate items in
this section is identified (in the second column of each account
subdivision) with the number(s) of the associated item(s) in the
ECAS estimates.

Since the ECAS estimates were not in the format required for
this study, they were recast appropriately. For reference, the
recast estimates are included in Appendix E, since they are in
mid-1975 dollars rather than mid-1978 dollars. For inclusion in
this section, the estimates were updated to reflect costs as of
mid-1978. This was accomplished by applying separate escalation
factors to each of the FERC accounts. These account specific
factors were calculated from the Handy-Whitman Index of Public
Utility Construction Costs (Ref. 9), as discussed in Appendix B
and listed in table XXV, and were applied appropriately to
escalate the major component, balance-of-plant materials,
installation and indirect costs of each account. A 20 percent
contingency factor, as employed in the ECAS study, was applied
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TABLE X.

- ECAS REFERENCE CONVENTIONAL FURNACE
COAL-FIRED POWER PLANT WITH WET SO2 SCRUBBER
CAPITAL COST ESTIMATE DETAILS AS OF MID-1978
(250° F Stack Gas Reheat Temperature (1))
{Mid-1978 Dollars)

ECAS
rers Report ijammm Materisl Costs 3
Aecount 1dent. Major i3} Balance 1nstallacios Indirect Contingency Total
Luaber Ko(e).(2) Title Description/Specification Cowmpouent of Plant Cost (1} Cost (4) Alloxarce (! Loast.
10, - LAND AND LAKD RIGCHTS - - - Wot Included in Stuay
. - STRUCTURES AND TMPROVEMENTS | Totel Account 311, - 53,153,900 12,376,003 b i, 0TT,en 7.327,083 : &3.6<u,0o7
16 s
nt.1 7.0 1oprovements to Site Totsl Subdivistion 311.1 - 1,647,200 3,530,170 3,178,656 1,671,205 ]13,027,21n
3111 7.1 Site Preparstion and Soil testing, clesring end - 11,600 1,185,810 1,067,734 453,029 2,713,172
1sprovements grubbing, rous" greding, finish
grading, landscaping
311.12 7.2 Site Otilticties Store and sanitary sewvers, non- - 58,000 68,150 61,154 37,503 225,017
pricess service wvater
311.13 7.3 Rosds sod Railrosds Railroad spur, roads, valks and - 858,400 368,010 331,366 311,555 1,869,311
parking arese
311.14 7.4 Yard and Plant Fire - - - - 696,000 708,760 638,186 408,509 2,451,535
Protaction, Fences and
Cates
3n1.13 7.5 Vater Treatmeat Ponds Zarthvork, pond linieg, off- - 23,200 1,199,440 1,080,006 460,529 2,762,176
site pipealine
n3 - Main (Turbine-Cenerator) Total Subdivision 311.3 - 2,822,280 2,234,160 2,011,440 1,413,576 8,481,456
Building
n.n 3.1,5.3 - Excavation, substructure, de- - - - - - -
wvateriog and pillag, inciwiing
excavation and substructure
fow ranssission plant gwitch-
yard
311.32 5.2 - Building stru~ture and services - - - - - -
311.4 - Steas Cenerator Buildin Total Subdivisios 311.4 - 6,927,520 5,403,320 4,936,960 3,469,560 rpo,uv,m
311,42 5.1,5.3 - Excavation, substructure, de- - - - - - -
water!g snd piling
Nni.e2 5.2 - Enclosure structure and ser- - - - - - -
vices

*See page 70 for explanation of footnotes
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TABLE X. ~ (Continued)

ECAS Account/Subdivision Material Costs
rerc Rerort
Account | 1dent. ¥ajor (3) Balance ') In-tallation | Indirect [ontingency Total
Wurber Nole).(2) Title = Description/Specification | Component| of Piant Cost (3) Cost (4 [Allceance (s fons
312, - BOILEP PLANT (3) Total Account 312, 56,8%91,20C 75,167,768 34,651,139 11,202,%21 32,582,432 (237 ,4%4.553
312.1 |).8, 5.1, |Conl Handling Total Subdivision 312.1 - B,914,2600 2,407,770 2,16€9,2.1 | 2,492,272 | 15,122,622
5.3
Coal, limestcne and
ash handling excavations,
foundat{_napits & tunnels.
Also, railcar durping 1
equipment, dust collectors, f
primary & secondary crush-
ing equipzent, belt scale,
sazpling station, magnetic
cleaners, mobile cquipment,
coal silos, reclaiming
feeders, and the followlag
couveyors to coal pile and
coal silos:
() b
@ 312.11 - Onloading and Yard Storage = = - - - - - - -
%—1 Coal Conveyor belt 60 in. wide, 340 ft. long, - - - - = -
3000 tph
F—Z Coal Conveyor belt 60 in. wide, 760 ft. long, - ~ = = = -
3000 tph
c-3 Coal Ccnveyor belt 60 in. wide, 190 ft. long, - - = - - -
3000 tph
312.12 - Reclais and Delivery - - - - - - - - —
—_
_?_ — C-4 Coal Conveyor belt 42 in. wide, 980 ft. long, - - = - & -
7} : 500 tph
w4 -5 Coal Conveyor belt 42 in. wide, 540 ft. long, = - - - _ _
-~ S00 tph
’3 F" k-s Coal Ccnveyor belt 42 in. wid~, 170 fr. long, - - - - - o
-~} g 500 tph
ic-7 Coal Ccnveyor belt 42 in. wide, 110 fr. long, - - - - - - -
Q o=} 200 ¢
; > ic-8 Cral Conveyor belt 30 in. wide, 160 fr. long, = - = - - -
= (D, (2 reqd.) 300 tph
:
& *See page 70 for explanation of footnotes
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TABLE X. -

(Continued)

Account

ECAS
Report
fdent.
hole), (2)

Account/Subdivision

Material Costs

Title

Description/Svecification

Major (3)
Corponent

Balance (-'qhuunltlon

of rlent

Cost (3)

Indirect
Cost (4)

Ponitingency
hllovance ($)

Total
Cost

2.4

312.41

2.42

312.43

1.1,
Table 14

6.7

1.2

Stean Generator Equipment

Stean Generator

Instrumentation and
Coatrols

Auxiliaries

Forced &raft fans (2 reqd.
@ 5483,600 ea.)

Total SubAivision 312.4

Heat transfer
surface and pressure parts;

buckstays, braces and
hangers; fuel-burning
equipment, a~ces-ories,
soot and ash equipment;
control systems, brick-
work, refractory and
insulation; support steel
¢ misc. materials; primary
air fans & feedwater piping

Integrated

boiler controls boiler/
turbine coordinating
controls, main :ech.
systes control boards,
sampling system includ.
analyzers and saspling
panel, jtack emissions
sonitering systes. and
data acquisition systes

Aix preheater;

flues and ducts to pre-
cipitators; insulstiom
for flues and ducts;
pulverizers, feeders
and hoppers; and the
following fans:

Crerating: 971,000 ctm @ 80°P,
S.P. outlet = 19 In. w.g.
Test block: 1,165,000 cfm @
105° F, S.P. outlet » 2.7 {u,
v.g.

Motor: 6,500 hp

49,265,200

49,265,200

16,5%1,20C

8,432,000

6,076,000

-2,083, 204

19,314,490

12,238,800

3,205,400

2,870,290

16,490,834

11,020,12¢

2,886,224

2,584,482

20,122,355

16,191,226

2,433,525

1,057,594

120,794,272

97,.47,254

14,601,149

9,045, 367

*See page 70 for explanation of footnctes
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TABLE X. - (Continued)

| FEIRC :’::t Account/Subdivision rarerial Costs
l Account| yo T ¥ajor (3] Balance (3)|Installation |Indirect |Contingency Total
' ui«_-;n |%ole) o112} Tiele | Description/Specification Component | of Plant Cost (3) Cost (4) pllowance(S) Cost
; Shell Tube Fiow 7170 Feat
} Press./Te=p. Press./Temp. Percent) transfer area
p-ta/® F priv/S ¥ 1%7ax sq.9¢.
Lrel T/i63 215/158 e.05=:08  1¢,330
LPe2 11/195 2107199 4.05x10% 13,550
Lpe? 297220 210/22) 4.05x10€ 13,720
XY 67/200 210/29% ¢.05x10° 18,770
P 296/416 16227418 6€.22x10% 45,660
up 745/510 $7C3/513 6.22x20% 49,700
OFH 6.22x1051b/hr @ 353° F
312.62 - Water Treatment Systea - - - __Incljded in Subdivision 311.9
2.7 - Effluent Control Total Subdivisior 312.7 7,626,000 €.C21,200 3,540,519 3,187,9€7 4.581.13:J 24,426,813
»2.71 1.3, Precipitators and Total Subdivision 312.71 7,626,900 272,800 1,500,710 1.)s1.:74 2,190,156 12,920,943
r-11, Breeching (4 reqd.)
—able 14 S4 fr. high x 92 ft. widex
44 ft. long each, 1,262,000
15, 1296 kVA, 9% percent parti-
culate removal elficlency,
€95%,000 acf~ 2 300° F, in-
N cluding support steel
[
Nn2.72 |3.6, Chimney Total Subdivision 312.72 - 1,946,800 1,646,410 1,422,474 1,015,134 6,090,816
r-16
Concrete stack
and liner; lights and
marker painting; hoists
and platforms; stack
foundation 40 ft. I.D.,
S00 ft. high
32.73 - Stack Gas RPeheat System Total Subdivision 312.7) - 3,831,600 193,390 354,21 915,043 5,495,251
3.14, (® Porced draft fans for Operating: 545,000 cfm - 1,618,200 189,410 172,58 395,632] 2,373,792
r-15 vehaptor alr (6 yog” LJ Qa pn® @ Tatal S P =
282,53C ca.) 3.5 in. w.q.
Test Llocr: €54,.000 cfm
@ 105° P, Total S.P. =
4.55 in. wv.g.
Motor: €5C hp
.
3.14, (g Stack gas reheat air 4.5 ft. high, 21.5 fc. - 2,213,400 203,980 183, 520,21y 3,121,259 |
r-13 heaters (6 =39 wide x 37.5 ft. long esch : ‘
L3147 ,770) eal) H {
| =
\ \ i
L |
i

*See pages 70 and 71 for explanation of footnotes -
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TABLE X. -

(Continued)

Account
noter

Material Coets

TMtle i tescription/Specification

Compunent | of Plant

installation
Cost (3)

InSirect
Tos:(4)

gency
hllowance (5)

yr.e

1n2.61

3.18,
r-12

3.\

Flue Gas Drsul furicetioa

Systes
FGD Equipment

Wet lime SO; scrubbers
(turbulent contact
alsorber) {6 reqgd. €

- N
[ N

Scrubber ductwork

Scrubber system pusps

Totasl Subdivision 312.8

Total Subdivision 312.81

Corplete 303

scrubber vessels with pre-
saturator and mist
elininator systems. 6Oft.
high = 40 ft. v 1> nlBfc.
long, J1.6L stainless
steel, neoprene lined, 3
stages, 450,000 acfw @
3120 F eacn

Flue cas dust
outboard of electro-
static precipitators,
duct lining, duct
insulation, dampers &
expansion joints

Slurry recycle

110 @ 47,500 eal);

mist eliaminator wvash

3 ®-:1,.0% eald;

slurry storage and
cransfer 14,900 «a.);
slurry feed (3 @ 3€,200
ea.); pond feed tank (3
¢ 51,400 en.); pond feed
booster (2 @ 515,600 ea.h
pond water recycle and
booster (4€ 515,500 ea.)

Tanks and

agitators for absorber
effluent hold, pond feed,
entrainsent separatoxr
surge, slurry swrge,
slurry storage and
slursy transfer

- 27,0i8,42C

- 13,201,008

- 8,543,10C

- 4,054,807

- 1,339,200

- 2,703,200

8,027,420

5,245,200

1,2%:,020

3.015,990

145,700

7,950,235

4,722,MN2

1,128,25%

2,715,674

131,192

52,477

2,1€.,610

5,0€3,942

2.194.89<

1,957,292

m,.ne

562,791

£4,9C%, 856

11,723,757

1,939,310

3,376,780

*See page 70 for explanation of footnotes
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TABLE X. =~

(Continued)

mebor

Report
18ent.
Kole) . {2)

Title

L/Subdivision

Material Coste

Description/Specification

Component

wajor (3)

Balance (J]Installation
of Plant

Cost (3)

Indirect
Cost(4)

Contineency
Allowance (5)

312.82

Nn.e

6.2

5.8

3.16,
c-13,
Cc-14,
c-1%

Scrubber system large
piping

Poundations and
Structural

Lime Manu:facturing
Systes

{traveling grate kiln @
€1,345,000, lime slaker
25148 ,500)

Limestone handling
system excavations,
foundations, com~
veyors, etec.

Makeup water, re-
saturaticn slurry water,

mist elimirator wash,
absorber slurry effluent
tark overfice, pond feed,
pond recycle water, lire
slurry, recycle slurry, air
heater steam, supply, and
air heater condensate retun
Fiping

Total Subdivision 312.82

Toundations earth-

work and structures parti-
calar to scrubdber equip-~
rent

Total Subdivision 312.03

Lisestone calciner: 650tons/
day, nominal (880 toms/day,
design), 12 fr. wide x 48ft.
long trawveling grate, 13ft.
1.D. = 180ft. long rotary
kiln with Niems-type cooler,
coal conveyor, bucket elevatdr
and storage bin, cnal grind-
ing/firing equipment, contro
panel/instrusentation,
refractories, drives, im-

duced draft fan, baghouse
dust collector and ducting,
kiln stack, lise conveyor
backet elevator, storage
silos and lime slaker

= 3,261,200

- 4,538,400

- 4,538,400

772,210

2,622,600

961,620

rl‘. ia Su

635,318 945,746

2,361,456 [1,904,89]

065,267 |1,273.177

5.674.472

11,426,947

7,639,055

beivisiens L.l . m{

*See page 70 for explaration of footnotes
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TABLE X. - (Continued)
ECAS
FERC Report Account/Subdivision Material Costs
Account| Ident. ] Major (.| Balarce (3] Installation [Infirect Contingency| Total
Nu-ber (No(s).(2) Title Description/Specification Comporent of Plant Cost (3) Cost (4) i Allowarnce(3) Cost
314.32 - Cooling Towers Total Subdivision 314.32 - 4,504,700 1 2,118,995 ..‘1147,:'«'7] 1,732,353 10,358,021
3.1, Tower Structure Mechanical draft towers = <.832,19¢ | 775,970 628,703 €61,355 5,163,128
F-8 (20 cells) with fans and motors "
5.4, Tower basin & circu- Circulating water = 1,752,690 1,343,025 1,209,294 €60,924 5,165,903
F-2 lating water system pump pads, riser and con-
crete envelope for pipe;
cooling tower basin; cir-
culating water pipe (I.D.
= 114 in.) & valves; misc.
steel & fire protection.
246,000 gpm
314 .4 - Steam Piping Lvstems Total Subdivision 13.4.4 - 14,439,900 }14,131,608 12,724,460 | 8,259,194 49,555,161
314.41 !6.1, Main Steam Total Subdivision 314.41 - 4,889,500 | 1,208,723 1,088,365 1,437,317 8,623,305
-2 Main steam (I. D, =
15.3 in.. t =3.97 in); hot
reheat (I.D.=18.14in., t,=2.25
in); cold reheat (1.D.=32.54
in., t,=1.57 in); feedwater
(I.D.=26.54 in., 0.675 in.)
and condensate large piping,
valves and fittings.
314.42 |6.3 Auxiliary Steanm - - - Iricluded in Subdivision 314.43
314.43 = Miscellaneous Piping Total Subdivision 314.43 - 9,550,400 |12,922,886 11,636,096 | 6,821,876 40,931,257
Systems
6.3 Other larqge piping Auxiliary steam, - 5,143,500 | 3,447,098 3,103,855) 2,338,89C 114,033,343
process water, auxiliary
systems
6.4 Small piping All piping, - 1,714,500 | 2,268,220 2,042,363 | 1,205,017 7,230,100
valves and fittings of
2 in. diameter and
less
6.5 Hangers and misc- All hangers - 1,854,200 | 6,767,450 5,643,372 ) 2,753,004 6,518,026
ellaneous labor and supports; material
operations handling; scaffolding
and asrociated misc-
ellaneous labor
operaticns
6.6 Pipe insulation - - - - 838,200 940,118 846,506 524,965 3,149,788

*See page 70 for explanation of footnotes
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TABLE X. -

(Concluded)

ECAS
FERC Report Account/Subdivision Material Costs
R Tdent. ¥ajor (31| Balance (3 fnstallation | Indirect |Ccntingency Total
No~ber Nols)} (2) Title Description/Specificetion Cormponent of Plant Cost (3) Cost (4) Allowance(S) Cost
350. l = TPANSMISSION PLANT Towal Account 150. - 2,323,007 54,05" 26,508 FECT) Toi.e03
} 3%0.1 15.% Structures & Irprovements | - - Incjuded in Subdivision 211|3
5.2,5.3
350.2 4.1, p-1 (Main Transformers Total Subdivision 350.2 - 2,323,0%C 54,059 48,060 485,144 2,210,862
468 MVA, FOA, 65° i
3150.3 | 4.3 Switchyard - - - Included in Subdivision 315§3
Total of Direct Accounts 310. to 350. (59,911,200| 12,212,920 | B1,056,273072,587,2e0 | 74,625,474 447,812,824
A/E Se:vices & Fee @1B -c-ccccccmmm e cemnma — BB - - .. ee e - e = 50,987,296
perrent of %ala~ce of Plant
[e2) varerials, Installation
Ve L 1-Alrect fosts (9)
Piant Capital Cost e mmee e m— e — e e ——————————— - e ——————— 498,800, 720
- 273,342,779

Escalation & Interest --
Durirg Construztion 8 54.8
percent (5.% yr. Constx, per. 6.5
percent escalation rate, 10 per-
cent interest rate) (10)

Toral Plant Capital Cost in Jan. 1984 Dollarg =------=--~=--eccesccccccccorenn S A eececcccemcocecceecmeceameeneaness 172,143,515

Total Plant Capital Cost De-Escalated to mid-1978 (11)=------ -

346,103,784

*See pages 70 and 71 for explanation of footnotes
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NOTE> TO TABLE X

(1)
(2)

(3)

(4)
(5)

(6)

(7)

Based on ECAS report tables 15 and 16 (Ref. 7).

Identification numbers consisting of letters and numerals refer
to table 15 of the ECAS report, reproduced in Appendix C, pages
178 to 180, for reference. Identification numbers consisting
of numerals only refer to table 16 of the ECAS report, repro-
duced in Appendix C, pages 181 to 187, for reference. Refer-
ences to other ECAS report tables are as indicated.

Escalated from the mid-1975 value listed in table XXXII using
the account specific escalation factor listed in table XXV.

See Note 3.

Based on the 20 percent contingency rate included in the ECAS

report (Ref. 7, page 44).

The costs of the buildings, structures and excavations listed
in Accounts 311.3, 311.4, 311.6, 311.7, 311.9 and 312.1 are
calculated using the estimated percentages of the sum of the
costs of Items 5.1, 5.2 and 5.2 of Ref. 7, tavole 16, listed in
Appendix C, page 199, table XXX, escalated to mid-1978 dollars
using the account specific escalation factors for Accounts 311.
and 312., where appropriate, listed ‘n table XXV. Note that
the same table applies to both the 250° and 175° F (394° and

3530 K) reheat cases.

The separate balance-of-plant materials costs for the feedwater
booster (2) and main feedwater (3) pumps are estimated from the
combined balance-of-plant materials cost of these five pumps
($3,220,000), listed in Ref. 7, table 16, as follows: The com-
bined equipment cost of the pumps $3,070,000 ((2)x($125,000)
+ (3)x($940,000)) is substracted from the combined balance-of-
plant materials cost and the remainder ($150,000) divided by
the total horsepower of the five pumps (45,500 hp) resulting
in $3.30/hp. This cost per horscpower is then multiplied by

the horsepower of the two feedwater booster pumps, for example,

70
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NOTES TO TABLE X (Concluded) i

(8)

(9)

(10)

(11)

to give $25,410 (7700 hp x $3.30/hp) and the equipment cost
of the two pumps, $250,000, added to the product to give i
$275,410. This figure is then escalated to mid-1978 dollars |
($341,500) using the 1.24 factor for FERC Account 312. listed
in table XXV. Similarly the cost of the main feedwater pumps
is estimated as $2,944,740 (i.e., ($3.30/hp)x(38,700 hp) i
+ ($940,000)), which is escalated to $3,651,500.

The separate balance-of-plant materials costs for the stack
gas reheat system forced draft fans and reheat air heaters

are estimated from the combined $3,090,000 balance-of-plant
materials cost listed in Ref. 7, table 16, as follows: The
combined equipment cost of the fans and heaters, $2,880,000

(6 x $200,000 + 6 x $280,000), is subtracted from the combined
balance-of-plant materials cost. The remainder, $210,000, is

divided equally between the fans and heaters, and one $105,000 i
part is added to the equipment cost of the fans and the other

to the equipment cost of the heaters to give $1,305,000 and

$1,785,000 for the respective balance-of-plant materials cost

of each. These values are escalated to mid-1978 dollars

($1,618,200 and $2,213,400, respectively) using the 1.24 factor

for FERC Account 312. listed in table XXV.

Includes the .0 percent contingency in Note 5 applied to the
15 percent A/E services and fee rate employed in the ECAS
report (Ref. 7, page 44) to acccunt for the change in the
order of applying the contingency and A/E services and fee
rates in this study compared to the ECAS study.

Based on the guidelines specified Ly NASA for the ECAS study
(Ref. 4).

The sum of the Plant Capital Cost and Escalation and Interest

3.5 to de-escalate the

During Construction divided by (1.065)
Total Plant Capital cost in Jan. 1984 at the completion of

the 5.5 ycar construction period to mid-1978.
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TABLE XI.

COAL-FIRED POWER PLANT

- ECAS REFFPENCE CONVENTIONAL FURNACE

WITH WET SO)

SCRUBBER

CAPITAL COST ESTIMATE DETAILS AS OF MID-1978
(175© F Stack Gas Reheat Temperature (1))
(Mid-1978 Dollars)

e . ol

S— —

ECAS
e Report t/Subdivision Mate: 1s1 Coscs =
Accoust 1lent. Major (1} Balance | Installatice Indirect Contingency Total
Fue=Ser Wo(s).(2) Piele Description/Specification Cozponent of Plant Cost (3) Cost (4) Allowance (S Coat
0. - LAND AND LAND RICHTS ESis Wot Included in Study
ni. - STRUCTURES AND IMPROVEMENTS | Total Accou-~t 311, - 13,155,560 12,304,700 11,077,954 7,307,643 43,845,857
(6)
i 7.0 I=provezents to Site Total Subdivision 311.1 - 1,647,200 3,530,170 3,178,655 1,671,205 10,027,230
3.1 7:% Site Preparstion and Sofl testing, clearing and - 11,600 1,185,610 1,067,734 453,029 2,718,172
I=provesents grubbing, rough grading, fintsh
grading, landscaping
3.2 7.2 Sfte Utilities Stors and sanitary severs, non- - 58,000 68,150 61,364 37,503 225,017
process service vater
N 1.3 Roads end Ratlroads Railroad spur, roads, valks and - 853,400 368,010 331,366 311,555 1,869,331
parking areas 1
Nl 7.4 Yord and Plant Pire = - 696,000 708,760 618,186 408, 589 2,451,535
Protection, Fences and
Cates
311.1% 7.3 Vater Treatmsent Poods Earthwork, pond lining, off- - 23,200 1,199,440 1,080,006 460,529 2,763,176
site pipeliue
311.3 - Main (Turbine-Cenerator) Total Subdivision 311.3 - 2,822,280 2,234,160 2,011,440 1,413,576 8,481,456
Building
n.n 5.1,5.3 - Excavation, substructure, de- - -~ - = e - Y
vatering and piling, including i
excavation and substructure .
for transmission plant svitch-
yard
Ny 5.2 - Building structure and services - 6,927,520 5,483,320 4,936,960 3,469,560 | 20,817,360
Jll.4 - Stear Cenerator Building Total Suodivision 311.4 - - - - - =
e 5.1,3.3 - Excavation, substructure, de- - = = = " -
vatering and piling
.62 5.2 - Enclosure structure and ser- - - - - = -
vices
*See page 86 for explanation of footnotes
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TABLE XI. - (Continued)

FEXC
Account

| N=ber

Account/Subdivision

Material Costs

Title

Description/Specification

Installation
Cost (3)

Indirect
Cost (4)

Contingency
Allos el

a.

n2a

nz.n

312.12

BOILER PLANT (3)

Coal Randling

Onloading and Yard Storage
Coal Conveyor belt
Coal Conveyor belt

Coal Conveyor belt

Reclaim and Delivery
Coal Conveyor belt
Coal Conveycr belt
Coal Conveyor belt
Coal Conveyor belt

Coal Conveyor belt
(2 reqd.)

Total Account 312.

Total Subdivisfon 312.1

Coal, liceatone and

ash handling excavations,
foundetions pits end tcooeld
Aleo, ratlcar durping
equipzent, dust collecteors,
prizary and secondary crush4
ing equip=ent, belt scale,
serpling station, magnetic
cleaners, mobile equipment
cosl silcs, reclairming
feeders, and the folloving
conveyore to coal pile and
coal stlos:

60 in. wide, 340 ft. long,

3000 tph

60 in. wide, 760 ft. long,

3000 tph

60 in. wide, 190 ft. long,

3000 tph

42 in. wide, 980 ft. long,

SCO tph

42 in. wide, 5S40 ft. long,

S0C tph

42 in. wide, 170 ft. long,

SO0 tph

42 in. wide, 110 ft. long,

500 tph

30 in. wide, 160 ft. long,

300 tph

32,655,090

27,4C4,€89

37,816,668

2,698,272

*See page 86 for exnlanation

of footnotes
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TABLE XI. - (Continued)

ECAS
Repurt

Account Idert.

Numbter

wols), (2)

Account/Subdivision

Material Costs

Title

Description/Specification

Major (3) Palance (3)

Component

p? Plant

nstallation
Cost (1))

Indirect
Cost (4)

Contingency
Allowance (S

Total
Cost

312.2

.21

312.3

nz.mn

312.4

J12.41

3.10

Cc-16

c-9
c-10
c-11

c-12

1.1,
Table 14

Slag and Ash Randling

Fly ash storage silos

(2 reqd.)

Limestone Randling

Conveyors

Limestone Conveyor belt
Limestone Conveyor belt
Limestone Conveyor belt

Limestone bucket Conveyor

Steam Generator Equipment

Steam Generator

Total Account 312.2

Bottonm ash systea,

fly ash handling system for
precipitators and alr pre-
heater, ash conveyors,
railrar lcading equipment,
ash hoppers, sluice pumps
and drives, piping, clirker
grinder, pressure blowers,
valves and piping, and the
following storage silos and
associated equiprent:

Jeeders, unloaders and
foundations, silcs: total
volume 833,184 cu. ft.,
85 fr. high, 80 fr. dla.

Total Subdivision 312.)

Magnetic cleaners,
reclalming feeders, belt
scale, and the following
conveyors to limestone
plle and calciner;

60 in. wide, S00 ft. long,
3000 tph

24 in. wide, 630 ft. long,
65 tph

24 in. vide, 420 ft. long,
65 tph

24 in. wide, 120 ft. long,
100 tph

Total Subdivision 312.4

Heat transfer
surface and pressure parts)

buckstays, braces and
hangers; fuel-bur.ing
equipment, accessories,
soot and ash equipTent;
control systems, brick-
work, refractory and
insulation; support steel
¢ misc. materials; primary
air fans & feedwater piping

43,265,200

49,265,200

4,433,200

1,550,000

16,492,000

8,432,000

888,770

320,540

18,299,920

12,238,800

800,271

288,622

16,477,715

11,020,128

1.225,€48

431,832

20,106,967

16,191,226

7,353,889

2,590,995

120,641,802

97,147,354

*Cee page 86 for explanation of footnotes
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TABLE XI. -

(Continued)

—————v

ECAS Pepor

Account|ydent.

NumDer

¥ol(s).(2)

Title

lajon

Material Costs

Description/Specification

Major (3]| Balance (2
Cozgpcrnent | of Plant

Installation
Cost (3)

Indirect
Cost (4)

Contingency
Allowance j)
v

Total
Cost

312.42

312.4)

6.7

1.2

r-9

r-10

Instrusentation and
Controls

Auxiliaries

Forced draft fans (2 reqd.

@ 54R3,600 e3. )

Primary air fans (2 reqd.)

Induced draft fans

(4 reqd. @
$272,800 ea.)

Integrated

boiler controls boller/
turbine cocrdlnating
controls, eain pech.
system control boards,
sarpling systea includ
aralyzers and sa~pling
panel, stack exissions
monltoring systes and
data acquisition systes

Alr preheater;

flues and ducts to pre-
cipitators) {nsulation

for flues and ducts)
pulverizers, feeders

and hogp=rs; and the
following fans:

Cperating: 971,000 cfm @ o v,
s P outlet = 19 in. w.g.
Test block: 1,1€5,000 cfm @
1056 F, <7, cutlet=24.7 in.
v.g.

Motor: 6,500 hp

Operating: 161,750 cfm @
960 F, S P. inlet= 19 {in.
w.9., S.P. outlet =42 in.
v.g.

Test Block: 194,000 cfm @
1212 7, S.P. inlet=19 in.
v.g., S.P. outlet=54.€ in.
v.q

Motor: 2,250 hp
Operatinc: 660,000 ctn @ 300° ¥,
Total S.P.=2)in.wvw.q.
Test block: 800,000 cfm @
3250 F, Total S.P.=30 In.
v.q.

Motor: 5,000 hp

- 5,976,800

- 2,083,200

(Included

2,870,290

in Subdivisidg

2,873,105

2,584,482

L 312.41)

2,408,147

1,507,5%4

14,47¢ 882

9,045,567

—_——

*See page 86 for explanation of footnotes
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TABLE XI. -

(Continued)

=1 ‘
OC | pport __________Jga!mgﬁshhh- Material Costs
Accownt| Laone. Major Balance Installation| Indirect |Contingency Total
MeSer fyo ey, (2) Title Description/Specification Coeponent | of Plant Cost (3) Cost (4) A1llowance (5) Cost
2.8 - Auxiliary Boiler Systes Optional (not included) = g - - - -
142 €30 3, 11,289,039
naze | Ctrer Boiler Plant Systess | Total Subdivision 312.6 - 8.742,200 349.65 AL | 24883387
2.2 80 ,86 ,881,349 11,282,089
nze | Cordensate and Feedwater | Tctal Subdivision 312.61 = 8.742,200 149.68 el
Systea
3.3, Mmain condensate pusps & | Vertical centerline, 510° - 130,80 72,850 65,59 193,849 1.163,09%
r-4 m0tors (2 peqga. * $117.577| gpm, 750 hp motor, 410
ea.) ft. TDH (Other pumps and
Arivers not lizted elsevheres)
1.1, 7 Feedwater booster pumps 7,300 gpm, 3850hp, 1510 fe. Tpw - 141,500 )9.!44 26,238 79,376 476,254
r-s m and motors (2 reqd. @
$1%5,000 ea.)
3.1, m Main boller feed pusps 4900 gpm, 12,600 hp, - ),65),50(% hl6,564 104,954 774,603 4,647,617
r-é and turbine drives 8300 fr. TOM
() reqd. @ -1.1°5.000 ea.)
r-2 Boller feedwater piping - - - Included ia Subdivision 314.41
1.8, Feedwater heaters Miscellaneous heaters and - 3,218,400 131,131 118,073 833,521 5,001,123
r-3 exchargers; tanks and wvessels;
and the following low pressure
(¢, iatermediate pressure (1)
and deaerating feedwater (1)
heaters:
Shell Tube Plow (100 Beat
Press./Temp. Press./Temp. Percent transfer area
psia/ F giiaﬁ r b/ hr .fe.
(5 )% /163 107158 €.75x108 17,170
Lre2 117195 210/1%0 4.75x10% 16,260
(A1} 207228 2107223 4.75%106 16,600
Lree €7/300 210/29% 6.752108 22,710
44 296/416 10407415 6.22x10% 43,660
ur 745/510 $700/519 6.221106 49,700
(] 6.22x1061b/Mr & 3513° P l
312.5 - Water Treatment System - = - Incleded in vision 311.
5 y i 9,175,380
TR - | 2ff1vent Control Total Subdivislon 312.7 7.£26,000 2.:“-.403| 2,835,729 2,571.36) 3.195.897 | 19.178,
*See page 86 for explanation of footnotes
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TABLE XI. -

(Continued)

a8 e e

roc Report Account/Subdivisior Material Costs
Account | Ident. Major (3] Balance (3) jnstallation kndirect [Contingency| sotal
M=Ser Nol(s).(2) Tele Dascription/Specification Cowponent | of Plant Cost (3) Cost (4q) |Allowance( Cost
314, - STEAM TURBINE - Total Account 314. 33,972,500)26,060,40" 19,100,800 17,198 ,84619,266,510 115,522,058
GEWERATCR AND
AUXILIAPIES
4.1 | 2.0, Steam Turtine and Total Subdivision 314.1 313,972,509 127,000 1,790,705 1,612,334 7,500,518} 45,002,11°
Fi1g9., 5 Auxiliarcies
Table 24
869 MW, guaranteed generator
output; tandemcompound ¢ flov
tutbine with 33.5 in. lact stage
buckets 2.3" Hg abs; 3500 peig/
10350 F throttle stean,
1000° F/675 psly reheat steax
3.% percent coatfinuous
extraction for atack gas re-
heat exciter, 792 MVA generator
@ 75 psig hydrogen pressure;
0.9 pt. Hydrogen, lube oll
and seal oil systems, stop-
throttle valves, cross-over
piping, insulatioff motors
four auxilliaries
314.2 (3.4, . .>lenser & Auxiliaries Total Subdivision 314.2 - 3,098,800 253,681 220,422 716,181 4,297,086
r-1
Shells, tubes, air ejectors
at 2.3 in. Hg (abs.),
3.97 x 103 sq.ft. of heat
transfer area, 4.67x10% pph
314.3 - Circulating Water System Total Subdivision 314.3 - 6,362,700 2,506,980 2,257,349)2,225,406 13,352,435
3143 - Pumps, Valves, Piping Total Subdivislon 413.31 - 952,500 44,768 an,310| 207,518 1,245,093
and Structure
3.2, Clrculating water pumps 95,00C gpm, 2500 hp, 75 ft. - 952,500 44,768 40,310 207,515 1,245,093
r-7 and motors (3 @5258,450 TDH each
5.4 Circulating water - - - In¢luded in Subylivision 314432
vaives, piping &
structure

*See page 86 for explanation of footnotes
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TABLE XI. -

(Continued)

ECAS
FERC Raport Account/Subdiv. ion _ Material Costs
Account Ident. Major (3)] Balance (3 !n-ull_nuon Indirect |Cantingency Total
Number |No(s),(2) Title Description/Specification Component of Plant Cost (3) Cost (4) |Allowance (5) Cost
(-:u.s 3.12 Other Turbine Plant Total Subdivision 114.5 - 2,108,209 447,67°¢ £03,n9° 591,795 3,550,768
& Mechanical
Equiprent Water treat-
ment & chemical injec-
tion, alr compressors
& auxiliaries; fuel
oil handling system,
ignition & warmup)
screenvell) nisc.
plant ejuiprent &
gotors, & ejuipment insul.
31S. - A_gtg_s&n_v_gucruc Total Account J15, - 13,382,404 15,261 :40])13,742,15C 9,477,271 50,863,648
EQUIPMENT
315.1 42 Station and Auxiiiary Total Subdiv!sion 315.1 - 1,574,400 245,693 221,220 408,264 2,449,584
Transforners
Station service and
startup transforwers;
service transformers for
boiler and scrubber sys~
tems; generator main
bus as follows:
£-3, & |Onit Awiliary Trans- 40/54/67 MVA, €5° C, OA/FA/ - - = - - -
formers (2 reqd.) FOA, 24/13.8 kV, J-phase,
60Hz
2-6 Startup Transformer 28/37.5/47 MVA, OA/FA/POA, - = - - > -
$00/13.8 kv, 652 C, 3-phase
. 608z
E-21. 22| Boller Auxiliary Trans- $500 kVA, OA, 65° C, 13.8/ - - - - - -
formers (2 reqd.) 4.16 kv, 3-phase, 60Hz
E-25, 26| Scrubber Transformers 5000 kVA, OA, 65° C, 13.8/ = - - = - -
(2 reqd.) 4.16 kv, 3-phase, 60 M=
315.2 - Miscellaneous Motors - - - Included in Subdifision 314.}

*See page 86 tor explanation of footnotes
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TABLE XI. - (Continued)
reErRc Pf!::'- A~count/Subhdivision Material Costs
Account| .7 Major (3| Balance (2)|Installation|Indirect [Contingency Total
Number lo(sf.h) Title Description/Specification Component { of Plant Cost (3)| Cost (4)|Allowance(5) Cost
315.3 (4. Switchgear & Motor Total Subdivision 315.3 = 4,142,000 607,005 546,56y 1,087,112 ) 0,472,681
Control Centers
Switchgear,

switchyard & load

centers) motor control
centers; local control :
stationa; distribution
panela, relay & meter
boards & the follow-
ing transformers:

2-7, 20 | Misc. 480 V load control 1689 kVA, OA.65° C, 13,8kxv/

center transformers 480 V/2717 V, 3-phase, 60Mz
(14 reqd.)
E-2), 24| Local control center 7000 kVA, OA, 65° C, 13.8/ - - - - - -

transforzers (2 reqd.) 4.16 kv, l-phase, 601z

118.4 4.6 V’»:vd;'-;;.'?;bledﬁw. Wige,} Total Subdivision 315.4 - 5,018,400 9,133,980 ,224,4691 4,475,370 26,85%2,2)1°
~ia b FLE T kg

318.9% 4.4 Miscellaneous Electrical Total Subdivision 315.% - 2,472,300 |5,246,258 |4,723,864 2,488,484 14,93C,9%0¢
Equipment '

Cormunications;

grounding; cathodic &
freeze protection;light-
irg; pre-operational

testing
31S.6 - Integrated Control Systes - - - Indluded in S vicion 312.42
315.7 = Data Acquisition System - - - Indluded in Subdjvision 131%.42
315.8 |4.5,2-5 |fmergency Power Systea Total Subdivision 315.8 - 135,300 28,905 26,027 38,046 228,278
Diesel g¢ erator,
batteries & associated
d.c. equipment. 1000 XW,
3-phase, 60 Hz, 480 V, 0.8 pf.
316. - MISCELLANEOUS POWER Total Account 316. - 359,000 14,68 13,229 75,583 453,495
PLANT UIPMENT
316.1 - Puel Oi) Aandling System - - - Included {n Subdifision 314}5
316.2 - Fire Protection System - - - __Inc}juded in Subdiyision 311}14
316.3 7.6 ¥achine & Maintenance - - - - 359,000 14,688 13r3:’J 75,582 453,495
Shops

*See page 86 for explanation of footnotes
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TABLE XI., -

(Concluded)

cant of Balance of Plant
i!‘.!uull, Installatfon &
Ind!rect Costas (9)

Plant Capital Cost ——--e--

Pscalation & InterestDuring
Conanction @ 54,8 percent (5.5
yr. Conetr. per. 6.% percent
escalation rate, 1C percent
interest rate) (%0)

Total Plant Capital Cost {in|
Jan. 1984 Dollars

ECAS
FfERC Report Account/Subdivision Material Costs
pccount Ident. Major (3}) Balance (3) Enstallation | Indirect Contingency Total
iemrer lwo(s),(2) Title Description/Specification Component | of Plant Cost (J) Cost (4) |Allowance (S) Cost
10 - TRANSHISSION PLANT Total Account 350. = 2,323,000 54,050 48,668 485,144 2,910,262
3%0.1 5. Structures & Improvvments | - - Incjuded in Subdivision 311}3
5.2,5.3
3%0.2 4.1,B-1.2|Main Transformers Total Subdivision 350.2 - 2,323,000 54,70 48,5668 485,144
SR 468 MVA, FOA, 650C, 24/500 kV R : x =44 2:910,862
3%0.1 4.) Switchyard - - - Incjuded i~ Subdivision 315}3
Total of Direct Accounts 310. to 350. |
| 2Q,862,700{125,404,720] 79,391,16E71,485,53%473,429,025 {44C,574, 148
A/E Services L Fee QlO P~ _ . ____ i - --—-—-—1- -------- e T ——— SO Fe— Semmee e et ag9,730,656

490,304,804

Total Plant Caplital Cost

De-escalated to -16-197!(115

b e e e cow s

268,687,013

758,991,837
536,802,170

*See pages 86 and 87 for explanation

of footnotes




NOTES TO TABLE XI

(1Y Based on ECAS report tables 27 and 28 (Ref. 7).

(2) Identification numbers consisting of letters and numerals refer |
to table 27 of the ECAS report, reproduced in Appendix C, pages '
188 to 191, for reference. Identification numbers consisting
of numerals only refer to table 28 of the ECAS report, repro-
duced in Appendix C, pages 192 to 198, for reference. Refer-
ences to other ECAS report tables are as indicated.

(3) Escalated from the mid-1975 value listed in table XXXIII using

the account specific escalation factor listed in table XXV.
(4) See Note 3.

(5) Based on the 20 percent contingency rate included in the ECAS
report (Ref. 7, page 44).

(6) The costs of the builuings, structures and excavations listed
in Accounts 311.3, 311.4, 311.6, 311.7, 311.9 and 312.1 are
calculated using the estimated percentages of the sum of the
costs of Items 5.1, 5.2 and 5.3 of Ref. 7, table 28, listed in
Appendix C, page 199, table XXX, escalated to mid-1978 dollars
using the account specific escalation factors for Accounts 311.
and 312., where appropriate, listed in table XXV.

(7) The separate balance-of-plant materials costs for the feedwater
booster (2) and main feedwater (3) pumps are estimated from the
combined balance-of-plant materials cost of these five pumps
($3,220,000), listed in Ref. 7, table 28, as follows: The com-
bined equipment cost of the pumps $3,070,000 ((2)x($125,000)

+ (2)x($940,000)) is subtracted from the combined balance-of-
plant materials cost and the remainder ($150,000) divided by

the total horsepower of the five pumps (45,500 hp) resulting in
$3.30/hp. This cost per horsepower is then multiplied by the
horsepower of the two feedwater booster pumns, for example, to
give $25,410 (7700 hp x $3.30/hp) and the equipment cost of the
two pumps, $250,000, added to the product to give $275,410. This

86




NOTES TO TABLE XI (Concluded)

(8)

(9)

(10)

(11)

figure is then escalated to mid-1978 dollars ($341,500) using
the 1.24 factor for FERC Account 312. listed in table XXV.
Similarly the cost of the main feedwater pumps is estimated as
$2,944,740 (i.e., ($3.30/hp)x(38,700 hp) + 3($940,000)), which
is escalated to $3,651,500.

The separate balance-of-plant materials costs for the stack gas
reheat system forced draft fans and reheat air heaters are esti-
mated from the combined $900,000 balance-of-plant materials cost
listed in Ref. 7, table 28, as follows: The combined equipment
cost of the fans and heaters, $810,000 (6 x $85,000 + 6 x $50,000),
is subtracted from the combined balance-of-plant materials cost.
The remainder, $90,000, is divided equally between the fans and
heazters, and one $45,000 part is added to the equipment cost of
the fans and the other to the equipment cost of the heaters to
give $555,000 and $345,000 for the respective balance-of-plant
materials costs of each. These values are escalated to mid-1978
dollars ($688,200 and $427,800, respectively) using the 1.24
factor for FERC Account 312. listed in table XXV.

Includes the 20 percent contingency in Note 5 applied to the 15
percent A/E services and fee rate employed in the ECAS report
(Ref. 7, page 44) to account for the change in the, order of
applying the contingency and A/E services and fee rates in this
study compared to the ECAS study.

Based on the guidelines specified by NASA for the ECAS study
(Ref. 4).

The sum of the Plant Capital Cost and Escalation and Interest
During Construction divided by (1.065)5'5 to de-escalate the
Total Plant Capital Cost in Jan. 1984 at the completion of the

5.5 year construction period to mid-1978.
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TABLE XII. - MODIFIED REFERENCE CONVENTIONAL FURNACE \
COAL-FIRED POWER PLANT WITH WET SO, SCRUBBER 4‘
CAPITAL COST ESTIMATE DETAILS AS OF MID-1978 |
(250° F Stack Gas Reheat Temperature (1)) |
(Mid-1978 Dollars) |
ECAS (&)
— eport Material Costs |
Account 1lent. Major Balance Installation Indirect Cont:ngency Total |
| wober Nofls).'2) Title ' Description/Specification Component of Plant Cost (1) Cost (4) Allowa~-s( rogs 1
I10. - LAND AND 'AMND FIGHTS - o Not IncludeJ in Study f
Inl. - STRUCTURES AND IMPROVEMENTS | Total Account 311. - 13,155,569 | 12,374,720 11,077,954 7,207,643 32,845,807 ‘
it4s)
} N1 7.0 1nprovements to Site Total Subdivistion 311.1 - 1,647,200 3,537,17% 2,178,556 1,671,205 ST.027,421
. 7.1 Site Preparation and Soil testing, clearing and - 11,600 1,185,610 1,067,734 453,023 2,716,172
1-provements grubbing, rough grading, finish
grading, landscaping
311.12 7.2 Site Utilities Storm and sanitary sewers, non- - 58,000 68,150 €1,364 37,503 225,817
process service water
311.1) 7.3 Roads and Railroads patlroad spur, roads, walks and - 858,400 368,010 331,366 311,555 1,862,331
pa. g ~reas
@ N T.4 Yard and Plant Fire st e - 696,000 708,750 638,186 4c8,589 2,451,535
o Protection, Fences and
Gates
311.15 7.5 Water Treatment Ponds Earthvork, pond lining, off- - 23,200 1,122,440 1,080,206 460,529 2,762,176
site pipeline
’ 311.3 = Main (Turbine-Generator) Total Subdivision 1311.3 - 2,822,280 2,234,160 2,011,440 1,413,57¢ 8,361,456
Building
3110 5.1,5.3 - Excavation, substructure, ce- - - - - - -
watering and piling, including
excavation and substructure
for transmission plant switch-
yerd
| 311.32 S.2 - Building structure and services - - - - - -
i 3.4 = Steanm Ger.: - tuilding Total Subdivision 211.4 - 6,927,520 5,482,320 4,916,960 3,463,560 120,817,340
311.41 5.1,5.3 - Excavation, substructure, de- - - - - - -
watering and piling
311.42 8.2 - Enclosure structure and ser- - - - - -
vices -
S
*See page 100 for explanation of footnotes
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TABLE XII. -

(Continued)

Ir ECAS Material Costs (°7
FERC Report | Account/Bubdivision
Ac-ount Tdent, Major Balance |Installation Indirect Contingency Total
N.aber No(s).(2) Title Description/Specification Component of Plant Cost (3) Cost (4) Allowance (5) Cost
7
311.6 - vaintenance, Service Total Subdivision 311.6 - P2, BUC 762,120 685,560 482, 53¢ 4.820,57
Warchouse and Office
Bulléing (Service
Building)
.61 5.1,5.3 - Excavation, substructure, - - - - - -
devateri{ng and piling
.62 5.2 - Building Structure and - - - - - -
services
m.z 5.1,5.3 Other Buildings Total Subdivision 311.7 - 256,360 201,700 183,280 128,528 771,18
Excavation and structure for
makeup water intake
ni.s 3.7 Cranes and Holsts Total Subdiviston 311.8 - 75,600 40,890 36,818 110,662 663,372
Crane ard accessories in
turbine hall
.y 5.1,5.2 Cn-site Waste Treatment | Total Subdivisiom 311.9 - 67,800 51,040 45,240 22,016 192,02
(Including Water Treat- _ )
ment) Pufldin Erczvation, substructure
sent) Sulidiey building structure and services;
lime, alum, 1cn exchange
resin, acid, coustic and
chlorine storage tanks; reagent
metering snd feeding pumps;
mixers; clarifiers

*See page 100 for explanation of footnotes
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TABLE XII. -

(Continued)

-

ECAS
Peport

A unt/subdivision

t 1dent.
Nol(s).(2)

Title

Material Costs

Description/Specification

Componenrt

(3)

of Plant

Installation
Cost (3

Cost(4)

——

Indirect Lcntingency
hllowance (5)

Total
Cost

{

6,.%1,816

3.6,
F-16

312.73 -

3.14,
Fi1s (8

3.14
‘(8
F-13 '

3.15,
F-12
)

Chimney

Stack Gas Reheat System

Forced draft fans for
reheater air (€ reqd. @

£243,000 ea.)

Stack gas reheat air
heaters (6 redd.
? 5347,200 ea.)

Flue Gas Pesulfurization
Svsten

FSD Equipment

wet limestone SO, scrubbers

Epray tower absorber) (6
resd. 2 §1,500,023 ea.l

Scrubber ductwork

Total Subdivision 312.72

Concrete stack

and liner; lights and
marker painting; hoists
and platforms; stack
foundation 40 ft. 1.D.,
500 ft. high

Total Subdivision 312.73

Operating: 545,000 cfm
@ 8o° F, Total S,P, =
3.5 in. w.qg.

Test block: 654,000 cfm
@ 105° P, Total S,P, =
4.55 in. w.g3.

Motor: 650 hp

4.5 ft. high, 21.5 ft.
wide x 37.5 ft. long each

kutal Subdivision 312.8

Total Subdivision 312.81

Complete SO

scrubber vessels with pre-
saturator and mist eliminato:
systers. Nominally 60 ft,
high x 40 ft, wide x 18ft.
long, 316L stainless

steel, neoprene lined, 3
stages, 450,000 acfm @

312° ¥ each

Flue gas duct
outboard of electro-
static precipitators,
duct lining, duct
insulation, dampers &
expansion joints

1,94C,800

3,811,600

1,618,200

2,213,400
28,800, 904

24,090,000

10,560,000

4,054,800

1,646,410

393,390

189,410

203,980

7,867,800

5,245,200

1,253,020

3,015,990

1,462,847

354,219

176,550

183,669

7,084,368

4,722,912

1,128,251

2,715,674

PP B

915,842

395,632

520,210

8,750,434

6,793,622

2,568,254

1,957,293

5,495,051

2,373,792

3,121,259

52,502,602

40,7€1,734

15,529,525

11,743,757

*See pages 100 and 101 for explanation of footnotes
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TABLE XII. - (Continued)

ECAS
{ FEec Refort Account/Subdivision i Material Costs (3)
2cecint | rdens. f Major Balance nstallation| rndirect ontingency Total
R ; "
i wioer Nols).(2) Title Description/Specification Corporent { of Plant Cost (3) Cost (4) |Allowance!(S Cost
t 314 - M TURSINE - ?To:ll Account 314. 33,220,000| 24,841,200 18,772,505) 1€,903,243 18,707,3%0{112,2+4.327
. ATOR AND
i | IXILIAFIES
1
314.1 E.D, lgteu\ Turbine and Total Subdivision 314.1 13,02C,00% 127,000 1,7%0,700] 1,612,392 7,310,718] 43,862,110
:a.b e {huxaliaries
\ R& Fig.%
! tea® 4
'az:\ Vi, guaranteed gererator
output; tandedconpoard 4 flow
turLine <1ty 33.51p. last stage
buckets; 2.3" ¥g abs 3500
£31g/1C00% P throttle steem,
1204° F/675 psiz reheat steam,
$.4 percent contiruous
extraction for stack gas ra-
heat; exciter 332 VA generator
@ 75 psig hydrogen pressure;
0.9 pf. Hydrogen, lube ofl
and seal oil systems, stop-
throttle valves, cross-over
pipinc, insulaticn motors for
auxiliaries.
0
[} 31s.2 3.4, Condenser & Auxiliaries Total Subdivision 314.2 - 2,692,400 -38,760 214,986 629,221 3,775,375
F-1
Sshells, tubes, air ejectors
at «.2 in. Mg labs.),
3.31 x 185 sq.ft. of heat
transfer area, 3.93x105 pph
314.3 - Circylating Water System Total Subdivision 314.3 - 5,473,700 2,163,763] 1,948,107 1,917,154 11,502,923
314.31 - Pumps, Valves, Piping Total Subdivision 413.31 - 889,000 44,768 40,310 194,818 1,168,893
and Structure
3.2, Circulating water purps 82,000 gpm, 2250 hp, 75ft. - 889,000 44,768 40,310 194,815 1,168,893
o v-7 and rotors (2 7 $273,400) | TOH each ' b f e
=
ol 5.4 Circulating water - - - In¢luded in Subdivision 31432
q
I~ vaives, piping &
3
S‘ structure
xg 314.32 - Cooling Towers Total Subdivision 314.32 in: 4,584,700 2,118,995 1,907,997 1,722,334 10,334,031
o ey L1, Tower Structure Mechanical draft towers - 2,832,100 775,970, 698,703 861,355 5,168,128
C’> F-8 {20 cells) with fans and motors
2 5.4, Tower basan & circu- Circulating water pump pads, - 1,752,600 1,343,025 1,209,293 860,22 5,165,903
a riser and concrete envelope
5 fcr pipe; cooling tower basing
circulatingWater pipe (1.D.=
, 114 1:.) G valwrs: miuc. steel
L & firc frotection. 245,000 gpm

*See page 100 for explanation of footnotes
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