MmasTek

’ Uc-13, 80

Power Plant Capital Investment Cost
Estimates: Current Trends and |
Sensitivity to Economic Parameters

October 1979

Published June 1980

el

DISCLAIMER

Prepared by:
Oak Ridge National Laboratory and
United Engineers and Constructors Inc.

Published by: ° This document s
U.S. Department of Energy PPLICLY RELEASABLE
Assistant Secretary for Nuclear Energy Authorlsing Offic i

Office of Nuclear Reactor Programs Daie: 04/ 25 /2 527

Washington, D.C. 20585

-------

L UITHT S UHL!ﬁ’iiTE%

7



DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



Printed in the United States of America_
Available from
National Technical Information Service
U.S. Department of Commerce -
5285 Port Royal Road
Springfield, VA 22161
NTIS price codes

Printed Copy: $
Microfiche Copy: $



Tl

iii

CONTENTS

ABSTRACT ® 0 06 00 6060600606060 0000680060680 0060080508 0060608 0050 ¢ 0006009000008 6000900s» l
1. INTRODUCTION .....cvvientceececeonncoonosocssssasssasssanonans
2. REVIEW OF AEC/ERDA/DOE CAPITAL INVESTMENT COST STUDIES —

1967 tO 1979 9 06 00000000 P 0 0P 0000000000 E00ORRRNO0ISCEOENIDBSIOLELOLEOSDIBLITDOEDS

-

2.1 Report WASH'1082 @0 0 9 0000600080 0006060060000 0000000000000
2.2 Report wASH-llSO .oo.c'.o‘.oo..o..-oo'.000000010000000.'00.

O o0 W W

2.3 Report WASH-123O €00 0000 000000000000 00000CCROOEOEIOICEEOIOIEOSITBROEOIOIOITES
‘\\ 2 .4 Report wASH—l 230’ revised ® 0 0 0 0 0P 90 ¢ OGSO O S0 OS SOOI SES GO 10
2.5 Report wASH—1345 ....'...,..........................'.... 11

2.6 Report WASH-1345, revised .cceeevcccccccacccccccocscccnes 12
2.7 Reports NUREG-0241 througﬁ‘ﬁbREG-0248 ceceesacssssesassee 12
2.8 Energy Economic Data Basél............................... 13
2.9 Continﬁing StudleS eeescessrcccscssscssassscsscsssescsses 15
3. COST INCREASES AFTER 1974 .ceeesnencccsscccccccascoanccsvsasans 16

3.1 Effect of Environmental and Safety Requirements on
Nuclear Plants ® 9 O 00 0 0 0 06O GH O T OGSO OSSP 00000 POOOESODOESESOESETISEE 16

3.2 TImpact of Environmental Requirements for Fossil Plants .. 19
3.3 Miscellaneous Cost INCreases «scseesscssccscsssssscsssess 20
3.4 Future Cost Uncertainties s.eeeecessecsssscsscossccasesss 21
4, THE CONCEPT CODE s:cececcsosecsccsncsscssasssscsscaiacancsnanas 23
5. PLANT CAPITAL INVESTMENT COST ESTIMATES USING CONCEPT .eeeev.. 30

6. mST SENSITIVITY STUDIES 9 0090000000000 000 0000t ssRRIOISIPNOILS 41
41

6.1 Unit S1Ze .ecccencessssccscsssssssscssenscccessssscsssnnee
6.2 Construction Labor ...........................;.......... 41
6.3 Overtime WOTK ceeeecocssssessassssasoseosscsscsncascsnaas 43
6.4 Lead TIME eceececsccsccsssasosascassssesssssscssessnesnss 43
6.5 ESCAlation ceeeececceasescsceccasascassscssssescossscsssses 49
6.6 Interest During COnStTUCtion ceeescvscecscoscessccnsonsse D2
6.7 Regional VariationsS eecsseessccscsscccssscsacsssessossease 92

ii » 7. REFERENCES ..Il..l..I.O....O...Q.l‘......'0.l..l...l.......l... 58



POWER PLANT CAPITAL INVESTMENT COST ESTIMATES — CURRENT TRENDS
AND SENSITIVITY TO ECONOMIC PARAMETERS

ABSTRACT

This report describes power plant capital investment cost
studies that were carried out as part of the activities of the
Plans and Analysis Division, Office of Nuclear Energy Pro—
grams, U.S. Department of Energy. The activities include in-
vestment cost studies prepared by an architect-engineer, in-

"cluding trends, effects of environmental and safety require-
ments, and construction schedules. A computer code used to
prepare capital investment cost estimates under varying eco-
nomic conditions is described, and application of this code is
demonstrated by sensitivity studies.

Key Words: capital investment cost, power plant costs,
power costs, construction costs, power plant economics
]

1. INTRODUCTION

This report describes studies that have been carried out as part of
the activities of the Plans and Analysis Division, Office of Nuclear
Energy Programs, U.S. Department of Energy, for the purpose of investi-
gating the capital investment costs of nuclear- and coal-fueled steam-
electric power plants. These actiQities include reference plant invest-

ment cost studies, development of computer codes, and studies of cost

sensitivity to changing technical and economic parameters.

~ Program planning in DOE requires future projections of power plant
costs that are,cénsistent with current market prices and regulatory cli-
mate, that accurate1y reflect the . anticipated changes in economic condi-
tions, and that are easily obtained by thé planner. In generating these
projections for program planning activities, it bgcame apparent that im-
proved procedures, including a standardized format for reporting capital
investment costs, were needed for rapid updating of cost projectibns as
technical, economic, and regulatory conditions change.

Estimation of major equipment prices and plant construction costs

for a power station ten years or more in advance of required availabil-

ity for service is obviously subject to considerable uncertainty. Even
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in a stable economy of predictable labor and equipment costs, signifi-
cant cost variables would remaln, such as utility procurement practices,
local construction and skilled labor rates, technical, envirommental,
and economic factors related to the particular site, and the utility's
financial structure. All these factors would necessarily require care-
ful assessment for purposes of detailed capital investment cost esti-
mates. Highly variable labor and material escalation rates, basic in-
flationary economic trends, and changing safety and environmental regu-
lations experienced in recent years all contribute to the difficulty of
making accurate investment cost projections for power stations.

The need to keep abreast of the capital investment costs of nuclear
ke and coal-fired power plants and to.identify the reasong_for‘increases in
..... g 7 costs resuited-in a series of investment cost studies performeo by Unit-

ed Engiheers & Constructors Inc. (UEdb)*under contract to the DOE and
T

its predecessors. In the course of ‘these studies, much valuable infor-
mation has been accumulated on cost trends, cost effects of environ-
mental and safety requirements, and construction schedules. This infor-
mation is reviewed and discussed. -

In addition, the need to produce rational and consistént investment
cost estimates for various locations and time periods has led to the de-
velopment of a computer program at the Oak Ridge National Laboratory

(ORNL) that will prepare conceptual-type cost estimates for a selected

set of input parameters. The computer code utilizes reference plant
investment cost estimates as a starting basis for developing estimates
for particular conditions of plant size, location, and startup date.

The reference investment cost estimates are based on the series of in-
vestment cost studies prepared by UE&C as mentioned above. The report
also presents the results of a cost sensitivity study that was made with

this code.




2. REVIEW OF AEC/ERDA/DOE CAPITAL INVESTMENT COST
STUDIES — 1967 to 1979

The results of the investment cost studies performed by UE&C are
shown graphically in Figs. 2.1 and 2.2. Estimated costs for light—wa;er'
reactor (LWR) nuclear power generating stations (NPGS) increased as shown
in Fig. 2.1 from about $134/kW(e) in 1967 (for 1973 operation) to over -
$700/kW(e) in 1974 (for 1983 operation) and to over $1500/kW(e) in 1978
(for 1988 operation). Figure 2.3 shows how the elements making up these
total costs have shifted. Although total costs have risen, the share of
the cost attributable to the nuclear steam supply system (NSSS) plus the
tur bine-generator dropped from.about 40 percent in 1967 to 15 percent in
1974 and to only eight percent in 1978, Conversely,Athe cost of escala-
tion plus allowance for funds used duning construction (AFUDC) increased
from 17 percent in 1967 to almost 40 percent in 1974 and over 55 percent
in 1978. Clearly, the pressure to reduce costs continues to remain on
time-related factors instead of hardware.

Estimated costs for fossil-fired power generating stations (FPGS)
increased as shown in Fig. 2.2 from $110/kW(e) in 1967 (for 1973 opera-
tion) to over $600/kW(e) in 1974 (for 1983 operation) and to over $1050/
kW(e) in 1978 (for 1988 operation).

The ground rules used in these estimates are given in Table 2.1 and

the studies are discussed in the following paragraphs. _

2.1 Report WASH-1082

The 1967 UE&C study of light-watét reactor (LWR) plant costs was
published in 1968 as WASH-1082.1 The capital cost for a 1000-MW(e) LWR
plant at the start of the project, in mid-1967 dollar values, was esti-
mated as about $134/kW(e), including allowance for interest during con-
struction but no allowance for escalation. This estimate appeared con-
sistent with published cost estimates for plants announced by utilities
at that time: $124/kW(e) for Dresden 2 and 3 and $115/kW(e) for Browns
Ferry 1 and 2. Although these costs were higher than estimated costs for

equivalent coal-fired plants, the anticipated savings in nuclear fuel
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costs indicated that nuclear plants would be competitive with coal piants
burning coal at 25¢/MBtu.

A climate of general optimism prevailed, and it was believed that
the nuclear industry had at last reached its goal of low-cost electricity
from nuclear power plants. However, the optimistic view was soon to be -
severely challenged, because reported estimated costs began to increase
sharply. Furthermore, there was little consistency»between reported
costs for different mlants of the same type, size, and timing. Thus, the
cost estimates reported in WASH-1082 were quickly shown to be unrealisti- A
cally low, and additional studies were initiated to obtain more defini- -~

tive estimates and to account for the .increases. -

2.2 Report WASH-1150
iDuring 1968 and 1969, UE&C madeéméberies.of studies;ferﬁtﬁeFQEb.v
Consistent engineering and cost estimate ground rules were carefully de-

fined to obtain a fair ebmparisqn between nuclear- and fossil-fueled

. plant costs. Also, much effort was devoted to determining.causes of the

unexpected cost increases, identifying continuing trends in plant costs,
and projecting future costs. These studies were published in May 1970 as
WASH-1150,2 ' - o
The estimated cost for a 1000-MW(e) LWR plant initiated in mid-1969
for mid-1975 operation was about $240/kW(e), and that for a 1000-MW(e)
coal-fired unit entering service in mid—1975 was about $195/kW(e). Based
on a total power cost comparison, the estimated break-even coal cost was
26¢/MBtu. Thus, it was concluded that, even though power plent cepital
costs had risen sharply, nuclear plants still appeared to be econdnically
competitive with fossil-fueled plants in many areas of the United States.
Results of the UE&C work identified the following dominant favtors
that had increased estimated plant costs since WASH-1082 was publibhed.

l. more complete definition of the bill of materials and scope of work
than was Included in early estimates; _
2. requirements for higher quality of equipment materials, and

workmanship;



3. higher unit costs for equipment, materials, and labor;

4. addition of supplementary systems to enhance safety;

5. increased engineering and construction management costs due to
added features, higher quality standards, more detailed licensing
procédures, longer construction schedules, and increases in design
and management salaries;

6. 1increased interest charges due to increases in direct costs, longer:
coﬁstruction schedules, and higher interest rates;

7. effects of escalation during construction that were not included in
early estimates and that can be a large amount in an inflationary
economy. Current practice is to include escalation during construc-—
tion in the cost estimate;

8. the trend away from curn-key contracts.

Since some of these factors iqﬁdi&ed changes that were still in
progress, their ultimate cost impaé; was difficult to estimate. Further,
the potential impact of futuré additional requirements increésed the un-
certainty in projected cost estimates. Therefore, the AEC requested that
UE&C provide more detailed cost estimates for various types of power
plants. These detailed cost estimates were to serve as a reference point
for projections and also as cosf mddels for capital cost computer codes

being developed concurrently at ORNL.

2.3 Report WASH-1230

This reduest for detailed cost estimates resulted in further work by
UE&C under contract to Ehe AEC. The scope included preparation of cost
estimates using six-digit levels of the AEC code-of-accounts format3
for four plant types: pressurized-water reactor (PWR), boiling~water re-
actor (BWR), coal-fired plants, and oil-fired plants. The results from
this effort were published in June 1972 as WASH-1230.4-7

This study -utilized design features typical of plants under con-
struction in early 1971; for example, features of Dresden 2 and 3 for the

BWR and Indian Point 2 and 3 for the PWR. These design features were
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adjusted to (1) identify and add costs for the latest safety require-
ments, codes, and standards current at the time, (2) include environ-
mental protection and licensing criteria app;icable at the time, and (3)
reflect then-current market conditions and cost data. This study did not
include product line improvements, such as the BWR desigh_BWR/G and Mark- |
III containment and ‘the ice-condenser containment for the PWR. In addi-
tion, the study did not completely anticipate the current safety and en-
vironmental requirements.

Based on these studies, capital costs (including contingency and in-
terest and escalation durihg construction) for 1000-MW(e) plants entering
service in late 1977 were estimated as $345/kW(e) for LWRs and $275/kW(g)

~ for coal-fired plants.

2.4 Report WASH71230, Revised

Although the studies repbrted iﬁvﬁASH-1230 involved a majof effort
to identify all cost elements and include their effects in thé"detailed
cost estimates, increases in(reported power plant costs continued to out-
pace expectatiocns. Essentially all power plants under COnsfruction began
B to show large cost overruns relative to their initial cost estimates.

Again, UE&C was asked to i&entif& the causes of the cost overfuns. v
In the course of this work, the WASH-1230 studies:were reviewed, and the

cost estimates were revised to reflect plant design and envirommental re-

quirements applicable in early 1973. As shown in Fig. 2.1, these revi-
" sions led to cost estimates of about $440 and $500/kW(e) for 1000-MW(e)

LWRs scheduled for service in 1978 and 1981 respectively.
The principal factors contributing to this increase over the 1971

estimate of $345/kW(e) for a plant entering service in 1978 are as

follows:

1. additional cost escalation from 1978 to 1981;

2. AEC/DRL requirements for additional engineering and safety features
affecting plant design;

3. AEC/EPA requirements for environmental consideratione inm plant

design and analysis;
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4., 1increased engineering, management, labor, equipment, and material
costs as a result of the above additional plant features and
design requirements;

5. longer construction schedules due to the increasing detail and com-—
plexity of plant construction permit and licensing stages;

6. 1increased escalation and interest costs due to the longer design

and construction schedules.

As shown in Fig. 2.2, the estimate for 1000-MW(e) coal-fired plants
scheduled‘forv1981 operation, $4507kw(e), is about one and one-half times
that for 1978 operation, an increase comparable to that projected at that
time for nuclear plants. The reasons for the increases in tﬁe costs_ for

coal-fired plants are similar to those for nuclear planté{- escalatibn of

costs for labor, materials, and equ}pggnt and additional plant require-

ments imposed by environﬁental staéﬁﬁrds and regulations, -

2.5 Report WASH-1345

The work described in Sections 2.1 through 2.4 above reflects the
results of the reférenced formalized studies made through January 1973.
This work was summarized in 1974 as WASH-1345.8 The summary also in-

cluded a description of related ongoing studies.
For the period January 1973 through mid-1974, escalation trends

continued but shifted in emphasis from field labor to manufactured prod-
ucts and basic materials,

Escalation in field labor costs declined during this 18 month peri-
od from the double-digit inflation rates of the previous several years to
approximately eight percent per year. During this same period, the esca-
lation rate for'utility related basic materials and manufactured goods
rose to about 13 percent per yeaf.

The results of the studies referenced above, which reflect January
1973 direct costs and assumed operation in 1981, do not account for the
rapid inflation of the 18 months preceding June 1974, Additiomally, they
do not reflect the schedule restraints which delayed a unit being planned
in late 1974 from a 198l-startup to a 1983-startup.
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Revisions made to the 198l-startup plant estimates to provide for
the intensive escalation of the 18 months previous to June 1974 and for a

1983-startup led to the costs of 1000-MW(e) plants of about $720/kW(e)
for a nuclear plant and $625/kW(e) for a coal-fired plant.

2.6 Report WASH-1345, Revised

During 1975, new nuclear and coal-fired plant cost‘eétimatés wefe
developed by UE&C fo: use in ongoing studies as alternatives for compar-
ison. These estimates indicated tﬁafﬁboth coal -and nuciear_plant»costsf'
were continuing to rise sharply. Section '3 discusses the dtiviﬁg faétors.f
behind the cost increases that occurred during and following 1975

Based on these interim revisions to the cost studies, capital costs
(including contingency and 1interest and; egcalation during’ construction)

for 1000-MW(e) plants ‘entering serv:l.ce;f:ln ‘1985 were estimated as 8925/

kW(e) for LWRs and $750/kW(e) for coal-fired plants.

2.7 Reports NUREG-0241 through NUREG-0244

o

UE&C was requested to prepare detailed cost estimates jointly by  the
U.S. Energy Research and Development Administration and the U.S. Nuclear
Regulatory Commission. The scope included preparation of cost estimates
using the UE&C nine-digit level expansion of the AEC code-of-accounts
format and a detailed equipment list for four plant types: pressurized-
water reactor (PWR), boiling-water reactor (BWR), and 800-MW(e) and 1200~
MW(e) high sulfur and low sulfur coal-fired power plants. The results
from this effort were published in 1977 as NUREG 0241 through 0244, "Com-
mercial Electric Power Cost Studies."9-12 1p addition, cost studies
were prepared for multiple-unit plants, fuel supply facilities, alternate
cooling systems, and total generating costs for PWR, BWR, and coal-fired
plantsl3‘16 and capital investment costs eétimates for pressurized‘¥
heavy water reactor (PHWR) and gas-cooled fast reactor (GCFR) nuclear
plants.17,18 : ’
These studies utilized design features typical of plants under con-
struction in early 1976; for example, features of Seabrook for the PWR
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and the General Electric Technical Reference Plant Design for the BWR. A
standard, hypothetical "Middletown" site and a full complement of licens-
ing and design criteria, circa January 1, 1976, were utilized.

The coal-fired power plants incorporate a once-through supercritical
pfessure single reheat type steam generator to supply steam to a cross~
compound eight-flow tﬁrbine for the larger units. A difference in net’
plant output between the high sulfur coal (HSC) plant and the lower sul-
fur coal (LSC) plant is due to the variation in scrubber auxiliary power
requirements. The HSC plants are designed to burn Eastern Bituminous
coal with a 3.61 perceﬁt sulfur content, while the LSC plants burn West-
ern Sub-Bitumimous coal with 0.5 percent sulfur content. These studies
produced the following capital costs (excluding contingency and interest

and escalatfon during comstruction) based on prices effective as of July

1, 1976: , L.
; Capital cost $/kW(e)
Normalized to
Plant description NUREG 1000 Mw(e)
1139 MW(e) Pressurized Water Reactor NPGS 499 536
1190 MW(e) Boiling Water Reactor NPGS 490 539
1232 MW(e) High Sulfur Coal FPGS 378
\ ’ 398
795 MW(e) High Sulfur Coal FPGS 422
1243 MW(e) Low Sulfur Coal FPGS © 324
340
802 MW(e) Low Sulfur Coal FPGS : 359

Based on these studies capital costs (including contingency and interest
an& escalation during construction) for 1000-MW(e) plants entering ser-
vice in 1986 were estimated as $1130/kw(e) for LWRs and $925/kW(e) for
high sulfur coal-fired plants.

2.8 Report EnergylEconomic Data Base

During FY 1978, UE&C assembled the Energy Economic Data Base (EEDB)
for the Department of Energy (DOE). The objective. of the EEDB Program



14

was to provide periodic updates of consistent technical and cost informa-
tion of significance to DOE in planning U.S. civilian nuclear power pro-
grams and in evaluating the nuclear option against alternatives. The ef-
fective cost and regulation date for Phase I of EEDB is January 1, 1978.

‘The EEDB currently contains technical and capital cost information.
for six nuclear and six alternative power generating stations: PWR,"
PHWR, BWR, GCFR, 2-HSC, 2-LSC, HTGR (High Temperature Gas Cooled Reac-
tor), LMFBR (Liquid Metal Fast Breeder Reactor), CGCC (Coal Gasification
Combined Cycle Plant), CLIQ (Coal‘Liquefaction Plant). Costs are based
upon complete conceptual designs for a single unit, steam electric power
generating station located on the standard, hypothetical "Middletown"
site. However, the technical and economic data vary in degree of detail
for the newer concepts, and reiiability of the estimates also varies with
the available detail. Technical details and capital costs are evolution-
ary froam the NUREG series of studies described in Section 2.7 above and
other studies by General Atomic Company (HTGR), Combustion Engineering,
Inc. (LMFBR and CGCC), and Gulf Mineral Resources Company (CLIQ). Capac-—
ities of the plants for which conceptual designs and capital costs were
developed varied because of the evolutionary nature of the data base. A
significant cost change was introduced for all plants in the doubling of _
the engineering account in the indirect costs to reflect industry aware- ‘
ness that these costs were being estimated at too low a level.

The EEDB yielded the following capital costs (excluding contingency
and interest and escalation during construction) based on prices in ef-

fect on Jamary 1, 1978:

Capital cost $/kW(e)

Normalized to

Plant description EEDB 1000 Mw(e)
1190 MW(e) Boiling Water Reactor NPGS 571 628
1139 MW(e) Pressurized Water Reactor NPGS 581 624
1232 MW(e) High Sulfur Coal FPGS 424
: ' 443
795 MW(e) High Sulfur Coal FPGS 465
1243 MW(e) Low Sulfur Coal FPGS 364
380

802 MW(e) Low Sulfur Coal FPGS 399
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Based on this inforﬁation, capital costs zi§EIuding contingency and
interest and escalation during construction) for 1000-MW(e) plants en-
tering service in 1988, were estimated as $1500/kW(e) for LWRs and
$1050/kW(e) for high sulfur coal-fired plants.

.2.9 Continuing Studies

Continuing during FY 1979 and FY 1980, the EEDB will be updated and
expanded as required to effectively meet the DOE objeetives. For FY
1979, the effective cost and regulation date of the update has been ad—
vanced to January 1 1979. For FY 1980, the effective cost and regula-
tion date of the update will be advanced to January 1, 198O.U Technical
impact for the nuclear plants will be small for the 1/1/79 update., How-

ever, the 1977 emission requirements, which became effective during 1979,
are being evaluated for implementgtion on' the coal plant alternatives.
This will include the addition of scrubbers to the low sulfur coal
plants. vNecessary minor improvements are being made:in the accuracy of
all blantinedels, and capital and labor cost escalation from 1/1/78 to
1/1/79 and labor proeuctivity ad justments are being incorporated.

It islexpected that initial regulatory and technical improvements in
response to the Three Mile Island incident will be incorporated in the
nuclear plant cost estimates for the 1/1/80 update. Technical details
and refined costs will be included for the coal plant alternatives in re-
o sponse to industry experience with the 1977 emission requirements imple-—

mented in 1979, Labor productivity will be evaluated to determine if re-
cent indications signal a trend to productivity falloff.
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3. COST INCREASES AFTER 1974

Report WASH-1345 discussed the cost increase drivers affecting cap~
ital costs of nuclear and fossil power generating stations through 1974.
Driving factors behind the cost increases that occurred during and fol-=
lowing 1975 are discussed in this section. WASH-1345 identified specif~
ic cost adders developed to explain rising plant costs. The NUREG and
EEDB cost studies, discussed in Sect. 2, have incorporated the impact of
the previously unrecognized cost drivers in the cost estimates of the
system, structure, and couponent level. Consequently, costs generated
by this impact on design are no longer readily obtainable. ‘The follou-
ing discussion will, therefore, treat this subject in a qualitative way.

To a large extent, the most significant contributors to the in-
creases in U.S. power plant construction costs and therefore totaliﬁ
generating costs, are more stringent’ and greater quantities of reguld?:
tions, codes, and standards, which must be satisfied. Other driving '
factors are increasing design and engineering manhours, increasing qtmn-
tities of materials, and increasing construction manhours, "all of which
ultimately result in delay of overall schedules. Construction schedules
have been further delayed by an increasing timeirequired to obtain regu—"
latory approval and by an increasing.number of local,‘state, and federal
agencies, which are required to give their approval. There is also an
increasing number of outside agencies and individuals participating in
the regulatory process. Interest and escalation during construction are
directly dependent on plant construction schedules and have been rising
at significant rates. For example, in 1978, a one-year schedule exten-
sion for a two—unit, 2000-MW(e) nuclear power generating station added

$170 x 109 in escalation and interest costs.

3.1 Effect of Environmental and Safety
Requirements on Nuclear Plants

The number of standards for nuclear applications has grown exponen—

tially for a decade, with a very steep rise from 1973 to 1977. Although
this growth shown in Fig. 3.1 has begun to level off, the full impact of
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Fig., 3.1,  Identified nuclear application standards cumulative total
from 1961 to mid-1975.

the new standards will actually occur over the next few years. Estimates
of plant costs will continue to increase as these new standards are ap-
plied to plant designs.

The decrease in the growth rate of nuclear standards 1is encourag-
ing, because it implies that existing standards are now perceived to be
adequafe,_:ﬂoweQer,<the ThfeeiMilg‘Islapq‘1nc1§ent has already initiated
serious reevaluation of the negd:fornnew standards., ASME, ANS, and IEEE
méy begin tb increasesthe fempb of standards project approvals. Addi-
tionally, the current uﬁcertainty surrounding proliferation, fuel recy-

cle, and waste disposal have not created a climate of utility and public
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confidence. Ultimately, U.S. policies may have a substantial effect on
nuclear power plant costs. As a result, projected future plant costs
remain uncertain until this policy is resolved.

The number of people in the United States that are working on stan-

dards has also grown exponentially. In 1970, about 1450 volunteers were

- working on nuclear standards for the American National Standards Insti-

tute (ANSI). By 1974, 7450 were involved in subcommittees and working
groups. Data from the series of historical investmenﬁ cost studies
which UE&C has done for DOE and its predecessors show the effect of reg-
ulations, codes, and standhrds on nuclear power plant costs. Figure 3.2
summarizes some of these data. A o o
Regulations in the form of NRC Regulatory Guides, NRC Branch Tech-

~ nical Envirommental Protection Agency requirements, and Occupational

Safety and Health Administration requ#qéhents have also contributed to
higher costs.ih the same manner as c5Aeé and standardé. Althéugh some
of those requirements existed prior t6 mid-1974, much of their impact
was not felt until the period 1975 and later.

The shaded area in Fig. 3.2 represents the total implied effect on
plant cost due to regulations, codes, and standards. The "Estimated
Cost™ curve given in Fig. 3.2 15 based on the total investment costs
projected in the historical studies. The "Escal#tionbbnly" curve is the ’
projection of an early estimate of costs (reported in WASH-1150), at an
escalation rate of eight percent. The "Actual Cost” curve is based on
costs for plants which are now operational. The projectedvdashed por—
tion of the actual cost curve is based on forecasting of utility cost
estimates. The shaded area of the graph:is the differenée between a
plant designed in 1969 and a plant of similar design which includes all
changes in regulation and schedule that the utility industry has exper-

. 1lenced to date. The data for the escalation of the cost to design, 1i-

cense, and construct nuclear power generating stations are based on the
hypothetical'“Middletown" site and average labor rates. They do not in-
clude owner's costs, discretionary costs, fees, permits, taxes, or prcP
visions for continued escalation in regulatory requirements. ' i
Early nuclear plants such as Dresden, Quad Cities, Connecticut'Yah-

kee, and Browns Ferry were constructed when regulatory requirements were
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Fig, 3.2. Effect of regulations, codes, and standards on power
plant costs,

minimal, and plant labor, materials, and commodities were more consis-
tent with early projections. The design criteria of these plants are
comparable to the design criteria for plants represented by the lower

curve of Fig. 3.2, identified as "Escalation Only."

3.2 Impact of Environmental Requirements
for Fossil Plants

Escalating regulatory requirements have developed for fossil plants
as well in recent years. Followingipassége of the U.S. Clean Air Act,
many plants burning coal were required to convert to oil.” No sooner had
many of these plants converted to oil when rising oil imports stimulated

new regulations requiring reconversion from oil to coal.
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Other recent regulatory changes for coal plants include water use
effects on marine species, particulate emissions, $02 emissions, cool-
ing-tower/stack~gas interactions, off-site noise levels, NOy emis-
sions, sludge and waste disposal, ground water effects, trace element
emigssions, cumulative climatic effects of world-wide build-up of CO,,
and redundant scrubber systems. Standards for air-quality and waste
manegement for coal-fired plants are still proliferating. Growth of
standards for coal-fired plants will continue for at least severel more
years before leveling off. Furthermore, implementation of the New Sta-
tionary Source Performance Standards of 1977 will go into effect during
1979, The lack of implementation experience with these fegulations addeg
further uncertainties to projections for coal-fired plants..’ '

Coal plant costs mey thus continue to grow after nuclear plant
costs stabilize. It is anticipated that effects similar to those for
nuclear power generating stations displayed in Fig. 3 2 are at work on

fossil power generating station costs.

3.3 Miscellaneous Cost Increases

Construction schedule slippages, caused by effects discussed above,
as well as strikes and other delays, cause interest and escalation dur—
ing construction costs to rise dramatically. Table 2.1 clearly shows
the rise in durations from start-of-project to commercial.operation for
both nuclear and fossil power generating stations. Construction sche-
dules have increased by approximately 25 percent for nuclear plants and
30 percent for fossil plants between mid-1974 and 1978. The construc-
tion period itself has increased by 20 percent for both nuclear plants
and fossil plants between mid-1974 and 1978. As pointed out in the pre-
ceding paragraphs, regulatory problems have contributed significantly to
these delays. Indications are that this trend is continuing.

Another factor, associated with the impact of construction schedule
delays, 1s the shift of cost sensitivity from the cost of hardware to
the cost of recovery. Figure 2.3 clearly shows the rate at which this
shift is occurring. The proportion of total capital costs of a plant

that are time-related costs has increased by almost 40 percent between



mid-1974 and 1978. On the other hand, base costs have declined to only
45 percent of total capital costs, Therefore, anr delay, whether it is
related to regulatory, engineering, or consfruction causes, 1s of in-
creasing significance in causing costs to rise.

Current design criteria include standards for extensive quality“as;
surance programs., Earlier estimates for plant capital costs in many
instances were based on more conventional standards. Today, quality as-
surance and quality control programs are far more stringent, which ser-
iously impact the cost of equipment, commodities, and associated design.
Furthermore, these additional programs impact field labor manhours and
overall construction schedules because of increased procedures and
paperwork., v

"""" Site-specific costs are sometimes not fully considered in early
estimates. Examples might 1nc1udgj§¢ismic design, flood protection,
extended spent fuel storage, and éogling tower design in lieu of once-
through cooling. Site-specific 1téms that contribute to the exponential
rise in anticipated costs of nuclear plant projects result in doubling
and in some cases tripling the commodity estimates. Commodities refer-
red to are the principal commodities of plant construction such as con—
crete, rebar, structural steel, wire and cable, cable trays, and piping.
This was attributed to bettér definition of plant design and evolving
safety and environmental criteria. Craft labor manhours have increased

proportionately. If labor strikes are not considered,- current estimates

for craft labor are over two times the original estimated manhours. It
is reasonable to expect the labor content to double when the quantity of
‘commodities has doubled.

Strikes and other delays have occurred in certain projects that
have resulted in hundreds of work stoppages causing schedule extensions
extending into years of delay. Interest during construction not only

increases with time but is also compounded by expanding escalation.

3.4 Future Cost Uncertainties

While there are indications that the rate of cost increases for nu-

clear power plants is tending to level off, the impact of the Three Mile
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Island incident may cause a reversal of the current trend. Expectations
for fossil power plant costs are not optimistic. Implementation of the
Fuel Use Act will have additional impacts on costs that were rising rap-
1dly beforehand. Even though interpretation of the Act and rules for
exemptions are still being resolved, it is apparent that it may be years
before the total comparative economics of conversion of oil to coal, new h
coal plants, and nuclear plants are fully determined. Escalation and
interest rates are expected to continue to rise. Construction schedules
are not expected to improve significantly in the near future.

Cost studies by UE&C to support the Energy Economic Data Base will
continue in 1979 and 1980. The factors discussed herein will continue

to be evaluated as well as the effects of future design changes.
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4, THE CONCEPT CODE

The planner needs a method for obtaining plant investment cost esti-
mates that are in conformance with the particular plant size, location,
timing, and economic conditions applicable to the proposed project. Fur-
ther, these estimates should be easily obtainable and should providé ade~
quate detail about the individual components of the total plant cost in a
standardized accounting format that identifies both direct and indirect
costs.

These objectives are satisfied by the CONCEPT computer program that
has been developed within the Plans and Analysis Division of the Office
of Nuclear Energy Programs. Work carried out at ORNL has produced sev-
eral successive versions of this capital investment cost estimation pro-
gram called CONCEPT,19-24 P

The code is designed primarfi§‘for use in examining average trends
in plant costs, evaluating important elements in the cost structure, de-
temmining sensitivity to technical and economic factors, and providing
reasonable projections of costs. Although the code is not intended to be
used as a substitute for detailed engineering cost estimates for specific
projects, it has been organized to facilitate modifications to the refer-
ence plant cost models so that estimates may be tailored to a particular
project. The computer code provides a consistent and rapid means of es-
timating power plant capital investment costs with various assumed sets
of economic and technical ground rules. The code is also used to perform
sensitivity studies, as illustrated in this report.

The computer code is described in detail in other reports;19'24
however, a suﬁmary description is presented here for completeness. The
CONCEPT code is designed to provide detailed cost estimates, including
costs for all subaccounts down through the five-digit account level. In
addition, each subaccount 1is broken down into costs for factory equip-
ment, site materials, and site labor. This code uses the account number-
ing system described in Refs. 3 and 9-12.

The procedures used in the CONCEPT code?4 are based on the premise

that any central station power plant involves approximately the same
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ma jor cost components, regardless of location or date of initial opera-
tion. Therefore, if the trends of these major cost components can be
established as a function of plant type and size, basic labor and mate-
rials costs, and interest and escalation rates, a cost estimate for a
reference case can be adjusted to fit any case of interest. The appli-
cation of this approach requires a detailed "cost model” for each-plant.
type at a reference condition and the determination of the cost-trend
relationships.

The present CONCEPT code contains cost models for single units and
first and second units of PWR and BWR nuclear stations and single units
and first, second, and third units of high-sulfur and low-sulfur coal~

fired stations. Reference 24 contains a listing of a typical cost model,

based on Refs, 9-13, The cost models presently contatined in CONCEPT have
been revised in accordance with the EEDB.revisions described in Section
2.8. The present version is based on;séfety and ‘environmental licensing <
criteria and cost data in effect as of January 1978.

The reference plants are assuﬁed to be located at the hypothetical
Middletown site, which is described in considerable detail in Refs. 3 and
9-12., This site is reasonably favorable, in most respects, including an
adequate supply of cooling water, low population density, satisfactory
transportation facilities, and sufficient labor supply.

The major account direct and indirect costs for the reference plants

are described as a function of size by classical exponential scaling re-

lationships, which are believed to be representative of capital invest-
ment cost trends for unit sizes in the range of 500 to 1500 MWe, but
which may also be used outside this range with greater uncertainty.

The:cost model for each type of plant includes distributions or
"mixes"” of labor and materials by various classifications, which are used
in calculating weighted average cost indexes for adjusting base costs to
other locations aqd for escalating costs into the future.

The calculation of escalation during construction and interest dur-
ing construction requires cash flow curves for each major account, and a
set of cash flow curves is .provided with each model data set. Typical
curves for nuclear and fossil plants are illustrated in Figs. 4.l and

4.2.




25

ORNL-OWG 78-18492

10 -
ACCOUNT
94
93 <
09 ~
92
NUCLEAR POWER
PLANTS®
08 <4
N

a7 - ' /{
25 —
: / ‘ 24
08 ‘

22

CUMULATIVE CASH FLOW (froction of totd)

99- 2z e s e W
DESIGN AND CONSTRUCTION PERIOD (froction)

Fig. 4.1. Typical cumulative cash flow curves for major cost
accounts — nuclear power plants .



COAL-FRED
PLANTS

Q7 4

CUMULATIVE CASH FLOW (fraction of totd)

02 - /

0.1 4

4

26

ORNL-OWG 78-18493

ACCOUNT
94
93
92

91

25

24

23

22

et

00 T T
(+71] 02 04
DESIGN AND CONS

i M

05 08
TRUCTION PERIOD (fraction)

\J

Fig. 4.2, Typical cumulative cash flow curves for

coal-fired power plants.

major cost accountsg —



[ AN

27

To generate a cést estimate under specific conditions, the CONCEPT
user specifies the plant type and location, net electrical cabacity, date
of purchase of steam supply system, data of construction permit, date of
commercial operation, and interest rate. If the specified plant size is
different from that of the reference plant, the costs for each ma jor ac-
count are adjusted by using scaling functions that define the cost as a »
function of plant size. This initial step gives an estimate of the costs
for a plant of the specified type and size at the reference date and
location.

The code has access to cost-index data files for 20 major cities in
the United States, two in Canada, and the hypothetical Middletown site
(see Fig. 4.3).» These files contain data on equipment cost indexes, ma-
terials costs, and construction craft wage rates as reported by U.S. gov~

ernment and trade publicationsZS"zgrpver the past 15 years. These data

‘are used to determine historical trends in escalation of equipment, la-

bor, and materials costs. If desifed, the escalation trends can be based
on only a selected portion of the available historical data and projected
into the future as an exponential function of fime.

These cost-index data are then used in CONCEPT to modify the cost
accounts from the reference location to the selected location and to
adjust costs to different détes'(éither earlier or later than the cost
model reference date). Each cost account is adjusted and escalated sep~
arately, using the labor, material, and equipment mixes appropriate to

that account.

As an example of the procedures outlined above, assume that a refer-
ence cost model is available for an 1100-MW(e) PWR located at the hypo-
thetical Middletown site, based on construction beginning in early 1978
and that a cost estimate is needed for a 1200-MW(e) PWR located near Chi-
cago with construction beginning in early 1980 and reaching commercial
operation in mid-1986. The code produces the new estimate by scaling
costs to the 1200-MW(e) size, adjusting each cost account by the ratio of
projected 1980 costs at Chicago to 1978 costs at Middletown, and then es-
timating escalation during construction and interestkduring construction.

The procedure is illustrated schematically in Fig. 4.4.
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' 5. PLANT CAPITAL INVESTMENT COST ESTIMATES USING CONCEPT

The CONCEPT code was used to develop capital investment cost esti-
mates for power plants entering service in early 1990. Ground ruleé for
the base cases are summarized in Table 5.1. The costs of the main stepup
transformer and electric power transmission facilities at the power plant
site are not included in the estimates. The plant location is assumed to .
be the hypothetical Middletown site. Cost index data for Middlefown rep-
resent a composite of Boston, New York, and Philadelphia data in equal

proportions, ahd'the historical data and fitted curves-aré illustrated

' graphically in Figs. 5.1 and 5.2 for craft labor, in Figs. 5.3 and 5.4

for site-related haterials, and in Figs. 5.5 and 5.6 for equipment. CON-
CEPT modeIS’ﬁsed in this study were the 1139-MW(e) PWR model, the 795-
MW(e) coal-fired model with'tandeﬁ-cqépound turbine, and‘th"IZSZ-MW(e)
coal-fired model with cross—compoundgtufbiné. Bbth édal'ﬁbdéis inéiude
flue gas desulfurization equipnment.

The CONCEPT estimates for both interest during construction and es-
calation during construction are based on the cumulative cash flow curves
shown previously in Figs. 4.1 and 4.2. The term "interest during con-
struction” as used here is the same as "allowance for funds used during
construction” (AFUDC). AFUDC is a cﬁarge made against the cost of a
plant to compensate debt and equity investors }n'the utility for the use
of their money during the long period between the time funds for build-
ing the ﬁhit are spent and the time the unit goes into operation. Esca-
lation during construction accounts for inflationary increases: in costs
from the time the estimate is made to the time that actual éosts'éré in-
curred. The total cumulative cash flow curves for the base cases defined
in Table 5.1 including escalation during construction and interest during
construction are shown in Fig. 5.7.

For the comhon date of commercial operation January 1990, Fig. 5.7
illustrates that the date the steam supply system is ordered for fos-
sil plants is four years later (1984 instead of 1980) than for nuclear
plants. Thus, the start of design and construction costs for the fossil
plants are escalated to this later date, 1984. On the other hand, inter-

est and escalation costs during construction for fossil plants will be
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Table 5.1 Ground rules for plant capital
Investment cost estimates

Plant location Hypothetical Middletown site

Unit size, MW(e) 1139 LWR :
795 Coal with tandem—compound turbine

1232 Coal with cross-compound turbine

Number of units in plant Single unit
Length of work week 40 hours
Contingency a11owance 10% of direct and indirect costs
Interest rate 9.5% compound
Escalation rates, % year LWR Coal
Equipmeﬂt' : 6.9 7.0
Labor ‘ : 8.2 . 8.0
Material o Lot 1.6 8.8
Weighted average - : 7.3 ' 7.5
Project dates : o LWR Coal
Year of estimate for direct 1980 1980
and direct costs : ‘
Year of steam suppy system 1980 1984
" purchase
) Year of construction permit . , 1984 _ 1986 .
issue and start of construction
Year of first commercial 1990 1990
operation

lower than those for nuclear plants because of the shorter design and
construction period. | ' -

The resulting plant cost estimates for LWR and coal-fired plants are
given in Table 5.2. The direct costs are presented in seven major ac-
counts: ..land and land rights, structures and improvements, reactor/
boiler plant equipment, turbine plant equipment, electric plant equip-
ment, miscellaneous plant équipmeﬁt, ahd maip heat rejection system. The
accounting system used in CONCEPT is patterned after the Federal Power
Commission (FPC) Uniform System of Accounts but differs in several sig-

nificant respects. In CONCEPT the main steam piping, extraction stean

e
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Table 5.2 Capitél investment cost estimates for base plants
for commercial operation in January 1990

1139-Mw(e) 795-MW(e) 1232-Mw(e)
LWR Coal Coal
Direct costs (millions of dollars)d

Land and land rights 2 2 2
Stuctures and improvements 136 55 68
‘Reactor/boiler plant equipment 172 155 215
Turbine plant equipment 144 82 150
Electric plant equipment- 50 37 43
Miscellaneous plant equipment 17 11 : 13
Main heat rejection system _25 _14 _18
Subtotal (direct costs) 546 356 - 509

Indirect costs (millions of dollars)a ;_;

Construction services ;_ 87 46 65
Home office engineering and services 104 18 21
Field office engineering and services 34 13 18
Owner's costs 53 38 45
Subtotal (indirect costs) 278 115 149
Direct and indirect costs . i : 824 471 658
Contingency allowance _82 _47 _66

Total costs (millions of dollars)

Total direct and indirect costsd 906 518 724
Allowance for escalation to NSSS/ 0 174 243
boiler purchasge date
Total direct and indirect costs at : 90642 6920 9670
NSSS/boiler purchase date
Allowance for escalation during 477 178 251
construction
Allowance for interest during 608 256 354
construction

Plant capital investment cost estimate
at commercial operation

Millions of dollars 1991 1126 1572
Dollars per kilowatt 1748 1416 1276

9In January 1980 dollars.
n January 1984 dollars,

---------
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piping, feedwater and condensate piping, feedwater heaters, and feedwater
pumps are included in the turbine plant equiment account. The FPC system
of accounts includes the above in boiler or reactor plant equipment ac~
counts. In addition, indiréct costs:-%ontingency allowance, escalation
during construction, and interest during construction are included in FPC
electric plant accounts as opposed to the separate treatment in CONCEPf.

| Indirect costs and a contingency allowance are added to the direct
cost subtotal to arrive at a cost estimate expressed in dollars current
to the estimate date. Steam supply order date costs for coal-fired
plants include escalation to January 1984 while those for LWR planFs in-
clude escalation only to January 1980. The addition of escalation and
interest during the design and construction period yields the estimated

total investment cost at commercial operation in January 1990.
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6. COST SENSITIVITY STUDIES

In thié part of the study, capital investment costs for LWR and
coal-fired plénts were estimated as functions of individual parameters,
such as unit size, site labor productivity, site labor over;ime, lead-
time for design and construction, escalation (or inflation) rates, date
of initial commercial operation, interest rate for funds used during con-
struction, and plant location. As each parameter was varied, all other
parameters were held constant as‘specified in the ground rules of Table
5.1. In this manner the sensitivity of total estimated plant capitall

investment costs to each parameter was developed.

6.1 Unit Size

Y ..
F

£

Capitai investment costs were iestimated for unit sizes from 600
through 1300 MW(e). The unit capitél investment costs presented in Fig.
6.1 11lustrate the importance of the cost scaling effect with 1ncfeasing'
unit size. The discontinuity in the coal curve is due to the shift from
tandem~compound to cross—compound turbines in the 900-1000 MW(e) range.
As 1llustrated in Fig. 6.1, LWR plants are more competitive in the larger
size range. In the 1300-MW(e) size, an LWR plant would cost almost $400/
kW(e) more than a coal-fired plant, while in the 600-MW(e) size, an LWR
plant would cost about $800/kW(e) more than a coal-fired plant:

6.2 Construction Labor

Based on data available in eariy 1978, it was estimated that con-
struction of a single-unit 1139-MW(e) LWR plant would require about 9.8
manhours of construction labor per kilowatt of electrical capacity.
Construction of a single-unit 795-ﬁw(e) coal-fired plant would require
about 8.2 ﬁéhh0urs/kW(e) aﬁd a lé32—MW(e) coal-fired plant about 7.3
manhours/kW(e).

The effective productivity of construction labor varies signifi-

cantly even within a local area depending on factors such as the general
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Fig. 6.1. Estimated power plant capital investment costs as a function
of unit size for 1990 operation.
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economy, project management, labor relations,ijob conditions, availabil-
ity of equipment and materials, and weather. The construction labor
requirement was treatéd as a parameter ranging from 6 to 15 manhours/
kW(e), assuming a 40-hour work week with no overtime pay. Figure 6.2
shows estimated plant costs for LWR and coal-fired plants as a function
of construction labor requirements. Total plant costs increase aLout

2-3% for each additional manhour per kilowatt of electrical capacity.

6.3 Overtime Work

In some labor markets it is necessary to guarantee some overtime -
work to secure the necessary work force. However, routine overtime
schedules tend to decrease worker effectiveness and productiVity.‘ Ex-
perience indicates that overtime work is most effective when sustained
for short periods and at relativelf few hours beyond the nominal 40—hodf
workweek. A .

Figure 6.3 shows typical data, based partly on Refs. 30-32, for ;he
estimated relative efficienéy and net effective productive hours for rou-
tine overtime schedules when sustained over many weeks. As shown in the
lower curve, experience indicates decreased efficiency with sustained
overtime. The upper curve shows the diminishing return of productive
hours as the regular workweek is extended to greater overtime. This
curve shows very little net increase in output beyond the 60-hour work-
week. This decreased efficiency and high premium pay rates for overtime
work lead to very high costs if the project must use regularly scheduled
overtime to secure an adequate labor force.

» The sensitivity df total plant cost to length of workweek, using the
efficiency trends in Fig. 6.3 and double pay for all hours over 40 hours/

week, is shown in Fig. 6.4. Total plant costs increase about 0.8% for

each hour increase in length of workweek.

6.4 Lead Time

Figureécb.S and 6.6 illustrate the sensitivity of’capital‘éoétédtb

length of design and construction period under two sets of assumptions.



44

ORNL-DWG 804242 ETD

3 ey
1232-MW(e)
COAL
0.4 .............................................................................................
N
795-MW(e)

W . COAL: -
o 4 :
Zz :
T -
I
(&
= 2
(o]
Q
o
-
a
—
—
o
oy
o

) -

Q : : : : : : :

T Ll T L] v BJ \J 1 Al Ll

5 7 8 9 10 il 12 13 14 15 16
SITE LABOR [(man-hour/kW(el) ‘

Fig. 6.2. Ceneitivity of estimated power plant capital investment costs

to construction labor requirements for 1990 operation.-



45

ORNL-DWG 70-43323AR

55

50 - E—
45

40

TOTAL PRODUCTIVE
HOURS

35
1.0

&3
2

09

0.8

0.7

EFFICIENCY BASED
ON TOTAL WORKWEEK

0.6

40 50 60 70
: - WORKWEEK (hr)

Fig., 6.3. Effects of sustained overtime on productivity of conétruction
labor. -

-




46

20

ORNL-DWG 80—4243 ETD

0
H
.
.
.
‘
.
.
.
'
.
.
.
.
.
.
.
'
.
‘
H
.
.
.
.
.
.
.
.
.
.
.
) e eeineinicctcnccececssusacessnacsssccssccnscncnane
-
—
s .
o~
S

CAPITAL COST CHANGE

ecssscesscons

LAl A L R L L L R e N N N T L X Y LY T T L T ey

g

4ss0ecacscsssMenssnssnssssccoss
i

escssccnssssncscnssona

...............................................

.................................................

¥

™

T
10 45 _ SO SS &0

LENGTH OF WORKWEEK (hr)}

Fig. 6.4. Sensitivity of estimated power plant capital investment costs
to length of workweek for 1990 operation.




' ORNL—DWG 80—4244 ETD

47

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

asececesapracscscssspunscacanngossasanao

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

................................

L T Y Y PR YT Y Y Py - Lkddd L L R L T LT T L T LY Ly IR

-------------------------------------------------------------------------------------------------------------------------------------

®sescssescpesnsccsasgraccacsscgesncsancs

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

secsccccee

.......................................................................................................................................

14

PERIOO (YR)

CONSTR.
Sensitivity of estimated power plant capital investment

" DESIGN &

aflececcccccsscsncacnstoancccas

Q

o

o

€ =ffeccsccnse
Q

-l

L}

ot
() 39NYHI LS00 HWLIdYd

Fig. 6.5.
costs to length of design and construction period with date of start of

project constant.



48

ORNL-DWG 80—4245 ETD

oooooooooooooooooooooooooooooooooo

----------------------------------

*esescsegeccsssccasassscssvrgusaccsacd
.
.
.
-
.
.
.
.
.
.
.
.
.
.
.
.
-
.
.
.
.
.
.
.
.
.
.
-
.
.
-
.
.

---------------------------------

ooooooooooooooooooooooooooooooooo

sgueoscsee

. T R R
...................................... AL A R T R L L R Y R R T R Ry T N R L Iy
.................... L L R T L T T T s Ty R Y T Y T T Y PN Y R R A T T T T
-------------------------------------------- 90eve0n0re009000rs00000egevsersresrensersresrroasvrereNorse
---------------------------------- L L X Y R T T L T YT R YT FRT Y'Y LYY PRI P S Sy s
.
.
.
.
.
A .
B .
.
----------------------------- L R L S R S Y L L LR T L R T Ty Ty iy
.
.
*
.
*
............................... P800 00000000 CTIROORIOROIPISIRIORIRSe A A R Y A P P Y R YY) e s
.
1]
..................... A LA R L L R R L LR TR Y T ET Y TET PYTY T PP TP P PR PP PP PUppyruppippups W
............... '.....O.I.'.‘ll"'A.'.‘.".."".....'.'ll.'....'.......l.....l.Ql‘.'..i...."'l.!'lI'Ql
............................... AL LA T AL I L P P P Y Y Y Y Y Y G000 0CGIIOIPETTIPNINSRIOORICTOIOPACTORIITSE

(7)) J3NYHD 1S0D TWLIdUD

L
4

14

=~

>

™~

PERIOD (YR)

DESIGN & CONSTR.

Sensitivity of estimated power plant capital investment

?osts to length of design and construction period for 1990 operation,

Fig. 6.6-

/

A

v’




49

In Fig. 6.5 the year of Steam supply purchaéeb(or start of project) was
held fixed while the design and construction period was varied. A one-
year change 1in design and construction period length under theee condi-
tions produces about 8% change in the total estimated cost of LWR and
coal-fired planfs. The cost changes are due to changes in cost of esca-
lation and interest during construction, both of which increase as the
design and construction period is lengthened.

"~ In Fig. 6.6, the year of first commercial operation is held fixed
(1990) while the steam supply order date (start of project) and coastruc-
tion permit date are varied. Under these conditions cost is relatively
1neensitive to lead time. The curves of Fig. 6.6 would be horizontal if

the interest rate and the escalation rate were identical. The .slight

slope, about 1% change in total cost for each year change in deéign:and

consttuction period, results from an interest rate of 9.5% which exceeds

the welghted average escalation rate of slightly over 7%.

6.5 Escalation

Figure 6.7 illustrates the effect of varying the overall escalation
rate during design and construction on total estimated capital invest-
ment costs at first commercial operation in 1990. The sensitivity of
cost to escalation rate is quite pronounced. Since the coal-fired plant
cash flow curve 1is later in time relative to the LWR, coal shows a higher
relative escalation effect., ) :

Figure 6.8 shows the sensitivity of estimated capital investment

cost as year of first commercial operation is advanced or delayed. The

~curve in Fig. 6.8 was developed by varying year of first commercial oper-

ation while maintaining a constant design and construction period of ten
years for LWR plants and six years for coal-fired plants. Since the
overall escalation rate used was 7.3%/year and 7.5%/ year, respectively
for LWR and coal-fired plants, costs double in approximately a l10-year

time period.
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6.6/ Interest During Construction

Investors in a utility must be compensated for the use of invest-
ment capital, both debt and equity, during the long period between the
time funds for construction of the unit are spent and the time the unit
goes into operation. Allowance for funds used during construction
(AFUDC) is a charge made against construction work in progress to com-—
pensate these investors. During commercial operation the utility will
recover from its customers through dgpreciation charges compensation for
financing the investment made prior’to operation, The FPC Uniform Sys-
tem of Accounts segregates AFUDC into two components, borrowed funds and
other funds. CONCEPT utilizes a single rate referred to as the average
annual interest rate during construction and allows treatment as simple
or annually compounded interest. Lo

The interest rate selected for ﬁsévin this study was 9.5 percent
per year compounded. As shown in Table 5.2 estimated interest during
construction, or AFUDC, amounts to about $600 million for the 1139-MW(e)
LWR plant and about one-half that amount for the coal-fired plants. The
smaller amount for the coal-fired plants is due to lower direct and indi-
rect costs and shorter design and construction period.

Figure 6.9 shows the sensitivity of capital investment costs to
change in the interest rate. LWR and coal-fired plant costs are esti-
mated to change about 4% and 3%, respectively, fbr each one percentage
point change in interest rate. Coal-fired plant costs a;e less sensi-
tive to changes in interest rates than LWR plant costs because of the

shorter design and construction period.

6.7 Regional Variations

The CONCEPT code has access to cost-index data files for 20 ma jor
locations in the United States and two in Canada. The United States data
were used to develop capital investment cost estimates for power plants

as a function of location for January 1990 commercial operation, and the
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results are presented in Table 6.2, The variations in costs with loca-
tion are due entirely to differences in site labor wage rates and esti-
mated costs of site materials such as structural steel,.reinforcing
steel, concrete, and lumber. The manufactured equipment cost date are
the same for all cities. Transportation costs for ma jor equipment, plant
design features for the various geological and clinatic conditions, and -
labor productivity differences from one area to another were not con-
sidered. Transportation costs for major equipment are relatively small
in the context of total plant costs, but plant design features for other
geological and climatic conditions and labor ptoductivity diffetences can
have major effects on construction costs. The costs. in Table 6.2 are

1owest in the southern locations (Birmingham, Dallas, New Orleans) and

Table"6.2 Regional véfigtions in power plant “~
capital invest ment cost estimates
for 1990 commercial operation

1139-MW(e) 795-Mu(e) 1232-MW(e)
Location LWR Coal © Coal
Atlanta 1620 . 1290 1170
Baltimore 1700 1350 1220
Bi rmingham 1590 1290 1150 -
" Boston 1750 1390 1250
Chicago 1730 1410 - 1270
Cincinnati 1760 1420 1280
Cleveland 1730 . 1410 ‘ 1270
Dallas 1580 1280 1160
Denver 1660 1310 1190
Detroit 1790 1450 1310
Kansas City 1710 1360 1230
Los Angeles 1730 1440 1290
Minneapolis 1620 1320 1190
New Orleans _ 1570 1240 1120
New York 1770 1460 1310
Philadelphia 1730 1410 1270
Pittsburgh 1700 1380 - 1240
-~ St. Louis 1690 1380 . 1250
" San Francisco 1760 1430 1290
" Seattle 1750 1400 1270
U.S. average 1700 1370 1240

Middletown 1750 : 1420 1280
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highest in the northern and eastern industrialized areas (Detroit, New
f York, Cincinnati) and on, the West Coast (Los Angeles, San Francisco,

; Seattle).
i Figures 6.10 and 6.11 show estimated power plant capital investment

i costs as a function of unit size, initial commercial operation date, and
% location. For a given unit size and year of initial commercial opera-

‘ tion, the indicated range of costs results from locational variations in
site-related materials and labor costs from the extremes of New Orleans

(lowest) to Detroit (highest).
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