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This report was prepared under the joint funding of ERDA {Contrz .
No., EY-76-C-02-2477) and NRC (Contract No. AT(49-24)-0351)., Volumes I
and 11 were prepared under the ERDA contract and Volume I1I under the NRC
contract. Neither the United States Government or any agency thereof,
nor any person acting on behalf of the United States Government

a. Makes any warranty or representation, expressed or implied,
with respect to the accuracy, completeness, or usefulness of
the information contained in this report, or that the use of
any information, apparatus, method or process disclosed in this
report may not infringe privately owned rights, or,

b Assumes any liabilities with respect to the use of or for damage
resulting from the use of, any information, apparatus, method,
or process disclosed in this report.,

As used in the above "person acting on behalf of the United
States Government" includes any employee or contractor thereof or any
employee of such contractor to the extent that such employee prepares,
disseminates, or provides access to, any information pursuant to his

employment or contract with the United States Government, or his employme~t
with such contractor.



FOREWORD
by the

United States Energy Research & Development Administration
and United States Nuclear Regulatory Commission

In 1971 the Atomic Energy Commission authorized power plant investment
cost studies, which culminated in the WASH-1230 reports (1000 MWe Central
Station Power Plants - Investment Cost Study) published in 1972. Their
purpose was to facilitate policy and economic decisions about electric
generation facilities in the public and private sectors. The WASH-1230
report-series consists of five volumes: Pressurized Water Reactor, Boiling
Water Reactor, Coal-Fired, Oil-Fired and High Temperature Gas-Cooled
Reactor power plants. National priorities on energy, the regulatory
environment and the cost of labor, equipment and material have changed
significantly. These changes dictated the uecessity of an update of these
series of studies, and an expansion of scope to encompass consideration
of the fuel cycle and the total generating cost. As a result, a.program

to study, reassess and produce a new set of updated reports was authorized

and undertaken,

This report is one of the new series of commercial electric power cost
studies that have been prepared by United Engineers & Constructors Inc,
(UESC). These studies have been completed under the cooperative direction
of the Energy Research and Development Administration (ERDA) , Division

of Nuclear Research and Applications, and the Nuclear Regulatory Commission
(NRC), Division of Site Safety and Environmental Analysis. The study
effort was funded jointly by ERDA (Contract No. EY-76-C-02-2477) and NRC

(Contract No. AT(49-24)-0351).
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The current series includes investment cost reports for a Pressurized
Water Reactor Plant, a Boiling Water Reactor Plant, High Sulfur Coal
Plants, and Low Sulfur Coal Plants., The 0il Fired Power Plant Study was
not updated because utilities are no longer expected to build significant
numbers of these plants, and th: High Temperature Gas-Cooled Reactor Plant
Study was not updated because these reactors are not now being marketed.
Investment cost reports on multi-unit stations and for different cooling
system types are included. In addition, the series addresses fuel supply
investment costs and total generating costs for both nuclear and coal

fired power plants.

Following is a list of the report titles and funding agency(ies) responsible

for each:

Funding Agency(ies) Report Titles

ERDA Capital Cost - Pressurized Water Reactor Plant
(NUREG~-0241, C00=2477-5)

ERDA/NRC Capital Cost - Boiling Water Reactor Plant
(NUREG-0242, C00-2477-6)

ERDA/NRC Capital Cost - High and Low Sulfur Coal Plants -
1200 MWe (NUREG-0243, C00-2477-7)

NRC/ERDA Capital Cost = Low and High Sulfur Coal Plants =
800 MWe (NUREG-0244, CO0-2477-8)

Capital Cost Addendum - Mult. t Coal and Nuclear
Stations (NUREG-0245, CO0-2477-.

Fuel Supply Investment Cost - Coal and Nuclear
(NUREG=0246, C00-2477-10)

Cooling Systems Addendum - Capital and Total
Generating Cost Studies (NUREG-0247, C00-2477-11)

Total Cenerating Costs - Coal and Nuclear Plants
(NUREG-0248, C00-2477-12)
7173
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The studies in these series have a uniform set of economic and technical
criteria and a uniform accounting system as contained in (Guide for
Economic Evaluation of Nuclear Reactor Plant Designs, NUS-531, January
1969). The investment cost estimates in these series are developed for
reference plants constructed at a hypothetical site called "Middletown,

USA".

The reference investment and total generating cost estimates can be used
for baseline comparisons of different generating systems. However, the
major use of the investment cost data is as input to the CONCEFT computer
code which was developed for ERDA at the Oak Ridge National Laboratory
(ORNL). The CONCEPT computer program adjusts the baseline cost estimates
contained in these studies for different plant sizes, regional variations
in material and craft labor rates, different construction schedule lengths,
and different escalation and interest rates. These adjustments result

in preliminary sets of alternative cost estimates for electric power

plants constructed anywhere in the United States.
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PREFACE

Tiis Commercial Electric Power Cost Study for 1200 MWe (Nominal) high and
low sulfur coal plants consists of three volumes. The high sulfur coal
plant is described in Volumes I and 1I, while Volume 111 describes the

low sulfur coal pliant,

The design basis and cost estimate for the 1232 MWe high sulfur coal plant
is presented in Volume 1, and the drawings, equipment list and site
description are contain 1 in Volume II. The reference design includes a
lime flue gas desulfurization system. A regeneratise sulfur dioxide
removal system using magnesium oxide is also presented as an alternate

in Section 7 Volume 11,

The design basis, drawings and summary cost est mate for a 1243 MWe low
sulfur coal plant are presented in Volume II1I. This information was
developed by redesigning the high sulfur coal plant for burning low sulfur

sub~bituminous coal.

These coal plants utilize a mechani-al draft (wet) cocling tower system

for condeaser heat removal. Costs of alternate cocling systems are

provided in Report No. 7 in this series of studies of costs of commercial

electrical power plants,
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SECTION 1

SUMMARY FOR HICH SULFUR COAL PLANT

1.1 INTRODUCTION

This Commercial Electric Power Cost Study for the 1232 MWe High Sulfur
Coal Plant is presented in two volumes. Volume I includes the Legal
Notice, Foreword, Preface Summary for High Sulfur Coal Plant, Plant
Description ard the Detailed Coet Estimate. Vclume Il contains the
Drawings, Equipment List, Site Descripticn and a description of the

alternate Magnesium Oxide Sulfur Removal System.

1.2 MAJOR STUDY GROUND RULES
In addition to the "Site Description" presented in Volume II, Section 6,
the major criteria used in the high sulfur coal plant study are as follows:

o The plant design incorporates a once-through supercritical pressure
single reheat type steam generater to supply steam to a cross
compound eight flow turbine. The heat balance shown on drawing
6509.001-HSC=-6 (Volume II, Section 4) reflects steam conditions
for a 1200 MWe nominally rated plant.

o The steam generator is designed for a high sulfur eastern coal.
The coal selection criteria are discussed in Section 2.2.2. The
characteristics of the design basis coal seam and the design basis

coal specification are presented in Tables 2-3 and 2-4 respectively,

o Key plant parameters for tne steam supply system, and
the steam and power conversion system are shown in Tables 2-1 and
2-2 respectiively.

o The plant coal handling system is designed to unload a 100 car
coal unit train in five hours. The design provides indoor coal
storage silos with a capacity sufficient for eight hours consumption
at full load and an outdoor storage area with a capacity sufficient
for 60 days cousumption at full load.

0 The refererc¢e plant design includes a lime scrubber system for
removal of svifur di~xide (S0;) from the flue gas. A discussion
of an alte nate S50 removal system utilizing magnesium oxide (Mg0)
is included as an alternate (Volume 11, Section 7).
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o A full complement of environmental and siting criteria circa
January 1, 1976 are utilized. Structural design criteria for the
major structures are addressed in Section 2.2.3.

o The main heat rejection system incorporates mechanical draft wet
cooling towers.

o The design provides a conne tion to the utility grid at two different
voltage levels; 500 kV for the generator connection and 230 kV for
the reserve auxiliary t.ansformer connection.

o The detailed cost estimate is developed for a single unit, with
sufficient land area to accommodate an identical second unit.

o The detailed cost estimate is developed in accordance with a Code
of Accounts as expanded from that presented in the USAEC Report

NUS‘531 -
o Cost data is based on prices effective as of July 1, 1976.

o Escalation and interest during construction are not included in
the cost estimate.

o The plant de. ~ life is 40 years during the first part of which
it wili be baseloaded.

1.3 COST SUMMARY
The estimated total base construction cost for the 1200 Mde (Nominal)
High Sulfur Coal Plant reference design is $465,498,393 or $378/kW based

on July 1, 1976 prices. Summaries of the Detailed Cost Estimate at both

the two and three digit account levels are shown in Tables 1-1 and 1-2
respectively. The cost estimate does not include normal contingency costs
for the equipment, material and labor components of the total base
construction cost; nor does it include escalation and interest during
construction., Other items not included in the cost estimate are listed

in the beginning of Section 3, Detailed Cost Estimate. As noted in the
Foreword, for a specific site, this baseline cost estimate must be adjusted

for regional variations in material and labor rates, different construction

7137 ns
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schedule lengths, and escalation and interest rates incurred during

construction.

Table 1-3 is a summary breakdown of the direct craft labor costs and hours
for this 1232 MWe reference design. The total direct craft labor cost
of approximately $108,000,000 corresponds to a weighted average hourly
rate of $12.45. Approxi-ately 8,675,000 craft labor manhours average 7.0

manhours/KW.

1.4 COMTARISON WITH LOW SULFUR COAL PLANT

The ccal summary foi. the high sulfur coal (HSC) plant is presented in
Section 1.3, Cost Summary, while the low sulfur coal (LSC) plaut cost
summary is shown in Section 8.3, Volume III. Significant features of

each reference plant are summarized as follows:

High Sulfur Low Sulfur
Design Basis Coal Eastern Bituminous Western Sub-Bituminous
Coal Sulfur Content 3.61 percent 0.5 percent
Net Output 1232 MWe 1243 MWe
Base Construction Cost $465.5 x 106 $403,8 x 10
Unit Capital Cost $378/kwW $324/kW

The gross output from the turbine generator is identical (1309 MWe) for
both plants. The difference in net plant output between the HSC plant

and the LSC plant is due to the variation in auxiliary power requirements.
For the design basis coals selected, the net output of the LSC plant is

11 MWe (0.9 percent) greater than the HSC plant.

1=3



Comparing total base constructicn costs, the differential unit capital

cost between the HSC plant and the LSC plant is $54/kW, This differential
is due primarily to the Flue Gas Desulfurization (FGD) system as determined
by the coal selected for the reference designs. Much higher cost
differentials for other plant designs are possible depending upon the

coals selected, equipment redundancy and the items included in the plant
captial cost. In the FGD system for this study, one spare module is
provided to backup six operating modules. This is the only majcr redundancy
in the system, The capital cost of an off-site sludge stabilization

system is included in this study. However, the cost of disposal site

land and its development are not included.

The cost of the FCD system is higher than the unit capital cost differential
would indicate. This is due to higher steam generator, draft system and
fuel handling costs for the LSC plant, which partially compensates for

the FGD system cost and reduces the differential cost between plants.

Coal composition has an important effect on the cost of a coal fired

plant. In any examination of capital cost for HSC and LSC plants, the

coal analyses must be identified for an understanding of the basis for

comparison.

Following are examples of the differences in quantities of construction

materials between plants:

HSC Plant LSC Plant
Concrete, cu. yds. 111,200 81,600
Reinforcing Steel, 1bs. 15.2 x 108 11.8 x 106
Structural Steel, 1bs. 58.4 x 108 47.0 x 106

1-4 ,
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Craft Description

Asbestos Worker
Boiler Maker
Bricklayer
Carpenter

Dock Builder
Electrician
Iron Worker
Laborers
Millwrights
Operating Engineers
Painters
Pipefitters
Roofers
Teamsters

Undefined Crafts

TOTAL FOR PLANT

TABLE 1-3

DIRECT CRAFT LABOR SUMMARY FOR 1232 MWe
HIGH SULFUR COAL PLANT - MIDDLETOWN, USA

Site

Labor Hours

170,030
231,853
139,973
343,552

873

1,517,158
826,098
557,859
164,870
575,560
241,288

2,372,718

10,455
146,514

1,376,372

8,675,173

COST BASIS - 7/76
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Site

Labor Cost

2,213,790
3,204,210
1,597,105
3,985,207
11,978
18,812,757
10,945,855
5,199,243
2,090,544
7.182,944
2,309,127
31,794,424
140,934
1,254,165

17,294,170

$ 108,036,453
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SECTION 2

PLANT DESIGN DESCRIPTION

2.1 INTRODUCTION
Section 2 describes the High Sulfur Coal Plant design and the construction

support activities covered by the cost estimate.

The material presented in this section is organized to correspond to the
uniform system of accounts (USAEC Report NUS-53') used for the detailed
cost estimate., This format correlates the plant design description with
the detailed cost estimate (Volume I, Section 3) and the detailed equipment
list (Volume II, Section 5). The two digit accounts used in this regard

are as follows:

Code of Accounts Page
21 STRUCTURES AND IMPROVEMENTS 2-10

22 BOILER PLANT EQUIPMENT 2-30

23 TURBINE PLANT EQUIPMENT 2-53

24 ELECTRIC PLANT EQUIPMENT 2-69

25 MISCELLANEOUS PLAN1 EQUIPMENT 2-78

26 MAIN CONDENSER HEAT REJECTION SYSTEM 2-85

91 CONSTRUCTION SERVICES 2-91

92 HOME OFFICE ENGINEERING AND SERVICES 2-92

’ 93 FIELD OFFICE ENGINEERING AND SERVICES 2-93

13 051



A summary description is provided in Section 2 for each major account,
This is followed by detailed descriptioas of each system and structure

at the three digit account level,

The descriptions associated with Accounts 21 through 26 address the power
plant design. This corresponds to the "direct cost" portion of the cost
estimate, The descriptions associated with the Accounts 91 through 93
define the construction support activities., This corresponds to the
"{ndirect cost" portion of the cost estimate. The sum of the "direct

cost" and the "indirect cost" is the "total base construction cost".

The scope of the indirect cost accounts varies with utiiity and project.
Therefore, an understanding of the definition of these accounts, prov’ ed

later in this section, will avoid confusion when utilizing the cost

estimates herein.

2,2 TLANT DESIGN CRITERIA

2.2.1 General Study Criteria

The major criteria for the High Sulfur Coal Plant study were discussed

in Section l. The key parameters are tabulated in Tables 2-1 and 2-2 in
this section. The coal selection criteria is described in Section 2.2.2.
Design codes for the major structures and equipment are addressed in
Section 2.2.3 and in the Equipment List (Vol. II, Section 5). The design
of the heat rejection system is based upon mechanical draft wet cooling

towers,

W Jl



2.2.2 Coal Selection Criteria

The design of a coal fired plant is influenced by the chemical
characteristics and calorific value of the coal. Therefore, a coal was

selected which is the basis for the plant design.

The following criteria were used in selecting the design basis coal:
o The coal is representative of a major eastern coal field.
o The coal field size is large enough to reasonably expect that
it will be mined for steam electric power plant fuel in the

future as long as the fuel is legally burnable.

0 The sulfur cortent is sufficiently high to require the use of
sulfur dioxide removal equipment.

o The cosi field is currently providing fuel for steam electric
pows. plants.

The 4cscription of the location and extent of the design basis coal seam
selected for this study is presented in Table 2-3. The coal analysis for

the coal from this location and seam is presented in Table 2-4,



TABLE 2-1

KEY PLANT PARAMETERS - STEAM SUPPLY SYSTEM

1232 MWe HIGH SULFUR COAL PLANT

Steam Generator

Sveam ¥Flow 6
Maximum Continuous Rating 10 6lb/hr
Nocmal Superheater Outlet6 10” 1b/hr
Norma! Bsheater Outlet 10° 1lb/hr

Steam Pressure
Superheater Outlet, psig
Reheater Outlet, psig

Steam Temperature
Superheater Outlet, F
Reheater Outlet, F

Final Feedwater Temperature, F

Fue¢ 1 Type

Fuel Firing Rate, Ton/Hr

Fuel Analysis

Number of Pulverizers
Pulverizer Fuel Flow, Tons/Hr

Number of Forced Draft Fans
Total Forced Draft Fan, Capacity, scfm

Number of Primary Air Fans
Tocal Primary Air Fan Capacity, scfm

Number of Precipitators
Precipitator Efficiency, in percent

2-4

Supercritical pressure,
single reheat with a
Pressurized Furnace

9.775
G.141
7.486

3,845
650

1,010
1,000

547
Eastern Bituminous Coal
550
See Table 2-4

6 Plus 1 Spare
92

3
2,040,000

2
510,000

3
99.7



TABLE 2-2

KEY PLANT PARAMETERS - STEAM AND POWER CONVERSION SYSTEM

GUARANTEED CONDITION=1232 Mw. HIGH SULFUR COAL PLANT

Turbine Configuration Cross~Compound, 8 Flow
Steam Flow at HP Turbine Inlet, 10° 1b/nr 9.141
Steam } cessure at HP Turbine Inlet, psia 3,515
Steam Temperature at HP Turbine Inlet, F 1,000
Turbine Back Pressure, in HgA 13725
(multi-pressure condenser)
Turbine Output, MWe 1,309
Auxiliary Power, MWe 77
Net Station Output, MWe 1,232
Number of Feedwater Heating Stages 8
Generator Rating, MVA 722
Net Station Steam Rate, lbs/kWhr 7.42
Net Station Heat Rate, Btu/kWhr 9,138
Thermal Efficiency, in percent 32.35

2-5 "1 (
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TABLE 2-3

LOCATION AND EXTENT OF DESICGN BASLS COAL SEAM

1232 Mwe HIGH SULFUR COAL PLANT

Coal Type: Eastern High Sulfur Bituminous Coal
Location:

State: I1linois

County: St. Clair

Seam: I1linois No. 6
Extent:

Reserves (Est.): 3,000,000,000 7ons

Current Production: 8,000,060 Tons/Year .19:6)
Projected Production: 10,000,000 Tone, Year (1978)

Major Coal Users: Steam Electric Power Plants:

2-6
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DESIGN BASIS COAL ANALYSIS

TABLE 2-4

1232 MWe HIGH SULFUR COAL PLANT

Coal Type: Bituminous Coal
Moisture (% by Wt.):
Proximate Analysis (Z by Wt. dry):
Volatile Matter:
Fixed Carbon:
Ash:

Ultimate Analysis (% by Wt. dry):
Carbon:
Hydrogen
Nitrogen
Chlorine
Sul fur
Oxygen

Ash Analysis (% by Wt, dry):

P205

Sio

Fe,03

Al203

Ti0p

Ca0

Mg0

$03

K70

Naj0
Undetermined

Calorific Value (Btu/lb,)

As Received
Dry

Ash_Fusion Temperature (°F Red./°F 0x.)

initial
H=W
H = “W
Fluid

Eastern High Sulfur
11.31

39.72
48.68
11.60

69,33
4,30
. 86
'0!‘
3.61
9.64

.05
45.73
18,38
19,40
1530
5.50
93
6.63
1.53
o351

.02

11,026
12,432

1950/2270
2140/2380

~0/2400
2. /2500



2,2.3 Structural Design Criteria

The structural design criteria used for the reference plant design are

summarized ac follows:

Structures are designed to withstand the effects of various combinations

of all normal loadings to which they are subjecied in accordasice with ACI
318, Building Code Requirements for Reinforced Concrete, AISC Specification
for the Design, Fabrication and Erection of Structural Steel for Buildings
and applicable local building codes. The structures are designed for
seismic effects in accordance with criteria established by the Uniform
Building Code. The chimney is designed in accordance with ACI 307,
Specification for the Design and Construction of Reinforced Concrete
Chimneys. Coal silos are designed using 55 lbs/cu ft as the coal density

for load calculations.

The loads listed below are considered in the buildings designs where

applicable.

o Dead lLoads - Permanent gravity loads including concrete,
structural steel, equipment, piping, cable trays and hydrostatic
pressure. The ground water level is assumed at El + 10 ft - 0 in.
Buoyancy from ground water is considered in building stability
and base mat design.

o Live Loads - Loads which vary with intensity and/or occurrence.
During normal operation the live loads considered are a snow
load of 20 psf and the lateral soil pressures. During
construction live load from cranes, wet concrete and major
equipment transport loads are also considered.

o Wind Load - Wind loading is in accordance with ANST A58.1 with
a basic wind loading of 26 psf.

L

u!
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o Flood Loads - The plant site lies ten ft above the 100 year

maximum water level of the North River.
of the site is considered.

Consequently no flooding

0 Seismic - Structures are designed for seismic conditions in

accordance with the requirements of the Uniform Building Code.
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ACCOUNT 21

2,3 PLANT DESIGN DESCRIPTION

Following are the HSC plant design descriptions for Accounts 21 through 26.

ACCOUNT 21 STRUCTURES AND IMPROVEMENTS

The steam generator , the turbine generator and all other related equipment
are housed in fully enclosed buildings. The superstructures have braced
steel frames bearing on concrete footings supported on the bedrock underlying
the site. OGrating floors are used whenever possible to allow maximum air
circulation within the building. The siding for the buildings is generally
insulated metal panels with interior liner panels. Layouts of the plants

are shown on the drawings in Volume II, Section 4. Design concepts arc
discussed in greater detail in the following design descriptions for the

major accounts,

ACCOUNT 211 Yardwork

The plant location is the hypothetical site of Middletown U.S.A. This

is defined in Volume II, Section 6, Site Description.

The datum plane for sitc and yard elevations is mean river level. Main plant
finish grade is 18 ft above mean river level. Soil overburden is estimated
to be eight feet thick. Lime stone rock with no underground cavities are
locatzd below the overburden and is satisfactory for supporting plant

s"ructures.

Site preparation consists of clearing, grubbing and stripping of top soil for
structures, roads, railroads, parking areas, the materials handling area

and the construction facilities. Rough grading quantities include

i
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ACCOUNT 21

the general cut and fill for the main plant structures and fine grading

with landscaping.

Earth excavation, rock excavation, backfill, concrete fill and dewatering
for the main plant structures are included with the structure associated
yardwork. This includes all excavation work fer the steam generator
building and turbine heater and control building areas. Excavation work
for structures not included with the main excavation are included with
the structural work for each of the individual buildings. The cut and
fill work also includes hauling, dumping, stockpiling, placirz and
compacting. For those portions of the structure below rock, concrete
fill is used under and adjacent to the structure. In cases where rock
elevations vary, concrete fill is used to assure that building loads are

carried to competent rock.

Excavated material is used on site for general fill as much as possible.
Spoil areas and storage areas are utilized for excavated material not

used for fill or for top soil. Erosion and sedimentation control of those
areas is practiced in accordance with EPA requirements. Temporary settling
basins are provided to collect all runoff during construction prior to

discharge into the North River.

Transformer area, above ground oil storage tanks and other oil or chemical
storage and handling areas are designed to contain spills and collect and
route surface runoff to the holding pond prior to discharge to the North
River, In addition, steam generator and turbine building floor drains

and other plant dirty drains are routed by underground piping to the waste

713 061



ACCOUNT 21

process building, as required, or to the liolding pond for treatment before

discharge into the North River.

The yard drainage system consists of a system of interceptor ditches

(paved and unpaved) and storm drains with catch basins to carry storm

water from developed areas, Sedimentation basins are provided during
construction as required. Water courses that are intercepted near the
power plant, coal storage pile, are diverted by ditches into existing
stream beds or storm drains. Culverts carry stream flow under the railroad,
railroad car storage yard and roads. The yard surface water drainage is
directed to the North River via the existing water courses as much as

possible., Building roof drainage is directed to the yard drainage system,

Surface water runoff from portions of the coal handling, precipitator,

ash handling, and oil storage areas together with the plant dirty drains

is routed by underground piping to a holding pond and to the waste treatment
system for treatment system for treatment in the contaminated yard and build-

ing drainage system.

A temporary sanitary sewage system is provided during construction,
Piping and toilet facilities for permanent plant requirements are provided
based on permanent plant personnel requirements, All sewage receives

tertiary treatment prior to discharge into the North River.

Highway access is provided to the site by five miles of secondary roads
connecting to a state highway., This road is in good condition and needs

no additional improvements. An onsite asphalt road is provided around

2-12 715 Ubc
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the main plant structur. -, The highway road is paved in accordance with
the standard thickness required for public highways. In addition, parking

@i 2as, concrete curbs and walks are provided,

Temporary construction roads with minimum thickness paving (AASHO HS20
Loading) and unpaved roads for material handling equipment are provided,
Service roads are arranged to provide access to all truck sized doors in
the power plant units, to all buildings and to auxiliary struoctures
requiring servicing or maintenance by vehicles. Paved roads for washing

and refueling locomotives and mobile equipment are provided.

Railroad access to the site is provided by constructing a double track
railroad spur which intersects the B&M Railroad. The spur which is five
miles long from the main line to the plant site, approaches the site from
the east. Anticipated railroad traffic is up to 1000 cars per week in
100 car unit coal trains plus the required number of lime trains. During
constructi;n 400 to 500 cars of construction materials are delivered
including the boiler components, transformers, and generator stator.
These items are the heaviest loads anticipated and require special cars.

A yard locomotive is »rovided to handle all onsite car movements.

In addition to the coal delivery loop track there are spur tracks into
the turbine hall, the transformer yard, the warehouse, the fuel tank area,

and the locomotive repair shop.

A temporary spur is installed to the construction yard storage area and
to the boiler area for delivery and installation of the boiler headers,

boiler panels and subassemblies.
f.'i.: f:Y
‘\.'J
] -~

=
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ACCOUNT 21

A ladder track area, for storage of cars with bypass tracks and switches
allows engine access to either end of trains being divided. This track
accommodates odd lot trains of coal, lime or equipment arriving and the

making up of departing trains with waste material and empty cars.

All road bed and tracﬁage are designed in accordance with the latest

railroad standards. Railroad structures are designed for Cooper EB0 wheel

loading.

In addition to the above items; fencing, a gace house, and roadway and

yard lighting are provided with the yardwork.

ACCOUNT 212 Steam GCenerator Building

The steam generator building consists of the boiler house, auxiliary
boiler room, air compressor room, machine shop, diesel generator room,
and forced draft fan room. The building is 184 ft wide, 330 ft long and
300 ft high at the top of the boiler, and has an overall volume of
approximately 12,700,000 cu ft. A description of each of the above areas

of the building is given below.

Boi ler House

The boiler house is a steel framed structure 184 ft wide and 280 ft long
with two main roof heights of 180 ft for the coal silos and conveyors and
300 ft at the top of the boiler. The building volume, less the for-ed
draft fan room, is approximately 12,000,000 cu ft. It has three main

floors at elevations 18 ft, 43 ft, and 73 ft. The building is supported

2-14



on reinforced concrete spread footings cn rock. The reinforced concrete
ground fioor is located at grade. The roof is cast in place concrete
over metal deck, covered with a voofing membrane and supported on steel
framing. The exterior walls are insulated metal siding and the interior

walls are either concrete or metal partitions.

The building houses the steam generator, coal silos and pulverizers, coal

conveyors, the forced draft fan room and an elevator.

Ventilation for the boiler house is provided by 24-66,600 c¢fm each power
roof ventilators and heating is provided by 80 steam unit heaters located

throughout the building.

Auxiliary Boiler Room

The auxiliary boiler room, located north west of the boiler house, is a
one story steel frame structure 50 ft wide, 75 ft long and 40 ft high.
The building volﬁme is approximately 150,000 cu ft. The building
substructure and superstructure are identical to that described for the

boiler house. The auxiliary boiler room houses the two auxiliary boilers

and their accessory equipment.

Ventilation is provided by wall exhaust fans and heating is provided by

steam unit heaters.

Air Compressor Room

The air compressor room, located north of the boiler house, is a one story
steel frame structure 50 ft wide, 50 ft long and 40 ft high. The building
volume is 100,000 cu ft, The building substructure and superstructure

13 065
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ACCOUNT 21

are identical to that described for the boiler house. The air compressor
room houses the soot blowing air compressors, receiver and accessories

the station air compressors, receivers, air dryers and accessories.

Ventilation is provided by wall exhaust fans and heating is provided by

steam unit heaters.

Machine Shop

The machine shop, lecated north of the boiler house, is a one story steel
framed structure 50 ft wide, 63 ft long and 40 ft high. The building
volume is approximately 126,000 cu ft. The building substructure and

superstructure are identical to that described for the boiler house.

The machine shop houses the machines and tools necessary to perform the
required in-plant maintenance and repair of plant equipment. A monorail

is installed for handling equipment.

Ventilation is provided by wall exhaust fans and heating is provided by

steam unit heaters.

Diesel Generator Room

The diesel generator room, located north east of the boiler house, is a
one story steel framed structure 50 ft wide, 27 ft long and 40 ft high.
The building volume is approximately 54,000 cu ft. The building

substructure and superstructure are identical to that described for the

boiler house.

2-16



ACCOUNT 21

The diesel generator room houses the two auxiliary diesel generators, air
intakes for the diesel generators, and auxiliary equipment. The exhaust
silencers are mounted on the roof. A monorail is installed for equipment

maintenance and removal.

Ventilation is provided by wall exhaust fans and heating is provided by

steam unit heaters.

Forced Draft Fan Room

The forced draft fan room, located on west side of the boiler house, is

a one story steel framed structure 42 ft wide, 140 ft long and 42 ft high.
The building volume is approximately 247,000 cu ft., The fan room is part
of the boiler house and has a common substructure. The roof slab is cast
in place concrete over acoustically treated metal deck and supported on
steel framing. The exterior walls are acoustical masonry block. The
walls and roof are designed to resist the differential pressurc: caused

by the fans., Sound attenuators are installed at the air inlets in the
walls, and personnel doors are pressure tight and arranged to provide an

air lock. A lintel is installed in a wall to allow for equipment removal.

The fan room houses the forced draft and primary air fans, inlet silencers,
combustion air steam coils and accessories. A monorail is installed for

equipment maintenance and removal,

ACCOUNT 213 Turbine, Heater and Control Building

The building consists of the turbine hall, auxiliary (heater) bay, and

control and switchgecr building as described below.



ACCOUNT 21

Turbine Hall and Auxiliary Bay

The turbine hall and auxiliary bay are located east of the boiler house.
The turbine hall is a three story (elevations 18 ft, 43 ft and 73 ft)
steel framed structure 151 ft wide, 260 ft long and 125 ft high. The
auxiliary bay is a four ctery (elevations 15 ft, 43 ft, 73 ft and 102 £t)
steel frame! structure 30 ft wide, 260 ft long and 125 ft high. The
building volume is approximately 5,882,560 cu ft. The building is supported
on reinforced concrete spread footings on reck. The reinforced concrete
ground floor is located at grade. The mezzanine, operating ind deaerator
floors are reinforced slabs supported on metal deck on steel framing.

The roof is concrete plank covered with a roofing membrane. The exterior
walls are insulated metal siding, and the interior walls are either
concrete block or metal partitions. The massive " dgh tuned" turbine
pedestal is reinforced concrete and is supported on a thick coucrete
foundation mat bearing on rock. The turbine pedestal is isclated from
the remaining building support loads. Structural quantities ior the

pedestal are shown in account 231 of the cost estimate.

The building houses the turbine generator, its condensers and associated
equipment, feedwater heaters, bciler feed pumps and condenser, boiler

feed booster pumps, condensate pumps, condensate booster pumps, condensate
polisning and demineralizing equipment, turbine lube 0il equipment,

deaerator, other auxiliary equipment and switchgear rooms.
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ACCOUNT 21

The turbine hall and auxiliary bay are cooled by 12 - 75,000 cfm each
power roof ventilators and heated by 34 steam unit heaters located

throughout the building.

At the south end of the turbine hall is located a rail car bay for transport
of generator and turbine parts. An overhead traveling crane located at
the top of the building serves this bay as well as the full operating

floor area. All floors are connected by several stairways.

Control and Switchgear Building

The control and switchgear building, located north of the turbine hall,
is a four story (elevations 18 ft, 34 ft, 50 ft, and 73 ft) steel framed
structure 50 ft wide, 150 ft long and 69 ft high., The building volume
is approximately 517,500 cu ft. The building substructure and
superstructure are identical to that described for the turbine hall and

auxiliary bay.

The control and switchgear building houses the 13.8 kV and 4.16 kV
switchgear, battery rooms, d-c auxiliary rooms, relay and instrumentation
and control cabinet room, coal sampling and water analysis laboratories,

cable spreading room, communication room, and control room.

The control and switchgear building HVAC system provides filtered and
conditioned air to the control room, water analysis room, communications
room, cable spreading room and switchgear area. Supply air to these rooms
is provided by a multizone air handling unit and a heating and ventilating

unit., A centrifugal water chiller supplies chilled water for air



ACCOUNT 21

conditioning and cooling requirements. Local exhaust fans exhaust air

as required from the toilet and battery rooms.

ACCOUNT 218B Administration and Service Building

The administration and service building, located south of the turbine

hall, is a four story (elevations 18 ft, 43 ft, 58 ft, and 73 ft) steel
framed structure 90 ft wide, 90 ft long and 75 ft high. The building
volume is approximately 607,500 cu ft. The building is supported on
reinforced concrete spread footings on rock. The reinforced concrete
ground floor is located at grade. The other floors are reinforced concrete
supported on metal deck on steel framing. The roof is concrete plank
covered with a roofing membrane. The exterior walls are insulated metal
siding and the interior walls are either concrete block or metal partitions.

Most areas are provided with suspended acoustical ceilings.

The building houses the service shops, storage areas, locker rooms,
showers, lunch room, equipment rooms, laboratories, general offices and

conference rooms,

Filtered and conditioaned air is provided to the offices, conference room,

laboratories, shops, storage area, lunch rooms, equipment rooms and toilet
and locker rooms. Supply air to the rooms is provided by a rultizone air

handling unit and a heating acd ventilating unit. Return air fans exhaust
air to the units or to atmosphere as required. Chilled water is supplied

from a centrifugal water chiller. Local fans exhaust air as required

from toilets, locker rooms and fume hoods.

2-20



ACCOUNT 21

218D Fire Pump House

The fire pump house, located along the riverbank west of the main plant

structures, is an integral part of the makeup water intake structure.

The two fire pumps and one jockey pump are located on the north side of
the makeup water intake structure and are supported from the reinforced
concrete basin roof slab. The structural description, quantities and

costs are shown in account 261.

2181 Electrical Swi chgear Buildings

The electrica’ switcagear buildings consist of three separate one story
steel framed structures. The coal handling system and cooling tower
buildings, located south of the main plant structures, are 30 ft wide,

50 ft long, and 16 ft high. The building volumes are approximately 24,000
cu ft. each. The material handling switchgear building, located south-
west of the main plant structures, is 25 ft wide, 30 ft long and 16 ft
high, The building volume is approximately 12,000 cu ft. The switchgear
buildings are supported on reinforced concrete spread footings on rock,

The superstructure is prefabricated and has insulated metal walls and

roof.

The buildings are heated by electric unit heaters. Supply air is provided
by ventilating units consisting of roughing filters and supply air fans.

The buildings are pressurized to protect equipment from coal dust.

ACCOUNT 218M Coal Car Thaw Shed

The coal car thaw shed, located southwest of the main plant structures,

Is a one story steel framed structure 20 ft wide, 159 ft long and 24 ft

/ Y < 17
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high. The building volume is approximately 76,000 cu ft. The shed is
located on the track approaching the rotary car dumper. The shed is
sunported on reinforced concrete spread footings on rock. The reinforced
concrete ground floor ie located at grade. The superstructure is metal
siding and roof deck, and is furnished with the coal car thawing equipment

shown in account 224.13., The shed has two heating bays and one soaking

bay.

ACCOUNT 218N Rotary Car Dumper Building and Tunnel

The rotary car dumper building, located southwest of the main plant
structures, is a one story steel framed structure 52 ft wide, 66 ft long
and 26 ft high. The building volume is approximately 89,200 cu ft. The
foundation is reinforced concrete founded on rock. The roof is either
insulated or uninsulated metal roof deck supported on steel framing. The
exterior walls are either insulated or uninsulated metal siding and the
interior walls are masonry block. The underground conveyor tunnels are

reinforced concrete founded on rock.

The building houses the rotary car dumper, traveling hammermill lump
breaker, receiving hoppers, vibrating feeders, transfer chutes, dust

suppression system, control house, toilet facilities, and equipment rooms.

Heating is provided by electric unit heaters. Supply air to the electrical
equipment rooms is provided by a ventilating unit consisting of a roughing
filter and supply air fan. Excess air is exhausted through wall louvers.

The rooms are pressurized to protect equipment from coal dust. A packaged

air cooled air conditioning unit maintains the control room at ambient
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conditions. The substructure and tunnels are supplied with air through

a ventilating fan.

ACCOINT 2180 Coal Breaker House

The coal breaker house, located southwest of the main plant structures,

is a steel framed structure 58 ft wide, 62 ft long and 144 ft high. The
building volume is approximately 518,000 cu ft. The building is supported
on reinforced concrete spread footings on rock. The reinforced concrete
ground floor is located at grade. The three floors are reinforced concrete
slabs supported on metal deck on steel framing. The roof is metal deck
supported on metal framing. The exterior walls are either insulated or

uninsulated metal siding and the interior walls are masonry block.

The building houses the head pulleys and drives for the car
dumper-to-breaker house conveyor, two breakers, separators, distribution
hopper, slide gates and belt feeders, tail pulleys of the breaker
house-to-lowering well conveyors, sampler, and an elevator. The ground

floor contains a power and motor control center.

Heating is provided for the coal breaker house by electric unit heaters.
Supply air to electrical rooms is provided by a ventilating unit consisting
of a roughing filter and supply air fan. Excess air is exhausted through
wall louvers. The rooms are pressurized to protect equipment from coal

dust.,

ACCOUNT 218P Coal Crusher House

the coal crusher house, located south of the rotary car dumper building,

 § 7 4 "I-,"
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is a steel framed structure 48 ft wide, 48 ft long and 106 ft high. The
building volume is approximately 244,000 cu ft. The building is supported

on reinforced concrete spread footings on rock.

The reinforced concrete ground floor is located at grade. The three
floors ate reinforced concrete slab supported on metal deck on steel
framing. The roof is metal deck supported on metal framing. The exterior

walls are metal siding, and the interior walls are masonry block.

The building houses the head pulleys for the reclaim conveyors, magnetic

separators, surge bin, vibrating feeders, and two crushers.

Heating is provided for the coal crusher house by electric unit heaters.
Supply air to electrical rooms is provided by a ventilating unit consisting
of roughing filter and supply air fan. Excess air is exhausted through
wall louvers. The rooms are pressurized to protect equipment from coal

dust,

ACCOUNT 218Q Boiler House Transfer Tower

The boiler house transfer tower, located at the southwest corner of the
boiler house, is a steel framed structure 30 ft wide, 40 ft long and 242
ft high. The tower volume is approximately 290,000 cu ft. The tower is
supported on reinforced concrete spread footings on rock. The reinforced
concrete ground floor, which is integral with the boiler house ground
floor, is located at grade. The two floors are reinforced concrete slabs
supported on metal deck on steel framing. The roof is free standing metal

deck, The exterior walls, from elevations 18 ft to 198 ft, are common
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with the boiler house on two sides and insulated metal siding on the other
two sides., From elevations 198 ft to 260 ft, the exterior walls are

either insulated or uninsulated siding.

The tower houses the head pulleys of the crusher house-to-boiler house
conveyors, transfer chutes-to-tripper conveyors, and as-fired sampling

system,

Heating is provided to the electrical equipment room by electric unit
heaters. Supply air is provided by a ventilating unit consisting of a
roughing filter and supply air fan. Excess air ie exhausted through wall

louvers. The room is pressurized to protect equipment from coal dust.

ACCOUNT 218R Rotary Plow Maintenance Shed

The rotary plow maintenance shed, located south of the rotary car dumper,
is a one story steel framed structure 32 ft wide, 88 ft long and 28 ft
high. The shed volumr is approximately 78,800 cu ft. The two reclaim
tunnels are 430 ft long each. The rotary plow maintenance shed and reclaim
tunnels are founded on rock. The tunnels are reinforced concrete. The
shed has a reinforced concrete floor. The roof is metal deck., Exterior
walls are metal siding except for the south wall which has a concrete

retaining wall for the coal pile,
The shed houses the maintenance facilities for the rotary plows,

Heating is provided by electric unit heaters. Ventilation is provided

by drawing outside air through wall louvers and exhausting through power

roof ventilators.
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ACCOUNT 218T Locomotive Repair Shop and Garage Facilities

The locomotive repair shop and zarage, located north of the rotary car
dumper, is a one story steel framed structure 65 ft wide, 65 ft long and
30 ft high. The building volume is approximately 126,800 cu ft. The
reinforced concrete ground floor is located at grade. The roof is metal

deck on steel framing, The exterior walls are insulated metal siding.

The building houses a locomotive repair area and four-bay jarage facility

for the on-site diesel opei . d heavy equipment and servi:e vehicles.

Heating is provided by electric unit heaters., The area is ventilated by
drawing outside air through wall louvers and exhausting through power

roof ventilators.

ACCOUNT 218U Materials Handling and Service Building

The materials handling and service building, located north of the rotary
car dumper, is a one story steel framed structure 50 ft vide, 60 ft long
and 20 ft high. The building volume is approximately 60,000 cu ft. The
building is supported on reinforced concrete spread footings on rock.
The reinforced concrete ground floor is located at grade. The roof is
insulated metal deck supported on steel framing. The exterior walls are

insulated metal siding and the interior walls are masonry block.

The building houses the service shops, offices, storage areas, lunch room,

toilet and shower rooms.
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The HVAC system provides filtered and conditioned air to the offices,
lunch rooms, electrical and mechanical rooms, toilet and shower rooms.
Supply air to the rooms is provided by a multizone air handling unit and
a heating and ventilating unit. The multizone air handling unit consists

of a roughing filter, heating and cooling coils, and supply air fan.

ACCOUNT 218V Waste Water Treatment Building

The waste water treatment building, located west of the main plant
structures, is a one story prefabricated steel structure 25 ft wide, 80

ft long and 20 ft high. The building volume is approximately 40,000 cu
ft. The building is supported on reinforced concrete spread footings on
rock. The reinforced concrete ground floor is located at grade. The
exterior walls and roof are insulated metal and interior walls are masonry

block.

The building houses a control area, storage area, pumps, tanks and other
waste water treatment equipment, Large items of the treatment equipment,

such as the batch holding tank, are located adjacent to the building.

Heating is provided by electric unit heaters. The building is ventilated
by “rawing outside air through wall louvers and exhausting through power

roof ventilators.

ACCOUNT 218W Miscellaneous Coal Handling Structures

The conveyor galleries include all overhead supporting structures and their
associated foundations, The galleries are approximately 2,500 ft long and are sup-
ported on reinforced concrete spread footings on rock, The conveyor galleries

17 N7
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consist of removable dust tight sheet metal enclosures supported from
structural steel members. GCrating walkways provided for access are

1lluminated.

The rotary plow access tunnel and ventilating shed are approximately 350
ft long and is parallel to the rotary plow tunnels. The access tunnel
provides ventilation and is available for emergency exit. The tunnel
structure consists of six ft concrete pipe sections. At the end of the
tunnel, a well structure encloses a stairway to grade, and is enclosed

in a concrete block shed. The shed houses the ventilating fans.

The coal pile membrane barrier area is 750,000 frz. The impermeable

membrane layer blankets all areas where coal is stored outdoors, and
prevents contamination of grourd water by coal pile rain water runoff.

The top of the membrane is covered with suitable fill material to prevent
damage by coal handling equipment. A drainage system, installed below

the membrane layer througho. the active and dead storage areas, routes
intercepted surface drainage to irainage channels and prevents hydrostatic

pressure on the underside of the membrane layer.

The two lowering wells, located in the center of the coal pile, are

reinforced concrete structures 12 ft in diameter and 100 ft high. The
cylinders are supported on reinforced concrete foundations bearing on
rock. The foundations are integral with the rotary plow tunnels which

pass on each side at the base of the cylinders.
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ACCOUNT 219 Stack Structure

The stack structu.e measures 600 ft high (618 ft elevation) with a 30 ft
inside diameter and 40 ft outside diameter at the top, and 50 f: inside

diameter and 60 ft outside diameter at the bottom.

The stack is a reinforced concrete structure with a separate free standing
brick liner. An elevator and ladder in the stack structure provide for
access to platforms for sampling ports, smoke density temperature probes,
and for maintenance of aircraft warning lights. The foundation is a 100

ft octagonal reinforced concrete mat bearing on rock.
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ACCOUNT 22 BOILER PLANT EQUIPMENT

The steam generating system supplies steam to the turbine generator which
converts heat energy to electrical energy. The steam generator includes
the steam generator, soot blowers, pulverizers, coal feeders and piping,
fuel firing equipment, primary air and forced draft fans, primary and
secondary regenerative air preheaters and associated ductwork, complete

structural steel, and associated instrumentation and controls.

ACCOUNT 221 Steam Generating System

The steam generator is a supercritical pressure unit with a single reheat
designed for a maxir m continuous rating of 9,775,000 1b/hr of steam at
3,845 psig and 1,010 F at the superheater outlet and 1,000 r at the
reheater outlet using 547 F feedwater delivered to the economizer. The
furnace is designed for firing high sulfur eastern bituminous coal.
Ignitors fired with No. 2 fuel oil are utilized during startup and low

load operation.

The overall dimension of the steam generator are approximately 120 ft
wide by 140 ft long by 300 ft above floor elevation. The single dry ash
furnace is designed for pressurized draft operation and is sized for
possible future sub-bituminous coal firing. The furnace cross section

is approximately 120 ft long by 5 ft deep. Multiple rows of burners are
located in the front and rear walls. Steam temperature is maintained at
reduced load by varying firing rate of burner rows. The burners are
supplied with pulverized coal from a total of six pulverizers each rated

at 105 tons/hr. A seventh pulverizer is provided as a spare.
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The steam generator is equipped with an automatic sequential svot blowing
system. The system is designed to remove socot and ash from the boiler
surfaces to maintain effective heat transfer. The soot blowers use
compressed air with electric motors for rotating and traversing the lances.
Two 10,000 scfm centrifugal air compressors supply the required soot

blowing air at a pressure of 300 psig.

A superheater bypass system is provided to control flow and pressure
duripg the transition period of attaining critical pressure operation.
This is accomplished by maintaining the pressure within the waterwalls

and primary superheater sections above saturation pressure until
supercritical operation is attained. The bypass provides the flexibility
to control the rate of pressure and temperature increase and to coordinate

the startup sequence of both the turbine and steam generator.

The steam generator is equipped with a vent and drain system which provides
a means of venting air, steam and accumulated water from the boiler and
piping systems during startup and shutdown. The system also is used for
filling and draining th: steam generator during chemical cleaning and
hydrost. tic testing. The system drains to the waste water treatment

system and is designed to drain the steam generator during normal operation

in two hours and during chemical cleaning in one hour.

Valves necessary for startup and shutdown or control of the unit are

arranged for remote cperation.
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ACCOUNT 222 Draft System

A pressurized draft system provides combustion air to the furnace and
forces the combustion gases thru the steam generator system. The drafc

system flow diagram for the unit is shown in Drawing 6509.001-HSC-5.

Three 33-1/3 percent capacity forced draft fans and two 50 percent capacity
primary air fans are provided. The pressure drop taru the flue gas
desulfurization system is taken care of by separate fans furnished with

that system,

The forced draft fans operate the steam generator at its maximum continuous
rating. One forced draft fan and one primary air fan is capable of
sustaining operation at reduced load. The forced draft fans discharge
through three secondary regenerative element type air heaters to the

burner windboxes. The primary air fans discharge through two primary

regenerative air heaters to the pulverizers inlets.

Steam coils are provided with sufficient surface to maintain a fééced

draft and primary air fan inlet temperature of 80 F. A control system

is provided to maintain the average cold-end temperature of the regenerative
air heater at 185 F (above the acid dewpoint) using the steam coils; or

to maintain flue gas temperature to the precipitator at a minimum of 275 F.

The inlet steam coils are protected against freezing.

Electrostatic precipitators, located at the outlets of the regenerative
air heaters, are provided to reduce the particulate emissions of the flue

gas to conform to applicable State and Federal Regulations (presently 0.1
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Ib per million Btu fired). Provisions are made to isolate each regenerat ive
air heater, precipitator, and draft fan train. Fach precipitator is
sufficiently sectionalized to assure continued operation at guaranteed

efficiency during rapping operations whi.  isolated sections are operative,

Instrumentation for the boiler air and gas system monitors significant
air and gas pressures, differential pressures flows and temperatures from

the air inlet to the furnace, i.e,, at the windbox, to the gas outlet.

The duct work in this account does not include the duct work required for
the 502 scrubbing system, or that furnished with the steam generator,
The added duct work and supports required for the 50, scrubbing system

is i~ _iuded in Account 226,

ACCOUNT 223 Ash aud Dust Handling System

The ash and dust handling system removes and transports flyash from the
precipitators, economizer and gas duct hoppers to the storage silos. The
system consists of two 100 percent capacity dry positive displacement
pressurized svstems designed to handle 45 tons of ash per hour each. The
dry type system uses a mixture of flue gas and air as the transport ing
medium. An air lock valve is lo sted on each economizer hopper,
precipitaior hopper and gas duct hopper. A pressure system conveys the
flyash to the silos. The silos provide for 90 hours accumulation of
flyash while operating at meximum continuous rating assuming 85 percent

of the ash is flyash,
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¥ach flyash hopper is furnished with a hopper heater to prevent flyash
caking. System capacity allows for intermittent operation with automatic
actuation of the cycle on a timed basis. Control equipment is provided

for the air preheater hopper, the precipitator hoppers and the flyash
silos. All primary devices are located at or near the source, transmitting

to receiver type indicators and controllers located in the control panel.

A prepackaged control panel is enclosed and located near the precipitator.
It contains ali alarms, contrcllers, indicators, lights and switches,
required for automatic or manual operation. A local annunciator alarms
various system malfunctions and transmits a commor trouble alarm to the
main control room. A hopper load level contro! automatically activates

the removal and transport system, transferring the material to the disposal

storage silos.

Bottom Ash and Pyrites Handling System

The bottom ash and pyrites handling system removes the bottom ash from
the ooiler and pyrites from the pulverizers and transports them to the
dewatering bins for removal by truck. This system is designed to harn.’e
20 tons per hour. 1he system flow diagram for the bottom ash handling

system is shown in Drawing 6509.001-HSC=-16.

The bottom ash is .-ansported by a hydrauiic system using water as a
transport medium. The bottom ash hopper provides ten hours of bottom ash
accumulation while operating at maximum continuous rating, assuming 25
percent of the ash content is bottom ash. A continuous water trough
around the periphery of the ash hopper seals against the full furnace
1O A
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pressure. Bottom ash dewatering bins provide 90 hours of storage, 45
hours for each bin, at maximum continuous rating. Bottom ash ‘; removed

from the site by truck and hauled to the disposal site.

The pyrites are also transported by a hydraulic system using water as a
transport medium. Pyrites rejected from the pulverizers are sequentially
sluiced from the pyrites box to a holding bin located near the pulverizer
area. The holding bin provides storage of 12 hours accumulation of pyrites
resulting from the boiler operation at maximum continuous rating. The
pyrites are sluiced from the holding bin to one cf two pyrites dewatering
bins, Each bin provides 45 hours of storage while operating at maximum
continuous rat%ng. Control equipment is provided for the furnace bottom
ash hoppers, the economizer ash hoppers, the pulverizer reject hoppers

and the dewatering bins.

ACCOUNT 224 Fuel Handling Systems

The function of the coal handling system is to receive, stack out, reclaim,
crush and transport coal to the coal silos in the boiler house. The

buildings and structures comprising this system are located in the yard

of the power plant southwest of the boiler house and turbine hall. The

flow diagram for the coal handling system is shown in Drawing

6509.001-HSC~15.

The coal handling system is sized for coal rate of 550 tons per hour.
This is based on using the design basis coal for the operating condition
with the turbine valves wide open, five percent overpressure (WO, 5

percent OP).
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A total of 792,000 tons of coal is stored at the plant site, in che form
of active or dead storage. The active (short term) storage pile provides
40,000 tons, or three days c~al supply. This coal pile is continuously
cycled and completely turned over, in three days. The dead storage (long
term) coal pile capacity is 752,000 tons, 57 days supply. This pile
provides coal to the plant boiler only if normal rail delivery of coal

is interrupted for extended periods of time. Since the 11linois No. 6
(seam) coal used by the plant has a relatively low moisture content (1l
to 12 percent) long term storage poses no spontaneous ignition or coal

property degradation problems.

The coal handling system consists of four major structures; a rotary car
dumper, a breaker house, two lowering wells and .n underground rotary
plow gallery, and a crusher house. Coal enters the boiler house at a
transfer tower at the southwest corner of the boiler house. Equipment
for the coal handling system is sized to unload and transfer coal to
storage at a rate of 2000 tons/hr, This allows turnaround of a 100-car
a unit train (100 tons per car) in five hours. Ten unit train loads of
coal are required to provide the tonnage of coal (92,400 tons) burned
weekly (7-days) by the plant. Thus, two unit trains per day, unloaded
during the first and second shifts, can be easily accommodated. The five
hour unloading cycle does not incur increased transportation cosis due
io railroad demurrage penalties since it is assumed that the utility

Jeases dedicated unit trains supplying coal to the site. The railroad

¢crew uncouples a loaded unit train at the coal unloading loop, and picks
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up an empty unit train at the storage ladder siding. The unit train is

moved through the coal yard and switchyard by an in plant locomotive.

Ccs. is reclaimed from either active or dead storage at a rate of 750
tons/hr. Full 100 percent redundancy (i.e. crushers, conveyors and rotary

plows) is provided. Coal is reclaimed on a nearly continuous basis.

Coal is weighed and totalized at two locations in the coal nandling system;
1) at the rotary dumper-to-hreaker house conveyor, and 2) for analvsis

at the lowering well-to-crusher house conveyors. As-fired coal is sampled
in the boiler house transfer tower, prior to delivery to the coal silos;

as received coal is sampled in the breaker house prior to discharge to

the lowering well, Magnetic scparators remove miscellaneous iron from

the coal at the top of both the breaker house and crusher house.

All of the coal conveyors are equipped with wire-reinforced fabric/rubber
belt material and have self cligning troughing (angled side) idlers. The
conveyors, and the adjacent walkway, are enclosed above ground. A

solvent/water spray dust suppression system prevents excessive dust.ng

at the discharge of each ceaveyor.

Coal is delivered to the plant by a 100 car unit train, equipped with
rotary car couplers., A hydraulic car positioner centers an individual
car in the rotary dumper that rotates a car 180 degrees. The contents
of a car discharge onto a traveling hammermill lump breaker, and
subsequently into two hoppers. A vibrating feeder at the bottom of each

hopper feeds coal onto the dunper-to—gﬁsaker house conveyor belt.
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Coal enters the breaker house at a splitter chute that diverts coa to

one of two breakers which reduce to three inch size and under.

A belt conveyor transfers coal from the breakers, to the top of either

of two lowering wells. The lowering well is a hollow, cylindrical silo,
with a hopper bottom, Openings in the side wall of each well allow coal
to form a conical-shaped pile, as the lowering well fills with coal. The
conical shaped piles account for the 40,000 ton active storage. Vibrating
feeders at the center of the lowering well, allow gravity reclaim of the

active storage pile.

Dead storage coal is moved by bulldozer to the vicinity of the lowering
wells, when required. An underground (below grade) gallery beneath the
lowering wells houses the two lowering well-to-crusher house conveyors
and two rotary plows. The conveyors run in a direction parallel to a
line connecting the lowering wells., The rotary plow is a small motor
driven car, that travels on rails beneath the coal pile supported above
each conveyor. A horizontal plow slowly rotates atop the car, sweeping
coal from a concrete trough below the active coal piles to the conveyor.
A rotary plow maintenance shed is located where the conveyors exit to the

underground galleries and angle upwards.

Coal discharges from the lowering well-to-crusher house conveyors into a
storage bin that has two outlets each of which feeds a crusher. The
crushers reduce the coal to a one inch to one and one half inch size.

The crushed coal is fed to one of two conveyors.
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Crusher house-to-boiler house conveyor belts transport the coal to the
boiler house transfer tower. Here the coal is divided between the two
rows (near and far) of coal silos. Each row is serviced by a traveling
tripper that can be stopped to discharge the conveyvor belt flow to a
specific silo. The seven silos are sized for eight hours (approximately

650 tons each) of coal storage.

Ignition and Plant Fuel Oil System

The fuel oil system supplies No. 2 fuel oil to the main boiler ignitors
for startup and low=load operation. This fuel oil is also used for the
auxiliary boiler and miscellaneous diesel driven equipment, the emergency
diesel-driven generator, the locomotive, the diesel-driven fire pump and
the coal moving equipment. The plant fuel oil systems are located in the
plant yard, boiler room, auxiliary boiler room and at the circulating

water intake.

An aboveground fuel oil storage tank which stores 150,000 gallons of No. 2

fuel oil provides for a 30 day supply of oil for the auxiliary boiler.

A dike surrounding the tank will contain the oil in the event of a spill
or tank faiiure. Separate pumps, which take suction directly from the
fuel oil storage tank, supply the fuel oil to the main and auxiliary

boilers.

0il delivery for the aboveground tank is made by either rail or truck.

An unloading pump is provided for vehicles not having unloading equipment.
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All diesel engine driven equipment is capable of burning No. 2 fuel oil.
The aboveground storage tank also supplies fuel to the diesel engine

driven equipment located in the proximity of the tank.

Instrumentation for the fuel oil system monitors and controls unloading,
storage and transfer of fuel oil to points of use. 1¢ also provides
information both locally and to the main control room as required for

controls, displays, alarms and logs.

ACCOUNT 225 Flue Gas Desulfurization Structures

Lime Slaking Building and Service Building

The lime slaking building, located southwest of the main plant structures,
is a steel framed structure 56 ft wide and 98 ft, with an enclused portion
51 ft high and an overall height of 160 ft. The enclosed building volume
is approximately 280,000 cu ft. The adjacent service building is a steel
framed structure 28 ft wide, 98 ft long and 16 ft high. The building
volume is approximately 44,000 cu ft. The buildings are supported on
reinforced concrete spread footings on rock. The reinforced concrete
ground floors are located at grade., The lime slaking building has three
enclosed floors and three platform floor elevations above the roof. The
second and third floors are reinforced concrete slabs supported on metal
deck on steel framing. The service building has one floor. The roofs

of both structures are concrete channel plank covered with roofing membrane.

The exterior walls are insulated metal siding.
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The lime slaking building houses pumps, tanks, silos, conveyors, elevators
and other associated equipment. The service building houses an electrical

room, mechanical service room, control room, aboratory, toilets and

office.

The lime slaking building is heated by electric unit heaters, and ventilated
by drawing outside air through wall louvers and exhausting through power
roof ventilators. The service building has a HVAC system which provides

filtered and conditioned air to the offices, laboratory control room and

service rooms,

Desul furizatim Control and Switchgear Building

The desulfurization control and switchgear building, located north of the
desulfurization area, is a two story steel framed structure 4u ft wide,
50 fr long and 42 ft high. The building volume is approximately 84,000
cu ft. The building is supported on :inforced concrete spread footings
on rock. The reinforced concrete ground floor is located at grade. The
second floor is a reinforced concrete slab supported on metal deck on

steel framing. The roof is concrete channel plank covered with a roofing

membrane. The exterior walls are insulated wetal siding, and the interior

walls are masonry block.

The building houses the control room, office, toilets and switchgear area.

The control room is heated by electric baseboard radiators and cooled by
a window type air conditioner. The switchgear room is heaced by electric

unit heaters. Ventilation is provided by a ventilating unit consisting
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of roughing filter and supply air fan. Air is exhausted through a wall

louver.

Process and Seal Water Pump House

The process and seal water pump house, located west of the main plant
structures, is a one story prefabricated steel structure 20 ft wide, 40 ft
long and 16 ft high. The building volume is approximately 12,800 cu ft.
The building is supported on reinforced concrete spread footings on rock.
The reinforced concrete ground floor is located at grade. The exterior
walls are insulated metal siding, and the roof is insulated metal standing

rib.

The building houses the process and seal water pumps, tanks, filters and

associated equipment.

Heating is provided by electric unit heaters. The building is ventilated
by drawing outside air through wall louvers and exhausting through wall

exhaust fans.

Thickener Equipment Building

The thickener equipment building, located northwest of the main plant
structures, is a one story prefabricated steel structure 40 ft wide, 80 ft
long and 16 ft high. The building volume is approximately 51,200 cu ft.
The building substructure, superstructure and heating and ventilation is

identical to that described for the process and seal water pump house.
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Sludge Stabilization Building

The sludge stabilization building, located approximately six miles from

the main plant structures, consists of a main building and a service
buildineg. The main building is a two story steel framed structure 60 ft
wide, 75 ft long and 30 ft high. The building volume is approximately
135,000 cu ft. The adjacent service building is a one story steel framed
structure 50 ft wide, 60 ft long and 18 ft high., The building volume is
approximately 54,000 cu ft, The buildings are supported on reinforced
concrete spread footings on rock. The reinforced concrete ground floors
are at grade. The second floor of the main building is a reinforced
concrete slab suppcrted on metal deck n steel framing. The roofs are
cast in place concrete over metal deck, covered with a roofing membrane and
supported on steel framing. The exterior walls are insulated metal siding,
and the interior walls are either masonry or metal partitions. Vinyl

tile and ceramic tile floors and acoustical ceilings are provided, as

appropriate, in the service building.

The main building houses the vacuum filters, pumps, sludge mixers, feeders,
conveyors and associated equipment. The service building houses the

offices, luncn room, control :oom and toilets.

The main building is heated by electric unit heaters and is ventilated
by drawing outside air through wall louvers and exhausting through power
roof ventilstors. The service building has a HVAC system which provides

filtered and conditioned air. "
717 [{9 /4
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Sludge Pump House

The sludge pump house, located north west of the main plant structures,

is a one story steel framed structure 20 ft wide, 40 ft long and 12 ft

high. The building volume is approximately 9,600 cu ft. The building

is supported on reinforced concrete spread footings on rock. The reinforced
concrete ground floor is at grade. The roof is concrete channel plank
covered with a roofing membrane. The exterior walls are insulated metal

siding.

The building houses an electrical equipment room and mechanical equipment

room.

Heating is provided by electric unit heaters. The building is ventilated
by drawing outside air through wall louvers and exhausting through wall

exhaust fans.

Lime Unloading Building

The lime unloading building, located west of the main plant structures,
is a one story steel framed structure 36 ft wide, 50 ft long and 20 ft
high. The building volume is approximately 36,000 cu ft. The building
support is reinforced concrete founded on rock. The reinforced concrete
ground floor is located at grade. The roof is steel supported on steel

framing. The exterior walls are metal siding.

The building houses the grizzly hopper and conveyor, and has rail and
truck access. It is large enough to accommodate one railroad car. A

tunnel accommodates a conveyor to the bucket elevator at the lime silos.
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Tunnel ventilation is provided by a supply air fan.

ACCOUNT 226 Lime Flue Gas Desulfurization System

This system is designed to remove S0 from flue gas exiting from the
electrostatic precipitators. Lime handling and slaking facilities, stack

gas scrubbing equipment and spent slurry handling facilities are provided.

Lime Handling and Feed Preparaticn

Lime is unloaded from railroad hopper cars in an uploading shed. The
lime is dropped into a hopper and conveyed to adjacent concrete storage
silos by a conveyor belt and bucket elevator. Two silos provide a 30 day

supply of lime for full load operation,

Lime is conveyed by a reclaim belt conveying system to four process stora.e
silos located above the lime slaking building. Lime is fed by volumetric
belt feeders to lime slakers located below each storage silo. A combination
of fresh process makeup water thickener overflow is used for lime slaking.
A 15 percent slurry of slaker lime is fed by gravity t~ slurry surge tanks

located below the slakers and subsequently pumped to lime slurry feed

tanks adjacent to the S0; scrubbing equipment.

Sulfur Dioxide Scrubbing Equipment

This system brings flue gas into intimate contact with the SO, scrubbing
medium, Booster fans direct flue gas from a bypass duct fo 803 scrubbing
modules, and are designed for a maximum pressure drop across the scrubbing

system,
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A bypass duct is sized to handle 100 percent of the flue gas at maximum

load in case of operating problems with the scrubbers.

Seven 15 percent capacity booster fans and S0 modules are provided.

Each module is designed to remove 90 percent of the SO; contained in the
entering flue gas. The system is sized for a maximum gas velocity of

10.5 ft/sec through each scrubber. At full load, six modules scrubbing
88.15 percent of the flue gas are required to operate in order to comply
with the SO; emission standard of 1.2 1b SOy per million Btu's. The
seventh module is provided as a spare. The balance of flue gas is bypassed

to provide reheat for the saturated flue gas leaving the S0 scrubbers.

In each 802 scrubber, the flue gas is initially directed to a down-flow
quencher, A slurry of Ca0, reaction products and water is sprayed into
the hot flue gas at the quencher throat saturating the gas and providing

the first stage of SO, removal. The slurry is pumped from a

reaction tank and introduced to the quencher throat through a series of
spray nozzles, Some of the recirculation slurry is also employed as wall

wash on the convergent section to present a wetted wall to the incoming

of hot flue gas.

The saturated gas exits downward from the diverging section and turns
through a horizontal, low velocity sump. The slurry droplets exit the
quencher at a relatively high velocity and are separated by inertia in

the sump turn.
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The flue gas leaving the sump flows up through the counter-current tray
absorber where a slurry of recirculated lime, reaction products, and wate.
is intimately contacted with the flue gas to remove the sulfur dioxide.

The scrubber gas continues on through a moisture separator and ducts to

the stack.

£ludge Handling System

A portion of the recirculating slurry in the 50y scrubbing system containing
lime and reaction products is directed to thickeners. Clear supernatant
from the thickeners is fed by gravity to an overflow surge tank. Thickened
underflow is mixed with flyash and pumped to a sludge stabilization

building located six miles from the station.

At the stabilization building the slurry is dewatered by vacuum filtration
and conveyed to solid-solid mixers where lime is added. After mixing,

the resulting material is conveyed to a point outside of the building for

landfilling. The flyash and lime undergo pozzolanic reactions to produce

a stabilized landfill material. Filtrate from the dewatering operation

is retvrned to the thickener overflow storage tank at the plant site.

ACCOUNT 227 Steam Generator Plant Instrumentation and Control

The steam generator plant instrumentation and control provides the recessary
instruments for the monitoring of the plant status and equipment _ondition.
They include the required controls and indications for the startup,

shutdown and normal operation of the plant. Monitors are provided for

50,, NOx, particulates and oxygen to insure compliance with the federal

emission standards and other applicable state and local regulations.

713 097
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Boiler~Turbine-Generator Control Board

The boiler-turbine-generator (BTG) board contains Llhe necessary controllers,
indicators and recorders for the plant coordinated control system, the
turbine supervisory control system and the primary cycle systems. The
board may be arraaged in either an "L" or straight line configuration.

Pneumatic instruments are not allowed on the board. The board is a walk-in

type tunnel board.

Instrument items on the board are grouped according to their functions,
Normally, contrcllers and control switches are placed on the bench portion
of the board, indicators and recorders are placed on the vertical position.
Control and instrumentation that require continuous operators attention
are mounted in the front side and those requiring periodic attention are
placed in the rear. Space is provided for inserts of the following items:
Mechanical-hydraulic control insert, load frequency control equipment

insert, burner control insert, computer CRT with keyboard.

Computer console, printers, and trend recorders are mounted separately

from the BTG board. The coal handling and related systems are controlled

from the vertical board.

Auxiliary Panels and Cabinets

These panels and cabinets provide monitoring and controls of miscellaneous
operations such as soot blowing, coal handling, compressed air supply and

service water supply.

‘f .ﬂ"\ -
([ 70



ACCOUNT 22

Instrument Racks

The instrument racks take the form of an open rack. They are used to
mount lccal instruments such as pressure transmitters, manifolds, pressure
switches, and other pneumatic instruments ‘hat connect directly with the
process pipes. The rack has a rigid structure, suitably braced, to
wichstand all stress incidental to shipping, instailation and operation,
without warping or twisting. Arrangement of instruments, conduits on
racks, and electrical devices are placed out of the paths of ceniensation
Or water drains when testing or calibrating instruments. In addition,
the instruments are so mounted that replacement could be accomplished
without interruption of service to adjacent devices. There is provision
to collect the drains when the instrument is removed. Suitable engraved,

plastic nameplates are provided for each instrument.

Plant Computer System

The primary function of the p' .t computer system is to assist the control
coom operator in conducting safe and efficient operation of the power

plant and to provide information on plant performance history. Normal

safe operation of the plant does not require the use of the computer,

The major functions of the computer are:

a, Monitoring of all analog, digital and calculated input points
b. Analog input processing which includes conversion of analog

inputs to engineering units, reasonability tests, limit
comparisons, error checking
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Digital input processing which includes status checkup
Sequence of event input processing

Pulse input signal processing

Operation of audible and visual alarm displays

Periv .ance calculations - These include plant thermal efficiency
calculations, unit heat rate calculations, condenser performance

 calculations, heat exchangers performance calculations, turbine

performance calculations, boiler efficiency calculation and
related electrical calculations

Analog and digital trend recording

Generation of periodic logs, on demand logs, alarm summary and
post mortem review reports

The hardware of the computer system includes the following major equipment:

k.

All required analog and digital signal conditioning equipment
All required siznal scanning and signal multiplexing equipment
All required analog to digital and digital to analog converters

Termination cabinets for all incoming and outgoing cables and
wires

Data acquisition computer with sufficient operating speed, core
storage and input/output handling capability to meet system
requirements and insure complete satisfactory performance
watchdog timer for the computer

Two CRT's and three printers

Six point trend recorder

Paper tape reader/punch

Card reader

Uninterruptible a-c power supply

PR "
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Coordinated Control System

The coordinated control system operates the turbine-generator and the
boiler as an integrated unit. This systerm coordinates the regulation of
feedwater flow, fuel feed, air flow, main steam temperature control,
reheat steam temperature control and the turbine servo or load reference
motor. The system is designed to minimize interactions between the values
to be controlled; namely, unit generation, steam pressure and steam
temperature, by proper udjustment of fuel, feedwater, air, turbine control
valve and the steam temperature regulating equipment. The system has the
flexibility of operacing in one of the three modes: coordinated mode,

boiler follow mode and turbine follow mode.

Burner Contrcl System

Thue burner control system is designed to prevent continued operation of
the steam generator where a hazardous furnace condition could exist, and
to assist the operator in starting and stopping of burners and fuel

equipment.

The control system censists of four major subsystems: furnace purge
system, burner mill control system, boiler fuel safety system and alarm
system,  The furnace purge system insures that the boiler is adequately
purged under the conditions and in the proper sequence prior to igniting
the first fire in the boiler. The ourner mill control system allows
remote operation of the ignitors and burners. The subsystem is designed
to follow a prodetermined set program in safely placing ignitors and
burners in and out of service. The boiler fuel safety system is designed

712 101
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to shut off all fuel to the furnace in the event that predetermined
potentially hazardous conditions should develop during operation. Examples
of these conditions are loss of flame, loss of seal air, or loss of primary
air. The alarm system alerts the operator the existence of certain

equipment malfunctions such as mill trip, main flame and detector failure.
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ACCOUNT 23 TURBINE PLANT EQUIPMENT

The turbine plant equipment includes the turbine-gener~tor and all auxiliary

equipment necessary to assure continuous operation of the main turbine =
generator. All turbine plant equipment is designed to operate at the

valve wide open, five percent overpressure point (VWO, 5 percent OP),

The turbine generator is a cross compound (two shaft) eight flow machine.
Normally 55 percent of the inlet steam passes through the entire turbine
machinery frame and exhausts into the condenser at a vacuum condition,
where waste heat is rejected. The remaining 45 percent of the inlet flow
is extracted at various stages from the turbine for heating the feedwater
being pumped to the boiler. A portion of the extraction steam also powers

two auxiliary steam turbines that drive the main boiler feedwater pumps .

Cold reheat pipes carry 82 percent of main steam inlet flow from the high
Pressure turbine exhaust to the reheater section of the boiler. Hot

reheat piping supplies reheated steam to interceptor valves that control

steam flow to the intermediate pressure turbine.

Condensate is pumped from the condenser hot-wells by three 50 percent
capacity condensate pumps through 100 pe-cent flow deep bed polishing
demineralizers, and a steam packing exhauster. Three 33-1/3 percent
capacity condensate booster pumps provide the necessary head from that
Foint for the condensate to flow through the four stages of low pressure
heaters to the deaeratcr. The two 50 percent capacity heater drain pumps
take the first stage heaiv:r drains from the heater drain tank and return

it to the cycle at the suction to the condensate polishing system, Then
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two 50 percent capacity steam turbine driven main feedwater pumps supply
water to the high pressure feedwater heaters (6th, 7th, 8th stages) to
raise the feedwater temperature to 547 F before entering the boiler

economizer,

ACCOUNT 231 Turbine Cenerator

The turbine-generator is designed to deliver 1232 MWe net output with
throttle steam conditions of 3515 psia, 1000 F superheated steam, 600 psia
and 1000 F reheat, zero percent make-up, 1.7/2.5 in-HgA back pressure,
eight stages of feedwater heating, and turbine driven feedwater pumps.
The maximum guaranteed steam heat balance diagram is shown in Drawing

6509,001-HSC=-6,

The turbine is a cross-compound two parallel shaft machine with eight

flow exhaust using 30 inch last stage blades designed for 3600 rpm. One
shaft consists of one high pressure turbine and two low pressure turbines
driving an electrical generator. The second shaft consists of one
intermediate pressure turbine and two low pressure turbines driving a
second electrical generator. Both shafts rotate at 3600 rpm, and drive
identical generators. The maximum guarantee throttle flow is 9,140,816 1b

of steam/hr.

The co!d reheat steam exhausts from the high pressure machine at 652 psia,
565 F and passes through the reheater section of the boiler. Hot reheat
steam returns and passes through four interceptor valves to the intermediate
pressure turbine. Exhaust from the intermediate pressure turbine passes

to each of the four low pressure turbines through crossover pipes,
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Generator

Each of the two turbine-driven electrical generators has a rating of 722 MVA
with 0,90 PF, 26,000 V, 3 phase, 60 Hz output. Each has a totally enclosed
hydrogen cooled ( ¢ 75 psig) rotor, The stator is a liquid conductor-cooled

type with deionized water (at 100 F) as the liquid coolant,.

The generator rotor is furnished with an internal cooling system including:
hydrogen coolers, terminal bushings, instruments, grounding pads, seal

housing insulation, foundation plates, shims, and special tools,

The generator stator is furnished with the following external equipment :

deionized water circulating and cooling unit assembled on a skid and
including storage tank, pumps, coolers, deionizer, flow meter, conductivity
cells, gauges, piping, valves, filters, instruments, and regulating
equipment, stator winding control cabinet assembled and combined with the
hydrogen control cabinet including annunciator, generator automatic runback

logic and all necessary control devices,

The generator hydrogen system includes: hydrogen ccolers, one skid mounted
seal oil unit, hydrogen manifold with one bottle pressure regulator with
high and low pressure gauges, pressure switch for hydrogen supply pressure
"low" alarm, shutoff valves and bottle connectors, generator hydrogen
pressure regulator, hydrogen storage bottles, control cabinet, temperature

detectors, and special tools.
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The excitation switchgear is an integrated unit of standard low voltage,
indoor, and metal enclosed. The function of the excitation switchgear

is to connect, rectify and control excitation to the a-c alternator exciter
from the alternator stator, and to provide voltage regulation by adjustment
of the generator field voltage (d-c regulator) a the generator terminal
voltage (a-c regulator). The excitation switchgear houses the exciter
field breaker, the thyristor regulator bridge and the a-¢ and d=c regulato.

10810 N

Exciter
Each of the two generators is provided with static-type excitation., It

has a response ratio of 1,5,

Mechanical-Hydraulic Control

Rotational speed ana Joad of the HP and IP turbine shafts are controlled
by a mechanical-hydraulic control system., A mechanical governor varies
the oil pressure of a low pressure hydraulic system that uses the bearing
lubricating oil as the working fluid. This low pressurc system actuates
the appropriate servomotors, that control a second high pressure fluid
system using a fire retardant hydraulic fluid, This high pressure fluid
controls kydriulic cylinders that actuate the HP turbine step and throttle

valves or the IP turbine reheat interceptor and stop valves,

The ccatrol system Adirectly monitors and controls the speed of both turbine
shafts from 50 rpm; i.e., slightly above turning gear speed, to synchronous
generator speed of 3600 rpm, and for all generator load conditions. All
safety subsysten; actuate the low pressure hydraulic system to shut down

the unit,

2-56



ACCOUNT 23

During unit startup, thermal sensors in the turbine casings provide input
to an analog computer model that continuously calculates critical thermal
stress. Thus, high stress conditions can over-ride all other automatic
control functions and provide longer turbine warming periods during

startups, if necessary,

Turbine Gland Steam Sealing System

The gland steam sealing system provides sealing for all turbine shafts

at the turbine shell penetrations, under all conditions of turbine loading.
The shaft packings seal against leakage of air into the condenser (vacuum
packings) and prevent steam from blowing out into the turbine room (pressure

packings).

The steam sealing system provides the above functions automatically at
all loads and consists of the following equipment: oil operated dual
feed steam regulator, steam packing exhauster with two blowers, auxiliary
Steam feed regulator, regulator bypass unloading valve, blowdown valve,
three-way diverting valves and ventilator valve., The HP turbine inner
glands are relieved to heater number five, The HP, IP and LP turbine
outer glands are relieved to the steam packing exhauster, The steam
packing exhauster is designed with stainless steel tubes for 400 psig

pressure and 125 F ccoling water,

Lubricating Oil System

A main shaft driven positive displacement gear pump supplies the oil
required by the high pressure hydraulic control system and the low pressure
g Q_f"’,'
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lubrication system during normal operation, and provides high pressure
and low pressure oil for the hydrogen seal oil system of the generators.

A motor suction oil pump supplies low pressure lubrication oil to the

main shaft pump suction during startup and shutdown,

Turbine Oil Conditioning System

The lubricating continuous bypass oil conditioning system has a capacity
of 2,020 gallons per hour of 150 S3U viscosity lubricating oil at 100 F.
The clean oil storage capacity in the conditioner is 1500 gallons at
turbine shutdown. The system consists of the following equipment:
centrifugal type lubrication oil purifier with inlet and discharge pump,
necessary instruments, breakover switch, feed/stop valve, electric
controller and safety interlocks, 14,2 kW heater, centrifuge driven by

an open drip-proof motor including piping and wiring.

Gas Systems

The carbon dioxide system consists of a four ton liquid carbon dioxide
storage unit with refrigeration system, vaporizer, relief valves and two
pressure reducing valves. Carbon dioxide is used for purging hydrogen
from the generator housing during shutdown, and for purging air from the

housing before being filled with hydrogen during startup.

Hydrogen gas is used to cool the rotor of the generator and is circulated
within the generator housing under pressure, Shell and tube type coolers
at the ends of the generator are supplied with cooling water to dissipate

the rotor heat and wind losses.

R 0
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The hydrogen is supplied from a series of bottled containers which are
individually connected to a manifold. The manifeld is equipped with a

relief valve and two pressure regulators with isolation valves,

ACOUNT 233 Condensing System

Condensing Equipment

The two surface condensers are multi-pressure, single pass design with
divided fabricated steel water boxes and shell, The condensers are
designed to handle the total heat rejection rom the main turbine. Each
condenser has a condensing surface of 407,000 sq ft; 29,602-3/4 inch
diameter 18 BWG 90-10 CuNi tubes, 70 ft long. Cooling water flow in each
condenser is 221,750 gpm resulting in a tube velocity of 6.5 ft/sec and

a total temperature rise at full load of 26 F,

Each condenser shell is floor mounted and connected to the turbine exhaust
flange by means of a stainless steel expansion joint to accommodate thermal

expansion.

The carbon steel shell is equipped with fabricated steel water boxes that

are bolted to the condenser shells and designed for removal without

disturbing the tuhe sheets,

Four motor driven two stage vacuum pumps are supplied for removing

non-condensible gases from the two condenser shells. During startup, all
four pumps are operating, hogging the condensers to minimize the time to

reach the intermediate pressure at which operation begins. To provide

system reliability, four 50 percent capacity pumps are selected, with two

717 ‘
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normally operating to maintain condenser vacuum. When condenser pressure
falls to 26 in-Hg vacuum, the spare ejector or vacuum pumps start

automatically.

The total hotwell capacity of the two shells is 62,000 gallons at normal
water level. The hotwell is designed to deaerate the condensate to
maintain a maximum of five ppm of dissclved 0; during normal steady state

operation.

The condensate pumps are vertical type, suitable for the NPSH requirements
of the condenser hotwell service. The pumps develop sufficient head to
ensure adequate suction pressure at the condensate booster pumps after
overcoming the pressure drop in the condensate piping, steam packing
exhauster, and the coniznsate polishing demineralizers., Three half-size
motor driven pumps are supplied. The third pump is redundant and is on

standby or isolated for maintenance.

The steam packing exhauster consists of a shell and tube type condenser
and air removal equipment in the form of two full size motor driven

blowers.

One complete condensate polishing system is provided that is capable of
treating 100 percent of the condensate flow. The system consists of seven
individual high flow rate, deep bed type demineralizers operating in

parailel.
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The condensate passes through six demineralizers with the seventh
demineralizer serving as a standby, Each demineralizer is rated for a
flow rate of 2,500 gpm (48 gpm per sq ft of flow area). The bed depth
is three ft with two ft free board. The shells are designed for 200 psig,
130 F, and are lined with rubber with stainless steel internals. The
total resin volume consists of 100 cu ft of cation resin and 50 cu ft of
anion resin per shell. When the resin is expended, it is regenerated
externally. A resin separation tank, cation regeneration tank, anion
regeneration tank and resin storage tank are principal parts of the
regeneration system. A hot water caustic dilution tank and a control
panel complete with instrumentation for automatic regeneration is also

provided with this system,

ACCOUNT 234 Feedheating System

Feedwater Heaters

Eight stages of feedwater heaters are utilized to heat the feedwater
returning to the boiler. The heaters are placed in series and operate
under increased pressure of various stages of extraction steam from the
high pressure, intermediate pressure, and the low pressure turbines. All
heaters have a horizontal U-tube arrangement, using stainless steel tubes.
Each heater has an integral drain-cooler section with the exception of

the first and fifth stage heaters.,

There are four low pressure (LP) stages of feedwater heating, one deaerating
stage, and three high pressure (HP) stages of feedwater heating. The LP

heating system consists of eight feedwater heaters arranged in two parallel

'

-

-

4
-
ol
-

2-61



TR

ACCOUNT 23

trains of four each. A single bypass is provided ta allow removing a
complete train of L~aters from service while still maintaining full lcad
on the unit, The bypass is sized to pass 40 percent of the guarantee
turbine throttle flow while the remaining heaters pass 60 percent. The
LP heaters employ a cascade drain arrangement to heater number one, where
they collect in a drain tank and are pumped foward to the inlet of the

condensate polishing system.

The fifth stage heater is a horizonmial tray type deaerator with storage

tank, The storage tank is sized for five minutes storage at VWO, 5 percent OP,

The high pressure (HP) feedwater heating system consists of nine feedwater
heaters arranged in three parailel trains oi hree earh. Each train is
designed to pass one third of the VWO, 5 percent OF flow. The HP heater

drains cascade to the fifth stage deaerator drain tank.

Boiler Feedwater Pumps

Two 50 percent capacity motor driven boiler feedwater booster pumps are
provided to supply the minimum net positive suction head (NPSH) at the
suction of the boiler feedwater pumps. Each pump is designed for a flow

rate of 13,500 gpm at 150 ft total dynamic head (TDH).

The two 50 percent capacity turbine driven boiler feedwater pumps are
designed for a flow rate of 13,500 gpm each and develop a TDH of 11,500
ft when cperating at a speed of 5,800 rpm. Calculated brake horsepower
is 43,660, Each feed pump is driven by a dual admission, multi-stage,

condensing steam turbine exhausting to a separate steam condenser which
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then drains to the main steam condenser. The dual admission inlet consists
of a high and a low pressure valve, one supplied with main steam, the

other suppii- 1 with steam from the high pressire turbine exhaust to the

low pressure valve. For startup purposes, auxiliary boiler steam is also

supplied to the low pressure valve admission inlet.

ACCOUNT 235 Other Turbine Plant Equipment

Main Vapor Piping Systems

The main vapor piping systems consist of the main steam and hot and cold
reheat systems. The main steam system conveys high pressure superheated
steam from the steam generator to the high pressure turbine, related

auxiliary equipment, and the station auxiliary steam system.

The hot and cold reheat system conveys exhaust steam from the HP turbine
to the steam generator reheater and returns it to the intermediate pressure

turbine.

The main steam and hot and cold reheat system flow diagram is shown in

Drawing No. 6509.001-HSC=7.

Turbine Building Closed Cooling Water System

A closcd cooling wacer system is provided with three 50 percent capacity
(6,000 gpm each) motor driven water pumps, air tank and heat exchangers,
which dissipates heat to the main cooling towers. The heat exchangers
arc two 50 percent capacity shell and tube type, designed for a flow rate
of 6,000 gpm on both the shell ard tube sides. The tubes are 90-10 CuNi

material, and supply 95 F water to the system based on a supply water

2-63
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temperature of 85 F from the plant service water system. The system
supplies cooling water to the turbine plant and miscellaneous plant

equipment.

Demineralized Water Makeup System

The demineralized water makeup system consists of two independent trains,
each having the following equipment: an activated charcoal prefilter,
cation demineralizer, an anion derineralizer, and a mixed bed demineralizer.
A common vacuum degasiiier serves both trains with water from the cation
demineralizers directed to the vacuum degasifier before being admitted

to the anion demineralizer. Each demineralizer regenerates in place
without sluicing the resins. The makeup demineralizing system supplies

the plant makeup requirements, and the effluent is discharged into the

two 500,000 gallon condensate storage tanks.

Chemical Treatment System

The chemical treatment system is used to maintain the water chemistry of
the feedwater and consists of two hydrazine feed pumps, two ammonia feed
pumps, one hydrazine storage tank and one ammonia storage tank. The

hydrazine chemically removes the dissolved oxygen from the feedwater and

the ammonia controls the pH.

Neutralization System

The neutralization system consists of two pumps, one tlower and one tank.

The neutralization tank is used to chemically neutralize the spent
regenerant from the demineralization system and condensate polishing

system to acceptable levels prior to discharge.
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ACCOUNT 236 Turbine Plant Instrumentation and Control

Main Control Board

The main control board for the turbine plant is an integral part of the
boiler-turbine~-generator control (BTG) board described in the Account
227. The requirements of the Bis board also apply to the turbine plant

main control board.

Turbine Supervisory Panel

The turbine supervisory panel contains recorders to be mounted on the BTG
board or the turbine and unit miscellancous panel. These are the shaft
vibration recorder, the eccentricity, speed and position recorder, and
the multipoint expansion and temperature recorder. An indicator is

provided for turbine shaft vibration phase angle.

MHC Contrel Cabinet

The mechanical hydraulic control (MHC) cabinet contains the control and
indicating equipment required for the startup, normal operation and testing
of the turbine. This cabinet is normally mounted as a subhpanel on the

boiler-turbine-generator board. Typical control functions available are:

a. Selection of starting rates: slow, medium or fast
b.  Setting of turbine speed at startup

Cs Setting of load limit, and loading rate limit

d. Chest/shell warming

e. Turbine trip

E. Selection of operating mode: standby, manual or remote
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B Selection of load: increase or decrease
Typical indicating functions available are:

a. Turbine speed
b. Percentage of warming rate

Cs Throttle steam pressure, first stage pressure,
intermediate pressure

d. Generator output, MW
e, Acceleration, rpm/minute

f. Valve positions for main stop valves, control valves
and intermediate valves.

Typical testing functions aGQilable are:

a. Thrust bearing wear detector test

b. Backup overspeed trip test

Cs Electrical trip test

d. Mechanical overspeed and piston trip test

e, Testing of main stop valves, control valves and

intermediate valves

Turbine Accessory Panels

Turbine accessory panels contain the instrumentation and control devices
for various turbine auxiliary systems. These panels may be fleid mounted
or control room mounted. Typical auxiliary systems are hydrogen and
cooling water, turning gear metor control, and excitation control. Control
panels for these sy:tems are located in the field. There are turbine

panels located in the control room, such as the turbine control panels
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and turbine supervisory instrument cabinc®. These control room panels
contain the circuitry for the turbine control devices, turbine supervisory
instruments, and turbine stress measurement, and are mounted on the main

control board or other vertical panels.

Turbine Plant Heating, Ventilation and Air Ccnditioniqg Panels

These panels provide monitoring and control of the HVAC systems for
buildings which house the turbine plant systems. Typical HVAC systems

controlled from these panels are turbine building air handling system,

intake structure ventilation system, and administration building ventilation

system.

Turbine and Unit Miscellaneous Panel

The turbine plant miscellaneous panel is a vertical, walk=through control
board with access doors at both ends. The panel provides the monitors

and controls for auxiliary turbine systems such as turbine lube 0oil system
and miscellaneous turbine monitoring recorders. The panel also provides
the controls of the valving for the extraction steam | s, drain lines,
and feedwater heater isolation. Instrumentation and controls that require

constunt operator attention are located in the BTG board.

COEZU Le v

The computer system described in the steam generator plant instrumentation
and control section also monitors the turbine plant systems. One computer

system is used for both the boiler and the turbine systems,

Turbine Plant Instrument Tubing and Fittings

The scope of supply of instrument tubing begirs at the root valveand?
[
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extends to the instrument shutoff valve. Materials and certification of
instrument lines which are part of the pressure boundary are in accordance

with the Instrument Society of America Standards.
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ACCOUNT 24 ELECTRIC PLANT EQUIPMENT

The electric plant equipment conveys the electric power generated in the
plant to the low voltage bushings of the generator step-up (GSU)

transforumers, controls and meters the electric energy, and protects the
components through which the power flows. It is the source of power for
the plant auxiliaries and the plant control, protection and surveillance

systems during normal operation and emergency conditions.

Continuous ratings of equipment and interrupting ratings of protective
and disconnecting devices are based on equipment load tabulations, fault
studies and voltage regulation studies. Equipment continuous current
ratings are based on the maximum continuous load plus the largest spare

auxiliary, anc the effects of di . rsity. Short time intermittent loads

are not includad.

The electric plant design features are as follows:

a. The plant auxiliary distribution system design is based on a
source voltage variation of *5 percent.

b. The main generator, the three single phase generator step-up
(GSU) transformers and the four three phase unit auxiliary
transformers (UAT) are interconnected with isolated phase bus,
(Note: The GSU transformers, the connections to the switchyard
and the switchyard equipment and materials are not included in
the equipment list or base cost estimate for this study.
However, provisions have been madein the plant design for
location of the GSU transformers and routing of the connection
to the switchyard. The GSU transformers an« witchyard are
shown on the drawings for clarity and comple ae:s3).

Ca Four unit auxiliary transformers (UAT), are connected to the
generator main leads. Two are two winding transformers rated
at 25,5 kV to 13.8 kV and two are three winding transformers
rated at 25.5 kV to 4.16 - 4,16 kV.

2-69 F 3



e,

i.

ACCOUNT 24

Two reserve auxiliary transformers (RAT), are connected to an
offsite transmission system. One is a two winding transformer
rated at 230 kV to 13.8 kV and the other is a three winding
transformer rated at 230 kV to 4.16 - 4.16 kV.

The medium voltage a-c distribution system is nominally 13.8 kV
and 4.16 kV. Two separate and independent buses are provided
for each voltage level. In addition, one 4.16 kV separate and
independent bus is provided for the coal handling system and

one for the S0, removal system.

The low voltage a-c distribution systems are a nominal 430

volts. Twenty-three buses are provided for the plant process
systems, ten buses for the precipitators and ten buses for the

coal handling and S0; removal systems.

Two separate and independent 120 volt nominal, uninterruptible
power supplies fed from the 480 volt buses are provided., One

supplies power to instrumentation and control and the other to
the plant computer.

The auxiliary d-c distribution and supply system is nominally
125/250 volts, with a center-tapped battery system. One
center-tapped station battery and distribution system is provided.

One 125 volt battery charger is provided for each of the two
125 velt sections of the 125/250 volt center-tapped battery.

Two redundant, 100 percent, 500 kW diesel generator units are
provided as the power supply for the emergency buses, and are
automatically connected to their respective buses when the unit
and reserve auxiliary power supplies are not available.

Motor starting voltage and frequency and allowable operational variations,

at which the required starting and operating torques are developed, are

as follows:

Continuous Operation of a-c Motors

1) Voltage: * 10 percent of ratec

2) Frequency: * 5 percent of rated

r\ )
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b. Starting and Short Time (Approx. 30 seconds) Operation of a-c
Motors (Voltage): 80 percent of rated

Cs d=c Motors (Voltage): 210 to 280 volts

All emergency loads are furnished with a-c or d-c power from one of the
following: the a-c emergency buses, the uninterruptible instrumentation

and control a-c power supplies or the d-c buses.

The unit power supply for the plant electric auxiliaries is from the main
generator through the unit auxiliary transformers. The reserve power
supply is from the 230 kV offsite power supply via the reserve auxiliary
transformers. The emergency power supply is from one of the two diesel

generator units to the corresponding emergency a-c bus.

The availability design bases for the electric power system are tabulated

in Table 2-5 of this section.

Table 2-6 in this section presents allowable ranges of temperature for
electric equipment, Design ambient conditions for spaces housing electric
equipment are based on these ranges and limits plus a minimum of 5 percent

for margin,

ACCOUNT 241 Switchgear

The medium voltage metal-clad switchgear comprises two 13.8 kV buses and
four 4.16 kV buses. Each bus is supplied by an independent winding of a
UAT or by a shared winding of an RAT. Motors rated 2,500 hp and above
are rated 13.2 kV and motors rated 250 hp to 2,250 hp are rated 4,0 kV.

Transfer schemes are provided for automatically and manually transferring
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each bus between the reserve power supply and the unit power supply.
Overcurrent protection is provided for all circuits, Differential
protection, overload protection and zero sequence overcurrent ground

protection is provided for all medium voltage motor circuits.

480 volt motor control centers are provided for power distribution to
motors 100 hp and below, lighting loads and miscellancous loads such as
motor-operated valves, resistance heaters, heat tracing and motor space

heaters.

ACCOUNT 242 Station Service Equipment

Four unit auxiliary transformers (UAT) and two reserve cuxiliary
transformers (RAT) are provided to furnish power to the piant auxiliary
power system., Each UAT winding is sized with ;ufficient margin to carry

the plant auxiliary load of its connected bus under the heaviest load
conditions. Each RAT winding is sized to cover either the startup load

of its two connected buses or the plant auxiliary load of either one of

its connected buses at the heaviest load conditions. Tranefurmer impedances
are based on limiting fault current availability to switchgear capability
considering voltage regulation. Each transformer is protected with

differential protection schemes and sudden interna! overpressure devices.

Unit substatijons are provided to transform the medium distribution voltages
to the low distribution voltage for low voltage loads. Motors rated 125 hp
through 200 hp are connected to the unit substations. Unit substation
transformer impedances are based on matching switchgear capability to

fault current availability considering vol_age regulation. Overcurrent

~12
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protection is provided for all circuits. Overload protection is provided

for motor circuits. The unit substations for the cooling towers are fed
from a loop feeder. The distribution buses for the precipitators are

also fed from a loop feeder,

The battery systcms comprise the plant hatteries and battery chargers,
The plant 125/250 volt d-c bus is supplied from a 125/250 volt center
tapped battery and two 125 volt battery chargers, one for each 125 volt
gsection of the 125/250 volt battery. During normal operation, d-c power
is supplied from the battery chargers. During emergency operation, d-c
power is supplied from the batteries., During startup and shutdown, d-c

power is supplied from whichever source is available.

Two redundant diesel generator units are provided to furnish emergency

a-c power to the emergency buses.

Each diesel generator unit is provided with automatic starting systems
that are initiated when loss of offsite power occurs. Minimum voltage
that can be experienced at the diesel generator terminals during motor

starting is 85 percent,

Two dual input solid state inverters are provided to serve as
uninterruptible power sources for miscellaneous a~-c and plant
instrumentation loads. The inverters are supplied with power from the
a=-c¢ buses through regulating transformers or directly from the station

battery.

™)
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Two a=c power distribution panels are provided to distribute a=-c power
from the inverters to the 120/240 volt uninterruptible loads. They are con-

figured as one panel per inverter,

One d=c power distribu ion switchgear lineup is provided to distribute d-c

power from the battery and its associated chargers.

Twenty feet of control benchboard is provided in the main control board
lineup for control and data acquisition of the main generator and the

auxiliary electric power system,

One electric system relay panel lineup is provided for protection and meter=
ing of the main generators, the generator step=-up transformers and the unit
and reserve auxiliary transformers. The main generator is protected by
high speed differential, ground current, loss=-of-field, negative sequence
overcurrent, and voltage restrained overcurrent relays. The main generator,
the generator step=-up transformers and the unit auxiliary transformers are
protected by power dire.cional and overall differential relays. The reserve
auxiliary transformers are protected by power directional and differential

relays,

ACCOUNT 244 FProtective Fquipment

The station grounding system provides the means for maintaining an effective

ground at equipment and metal structures, protecting equipment and structures
from galvanic corresion and protecting personnel from dangerous potentials,
Lightning protection schemes are provided for the stack and for the boiler

structure.

’ -

2=74



ACCOUNT 24

ACCOUNT 245 Elcctrical Structures and Wiring Containers

This equipment provides mechanical protection for wire and cable routed
between various equipment and buildings. The bulk of the raceways consist
of cable trays of various types. Raceways are routed in accordance with
the same criteria as for cable routing., Fire stops are placed in cable
trays wherever they penetrate floors or firewalls, and in other areas

where their installation reduces the hazard of fire propagation,

ACCOUNT 246 Power and Control Wiring

Isolated phase bus is provided to intercoanect generator terminals, GSU
transformer low voltage terminals and UAT highr voltage terminals. This

is force-cooled with redundant active components in the cooling unit.

The plant wire and cable consists of three conductor and triplexed, single
conductor power cable, multi-conductor control cable, coaxial, triaxial,
shielded twisted pair and multi-shielded twisted pair and shielded quad
instrument wire. Materials for insulation systems (ethylene-propylene
rubber insulatic -rith chloro-sulfonated polyethylene based jacket) are
selected to provide optimum system performance in the areas of physical
stability, tensile strength, flexibility, aging characteristics, resistance
to abrasion, ozone {where required), water absorption, heat distortion,
solvent extraction, self-extinguishing and non-propagating fire
characteristics and resistance to corona effects where required, Wire

and cable is separated by voltage and energy level tu reduce heating and

fault problems.

~o
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Wire and cable routing is governed by the following:

a.

b.

Ce

d.

e

B

Requirements for the power supply, contr 'l network and/or
instrumentation signals.,

Requirements for loading.

Requirements for physical separation of different voltage and
energy level circuits.

Avoidance of high hazard areas (e.g., areas subject to high
ambient temperatures and fires).

Simplicity of layout.
Ease of installation.

Ease of access.
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TABLE 2-5

AVAILABILITY RELATED DESIGN BASES FOR THE ELECTRIC POWER SYSTEM

Availability Oriented Design:

a. Considers interactive effects of plant operating requirements
and natural phenomena to the extent that power required by the
plant auxiliaries is available to fulfill the plant operating
requirements,

b. Includes provisions to minimize fire or fire damage and to
detect, confine and promptly extinguish any fire which might
occur.,

Ce Includes provisions to allow periodic maintenance of systems
and equipment.

Power sources, and power supplies, have sufficient backup and
distribution systems have sufficient independence so that reduction
of plant output will be prevented or minimized for loss of any source
or bus.
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Type of
Equipment

Battery
Battery
Cable

Cable

All Other**

All Other**

ACCOUNT 24

DESICN AMBLENT CONDITIONS FOR ELECTRIC EQUIPMENT

Limit

Min

Max

Min

Max

Min

TABLE 2-6

Ambient
Temperature
Limit
(Degrees F)
Equipment
90
77
104
N/A
104

40%

* Or above dewpoint temperature, whichever is higher

** Sensitive relays and other electrical devices are placed in

controlled environment spaces such as the control room,
computer room, or battery room, as applicable.
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Space

N/A

80
100
N/A
100
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ACCOUNT 25 MISCELLANEOUS PLANT EQUIPMENT

Miscellaneous plant equipment includes systems for maintenance or provisions
for plant equipment support requirements. Included are cranmes and hoists,
air, water and steam services, auxiliary hoiler and associated equipment,

and the plant fuel oil system.

ACCOUNT 251 Transportation and Lifting Equipment

Cranes and Hoists

A turbine-generator overhead traveling bridge crane located in the turbine
hall has a main hoist capacity of 100 ton, and an auxiliary hoist of 30

ton capacity with a bridge span of 144 ft.

There are ten hoists provided, one of 10 ton capacity and nine of five

ton capacity, which are capable of hoisting 30 ft in height.

ACCOUNT 252 Air, Water and Steam Service System

Compressed Air System

The plant comprcssed air s&stem supplies service and instrument air for

tle entire plant. The compressed air system consists of three 50 percent
(350 cfm each) reciprocating compressors, complete with intake filters,
aftercoolers, air receivers and two 100 percent alr dryers. Each compressor

has an inlet silencer and filter.

Compressed air is supplied to the air receivers at a maximum of 150 psig

and a minimum of 100 psig.

wt )
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Each compressor maintains air receiver tank pressure within desired
operating range. A local control switch is provided to manually start
and stop each compressor. To provide for an additional source of service

air, an interconnection is made with the soot blower air compressor system.

Service Water System

The service water system supplies cooling water from the main condenser
heat rejection (MCHR) system to the turbine building closed cooling water
system. The system has three 50 percent capacity (9,000 gpm each),
vertical wet pit service water pumps which are located in the circulating
water pumphouse. Makeup water to the MCHR system is discharged near the
suction of these pumps to lower the average temperature of the service

water.

Fire Protection System

The fire protection system is designed to minimize the prebability and
effect of the occurrence of a fire. The system has three vertical wet
pit fire pumps (1500 gpm each), two motor driven and one diesel driven;
and one 50 gpm vertical wet pit jockey pump. The pumps are located in
the fire pump house adjacent to and common with the makeup water pump

house.

The jockey pump normally operates to maintain system pressure., One of
the motor driven pumps is used in the event that the jockey pump cannot
maintain system pressure. ‘The second motor driven pump is started if the
system pressure continues to drop. 1f system pressure is still falling
the diesel driven pump is started. A booster pump is provided in the

boiler house to supply water toc the top elevations.
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Potable Water System

Potable water is required for drinking, sanitary, and washing purposes
at the plant. This water is supplied by the local municipal water supply

system.

Auxiliary Boiler System

This system consists of two auxiliary oil fired boilers located in the
auxiliary boiler room. The function of the auxiliary boiler system is
to provide auxiliary steam during shutdown periods and during startup.
The system flow diagram for the auxiliary steam is shown on Dwg.

6509.001-HSC-14.

Two 100 percent capacity auxiliary boilers are provided. These boilers
are shop assembled, pressurized type, complete with forced draft fans,
including ducting between fans, windboxes and breaching to the stack.
These "packaged" boilers are equipped with automatic control of feedwater

and combustion, including all protective devices.

Each auxiliary boiler is sized to provide the quantity of steam required

for a cold start of the main unit, under the worst expected conditions.
The estimated flow is 150,000 !b/hr each. The auxiliary boilers are

designed to produce steam at 165 psig and 600 F.

The auxiliary boilers are manually started. They are capable of being
normally started either locally or from the control room., Each phase of

the startup procedure is separately initiated. The auxiliary boiler is
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contrclled to shut down when the steam-flow falls below the minimum flow

capability of the boiler during plant startup.

Fuel oil atomization utilizes steam from the auxiliary steam system.
Compressed air and/or mechanical atomizing burners are provided for startup
when steam is no* available. Each boiler discharges exhaust gases through
separate flues. Forced draft flow control is provided by inlet dampers.

Boiler blowdown in accomplished manually without heat recovery equipment.

ACCOUNT 253 Communications System

Local Communications System

The communication system consists of an intercommunication and paging
system, a telephone system, and a sound-powered telephone system. These
systems are designed to provide communications between various parts of

the plant for all conditions of operation.

ACCOUNT 254 Furnishings and Fixtures

Instrument Shop Apparatus

Instrument shop apparatus are provided for testing, calibration, repairing,

and routine maintenance of the plant instrumentation and control devices.

A typical list of instrument shop apparatus is provided below:

a. Dead weight tester

b. Pneumatic calibrator equipment
Cs Decade resistance box

d. Digital volt meter

e, Variable voltage and current sources
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£, Potentiometer

8. Oscillo=cope

h. Electronic counter

i Stop watch

h Resistance and impedance bridges
k. Megger

1. Pressure gauges

m. Meters: d-¢ (MA, Amp, Volts), a-c (Amp, Volts)

Meteorological Monitoring System

The meteorological monitoring system provides all equipment essential for
tihe monitoring and recording of the atmospheric parameters of the plant
prior to, during construction, and over the life of the plant. The

equipment for the system consists of a meteorological tower and various

meteorological monitoring instruments.

Water Quality Monitoring System

The water quality monitoring system monitors the rates and concentrations
of contaminants in the plant effluent discharge. Typical variables
measured are chlorine, suspended solids, pH, oil and grease. Sampling
techniques are established to yield representative batches or flows of
the effluent discharge. Analytical data are recorded in proper form for

immediate, as well as future interpretation and use.
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Thermal Effluent Monitoring System

This system monitors the temperature of the effluent discharged from the
plant. The system provides basic data to evaluate the thermal effect of

the plant effluent.

Air Quality Monitoring

Air quality monitoring is performed by the stack gas monitoring system
which provides for the measurement and recording of pollutants related
with the stack gas. Measurements are made of particulate load, and of
sulfur dioxide and nitrogen oxide concentrations. Concentration
measurements are corrected for diluting air by measuring oxygen

concentration in the stack gas.

Emission standards for particulates, sulfur dioxide and nitrogen oxide
are in accordance with CFR 40, Protection of Environment, Part 60, Subpart D,

and other applicable local and state regulations.

The detecting instruments are of the in-situ type, i.e., with sensing
devices located in the stack., Withdrawal and conditioning of stack gas

samples are not required. Sulfur dioxide and nitrogen oxide is reported

in terms of concentration, i.e.,m g/m3 or ppm.

Particulate emission is reported in mass flow units, i.e., lbs/hr by
combining measurements of particulate concentration and the mass flow
rate of stack gas. Emission rate is integrated and logged daily. Sampling

ports are provided for comformance testing.
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ACCOUNT 255 Waste Water Treatment Equipment

The wastewater treatment equipment is designed to treat all plant wastewater,
This includes water runoff from coal piles, demineralizers regenerant effluents,

metal cleaning wastes, and floor drain discharges.

Two two-million gallon holding tanks are provided for retention and
treatment of metal cleaning wastes and coal pile runoff. Lime is fed to

the tanks to raise the wastewater pH. Iron is effectively precipitated

at pHs greater than 8.0. After allowing for the sludge to settle, sludge

is withdrawn from the tanks and dewatered by two vacuum filters.

Supernatant from the holding tanks is pumped to a 5,000 gallon pH adjustment
tank. The wastewater subsequently passes through one of two two-million

gallon earthen settling bzsin. before discharge.

Regenerants from the demineralzers are treated in a 40,000 gallon
neutralization tank. Acid and caustic feed systems are provided for
neutralization. The treated 'astewater is passed through the earthen

settling basins prior to discharge.

Floor drains are collected in several sumps located in the plant, and

pumped to a central APl separator for oil and grease and suspended solids
removal. Effluent from the separator is passed through the earthen

settling basins prior to discharge.
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ACCOUNT 26 MAIN CONDENSER HEAT REJECTION SYSTEM

The main heat rejection system is a circulating water system consisting

of structures and mechanical equipment which serve the main condensers

and service water system to reject the plant heat through two mechanical
draft wet cooling towers. Makeup water extracted from the North River
initially passes through traveling screens. The raw water is then
clarified, and chemicals are injected for pH and fouling control. Fouling
within the towers is controlled by continuous blowdown to the river in
order to maintain the concentration at less than ten times that of the

makeup water.

ACCOUNT 261 Structures

Makeup Water Intake and Discharge Structures

The makeup water intake and discharge structures are located along the
riverbank west of the main plant structures. The intake basin is 18 ft
wide by 32 ft long by 32 ft deep and is below plant grade. The volume
of the basin is approximately 18,400 cu ft. The north wall of the structure
has a 5 ft wide by 9 ft long and 32 ft high extension which houses the

fire pumps. The structure is reinforced concrete with foundation mat

bearing on rock. There are two intake chambers and two makeup water pumps
supported from che reinforced concrete basin roof slab. The intakes are
protected by bar racks, trash rakes, stop logs, traveling screens and a
trash pit. Fish escapes are also provided. A channel is excavated in

tiw river bottom trom the ship channel to the Intake structure to ensure
an adequate supply of water during low tide conditions. Interior walls

are reinforced and masonry concrete. A battery and switchgear room are

713 136
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located at grade adjacent to the basin and supported on spread tootings.
The floor, roof, exterior walls and interior walls are reinforced concrete.
The blowdown discharge is provided by concrete pipes running between the

circulating water pumps discharge and the river.

Circulating Water Pump House

The circulating water pump house is a reinforced concrete structure located
between the turbine building and the cooling towers ar? _upported on a
three ft thick reinforced concrete foundation. The superstructure has
common walls with the turbine building and administration building. The
circulating water pump basin foundation is supported on rock 28 ft below
grade sloping upwards to the cooling tower water basins four ft below
grade. The circulating water basin is approximately 60 ft wide, 70 ft
long and 27 ft high to the cperating floor. Attached to the west end of
the four-bay circulating water pump basin is a service water pump basin
founded 12 ft below grade. The basin is 12 ft wide, 17 ft long and 16
ft high to the operating floor. The foundation also slopes upwards to

the cooling tower water basins. The approximate volume of the two basins

is 120,000 cu ft.

The exterior walls, base mat, operating floor slab and interior columns
supporting the operating floor are reinforced cconcrete. Portions of the
operating floor are grating. The intake areas are prctected by panel
screens and stop logs. A 40 ft wide, 70 ft long and 13 ft high equipment
room is located on the reinforced concrete portion of the operating slab.

The room houses the circulating water pumps and electrical equipment.
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The equipment room is masonry construction with a built=up roof on metal

deck.

Makeup Woter Pretreatment Building

The makeup water pretreatment building, located west of the main plant
structures, is a two story steel framed structure 60 ft wide, 115 ft long
and 30 ft high. The building volume is approximately 207,000 cu ft. It

is supported on reinforced concrete spread footings on rock. The reinforced
concrete ground floor is located six ft below grade. The intermediate

floor is reinforced concrete supported on metal deck on steel framing.

The roof is concrete channel plank covered with a roofing membrane. The
exterior walls are insulated metal siding and the interior walls are

concrete block.

The building houses the sand filters, carbon filters, chemical feeds,
sludge dewatering equipment and all other equipment and accessories

required for a complete water pretreatment system.

The building has a heating and ventilation system which consists of four

25,000 cfm roof ventilators for cooling and four electric unit heaters

for heating.

ACCOUNT 262 Mechanical Equipment

Circulating Water Pumps

There are four 25 percent capacity circulating water pumps, of the mixed
flow vertical type. Each pump is designed for a flow rate of 111,000 gpm

with a total dynamic head of 105 ft. Circulating water pump motors are

713 15
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3,000 hp each, operating at a synchronous speed of 400 rpm. The pumps

are located within a pump house well where the water flows from the
individual cooling tower basins by gravity. The pumps discharge the water
to the main condensers, where heat is absorbed. The water is then returned
to the distribution system of the towers. Water flow from each individual

cooling tower is controlled simply by an overflow from the tower basin.

Cooling Towers

There are two main mechanical draft wet cooling towers, each sized for

one half of the requirements. Each tower is designed to cool 230,000 gpm
of water from 118 F to 92 F when operating at a wet bulb temperature of

74 F. Each tower employs a reinforced concrete-filled structure combined
with components for watzr distribution, fill splash service, support
system, drift eliminators, louvers and fan deck. The fan deck provides

a stable base for the 13 fan cylinders and mechanical equipment. Each

fan is 33 ft in diameter and operates in an 18 ft high, glass reinforced
polyester, velocity recovery fan stack. The hot water distribution system
includes a circular flume distribution basin and metering orifice which
uniformly distributes the hot water over the fil’ The distribution basin
is divided into thirds by means of concrete dividers. This design allows
one third of the tower to be removed from service with the full flow

distributed over the remainder of the tower.
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