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A PROCEDURE FOR ESTIMATING NONFUEL OPERATION AND MAINTENANCE
COSTS FOR LARGE STEAM-ELECTRIC POWER PLANTS

M. L. Myers L. C. Fuller

ABSTRACT

Revised guidelines are presented for estimating annual
nonfuel operation and maintenance costs for large steam-
electric power plants, specifically light-water-reactor plants
and coal-fired plants. Previous guidelines were published in
October 1975 in ERDA 76-37, A Procedure for Estimating Nonfuel
Operating and Maintenance Costs for Large Steam-Electric Power
Plante. Estimates for coal-fired plants include he option of
limestone slurry scrubbing for flue gas desulfurization. A
computer program, OMCOST, is also presented which covers all
plant options. i

Keywords: operation and maintenance costs, power plant eco-
nomics, economic evaluations, LWR, coal plants, steam—-electric
plants, limestone slurry scrubbing.

1. INTRODUCTION

This report delineates a procedure for estimating annual nonfuel
operation and maintenance (O&M) costs for large steam-electric power
plants. Since October 1975, when the original estimation procedure was
presented in ERDA 76--37,1 a number of developments have affected certain
parts of the procedure significantly. The only near-term candidates for
new base-~load steam-electric power plants are the light-water-reactor
(LWR) plants and the coal-fired plants. Light-water-reactor plants
incorporate the concepts of both the boiling~water reactor (BWR) and the
pressurized-water reactor (PWR). Each of these fuel types is treated in
unit sizes from 400 to 1300 MW(e) and in arrangements of one to four
units per plant site. Another significant development has been the
increase in the costs of managing physical security, wastewater treat-
ment, and solid wastes. In addition, plant operators have concentrated
their efforts on maintaining high availability of equipment under re-
stricted outage schedules. The result is that the use of labor and
materials is more difficult to optimize since replacement power during

downtime greatly exceeds the value of labor and materials.
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Qur cost estimating procedure invrlves the application of empirical
functions that represent historical experience plus new factors arising
from regulatory and economic considerations. A digital computer program,
OMCOST, has been adapted to suit the new procedure for generating O&M
cost estimates and to extrapolate the data.

Cost functions in Sect. 4 are those for hypothetical plants and are
given in terms of early 1978 dollars. Although the intent was not to
reflect specific operating philosophy or experience, data from published
and private sources were examined to insure that the reference plants
were realistic. There is necessarily a good deal of subjective judgment
in allocating costs to the various expense accounts because all factors
affecting performance and O&M costs are not readily quantified. Factors
considered in formulating guidelines were plant design, staff training,
personnel motivation, outage planning, regulatory provisions, operating
load, hours of service, and number of outages and start-ups. In this
study only a few of the newer plants were applicable. The utility
companies contacted replied to specific requests concerning the procedure
output and certain phases of their operation. The parties contacted
are, by request, not identified.

The procedures for determining O&M costs are incorporated in the
OMCOST computer program, which is designed to assist in examining average
trends in costs, determining sensitivity to technical and economic
factors, and providing cost projections. By rumning a series of cases,
data can be produced for plotting the trend in unit operating costs for
different plant types, number of units per plant, capacity factor, and
year of operation. Such a plot is illustrated in Fig. 1.1. The disconti-
nuities in the curves at 700 MW(e) are due to differences in staff
requirements for unit sizes of 400 to 700 MW(e) and 700 to 1300 MW(e).
These procedures are not substitutes for detailed analyses of specific
power plani projects but do permit rapid evaluations using various sets
of econonic and technical ground rules. The computer program is written
in FORTRAN IV for the IBM 360/370 series of digital computers and requires
about 52K of core. Execution time for a dozen cases is less than 1/2 sec
on the IBM 360/91. The program will be available from the Argonne Code
Center, Argonne National Laboratory, 9700 South Cass Avenue, Argonne,

IL 60439.



ORNL-DWG 78-2774

N
\\/-COAL WITH FGD
4 \ \
N

N T
Q\ LWR

O&M EXPENSES (mills/net kWhr)

2
\-\
COAL WITHOUT FGD e —
1
0
400 600 800 1000 1200 1400

NET ELECTRICAL CAPABILITY (MW)

Fig. 1.1. Estimates of 0&M expenses in 1978 dollars for single-unit
coal-fired and LWR plants at 65% capacity factor as a function of unit
size.



2. FACTORS AND TRENDS AFFECTING O&M EXPENSES

2.1 General Factors

Many factors and trends affecting annual costs are common to all
plant concepts, whereas others are related to the fuel and to the plant
site. Environmental and social influences, along with changing philoso-
phies of management and operations, are not adequately reflected in the
historical data now available publicly. Therefore, data from previous
experience are not always anplicable and must be developed in those areas
that are changing. Although gross dollars expended for overall operations
may be available from the field operations, segregation of these dollars
into the major cost categories either is not sufficiently detailed to
identify expenditures or is considered company confidential. Because
this breakdown with which to make projections was lacking, a method was
developed to estimate the revenue requirements, accerding to major cost
accounts, for several arrangements of plants, two major near-term fuels,
and a range of capacity factors. The estimates derived by this method
are generally based on inputs of labor, materials, and supplies and on
relationships judged appropriate. Assumptions of equipment and personnel
performance were required in some cases to keep the computations of the

several accounts on a comparable level.

2.1.1 Plant size and number of units

In practice, selecting unit size, fuel, and number of units is
complex. Three important components considered in the evaluation of
busbar energy costs are the fixed charges on the plant capital investment,
operation and maintenance (O&M) expense, and fuel expense. These compo-
nents are illustrated in Fig. 2.1 for selected plants.? Although O&M
costs are the least, the differences in the 0&M totals make this compo-
nent as important as the other components, especially when O&M costs
are adjusted to reflect recent ti=nds and operating requirements.
Although gas and o0il are no longer considered as fuels for new plants,

the reported average data often present strange patterns such as this
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Adapted from G. D.

Friedlander, "20th Steam Station Cost Survey," Electr. World 188(10):

43-58 (1977).

survey shows,

twice those of oil, whereas O&M costs are only one-third of those of

oil.

For the gas case in Fig. 2.1, fixed charges are almost

Plotting the largest nuclear and fossil-fueled unit sizes by year

of order (Fig. 2.2) indicates that new nuclear plants level out at
1200 MW(e), whereas fossil-fueled units hold at or near 800 MW(e).

Thus

the evaluation of new plants may involve units of different sizes — for

example, three 800-MW(e) coal-fired units would be compared with two

1200-MW(e} light-water-reactor (LWR) units.
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Fig. 2.2. Largest nuclear and fossil-fueled units ordered by year
of steam supply system order.

Figures 2.3 and 2.4 show Federal Energy Regulatory Commission
(FERC) data for the size distribution of coal-fired and LWR units larger
than 200 MW(e), respectively, that are in operation or on order in the
contiguous United States through 1976. The question of selecting the
steam cycle for the coal case is rarely consistent from one situation to
the next. The variables affecting design selection, including O&M
considerations, make the decision process complex. For example, the
higher pressure cycles have better theoretical heat rates, and variations
in load may make steam control of the 3500-psi cycle unsuitable for
a utility that occasionally operates below 507 load. One manufacturer
has recently offered the supercritical-cycle steam generator for cycling
service, but existing plants generally do not provide this capability.

The selection of unit size includes the evaluation of daily and

weekly loadings, fuel costs, availability, amortization rates, and other
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features. The weight given to each item differs from case to case, and
the apparent result is an inconsistent pattern in size and cycle selection.

Generally, larger capacity equipment provides cheaper power, and
there are plants that consistently show this experience. However, a
large unit such as the 1300-MW(e) one could prove unwieldy for a small
utility and uneconomical when the full capacity is not used.

Maintenance functions for the smaller 500-MW(e) units are generally
more labor intensive [labor hours/MW(e)] than are those for the 1300-MW(e)
units. However, the materials to labor cost ratio is not considered to
require adjusting for units above 400 MW(e). Because both maintenance
labor and material requirements for the smaller units are expected to be
more manageable, the smaller units will not be strongly influenced until
the basic design parameters of the plant are altered.

For the coal-fired cases in the lower range, an offsetting factor
may be the heat rate used in computing coal burned. Detailed plant
studies are expected to incorporate an expected heat rate schedule for
loading over the plant life. Typical net heat rates for a steam—electric
unit are displayed in Table 2.1 for selected load levels. These guide-
lines for estimating O&M costs were developed for base-load operation,
which excludes a varying loading schedule. Between 100% load and 50%
load, the variation of about 5% in the heat rate is not significant.

The trend is toward reduction of the differential between 1200- and
400-MW(e) units.

2.1.2 Backfitting

Examples of outstanding backfitting requirements for nuclear plants
include reactor safety systems, radioactive waste systems, and heat
rejection systems. Also, after commercial operation begins, the cooling
systems, flue~gas cleaning provisions, and wastewater management systems
of coal-fired plants may undergo major design modifications. Expenses
for these alterations are primarily of a capital cost nature, although,
in practice, the charges may appear in the annual O&M cost. 1In this

report such expenses are assumed to be capitalized.



Table 2.1. Typical net heat rates for a steam-electric unit

Plant type r:zi;g Output (Btu/kWhr) for percent-rated load levels
and fuel [MW(e) ] 100 80 75 60 50 40
LWR 10,400 10,442 10,951
Coal without Fep®
Eastern coalb 400 9,000 9,045 9,252 9,783
Eastern coalc 800~-1,200 8,750 8,803 9,048 9,625
Western coal’ 800 9,816
Western coal 1,200 9,461
Coal with FGD®
Eastern coal® 800 9,489
Eastern coal 1,200 9,138
%Flue gas desulfurization.

b

Electric Power Research Institute, Synthetic Electric Utility Systems for Evaluating

Advanced Technologies, EPRI EM-285, Palo Alto, California (February 1977).

cA. J. Karal
and NUREG-0244, F

is, UE&C, letter to M. L. Myers, ORNL; subject: Heat Balances in NUREG-0243
eb. 3, 1978,

o1
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2.1.3 Plant outages

Nuclear plants are subject to planned shutdowns for routine refueling
and required inspection procedures; these shutdowns permit scme plant
maintenance that may not be similarly afforded to fossil-fueled plants.

On the other hand, nuclear plants are also subject to unplanned inspection
outages as a result of faults found in similar reactors at other plants.
These shutdowns are often brief (three to six days), but, by their
frequency, add up to unexpected maintenance expenses.

Estimated plant availability factors for different types of outages
are given in Table 2.2. “his comparison illustrates a synthetic industry
average and not best-plant experience. A few utilities had much better
performance consiscently, whereas others and the industry average were
lower. 1In the near term, average performance for the industry will be
affected by the operation of new systems — a factor that does not tend

to improve availability.

2.1.4 Plant physical security

Operators of nuclear plants are required to prepare and implement
security plans that meet the approval of the Nuclear Regulatory Commission
(NRC). Currently, security at fossil-fueled plants is minimal, and some
plants have reduced their security staff. However, considering the many
recent occurrences of dumage to both public and private property, it is
expected that plant security will be upgraded for all types of plants.
Personnel staffing assumed for this report meets only the resource guard
requirement of 10 CFR Part 73.55. This staff is outlined in Table 2.3
and tabulated in Sect. 4, along with security personnel for fossil-
fueled plants. The data for specific plants will probably vary from the

values shown.

2.1.5 Housekeeping

Industry-wide, housekeeping now involves a greater number of people

than that estimated when nuclear plants first entered commercial service.



Table 2.2, Estimated and reported availability of bulk power concepts in the United States
Estimated data [weeks per year ayb
(percentage rate)] Estimated Reported data
Plant X i1 s
¢ availability
ype Forced Scheduled Other percentage rate Year Availability Forced outage
outages outages outages percentage rate percentage rate
Coal 6 (11.5) 6 (11.5) 1 (1.9) 75 1973 77 12
1974 76 13
1975 79 11
1976 76 11
1977 77 13
Coal with FGD 6 (11.5) 6 (11.5) 3 (5.8) 71 No comparable data
LWR 6 (11.5) 8 (15) 2 (1.7) 72 1973 78 10
1974 68 18
1975 74 14
1976 72 14
1977 77 11

“Reported data for 1973-1974 are from Edison Electric Institue, Report on Equipment Availability for the
Ten-Yeqr Period 1966-1975, EEI Publ. No. 76-85 (December 1976).

bReported data for 1975-1977 are from Atomic Industrial Forum Survey, Nuclear Generating Costs Stabilized

at 1976 Level, p. &, INFO 117 (April 1978).

A
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Table 2.3, Assumed physical security
force for nuclear and coal-fired plants

Number of units Captains Lieutenants Officers Clerks Total
Nuclear
1 to 3 1 5 49 1 56
4 59 66

Coal-fired

1l or 2
3 1 7 1 9
4 1 12 1 14

aStaffing for nuclear plants is for cost assessment only; the actual
arrangement will probably differ for each plant to meet the requirements
of 10 CFR Part 73.55. Data regarding staffing for security for specific
plants is not available for public review.

This work also requires close supervision in nuclear plants. In cecal-
fired plants, housekeeping is principally related to outage periods,

when cleanup is directed toward aesthetics and pride in operation.

2.1.6 Training and licensing

The NRC requires routine relicensing of reactor operators. To
maintain in-plant training, a training department is often formed, and
an extra shift of operators may be required to permit relief for training
purposes. Large fossil-fueled plants are also using sophisticated
operating techniques and are being provided new processes such as flue
gas desulfurization (FGD). Training facilities for both nuclear and
fossil-fueled plants are now available in some of the larger utility

companies. Personnel may be trained for both types of operation.

2.1.7 Spare parts

Quality assurance procedures are the most stringent for purchasing,

shipping, storage, and handling of spare parts in nuclear plants.
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Inventory requirements are higher for both nuclear and fossil-fueled
plants because of the longer lead times now required for delivery of
critical items. The exchange of parts between utility companies for

emergency repairs is an important factor in reducing outage times.

2.1.8 Environmental considerations

Compliance with the guidelines of the Environmental Protection
Agency (EPA) and other agencies regulating discharges to the enviromment
requires onsite utility company personnel or the eguivalent in contract

or offsite personnel.

2.1.9 Personnel

Personnel costs are increasing because of trends toward higher
staffing for each unit, increasing turnover in nuclear plants,3 lack of
interest in overtime and shift work, and changes in both operating and
maintenance philosophy. Both onsite and offsite costs for personnel

services are affected.

2.1.10 Occupational Safety and Health Administration {(OSHA) regulations

The regulations set forth by OSHA are primarily directed toward
personnel safety. Design of equipment and systems must conform to these
guidelines. 1t is expected that these measures will increase the time
required to perform O&M functions.

2.1.11 Fuel waste disposal

The 0&M costs associated with reducing radioactive waste releases
from nuclear plants depend on equipment requirements. These requirements
have been determined from a cost-benefit analysis of additional radio-
active waste systems and equipment designed to reduce the radiation dose
to the population reasonably expected to reside within 80 km (50 miles)
of the reactor.* For fossil-fueled plants, limited data are available
on the cost to meet regulations involving flue gas emissions.
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2.2 Unique Plant Features

Each plant type has unique features that affect the nonfuel O&M

Some important items are listed for each type so that cost

differences between the designs may be viewed in a broader perspective.

Maintenance procedures and the related inspection and regulatory approvals

peculiar to nuclear plants are common to both pressurized-water-reactor

(PWR) and boiling-water-reactor (BWR) plants.

PWR plants

Boron shim control is required to supplement control rod
regulation of reactivity.

Heavy-wall pressure vessels are difficult to open for servicing
and refueling in existing plants. New designs should result in
improved handling times.

Redundant auxiliary safety systems ars required for emergency
core cooling.

The primary-system pressurizer operates at high pressure

(about 2000 psi).

Large heat exchangers are required for steam generation in a
secondary system and are located inside primary containment

compartments.

The turbine operates on saturated steam. Some designs use
once-through steam generators that produce a low degree of
superheated steam. Turbine blade erosion is accelerated at

low loading.

Saturated-steam designs may incorporate full-flow demineralization
of returned condensate.

Radicactive waste systems employ special handling of steam
generator blowdown (saturated-steam cases only).

Large heat exchangers are required to reheat high~pressure

turbine exhaust steam prior to passage through the low-pressure

sections.
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BWR plants

The primary system supplies steam dirsctly to the turbine at
about 1000 psi.

A reactor vessel larger than that for the PWR plant is required.
The steam supply system has fewer components but uses jet pumps
and circulating pumps inside and outside the pressure vessel.

The direct cycle entails greater risks from radioactive leaks and
contamination. An off-gas system is required to handle the
condenser ejector discharge.

Redundant auxiliary safety systems are required for emergency

core cooling.

The turbine operates on saturated steam.

Large heat exchangers are required to reheat high-pressure turbine
exhaust steam prior to passage through the low-pressure sections.
The staff assigned to BWR plants is reported to be 10 to 20%
larger than that for PWR plants, according to surveys of operating

plants.” Peak maintenance personnel appears to be excluded

from these surveys.

Coal-fired plants

Supercritical steam cycles and pressurized furnaces pose unique
problems during start-up and low loading.

Coal burning creates a severe environment for tube surfaces,
especially when equipment is operated at overload and on start-up
and shutdown.

Low~quality coal increases wear and tear on plant coal- and
ash~handling systems.

Flue gas desulfurization introduces operations similar to those
practiced by the chemical industry.

Turbine operation at 3600 rpm and 538°C (1000°F) may be more
severe on materials life.

Access for maintenance presents factors important to worker
safety and to the expediting of maintenance, that is, poor working

conditions inside and outside the steam generator.
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3. COST ACCOUNTS

3.1 Annual Power Production Expense Accounts

This report contains estimates of operation and maintenance (0&M)
expenses, exclusive of fuel. fable 3.1 shows the makeup of the annual
cost of power as given in a Federal Power Commission (¥PC) publication®
and emphasizes the place of nonfuel O&M expense accounts in the calcu-
lation of energy costs.

The format previously used by the FPC and now by the Energy Infor-
mation Administration (EIA) to report annual power production expenses

is displayed in Table 3.2.7 The various production expense accounts are

Table 3.1. Example showing makeup of annual cost of power

I. Plant investment, excluding step—up transformer ($/net kWe)
II. Annual capacity cost ($/net kWe)
A. Fixed charges
1. Cost of money
2. Depreciation
3. Interim replacements
4, Insurance, excluding nuclear insurance

5. Taxes — federal income, federal miscellaneous, state, and
local

B. Annual carrying cost of fuel inventory
C. Annual fixed operating costs
1. No-load fuel
2. Overation and maintenance®
3. Administrative and general
D. Total annual capacity cost (IIA + IIB + IIC)
1II. Energy — variable operating costs (mills/net kWhr)
A. Energy fuel
B. Operation and maintenance
C. Total energy cost (IIIA + IIIB)

aIncludes nuclear insurance for nuclear power plants,

Source: Federal Power Commission, Hydroelectric Power Evqluation,
FPC P-35 (March 1968).
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Table 3.2. Annual power production expenses
reported by the EIA for nuclear and fossil-
fueled steam-electric plants

Line Production expensesa
number
20 Operation supervision and engineering
21 Fuel
22 Coolants and water (nuclear plants only)
23 Steam expenses
24 Steam from other sources
25 Steam transferred (credit)
26 Electric erpenses
27 Miscellaneous steam (or nuclear) power
. expenses
28 Rents
29 Maintenance supervision and engineering
30 Maintenance of structures
31 Maintenance of boiler (or reactor) plant
32 Maintenance of electric plant
33 Maintenance of miscellaneous steam

(or nuclear) plant

%See Appendix A for definitions.
Sources:

1. Department of Energy, Steam-Electric
Plant Construction Cost and Annual Production
Expenses — Twenty Fighth Annual Supplement,
1975, DOE/EIA-0033/1 (January 1978).

2. Federal Power Commission, Uniform System
of Accounts Prescribed for Public Utilities and
Licenses, FPC A~-118 (April 1, 1973).

defined in the excerpt from the FPC Uniform System of Accounts® repro-
duced in Appendix A.

3.2 Annual Nonfuel O&M Expense Accounts

Internal operating records of utility companies may consist of

hundreds of entries. From these entries, which are unique to the
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utilities' bookkeeping needs, an annual summary is prepared for the
regulating agency. The detailed data from these annual summaries are
not available for puklic inspection; however, the data provided on

form 1, the cost-summary document submitted to EIA by a given utility
company, are available for public inspection at the public document rocm
of the Federal Energy Regulatory Commission [FERC (formeri: FPC)].

Table 3.3 illustrates the actual nonfuel O&M costs for a t:c-unit nuclear
plant discussed in these annual summaries. Although individual plant
accounts may vary considerably from year tv year, the cost per kilowatt-
hour at the busbar for this plant is almost level with time.

Two examples of utility company summary breakdowns of nonfuel O&M
costs are given in Table 3.4. These and the breakdowns in Tables 3.1
and 3.2 illustrate some of the differences in reporting that make
evaluation of individual cost accounts difficult.

For this report, an accounting breakdown has been devised that
includes the major cost areas but does not define separate expenses for
the reactor or boiler plant and the turbine plant. This breakdown,
shown in Table 3.5, is designed to facilitate the derivation of certain
costs related to expenditures for personnel. Variable costs are accounted
for in two subaccounts — variable maintenance materials and variable
supplies and expenses. All other accounts are fixed expenses, that is,
constant with plant output. Section 4 gives recommendations for estimating

costs for each of these nonfuel O&M expense accounts.

3.3 Working Capital and Decommissioning Costs

Working capital and decommissioning costs are mot included in the
nonfuel 0&M expenses. Working capital for meeting the staff payroll and
for the materials and supplies inventory is a nondepreciating investment,
and its cost can be evaluated as a portion of the annual fixed charges
on capital investment. Decommissioning costs at the end of plant life
can be expressed as the present worth of such expenditures and evaluated
as an initial capital investment.



Table 3.3.

Administrative and general (A&G) expenses are excluded

Actual nonfuel 0&M expenses for a two-unit nuclear plant [500 MW(e) each]

Year
FPC account 1974 1975 1976 1977%
Operation
Supervigion and engineering 517 $ 465,770 $ 176,901 $ 417,602 $ 445,620
Coolants and water 519 166,946 396,658 275,376 279,288
Steam expenses 520 997,533 1,230,266 1,582,330 2,211,512
Electric expenses 523 99,462 101,441 110,388 130,354
Miscellaneous expenses 524 986,253 1,726,230 1,609,282 1,697,330
Maintenance
Supervision and engineering 528 67,394 73,493 71,160 142,320
Structures 529 161,296 199,743 85,344 126,086
Reactor plant equipment 330 966,232 1,429,738 1,280,780 1,277,302
Electric plant 531 1,243,081 722,661 1,054,088 1,600,910
Miscellaneous 532 63,426 118,366 100,566 201,132
Total nonfuel 0&M costs $5,217,393 86,175,497 $6,586,916 $6,372,528
Cost, mills/kWhr 0.8 0.9 0.9 1.1

aAverage number of plant employvees reported on FPC form 1 is 121 excluding peak maintenance.

Source:

Federal Power Commission, FPC form 1 (FERC Public Document Room), Washington, D.C., 1977.

0¢
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Table 3.4. Example formats for internal reporting
of nonfuel 0&M expenses for a large
fossil-fueled steam system

Cost
(mills/kWhr)

July 1977 cost for utility system

Supervision and engineering labor 0.07
Operating labor 0.40
Maintenance labor 0.49
Materials and supplies 0.55
Other 0.09

Total, exclusive of fuel 1.60

July 1977 cost for best unit

Supervision and engineering labor 0.08
Operating labor 0.29
Maintenance labor 0.27
Materials and supplies 0.14
Other 0.08

Total, exclusive of fuel 0.86

Table 3.5. Nonfuel 08M expense accounts
used in this report

Staff

Maintenance materials
Fixed
Variable

Supplies and expenses
Fixed
Variable

Nuclear plant liability insurance and annual
inspection fees

Administrative and general
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4. ANNUAL O&M COST ESTIMATING GUIDELINES

4,1 Staff

4.1.1 OQOrganization

To quantify staff requirements, staff for both nuclear and fossil-
fueled plants were organized according to function. The typical organi-
zation chart shown in Fig. 4.1 is based on unpublished personnel staffing
data from operating plants. The nuclear plant organization chart is a
modification of a2 U.S. Atomic Energy Commission representative organi-
zation chart® and incorporates present practices and projected trends.
Fossil-fueled plants, although their organization is similar to that of
nuclear plants with regard to plant operation functions, differ in
personnel allotment and job classifications; in addition, they do not

require staffing for quality assurance or health physics.,

GRIL DWG S 1304K
PLANT MANAGEMENT J
a ADMINISTRATIVE,
QUALITY ASSURANCE. CLERICAL, CUSTODIAL,
ENVIRONMENTAL
CONTROL. HEALTH SERVICES.
PUBLIC RELATIONS, A ENGINEERING.
SECURITY
COMPUTER SERVICES
PLANT PLANT TECHNICAL PLANT
OPERATIONS ENGINEERING SERVICES MAINTENANCE
QPERATORS, HEALTH INSTRUMENTATION REPAIR CRAFTS,
FUEL HANDLING, vSiCsa CHEMISTRY AND PERFORMANCE SCHEDULING,
WASTE HANDLING CONTROLS STORES
l TECHNICIANS AND TECHNICAL ASSISTANCE ]

aNot Required for Fossil-Fueled Piants

Fig. 4.1, Typical functional organization chart for steam-electric
power plant staff.,
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The total staffing used in this study for the two size ranges of
nuclear and fossil-fueled plants is shown in Tables 4.1, 4.2, and 4.3,
The staffing totals are detailed in accordance with the organization
chart shown in Fig. 4.1.

Examination of Tables 4.2 and 4.3 shows about a 40% increase in O&M

staff requirements for fossil-fueled plants equipped with limestone-

Table 4.1. Staff requirement for LWR plants

400-700 MW(e) unit 701-1300 MW(e) unit
Units per site Units per site
1 2 3 4 1 2 3 4

Plant manager's office

Marager 1 1 1 1 1 1 1 1
Aswistant 1 2 3 4 1 2 3 4
Quality assurance 3 4 5 6 3 4 5 6
Environmental control 1 1 1 1 1 1 1 1
Public relations 1 1 1 1 1 1 1 1
Training 1 1 2 2 1 1 2 2
Safety 1 1 1 1 1 1 1 1
Administrative services 13 15 17 19 13 15 17 19
Health services 1 1 1 2 1 1 1 2
Security 26 26 56 105 56 56 56 112
Subtotal 79 83 88 142 79 83 88 149
Operations
Supervision (excluding shift) 2 2 4 4 2 2 4 4
Shifts 28 48 68 88 33 58 83 108
Subtotal 30 50 72 92 35 60 87 112
Mairtenance
Supervision 8 8 10 12 8 8 10 12
Crafts 14 22 30 38 16 26 36 46
Peak maintenance annualized 35 110 165 220 55 110 165 220
Subtotal 77 140 205 270 79 144 211 278
Technical and engineering
Reactor 1 2 3 4 1 2 3 4
Radiochemical 2 2 3 4 2 2 3 4
Instrumentation and controls 2 2 3 4 2 2 3 4
Performance, reports, and 17 21 25 29 17 21 25 29
technicians —_ — — — - — — _
Subtotal 22 27 34 41 22 27 34 41
Total 208 300 399 545 215 314 420 580
Less security 152 244 343 440 159 258 364 468
Less security and peak 97 134 178 220 104 148 199 248

maintenance
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Table 4.2. Staff requirement for coal-fired plants without FGD systems

400-700 MW(e) unit 701-1300 MW(e) unit
Units per site Units per site
1 2 3 4 1 2 3 4
Plant manager's office
Manager 1 1 1 1 1 1 1 1
Assistant 1 2 3 4 1 2 3 4
Environmental control 1 1 1 1 1 1 1 1
Public relations 1 1 1 1 1 1 1 1
Training 1 1 1 1 1 1 1 1
Safety 1 1 1 1 1 1 1 1
Administrative services 12 13 14 15 12 13 14 15
Health services 1 1 1 2 1 1 1 2
Security 2 1 9 1 1 1 9
Subtotal 26 28 32 40 26 28 32 40
Operations
Supervision (excluding shift) 2 2 4 4 2 2 4 4
Shifts 45 50 60 65 45 50 60 65
Fuel handling 12 12 12 18 12 12 12 18
Subtotal 59 64 76 87 59 64 76 87
Maintenance
Supervision 6 6 8 10 6 6 8 10
Crafts 75 90 100 110 80 95 105 115
Peak maintenance annualized 32 64 96 128 32 64 96 128
Subtotal 113 160 204 248 118 165 209 253
Technical and engineering
Radiochemical 2 2 3 4 2 2 3 4
Instrumentation and controls 2 2 3 4 2 2 3 4
Performance, reports, and 12 15 18 21 15 18 21 24
technicians . —_— - — —_ . — —
Subtotal 16 19 24 29 19 22 27 32
Total 214 271 336 404 222 279 344 412

slurry-scrubbing SO, removal systems. The SO, removal process parallels
some chemical industry operations and appears to require special attention
in both operation and maintenance compared with other equipment and
systems in general use by electric utility systems.!?

In the long term, staff requirements will vary from year to year
over the plant lifetime. To approximate this effect, a four-year cycle
of peak forces, which include contract and offsite personnel, was de~

veloped; it is presented in Table 4.4, This labor has been included, on
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Table 4.3. Staff requirement for coal-fired plants with FGD systems

400-700 MW{e) unit

701-1300 MW(e) unit

Units per site

Units per site

1 2 3 4 1 2 3 4
Plant manager's office
Manager 1 1 1 1 1 1 1 1
Assistant 1 2 3 4 1 2 3 4
Envirenmental control 1 1 1 1 1 1 1 1
Public relations 1 1 1 1 1l 1 1 1
Training 1 1 1 1 1 1 1 1
Safety 1 1 1 1 1 1 b l
Administrative services 13 14 15 16 13 14 15 16
Health services 1 1 1 2 1 1 1 2
Security 2 1 9 1w 1 1 8 14
Subtotal 27 29 33 41 27 29 33 41
Operations
Supervision (excluding shift) 3 3 5 5 3 3 5 5
Shifts 45 50 60 65 45 50 60 65
Fuel and limestone handling 12 12 12 18 12 12 12 18
Waste systems 15 30 45 60 15 30 45 60
Subtotal 75 95 122 148 75 95 122 148
Maintenance
Supervision 8 8 10 12 8 8 10 12
Crafts 90 115 135 155 95 120 140 160
Peak maintenance annualized 33 66 99 132 35 70 105 140
Subtotal 131 189 244 299 138 198 255 312
Technical and engineering
Waste 1 2 3 4 1 2 3 4
Radiochemical 2 2 3 4 2 2 3 4
Instrumentation and controls 2 2 3 4 2 2 3 4
Performance, reports, and 14 17 21 24 14 17 21 24
technicians - — — _— . — — —
Subtotal 19 23 30 36 19 23 30 36
Total 252 336 429 524 259 345 440 537

Table 4.4. Peak forces for extended outages and overhauls

Personnel/outage weeks for:

Year of time

cycle LWR Coal Coal with FGD
1 300/6 275/6 300/6
2 300/6 275/6 300/6
3 300/6 275/6 300/6
4 1200/8 275/6 300/6
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an annualized basis, in the plant maintenance totals of Tables 4.1, 4.2,
and 4.3. The cycle includes all types of labor expended beyond the

onsite maintenance staff.

4,1.2 Payroll expense

Although licensed reactor operators may receive a 5 to 10% bonus,
fossil-fueled and nuclear plant personnel have been assigned the same
hourly rates. Licensed LWR operators make up one-third of the total
plant staff. Nonlicensed jobs in fossil and nuclear work are not signifi-
cantly different in function. However, considerably more preparation
and training may be required to learn nuclear plant procedures for
repairs and inspections. The utility must alsc control personnel exposure
to radioactivity.

The basic wage rate in this study was determined by the average
hourly earnings of nonsupervisory workers in transportation and public
utilities.!! This basic rate of $7.25/hr in early 1978 was increased by
35% for fringe benefits plus 15% for supervisory and technical support
for LWR plants and 10% for coal-fired plants. The resultant average
annual salaries for 1978 are about $23,000 and $22,000, respectively, for
LWR plants and coal-fired plants.

Wage rates agreed to in 1977 by the utilities and linemen ranged
from a high of $9.81/hr on the West Coast to $7.31/hr in the Northeast.l?
Average increases for the same time varied from 7.6 to 6.6%. Fringe
benefit increases for the same period are not available. The average
hourly rate for the mix of the plant staff will be less than that for
the crafts cited.

4.2 Maintenance Materials

The amount of the various major replacement items, expendable
materials, and services used to maintain the power plant is variable
throughout the plant life. To date, historical data on new plant designs
are not extensive enough to provide direct relationships for large
plants. In addition, utilities do not list this expense explicitly so
that cost can readily be distinguished. Therefore, the relationship of



27

materials to maintenance labor was estimated for 80% plant capacity
(maximum cost) (Table 4.5), after which the results were discussed with
operating personnel. This approach is convenient to use at the conceptual

estimate level to distinguish operations differing in complexity.

Table 4.5. Maintenance materials cost factors
as a percentage of maintenance labor cost®?

Fixed Variable Total
LWR 100 0 100
Coal 50 17 67
Coal with FGD 53 29 82

aEstimated at 80% plant capacity factor.

4.2.1 LWR plants

Major backfitting of plant systems or modifications involving
capital cost are not considered in these cost procedures. Such expenses
may appear in the O&M costs reported annually on form 1 to the Energy
Information Administration (EIA) and need to be considered when examining
reported data. Examples of such work are radiocactive-waste-system
alterations, safety-system additions, and cooling-water-system modifi-
cations. Specific plants will report costs that may vary widely from
year to year because of deferral of major work or because of unanticipated

problems.

4,2.2 Coal-fired plants

Operation and maintenance of coal-fired plants tend to be more
labor intensive than that of LWR plants because of the routine maintenance
involved with burning coal and the effect of high operating temperatures
on the equipment. Quality assurance documentdtion and related admini-
strative controls are not required for regulatory purposes but are

necessary for establishing reliable performance.
-
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Maintenance costs are estimated for operation at base-load conditions
near 100% capability. The number of starts and stops, for whatever
reason, has an important effect on equipment. For coal-fired plants,
loading effects may appear as tube erosion, slagging, overheated tubes,
furnace overloading by slag and ash, and accelerated wear of fuel- and
air-handling components. At low locading, possible effects are increased
corrosion at the air preheater, turbine blade erosion, condenser tube
wastage, and valve deterioration. Both fossil-fueled and nuclear plant
turbines may experience accelerated erosion and overheating at low
loading. Turbine start-ups are expected to exceed Steam supply system
start-ups over an extended period such as a year.

Typical loading cycles and total firing modes derived from data
collected by Combustion Engineering, Inc., are shown in Table 4.6.
Comparison with specific field data may show base load cycle operation
low. This may be due to peaking service or load-following operations
which exist for some large units which are classified as base load

service.

Table 4.6. Lifetime loading cycles and starts for fossil-fueled units

Conventional base Conventional peaking .
load load Cycling load
Cold starts 1200 1600 1600
Hot starts 1600 7800 1600
Total 2800 9400 3200

Socurce: R. D. Brown and D. A. Harris, Combustion Engineering, Inc.,
"Large Coal-fired Cycling Units," presented at the ASME-IEEE-ASCE Joint
Power Generation Conference, Portland, Ore., Sept. 28-0Oct. 2, 1975.

Variable maintenance costs are not reported on form 1. For these
procedures it was judged that 257 of the total maintenance is subject to
change with load between 50 and 807 capacity factor. This judgment is
based on factors known to influence incremental costs for coal pulverizers,

fuel handling, heat transfer surfaces, and certain nonfuel supplies
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sensitive to load. An alternative approach, which could not be done
with the operating data available, is to show a relationship between
annual O&M costs and annual generation. If a linear relationship is
assumed, this procedure would establish a no—~load intercept at the fixed

cost level.

4.2.3 Limestone-slurry scrubbing systems

To maintain performance, scrubbing and sludge-handling systems are
expected to require careful attention to both operation and maintenance.
Although modular components may be serviced during reduced steam generator
loads, some system maintenance will require a boiler outage. The cost
of materials for this work is judged to be about twice that of the
associated labor. This relationship is shown in Table 4.5 as part of
the total plant maintenance. Variable costs, which are also combined
with other plant maintenance, are assumed to be twice the fixed costs
for FGD systems.

As of 1977, commercial applications of the lime-slurry and limestone-
slurry scrubbing processes had been applied to the majority of utility

installations.13

The nonregenerative limestone-slurry scrubbing process
was selected for this report to show a process with high sulfur removal
and with economics intermediate among the various systems available
(including energy requirements and performance capability). This does
not mean that acceptance of this process is optimum or that it is recom-
mended.

Sludge-handling and sludge—-fixation costs are cost factors in waste
management that vary with site and fuel characteristics. These effects
and other important features of sludge disposal are examined in an
Electric Power Research Institute (EPRI) state-of-the-art paper issued
in January 1978.1% The EPRI paper notes that field and literature data
do not separate fixation costs.1!S Therefore, cost estimates are prepared
for a hypothetical plant and a set of hypothetical ground rules. With
fixation, annual revenue requirement is reported to be in the range of

$12 per ton of dry solids for the first year.l®
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4.2.4 Cooling systems

The 0&M costs for cooling the main turbine condenser water and
other plant heat exchangers have been considered for evaporative cooling
towers only. The comparison shown in Table 4.7 for mechanical-draft and
natural-draft tower operation shows a higher operating cost for the
mechanical-draft case due to maintaining fans, motors, and drive trains.
Both designs employ various chemicals to control growths and deposits
affecting heat transfer surfaces and the life of system materials. A
review of plant experience did not show significant differences in the
annual costs of chemicals and materials for the two types of cooling
tower designs. Estimates ranged from $25,000 to less than $100,000
annually. Because the effect of capacity factor on cost could not be
shown to be significant, costs were not computed for various capacity
factors, which simplifies the O&M cost procedure without influencing the
results. Penalties for auxiliary power requirements do not appear in

O&M costs but are included in an adjusted plant rating.

Table 4.7. Estimate of annual maintenance material costs
for evaporative cooling systems

LWR Coal
Fixed costs (dollars)
Natural-draft evaporative cooling 25,000 25,000
towers, per tower
Mechanical-draft evaporative 50,000 50,000
cooling towers, per generating
unit

Variable costs (mills/kWhr)

Natural-draft evaporative cooling 0.003 0.003
towers, per tower

Mechanical-draft'évaporative 0.005 0.004
cooling towers, per generating
unit
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4.2.5 Wastewater systems

The Federal Water Pollution Control Act Amendments of 1972 (Public
Law 92-500) require that the best practicable control technology for
cooling steam-electric generating plants be in effect by 1977.17 By
1983 the best technology economically available is required. The U.S.
Environmental Protection Agency (EPA) was also required to publish
standards for toxic pollutants. These standards have bean challenged
in the courts. Guidelines for specific pollutants are to be finalized
in March 1979. Pretreatment requirements for discharging into publicly
owned treatment works, as promulgated in the October 1974 guideline,
have been ruled inadequate by the court. Further amendments require
that EPA guidelines be revised at yearly intervals, where appropriate.
Regulations éovering court rulings regarding priority pollutants must be
proposed publicly by EPA no later than September 28, 1978. Whether this
compliance document can be adequately reviewed for implementation by
industry in the time allowed has been questioned.18 Therefore, waste-
water management cost procedures have been developed on a broad basis.

A total flow rate and unit treatment costs were established and converted
to incremental (variable) power cost. Contip'ious processing and/or
ponding are the schemes considered for reuse of water. Brine concen-
tration for zero discharge is excluded. A typical flow diagram is shown
in Fig. 4.2. Nuclear plants are provided controls for area runoff and
cooling tower blowdown only, Light-water-reactor liquid wastes are
processed through the radioactive waste treatment system from which
discharge is regulated to control thermal, radicactive, and chemical
characteristics. .

Wastewater flow may vary widely even at the same plant. Estimated
volumes for a typical coal-fired plant are given in Table 4.8. The
intent in managing these several water streams is to minimize offsite
discharges.

For this report, an average unit cost of $0.30 per 1000 gal of
water released offsite is used, which amounts to about $500 per day for
a 1000-MW(e) unit. Environmental Protection Agency guidelines to be

defined in 1978 may increase this wvalue considerably.
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Table 4.8. Estimated wastewater volumes for a typical
coal-fired power plant

Volume [gpd/MW(e)]

Air pollution control wastes 80
Ion exchange regenerant waste 240
Miscellaneous low-volume wastea 80
Area rivnoff (average 10-year maximum 50
rainfall)?
Ash pond discharge 40
Boiler blowdownb Reused
Cooling tower blowdown 1000
Total 1490

a .
These flows include miscellaneous low-volume waste and
area runoff and are not sensitive to electrical generation.

bControl by boiler water analysis — probably about 55
gpd/MW(e) for general guide. This flow is now generally
monitored,

Source: Adapted from data in U.S. Envircnmental Protec-
tion Agency, Supplement for Pretreatment to the Developrment
Document for the Steam Electric Power Generating Point Source
Category, EPA 440/1-77/084 (April 1977), p. 138.

Both LWR and coal-fired plants are assumed to treat 1500 gpd per
MW(e) of installed capacity. The higher cooling tower blowdown for
nuclear plants tends to balance the several waste streams peculiar to

coal-fired plants. Designs to permit high reuse of water are required.

4.3 Supplies and Expenses

Supplies and expenses include certain consumable materials and
expenses that are unrecoverable after use in O&M activities. These
include makeup fluids, chemicals, gases, lubricants, office and personnel
supplies, monitoring and record supplies, and offsite contract services.
Costs of limestone and offsite sludge disposal associated with the
limestone-slurry scrubbing process for FGD are also included. Although

consumptive use of water, such as that lost by evaporation from condenser
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cooling water systems, is significant [about 15,000,000 gpd for a 1000-MW(e)
unit], no cost allowance is included for water not returned to the river
system or aquifer from which it was withdrawn. This is treated as a

social cost in cost-benefit analyses because no money exchanges hands.
Water rights in some parts of the United States, however, are highly,
sometimes totally, appropriated, and siting of power plants with evapo-
rative cooling may require the purchase of existing water rights. The
actual form and amount of such payments, which may be made annually, are
not part of these procedures.

Guidelines for estimating costs of supplies and expenses are summa-
rized in Table 4.9. The variation with plant load is slight for the
items listed over the range of operation covered in this report. The
category of chemicals covers an allowance for cooling water treatment,
and the category of variable costs includes an allowance for consumables
and waste management variation with plant output.

All services rendered for the plant by other than the normal plant
staff are classified as offsite contract services. In utility company

practice, these services can be provided by outside contractors or by

Table 4.9. Guidelines for estimating the cost
of supplies and expenses

LWR Coal Coal with FGD
Fixed costs, $10%/unit year
Chemicals, gases, lubricants, 2.4 1.1 1.1
auxiliary fuel, office,
security, and miscellaneous
items
Contract services 0.9 0.1 0.1
Radioactive waste management 0.8
Nonradioactive waste manage- 0.1 0.1 0.2
ment®
Total fixed costs 4.2 1.3 1.4
Variable costs, mills/kWhrb 0.06 0.04 0.05

aNonradioactive wastes are primarily from water sources.

bSee Table 4.12 for coal-related waste management supplies.
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central organizations providing specialized 3¢ 5 for all plants in a
system, Costs of these services may vary wice | ording to staffing
policies, type of plant and rating, design of : :nts and systems,

and, to a small degree, the amount of electri.. , generated.

Fuel oil for standby and emergency dizszl-cngine generators and for
auxiliary steam for building heating and evaporator operation is nour
precisely an O&M expense but is defined by the Federal Power Commission
(FPC) as belonging in the fuel account for both nuclear and fossil-
fueled plants.® In most evaluations, however, this expense is overlooked
in the fuel charges; it has been included here. The allowance for a
1000-MW(e) LWR unit included in Table 4.9 is 2 x 10° gal of No. 2 fuel

oil at about 40¢/gal. The major portion of fuel oil requirements is for

use in auxiliary steam boilers that are operated during start-up and
shutdown periods. Standby diesel-engine generators normally use little
fuel because they operate only a few hours each month.

The costs of handling LWR radioactive wastes requiring long-term
storage are summarized in Tables 4.10 and 4.11. Operating labor is not

included in these datz. The expenses included are those for resins;

Table 4.10. Radioactive waste system performance
and estimated economic data

BWR PWR

LWR wastes [3400 Mw(t)]% 55,000 ft3 40,000 ft3
Resins
Evaporator sludge
Filters
Compressible wastes
Incompressible wastes
Design waste volume, EtalMW(t)—yearb 11 to 16

Annual waste management cost, $/year 750,000 to 900,000

%prom design documents for new reactors, T. B. Mullarhey
et al., "A Survey and Evaluation of Handling and Disposing of
Solid Low-Level Nuclear Fuel Cycle Wastes," Atomic Industrial
Forum, Inc. (October 1976).

bAlthough activity variation is related to reactor rating,

volume variation is more related to system design and plant
management practices.
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Table 4.11. Radioactive waste handling cost example
for 1000 drums and 1000 miles round trip

Approximate cost

%)
1,000 drums at $15/drum 15,000
Binder, 450 1b of cement per drum 9,000
at 2¢/1b
Transportation costs
400 drums at 120 mR/hr and 10, 000
40 drums per load
600 drums at 16 drums per 37,000
Yoad :
Shielded van costs 2,000
Burial costs, average cost per 27,000
1,000 drums
40% at 200 mR/hr
40% at 2-5 R/hr
40% at 5-10 R/hr
Total 100,000

filters and filter agents; materials for processing evaporator concen-
trates; and disposal, which depends on the costs of shielded contaimers,
transportation, and burial. Section II.D of Appendix I to 10 CFR Part 50
requires that radioactive waste systems be designed to effect reductions
in dose to the population within 80 km (50 miles) of the reactor to meet
the as-low-as-reasonably-achievable (ALARA) criterion. Therefore,
significant departures from the values in Tables 4.10 and 4.11 can be
expected because of differences in designs for site location, fuel
performance, and operating procedures.

A cost example for limestone and offsite sludge disposal is shown
in Table 4.12. The principal supply is limestone, which varies directly
with the sulfur content of the fuel and with the ratio of limestone to
sulfur required in the scrubbing operation. If prior ash removal at a
precipitator is assumed, the quantity of dry sludge is the sum of the
sulfur and limestone, and it is assumed that spent slutry from the
scrubber is dried to 40 to 50% moisture for offsite disposal.

A cost example for ash disposal is shown in Table 4.13. The allow-
ance of $4/ton for ash disposal includes transportation and other costs

associated with offsite disposal of ash.
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Table 4.12. Limestone and sludge-handling cost example

Fuel, tons per year 3,000,000
Sulfur in fuel, wt % 3.5
Sulfur in fuel, tons per year 105,000
Tons of limestone required per ton of 4
sulfur in fuel
Limestone, tons per year 420,000
Dry solids, tons per yeara 420,000
Wet sludge, tons per year 1,050,000
Cost of limestone at $10/ton, $/year 4,200,000
Cost of offsite sludge disposal at $10/ton, 4,200,000
$/year®
Cost of limestone and sludge disposal, $/year 8,400,000
Cost of sulfur control, dollars per ton of coal 2.80

%0ne ton of sulfur in coal gives about four tons of dry
solids.

bFour tons of dry solids give ten tons of wet sludge.

®Excludes capitalized investment cost and plant labor
costs.

Table 4.13. Ash disposal cost example

Fuel, tons per year 3,000,000
Ash in fuel, wt % 10

Ash, tons per year 300,000
Cost of ash disposal at 1,200,000

$4/ton, $/year

4.4 Nuclear Liability Insurance and
Regulatory Inspection Expenses

4.4.1 Nuclear liability insurance

Operators of nuclear power plants are required to maintain financial
protection to a total limit of $560 million.1% In 1977 the maximum
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coverage of $140 million was available from commercial insurance pools,
American Nuclear Insurance, and Mutual Atomic Energy Liability Under-
writers. Recent Price-Anderson Act amendments, which were effective
August 1, 1977, introduced an intermediate level of liability between
the private insurance limit and the government indemnity limit. This
level is called a "retrospective premium,”" which the utility industry
assumes equal to $5 million for each licensed operating reactor. With
68 operating reactors as of June 1978, this premium rate produces $340
million ($5 million x 68) and will automatically continue to increase as
additional reactors become operational. This will eventually phase out
the government indemnity when the combination of private insurance and
retrospective premium equals $560 million. Thereafter, the total limit
will float upward above $560 million. The government indemnity fees
have been revised to reflect the reduced amount of indemnity limit.
Because this limit is now $80 million, the new fee is $6/MW(t) up to
3000 MW(t) in lieu of the previous $30/MW(t).

In summary, the $560 million limit is divided as of June 1978 as

follows:

$106

Private insurance 140
Retrospective premium 340
Government indemnity 80
Total 560

The variation in insurance premiums for reactors of comparable
power is mnegligible if plants are sited in areas of similar population
density and property considerations. The typical values appearing in
Table 4.14 were prepared for use in this study as of June 1978.

In commercial coverage, experience has shown that after ten years a
large portion of the premium is refunded. Potential premium refunds (or
credits) are not credited to the O&M costs in this report.



Table 4.14. Estimated annual premiums for nuclear insurance for land-based LWRs?

Number of units

1 2 3 4
Commercial coverage ($140 million)
First $1 million $ 32,000 $ 56,000 $ 80,000 $104,000
Next $4 million 64,000 102,000 140,000 178,000
Next $5 million 32,000 45,000 58,000 71,000
Next $10 million 32,000 40,000 48,000 56,000
Next $20 million 32,000 40,000 48,000 56,000
Next $60 million 60,000 75,000 90,000 105,000
Next $40 million 32,000 40,000 48,000 56,000
Total $284,000 $398,200 $512,400 $626,600
Retrospective premium $ 6,000 $ 12,000 $ 18,000 $ 24,000
Government coverage ($80 million) $6/MW(t) for up to 3000 MW(t) for each reactor unit

a \ - . ,
Premiums are the minimum expected. Specific sites must be stated before firm rates are
applicable.

6¢
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4.4.2 Facility routine inspection fees

Safety, environmental, and health physics inspections are routinely
performed at specified frequencies for purposes of reviewing a liceqsed
program to assure the NRC that the authorized activities are being
conducted in accordance with the Atomic Energy Act of 1954 as amended,
NRC regulations, and the terms and conditions of the license. These
inspections involve, as necessary, direct observations of operations,
personnel interviews, independent measurements and evaluations, and
selective record and procedure examination. They do not include safe-
guard inspections of special nuclear material. The frequency of in-
spections depends on the type of licensed activities and facilities, the
quantities of material used or processed, and the inherent potential
safety hazards. Problems experienced by the plant or previous inspection
findings may alter the frequency. Estimates of costs associated with

facility inspections are summarized in Table 4,15.

Table 4.15. Estimated annual costs for
nuclear facility inspections

First unit Each additional unifa
NRC feeb $ 76,000 $60,000
Quwner's inspection-— 25,000 20,000
related costs® —_— S
Total $101,000 $80,000

aAt same time as first unit.
bFederaZ Register 42(84), 28163 (May 2, 1977).

®Allowance for special costs.

4.5 Administrative and General Expenses

This expense category includes the owner's offsite salaries and ex~
penses directly allocable to a specific power production facility. TUtility

wide overhead type expenses which cannot be charged to a specific plant
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are not included (FPC expense accounts 920 to 932). In this report the
magnitude of the A&G expenses has been related to the fixed O&M costs,
minus insurance and operating fees. Values of 10 and 15% of the total
fixed costs of staff, maintenance materials, and supplies and expenses
have been used to estimate A&G costs for fossil-fueled and nuclear plants

respectively.
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5. DESCRIPTION OF THE OMCOST COMPUTER PROGRAM

5.1 General Description

The OMCOST computer program offers two basic operation and main-
tenance (0&M) cost models for steam~electric power plants, one coal
fired and the other a light-water reactor (LWYR). The coal-fired-plant
model may be specified with or without flue gas desulfurization (FGD),
and both options use evaporative cooling towers.

The cost models are based or. early 1978 costs. Escalation rates
are included for wages, materials and supplies, government and commercial
liability insurance, operating fees, sludge disposal, and limestone
cost.

Variables are assigned default values within the program to permit
the calculation of an example LWR case. This affords the new user an
opportunity to run the program with an incomplete set of input data.

The user may elect to change any of the default conditions as
detailed in Sect. 5.4. The options available include the following: a
general escalation rate to replace the separate escalation rates, the
number of units per plant (up to four), wage rates, operator fringe
benefits, plant supervision expenses, heating value of coal, sulfur
content, tons of limestone per ton of sulfur, and unit costs of purchased
limestone and sludge disposal.

The OMCOST computer program consists of a main program and four
subroutines written in IBM FORTRAN IV and two assembly language sub-
routines. The program is written for the IBM 360/370 series of digital
computers. Execution of the program requires about 58K of core. Execution
time for three cases is generally less than 1 sec on the IBM 360/91.

OMCOST uses two nonstandard assembly language subroutines, IDAY and
TIME, which are available at the Oak Ridge National Laboratory but not
necessarily available at other installations. IDAY returns the date as
eight EBCDIC characters consisting of the month, day, and year separated
by minus signs. TIME returns the time of day as eight EBCDIC characters
consisting of the hours, minutes, and seconds separated by periods.

Assembly language decks of each will be distributed with the code.
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5.2 MAIN Program

Figure 5.1 shows the general flow of calculations in the OMCOST
MAIN program. The computer code follows this procedure closely; however,
the illustration is not a detailed computer program flow chart. Appendix B
contains a detailed computer-produced program flow chart and a FORTRAN
listing of the OMCOST code. Nomenclature for MAIN and all subroutines
is included in the FORTRAN listing of MAIN.

A series of variables is initialized through DATA statements. With
two exceptions, all variables contained in NAMELIST NAME1l that have not
been initialized through DATA statements are initialized with ARITHMETIC
statements. The exceptions are MWT, thermal input to a single unit,  and
IS0X, a flag variable indicating the absence (=0) or presence (=1) of an
FGD system. ARITHMETIC statements up to this point are addressed only
once regardless of the number of cases submitted. Beyond this point in
the program, calculations are repeated once for each case submitted.

MWT and ISOX are set through ARITHMETIC statements. Because all NAMEl
variables have been initialized, a default case may be run with no input
data other than a card containing the words &NAMEl and &END with one
blank before &NAMEl and at least one blank between &NAME]l and &END.

The default values of NAMELIST NAME1l variables are printed out
before any other output, even if the user failed to include any data
input cards.

NAMELIST NAMEl is now read. The complete list of variables that
may be input through NAMELIST NAMEl is included in Sect. 5.4. There are
two coal heating values stored in MAIN. The first value is selected as
the default heating value for coal-fired plants without FGD systems.

The second value is selected as the default heating value if FGD is
specified. If a heating value of coal unequal to the appropriate stored
value is input, the input value is used for that case. In addition, the
input value is stored for any further use in the appropriate storage
locations (first location, no FGD; second location, FGD). Two values of
percentage of ash in coal are stored in MAIN in a similar manner.

Either or both may be overridden.
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Fig. 5.1, OMCOST MAIN program.
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The general escalation rate, ESCGEN, is compared with -99.0 to
determine whether a value for the general escalation rate has been
input. Seven individual escalation rates, as listed in Sect. 5.1, are
set equal to the general escalation rate if a value other than -99.0
is input.

A plant type is classified as either nuclear or coal fired for
later use in calling the appropriate cost-model subroutine.

A test is made to ensure that the number of units per plant, UNITS,
is in the range of one through four. If it is out of range, a message
is printed and the next set of data cards is read.

There are two values of SUPER (plant supervision and engineering as
a percentage of base cost of a staff member) stored in MAIN. A value of
157 is assumed for all LWR cases and one of 10% for coal-fired cases.

I1f the SUPER value is overridden for any case, the new input value will
be used for all subsequent cases, nuclear or coal fired, until another
new value is input.

The average annual cost of a plant staff member, MANCOS, is then
calculated using a basic hourly rate with adjustments for fringe benefits
and for supervisory and technical support expenses. Staff costs are
escalated from a base year, BASEYR, to the year of operation, YEAR,
using escalation rate ESWAGE.

The base-year unit costs of sludge disposal (SLURY), purchased
limestone (COSLM) for FGD, and ash handling (SASH) are escalated to the
year of operation and stored for later use, using escalation rates ESSLUR
for sludge and ash disposal cost and ESLIME for cost of purchased lime-
stone.

If the thermal input to the plant, MWT, and the net plant electrical
output, MWN, have both been input through NAMELIST NAMEl, OMCOST calculates
the plant net efficiency, ETANET, as MWUN/MWT. If the net electrical
output per unit has been input through NAMELIST NAME1l but no thermal
input has been included, the code calculates plant net efficiency for
the specified plant type with a correction for FGD systems for coal-
fired plants. The plant net efficiencies stored in the code are 32.34%
for LWR, 35.97% for coal with FGD, and 34.77% for coal without FGD.
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Thermal input to the plant and net heat rate are calculated using these

efficiencies.

If net unit electrical capacity is outside the range of 400 to
1300 MW(e), the message "NET UNIT ELECTRICAL OUTPUT OUT OF RANGE..." is
printed, and a new data card is read. Each plant is then assigned to an
appropriate size category for staff calculations, and the annual net
generation, ANNGEN, in millions of kilowatt-hours, is calculated.

The index of plant type, ITYPE, is compared to the values 1 and 2.
A light-water-reactor plant is indicated by 1; 2 indicates a coal-fired
plant. If ITYPE is equal to 2, the FGD index, ISOX, is compared with 0
and 1. 1If ISOX is equal to @, subroutine $COALS is called. S$COALS is
the cost-model subroutine for coal-fired plants with FGD. 1If the input
'plant type does not match one of the list of available plant types, the
message ""NO COMPARISON OF PLANT TYPE" is printed, and a new data card is
read. The cost-model subroutines are described in Sect. 5.3.

After return from the cost-model subroutine, the annual cost of
plant staff, COSTAF, is calculated using the average annual cost of a
plant staff member, MANCOS, and the total number on the plant staff,
STAFF, which was returned from the cost-model subroutine. Ngxt, the
code calculates variable cost of supplies and expenses exclusive of
limestone, sludge disposal, and ash disposal costs. For coal-fired
plants, coal consumption, TONCOL, is calculated using plant annual net
electrical generation, plant net heat rate, and the heating value of
coal, BTU.

For coal-fired plants with FGD, the costs of purchased limestone
and sludge disposal must be included in variable supplies and expenses.
The tons of original sulfur in the coal, TONSUL, are calculated using
the coal consumption and the sulfur content of the coal, PCTSUL. Lime-
stone requirements, TONLIM, are calculated using the tons of original
sulfur in the coal and the limestone to sulfur ratio, XLIMS. Annual
limestone cost is the limestone requirement multiplied by the escalated
cost per ton of limestone, COSLIM. Annual cost of sludge disposal is
the product of original sulfur (TONSUL), the dry sludge to sulfur ratio
(SLUSUL), and the escalated unit cost of sludge disposal (SLURY).
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For all coal-fired plants, with or without FGD, ash disposal cost
must be included. Ash disposal cost, SUPAD2, is the product of coal
consumption, fraction of ash, and the escalated cost of ash disposal,
$SASH. Total variable cost of supplies and expenses is determined by
adding the ash disposal cost to the basic variable cost of supplies and
expenses and by adding sludge disposal and limestone costs, if applicable.

The fixed per unit cost of supplies and expenses is returned f{romn
the appropriate cost-model subroutine as SUPEXF. Cost per unit is
multiplied by the number of units per plant, escalated at the wage
escalation rate, ESWAGE, and added to the variable supplies and expenses,
VARSE, to obtain total annual cost of supplies and expenses, SUPEXP.

Commercial and government nuclear liability insurance costs and
facility routine inspection fees are determined for LWR plants. Inspection
fees and expenses, OPFEES, and retrospective premium, RETRO, vary directly
with the number of operating units licensed. Commercial nuclear liability
insurance, COMINS, varies linearly with the number of units. Government
nuclear liability insurance, GOVINS, varies with the number of units and
the thermal rating of each unit up to a maximum of 3000 MW(t). The
rates used to escalate to the specified year of operation are ESFEES for
inspection fees, ESCINS for commercial insurance and retrospective
premium, and ESGINS for government insurance.

Administrative and general costs, ADMGEN, are assumed to be a fixed
percentage of the subtotal of staff costs, fixed maintenance costs, and
fixed supplies and expenses.

Annual fixed and variable costs are summed to determine total
annual costs, and total annual costs are divided by the annual net
electrical generation to determine unit O&M costs in mills per kilowatt-
hour.

Finally, a summary of O0&M costs is printed out, and a check is made
to see if more cases are to be run. OMCOST will continue to run cases
and print out O&M cost summaries until there are no further NAMELIST
NAMEl1l data cards. At the end of the data set, transfer is made to a
series of WRITE statements that print out escalation rates, annual
average salary components, FGD cost compbnents, and ash disposal cost

components as they were left after the last case.
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5.3 O&M Cost-Model Subroutines

A flow chart typical of all 0&M cost-model subroutines is shown in
Fig. 5.2. The cost-model subroutines for LWRs ($LWR), coal-fired plants
without FGD ($COAL), and coal-fired plants with FGD ($COALS) differ only
in alphanumeric data and array sizes. The logic for all subroutines is
identical.

Each cost-model subroutine passes its arguments to and from MAIN
through a COMMON statement. DATA initialization statements contain
information on staff complement in accordance with Tables 4.1 through
4,3, factors defining maintenance materials costs in accordance with
Table 4.5, and factors defining supplies and expenses costs in accordance
with Table 4.8.

ORNL-DWG 78-10376

ENTER O&M COST-MODEL
SUBROUTINE

INITIALIZE VARIABLES

FIRST USE OF
COST MODEL FOR THIS
PLANT TYPE
?

YES

///MMNTSTAFHNGTABLE//7

CALCULATE PLANT STAFF

|

CALCULATE ANNUAL COST OF
MAINTENANCE MATERIALS

1
( RETURN 3

Fig. 5.2. Subroutines SLWR, S$COAL, and $COALS.
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Staff requirements for each of two size ranges and one through four
units per plant are totaled to produce a table for the first call to any
cost-model subroutine. Fixed costs of supplies and expenses for a
single unit are set through an ARITHMETIC assignment statement. Similarly,
unit variable supplies and expenses are set. The appropriate staff
total persons is selected from the table. Maintenance material cost is
determined as a function of a material component of direct maintenance
constant, maintenance staff subtotal, material and wage escalation
rates, and cost of a staff member. Maintenance material costs are
broken into fixed and variable components, and the variable component ;s

adjusted for plant factor. Control is then returned to the MAIN program.

5.4 Data Input Description

All input data are read through a NAMELIST statement, NAMEl, which
must be read for each case. With two exceptions, a data variable changed
through a NAMELIST read will retain its new value for all the following
cases in a given run unless it is changed again by another NAMELIST read.
These two variables are MWT (unit thermal input) and ISOX (flag for FGD).

The makeup of data cards is as follows:

Columns Description
2~7 &NAME1 identifies the following as a NAMELIST

called NAMEl that contains optional data.

9-80 The remainder of the card starting in column 9
is used to enter data items separated by
commas. The end of the data set is signaled
by &END. The form of the data is variable

name = constant or variable name = 'alphabetic

characters.'

If required, columns 2 through 80 of additional cards can be used.
In this case, data items would be separated by commas, and the total
data set would be followed by &END. A list and a description of the
variables and the default values for NAMEl are given in Table 5.1.
Examples of the use of the NAMELIST feature are illustrated in Sect. 5.5.
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Table 5.1 NAME] input data variables and default values

Variable Definition Default
name value
YEAR Year of operation 1978.0
TYPE Plant type (LWR, COAL, COALS) PWR
PLTFAC Plant capacity factor 0.80
MWT Thermal input to plant (single unit), MW 3092,
MWN Net plant electrical output (single unit), MW 1000.
150X = 0, FGD not specified, = 1, FGD specified 0
UNITS Number of units per station 1
WAGERT Wage rate before adders (base year), $/year 7.25
FRINGE Operator fringe benefits as percentage of wage 35.
rate
SUPER Plant supervision as percentage of wages plus 15.
fringe benefits
BTUCOL lleating value of coal, Btu/lb 8164,
XLIMS Tons of limestone per ton of sulfur 4.00
$ASH Ash handling cost (base year), $/ton 4.00
ASHPCT Ash in ceal, % 7.30
PCTSUL Sulfur in coal, % 3.50
SLURY Cost of sludge disposal (base year), $/ton 12.00
COS1M Cost of limestone (base¢ year), $/ton 10.00
ESWAGE Escalation rate of wages, Z%/year 7.0
ESSLUR Escalation rate of cost of sludge disposal, 6.0
%/year
ESLIME Escalation rate of cost of limestone, %/year 6.0
ESCINS Escalation rate of cost of commercial 5.0
liability insurance, %/year
ESGINS Escalation rate of cost of government 5.0
liability insurance, %/year
ESFEES Escalation rate of cost of operating fees, 3.0
%/year
ESMATL Escalation rate of cost of materials and 6.0

supplies and expenses, %Z/year

ESCGEN General escalation rate -99.0

5.5 Example Problems

To illustrate the use of OMCOST, three sample problems together
with computer output listings are included in this section. The prepa-
ration of input data is illustrated in Fig. 5.3, and the output listings
follow. All problems use the default input data defined in Table 5.1,
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except where new data are read in via the NAMELIST NAMEl. Because these
three example problems were rumn consecutively, input data for each
problem carry over to succeeding problems, unless changes in a succeeding
NAMELIST. Two exceptions, ISOX and MWT, do not carfy over.

In problem 1, a 1200-MW(e) PWR operating with a plaut capacity
factor of 0.65 was specified. Problem 2 calls for an 800-MW(e) coal-
fired plant without FGD. Problem 3 calls for a rerun of problem 2 with
FGD. Note that the plant capacity factor specified in example problem 1
was carried over to problems 2 and 3. The plant type and rating were

also carried over from problem 2 to problem 3.
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OFFAULY VALUES OF NAMELIST NAME] VARTABLES

YE AR 1978.0
TYPE PWR
PLTFAC 0.80
MWT 3092.
MWN 1000.
1SNX o
UNITS 1
WAGERT 7.25
FR INGE 35.
SUPER 15.
BTUCOL 8164.
XL TMS 4.00
$4 SH 4.00
ASHOCT 7.30
PCTSUL 3.50
SLURY 12.00
COSLM 10.00
ESWAGE 7.0
ESSLUR 6.0
ESLIME 6.0
ESCINS 5.0
ESGINS 5.0
ESFEES 3.0
ESMATL 6.0
ESCGEN -99.0

ESCALATION RATES, PERCENT/YEAR

WAGESS 7.0
SLUDGE DISPNSAL COST 6.0
LIMESTONE €NST 6.0
COML. LTAB. INS. COST 5.0
GNVT. LIAB, INSe CNST 5.0
INSPECTION FEES € EXP. 3.0
MATEREAL 6.0
GENFRAL ESCALATION -99.0
ANNUAL AVERAGE SALARY COMPONENTS
WAGE RATE REFORE ADDERS (BASE YEAR), $/HR 7.25
OPERATCR FRINGE BENEFITS, PCT. 35,
PLANT SUPERVISINN € TECHNICAL, PCT. 10.
FGD CNST COMPONENTS AT BASE YEAR 1978.0
COAST OF LIMESTONE, $/TON 10.00
CNST OF SLUDGE DISPOSAL, $/DRY TNN 12.00
ASH DISPOSAL CNST COMPONENTS AT BASE YEAR
COST OF ASH DISPNSAL, $/TNN 4.00
PERCENT ASH IN LOW SULFUR COAL 7.30

PERCENT ASH IN HIGH SULFUR (DAL 11. 60
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PROBLEM 1

STAFF REQUIREMENT FOR LWR POWER PLANTS

UNIT SIZE RANGE MHW(E)
400-700 721-1300

NO. UNITS PER SITE NO. UNITS PER SITE
1 2 3 4 1 2 3 4

PLANT MANAGER®S OFFICE

MANAGER 1 1 1 1 1 1 1 1
ASSISTANT 1 2 3 4 1 2 3 4
QUALITY ASSURANCE 3 4 5 6 3 4 5 6
ENVIRONMENTAL CONTROL 1 1 1 1 1 1 1 1
PUBL IC RELATIONS 1 1 1 1 1 1 1  §
TRAINING 1 1 2 2 1 1 2 2
SAFETY 1 1 1 1 1 1 1 1
ADMIN. & SERVICES 13 15 17 19 13 15 17 19
HEALTH SERVICES 1 1 1 2 1 1 1 2
SECURITY 56 56 56 105 56 56 56 112

SUBTOTAL 19 83 88 142 19 a3 88 149

OPERATIONS

SUPERVISION (EXC. SHIFT) 2 2 4 4 2 2 4 4
SHIFTS 28 48 68 88 33 58 83 108

SUBTOTAL 30 50 12 92 35 60 87 112

MAINTENANCE

SUPERVISION 8 8 10 12 8 8 10 12
CRAFTS 14 22 30 38 16 26 36 46
PEAK MAINT. ANNUALIZED 55 110 165 220 55 119 165 220

SUBTDTAL 77 140 205 270 79 144 211 278

TECHNICAL AND ENGINEERING
REACTOR

1 2 3 4 . 2 3 4
RADIO-CHEMICAL 2 2 3 4 2 2 3 4
1ccC 2 2 3 & 2 2 3 4
PERFORM., REPORTS, TECH. 17 21 25 29 17 21 25 29
SUBTOTAL 22 21 34 41 22 21 36 &l
TOTAL 208 300 399 545 215 314 420 580
=2I® SE= === == ER =R EB= 1+ £ 4 ERE

LESS SECURITY 152 244 343 440 159 258 364 468

LESS SEC.» PEAK MAINT 97 136 178 220 104 148 199 248
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PROBLEM 1 (continued)

SUMMARY OF ANNUAL NONFUEL OPERATION AND MAINTENANCE CNSTS
FOR BASE-LOAD STEAM-ELECTRIC POWER PLANYS [N 1978.0

PLANT TYPF IS PHWR

WITH EVAPNRATIVE COOLING TOWERS

NUMBER OF UNITS PER STATINN 1

THERMAL INPUT PER UNIT IS 3711. MWT
PLANT NET HEAY RATE 10551.

PLANT NET EFFICIENCY, PERCENT 32,34
FACH UNIT IS 1200. MWE NET RATING

ANNUAL NET GENERATION, MILLION KWH 6837.
WITH A PLANY FACTOR OF 0.65

STAFF, $1000/YR 5034« (215 PERSONS AT $23412,)
MAINTENANCE MATERIAL, $1000/YR 1850.

FIXED 1850,

VARTABLE 0.
SUPPLLIES AND EXPENSES, $1000/YR 4610.

FIXED - PLANT 4200.

VAR, ~ PLANT 410.
INSURANCE AND FEES, $1000/YR 408,

COMM, LIAB. INS. 284,

GDOV. LTAB. INS., 18.

RETROSPECTIVE PREMIUM 6.

INSPECTION FEES & EXPENSES 100.
ADMIN, AND GENERAL, $1000/YR 1662.
YOYAL FIXED COSTS, $1000/YR 13153.
TOTAL VARTABLE COSTS, $1000/YR 410.
TOTAL ANNUAL O & M COSTS, $1000/YR 13564.
FIXED UNIT O & M COSTS, MILLS/KWH{E) 1.92
VARTABLE UNIT O € M COSTS, MILLS/KWH(E) 0.06

TOTAL UNIT O & M COSTS, MILLS/KWH(E) 1.98
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PROBLEM 2

STAFF REQUIREMENT FOR COAL-FIRED POWER PLANTS
WITHOUT FGD SYSTEMS

UNIT SIZE RANGE MWIE)
400-700 701-1300

NO. UNITS PER SITE NO. UNITS PER SITE
1 2 3 4 1 2 3 4

PLANT MANAGER®S OFFICE

MANAGER 1 1 1 1 | § 1 1 1
ASSI STANT 1 2 3 L 1 2 3 4
ENVIRONMENTAL CONTROL 1 1 1 1 1 1 1 1
PUBLIC RELATIONS 1 1 1 1 ) 3 1 1 1
TRAINING 1 1 1 1 1 1 1 1
SAFETY 1 1 1 1  § 1 1 1
ADMIN. & SERVICES 12 13 14 15 12 13 16 15
HEALTH SERVICES 1 1 1 2 1 1 1 2
SECURITY 7 7 9 14 7 L4 9 14

SUBTOTAL 26 28 32 40 26 28 32 40

OPERATIONS

SUPERVISION (EXC. SHIFT) 2 2 4 4 2 2 4 4
SHIFTS 45 50 60 65 45 52 60 65
FUEL HANOL ING 12 12 12 18 12 12 12 18

SUBTOTAL 59 64 16 87 59 64 76 87

MAINTENANCE

SUPERVISION 6 6 8 10 6 6 8 10
CRAFTS 75 90 100 110 80 95 105 115
PEAK MAINT. ANNUALIZED 32 64 96 128 32 64 96 128

SUBTOTAL 113 160 204 248 118 165 209 253

TECHNICAL AND ENGINEERING

RADIO-CHEMICAL 2 2 3 4 2 2 3 4
16&¢C 2 2 3 4 2 2 3 4
PERFORM.+» REPORTS,s TECH. 12 15 18 21 15 18 21 24
SUBTOTAL 16 19 24 29 19 22 27 32
TOTAL 214 271 336 404 222 279 344 412
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PROBLEM 2 (continued)

SUMMARY OF ANNUAL NONFUEL OPERATION AND MAINTENANCE COSTS
FOR BASE-LOAD STEAM-ELECTRIC PUWER PLANTS IN 1978.0

PLANT TYPE IS COAL

WITH EVAPORATIVE COOLING TUNWERS

NUMBER OF UNITS PER STATION 1

Wl THOUT FGD SYSTEMS

THERMAL INPUT PER UNIT IS 230l. M7

PLANT NET HEAT RATE 9813.

PLANT NET EFFICIENCYs PERCENT 34,77
EACH UNIT IS 800. MWE NET RATING

ANNUAL NET oOGENERATIUN, MILLION KWH 4558.
WITH A PLANT FACTOR OF 0.65

STAFF, $1000/YR 4971. (222 PERSUNS AT $22394.)
MAINTENANCE MATERIAL, $1000/YR 1679.

FIXED 1321.

VARIABLE 358.
SUPPLIES AND EXPENSES, $1000/YR 2282.

FIXED - PLANT 1370,

VAR. - PLANT 182.

- ASH DISPUSAL 800.

ADMIN. AND GENERAL, $1000/7YR 759.
TOTAL FIXED COSTS, $1000/YR 8352.
TOTAL VARIABLE COSTSs $10C0/YR 134G.
TOTAL ANNUAL O & M COSTS, $1000/YR 9692.
FIXED UNIT O & M COSTSy MILLS/KWH(E) 1.83
VARIABLE UNIT O € M CUSYSy MILLS/KWH{E) 0.29
TOTAL UNIT O & M COSTSy MILLS/KWH(E) 2.13
HEATING VALUE OF COAL, BTU/LS 8l64.
COAL BURNED, TOUNS/YEAR 273964C.
PERCENT ASH T« 30

COST OF ASH DISPUSALs $/TUN 4.00
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PROBLEM 3

STAFF REQUIREMENT FOR COAL-~FIRED POWER PLANTS
W1TH FGD SYSTEMS

UNIT SIZE RANGE MW(E)
400-700 751-1300
NO. UNITS PER SITE NO. UNITS PER SITE
1 2 3 4 1 2 3 4

PLANT MANAGER®*S OFFICE

MANAGER 1 1  § 1 1 1 1 1
ASSI STANT 1 2 3 4 1 2 3 4
ENV IRONMENTAL CONTROL 1 1 1 1 1 i 1 1
PUBLIC RELATIONS 1 1 1 1 1 1 1 1
TRAINING 1 1 1 1 1 1 1 1
SAFETY 1 1 1 1 1 1 1 1
AOMIN. & SERVICES 13 14 15 16 13 14 15 16
HEALTH SERVICES 1l 1 | § 2 1 1 1 2
SECURITY K4 7 9 14 7 7 9 14

SUBTOTAL 27 29 33 41 27 29 33 41

OPERAT IONS

SUPERVI SION (EXC. SHIFT) 3 3 5 5 3 3 5 5
SHIFTS 45 50 60 65 45 57 60 65
FUEL AND LIMESTONE REC. 12 12 12 18 12 12 12 18
WASTE SYSTENMS 15 30 45 60 15 3D %5 60

SUBTOTAL 75 95 122 148 75 95 122 148

MAINTENANCE

SUPERVISION 8 8 10 12 8 8 10 12
CRAFTS 90 115 135 155 95 120 140 160
PEAK MAINT. ANNUALIZED 33 66 99 132 35 79 105 140

SUBTOTAL 131 189 244 299 138 198 255 1312

TECHNICAL AND ENGINEERING

WASTE 1 2 3 4 1 2 3 4
RADIO-CHEMICAL 2 2 3 4 2 2 3 4
1&C 2 2 3 4 2 2 3 4
PERFORM. » REPORTSs TECH. 14 17 21 24 14 17 21 24
SUBTOTAL 19 23 30 36 19 23 30 36
TOTAL 252 336 429 526 259 345 440 537
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PROBLEM 3 (continued)

SUMMARY OUF ANNUAL NCNFUEL OUPERATION AND MAINTENANCE COSTS
FOR BASE-LOAD STEAM-ELECTRIC POWER PLANTS IN 1978.0

PLANT TYPE IS COAL

WITH EVAPORATIVE COOLING TUWERS

NUMBER OF UNITS PER STATION 1

WITH FGD SYSTEMS

THERMAL INPUT PER UNIT IS 2224. MWHT
PLANT NET HEAT RATE 9486.

PLANT NET EFFICIENCY, PERCENT 35.97
EACH UNIT IS 800. MWE NET RATING

ANNUAL NET GENERAITIUN, MILLION KWH 4558,
WITH A PLANT FACTUR QOF 7.65

STAFF, $1000/YR 5800. (259 PERSONS AT $22394,)
MA INTENANCE MATERIAL, $1000/YR 24190.

FIXED 1896.

VARI ABLE 514.
SUPPLIES AND EXPENStS, $100C/YR 8577.

FIXED - PLANT 14%0.

VAR. - PLANT 278.

- ASH & FGD SLUDLGE 6949.

ADMIN. AND oENERAL, $1009/YR 910.
TOTAL FIXED COSTS, $1000/YR 10006,
TOTAL VARIABLE COSTS, $1000/YR 1691.
TOTAL ANNUAL O & M COSTS, $1000/YR 17697.
FIXED UNIT U & M COSTSs MILLS/KWHLE) 2.20
VARIABLE UNIT O & M CUSTS, MILLS/KWH(E) 1.69
TOTAL UNIT D & M COSTSy MILLS/KWHIE) 3.88
HEATING VALUE OF COAL, BTU/LSB 11026.
COAL BURNED, TONS/YEAR 1960869.
PERCENT ASH 11.60
COST OF ASH DISPOSAL, $/TON 4.00
PERCENT SULFUR 3.5%0
SULFUR (ORIGINAL) « TUNS/YR 68630.
TONS LIMESTUNE PER TON SULFUR 4.00
TONS/YEAR LIMESTONE 274522,
COST OF LIMESTONE. $/TON 10.00

COST OF SLUDGE DISPOSAL, $/DRY TON 12.00
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Appendix A
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OPERATION AND MAINTENANCE EXPENSE ACCOUNTS

1. PowER PRODUCTION EXPENSES
A. STEAMI POWER GENERATION
Operation

500 Operation supervision and cngi-
neering.

This account shall imnclude the cost of
labor and expenses incurred in the gen-
eral supervision and direction of the
operation of steam power generating
stations. Olrect supervision of specific
activities, such as fuel handling, boiler-
room operations, genearator operations,
etc., shall be charged to the appropriate
account. (See operating expense in-
struction 1.)

501 Fucl.

A. This account shall include the cost
of fuel used in the production of steam
for the generation of electricity, includ-
ing expenses in unloading fuel from the
shipping media and handling thereof up
to the point where the fuel enters the
first boiler plant bunker, hopper, bucket,
tank or holder of the boiler-house struc-
ture. Records shall be maintained to
show the quantity., B.t.u. content and
cost of each type of fuel used.

B. The cost of fuel shall be charged
{nitially to account 151, Fuel Stock, and
cleared to this account on the basis of
the fuel used. Fuel handling expenses
may be charged to this account as in-
curred or charged initially to account
152, Fuel Stock Expenses Undistributed.
In the latter event, they shall be cleared
to this account on the basis of the fuel
used. Respective amounts of fuel stock
and fuel stock expenses shall be readily
available.

Labor:
¢ 1i Supervising purchasing and handling of

uel.

2. All routinc fuel analyses.

3. Unloading from shipping facility and
putting in storage.

4. Moving of fuel in storage and transter-
ring fuel from one station to another.

5. Handling from storage or shipping
facllity to first bunker, hopper, bucket, tank
or holder of boller-house structure.

6. Operation of mechanical equipment.
such as locomotives, trucks, cars, Foats.
barges, cranes, ctc.

Materials and Expenses:

7. Operating, maintenance and deprecia-
tion expenses and ad valorem taxes on util-
ity-owned transportation equipment used to

ITEMS

transport fuel from the point of acquisition
to the unloaeding point.

8. Lease or rental costs of transportation
equipment used to transport fuel from the
polnt of acquisition to the unloading potint.

9. Cost of fuel including freight, switching,
demurrage and other transportation charges.

10. Excise taxes, insurance, purchasing
commissions and similar {tems.

11. Stores expenses to extent applicable to
fuel,

12. Transportation and other expenses in
moving fuel in storage.

13. Tools, lubricants and other supplles.

14. Operating supplies for mechanical
cquipment.

15. Residual disposal expenses less any
proceeds from sale of residuals.

Nore: Abnormal fuel handling cxpenses
accasloned Ly emergency conditions shall be
charged to cxpensc as incurred.

502 Stcam cxpenses.

This account shall include the cost of
labor, materials used and expenses in-
curred in production of steam for electric
generation. This includes all expenses
of handling and preparing fuel beginning
at the point wherc the fuel enters the
first boiler plant bunker, hopper, tank or
holder of the boiler-nouse structure.

ITEMS

Labor:

1. Sugervising steam production.

2. Operatlng fuel conveying, storage,
welghing and processing equipment within
uoller plant.

3. Operating bholier and boller auxillary
cquipment,

4. Operating Loller feed water purification
and treatment cquipment.

5. Operating ash-collecting and disposal
equipment located instde the plant.

G. Operating boller plant electrical equip-
ment.

7. Keeping boller plant log and records and
preparing reports on holler plant aperation

8. Testing boiler water.

9. Testing, checking, and adjusting meters
gauges, and other instruments and equip-.
ment {n Loller plant.

10. Cleaning holler plant equipment when
not incidental to maintenancc work.

11. Repacking glands and replacing gauge
glasses where the work involved Is of a minor
nature and is performed by regular operating
crews. Where the work is of a major char-
acter, such as that performed on high.
pressurc bollers, the item should bo cone
sidered as maintenance.,

Materials and Expenses:

12. Chemicals and holler inspection fees.
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OPERATION AND MAINTENANCE EXPENSE ACCOUNTS

13. Lubricants.
i4 Boiler fced water purchased and pump-
ing supplies.

503 Steam from other sources.

This account shall include the cost of
steam purchased, or transferred from
another department of the utllity or
from others under a joint facility operat-
ing arrangement, for use i{n prime
movers devoted to the production of
electricity.

Notx: The records shall be so kept as to
show separately for each company from
which steam is purchased, the point of de-
livery, the quantity, the price, and the total
charge. When steam !s transferred frcm an-
other department or from others under a
joint operating arrangement, the utility shall
be prepared to show full detatls of the cost of
producipg such steam, the basis of the charge
to electric generatlon and the cxtent and
manner of use by eacn department or party
involved.

504 Steam transferred—Credit.

A. This account shall include credits
for expenses of producing steam which
are charged to others or to other utility
departments under a joint operating ar-
rangement. Include also credits for
steam expenses chargeable to other elec-
tric accounts outside of the steam gener-
atlon group. Full details of the basis of
determination of the cost of steam trans-
ferred shall be maintained.

B. If the charges to others or to other
departments of the utility include an
-amount for depreciation, taxes and re-
turn on the joint steam facilities, such
portion of the charge shall be credited,
in the case of others, to account 454,
Rent from Electric Property, and in the
case of other departments of the utility,
to account 455, Interdepartmental Rents.

505 Electric expenses.

This account shall include the cost of
labor, materials used and expenses in-
curred in operating prime movers, gener-
ators, and their auxillary apparatus,
switch gear and other electric equipment
to the points where electricity leaves for
conversion for transmission or distribu-
tion.

Irenes

Labor:

1. Supervising electric production.

2. Operating turbines, engines, generators
ana exciters.

3. Operating condensers, circulating water
systems ang other auxiliary apparatus.

4. Operating generator cooling system.
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5. Operating lubrication and ofl control
system., includiag ofl purification.

8. Operating switchhoards, awitch gear and
electric contyol and protective equipment.

7. Keeping electric plant log and records
and preparing reports on electric plant
operations.

8. Testing, checking and adjusting meters,
gauges. and other {nstruments, relays, con-
trols and other equipment in the electric
plant.

9. Cleaning electric plant equipment when
not incidental to maintenance work.

10. Repacking glands and replacing gauge
glasses.

Materials and Expenses:

11. Lubricants and control system oils.

12. Generator cooling gases.

13. Circulating water pur!fication supplles

14. Cooling water purchased.

15. Motor and generator brushes.

Miscellaneous
penscs.

This account shall include the cost of
labor, materials used and expenses in-
curred which are not specifically pro-
vided for or are not readily assignable
to other steam generation operation ex-
npense accounts.

steam power ¢X-

ITEMS

Labor:

1. General clerical and stenographic work.

2. Guarding ond patrolling plant and yard.

3. Bullding service.

4. Care of grounds including snow removal,
cutting grass, etc.

5. Miscellaneous labor.

Materials and Expenses:

6. General operatlng supplies, such as tools,
gaskets, packing waste, gauge glasses, hose,
u:glcatlng lamps. recerd and report forms,
cte.

7. First-ald supplies and safety cquipment.

8. Employees® service facllities expenses.

9. Bullding service supplies.

10. Communication service.

11. Miscellaneous office supplies and ex-
penses, printing and statlonery.

12. Transportation expenses.

13. Meals, traveling and incldental ex-
penses.

14. Research and development expenses.

507 Rents.
This account shall include all rents of

property of others used, occupied or
operated in connection with steam power

generation. (See operating expense
instruction 3.)
Maintenance
510 Mni'nlennncc supervision and engi-
neering.

This account shall include the cost of
labor and expenses incurred in the gen-
eral supervision and direction of main-
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tenance of steam generation facilities.
Direct fleld supervision of specific jobs
shall be charged to the appropriate main-
tenance account. (See operating ex-
pense instruction 1.

511 Maintcnance of structures.

‘This account shall include the cost of
labor, materials used and expenses in-
curred in the maintenance of steam
structures, the book cost of which is
includible in account 311, Structures and
Improvements. (See operating expensc
instruction 2.)

512 Maintcnance of hoiler plant.

A. This account shall include the cost
of labor, materials used and expenses
incurred in the maintenance of steam
plant, the book cost of which is includible
in account 312, Boiler Plant Equipment.
(See operating expense instruction 2.)

B. For the purpose of making charges
hereto and to account 513, Maintcnance
of Electric Plant, the point at which
steam plant is distinguished from eclec-
tric plant is defined as follows:

a. Inlet flange of throttle valve on
prime mover.

b. Flange of all steam extraction lines
on prime mover.
mc. Hotwell pump outlet on condensate

es.

d. Inlet flange of all turbine-room
auxiliaries.

e. Connection to line side of motor
starter for all boiler-plant equipment.

513 Maintcnance of clectric plant.

This account shall include the cost of
labor, materials used and expenses in-
curred in the maintenance of clectric
plant, the book cost of which is includible
in account 313, Engines and Engine-
Driven Generators, account 314, Turbo-
generator Units, and account 315, Acces-
sory Electric Equipment. (See operating
expense instruction 2 and paragraph B
of account 512.)

514 Maintenance of miscellancous stcam
plant.

This account shall include the cost of
labor, materials used and expenses in-
curred in maintenance of miscellaneous
steam generation plant, the hook cost of
which is includible in account 316, Mis-
cellaneous Power Plant Equipment. (Sec
nperating expense instruction 2.)

B. NUCLEAR POWER GENERATION
Operation

Operation supervision and engi.
neering.

'This account shall include the cost of
labor and expenses incurred in the gen-
eral supervision and direction of the
operation of nuclear power generating

stations. Direct supervision of specific
activities, such as fuel handling, reactor
operations, generator operations, ete.,
shall be charged to the appropriate ac-
c;)unt:. (See operating expense instruc-
tion 1.)

318 Nuclear fucl cxpense.

A. This account shall be debited and
account 120.5, Accumulated Provision for
Amortization of Nuclear Fuel Assem-
blies, credited for the amortization of
the net cost of nuclear fuel assemblies
used in the production of energy. The
net cost of nuclear fuel assemblies sub-
ject to amortization shall be the cost of
nuclear fuel assemblies plus or less the
expected net salvage of uranium, plu-
tonium. and other byproducts and un-
burned fuel. The utility shall adopt the
necessary procedures to assure that
charges to this account are distributed
according to the thermal energy pro-
duced in such periods.

B. This account shall also include the
costs involved when fuel is leased.

C. This account shall also include the
cost of other fuels, used for ancillary
steam facilities, including superheat.

D. This account shall be debited or
credited as appropriate for significant
changes in the amounts estimated as
the net salvage value of uranium, plu-
tonium, and other byproducts contained
in account 157, Nuclear Materials Held
for Sale and the amount realized upon
the final disposition of the materials.
Significant declines in the estimated
realizable value of items carried in ac-
count 157 may be recognized at the time
of market price declines by charging this
account and crediting account 157. When
the declining change occurs while the
fuel i3 recorded in account 120.3, Nuelear
Fuel Assemblies in Reactor, the effect
shall be amortized over the remaining
life of the fuel.

519 Coolants and water.

This account shall include the cost of
labor, materials used and expenses in-
curred for heat transfer materials and

517

Page 101-81
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water used for steam and cooling pur-
poses.

Labor:

1. Operation of water supply facilities.

2. Handliing of coolants and heat transfer
matertals.

Materials and Expenses:

3. Chemicals.

4. Additions to or refining of, fiuids used in
reactor systems.

8. Lubricants.

8. Pumping supplies and expenses.

7. Miscellaneous supplies and expenses.

8. Purchased water.

Nortz: Do not include in this account water
for general station use or the initial charge
for coolants, heat transfer or moderator
fluids, chemicals or other supplles capitalized.

IteMs

520 Steam expenses.

This account shall include the cost of
labor, materlals used and expenses in-
curred in production of steam through
nuclear processes, and similar expenses
for aperation of any auxiliary superheat
facilities.

Itzas

Labor:

1. Supervising steam production.

2 Puel handling !Including removal, in-
sertion, disassembly and preparation for
cooling operations and shipment.

3. Testing instruments and gauges.

4. Health, safety, monitoring and decon-
tamination activities.

5. ‘Naste disposal.

6. Operating steam boilers and auxillary
steam, superheat facilities.

Materials and Expenses:

7. Chemical supplies.

8. Charts, logs, etc.

9. Health, safety, monitoring and decon-
tamination supplies,

10. Boller inspection fees.

11, Lubricants.

521 Steam from other sources.

This account shall include the cost of
steam purchased or transferred from an-
other department of the utility or from
others under a joint facility operating
arrangement for use in prime movers
devoted to the production of electricity.

Norx: The records shall be so kept as to
show separately for each company from
which steam is purchased, the point of de-
llvery, the quantity, the price, and the total
charge. When steam is transferred from
another operating department, the utllity
shall be prepared to show full details of the
cost of producing such steam, the basis of
the charges to electric generation, and tho
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extent and manner of use by each depart-
ment involved.

522 Steam transferred—Credit.

A. This account shall include credits
for expenses of producing steam which
are charged to others or to other utility
departments under a joint operating
arrangement. Include also credits for
steam expenses chargeable to other elec-
tric accounts outside of the steam gen-
eration group. Full details of the basis
of determination of the cost of steam
transferred shall be maintained.

B. If the charges to others or to other
departments of the utility include an
amount for depreciation, taxes and re-
turn on the joint steam facilities, such
portion of the charge shall be credited.
in the case of others, to account 454,
Rent from Electric Property, and in the
case of other departments of the utility,
to aceount 455, Interdepartmental Rents.

523 Electric cxpenscs.

This account shall include the cost of
labor, materials used and expenses in-
cwred In operating turbogenerators,
steam turbines and their auxiliary ap-
paratus, switch gear and other electric
equipment to the points where electricity
leaves for conversion for transmission or
distribution.

ITEMS

Labor:

1. Supervising electric production.

2. Operating turbines, engines, generators
and exciters.

3. Operating condensers, circulating water
systems and other auxiliary apparatus.

4. Operating generator cooling system.

§. Operating lubrication and ofi control
system, including ofl purification.

6. Operating switchboards, switch gear and
clectric control and protective equipment,

7. Keeping plant log and records and pre-
paring reports on eleciric plant operations.

8. Testing, checking and adjusting meters,
gauges, and other instruments, relays, con-
trols and other equipment in the electric
plant,

9. Cleaning electric plant equipmeant when
not incidental to maintenance.

10. Repacking glands and replacing gauge
glasses.

Materials and Expenses:

11. Lubricants and control system oils.
12, Generator cooling gases.

13. Log sheets and charts.

14. Motor and generator brushes.
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524

Miscellaneous nuclear power ex-
penses.

This account shall include the cost of
labor, materials used and expenses in-
curred which are not specifically pro-
vided for or are not readlly assignable to

other nuclear generation operation
accounts.

ItzMs
Labor:

1. Genernl clerical and stenographic work,
2. Plant security.
3. Building service.

4. Care af grounds, including anow re-
moval, cutting graas, etc.
3. Miscellaneous labor.

Materials and

8. General operating supplies, such as tools,
gaskets, hose, indlcating lamps, record and
report forms, etc.

7. Pirst-ald supplies and safety equipment

8. Employees® service facllities expenses.

9. Bullding service supplies.

10. Communication gervice.

11. Miscellancous office supplles and ex-
penses, printing and stationery.

12, Transportation expenses.

13. Meals, travellng and incidental ex-
penses.

14. Research and development expenses.

525 Rents.

‘This account shall include all rents of
property of others used, occupied or op-
erated in connection with nuclear gener-
atlon. (See operating expense instruc-
tion 3.)

Mainterance

528 Maintensnce supervision and engi-
neering.

‘This account shall include the cost of
labor and expenses incurred in the gen-
eral supervision and direction of mainte-
nance of nuclear generation facilitles.
Direct fleld supervision of specific johs
shall be charged to the appropriate main-
tenance account. (See operating expense
instruction 1.)

529 Mhaintenance of structures.

This account shall include the cost of
labor, materials used and expenses in-
curred in the maintenance ot structures,
the book cost of which is includible in
account 321, 8tructures and Improve-
ments. (See operating expense instruc-
tlon 2.

530 Maintenance
equipment.

This account shail include the cost of
labor, materials used and expenses in-

of reactor plant

curred !n the maintenance of reactor
plant, the book cost of which is includible
in account 322, Reactor Plant Equipment.
(See operating expense instruction 2.)

531 Maintenance of electric plant.

This account shall include the cost of
labor, materials used and expenses in-
curred in the maintenance of electric
plant, the book cost of which is includible
in account 323, Turbogenerator Units,
and account 324, Accessory Electric
Equipment. (See operating expense
instruction 2.)

532 Maintenance of miscellancous nu-
clear plant.

This account shall include the cost of
labor, materials used and expenses ‘n-
curred in maintenauce of miscellaneous
nuclear generating plant, the book cost of
which {s includible {n account 325, Mis-
cellaneous Power Plant Equipment. (See
onperating expense instruction 2.)
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802 FORMATI/TLIo"LeSS SECey PEAK MAINTL 9 T3458(2Xe13)) .
EFFEEEFEEXN SR XSGR RCR AN SR YU XK AR R RR SRR XSS S S SS LRSS OB RSB RER AN RS20 SRR E

LR IR BE BE BN BN BL BE BN BF B AP AN
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.

8662 LCCELEECLITPVITHIBNPS VISV SFFVUBASTLSISECISELTITLSSO08003480008¢600 0
606 CONT INUE
1S12& = 1S12¢2
UNITS = UNITSZ
SUPE&F=4200.
VScMIL = .ue
VARFAC = 1.0 - FLIXFAC
oL NOTLese RATIO OF ESCALATIUN FALTORS ELIPINATES WAGE ESCALATICN FROM
oC FANCOS ANC RePLACES IT WITH MATERIAL ESCALATICN RATE
BASMEIFACMAT/Z (L. -FACPAT } )SOASTAT (UNLITS, ISELEd3)
- * S{MANCOSZ1COGC.)
. * $(1100.+ESPATL I/ (10C.+ESHAGE) ) o (YEAR-HASEYR)
- STALF = BASTAFIUNITS,ISIZEK])
» FIXRMNT = FIXFAC ¢ BASH
. VARMNT = VARFAC & BASM & {PLEFACZ.8BC)
-
.
.

L
L4
L]
-
L
L

»

TOTMNT = FIXMNY ¢ VARMNT
KSKRIP = KSKIP ¢ 1
SEIBEBNIFEELELIVIIVREIFIVETFIFSRNLRLUSESHSEECELIC ORI IESERO40080000
I
I

LIS B IR BE BN AN B K N B A BY AR K

)
SEOS0CES0080T0200023002020FHAILSIEBALEISAEBEBEITSLRLREEFISAERBE4ECS0 0
. RE TURA L
SIS IPEEEEL VPSSP L2 S0 IESNTPIRIERBEICBPESSC P OS0ECI0043000000082%0 8

G909 48440004V 0028080280820883¢00540SNBICEEER0800S0ER40S400864¢4&00CESS
hd END .
SEEN GRS NIV EELLAR AR EBE N A S SRS ID S ANI NN NN HRID VIS VLN BRVOBIBI2200S0S80S
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(e NTRANCE)

S9SSFVSETEUEREES SV OPURIGIICI T INRAENNURIVENFFCERIFSERICES LRS00 00L Q4008808

L]
L
L4
»
.
*
LJ
L4
-
»
*
*
*
»
Ld
L4
[
-
*
-
*
L]
»
L
*
»
[ 4
.
’
*
»
»
.
L]
.
¥
*
*
]
L)
L}
.
]
»
L]
[ ]
*
[ ]
L
L
-
-
L]
*

* ESMATL, FlIXMNT,

-

P IR B S 2K 2 BN BN B BN B BN B SN SN J

a4 8 2 n

SUOROLT INE
REALS®G MpN,

INTZGeRes LALTS,

sLoae
raNCLS

wealed T|TLL
CIMENSION NL(4)
DIMERSICN T1TLEL3024)
COMMON /0OM1/ MUk ISCA, YLaAR, 1S1ZE, STAFH,

voevlL

DATA NlI/Ye 3930/
DATA TITLEZ*HANAGER ',

LATA ¢ASTAL /0®1,

l.. l.
*ASSISTany ' T o, L
e NVIRUNM® o * INTAL CO* 4 *NTRCL  *,
TPUBLIC 4%, *FLATIUNS®,* ',
BIRAlthGC'. l'l .'
TALETY  t,0 !t L
SAUMIN. &"9" SERVICE®',."S Yy
SHEALTE S0 YLRVILES ** e
CSECURLETY e *e® %
SSUPLRVWISY,VIUN (EXL® 40, SHIFTOY,
SSHIFTS %y ‘e’ ‘e
fpUtl FANCe*UL Ll et ‘e
SSUBERVLSS 4 ICN et )
.LKAr'> l'l .'I l'
SPLAK MAL®,*Nie ANNU's®ALIZeD
2ADIL~-CH* " EMICAL Se! )
ll k(‘ "! "I 0'
TWERFCRM ®y*y RLPURT® e 'Sy TECHLZ

12,130 1bel%y124130l4,19,

Peletaay 2y

BobtisdylustisbeByl0,s
1238499 Lebe 321049900128,

292930442y

vATA FaACMAL

BASTAE LG o2 ,23) e STARF

cSWAGL » MANLUS. PLTHAC, SuP

Lode3srlocy3ehy HEl, UeQ,

UNITS, HASEYH,
EXFyo VARMNT, TULTNMNT,

A%, 8s]l,

3¢],2,3%1,2, Te7:9» la, Te Te9e 14,

23%34% 4390 a004054049450.6C 0% 3%12,18,3¢12,18,

Ze3vhe 1lel24 1802101510420 4247
DATA F1XbALL.IS/

IR N4

VATA wSKiP/ 1/

LATA kw/bs

isi?te = 14

UNLTS e
1l=1
12=NL¢1)
13:12¢)
la=12eti02)
15140}
le=laehC(3)
171-16e1

td=luenNU(a)

Jl=1a+1
J2=1lde2
J3=1Ye3
Jaz=lHeqy
¥l=Jdoae]

1

UNTTS

I
i
!
]

752904 10y 1104809 S0 109,115,

292934492420 304

PILINISE GV R RS RAOOESN IS LB AC RSN EGLARETRESECECIB IR UIEEE RS NES RSORS00

PE I R I R Y Y Y L R A A R R R T T R L P RIS PP N FP Y ST RSP R R RS RO 3 T
DO 671 151dL =142
4084008 TACEAURASRRIVEBEOS S SRS U SRR AR SR KAR I RIS TEEESCAEE RSNV UTNIRLOIORRSSE

T RN RPN e

»

X2 E I Y E R P YT AP Y PR RS 2 R VT S P R S S I PR Y Y S I 2 PRSI S 1Y

seceassesacctanaat

Ul 6T1 untl

S = le4

*

CICTAREU SRR ER NS ETE SRS T LN EEGIRT RS EEREBECERINO NI S INICI 209030 R0SIORRSES

PABUREER AR KGR E bR A AN UL RE B AR AR EC RSSO E RIS E LSNPSt 220008080000y

wASTAF(UNTT

Se1S12tedl)=C

L d

SEFERFSUBEERVRGIN AR ESEESXIENE IS S UHRERBIS RSP B AU F SR PSSP ES VS SS S0 S NgS

1
1



mu-.no-.n--.—--—i-o-n—lu.nn-—.-dnl—l--l--.-l--n—l--—--—.---n—I--—u-—n—l--—ln-o—..-m--—a--—l-—.hln-nm---n-

90

1
SHCSES SIS LSS EH LSS SHCHSNEESL RSP EEREESBEANOSPSCE0800080048005000 3088883
leacosenaccncaan? DO 602 I=11412 .
1 SECBEIEEEIVRASESRENS VLRSS0V ESL IV EBELEUSEEVIESESERESAL IS4 ES SR OESS
1 1
1 1
I 1
1 SESAELEESESENIE L EAS U4 0SS 4S04 00NN ENE RSSO SRRLSRNET VRSO RENESNES
I * BASTAF(UNI ISy 1S1ZESJl )= *
1 . ® BASTAFIUNITS ISIZEZJL)+BASTAF(UNITSISIZESI) =
1 SSSLIEEBNVIRLIDE SIS RERIFVSSBLUIPIRSLBESSUSSNSISEER IS SIS IRRLI LIS SRR S SRR
1 i
[ I
1
1
-

1
SEER LS EB ST LSRG SV BB S0FLHBPSSLBLR0SESEA 2B SLSISS0B2S8 042005880 SSSR
eeeaseacsecesss?® 602 CONTINUE .
P22 Z T2 2T IRV SRS SRRV IR S LS SR S22 12 VS DS TR 22233 $1 79128123 T2 12322322223

1

1

i
(T2 PR PP ISR RSS2 AT RE PSR R RIS R ISP D222 2SR 222 SRS L2 1 22 )
* BASTAF(UNI TS, IS12cy 42020 .
SHPSSVESSSI RS R SRS IR EERER AR RN RN EREEEEE LR SR RESECEREC O RHE VN PAX NP SIN N IR B SR

1

1

t
BIEERRRRGERESELVYASRNRN IS SRR EPRRLVRUE LSRR RE RV ERVNERRE SRR EEE LSV SIS RNEERS
. 0C 6C3 1=13,14 .
VISR SRR LB E SR EN VSRS EERS SIS E XIS RN SRR R EE S S S ESH S S S ABESBUN SR G E2DSS08 0SS kS

1

1

1

1

1

I

1 I

1 SRRV BFISAXIRE SIS RES LB IR SELERRESVREAEESSERERRESEANENS SRR S48 00084
1 * BASTAF(UNETSeIS1ZE4d2)= -
1 * * BASTAF(UNITSISIZEJ2)¢BASTAFIUNITSy ISIZE,I) *
1 SEORISNBEAESSEAE A SRS URRKESERESERELEERRE P SRS S ERERELEEAS LIRS 2000 05482
I 1

1
1
1
1
1
.

1
1
I

tct.at.--.cta:tcta.tt.-"-tut'c-ttut:tttac-otttt-t.tatc.ttttttcttt.ttt.ttt
cessscccsscases® 603 CONTINUE =
BISRSEOABESOERER BN SRS ARSRERFRAAS RSB URE SRS PSR OASSGIESF N F VNS4 0000000

(

1

1
BELABEEE AR AR RS E SRR SRR RES R R L L ERKASERE CEERE S C RS SIS LR RIS L E0 08000002
* BASTAF(UNITS, ISIZE»J3)=C *
SRR RS EURERE R AEBENSESSH IR A RIS EFN IR IR S SIS LS RS E IR PR EE R RER R E SRR ES LS
1
. 1
I
REEERRE LR EE R B EER R ERREKEEREL BN R R REERRL SR ERL R OISR VISP RRIENRAI R0 2R %D
Jeoesccoscecscane® DO 604 1=15,16 *
1 EEEBIRERE ARG NRRRAIDSEXN SV AR S SRR BB EXX AR RE RO ERAE S RAAEARE LRSS ERE IR BELERRE RN
1 1
I I
1 1
1 EFEERRAE XX R XS EE R LSRR RS S XXX R B EBAETER LR EER LS S B R BE SRS S SRS S B RS AR RS EkE S
1 » BASTAF(UNE ES,EST2E 930 = *
I * * BASTAF(UNITSoISIZE J3)+BASTAFI(UNITSISIZELI) *
H SERRSERBANE S S OISR B AR IIRS B EAA R SRR ARG ERBBIRES S E XSS SR BE S SR KL SRR S A S REB SRR RN
I {
1 1
1 1
1 SEREBERRA A ST A AR S S S RER SRR RS SREBARRN BB SRS XSRS ABASA TS ISR REER B E SRR SR
ssscsescesasssna? 604 CONTINUE *
FRXRIRN A A EREB R RS AN EA SRR E R R KRR SRR E S SRR ERE SRR ERAFE R G IR R SRR R SRR S
I
1

(A2 2R T RSS2 RS2 R 2R 2SR SR 22 R R SRR 22 tad s 22l llnd
* BASTAF(UNITSo1SI2E4J4)=0 *
BEERBIERAREAB XX LR ERERAXAECRREE N ER AR R KK ERERRE R EEEXCRXERIRRER DAL ERPI SR EFRRRE
I
4
I
VSRR SEREXAEFIEEB B S SR B S PEBRAE IR B AR XS R ERREAESESREBEEE R EXREEEBE R SRS RS S SRR b kS
lecesensoscnsccce® DC 605 I=17,18 ®



1

(2R IR AR R AL 23T 2 2 22220 R S S 2t iS22t dd T2 2222222122

I

I

1
(122212 23232 PRS2 2R PR RS RIS FERER R 2229222 22222212 23R 1332222231 %3
seaasscesccncssss® 601 CCONTINUE *
VESA RIS AR ISR SRS RS TS XSS AR R E SRR AR AR KSRGS R R EEFSE R R P SRS B RSSO VSN A2 2

I

I

111 SERSIEBULSERALESEESREE S LRSI EERSEEICEERNETISITDBIL SR SIS S0 289009000800
11t 1

111 1

111 i

111 I TII LTI PR PR LY S P ey Y e I R T e P YT T PR T T Y
111 . BASTAF(UNITS,ISIZEsJ4)= =
111 . * BASTAFCUNITS¢ISIZE2J4)+BASTAFIUNITS, ISIZE.1) *
111 SPSESSLELSER LN ERESLEISEESRPHELESESESRRL PG R OSSE IS EESASC S22 NNSET RS
111 1

111 1

111 1

| 0 B 2022 RSL SN BN IV SNBSS USRS SR AR NV P SRR EREERNES RV S YR EL S S SLEL SN E NSNS QO ER S
I I ecccccacscccnceae® 605 CONTIAUE *
11 SSSERSE SRR AR LA S RIS OEELE LSS ERRER B AL EXAS R LSS EERE NN A2SS 204208200000 ENN S
11 1

11 1

11 1

11 1

11 I

11 Py R P T P Ty T L P T R TP R Iy S e ]
11 * BASTAF(UNITS, ISIZEK1)=BASTAF(UNITSI1SIZEJd1) ¢ -
11 * *UASTAF(UNITS 2 1SE2c9J2)+HASTAF({UNITS o ISIZESII) ¢ *
11 . SHASTAF(UNITS o IS12E,Jd4) =
11

11

11

11

11

L ] *

I
X PIPV LRSS SR LRSS U NN RS RESEEREEER SAFERPFERERF R EE RN XSRS R LR AT SRR RS

- IF(KSKIP.GT.1) GC TO 606 %eaeanal

SR EEERARENENREASAARESRIRRERKDEER SRR FCRRSEE RSP RH AR ISP NN RS2V BEB S

1

1

1
SERFFEERIVLB LIS SAES RN IS AFEERERS SRS SR A E S AR SRR EE R EH SRS PSR AA PR S AN %
WRITE(Iw,8G3) *
803 FORMAT(*1°9T359°STAFF REQUIREMENT FOR COAL-FIRED POWER PLANTS®'/  #
' oT45,RITHCUT FGD SYSTEMS®/ L]
*eTa5,15(*~2)/ *
*eT452"UNIT S1ZE RANGE MwlED/ *
*91424°400-T00"+T62,°701-1300°%/ *
TeT360174 =), T56419({ %)/ *
*+T369'NO. UNITS PER SITE NO. UNITS PER SITE®/ *
*eT38,°L 2 3 4 1 2 3 4% *
b S eT3601TL0 =)y T504191%=2)) *
WRITE LW, 8C5) b
805 FORMAT('0*9T7+*PLANT MANAGER''S QFFICE®/) *
SEEEIEERIRCRINEEEREREERRREPFRBFRXRS AR RANEER R ER SR SKEREF SRR R KRS S S AR SRS

1

1

®RERERERN
® o a® e .

*
*
»
*
»*
*
»
»
»
L]
s
]
L)

1
AR BAG U RIER R LS RS EE R LR R R IR R REERE AR ELEE R R EL SR SER S LS TR RENERE AL 2R XK Y
es0sccvencnssencnca? DO 600 I=11.18 *
PR3 TR 2R 222 222 22222222 2222 22222t f 2222 VPR AR SR 22223 R SR PR R 2 22 2 23

I

I

I
BEEEERXN SRS LR SRR SRR C R R KRR RS RR SR R R R TSR RRE B R R AR RA L RN SRR SRR REE R

* WRITELIW,BCC) (TITLE(IvE)93=1,3) =
. *y ((BASTAF(UNITSyISIZEy 1 )oUNITSSL94)» ISILE=142) *
% 800 FORMAT(' *,T10e3A8,8(2X413)) *

B RA XXX RARSEA R AR RE PR A RN R R AR RE SR RAB KRR R RXARE RS S SR ER R RN R RN X SR SRR R K
I
1
i

G0t B Omy pup gme e puy gmy Pm  Dwe Smt g gmp Gud Pmg pui Dmp Omt Gmp G Ged Pme

1
FEEEBREEBFES SRR ER ISR BRI E S AT EARN AR ERFE RS RS R SRS A S AL SR AR BRAE SRR RRR R4
* IF(1.EQ. J2ZIWRITE(IWe511) =
* * ((BASTAF(UNLITS,ISIZE J1) JUNITS=1,4)¢IS12E=1,2} *
TR R T TR PR R A A AL S AP R RS R R T DL DAL R SR DRt T P s RIS R T I 2 s 1

1

I

I
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ssevevseessesssveney

92

FEBASISSHIEEIAIIEIIAINSI SR 0SS440IESHESIEIESS IS SIVNSSDLIISREEESISEEEES
. IF{I.cQl2)WRITE(lwst00) .
SESRBIVIBEEREIISEISISUSEUIIFIERLELHSEENESELESSSIEF200B 56500800 8808880
1
1
1
POESIBL4052085 0BV IRINRNIIESEEBUCESIESEESETRAIREEOOBUSLT LIS S2000500S
* 806 FCRMATL® *»T7,°0OPLRATIONS®/) .
BEEESIFRRLCEIRERE S REEICIEFE LA EEBS0SFRENSAECARAIPBER0098303598208883908888
I
1

I
SIESLAESRLEOTIEEBEIESESVSEERSEEREF SRS ESEERIEEREE0BISEC RIS 230000580800
. IF(I.EQIS)IRRITE(fwsb21) .
* * L(BASTARCUNITS o ISIZE¢J2)yUNITS=144),y ISIZE=142) .
BISEFSFERRENIRREEE R LA CHEHEREEE SR SIS RERAEE SIS ERSESEIBE SIS0 000888088

1

1

1
BAEIVBASSIAIIERIERSE SR EASARERE RSB SLAAEERNEISEE RS C IR CREEE R4 ISSH8 088
. IFLI.EQ.[4)IWRITEIW,807) *
BIEEEAEEEFER PSS RS EARERERRASEESEFIESERB RS NICERNEISNIPRI4ID RIS 2420084

I

[{

1
REFEEBOE SRS IREUNGREEREREEEESEC LSRG AR EREEESEGSPRSETEINSR SRR 44003938880
¢ 807 FORMAT(® *y VI, "MAINTENANCE®/) .
RIXRRERAEEEAFAERKARARBABINIBRRAI SRR SRR AL SRSV PRV RSB SLIERENIBEEE SN SN

1

I

I
BEEEASERS SR ES NN RRA KRS RE IS IXRKKEI SRR EERSES TN SIECEISERREB RN RNISRIIRESES
. IFIL.eQel6IWRITE(LIN,bLL] .
* * ((BASTAF(UNITS ISIZEZI3)oUNITS=144)»ISIZE=142) .
CXVSRRRSSXRARSINBESS SV AN PETABRAITARERNREDEERARBEAIEVRIOSRAI PSSR IRERE S

1

1

1
BISCAXBIEAXINASRBEX RS TEXSBHERBEAAEIARESXREEAASRRSBESISN A IS RSN SRR ED
* IFCL.tQel6)WRITE(IWy ECu) ]
SRECRRKSEGIABBEEIB RS EERNIANS SRS SRS NSRRI S RN SISSASE RS S ERAES IS ES S

1

1

ttuttttttttttt#t#tttt#ttt.ttott.‘t.t:..t.t“..."‘.t..t‘..“..tt'.tt.‘.t..
* HCB FORMATL® *,T74° TECHNECAL AND ENGINEERING®/D s
BASORRRKBOUAROLIRAAAIERRIANFE AR RAABAERREBESERSESSESEE SRRSO RIS ISR
1
1

1
HESEREESESRALRRIRDASBERIRSABRRARIERLA SRR RERERRRARS R VSRR AL BERLEERS LS R ARERE RS
®= B6C” CONTIALE .
PEXNREEX A XAARE SRR ALV ERERECRAX B EEAFTE R AR RE EEERAES KX SRS SR AN P SIS N VSR XKD S

1
1
1
LAV ALAINLARR BB BRIREIF AR KRDENNSXE XN S LN XS K ASREK SR EREIERNE BB RS RBAR S S
WRITE(IWe8lL1) .
* ((RASTAFCUNLTSsESIZEsJG) yUNITS=144)y ISIZE=142) .
8§11 FORMATL/Z TLl3+°SLbTUTAL®,T34,8(2X,13}/) .
WRITE(IWe840C) .
® ((BASTAF(UNITSESIZEWKRL) yUNITS=144) ISIZE=192) *
820 FORMATL T13,°TCTALY,T34,312X,10)/ .
b ' 9,T34yB(* ===1)) .
FASRBEREFRE SRS ESDESEEN R R AB I SRRV ERA B E RIS G SRRV SR04 0930008 6005
1

# 6 op ftHB RH

UOlecsevsoecncssnccsoncocsacscscnsscsccncsscssnnsocne

1
FEREXBEXRERAREKKS AR XS TSR ABRER AR RRREE AT EAREEEERRSSFBEIOBS44 0852838090008 0884
% 626 CONTINUE
L4 ISI12E = 15122
* UNITS = UNITS2
» SUPEXF=13380e.
* VSEMIL = «C%
* VARFACL = 1.C - FIXFAC
#C NOTE.., KATIO Ur ESCALATIUN FACTCORS FLEIVMINATES WAGE ESCALATION FROM
*C MANCO> AND REPLACES 1T wITH MaTERIAL SSCALATICN RATE
* BASM=(FACMAT/(1a-FACKAT ) ) *dASTAF(UNITS IS12E443)

L3R 2R 3K 3 SR IR K AN



93

* * s({MANCDS/1CQ0.) .
L d * 8{t100.¢ESHATL) 7(100.¢ESWAGE ) ) #$ {YEAR-BASEYR) *
. STAFF = HASTAF(UNITS. ISTZE.R1) *
* FIXMNT = FIXFAC ® BASK .
» VARMNT = VARFAC * BASH * (PLTFAC/.80) *
. TOTMNT = FIXMNT * VARMNT *
. KSKIP = KSKIP ¢ 1 *
230505852 SRSISIRE VIS LINNES ssss eSS sLERES

i

1

QIR TI T IS TS R P L SRR I E2R T2 L2 2 R R 22 22 2 222222211222t Tls Tt

g RETURN *
.08 S2SEEBSLERYESRNLEL AR ES SR RAERAELEALRNLL NIV I NS 20 2NN R R0

SV SS SO SE SR EARPP SRR ELSESEV L SR SEER A TIPS SPEESEDDE S B R4F V202 89983858

g END *
SRV ESRBHSSURCL SR L IEB SISV VOSSR S5 E BRSSP CH SR SRR S B LS LR SR 4% 08
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SUBRCUT INE
REAL® 4 PuN,

94

(ENTRANC )
1
L §

sCcaLs
PANCCS

INTEGER®4 UNITS, BASTAF(4:2+25) ¢ STAFF
REAL®H TITLE
DUMENSICA NCLS)

DIMENSION 1

LTLE(2424)

COMMON /LOML/ MWN, 1SUZ. YEARy ISIZEe STAFFe UNITS, BASEYR,

¢ ESMAIL, FIXMNT, ESWAGEs MANCOSy PLTFAC, SUPERF, VARMNT, TOIRNT,

& VSEMIL

DATA NU/994y304/

DATA TR7LEY

ER AR RN RER RN

DATA BASTAF

303"0593'

LI 2R 2% B a8 1

212134442,

SMANAGER *4° ‘o ®y
SASSISTAN' T Sy LY
CENVIRUNM', ENTAL CUY o *NTRCL  ®,
*PUBLIC R*» *ELATIONS®y* L
*TRAINING®* e %
SSAFETY ,° et s
"ADMIN. E®»* SERVICE®,"S e
SHEALTH S*»°ERVICES *,° %
*SECURLTY®,* 'y ‘s
*SUPERVIS®* ICN (EXC*,*, SHIFT)®,
*SHIFTS *° ®et ®
CFUFL AND®e ' LIMESTO® o *NE REC. %o
SWASTE SY®9*STEMS Syt L
SSUPERVIS's*ION *et ¢y
ICRAFTS *»°* e *s
TPEAK MAI'»*NT. ANNU',*ALIZEDC ¢,
*WASTE 0,0 1, .,
"RADIU-CHY *EMICAL ', oy
‘I gcC ", 'y o

SPERFCHIM."y*y REPORT® S, TECH./

/B81, 1,293043102,3,6, 481, B8%]l, 8%l, 8%=],

1391499190 160139149159160 3%19293%192y ToTe9eh%eT0799¢l%,

395,59 49450,60+05445,50960465, 3812,18,3%12,18,

15943C+45006Ce 154305459060
898110012,8s8,105129 90511501350 1550950120014C416C,
335669999 1320399Tusl0591400 1024304019240 4

29304 14317421 324914:174214247

DATA FIXFAC/.75/
DATA FACMAT/ .45/
DATA KSKIPZ1/

DATA 1w/67

ISI12E2 = ISILE
UNITS2 = UNITS

[1=1
12=N01(2)
[3=f241
14=12¢N0t 2)
[5=14¢]
16=14+N0G(3)
17=16+1
18=16+NO{ &)
Jl=18+1
J2=18+2
J3=18+3
Ja=18+4
Klajb+l

2020344025203 9%

FEEBRERXREE SRR ER G AR R RS EE SRR EE S XXX S E SNBSS E SR RN ES S SRS 0SEB02 088888
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