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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 
Plants. 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. < 

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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Our cost estimating procedure involves 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 running 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 plant projects but do permit rapid evaluations using various sets 
of economic 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, 
1L 60439. 
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Fig. 1.1. Estimates of O&M expenses in 1978 dollars for single-unit 
coal-fired and LWR plants at 65% capacity factor as a function of unit 
size. 
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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 applicable 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, according 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.2 Although O&M 
costs are the least, the differences in the O&M totals make this compo-
nent as important as the other components, especially when O&M costs 
are adjusted to reflect recent tiands and operating requirements. 
Although gas and oil are no longer considered as fuels for new plants, 
the reported average data often present strange patterns such as this 
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Fig. 2.1. Busbar electrical energy costs. Adapted from G. D. 
Friedlander, "20th Steam Station Cost Survey," Electv. World 188(10) 
A3-58 (1977). 

survey shows. For the gas case in Fig. 2.1, fixed charges are almost 
twice those of oil, whereas 0&M costs are only one-third of those of 
oil. 

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 50% 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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Fig. 2.3. Size distribution of coal-fired units in operation and 
on order in the United States through 1976. Source: Federal Power 
Commission Statistical Data. 
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Fig. 2.4. Size distribution of nuclear units in operation and on 
order in the United States through 1976. Source: Federal Power Commis-
sion Statistical Data. 
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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. In this 
report such expenses are assumed to be capitalized. 



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

Plant type 
and fuel 

Unit 
rating 
[MW(e)] 

Output (Btu/kWhr) for percent-rated load levels 

100 80 75 60 50 40 

LWR 
Coal without FGD 

Eastern 
Eastern coal 
Western coalt 
Western coal 

Coal with FGDa 

Q 
Eastern coal 
Eastern coal 

400 
800-1,200 

800 
1,200 

800 
1,200 

10,400 

9,000 
8,750 
9,816 
9,461 

9,489 
9,138 

9,045 
8,803 

10,442 

9,252 
9,048 

10,951 

9,783 
9,625 

aFlue gas desulfurization. t 
Electric Power Research Institute, Synthetic Electric Utility Systems for Evaluating 

Advanced Technologies, EPRI EM-285, Palo Alto, California (February 1977). 
°k. J. Karalis, UE&C, letter to M. L. Myers, ORNL; subject: Heat Balances in NUREG-0243 

and NUREG-0244, Feb. 3, 1978. 
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2.1.3 Plant outages 

Nuclear plants are subject to planned shutdowns Cor routine refueling 
and required inspection procedures; these shutdowns permit some 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. This comparison illustrates a synthetic industry 
average and not best-plant experience. A few utilities had much better 
performance consistently, whereas others and the industry average were 
lower. In 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 damage 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 
(percentage rate)] Estimated Reported data a,b 

type Forced 
outages 

Scheduled 
outages 

Other 
outages 

availability 
percentage rate Year Availability 

percentage rate 
Forced outage 
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-Year Period 1966-1975, EEI Publ. No. 76-85 (December 1976). 

Reported data for 1975-1977 are from Atomic Industrial Forum Survey, Nuclear Generating Costs Stabilized 
at 1976 Level, p. 4, INFO 117 (April 1978). 
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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 1 5 59 1 66 

Coal-fired 

1 or 2 1 5 1 7 
3 1 7 1 9 
4 1 12 1 14 

Staffing 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 coal-
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 environment 
requires onsite utility company personnel or the equivalent 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. It is expected that these measures will increase the time 
required to perform O&M functions. 

2.1.11 Fuel waste disposal 

The O&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 
costs. 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. 

2.2.1 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 a m 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. 
Radioactive 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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2.2.2 BWR plants 

The primary system supplies steam directly 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.15 Peak maintenance personnel appears to be excluded 
from these surveys. 

2.2.3 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 (O&M) 
expenses, exclusive of fuel. Table 3.1 shows the makeup of the annual 
cost of power as given in a Federal Power Commission (FPC) publication6 

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 
O Operation and maintenancea 

3. Administrative and general 
D. Total annual capacity cost (IIA + IIB + IIC) 

III. 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 Evaluation3 

FPC P-35 (March 1968). 
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Table 3.2. Annual power production expenses 
reported by the E1A for nuclear and fossil-

fueled steam-electric plants 

Line 
number Production expenses0 

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 expenses 
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 
aSee Appendix A for definitions. 
Sources: 
1. Department of Energy, Steam-Electric 

Plant Construction Cost and Annual Production 
Expenses — Twenty Eighth Annual Supplement, 
1975, D0E/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 Accounts8 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 public 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 room 
of the Federal Energy Regulatory Commission [FERC (former!; FPC)]. 
Table 3.3 illustrates the actual nonfuel O&M costs for a tvc-unit nuclear 
plant discussed in these annual summaries. Although individual plant 
accounts may vary considerably from year to 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 not included in the 
nonfuel O&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. Actual nonfuel O&M expenses for a two-unit nuclear plant [500 MW(e) each] 

Administrative and general (A&G) expenses are excluded 

Year 

FPC account 1974 1975 1976 1977a 

Operation 

Supervision 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 530 966,232 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 O&M costs $5,217,393 $6,175,497 $6,586,916 $6,372,528 

Cost, mills/kWhr 0.8 0.9 0.9 1.1 

^Average number of plant employees 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. 
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Table 3.4. Example formats for internal reporting 
of nonfuel O&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 O&M 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 Organization 

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 a U.S. Atomic Energy Commission representative organi-
zation chart9 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. 

CJHNl t)W(i r, 131MH 

' N o t Required (or Fossil-Fueled Plants 

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 
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 
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 2 
Security 56 56 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 
Maintenance 

Supervision 8 8 10 12 8 8 10 12 
Crafts 14 22 30 38 16 26 36 46 
Peak maintenance annualized 55 110 165 220 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 

Units per site 

701-1300 MW(e) unit 

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 _7 _7 _9 14 _7 _7 _9 14 

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 SO2 removal systems. The SO2 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.10 

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 

Units per site 

701-1300 MW(e) unit 

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 13 14 15 16 13 14 15 16 
Health services 1 1 1 2 1 1 1 2 
Security _7 _7 _9 14 _7 _9 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 

Year of time 
cycle 

Personnel/outage weeks for: 
Year of time 

cycle LWR Coal Coal with FGD 

1 
2 
3 
4 

300/6 
300/6 
300/6 
1200/8 

275/6 
275/6 
275/6 
275/6 

300/6 
300/6 
300/6 
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 also 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.11 This basic rate of $7.25/hr in early 1978 was increased by 
35% lor 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.12 

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 
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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 costa 

Fixed Variable Total 

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

^Estimated 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 radioactive-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 documentation and related admini-
strative controls are not required for regulatory purposes but are 
necessary for establishing reliable performance. 



28 

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 loading, 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 
load 

Conventional peaking 
load Cycling load 

Cold starts 1200 1600 1600 
Hot starts 1600 7800 1600 

Total 2800 9400 3200 

Source: 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. 28-0ct. 2, 1975. 

Variable maintenance costs are not reported on form 1. For these 
procedures it was judged that 25% of the total maintenance is subject to 
change with load between 50 and 80% 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 



29 

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 1978.14 The EPRI paper notes that field and literature data 
do not separate fixation costs.15 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.16 
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4.2.4 Cooling systems 

The O&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 0&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 
towers, per tower 

25,000 25,000 

Mechanical-draft evaporative 50,000 50,000 
cooling towers, per generating 
unit 

Variable costs (mills/kWhr) 

Natural-draft evaporative cooling 
towers, per tower 

0.003 0.003 

Mechanical-draft evaporative 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 been 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 covering 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. Continuous 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, radioactive, 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 value considerably. 



ORNL-DWG 78-2773A 

OFFSITE 
BLOWOOWN 

Fig. 4.2. Wastewater management diagram. Source: U.S. Environmental Protection Agency, Supplement 
for Pretreatment to the Development Document for the Steam Electric Power Generating Point Source Cate-
gory, EPA 440/1-77/084 (April 1977), p. 138. 
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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 
Ion exchange regenerant waste 
Miscellaneous low-volume waste*2 

Area rvnoff (average 10-year maximum 
rainfall)a 

Ash pond discharge 
Boiler blowdown 
Cooling tower blowdown 

Total 

80 
240 
80 
50 

40 
Reused 
1000 
1490 

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

^Control 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. Environmental Protec-
tion Agency, Supplement for Pretreatment to the Development 
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, $106/unit year 
Chemicals, gases, lubricants, 

auxiliary fuel, office, 
security, and miscellaneous 
items 

2.4 1.1 1.1 

Contract services 0.9 0.1 0.1 
Radioactive waste management 0.8 
Nonradioactive waste manage-

ment 
0.1 0.1 0.2 

Total fixed costs 4.2 1.3 1.4 
Variable costs, mills/kWhr^ 0.06 0.04 0.05 

^Nonradioactive wastes are primarily from water sources. 
^See Table 4.12 for coal-related waste management supplies. 
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central organizations providing specialized 3< 's for all plants in a 
system. Costs of these services may vary wic^ ording to staffing 
policies, type of plant and rating, design of .ints and systems, 
and, to a small degree, the amount of electrii.: .> generated. 

Fuel oil for standby and emergency dicsal-engine generators and for 
auxiliary steam for building heating and evaporator operation is not 
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.0 In most evaluations, however, this expense is overlooked 
in the fuel charges; it has been included here. The allowance for a 
lOOO-MW(e) LWR unit included in Table 4.9 is 2 x 106 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 dats. The expenses included are those for resins; 

< 

Table 4.10. Radioactive waste system performance 
arid estimated economic data 

BWR PWR 

LWR wastes [3400MW(t)]a 55,000 ft3 40,000 ft3 
Resins 
Evaporator sludge 
Filters 
Compressible wastes 
Incompressible wastes 

Design waste volume, £t3/MW(t) -year 11 to 16 
Annual waste management cost, $/year 750,000 to 900,000 

aFrom 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). 

^Although 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 lb of cement per drum 

at 2c/lb 
9,000 

Transportation costs 
400 drums at 120 mR/hr and 

40 drums per load 
10,000 

600 drums at 16 drums per 
load 

37,000 

Shielded van costs 2,000 
Burial costs, average cost per 

1,000 drums 
27,000 

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 containers, 
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 slurry 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 

sulfur in fuel 
4 

Limestone, tons per year 420,000 
Dry solids, tons per year2 

Wet sludge, tons per year 
420,000 Dry solids, tons per year2 

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, 

$/yearc 
4,200,000 

Cost of limestone and sludge disposal, $/year 8,400,000 
Cost of sulfur control, dollars per ton of coal 2.80 

aOne ton of sulfur in coal gives about four tons of dry 
solids. 

Four tons of dry solids give ten tons of wet sludge. 
Q 
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.19 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 negligible 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 LWRs12 

Commercial coverage ($140 million) 
First $1 million 
Next $4 million 
Next $5 million 
Next $10 million 
Next $20 million 
Next $60 million 
Next $40 million 

Total 

Retrospective premium 
Government coverage ($80 million) 

Number of units 

1 2 3 4 

$ 32,000 $ 56,000 $ 80,000 $104,000 
64,000 102,000 140,000 178,000 
32,000 45,000 58,000 71,000 
32,000 40,000 48,000 56,000 
32,000 40,000 48,000 56,000 
60,000 75,000 90,000 105,000 
32,000 40,000 48,000 56,000 

$284,000 $398,200 $512,400 $626,600 
$ 6,000 $ 12,000 $ 18,000 $ 24,000 
$6/MW(t) for up to 3000 MW(t) for each reactor unit 

^Premiums are the minimum expected. Specific sites must be stated before firm rates are 
applicable. 
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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 licensed 
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 unit a 

NRC fee3 $ 76,000 
25,000 

$60,000 
20,000 Owner's inspection-

related costsc 

Total $101,000 $80,000 
a At same time as first unit. 
b Federal Register 42(84), 28163 (May 2, 1977). 
a 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. Utility 
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 (O&M) cost models for steam-electric power plants, one coal 
fired and the other a light-water reactor (LVJR). 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, aud 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 NAME1 that have not 
been initialized through DATA statements are initialized with ARITHMETIC 
statements. The exceptions are MWT, thermal input to a single unit,.and 
ISOX, a flag variable indicating the absence (=0) or presence (=1) of an 
FGD system. x\RITHMETIC 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 NAME1 
variables have been initialized, a default case may be run with no input 
data other than a card containing the words &NAME1 and &END with one 
blank before &NAME1 and at least one blank between &NAME1 and &END. 

The default values of NAMELIST NAME1 variables are printed out 
before any other output, even if the user failed to include any data 
input cards. 

NAMELIST NAME1 is now read. The complete list of variables that 
may be input through NAMELIST NAME1 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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OML OWC r* 1037 > 

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 
15% is assumed for all LWR cases and one of 10% for coal-fired cases. 
If 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 ($ASH) 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 NAME1, OMCOST calculates 
the plant net efficiency, ETANET, as MWN/MWT. If the net electrical 
output per unit has been input through NAMELIST NAME1 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. If ISOX is equal to 0, subroutine $C0ALS is called. $C0ALS is 
the cost-model subroutine for coal-fired plants with FGD. If 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. N^xt, 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, C0SLIM. 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, 
$$ASH. 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 from 
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 O&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 
NAME1 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 components, 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 O&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 

Fig. 5.2. Subroutines $LWR, $C0AL, and $C0ALS. 



49 

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 is 
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, NAME1, 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 NAME1 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 NAMEl input data variables and default values 
Variable 

name Definition Default 
value 

YEAR Year of operation 1978.0 
TYPE Plant type (LWR, COAL, COALS) PWR 
PLTKAC Plant capacity factor 0.80 
mwt Thermal input to plant (single unit), MW "1092. 
MWN Net plant electrical output (single unit), MW 1000. 
1S0X = 0, FGH 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 

rate 
35. 

SUPER Plant supervision as percentage of wages plus 
fringe benefits 

15. 

BTUCOL Keating value of coal, Btu/lb 8164. 
XL IMS Tons of limestone per ton of sulfur 4.00 
$AStl Ash handling cost (base year), $/ton 4.00 
ASHPCT Ash in coal, /£ 7.30 
PCTSUL Sulfur in coal, % 3.50 
SLURY Cost of sludge disposal (base year), S/ton 12.00 
COS1.M Cost of limestone (base year), $/ton 10.00 
ESWAGE Escalation rate of wages, %/year 7.0 
ESSLUR Escalation rate of cost of sludge disposal, 

%/year 
6.0 

ESL1ME Escalation rate of cost of limestone, %/year 6.0 
ESCINS Escalation rate of cost of commercial 

liability insurance, %/year 
5.0 

ESGINS Escalation rate of cost of government 
liability insurance, %/year 

5.0 

ESFEES Escalation rate oT cost of operating fees, 
%/year 

3.0 

ESMATL Escalation rate of cost of materials and 
supplies and expenses, %/year 

6.0 

F.SCGEN 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, 



ORNL-DWG 78-20011 

Fig. 5.3. Input data for sample problems. 
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except where new data are read in via the NAMELIST NAME1. Because these 
three example problems were run consecutively, input data for each 
problem carry over to succeeding problems, unless changes in a succeeding 
NAMELIST. Two exceptions, ISOX and MWT, do not carry over. 

In problem 1, a 1200-MW(e) PWR operating with a plant 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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D E F A U L T V A L U E S OF N A M E L I S T N A M E 1 V A R I A B L E S 

YEAR 1 9 7 8 . 0 
T Y P E PWR 
P L T F A C 0 . 8 0 
MWT 3 0 9 2 . 
MWN 1 0 0 0 . 
I S O X 0 
U N I T S 1 
WAGERT 7 . 2 5 
F R I N G E 3 5 . 
SUPER 1 5 . 
B T U C O L 8 1 6 4 . 
XL I M S 4 . 0 0 
* A S H 4 . 0 0 
A S H P C T 7 . 3 0 
P C T S U L 3 . 5 0 
SLURY 1 2 . 0 0 
COSLM 1 0 . 0 0 
ESWAGE 7 . 0 
E S S L U R 6 . 0 
E S L I M E 6 . 0 
F S C I N S 5 . 0 
E S G I N S 5 . 0 
E S F E E S 3 . 0 
E S M A T L 6 . 0 
ESCGEN - 9 9 . 0 

E S C A L A T I O N R A T E S , P E R C E N T / Y E A O 

WAGES 7 . 0 
SLUDGE D I S P O S A L COST 6 . 0 
L I M F STONE COST 6 . 0 
C O M L . L T A B . I N S . COST 5 . 0 
G H V T . L I A 8 . I N S . COST 5 . 0 
I N S P E C T I O N F E E S C E X P . 3 . 0 
M A T E R I A L 6 . 0 
G E N E R A L E S C A L A T I O N - 9 9 . 0 

ANNUAL AVERAGE SALARY COMPONENTS 

WAGE R A T E REFORE ADDERS ( B A S E Y E A R I , S / H R 7 . 2 5 
OPERATOR F R I N G E B E N E F I T S , P C T . 3 5 . 
P L A N T S U P E R V I S I O N E T E C H N I C A L , P C T . 1 0 . 

FGD C O S T C O M P O N E N T S AT RASE YEAR 1 9 7 8 . 0 

C H S T OF L I M E S T O N E , ^ / T O N 1 0 . 0 0 
COST OF SLUDGE D I S P O S A L , S / D R Y T n N 1 2 . 0 0 

ASH D I S P O S A L C O S T COMPONENTS AT BASE YEAR 

C O S T OF A S H D I S P O S A L , S / T O N 4 . 0 0 
P E R C E N T A S H I N LOW S U L F U R COAL 7 . 3 0 
P E R C E N T A S H I N H I G H S U L F U R COAL 1 1 . 6 0 
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PROBLEM 1 

STAFF REQUIREMENT FOR LWR POWER PLANTS 

UNIT S I Z E RANGE HW(E) 
4 0 0 - 7 0 0 70I—1300 

NO. UNITS PER S I T E 
1 2 3 4 

NO. UNITS PER S I T E 
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 
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 
AOMIN. & SERVICES 13 15 17 19 13 15 17 19 
HEALTH SERVICES 1 1 1 2 1 1 1 2 
SECURITY 56 56 56 105 5 6 56 56 112 

SUBTOTAL 7 9 83 88 142 79 83 88 1 4 9 

OPERATIONS 

SUPERVISION (EXC. S H I F T ) 2 2 4 4 2 2 4 4 
SHIFTS 2 8 4 8 68 88 3 3 58 83 108 

SUBTOTAL 3 0 50 7 2 92 35 60 87 112 

MAINTENANCE 

SUPERVISION 8 8 10 12 8 8 10 12 
CRAFTS 14 22 3 0 38 16 26 36 4 6 
PEAK MA I N T . ANNUALIZED 55 110 165 2 2 0 55 119 165 2 2 0 

SUBTOTAL 7 7 140 2 0 5 2 7 0 7 9 144 2 1 1 2 7 8 

TECHNICAL AND ENGINEERING 

REACTOR 1 2 3 4 ^ 2 3 4 
RADIO-CHEMICAL 2 2 3 4 2 2 3 4 
I & C 2 2 3 4 2 2 3 4 
PERFORM., REPORTS* TECH. 17 2 1 25 2 9 17 21 25 29 

SUBTOTAL 22 2 7 34 4 1 2 2 27 3 4 4 1 

TOTAL 2 0 8 300 3 9 9 5 4 5 2 1 5 314 4 2 0 5 8 0 
= 3 1 s s z s s s s a s X M X z s s 1 3 * 

LESS SECURITY 152 244 343 4 4 0 1 5 9 2 5 8 3 6 4 4 6 8 

LESS S E C . * PEAK MAINT 9 7 134 178 2 2 0 1 0 4 148 199 2 4 8 
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PROBLEM 1 (continued) 

SUMMARY OF ANNUAL NONFUEL OPERATION AND MAINTENANCE COSTS 
FOR BASE-LOAD STEAM-ELECTRIC POWER PLANTS I N 1 9 7 8 . 0 

PLANT TYPF IS PWR 
WITH EVAPORATIVE COOLING TOWERS 
NUMBER OF UNITS PER STATION I 
THERMAL INPUT PER UNIT I S 3 7 1 1 . MWT 
PLANT NET HEAT RATE 1 0 5 5 1 . 
PLANT NET EFFICIFNCY• PERCENT 3 2 . 3 4 
EACH UNIT I S 1 2 0 0 . MWE NET RATING 
ANNUAL NET GENERATION. MILLION KWH 6 8 3 7 . 
WITH A PLANT FACTOR OF 0 . 6 5 

STAFF, UOOO/YR 5 0 3 4 . 1215 PERSONS AT $ 2 3 4 1 2 . 1 

MAINTENANCE MATERIAL, S1000/YR 1 8 5 0 . 
F IXED 
VARIABLE 

1 8 5 0 . 
0. 

SUPPLIES AND EXPENSES, 41000 /YR 
FIXED - PLANT 
VAR. - PLANT 

4 6 1 0 . 
4 2 0 0 

4 1 0 

INSURANCE AND FEES, S1000/YR 4 0 8 . 
COMM. L I A B . I N S . 
GOV. L I A B . I N S . 
RETROSPECTIVE PREMIUM 
INSPECTION FEES 6 EXPENSES 

2 8 4 . 
18. 6. 

100. 

ADMIN. AND GENERAL, f lOOO/YR 1662 
TOTAL F IXED COSTS, f lOOO/YR 
TOTAL VARIABLE COSTS, ftlOOO/YR 
TOTAL ANNUAL • S M COSTS, S1000/YR 

1 3 1 5 3 . 
4 1 0 . 

1 3 5 6 4 . 

F IXED UNIT 0 t N COSTS, MILLS/KWHIE1 1 . 9 2 
VARIABLE UNIT O E M COSTS, MILLS/KWHCEl 0 . 0 6 
TOTAL UNIT 0 6 M COSTS, MILLS/KWHfE> 1 . 9 8 
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PROBLEM 1 

STAFF REQUIREMENT FOR COAL-FIREO POWER PLANTS 
WITHOUT F60 SYSTEMS 

UNIT S IZE RANGE MWIE) 
4 0 0 - 7 0 0 7 0 1 - 1 3 0 0 

NO. UNITS PER SITE NO. UNITS PER S I T E 
1 2 3 4 1 2 3 4 

PLANT MANAGER*S OFFICE 

MANAGER 
ASSISTANT 
ENVIRONMENTAL CONTROL 
PUBLIC RELATIONS 
TRAINING 
SAFETY 
AOMIN. 6 SERVICES 12 
HEALTH SERVICES 1 
SECURITY 7 

SUBTOTAL 26 

OPERATIONS 

SUPERVISION <EXC. SHIFT) 2 
SHIFTS 45 
FUEL HANOLING 12 

SUBTOTAL 59 

MAINTENANCE 

SUPERVISION 6 
CRAFTS 75 
PEAK MAI NT. ANNUALIZED 32 

SUBTOTAL 113 

TECHNICAL AND ENGINEERING 

RADIO-CHEMICAL 2 
1 & C 2 
PERFORM.• REPORTS* TECH. 12 

SUBTOTAL 16 

TOTAL 214 

1 1 1 1 1 1 1 
2 3 4 1 2 3 4 
1 1 1 1 1 1 1 
1 1 1 1 1 1 1 
1 1 1 1 1 1 1 
1 1 1 1 1 1 1 

13 14 15 12 13 14 15 
1 1 2 1 1 1 2 
7 9 14 7 7 9 14 

28 32 40 26 28 32 4 0 

2 4 4 2 2 4 4 
50 60 65 45 53 60 65 
12 12 18 12 12 12 18 

64 76 87 59 64 76 87 

6 8 10 6 6 8 10 
90 100 110 80 95 105 115 
64 96 128 32 64 96 128 

160 204 248 118 165 2 0 9 2 5 3 

2 3 4 2 2 3 4 
2 3 4 2 2 3 4 

15 18 2 1 15 18 2 1 2 4 

19 24 29 19 22 27 32 

2 7 1 336 404 222 279 344 4 1 2 
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PROBLEM 1 (continued) 

SUMMARY OF ANNUAL NONFUEL OPERATION AND MAINTENANCE COSTS 
FOR BASE-LOAO STEAM-ELECTRIC POWER PLANTS I N 1 9 7 8 . 0 

PLANT TYPE I S COAL 
WITH EVAPORATIVE COOLING TUMERS 
NUMBER OF UNITS PER STATION I 
WITHOUT FGD SYSTEMS 
THERMAL INPUT PER UNIT I S 2 3 0 1 . MWT 
PLANT NET HEAT RATE 9 8 1 3 . 
PLANT NET E F F I C I E N C Y , PERCENT 3 4 . 7 7 
EACH UNIT I S 8 0 0 . MWE NET RATING 
ANNUAL NET GENERATIUN, M ILL ION KWH 4 5 5 8 . 

WITH A PLANT FACTOR OF 0 . 6 5 

STAFF, $ 1 0 0 0 / Y R 4 9 7 1 . ( 2 2 2 PERSONS AT $ 2 2 3 9 4 . ) 

MAINTENANCE MATERIAL, SIOOO/YR 1 6 7 9 . F IXED 
VARIABLE 

1 3 2 1 
358 

SUPPLIES AND EXPENSES, S1000/YR 
F IXED - PLANT 
VAR. - PLANT 

- ASH DISPOSAL 

2282. 
1300 
182 
800 

ADMIN. AND GENERAL, S1000/YR 759 

TOTAL F IXED COSTS, $ 1 0 0 0 / Y R 
TOTAL VARIABLE COSTS, HOOO/YR 
TOTAL ANNUAL O & M COSTS* SLOOO/YR 

8352 
1340 
9 6 9 2 

F IXED UNIT O & M COSTS, MILLS/KMH(E) 
VARIABLE UNIT O & M COSTS, MILLS/KWHtE) 
TOTAL UNIT O & M COSTS, MILLS/KWHtE) 

1 . 8 3 
0 . 2 9 
2 . 1 3 

HEATING VALUE OF COAL, BTU/LB 
COAL BURNED, TGNS/YEAK 
PERCENT ASH 
COST OF ASH DISPOSAL, » /TUN 

8 1 6 4 . 
2 7 3 9 6 4 C . 

7 . 10 
4 . 0 0 
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PROBLEM 3 

STAFF REQUIREMENT FOR COAL-FIRED POWER PLANTS 
WITH FGO SYSTEMS 

UNIT SIZE RANGE MW(E) 
AO0—700 7 0 1 - 1 3 0 0 

NO. UNITS PER SITE NO. UNITS PER S I T E 
1 2 3 4 1 2 3 4 

PLANT MANAGER'S OFFICE 

MANAGER 1 
ASSISTANT 1 
ENVIRONMENTAL CONTROL 1 
PUBLIC RELATIONS 1 
TRAINING 1 
SAFETY 1 
AOMIN. £ SERVICES 13 
HEALTH SERVICES 1 
SECURITY 7 

SUBTOTAL 27 

OPERATIONS 

SUPERVISION (EXC. SHIFT) 3 
SHIFTS 45 
FUEL ANO LIMESTONE REC. 12 
WASTE SYSTEMS 15 

SUBTOTAL 75 

MAINTENANCE 

SUPERVISION 8 
CRAFTS 9 0 
PEAK MAINT. ANNUALIZED 33 

SUBTOTAL 131 

TECHNICAL AND ENGINEERING 

WASTE 1 
RADIO-CHEMICAL 2 
I C C 2 
PERFORM., REPORTS* TECH. 14 

SUBTOTAL 19 

TOTAL 2 5 2 

1 1 1 1 1 1 1 
2 3 4 1 2 3 4 
1 I 1 1 1 1 1 
1 1 1 1 1 1 1 
I 1 1 1 1 1 1 
1 1 1 1 1 1 1 

14 15 16 13 14 15 16 
1 1 2 1 1 1 2 
7 9 14 7 7 9 14 

29 33 4 1 27 29 3 3 4 1 

3 5 5 3 3 5 5 
50 60 65 45 53 6 0 65 
12 12 18 12 12 12 18 
30 45 60 15 3D 4 5 6 0 

95 122 148 75 95 122 14B 

8 10 12 8 8 10 12 
115 135 155 9 5 120 140 160 

66 9 9 132 35 7a 105 140 

189 244 299 138 198 255 312 

2 3 4 1 2 3 4 
2 3 4 2 2 3 4 
2 3 4 2 2 3 4 

17 2 1 24 14 17 2 1 24 

23 30 36 19 23 30 36 

336 4 2 9 524 2 5 9 345 4 4 0 5 3 7 
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PROBLEM 1 (continued) 

SUMMARY OF ANNUAL NCNFUEL OPERATION AND MAINTENANCE COSTS 
FOR BASE-LOAD STEAM-ELECTRIC POWER PLANTS I N 1 9 7 8 . 0 

PLANT TYPE IS COAL 
WITH EVAPORATIVE COOLING TUWeRS 
NUMBER OF UNITS PER STATION L 
WITH FGD SYSTEMS 
THERMAL INPUT PER UNIT I S 2 2 2 4 . MWT 
PLANT NET HEAT RATE 9 4 8 6 . 
PLANT NET EFF IC IENCY, PERCENT 3 5 . 9 7 
EACH UNIT I S 8 0 0 . MWE NET RATING 
ANNUAL NET GENERA H O N , MILL ION KWH 4 5 5 8 . 
WITH A PLANT FACTUR OF 0 . 6 5 

STAFF, SIOOO/YR 5 8 0 0 . t ? 5 9 PERSONS AT S 2 2 3 9 4 . ) 

MAINTENANCE MATERIAL, SIOOO/YR 2 4 1 0 . 
FIXED 
VARIABLE 

1 8 9 6 . 
5 1 4 . 

SUPPLIES ANU EXPENSES, SIOOC/YR 8577 
FIXEO - PLANT 
VAR. - PLANT 

- ASH & FGD SLUDGE 

1 4 0 0 . 
228. 

6 9 4 9 . 

AOMIN. AND GENERAL, SIOOO/YR 9 1 0 

TOTAL FIXEO COSTS, SIOOO/YR 
TOTAL VARIABLE COSTS, SIOOO/YR 
TOTAL ANNUAL O & M COSTS, SIOOO/YR 

1 0 0 0 6 
7 6 9 1 

17697 

F I X E D UNIT U & M COSTS, M I L L S / K M H I E ) 
VARIABLE UNIT O & M COSTS, MILLS/KWHIE) 
TOTAL UNIT O & M COSTS, M ILLS /KMHIE) 

2.20 
1 . 6 9 
3 . 8 8 

HEATING VALUE OF COAL, BTU/LB 
COAL BURNED, TONS/YEAR 
PERCENT ASH 
COST OF ASH DISPOSAL, S/TON 
PERCENT SULFUR 
SULFUR ( O R I G I N A L ) . T O N S / Y R 
TONS LIMESTONE PER TON SULFUR 
TONS/YEAR LIMESTONE 
COST OF LIMESTONE, S/TON 
COST OF SLUDGE DISPOSAL, S/DRY TON 

1 1 0 2 6 . 
1 9 6 0 8 6 9 . 

6 8 6 3 0 . 
4 . 0 0 

2 7 4 5 2 2 . 

11.60 
4 . 0 0 
3 . 5 0 

10.00 
12.00 



6 1 

REFERENCES 

1. U.S. Energy Research and Development Administration, A Procedure 
for Estimating Nonfuel Operating and Maintenance Costs for Large 
Steam-Electric Power Plants, ERDA 76-37 (October 1975). 

2. G. D. Friedlander, "20th Steam Station Cost Survey," Electr. World 
188(10): 43-58 (1977). 

3. G. H. Kaiz, "Nuclear Plant Staff Turnover," presented at the 
American Nuclear Society Conference on Reactor Operating Experience, 
Chattanooga, Tenn., Aug. 7-10, 1977. 

4. "Application of Cost-Benefit Analysis Requirements of Appendix I 
to Certain Nuclear Power Plants," Fed. Regist. 40(172): 40816-18 
(1975) . 

5. F. W. Hartley, "Nuclear Plant Staffing," presented at the American 
Nuclear Society Conference on Reactor Operating Experience, 
Chattanooga, Tenn., Aug. 7-10, 1977. 

6. Federal Power Commission, Hydroelectric Power Evaluation, FPC P-35 
(March 1968). 

7. Energy Information Administration, Steam-Electric Plant Construction 
Cost and Annual Production Expenses — Twenty-eighth Annual Supple-
ment, 1975, DOE/EIA-0033/1 (January 1978). 

8. Federal Power Commission, Uniform System of Accounts Prescribed 
for Public Utilities and Licenses, FPC-A118 (Apr. 1, 1973). 

9. U.S. Atomic Energy Commission, Utility Staffing and Training for 
Nuclear Power, WASH-1130, Rev. (June 1973). 

10. Lyman K. Mundth, Operational Status and Performance of the Arizona 
Public Service Company Flue Gas Desulfurization System at the 
Cholla Station, Arizona Public Service Company, Rev. (Oct. 11, 
1974). 

11. U.S. Department of Labor, Bureau of Labor Statistics, Monthly 
Labor Review, Vol. 101, No. 1, January 1978. 

12. L. Iwler, "Industry Developments - Electrical Workers Seek Fringe, 
Cost-of-Living Hikes," Electr. World 84(5): 23 (1978). 

13. Norman Kaplan et al., "Removal of SO2 from Industrial Waste Gases," 
Chemical Engineering Handbook Issue (Oct. 17, 1977), p. 129. 

14. Electric Power Research Institute, State-of-the Art of FGD Sludge 
Fixation, FP-671 (January 1978). 

15. PEDC0 Environmental, Inc., Summary Report - Utility Flur Gas 
Desulfurization Systems, October-December 1977, prepared for the 
U.S. Environmental Protection Agency. 

16. J. W. Barrier et al., Economics of Disposal of Lime/Limestone 
Scrubbing Wastes: Untreated and Chemically Treated Wastes, 
EPA-600/7-78-023a, Tennessee Valley Authority (February 1978). 



BLANK PAGE 



62 

17. "Tougher Standards Ahead for Discharge of Chemical Wastes," 
Fewer 121(9): 45 (1977). 

18. M. L. Myers, personal notes from unpublished remarks at Symposium 
on Flue Gas Desulfurization sponsored by the U.S. Environmental 
Protection Agency, Hollywood, Fla., Nov. 8-11, 1977. 

19. Title 10, Code of Federal Regulations, Part 140, "Financial 
Protection Requirements and Indemnity Agreements," Subpart B, 
p. 465, Revised as of January 1, 1974. 



63 

APPENDICES 



2363 

Appendix A 

EXCERPT FROM FEDERAL POWER COMMISSION UNIFORM SYSTEM OF ACCOUNTS 
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O P E R A T I O N A N D M A I N T E N 
1. POWER PRODUCTION EXPENSES 

A. STEAM POWER GENERATION 

Operation 
500 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 steam power generating 
stations. Direct supervision of specific 
activities, such as fuel handling, boiler-
room operations, generator operations, 
etc., shal l be charged to the appropriate 
account. (See operating expense in-
struction l .) 
501 Fuel. 

A. This account shall include the cost 
of fue l used in t h e production of steam 
for t h e generation of electricity, includ-
ing expenses in unloading fuel f r o m the 
shipping media and handling thereof up 
to the point where t h e fuel enters the 
first boiler p lant bunker, bopper, bucket, 
t ank or holder of the boiler-house s t ruc-
ture. Records shall be mainta ined to 
show the quantity, B.t.u. content and 
cost of each type of fue l used. 

B. The cost of fuel shall be charged 
initially to account 151, Fuel Stock, and 
cleared to th is 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. 
I n the la t ter 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. 

ITEMS 
Labor: 
1. Supervising purchasing and handling of 

fuel. 
2. All rouUnc fuel analyses. 
3. Unloading from shipping facility and 

putting in storage. 
4. Moving of fuel In storage and transfer-

ring fuel from one station to another. 
5. Handling from storage or shipping 

facility to first bunker, hopper, bucket, tank 
or holder of boiler-house structure. 

6. Operation of mechanical equipment, 
such as locomotives, trucks, can, boats, 
barges, cranes, etc. 

Materials and Expenses: 
7. Operating, maintenance and deprecia-

tion expenses and ad valorem taxes on util-
ity-owned transportation equipment used to 

l N C E E X P E N S E A C C O U N T S 
transport fuel from the point of acquisition 
to the unloading point. 

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

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

10. Excise taxes. Insurance, purchasing 
commissions and similar Items. 

11. Stores expenses to extent applicable to 
ruel. 

13. Transportation and other expenses In 
moving fuel In storage. 

13. Tools, lubricants and other supplies. 
14. Operating supplies for mechanical 

equipment. 
15. Residual disposal expenses less any 

proceeds from sale of residuals. 
NOTE: Abnormal fuel handling expenses 

occasioned by emergency conditions shall be 
charged to expense as Incurred. 
502 Steam expenses. 

This account shall include the cost of 
labor, materials used and expenses in -
curred in production of s team for electric 
generation. Thi§ includes all expenses 
of handl ing and preparing fuel beginning 
a t the point where the fuel enters the 
first boiler p lan t bunker, hopper, t ank or 
holder of the boiler-house structure. 

ITEMS 
Labor: 
1. Supervising steam production. 
2. Operating fuel conveying, storage, 

weighing and processing equipment within 
uoller plant. 

3. Operating boiler and boUer auxiliary 
equipment. 

4. Operating boiler feed water purification 
and treatment equipment. 

5. Operating ash-collectlng and disposal 
equipment located lnsldo the plant. 

0. Operating boUer plant electrical equip-
ment. 

7. Keeping boiler plant log and records and 
preparing reports on boiler plant operation 

8. Testing boiler water. 
9. Testing, cheeking, and adjusting meters 

gauges, and other Instruments and equip-, 
merit in boUer plant. 

10. Cleaning boUer plant equipment when 
not incidental to maintenance work. 

XI. 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-
pressure boilers, tho item should bo con-
sidered as maintenance. 

Materials and Expenses: 
12. Chemicals and boiler Inspection fees. 
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O P E R A T I O N A N D M A I N T E N A N C E E X P E N S E A C C O U N T S 

>3. Lubrlcnnts. 
14 Boiler feed water purchased and pump-

ing supplies. 
503 Steam f rom other sources. 

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

N a n : 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 prlcc, and the total 
charge. When steam Is transferred from an-
other department or from others under a 
Joint operating arrangement, the utility shall 
be prepared to show full details of the cost or 
producing such steam, the basis of the chargc 
to electric generation and the extent and 
manner of use by each 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-
ation 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 auxiliary apparatus, 
snitch gear and other electric equipment 
to the points where electricity leaves for 
conversion for transmission or distribu-
tion. 

incus 
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. 

5. Operating lubrication and oU control 
system. Including oil purification. 

8. operating switchboards, switch gear and 
electric control and protective equipment. 

7. Seeping electric plant log and records 
and preparing reports on electric 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 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 purification supplies 
14. Cooling water purchased. 
15. Motor and generator brushes. 

506 Miscellaneous steam 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 readily assignable 
to other steam generation operation ex-
pense accounts. 

ITEMS 
Labor: 
1. General clerical and stenographic work. 
2. Guarding and patrolling plant and yard. 
3. Building service. 
4. Care of grounds including snow removal, 

cutting grass, etc. 
5. Miscellaneous labor. 
Materials and Expenses: 
6. General operating supplies, such as tools, 

gaskets, packing waste, gauge glasses, hose, 
Indicating lamps, record and report forms, 
ctc. 

7. Flrst-ald supplies and safety equipment. 
8. Employees' service faculties expenses. 
9. BuUdlng service supplies. 
10. Communication service. 
11. Miscellaneous office supplies and ex-

penses, printing and stationery. 
12. Transportation expenses. 
13. Meals, traveling and Incidental 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 
instructions.) 

Maintenance 
510 Maintenance 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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OPERATION* AND MAI NT EN". 

tenance of steam generation facilities. 
Direct field supervision of specific jobs 
shall be charged to the appropriate main-
tenance account. (See operating ex-
pense instruction 1. > 

511 Muinlcnancc of structures. 
This account shall Include the cost ol 

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 expense 
instruction 2.) 
512 Maintenance of boiler 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, Maintenance 
of Electric Plant, the point at which 
steam plant is distinguished from elec-
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. 

c. Hotwell pump outlet on condensate 
lines. 

d. Inlet flange of all turbine-room 
auxiliaries. 

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

S13 Mninlcnnncc 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 5 
of account 512.) 

514 Maintenance of miscellaneous steam 
plant. 

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

- V C E K X P E N S K A C C O U N T S 

8. NUCLEAR POWER GENERATION 

Operation 
517 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, etc., 
shall be charged to the appropriate ac-
count. (See operating expense instruc-
tion l.) 
518 Nuclear fuel expense. 

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 OT 
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 is recorded in account 120.3, Nuclear 
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 
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OPERATION AND MAINTENANCE EXPENSE ACCOUNTS? 
water used fo r s t eam and cooling pu r -
poses. 

ITEMS 
Labor: 
1. Operation of water supply facilities. 
2. Handling of coolants and heat transfer 

materials. 
Materials and Expenses: 
3. Chemicals. 
4. Additions to or refining of. fluids used In 

reactor systems. 
6. Lubricants. 
6. Pumping supplies and expenses. 
7. Miscellaneous supplies and expenses. 
8. Purchased water. 
NOTE : Do not Include in this account water 

tot general station use or the initial charge 
for coolants, heat transfer or moderator 
fluids, chemicals or other supplies capitalized. 
520 Steam expenses. 

This account shall include the cost of 
labor, mater ials used and expenses In-
curred In production of s team through 
nuclear processes, and similar expenses 
for operation of any auxiliary superheat 
facilities. 

ITEMS 
Labor: 
I . Supervising steam production. 
? Fuel 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. Waste disposal. 
0. Operating steam boilers and auxiliary 

steam, superheat facilities. 
Uaterlals and Expenses: 
7. Chemical supplies. 
8. Charts, logs, etc. 
9. Health, safety, monitoring and decon-

tamination supplies. 
10. Boiler Inspection fees. 
I I . Lubricants. 

521 Steam f rom other sources. 
This account shal l include the cost of 

s team purchased or t ransfer red f r o m a n -
other depar tment of t h e utility o r f r o m 
others under a jo in t facil i ty operat ing 
a r rangement f o r use i n pr ime movers 
devoted to the production of electricity. 

NOTE : 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 la transferred from 
another operating department, the utility 
shall be prepared to show full details of the 
cost of producing such steam, the baa la of 
the charges to electric generation, and tho 

extent and manner of use by each depart-
ment Involved. 
522 Steam transferred—Credit . 

A. This account shall Include credits 
for expenses of producing s team which 
are charged t o o thers or to other utili ty 
depar tments under a jo in t operat ing 
ar rangement . Inc lude also credits for 
s team expenses chargeable to o ther elec-
tr ic accounts outside of t h e s team gen-
eration group. Ful l details of the basis 
of determinat ion of t h e cost of s team 
t ransferred shall be main ta ined . 

B. If the charges to others or to other 
depar tments of t h e utili ty include an 
amount for depreciation, taxes and re-
tu rn on the jo in t s team facilities, such 
portion of t h e cha rge shall be credited, 
in the case of others , to account 454. 
Rent f rom Electric Property, and in the 
case of other depar tments of t h e utility, 
to account 455, In t e rdepa r tmen ta l Rents . 

523 Electric expenses. 
This account shall include t h e cost of 

tabor, materials used and expenses in-
curred In operat ing turbogenerators, 
s team turbines a n d their auxiliary ap -
paratus, switch gea r and o ther electric 
equipment to the points where electricity 
leaves for conversion f o r 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. 
5. Operating lubrication and oil control 

system. Including oil purification. 
6. Operating switchboards, switch gear and 

electric control and protective equipment. 
7. Keeping plant log and records and pre-

paring reports on electric 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 equipment when 
aot 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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OI'KllATION AM) .MAIM l.-VAM K KXI'K.VSK ACCUI NTS 
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 readily assignable to 
other nuclear generation operation 
accounts. 

ITEMS 
Labor: 
1. aeneral clerical and stenographic work. 
2. Plant security. 
3. Building service. 
4. Care of grounds. Including snow re-

moval, cutting grass, etc. 
5. Miscellaneous labor. 
Materials and Expenses: 
0. General operating supplies, such as tools, 

gaskets, hose. Indicating lamps, record anil 
report forms, etc. 

7. PI rat-aid supplies nnd safety equipment 
8. Employees' service faci l i t ies expenses. 
0. Building service supplies. 
10. Communication service. 
11. Miscellaneous offlce supplies and ex-

penses. printing and stationery. 
12. Transportation expenses. 
13. Meals, traveling 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-
ation. <See operating expense instruc-
tion 3.) 

Maintenance 
528 Maintenance supervision and engi-

neering. 
This account shall Include tho cost of 

labor and expenses Incurred in the gen-
eral supervision and direction of mainte-
nance of nuclear generation facilities. 
Direct field supervision of specific Jobs 
shall be charged to the appropriate main-
tenance account. (See operating expense 
Instruction 1.) 
529 Maintenance of structures. 

This account shall include the cost of 
laibor, materials used and expenses in-
curred in the maintenance of structures, 
the book cost of which is includible in 
account 321, Structures and Improve-
ments. (See operating expense instruc-
tion 2.> 
530 Maintenance of reactor plant 

equipment. 
This account shall Include the cost of 

labor, materials used and expenses In-

curred In 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 miscellaneous nu-

clear plunt. 
This account shall include the cost of 

labor, materials used and expenses 'in-
curred in maintenance of miscellaneous 
iiuclcar generating plant, the book cost of 
which Is includible In account 325, Mis-
cellaneous Power Plant Equipment. (See 
operating expense instruction 2.) 
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IcNTRANCEl I 1 
» C P R U G K A P C K C U S T •C El PLANI NcT EFFICI=4CY K/U FLU: OAS UESULFuRIZATICIt, PERCENT »L E2 EFf-1C IcPlCY MULTIPLIER FOR FLOE GAS U.:SULFUR11ATICN, DtCIPAL «C »SH ASH IN CC»L. PERCENT 
•c a i u H C A T I N O VALUE C F C O A L , U I U / L I I *C HUN .JET PLANT ELtdKlCAL OUTPUT (SINGLE OMIT), P* • C MWT THcRPAL INPUT TC PLANI (SINGLE UNIII, MH • C 1ASH i/TOU ASH HANDLING CuSTIbASE VEAK) *C rlASn ANNUAL CDSI UF MAINTENANCE PATCH! AL AT RcFEKENCE CAPACITY • C FACTLR, ITFUUSANU/YEAK • C ISUX FLLc GAS lie S L L F u K 1ZAT ICN SPECIFIED 

=0 F L U £ O A S O E S U I I U R 1 / A T I O N . « G I S P E C I F I E D «C T Y P E P L A N I TYPE U K . R M C U A L I «L XHWT PAXlPUP THEKPAL IWUI FOR GOVT. LIABILITY INSURANCE CALC. • C YEAR y£Ak li» (!PEKA 11 CN «C S(ASH i/TC.4 ASH FMUULINu CUSIIYEAR UF UPCRAIIGUI «C CUSLM COST CF LIPESTLN*. (bASE YEARI. i/lOH *C F I X S L riALu A N N U A L CUSI CF SUPPLIES 6 CxPENSES, tlhOUSAdD/YEAR *C ISlZc IUUEX uF UN 1 1 SIZE =1 < I 0 J - 7 0 R » = 2 7 C 1 - 1 3 C 0 PV.E *t ITYPt INLEX uF PLrtJI TYPc M PtM, ..*•<» LW«, = i COAL »C RETRiJ ki (KuSP=CIIW: PR̂ PIUM INSURANCE, tlHUUSAN(j/YtA« • C SLURY bASE YeAR COST UF SLUl'Ot DISPUSAL, i/URY ION »C STAFF STAFF TOTAL, PLRSUNS •0 SUPER PLANI SUPCR. i ENGRG. AS PCT. OF MAGcS & FRINGES 
»c T O T A L I O I A L ANNUAL U «. M C O S T S , H H O U S A M J / Y E A R • (. UNITS NUPrttK UF UNITS PiR STATION • C VARSt V A K I A H L E ANNUAL CUSI L)F SUPPLItS & EXPENSES, $THIJUSAp4U/YEAR »C XLIMS IONS L1WSIUNF/IC'.\ SULtUR 
»C ADMGEN AGMNISIRAIIVI A ,U GLNERAL, »TMUUSANJ/YEAK «C AGFACT A t o, Pl'RCeNI UF ST ArF, F I X lO HA INIcNANCE, • c F I X E L I SUPPLii.S A M ) LxPlNSES »C ANNGCN AttNUuL NCI U'JILKA TI UN, MILLMN KhM •C ASHPCT ASH IN CUAL, PLRCtNT • C PAScYK MASS Y C . A H FUR LCST MUUtL • L HASTAF STAFI IUTAL, PERSIJNS *C llTUCUL HEAT I Nu V A L U l UF CUAL, MTU/Lf • C C O M I N S CCPPcRClAL LIABILITY INSURANCE, ITtiOuSANU/YEAR • C COSLIH CUSI UF ll"tSTUNc, WICN *C CI1STAF ANNUAL CUSI UP SIAFI (IGTALI, * IHLLSAN(J/YEAR *C E S C GlN ijtNLrtAL rSCALAT IUN K«lt, PtRCtNI/YcAK • C ESCÎ S ESCALAIIÔ  KA It UN Cos! UF C U P P E H C I A L HAdlLITY INS.. PCT/YR • C ESFLLS L S C A L A I U J N KA It CiJSI UF INSPECTION FEES, PtRCENT/Yt AH «L T-SoINS L S C A L A I KIN K A I L UN CuSI UF GUVfcRNMtNl LlAtllLIIY INS., PCT/YK FSLIME ESCALAIICN KAffc UN CUSI UF LIPESTUNE, PERCcNT/YEAR »C '-SMATL LSCALAIIUN KAIL U.j HAK.RIAL, PCRCEM/YEAR *C rSSLUR ESCALAI I(J'J KAtc UN CUSI UF SLUOGE UISPUSAL, PERCtNT/YtAR «(. "SWAGE LSCALATir.fi KAlc CM WAur.S, P E K C E N T /Y E A R »C FTftNtT PLANI .̂tl EFFICILNCY, PERCENT *C FACMAT MAIEKlAL CUrtPUNE.n UF DIRECT PA1NTtMAlCE, UECIPAL »C FE E INS INSUKANCr A,*!, FL̂ S, »IHCUSAND/YtAR »C FIXFAC F 1 Xcl> PUR II UN CI PLA.,1 PAINTlNANCL HAIL. COSIS, LLCIMAL tL FIAMIL IIXEU UNI I U u K COSIS, MI LLS/KI«H 111 »C F I X PNT AN.WAL ensi I IXLU hAlNl ENANC'- fATL., »THUUSANU/YE AR •0 FtlKIYR HCuRS PER YcAR Al i.0 HLURS P-.R WiL-iK • L FRINGE U P L R A I U R IRlNGiI utNLFllS AS PtRCiNI uF ViAOE RAIL, PERCENT *C FULLYR TCTAL HUURS IN A YCAK *C '.DVINS OCV/i:RNPc\T LIABILITY INSURANCE, *IHOuSANU/VEAR «C HTKAIL PLAN I NLT HLAI K.»TL , tllU/KhHIhl • C KAhCUS aNiJUmL COST Uf SIAFF MPWtR, »/PAN-Y-.AR *C IN̂ PlCIIRN FtLS, »l HuUSA-IU/Yr AR *C PC TSUL SULFuK IN CUAL, PtRCLM •u PLTFAC PLANI FACTUK, UECIKAL *C SLURRY CCiT CF SLUUOL UlSPUSAL I YEAR IIF OPEKATIUNI, 4/DRY TUN *L SLUSUL DRY SLUUGi IE SULFUR KATIO F'. R FLUL GAS UESULFUR12ATIUN «C SUPAUO Stc AUUtR FUK LIMESTuNE; SLLuGl UISPUSAL, »THUUSAHD/YEAR *C SUPAU£ ASH LISPUSAL CUSI, HoCO/YR •C SUPEXF CCST LF CHEMICALS, G».StS, LUHRICANIS, DFUCE AND PERSONNEL »C SUPPLIES, CFF Silt CUMRACT SERVICES *C SliPExP SUPPLItS C EXPENSES I TOTAL) t *THUUSANO/Y£AP •C rUNCUL COAL BURNEG, TGUS/YEAK •C TCNLIP L1HESTUNi, TUNS/YEAR *C TONSUL SULFUR IN COAL ILRIGINALI, TUNS/YEAR *C TUTFIX TUTAL FIXEO CUSTS, iThOUSAND/YLAR *C TOTM1L TOTAL UNIT U t M COSTS, HILLS/KNHIcI *C TOTM̂ T Â ÛAL CCS r CF fAIMLNANCE MATERIAL, IT FO US AND/YEAR «C T0TVAR 10TAL VARIAULE CUSTS, JTHOUSANU/YEAR 
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c VA4FAC 
c VARH1L 
c VAKMNT 
c VScbAS 
c 
L VSEP1L 
c 
c h'AuEîT 

VAXlArtLt POKIIUN or PLANT MAINTENANCE CCSTS. DECIMAL VARIABLE UMT U d M COSTS. MILLS/KWHIfc I MNNUAL COS! VARIABLE MAINTENANCE HATL.. HHOUSANC/YEAR BASE YEAR VArtlABLS CUST UF SUPPLIES AND EXPENSES I oEFUitE SlUOGi DISPOSAL, FLYASHI, STHUUSAND/YEAR CASE YcAR VARIABLE COST OF SUPPLIES AMD eXPtNSESI BEFORE SLUUt>t DISPOSAL, FLYASHI, MILLS/KMII € I 
HAUE KATC (OKFUK-. Auutasi. S/HUUK R£AL«4 MWT. PWN, MA,\CLS 

1MTFGCR»4 STAFF, LfJ11S DIMENSION Al/I 
DIMENSION oTu(2).ASF(2l 
COMMON /CCfl/ MHN, liUA, Yf-AR, ISUE, STAFF. UNITS. BASfcYR, 
* ESMATL, FIXMNI, t.S*iAub, MmNCUS. PLTFAC. SUPEXF, VARPNT, TUIMNI. * VStPIL 

NFLMCLLSR /nAHtl/ FHN, MTIT. I S O X , TYPE, YEAR, * CUSLM, SLURr, SUPtK, UNITS, XLIPS. BTUCOL, ESCINS, 
* ESCUCN, » SASH, ASHHCI, « ESFrcS, ESI.INS. tSLll-i, fchMATL. ESSLUrf. ESMAGt. FKINGE• » PCTSuL, Pi- IFACt HAuEKT DATA lh/o/ DA IA lYPe/'PWR •/ DATA X/'PUk '."PhK«,«t>»« ".'BW.'HK •.•L««,,,CCAL'/ 

DAT A « A < ; I R I / ( . ? * / , F R l .NOc / ! ! > . / » SUPER/ I S . / 
DA IA 0tb/Bl0«i.C,ll 0<it>.G/ DATA HI ULDL / ci ic>4 .00/, XL 1 MS/4. U/tPClSLL/3.5/ 
OATd ASF-/7. J. 11.6/ DAIA GGSLP/1J./t SLUKY/l̂ ./ 
L.ATA b L U b U L / « I . O / 
OATA * A S H / « . . / . A I H P C T / 7 . i t 
MW IXOC. 
UNIT S = 1 
YE4K S 1tfd.u 
UAIEYK = 1 9 7a. 0 
^SC0£t< = -19. 
ESWAGc. = 7.0 
FSSLURT = O . C 
t S U M e = 6 . : 
cSClfvi = i.J LSvilNi = I.C 
C S F c r b = J . C 
L S M A T L = 6 . 0 
PL I FAC. = , O C 
FULLYK = LC.S>.2S * 2 4 . 
FFLKTYK = "IT. • 4 0 . IN'AMiii = 1 

t 
I 

60t> CCNTUUc •«WIOv.-»2. 
I SOX = 0 

* lFIIKAPEl.Nr.il GU IC olO 

wRlTcllfc.B*!) YiAH, TYH£, PLIFAC. MUI, MWN, ISOX, UNITS 
•121 I (JKM4TI • , Î O.*UtFALLI VALUtS OF NAPcLlST NA*cl VARI AtiL ES* // * • •,T2Q.•YLAH ' , 1 / * • '.UJ.TYP; / 

* • • , T«!Gt'PI. 1FAC* .T40.K..Z / « • '.TiO.'Ktil a , l<tu«F 5. 0 / * • '.Ĵ G.'PhN • , TJ»w«Fb.O / « ' •.KC.MSUx II / 
* • •• 123*'UNITS •,!<!_,.11 I WK1 It (It.,8 Jd) WAGrKF, F KINGt, SUPKri, KTUCUL. XL1MS obS FOrtrtA 1 ( • '.TiO.'KAOFKI'.IJV.Fb.Z / 
* • ' . R ^ J . ' F K I V J T ' . I I A . F S . ' 1 / 
» • • , T ^ J , » S U H L I< ',13d,Fr>.? / 
« • • , T I O , « D L U . O L ' , L } H , T 8 . 0 / 
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« t 4 ( to I » l»{* 1 IK lit*. t 

• « ' . t 4 * vi*r» f • , » « « a Ml* 1 MH| u-i » r• »sM , <• « , • »»v« «« 4 1 v %»*»' • • 
(14 1 | )lOU» f f ' « v »•! ' , t 1* 4 O ) / 4 » CI 4tl> « • . » 4< , U j / 

* « » »*«• | 1» • . ? «J ; / 
* • , » * ' • W»»Mi (IM, <« Mil • c. l i I 1 • O• I ««•* 1 sltl 
» tit -nj 

U ft f f»ft(<» t • ' * T
 1 . ' 1 S » 1 Mf« • , t 4 1 , • • t 

• « t. vl |t t' 4 » * I t 

* t •."IMV ' , • ' 1 
i <.Mlf ' , 1 4 1 1 / 

* • * • > • « . * t v » I 4 f t s t • I ' 
% f 4 t 

I M»(tl » i't 
i «i" i*« i f», - it r i • t 

* • * » ' » » , » III • 

I 
• ltl.1l t • I ••! I I t « t • I •• * f M I I f I I I 

It • I ,1 I I »l -t <1 ••!> | » I I 1*1 « I I I ( • I f 
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} i i i i I I i •• 1 • i i 1 1 1 | i • > i I ••.., . . . | i 

t 
I 

• 11 M ii HI III ii 11 M i i i"> i II iHI in i. i (| *|. f i,t | * * ... | • i. r11• • *i 
• . i , • 11 . 11 . i i . i > . , . • , , , . . , . . i . 

t t i Hltll'llKI'IOliliU.Mllililllln' Ullllli Mill •».»>. t . 
» 11 t ' «. ' Ml'i ( I ij , n 'M t I M . "I* • .1«'»H ' ' . ' ii. 1 (,•> t I I t M ! • • ' 
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IFUTYPE.EU.2>SUP£R»10. 

01. 1 
* 11 MANCOS*FORTYR*MAG£RT*tl.*FI<INGE/100.>*(l.+SUPER/100.> • * * »C1.0+ESWAuE/100.)»»IYEAR-bASEYR> * * COSLIf - CCSLH * (1.0 +ESLI*E/100.)**(Y£AK-aAS£YR} * * SLURRY = SLURY * II. 0 •ESSLUR/100.)(YEAR-BASEYRI • » »$ASH=$ASH»tl.O tcSSLUri/100.1**I YEAR - UASeYRI * ****•***«******««•*••*•••*•••*****•«•*••*••**•«•**•••*••••••*•*****•••**** 

I 

IF(HHT.EU*3C92.1 GO TU 2C 
I I 1 

• t TANEI = ICC. * fw* / fWT » 
1 I 1 1 I 

» GO TC bOi 

1 
* 20 El = 32.34 * 

E 2 = 1.0 * 

I 1 

* IFIITYPE.EU.2IEL = 3A.?7 * 

I 

1F U I TYPE >eC.2).AND.IISOX.eU.1>) E2=1.0345 * 
******************************************************************** 

I I I 
• ETANET = El • E2 * * MWT = KWf» • 100./ETANET * *r*****************,**************************************************>;**-z 

I U( I 
» 603 HTKATE = 3412.142 » 100. / ETANE f • 
*************wtm********************************************* ************* 

1 I I 
* IF((MhN.LT.4CC.0).UK.(MHN.GI.1300.1 I GO TO 701 * ************************************************************************** 

I 1 1 
* IFIMWN.LE.700.0) UU TO 10 
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* 
* * * * 

lSUfc=2 

GC TC '•IC 

01 i 
* * 

I 
i 

» CO TU 41. *. 
* « * • * « « * * * * * • * * * * « * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

CI. t 
* fCl nRl TEUV.,bvjl> » * bOl FUKMAri' SUCt'NcT UNIT ELECTRICAL OUTPUT GUI OF RANGE'/ • « * TX0,".00 lb UOu l*Wt PtR UMT'/'l'l » ****************************************************4********************* 

I I I 
* * * * * * * * * « • * * » * « * * * * * * * * * * * * * * * * * * * * * * * * * * • * « * • * * * • * * * * • * * * * * * * * * * * * * * * * * * 

* till TO CiOii *. tt************************************************************************* 
u ( . 
I 

* » * « * * « * * * • * * * * « * * « * * « * « * * * * * * * * * * * * * * * * * » * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

* AN,4G=* = IMViU * FuLLYR * PLTFAC / IOOC.I « UNITS * *********4*«»**«*«**********************************4********************* 
1 
I «*«*****«.»*8 **»**« ««•******•*»*••*•••*••****•**•***•*»••**»***•••*••••**** 

* IFI I IYHC. . 1)Gfj TC <i5t. *. ************************************************************************** 
1 I I 

* CALL * LWR * ************************************************************************** 
I I I 

* * * * * * * * * * * * * - , n. * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

* uC TU OJO 
* * ¥ * * * * « * * * * * * * « * * * * * * * * * « * * * * * * * * * . * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

Ul , I 
* * * * * * * * * « * « « * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

* <.5"< IFllTYPfc.Nt.ZlGQ Tl) IO'J *. • 'f********************** ************************************ ******* ******* 
I 1 **«IX#*********««*««***«* ********** ****** ********************************** 

* IF ( ISltA.cU. c) CALL iCGAL * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

I I 
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* I F I I S l i X . t g . 11 CALL i C L M S • 

I 
i 
i 

* OU IC t>0(. • 

t 

• >00 WKllf. tlW.UiJQ) • RGO KJHHAtl '(.• > 1/0,'M- CLCfAKliCN «J»- PI AM lyPt.»/»|M 
I I I 

t.C TL 

UC , I 
• 600 CCNIINUI * • tosi^ * SIA^ • MANCCS / IOOO. • 
• VStbAS = VSLMIL'A.NNGLN • • • • U.0»C<.Mttut/l90.l**(YLAK-oASLVK> • • sufAfic = o.n • « si)CAD<;=c.c • 
• tO.-lCOL s A.NNJEN • HIkAIt • l.t6/tB(t(ISCX» I) • ^COC.I • 

1 
I 

1F(ISUX.tO.C) 00 IC 619 

* TONSUL = TuNCCL * PCISuL/100. * TONLIH = TONSUL * XL1MS * SUPABU=( |T0M.IH»CUSLIM) + <T«JNSUL»SLUSUL»SLIIHKY» 1/1000.• TUNCGL * » •IASHIisOA«l)/100.)**>A!>H/1000. 
1 U<. 1 

• 619 CCNTIMJt 
I I I 

» » « « » » * * » • * « * « • • » « • • • » # * » « « • * « • * * » * » » « » » » * « • « « • « » * » * « » » * » » * * * » » » « » • • » » * * • » 
* IFUSUX.fcO.U .ANC• (TYPt.E0.2ISUPAD2=TONCOL»'<ASH(lSOX»l.l/lOO.) * * • »*»ASH/1000. * 

i I I 
*t*^tt***»*****t********************************************************** 
* VARSE = VSEuAS • SUPACO + bUPA02 • * FIXSc = SUfEXf*UMrS * * * •Cl.C+ESHAGE/10C.)»»CVEAR-bAS6VK) * * SUP6XP = F1XSE • t/AKSE * 
***t ************* ************************************ ************* I 1 I 

1FIITYPc.EU.I)GO 10 12 
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I I 1 
• «.U"L-.I = C.C 

• »tl Kl.-C .o » I,PHI i.-c. c 

(A TL li 

Ul. 
I 

» 1' CLKINS = llb̂ .R • 114. t • UNI TSI»( 1 ,a*£SCl!MS/luO. !••« YEAR-bASEYR) » 
I I I 

• lHKwJ.Lt. JTCC. IOU IU 13 

i i i 
* xfw» = i occ. « 

* (.(1 TC 14 • 

1 
» 13 XP*T = ri>T * 

I U( , 1 
» 14 -JCtflfkSM 6.**HHT»UNIIS/lC0lj.)»U.0 + E5CI'VS/100.»»»(VeAR-dAScVRl • * KCTKLi = { LUL I S ) * 11 .J»T-SC I N S / 1 0 0 . »*•< Y K A K - B A S E Y R I » 
* O P T C E I = ( 1C<J.* LULT5.)«TL.'J*FCSFFCES/LDC..>«MYEAK-BASEYR> » 

I CI I 
* * * * • * « * * * « • • * * * • • « * • * * * * * * * * « * • • * * * * * » • * « * * * * • * * • * * * • • * * * * * * * * * * * * * • * * * * « 
* LB 1-ECLNS = CLNINS • G U V L U S • C P F £ E S • K T T R C » 
» A G F A C I = LA. * 

IF( I T V P £ . E H . < M A G F A C | S L 3 . 

» A0F3T:N = 4VIFACL»TCCSTAT-*RLXHRTI+ H X S £ 1 / 1 0 0 . • * rolF I*=CUSIAF+FI*riMr*AijMGEf.»FLuINS«Fl*SE * * rCTVAK = i/ARMM • l/Arfht • 
« TO rat = I C I V A R + rcrux » » HXKIL = ToTUX / AlVNGi-N » 
* VA-TMLL = T U L V A T / A'FUGC.'J * 
» T O I ^ L L = T L T A L / A,V.'GFC.« » * hrUTc«H..dO<!) Y£A« « 
* B C ? K 1 R M A M ' I ' . T L B , • 
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eon 
ao<. 

• All 

'SUMPArfY Cf- ANNUAL MONFUEl UPtaATfUH 4N0 MAINILNANCE CUSIS'/ • 
UB.'FCK rtASfc-LCAC SFcAM-tLfcCIR tC POWER PLANTS IN *,F6. 1/) • 

WHITEIIW.tfOBl TYPE • 
FOKMAIC' ',120.'PLANT IYPE IS '.A4I • 
WRIn <iw.auti • 
FURMAll' ',I20.'W|IM IlVAPUKAIIVE CUULING TUWERS* I • 
WRITE tlh.olll UNIIS • 
FDrfMAT I' ',120.'NUMBER OF UNIIS Pt.R STATIUN '.111 * •••••••••••••••••••••••••••••••••••••••••••••••••••••••••a********* 

I I I 
lFIITYPE.NL.2lt,G IL t W 

IF (ISUX.EU.1I WHITE UW.BLVI 

* 8 C9 FOHMA II' ',120,'WITH FuU SYSTEMS'! 

IF IIbCX.Eta.Gl WRITE (IW.610I 

• 810 FCRNAT I' ' . T2G. 'WIT HUlil FCU SYSTEMS') 

I Ul . I 
* 604 CONTINUE 
* WRIrtllfa.8u7l PMT 
» 8C7 FQRHA I [' ',120,•IHLRPAL INHUI PER UNIT IS '.FS.O.' MWT'I 
* WRirttlW.a^/l HIKATE 
* 827 FORMAT(• ',T20.'PLANT NET htAT RATt '.F7.0I 
* WRITE(IU,826I EIANET 
* d26 FOKHA 11 ' ',T20,"PLANT HE f EFFICIENCY, PERCENT '.F7.21 
* WRlTEIIW.BUil MWN 
* 803 FORMAT(' ',120,'EACH UNIT IS '.F5.0,' MWE NET RATING') 
* WRITEIIW.816I ANNUEN 
* 816 FORMATI' 120.'ANNUAL NET oENEKATIDN. MILLinN KHH'.FT.O) 
* WRITEIIW.8G6I PLTFAC 
» 806 FORMATI' •,T20.akITH A PLAN1 FACTOR CF ',F4.2/I 

I 1 
I I 

« « * * « * » « « • » » • * » » * » « • « * • « • • » » « » * * * * • » * * « « » • • • « • » » » « » • • • * * » « » * • » * • « » » • * « » » » » 
• I F I I P L T F A C . G T . . 8 C ) . C R . ( P L T F A C . L T . . s o i l W R I T E I I W , 8 6 2 1 * 
» • » » « • * « » * « « » * » » * » • » • * « » • » « » * » « • * » » » * * * » » * • « # * « » » • • » • « » « » » * « * * • « » * » * * # • « « » 

I 1 I 
» 862 FORMAIC '.T10,' PLANT FACTOR OUT OF RANGE I.5C TO .8C)') » 
* WRITE (IW,SI'.) COSTAF, STAFF. HANCCS * 
* 814 FORMATI ' • , T23. 'STAFF, *l03i;/YR • ,Ti>5,F6.G, ' (',13, » 
» »' PERSONS AT t'.F6.0.')M « 
* WRI TE(IW,8X7) TCTMNT * 
* 817 FORMATI'0',T20.'MAINTENANCE MATERIAL, HG0G/YR'.T55,F6.0I • 
* WRITE 11M.8661 FIXMNT * 
* 866 FOKMATI' ',T30,'FIXED' .T6?,F6.0I » 
* WRITE11W.86 7I VARHNI * 
* 867 FORMATI' >,T3Cf'VARIABLE' .T6C.F6.CI * 
* WRITE 1IW.8221 SUPfcXP • 
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122 I-r:.»»il I • , iLtVt lis A .U UPtNSIS. I10v.0/Yi«,,It.S,r6.CI 
-Kllr lit.. iuJI I l*S-. -/I fCKfJlt1 ' ,1 JL, llll - PL-I.I '.Ifc .F6.rl 
».K| IR I I >>,81^1 VSTBAS olb FOn"Al|< •.IjC.'YAk. - CLAul ,t6.'l 

I 
I 
I 

* It- (I St*. * 1 IU (.ID 
I 

* H« 1 ! L 1 1 b , i 1 » SUt-*LL * 
• '.!*. I n-ca II 1 •, 1 i C»» - ASH (. K»l> SlUUlit. •.TbO.Fb.OI • 

1 
1 

* I.C4 (.U.I 1 Nor 
1 
I 
1 

« IF ISIJMAL2.AC. :.j)«Kiri( im.oo'j) suh«i)2 • 

1 I I I 1 
* I J W M I ' ' » T 3 6 » 1 - ASI- L , I S P U S A L * • T B ' - • F 6 . C I » 

I I 
1 

1 F I I I f̂ t .Fg liill to IZi 

» *R I If ( Ik, BJl) F t E l f . S 
* 1-43 FIHMul ( ' t ^ ' , 120, • luSUKA .Cr: A.mLJ FEtS, H C YK • , T S 5 . F 6 . C I » I.KI It 11 h,8<;0) C(j"lr>S 
« r. l-UKPAIl1 1 » I JO,'ClIM". llAb. INS. • . T<>0 . Ft>. I ' WKIU i Ih.ec.) 10wINS 
» mxMou' •,tJO,• Guv. LIAO. ius. ',rtj,»-f.o> 
» .4*1 T1: (Itt.tfJ*) «\T*L 
» .Hi HMCSII' ,,TJO,,r<tIKuS»'£CIlVL R̂tKltf" , 160,F6.'. I » rtKlTt Uh.-liJ) UPFtLS 
« M21 HHH4II' • , IJU,' ll\SI' = CI ICN FfccS & <XPtNStS'.Tbu.Fb.Ol 

* * « « « * « • * « * * * • • * • * « * * « * * * * * * • • * • * • * * * • * * • * • * • * • * • * * * * • * * * * « * • * * * « 

1 
I 

» m *RiT>J (Iw.baiil ADMChM » «2*> HJK1A l< JOHN. AND GENERAL, tlOOO/YK1 > TS5 .F6 .0 ) 
* WRIT;- ( In, BJC) TQIf 1 < * sji FURM4T<'U',120.'TOTAL HXfcLi CUSTSi tiaC~/Y< • , T65 ,F fc. 01 » hRir̂ lI)i,8Jli TCTVJR 
« :I31 FOKMAIM 1̂ 0,'TCJliiL VARIABLE CCSIS, *li.OO/YR,,T65,F6.0> 
* nRITCl lWf8J2) TOTAL « MMKM (• • TLiTAL ANNUAL C E P COSTS, ftlCC./YK'treStFe.CI 
« hRITl-HW.HJo) I IXMiL 
* d2cf FOKMJTI 'OS r«iO, 'F IxCU 0<4| T u t M CliSTS. MI LLS/KMH (t) •.T65.F6.2) " wRITi (IW,8c:J> VAKnlL 
* HMM4H* • , tcC,'VAKIOBL;: UMI U & r CCSTSf " ILLS/KMKE) ',Tt5, » » F<>.2) 
* WHIT: I I H . P I * ) TOTMIL « r.34 l-OK»iII' • , T20,'TOÎ L UNIT U 6 M CCSTSt MILLS/KwHcl •, T b5,t-6. ,?1 * a** ***«*«*«»««*•»*•***«•«***«.»•..«**•******•****••**•«••••*•**•»•* ******* 
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I F ( J I Y P E . E I . . 1 I G 0 It 602 

• wRITFI 1W.848) HTU ( t SOX • 1) * 
• B4R » U K H « l l / / / / / y / / / / l / D f > H t « l l N t > VALUt OF CUAL . B IU /L K • , I 5 5 ,F 8 . 0 ) • 
• WRITEI1W.84- . I TONCUL • 
• d<.«» FU*MAl |« * . T 2 Q . *CUAL BUHNEU, FUNS/YEAH • , T 5<r ,F . C J • 
• W H I T t l | W , « 7 1 ) ASF ( IMiX • 1 I • 
• O i l FORMA I t * »,T2C,"PERCENT ASH1 , J55 ,F>1 .2 ) « 
• W R I T c t I W , B 6 4 l » t A S H • 
• t)64 F l M r t A T I ' " . F 2 0 , ' C b i T Lt ASM L1SP0SAL. » / fO t i • , f i 5 , F 8 . 2 ) • • • * • * • • * • * « • • * * * • • » • • » • * • • • • • * • « • • • • • • • • • * • • • * • » « • • » • • • • • • • • • * * * * « * • » * • • • • 

I I I 
I F d S L X . N E . U G U r u 602 

* W R I I F ( I 
• 839 FURMAI( 
• WRITE 11 
• 840 FORMAT( 
• W R I T E d 
* 841 FORMAT I 
* WRI IE 11 
* B44 FORMAT I 
* WRITEI1 
• 847 FORMAT! 
* W R I I f ( I 
• 843 FORMAT( 

W.8391 PC TSljL 
1 • , 1 2 0 , ' P f c R C t N I SULFUR" ,T55 ,Fa .?> 
W,840t IUNSLL 
• " ,T20 , "SULFUR l U R l u l N A L ) , 1 0 N S / Y R " . T S S , F 8 . 0 ) 
W.841 I XL IMS 
• " , 1 2 0 , ' T i . N S H M e S I U N t PER TON SULFUR • , 155 . F 8 . 2 I 
W,8441 IONLIM 
• « . T 2 0 . MUNi / Y c A R L IHESTONL l i S . F H . O l 
W.8471 COSLIP 
• " , I 2 0 , " C u S I UF L1PLST0NL, * /TCN" , I 5 5 . F 8 . 2 » 
W,8431 SLLRRY 

• " * T20t "COST Ul SLUDGE DISPOSAL. J/ORY I O N " , 1 5 5 . F 8 . 

I Ul 

• 602 CONTINUE 

* GO TO 605 

* 7Cfl CONTINUE 

i F I I NAME 2 ) CL TC o i l 

1 I I 
» » » » » • • * « * » * * * » » » » « * » » • « » « » » » « » » » » » » » * * * • « « « * • * • * * « « « » • * * * » « * * * * » » » • ¥ « » * » * 
* WRITE11 W . S o l ) EShAGc. ESSLUR.ESLIMc.ESCINS.ESGINS.ESFEES.» 
• • ESMAIL. ESCGcN * 
* 861 FORMA F t " l " . l l 5 , 'ESC ALA I ION RATES. PERCENI /YEAR"/ / * 
» * • ' »T20, •HAGES f . T 6 2 . F 6 . 1 / * 
• • • ' . T 2 C . * SLUDGE UISPCSAL COST • . T 6 2 . F 6 . 1 / * 
• • • " .120 , •L IMESTONE COST " . T 6 2 . F 6 . 1 / * 
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• ' ' , I 2 J . » C C P L . LLART. I N S . U I S I ' . I 6 2 . F 6 . 1 / 
• ' • . I P ^ . ' U C V I . HAFE. I N S . L I I S I • • J F C / . F F C . L / 
• • ' . ^ C . M N S P T C L U N FTES T. E * P . ' , I 6 2 , F ( > . I / • • 120,'MATERIAL •>I62>F6.1/ 
» • • . I Z Z ' . ' O R H E R A L R S C A L A I I U N ' . T 6 2 . F F C . I L 

> 1 I U I L K I T L < I 6 I A U C K I , I H I NUT T SUPEP 
FURMAI I ' C . I L I , 'ANNUAL AVE-tAGE SALARY CCPPLNEN I S » / / T 2 C . 

• ' « A 0 T RATT OCFGRT ALCTRS LOASE Y E - R I . » / H K « , T 6 * , F S . 2 / T 2 C , 
• 1 TJPI KA I L R RRLNGC K R N T F L T S . PC I . • . I < « 2 . F 5 . 0 / R 2 0 , 
• V L J M SUPTP.YL SLUN (. I T C H WCAL , PC I . * • L 6 2 , F S . J L 

HRL TL U««DL*>L MASTYR, COSLM, SLURY 
FTIRWAM ' C J ' , 1 1 5 . " F G L CGST CUWPCNTNTI AT BAST YEAR » , F 6 . L / / 

• T2R'T 'COST CF L L P T S I U V . , * / I U N • . 1 6 1 , F H . 2 / 
• L < R ' J . ' C I M LF SLULIUV D I S P O S A L . 1/URFY IUN a . l < i l . F 8 . 2 1 

LIT 
1 

" 1 1 CUJTI . .UE 
| | M , H O i i » A S F , A S F 

HB? MI -CPAI I •>;• , UL IPCSAL CL'SI CCOPCNLNIS « I BASE Y F A H ' / / 
• I 2C » • C U S I UF ASH U1SPUSAL T I / I G N ' , 1 6 1 . 1 8 . 2 / 
» I ? " > , ' P T R C T N ' ASM IIV LUTA SULFUR C..AL ' • 1 6 1 , 1 - 8 . 2 / 
• 120 » ' PCRC E M ASH I N HLUH SULIUR CCAL • ,T«.L , ( A . ? I 

CALL OY' 

1 1 1 
V STl/P * 

• Nj • 
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(LNTRANCEI 
I I 

S L n R U l T I N E »LhR 
R E A l * 4 H h N , HANCCS 
I N T E G E R S U N I T S . U A S T A M 4 , i , 2 6 ) . STAFF 
HEAL*6 T I T L E 
D IHENSIGS M . I 4 I 
DIMENSION M I L E ! 3 , 2 4 ) 
COHHCH / C C H I / HUN. I S U X . Y t A R , I S I / E , STAFF . L N I I S , H A S t Y H , 

• E S H A I L . F I X H N T , ESMAGt , HAhCCS, PLTFAC, SUPEXF. VARHNT• TUTHNT. 
• VSEHLL 

DATA h U / 1 0 , 2 , 3 , 4 / Ut IA M T L E / ' H A K A C t * •» • 
• f ASSI STAN* , ' T 
• • u U A L M Y • , ' A S S U R A N C ' , * t 
• • E N V I H O N M ' , ' t N T A L C O R ' H T R O L 
• • P U B L I C K ^ ' E I A T I O N S 1 . ' 
• ' I H A I N J N u * , ' • • • 
• •SAFETY • , • • , ' 
* • A D H I N . I . ' , ' S E R V I C E R ' S • • 
• •HEALTH S ' . ' t R V l C f c S • > • • . 
• • S E C U R I T Y " , • 
• • S U P E H V I S ' . ' I C N ( E X C ' , * . S f l F T I *T 
• • S H I F I S • , • • , • 
% • S U P E R V I S * » • I O N • , • 
* •CKAFTS • , • • , • 
• •PEAK HA 1 • , • N T . A I M N U ' , ' A I I Z E O 
* •KEACIUR • , • 
• • K A C I C - C H ' . ^ E H I C A L • , • 1 , 
• • 1 t C ' , • • , • 
* • H E R F C R H . • , • , RfcPGRT• , • S , TCCH. 
• • • • • 
O A t A 8 A S 1 A F / 1 , 1 , 1 , 1 , 1 , 1 , 1 , 1 , 1 , 2 , 3, 4 , 1 , 2 , 3 , 4 , 3 , 4 , 5 , 6 , 3 , 4 , 5 , 6 , 
• 1,1.1,1.1,1.1.1.1.1.1.1.1.1.1.1. 1.1,2.2.1.1,2.2,1,1,1,1.1.1.1,1. 
* 1 3 , 1 5 , 1 7 , I S , 1 3 , 1 3 , 1 7 , 1 9 , 1 , 1 , 1 . 2 , 1 , 1 , 1 , 2 , 
* 5 t > , 5 6 , 5 6 , 1 0 3 , 5 6 , 5 6 , 5 6 , 1 1 2 , 
* 2 , 2 , < i , A . 2 , 2 , A , 2 8 , 4 8 , 6 8 , 8 8 , 3 3 , 5 8 , B » . 1 0 8 , 
* 8 , 8 . 1 0 , 1 2 . 8 , 8 , 1 C , 1 2 , 1 4 . 2 2 . 3 C , 3 8 , 1 6 , 2 6 , 3 6 , 4 6 , 
* 5 5 . 1 1 0 , 1 6 3 , 2 2 0 , 5 5 , 1 1 0 , 1 6 5 , 2 2 0 , 
* 1 , 2 , 3 , 4 , 1 , 2 , 3 , 4 , 2 , 2 , 3 , 4 , 2 , 2 , 3 , 4 , 2 , 2 , 3 , 4 , 2 , 2 , 3 , 4 , 
» 1 7 , 2 1 , 2 B , / < i , 1 7 , 2 1 , 2 5 , ^ 9 / 
U A T A F I X F A C / l . C / 
D A T A F A O A r / . b P / 
U A T A K S K 1 P / 1 / 
0 A T A 1 U / 6 / 
1 S I Z E 2 = I S U E 
U N I T Si! = U N I T S ll'l 
I 2 » N D I 1 ) 
1 3 = 1 2 + 1 
1 4 = 1 2 + N O I 2 ) 
1 5 * 1 4 * 1 
1 6 = I 4 + N G ( 3 > 
I 7 = 1 6 * 1 
1 8 = I 6 » N 0 I 4 ) .11*18 + 1 
J 2 = I 8 + 2 
J 3 = I 8 + 3 
J 4 = I 8 + 4 
K 1 = J 4 + 1 K2=K1 + 1 
K 3 = K 2 + 1 

I 
I 
I 

• D U 6 0 1 I S U c - 1 . 2 

I 
I 
1 

* 

• 0 0 6 0 1 U N I T S = 1 , 4 * 

I I I 
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* H A S T A M L M I S . I S I 2 C , J 1 ) * 0 

1 
I 
I 

• 

* DC 1 = 1 1 . 1 2 

1 

1 

• 

ft t i A S T A M U * I I S . l S I 2 t , J l l = 
* U A b l t H U i n . l S I / c , J l M B A i l A H U N I T S , IS W E . I I 

* 
• 

I 
1 
I 

• c.0? I M J t 

1 

« 

* nASTAf- ( M i l S. I S I 2 t , J 2 ) * 0 

I 

I 
I 
I 

* on 6 0 J 1 = 1 i , i < , 

1 
I 
1 

• 

1 
I 
1 

• 
nASTAMUUI l S , t S I 2 l , J 2 ) : = 

• i lASTAT(UNITS, I S l Z c , J 2 » * b A S I A F ( U M T S . I S I Z E . i | 
• 
• 

I 
I 
I 

6C 3 CLI.M I I, \U£ 

I 
I 
I 

« 

• rtAifAFlUNI T S , I S l l L , J 3 ) = G 

I 
I 
1 

I 
I 

• 

l)C fcOi, 1 = 1 } , l b 

I 
I 
1 

I 
I 

* 

* d A S T A M U M T S , I S l 2 f c . J 3 ) = • 
* « U A S T A K L N U S . l S U i , J 3 l+eAbTAF ( U N I T S , ( S U E , l » * 

I 
I 

60A CCwTIMJt 

I 

* 

I l I 
* b A S T J F ( U N I T S , I S I Z e . J 4 1 = 0 
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DO 6 0 5 1 * 1 7 , 1 8 

* B A S T A F t U N I I S . I S I i t . J 4 I = » 
• * B A S T A F ( U N I T S , I S U t . J 4 1 » b A S I A F ( U N I I S . I S I 2 E . I I • •••A********************************************************************** 

I I 1 
• 6CS CUNtlNUt 

B A S T A F I U N I T S . I S I / f c . K l ) * B « S I A F (UN I T S . I S W E . J 1 I * 
« B A S T A F I U N I I S , 1 S I Z E . J 2 l » B A S I A F ( U N I T S . I S I Z E . J 3 I * 
*dAST AF ( U M I S , IS U c , J 4 I 

BASTAF IUNI I S , l S I Z t . K 2 > = B A S F A F I U N I T S , I S I / E . K . 1 ) -
• B A S T A F I U N l I S . I S I Z t . I 2 > 

B A S T A F ( U N l T S . I S I Z E . K 3 l = B A S T A F ( U N I T S . I S I Z C . K 2 ) -
* t > A S T A F ( u M r S . I S I 2 k . 161 

I 
I 
I 

• 6 0 1 CONTINUE * 

I 
I 
1 

* I F I K S K I P . u T . l ) GO I U 606 * 

1 
I 

• WR1TE11W.8G3I • 
• 803 F 0 R M A T I " l » , T 3 i , 'STAFF REQUIREMENT FOR LWR PUWER P L A N T S 1 / * » » • • .TiS^BI1-')/ * 
» » • • . T 4 5 . f L N l T S U E RANGE P W I E I ' / • » • • •,T4̂ .,«0C-7C0,.T62,•T0l-1300,/ * 
* • • • . T 3 6 . 1 7 C —• 1 . T S 6 . L 4 I • — • ) / » 
• • • • t T 3 6 « , M ) . U l TS PER S ITE KO. U N I T S PER S I T E ' / » 
* • • • . T 3 8 » • 1 2 3 4 1 2 3 4 ' / » 
• • • • . T 3 6 . 1 7 I * - ' I . T S 6 . 1 9 I ) l » 
* WRITE 11W,8051 * 
» 805 FORMA l ( • C ^ ^ . ' PLANT P A N A G E R " S C F F I C E ' / l » 
• * • • * • « • * * • • • • * • * * • * * • * * • • * « • « * * * • • • * * * • * • • • * • • * * * * * • * » » » » » » » » » » « » » » » » » » » 

I 

* 0 0 60C 1 = 1 1 . 1 8 » 

I 
I 
I 

• W R I T E U W . t t O O ) ( T U l E U t U , J = 1 , 3 I * 
• « . < < O A S T A F < U N I T S , l S I Z f c , l > , U N l T S = l . 4 ) . I S I Z E = l , 2 1 * 
• 800 FORMAT|• • . T 1 0 . 3 A 8 . 8 1 2 X . 1 3 1 ) * a************************************************************************* 

I I I I I 
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* lFII.tg.I2lkR|IEIlt.,t!ll> ' * • ((HasrAMcmns, ism.jn.uNi TS=I.«),ISI«=I.2> • *•«**•««•«••«•**•»»»•»••••»»•»•••••»•»»»»*••»»•••*•»•»•••»»»•*••»•»•*••*** 
1 I I 

* IFI l.cU.I2lt>Rl TEUW.tsCbl 
I I 

* 

* f06 FOKfAII' •.Ty.'OPtRAIIUNS'/l 
I I I 

• 

* 
• IFII.cQ.IAIhRITEIIW.BU> • 1(HASTAF(LNITS.IS1ZE.J2) .UNI TS = 1 ,4 ) . IS l« = l .2 ) 

I I I 

* 
• 

• IF(l.cC.14mKlTEUh,8C/l 
I I I 

* 

* SC7 fftKllI' • , TT.'PA IMENANCt'/) 
I I I 

* 

• IFIl.tb.lblWKITLIIM.811I • 
• * ( < « A S T A F ( G M T S . I S I Z l , J 3 > . U M T S ° 1 . 4 I , I S U £ = L . 2 I • * * * * • • • • » • * * * • • * • * * * • » * • * • • • * * * * * • * • * • * • * • • * * * * • • • • • * * * * • * • • • * * • • • • • • * • * • • 

I I I 
• I M 1 . t o . I 6 I W K I T E ( I h . B O o » • 

I 
I 
I 

»t»««.i>«<«>MM*«l4t<t«M««l«****M«t*M«*»MU*«*««M«MMMM»«t«M***» 
» 808 FORMAT!' ' . T T . ' T E C F N I C A L AND ENGINEERING' / ) » 
« * » * • * * * • * * * • * * * * « • * • * * * • * • • » • • * * • • • • • • • * • • * * • * * * • * • * * * * * * * * * * * * * * * * * * * * * * 

I I I 
• t>0n CONTINUE 

I I I 
* KRlJEim.dll) • * * (lhASTAF(UNlTS,ISIZE,J6),UNITS = l,4),ISW£=l,2) • * 811 FCRMATI/ Hi,•SLOKJTAL'.TJ'.,8(?X,131/1 • 
* W«ITEIIh.d2C) • * * (<RASTAF(uNlTS,lSIZE,ia),UNITS = l,4),ISI2E = l,2l • * 820 FCRPATI 113,'TOTAL',134.8(2*.131/ • 
* * • '.TJA.HC* =ss>ll • * I TE 11 8C II • * * I (HAST AFCUI.ITS. ISIZE.HZl.UNI TS=1,4), ISIZE=1.21 • 
* 8C1 F0«MAT(/T13,«LCSS ScCUrtITY•,T34.8(2X,I 3 I) * * viRI TE11 bu 8C2I * » * MrtASTAF(UNIlS,lSllEtK3l,UNITS*l,4l,|SUE=L,2) • « t02 FGRPATI/Tli.'LtSS SEC., PEAK MA INT.•,T34,8(2X,I 31) • 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
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I 
01 

6 0 6 CONTINUE ism = isuta 
UNI TS ' UNI I S 2 
S U P E A F * 4 2 Q 0 . 
V S c H I L * . 0 6 
VARFAC - 1 . 0 - F IXFAC 

C N O T t . . . HATIO OF ESCALA1IUN FACTORS E L l H I N A T E S WAuE ESCALATICN FROH 
C HANCOS ANC RcPLACLS IT WITH MATERIAL ESCALATION RATE 

B A S H * I F A C H A T / ( I . - F A C H A T I )*I>ASTAT ( U N I T S . i s u t . J H 
• « (MANCOS/1COC. I 
• • ( I I O O . « E S H A T L ) / ( 1 0 C i . » E S U A u C > I » • I Y E A R - H A S E * R I 

STAFF • UASTAF l u M T S . 1 S 1 / E . K 1 ) 
F I X H N I » F I XF AC * UASF 
VAHMNT » VARFAC • HASH • (PL TF A C / . BCI 
TOTHNT » F I X H N I • VARHNT 
K S K l P » KSK1P • 1 

1 
I 
1 

• REIURK * 

* END 
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ILMMANCEI 
I 

• SUilRUl.1 1NE ICUAL 
• ><i.Al*«, HkNI PANCLS 
• IMIJI.c«»<. CMTS, UASIAF 14 , * , 2 3 l . SIAI-F 
* Kfc4l»«i IITLt 
• U l e t N i l t N NLI41 
« tilMEf.SlClw l l l l l 
« COMMON / t o c i / "HM. ISC*. YtAK, I S I / t , STAfF. UNITS, HASfctH, • 
• • tSMAU, F1XHNT, cSHAul > PANCUS. PITFAC, SUPEXF, V A R M N T , T O T C M . • 
» • VSt»lL 
• DATA Ml/<,,i,i.i/ 
• DATA I IUE/'HANACCR 
« • ' A S S I S I - N ' . ' I 
• • ' t XV1 MliNP • . ' CNTAL CCI'.'NTKCL 
• • 'PUBLIC < ' , ' F L A U G M S ' ' . 
• • MKAIMNG*,* • , ' 
« • ' i « H » • • • ' , ' 
• • 'AOMIN. « . ' , • StKVICfc'.'S 
» « 'HEALTH S' . 'LHVICIS *.* 
» • ' iECUHITY', ' • , 
» • ' S U P t K » I S ' I U N l U C ' I ' . SHIFT 1", 
» • 'SHIF1S ' , ' ' , ' ' , 
» • MUtl F-AN'.'ULl.ll, ' . ' ' . 
• • •StPrRrflS ' ,« ICN • , • 
» * 'CKATIS ' , ' ' , ' 
» • VLAK MAI', 'NT. ANNU'.'ALl/tO ' . 
• • '.tADlL-CH',•EPICAL ' , ' ' , 
» • M L C ' , ' ' , ' ' , 
» • 'PEKf Cut*.', ", KLPOKT'.'S, I t C H . ' / 
• UAIA eASIAI /o* l , 1 . 2 . 3 , 4 . 1 . 2 . 3 , H * l , 11*1, H»l, 8*1, • 
• • l < M j , U , l S , l ? , H , l 4 , l « > t 1 * 1 , 2 , 3 * 1 , ? , 7 . 7 . 9 . l < , . 7,7.9,14. • 
• • ?,<?,4,4,2,2,4,4, ' I ' l . ' iM.bO.Cb.Ab.y". bC.fa'J, i»12. 18,3*12.18, • 
• • f>,t.,d,lu.6,6.«,10, 7S , ' IP , 1GC, 1 IO.HO,*ii, ID-), 1 IS , 
• » 32.f4.9o. 12o. »?, 64 ,46, Uti, 2,2 ,3,4,2,2, 3,4. • 
• • 2, ?, j,4, 2,2,3.4, 12, la, IU,<:1, 15, lri.21,24/ 
» LIAIA F1XFAL/.»••/ 
« I'AIA FACKAI/.A;'/ 
• llAfA HSKIK/t/ 
* I.AIA |b/6/ 
» ISI/L2 = IM/L • UNITS* - UM IS • 11-1 
• I 2 = \L 411 
• I3M2M • I I P »r.li( ̂  1 
• 1 14* 1 
• I6 = lA»f,C(3» 
• I / - - I6»l 
• lH : |b«MI(4 l 
• J l ' l l I M 
» J2~1ri«2 • J3=IM«J 
» J* - 1 >)••, 
» m - j ^ i 

i I i i I 
* 1)1) ISl/L =1,? • 

1 
1 

, * UL 6C 1 UM 1 S = 1.4 • 

1 
1 
1 

* nAsT AF (UN I 1 S, I SU't , J 1 1 = 0 • 

i 
I 
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I 

• 00 602 I ' l l . 1 2 * 

1 
I 
I 

* BASTAFIUNI I S . I S 1 2 E . J 1 1= * 
• • B A S T A F I U N l T S . I S I Z E . J l l + t f A S I A F I U N I I S . I S I Z E . I I * ••••••••••••••(••••••••••••••••••••••••••••••••••••••••••••••••••••••••••a 

I 
t I 

• 6C2 CONTINUE * 
I 
I 

* B A S I A K U M i S . I S I Z c , J 2 I = 0 * 

I 
I 
I 

• OC 6C3 1 = 1 4 . 1 4 * 
I 

I 

* U A S T A K U N I I S , ! S l Z t . J 2 1 = * 
* • b A S I A F I U N I T S . I S I Z E . J 2 I + B A S 1 A F t U N I T S . 1 S I / E . 1 1 * ••••••••••••••••••••••••••••••••••••••••••Hi****************************** 

1 
I 
I 

I 

. * 603 CONTINUE * 

1 
1 
1 

* B A S T A F I U N I T S , I S I Z E » J 3 I = C * 
I 
1 
I 

. * 00 604 1 = 1 5 , 1 6 • 
I 

1 

• BASTAFtUNt [ S . 1 S W E » J 3 > = * 
* * B A S T A F ( U N I T $ . ! S I Z E , J 3 l + B A < > T A F < U N l T S . I S t Z E , I l • • • * * » * * » * • * * » • » • » » * * « » * • « * • * » * • » * » » » * » » « * » » * » • * » • » * • * * « * * * * * • * * » * * * * * * * * * « 

I I I 
* 604 CONTINUE * 

I 
1 
I 

* BASTAF1UM T S . I S I Z e . J4>=0 * 

1 
I 
I 

* OC 605 1 = 1 7 , 1 8 
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1 

• B A S T A M U N l T S . I S W f c , J4> = • 
• • 8ASTAF(UN.'TS,ISIZ£,J4)*eASTAF(UNlTS, ISI2E, I) * 

I t I 
• 605 CONTIMJE * 

I 1 I I I 
• • • • • • * • • • • • * • * * • • * « • * • • • # • * • * • * • « • * • • • • * * • * * * • • * • • • * • • • • • • * • * * * * • • « * * * • • • 
• B A S T A F ( U N I I S , I S I 2 E , K 1 ) = B A S I A F ( U N I T S , I S I Z E , J I > * • 
• * U A S T A F ( U N I T S , I S I / c . J21+ t iASTAF(UNITS . I S U E . J 3 I « * 
• • a A S T A F ( U M T S , I S I / t , J 4 l • 

I 
1 
I 

• 6 0 1 CONTINUE * 

I 
I 
1 

• I F ( K S K I P . G T . l ) GC TO 6 0 6 * 

I I I 
* WRITE (It.,8G3» <* 
• 803 F C R H A T ( , 1 ' » T 3 5 , ' S T A F F REQUIREMENT FOR COAL-FIRED POWER P L A N T S 1 / « 
• » • ' , T 4 5 , ' h I T H C U T FGD SVSTEPS ' / » 
» » • ' , T 4 5 , 1 S ( ' - ' I / • 
* * • • • T t S . ' U N I T S12E RANGE M W ( E I < / * 
• » • • , 1 4 2 , • 4 0 0 - 7 0 o , , T 6 2 , • 7 0 1 - 1 3 0 0 ' / » 
• * • ,,T36,17«'-'),TSe>,l.<M'-M/ • 
* » ' • , T 3 6 , * N ( l . UNITS PER SITE NO. UNITS PER S I T E ' / * 
» * • ' , T 3 8 , • I 2 3 4 1 2 3 4 ' / * 
* * • ' , T 3 6 , 1 7 I » ~ ' 1 , 1 5 6 , 1 9 1 ' - ' I I • 
• WRITE ( I W , 8 C 5 ) * 
• 805 FORMAT ( ' 0 ' » T 7 , ' P L A N T MANAGER' 'S C F F I C E ' / I » 
» » » » » » * * » « » » • » » « * » » * * * « * » « • » * « » » • » • » » » * » » « * * » * » » » « » « » • » » * * » • » * * * * * » « » » * * * » 

I I I 
* 00 600 1=11,18 * 

I I I 
• WRITS ((M.ecoi (TITLEU.l >,J = 1,3> * 
* * > ( ( B A S T A F ( U N I T S , I S I 2 E , l i t U N I T S 3 1 , 4 ) , I S I 2 E = 1 , 2 1 * 
« 800 FORMAT! • • , T 1 0 . 3 * 8 , 8 ( 2 X , 1 3 ) 1 * 

I 
I 
I 
1 
I 

• lFll.fcU.I2)NRITE<lW,611> * 
* * ( ( R 6 S T A F ( U N I T S » I S I Z E i J l ) , U N I T S - 1 , 4 ) , I S 1 2 6 = 1 , 2 ) * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

\ I 
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• I F I I . c C . I 2 i W K l T E ( I W > t j 0 6 l • 

I 
I 
I 

• 806 FORMAT 1 ' • » T 7 » , Q P t R A T I 0 N S , / l * 

t I I 
• 1 F I I . E 0 . I 4 I W R I T E I I W . B 1 1 > * 
* » I (BAST AF ICNI TS, l S I Z f c , J 2 I , U N I T S = 1 , 4 ) , I S I Z f c = l , 2 1 • * « » * » • * • » • « » » * • * « • * * * » • • « * * • * * • » • * * • * * * * • » * * * • » * » • » » • • • • » • • * * » » • * • • • * • » • » * 

I I 

4 I F I I . E U . I 4 l h R I T E I I W . 8 0 7 l • 
I 

I 

• 807 FORMA 1C a ' , 1 7 , ' M A I N T E N A N C E ' / ) • 
I I I 

* I F I I . E U . I b l h K l T E I l f c . b l l l * 
* * I ( M A S T A F I U N 1 T S , I S I Z E . J J l . U N I T S = l , 4 1 . I S I Z E = l , 2 l • 
• • • • • f t * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

I I 

* I F I I . E U . l 6 ) w R l T E ( I h , t : C < i l • 

! i 
• * « * • * * * • * • * * « « * * • * * * * * * * * * * * * * * • * • • * • • * * * * • • • • • • • • • * • • * • • • * * • « * • • • » • * • * • • 
4 HC8 FORMAll' •,T7i*TECHNICAL AND ENGINEER INC1/» « 
* * « « * * * « « » » • * « * « * * • * * * * * * * • * * * * * * * * • * • * * * * • » • • • * * • * * * * • • • * • * « • * * • * • * • • • * • * 

1 I I I I 
bCO CONTINUE 

* l i R I T E l 1W.H111 • 
* * U f l A S T A M U M I S , I S I Z E , J 4 ) , U N I T S = l , 4 ) , l S l Z e = l , 2 ) • 
* fall FORMAT!/ H i , ' S l . b T U T A L ' , T 3 4 , B l 2 K , I 3 > / l • 
« WRITE I I W . 8 2 0 1 * 
« * t ( B A S T A F ( u M T S » I S I Z c , K l ) , U N I T S = l . 4 ) . I S I Z E = 1 . 2 J « 
* 1)20 FORMA I I T 1 3 . M C T A L ' . T34 , t > U X , l 3) / » 
* * < ' , T 3 4 , 8 l ' = = = • ) ) « 

I 01. I 
* 60b CONTINUE • 
* [S IZE = I S l Z c Z • 
» UNITS = UNITS2 * 
* SUPE*F=130^ . • 
4 VSeMlL = • 
* VARFAC = l . C - FIXFAC » 
«C N O T E . . . RATIO OF ESCALAT1UN FACTORS FLIPINATES WAGE ESCALATION FROM • 
*C MANCOb AND REPLACES IT WITH MATERIAL SSCALAT1CN RATE * 
* (i ASM= IF ACHAT / l l . - F A C P A T ) I t d A S T A F I U N l T S . I S I 2 E . J 3 ) • 



• • ( IMfcCOS/lCOO.) 
• » l t100 . *ESHATL) / (100 . *ESUAUEI ) *« (VEAR-BASEYRI 

STAFF « BASTAFtUHITS* I S I Z E . K l l 
FIXHNT « F1XFAC * BASK 
VARNNT " VARFAC * BASK * (PL IFAC/ .aOl 
TOTMNT « FIXMNT •» VARHNT 
KSKIP » KSKIP • 1 

RETURN 

END 
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tENTRANCcI I I 
SUBROUTINE SCCALS 
REAL'S PUN, PANCCS 
INTEGER** U N I I S , OASIAF 1 4 , 2 , 2 5 ) . STAFF 
REAL*U TITLE 
DIMENSION NCI41 
DIMENSION 11 H E 1 3 , 2 4 ) 
COMMON / U J h l / MWN, ISUX, YEAR, 1 S W E . STAFF. U N I I S . BASEYR. 

• ESMAIL, F l xMNT, ESWAGE, MANCOS, PLTFAC, SUPEXF, VARMNT. TOIMMT. 
• tfSEMIL 

DATA N l i / 9 . 4 , 3 , 4 / 
DATA 11 ((-6/"MANAGER ' , • • . 

* • A S S I S I A N ' , • T • • • 
* •ENVIRONM'. 'ENTAL C U ' . ' N f R G L 
* •PUBLIC R * , ' t L A T I O N S ' , • 
• • T R A I N I N G * , ' • • • 
* •SAFETY • . * * , • 
* •ADMIN. C " . " SERVICE",«S 
• •HEALTH S ' . ' E R V I C E S • , " 
* • SECUR11Y* , • " , • 
* •SUPERVIS* • • ICN t e x C ' , " . SP IFT I 
* • S H I F I S " . " " . " • , 
* •FUFL A N D " . " LIMESTO",«NE REC. 
* "MASTc SY","STEMS " , " 
* • SUPER V I S " . • I O N " , " • • 
* •CRAFTS ' , " " , " 
• •PEAK M A I " , " N T . ANNU" , "AL12E0 
* • HASTE • . * 
* "RAOID-CH", "EMICAL " , " 
• • I C C • , " " , " 
* " P E R F C K P . " , " . R t P C R T ' , " S , TECH. " / 

DA IA BASTAF/8*1 , I . 2 . 3 . 4 . I . 2 . 3 . 4 . B * l . 8 * 1 . 8 * 1 . 9 * 1 . 
* 1 3 . 1 4 . 1 5 . 1 6 . 1 3 . 1 4 . I S . 1 6 . 3 * 1 . 2 . 3 * 1 . 2 , 7 , 7 , 9 . 1 4 , 7 , 7 , 9 , 1 4 . 
* 3 , 3 , 5 , 5 , 3 , 3 , 5 . 5 . 4 5 . 5 0 . 6 0 . 6 5 . 4 5 . 5 0 , 6 0 , 6 5 , 3 * 1 2 , 1 8 , 3 * 1 2 , 1 8 , 
* 1 5 . 3 C . 4 5 . & C . 1 5 . 3 0 . 4 S . 6 C . 
* 8 . 8 . 1 0 . 1 2 . 8 . 8 , 1 0 , 1 2 . 9 0 . 1 1 5 . 1 3 5 . 1 5 5 . 9 5 . 1 2 0 , 1 4 C . 1 6 0 , 
* 3 3 , 6 6 . 9 9 . 1 3 2 . 3 5 . 7 0 . 1 0 3 . 1 4 0 . 1 . 2 . 3 . 4 . 1 , 2 , 3 , 4 , 2 , 2 , 3 , 4 . 2 , 2 . 3 , 4 , 
* 2 , 2 , 3 , 4 , 2 , 2 , 3 . 4 . 1 4 . 1 7 . 2 1 . 2 4 . 1 4 . 1 7 . 2 1 , 2 4 / 

DATA F I X F A C / . 7 5 / 
DATA FACPAT/ .45 / 
OATA KSK1P/1 / 
DATA 1W/6/ 
1SIZE2 = IS1ZE 
UNITS2 = U M I S 11 = 1 
I 2 = N 0 ( 1 I 
13=12*1 14=I2+NOI2) 
15=14*1 
1 6 = I 4 + N 0 I 3 ) 
1 7 = 1 6 * 1 
18=I6+N0C 4 ) J1 = 18*1 
J 2 = I 8 * 2 
J 3=I 8 *3 
J 4 = 1 8 * 4 
K1=J<»*1 

I I 1 1 I 
• D O 6 C 1 I S U E = 1 . 2 • 

I 
I 
I 

00 601 U N I I S = 1.4 • 

I 

I 

* B A S T A F I U N I rs.isizt , J D = O • 
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I I I 
* DO 602 1 = 1 1 , 1 2 
» • » » » » • » • • » » » » » » » » » » » % » » • » • • « • » • • » » • » ; 

I 1 I 
• U A S T A F ( U M T S , I S I / t , J l l = * 
* • B A S T A H U N I T S , I S 1 2 E , J 1 I + B A S J A F I U N I T S , I S I 2 E , I » * » » » » » » « • « * » • » » » • » « » • » • « » • » # * • * « » » • » • » * • « « « » » • « * » » « » • » » • » » • » » • * * » » » » » * » » * » » 

1 I I 
.» 602 CONTINUE • 

I 
I 
I 

* BASTAf ( U M T S , I S l Z t , J 2 t = 0 * 

I 
I 
I 

00 603 1 = 1 4 , 1 4 

* BASTAFIOM T S . I S I Z c , J 2 I = * 
* * B A S T A F ( U N 1 T S . I S U E , J 2 I + B A S T A F ( U N I T S , I S I 2 E , I > * • • * « * « » » » * » » * » » » » » » » » * » » » » • » » » » » » » » » » « » * » « » » » * » » • » » • » • * » » * » » » * * * » * » » » • » » « » 

I 
I t 1 1 

• 603 CONTINUE 

I 
I 
I 

* B A S T A F 1 U N I I S , I S I 2 t , J 3 J = 0 * 

I 
I 
I 

* 00 604 I = l t > , 1 6 « 

I I I ft************************************************************************ 
* b A S T A F l U N I I S , I S 1 2 £ , . 3 ) = * 
* * B 4 S T A M 0 M T S . I S / 2 E , J 3 ) A S T A F ( U N 11S . I S 1 2 E . H * » » » * » » » « » • » * * » * * * » * » * « * * » » * * * * * • * » * « » « * « * • » « • * * • » » • » » * » » * * » * * * » » » » » » » * * * * » 

I I I 
* 604 CCNT 1I\UE * 

I 
I 
I 

• n A S T A F I U M T S , I S U t , J 4 l = 0 * 

I 
1 
I 
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0 0 6 0 5 1 = 1 / , 1 8 

* ttASTAFIUNlIS.ISI/E, J 4 I = • 
* • t t A S T A F ( U N l T S . t S U E , J M + b A S I A F ( U N l T S . I S U E . l > • «*»»»»»*»*•»»•«*»«»»••»••»»»»»•»••»»»»*»»•»••»•••••»•»»•••••»»•••••»»••••» 

I 

» 605 CONTINUE 

u A S T A F ( U N I T S , ! S I 2 E , K l | = d A S T A F ( U N I T S , I S t Z t . J l l * 
• U A S T A F I U U I I S , 1 S I Z E , J 2 ) + B A S I A F ( U N I T S , I S I 2 E , J 3 I + 
• bASTAFCUNI IS , IS l i t , J 4 I 

* t O l CONTINUE 

I F I K S K I P . G T . l » GO TO 6u6 

* W R I T L 1 I VI, 8 1 3 ) • 
* 803 F0 i«MAT ( a l > > T35, 'STAFF kEQUIkEMENT FOR COAL-FIRED PCbER PLANTS*/ • 
* * • ' , T 4 5 , ' H I T H FGC S Y S T E M S ' / • 
* » • ' , T 4 5 , l f c ( ' - ' > / • 
* • • « , T < i 5 , ' U N I T SIZE RANGE H W I E I * / • 
» * ' • , T < | 2 . ' < 1 0 0 - 7 0 0 ' , T 6 2 , ' 7 0 1 - 1 3 0 0 ' / » 
* « 1 • , T 3 6 , 1 7 ( « - ' ) , T 5 6 , ! < » ( • - • 1 / » 
* * ' ' , 1 3 6 , ' N O . C M I S PER S I T E N O . U N I T S P E R S I T E ' / • 
* « • ' . T J B . ' l 2 3 A 1 2 3 * ' / » 
» * ' ' , T 3 6 , 1 7 ( * - ' I . T 5 6 . 1 9 C - ' I I • 
* WRITfc( IW,a05J • 
» 805 FORMAT! , C ' , T 7 , ' P L A N T HANAGER"S O F F I C E ' / I • * • * * * « « * * * * * * * * * • « * » * * * * * * * * * « * • * * • * * * • • * • • • * • • • * • * * * • * • * • • « • • • • • * • • * • • • « • 

I I I 
0 0 6 0 C 1 = 1 L , I B 

* WRITEIIW.HCOI ( T l I L t ( J . I ) , J = 1 , J ) • 
* « , ( ( U A S T A F ( U N I T S , I S I 2 E , l ) , U i 4 i r S = l , « > , ! S t 2 E = l . 2 > • 
* 1.00 FORPATP ' , r i 0 , 3 A 8 , 8 ( 2 x , I 3 l l • 

I 
I 
I 
I 
I 

* I F ( I . e U . I 2 ) h K l T E ( l h , H U ) • 
* * ( IBASTAFIUNITS , I S l Z C , J l ) , U N I T S > i , < > | , I S I Z E = l , 2 l * 

I 
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I 
* IF(I.Eg.l2)*RITE(lH,t>Col * 

I 1 I 
» d06 FORMAT(• •,T7,'UPeRATIuNS»/) • 

I 
I I 

* IF ( I .tO. 14H.RI TEUh.fcl I) • 
* * ( ( H l ^ T A F ( u f < l T S , I S U t , J 2 ) , U N l T S = l , < . l , I S I Z E = l , 2 ) * 
» * * * • * * « • « » » • « . : » » , » * » » » » • » * • » » » » » « » » » « » » « » » • » • * » • » * » • • « « » • » » » » • * » • • » « • » » » » 

I 
I 

* IF ( I.LU.lMtaKITCdW.fcOM • 
I I I *«•******•*•**•*•s««•**•**•***•••«**•••••*•••••••«•••••*••••*••••*•••*••*• 

» ec? FfMP&U 1 • .IT.'PAlMtNANCfc'/J » 
I 
I I 

* IF-i I.tQ. I6lh"IT£ ( U,bU> * * * llbASTAFtuNl TSi!blZt,j3) ,UMTS = 1,41,ISUE=1,2) * 
I I I 

* IMI161hKlTE(iK.eCdl * 
I I I 

» <ica FORMAT! ' • ,T7, 'TECHNICAL AND ENGINEERING'/) » 
I I I I I 

oOO CCMTkUE 

I I I 
* BRIÎ I ivi.aiii • 
* * < U ) A b T A H U M T S . I b U £ , J ' » J , U N n S = l . * . > . I S I i E = l , 2 ) • 
» a l l F ClRMA I" I / I 1 3 , ' S C b I C T A L ' . T 3 4 . « ( 2 X , U I / » • 
•> KRITL ( IW,d<;C) • 
« « ( ( i 3 4 S T A F ( O M T S t I S l Z E t K l > . u N l T S = 1 . 4 ) . I S i 2 £ = l , 2 > • 
* «21 l"DRMATC l l i t ' T C T A L ' v T 3 4 f B ( 2 X » I 3 l / . • 
» * • • t 1 3 4 ( 8 l * ===•>» • 

I 
CI I 

» bCf. CONTINUE » 
* I S U E = 1 S I I E 2 « 
* UNITS = UN1TS2 » 
* SLt>EXF = l< ,0« . » 
« VS£MIL = .CS » 
«• tfARFAC = l . C - FUFAC « 
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C N O T E . . . RATIO CF ESCALATION FACTCKS ELIMINATES WAGE ESCALATION FRCtt 
C MANCOS ANO REPLACES IT WITH PATERIM. ESCALAT1CN RATE 

f > A S M - I F A C M A T / | l . - F A C M A r i | * i » A S T A F ( t ' N t T S . I S I / E . J 3 ) 
• * IMANCCS/1000* I 
• «< < lCO.»ESPATL) /UCO. * f cSMAGE)>»» (TEAR-BASc»RI 

STAFF > e A S T A F I U N l T S . I S I Z E . K l l 
FIXPNT * FIXFAC • HASM 
VARMNT « VARFAC * BASM • ( P L T F A C / . g O ) 
TOTMNT « F1XMNT • VARPNT 
KSKIP = KSKIP » 1 

I I 
RETURN 

END 
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(ENTRANCEI I 
I 

SUBROUTINE BYE 
REAL»8 TODAY, VERS, CLOCK 
DATA VERS/ 1 5 - 1 6 - 7 8 • / 
CALL IDAYITCDAY) 
c a l l t i h e i c l o c k i 
DATA I H / 6 / 
HRITEI IU,8<>4) TOCAY 

• 6 6 4 F O R M A T ! ' l ' . T l O , " D A T E Of COMPUTER 
WRITEIIW,B6<J> CLOCK 

RUN * , A8 ) • 

• 869 FORMAT!' • «T10 , * T1HE Cfr COMPUTER 
HRITE ( I M , 8631 VERS 

RUN ' . A 8 » * 

• 663 FORMAT! *C• , T 10>'OMCOST, VERSION • , A 8 t « 

I 1 I 
* RETURN * 

• END * 
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