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ABSTRACT )
An fwportsnt facet of developing engincering
design concepts is the ability to promptly and
accurately project the total comstructed cost

of a given device concept, siace thase cost
projections are important factors for future
decisions on project scope. In order to pro~
vide 8 credible snd consistent means for pro-
jecting the total constructed cost of & given
device or resctor concspt, an automated approach
to performing and cataloging ccsc estimates has
been developed at the Fusion Enginearing

Design Center (FEDC), wherein the cost estimste
record is_stored in the LOTUS 1-2-31 spreadsheet
on sn IBM' personsl computer. %The cost estima-
zion spreadsheet is based on the cost coefficient/
cost algorithm appronch to cost estimating and
incorporates a detailed gemeric code of coet
sccounts for both toksmali gnd tandem mirror
devices. Component design parameters (weight,
surfsce ares, etc.) and coat factors sre input,
and direct and indirect costs are calculated.

The cost dats base file derived from actual

coet axperience within the fueiop community snd
refined to be compatible wich the spreadsheet
costing approach is a catalog of cost cosffi-
cients, algorizims, and component costs arranged
ianto data modules corresponding to specific
components and/or subsyatems. 3Zach data module
conteins engineering, equipmenc, «nd installation
labor cost data for different configuraticne

and types of the specific component 4T subsystem.
This paper describes the assumpiions, definitione,
methodology, and architecture incorporated in
zhe development of the cost sstimation epread~
shee: snd cost data base, slong with the type

of input raquired and the cutput format.

®Reszarch sponsored dy tha Office of Fusion
Enargy., U.S. Depsrtment of Energy, under Con~
tract Wo. DE-AC05~-840R21400 with Martin Marierta
Enczgy Systeas, Inc.
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asat, recommendation by the U.5. gowernment or
sny agency thereof.
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INTRODUCTION

The role of the FEUC is to develop pre-
conceptual engineering design concepts for the
next generation of tokamak, tandem mirror, and
alternative confinement comcept poweT Tasctors
and axperimental devices. 4n important facet
of this design activity is the effort related
to projecting the cost of the given facility.
Past experience has demonstrated that "bdortoms-
up” cost estimstes of lasding-edge-of~technol- -
ogy devices at the preconceptual design level
are consiatently insccurate. This traditional
estimating method involves summing the cost of
subsyatem components, bsgicning with the smal-
lest details end comdining these into lgrger
and larger assemblies until the entirz subsys-
tem is complete. The “bottome-up" method is an
axcellent cost-estimating method where the
design hae matured to a final level of detsil
and the components are standard, off-the-shelf
items vhose costs are accurately known. The
absence of a msture design at the praconceptuai
level mskes totel "bottoms-up” cost estimating
wvery difficult, at best, due to the inherenz
lack of decign definicion and detsil.

An sutomated sethod for performing, cata-
loging, and recording cost estimates that is
compatible with the preconceptual level of
design definition and detsail has been developed
at FEDC., This method comdines a cowputerizad
cost estimstion spresdsheet that incorporates a
detailed generic code of sccountz, standsrd
cost element definitions, and the parametric
cost-estimating approach with s cost dats base
file derived from sctual cost experience. This
papar provides & description of the computer-
ized cost estimation sprecdsheet and the FEDC
cost data base file.

PEDC COST ESTIMATE PROCEDURE

The oversll approach to assembling a pro-
Ject cost estimate at FEIC consists of parallel
project design and cost dats base gctivicies.
Near the end of the preconceptual design
activity, vhen the quantitics cof materials and

PISTRIBUTION BF THIS DUCHMERT (8 UNLIRED

Z



squipment ca: be estimataed, cognizent eugineers
submit standardized design data sheets and other
supporting material for their assigned components/
subsystems to the FEDC cost enginesr. These
design data sheets Sncluvde the component/subsystem
design description snd s listing of tha pertinent
desigr parameters. This sssembly of cowponent/
subsysten design data shects and cost data
odtained frow a cost data base f£file forme the
basis for the input to the cosputerized cost
estimation spresdsheet, wvhezre the cost estimate is
perforasd snd cataloged.

WORKSHEET DESCRIPTION

The FEDC computerized co~r estimation work-
sheet calculastes the total comstructed cost of a
fusion powezr zaactor or saxperimental device. The
werksheet does not include finsucial (interest
during conitruction) or schedule (escalation dur-
ing construction) conasiderations. This sesction
addresses the coat element definicions sud code of
accrunts employed in the cost estimsetion work~
sheet, the methodology used in the spreadsheer for
calculating the total constructed cost, the code
structure, sad the output that can be obtaired
from the spresdshest.

Cost Element Definitions

As ststed, the comstructed cost of a facility
is dsfined ss the total expense of constructing a
facility and placing the facility inte operation.
The elements of conscrvcted costs - direct costs,
indirect costs, snd contingency - are zil cal-
culated in the cost estimstion spreadsheer.

Direct costs sre those coats that are
identified with a #pecific permanent component,
system, or facility of the plant. The elements
of direct cost sre engineering cost, equipment
cost, and i{nscallation lador cost.

Indirect costs sre those chst sre vot iden-
tified with specific permanent plant facilities,
equipment, oT systems But that ar: incurred by
the project as # whole. Zlements ol fadirect
coats sre Construction Services aud Equipment
Cost (temporary fecilities snd comstruction equip-
ment), Eome Office Engineering and Services Cost
(mansgement, systems engineering, QA), Fleld
Office Engineering and Services Cost (comstruction
managenent, inspectior. preoperstional testing),
and Owner’s Cost (project administration, spares,
and invéntories).

Ceatingency is a8 cost allcovsnce included in
an esgimste to reflect the fact that uncertainties
exist in project definition, unit pricing, end
execution. Thsse cost element definitions are
incorporated into the spreadsheet.

Code of Accounts

The FEDC computerized cost estimstion
sprasdshest iucorporatec a szandard code of
accouata, developed at FEDC, as the basis for
Teporting the estinmsted component/subsystem
costs. The top-level zccounts of the FEDC code
of eccounts are shown in Fig, 1.
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Fig. 1. FEDC code of sccounts.

The FEDC code of accounts Tepresents a
systematic arrgngement of the generic elements
that generally comprise fusion projects. This
code of sccounts is developed to a mandatory
sccount level {(fourth-level msximum) that is
spplicable to all magnetically confined fusion
concepts (tokamaks, tardem mirrors, etc.) and
device types (experimentsl, power raactor).
Additional accounts uynique to & specifiz
raactor or exparimental device are further used
to break down reported estimated costs below
the mandatory level.

The FEDC code of accounts structure is
based on ths prasent standard fusion sccounts!
and power industry practice,? with some revi-
sions being made to facilitite their spplice~
tion to both power reactozs and exparimental
devices. Th2 first-level accounts (Fig. 1)
parallel those currently used by the powver
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industry, thus facilitating comparison of furion
pover resctor coste 2o other sourcas of eleciri-
eity. Account 22, Rsactor Flant Zquipment,
incozporates a generic, functional dreskdown for
the specific fusion systems vithin the pover
industry code. Thias account structurs provides a
natural reporting system that is closely relsted
to the typical fusion project work dreakdown
stzucture and that is compatible with different
fusion device concepts. The subaccounts of indi-
Tect cost, Ascount 9, correspond to normal pover
plant conatruction practice, vhere the utilicy
{Cwner) contracts with an snginsering and con-
struction company to design the plant {Howe
0ffice), marage the coustruction project (Field
0ffice), and provide comstruction materials
{(Construction Sarvicea). These elemeats of
indirect cost are not commonly used on uesr-

tern exrerimental devices where it is likely

that a laboratory will act as project manager

and owner and that the field cffice wili be at a
lsboratory. Elemants of indiract cost commonly
incurred on experimental projecta are included as
subelements of the four major indirect accounte
to ensure compatibility with ezperimental devices.

Ao otated, additional accounts unique to &
specific device concept exe uzed to further break
down estimated coats below the mandatory level.
Detailed, generic codes of accounts have been
developed below the mandatory level for tokamak
and tandex mirror devices, and each is incorpo-
rated into separate computerized cost estimztion
spreadsheets.

Spresdsheet Methodology

The FEDC computerized cost estimetion
spreadsheet ut{ifizes LOTUS 1-2-3 software’ on an
IBM personal computer. LOTUS 1-2-3 i3 an
advanced electronic vorksheet with graphics and
complete information managemant capacity. The
worksheet is similar to a financial ledger shaet
~ tuled into rows and columns. The vorksheet can
accommodate 256 columns sand 2,048 rows of infor-
mation. Each of the spaces {cells) in the work-
sheet can etore a piece of inforastion: a
number, letters, words, or equations to calculste
a value. Thus, this formst is ideslly suited to
converting the cost estimating procedures
normally performed sanually on coct estimate
forms to the automated cost-estimating approach
descridbed herein,

The flov diagram ehown in Fig. 2 illustrates
the overall methodology emploved in the FEDC
conputerized cost estimation spreadsheet for cal-
culating the total comstructed cost of a fusion
plant. The spreadsheet format is illustrated in
Fig. 3. Input parametera and descriptive
inforastion are introduced to the spreadsheet in
the appropriste columms from the component design
daca sheets supplied by the cognizant engineers
and from the cost data base file. The cost data

base file and ite use will be described later
in thic paper. The following dusigr inputs can
be incrocduced for each applicable component/
subsystem iu the code of accounts:

Column Input

G Brief component description

B Component/subsystem quantity

L Learning curve percent for Nthepf-z-
kind deviceg (if differvent than 100}

0,5,¥,AA Unit quantities corresponding to unit
cost factore feole. M,0Q,8,%} ingut

?,T.X,AB Uoits corresponding to cols. 0,5,W. AL

AC Nth-of-a~kind device (if differen:

than 1)

The cost inputs which can be introdiuced into
the spresdsheet for each component/ mubsystem
are as follows:

Colusn Input

J Engineering percent (of equipment
cost)

4 Labor percent (of equipment cost)

M,Q,U,Y DUnit cost factors, component costs,
or cost coefficients

N,R,V,Z Uaits corresponding to cols. ¥,4,0,Y

AD References cost factor basis

These cost inputs are extrzcted from the FEDC
cost dsta base file. The cost factors chosen
are based on the cost of a similar component/
subsystes and depend on the component/subsystex
configuration and type specified on the design
data sheet.

After the inputs are introduced, the cal-
culatior proceduyre is iniciated for the spe-
cific account. The unit equirment cost {(col.
I} 1s calculsted in millicns of dollars aczord-
ing to the default equation

I(N) = M(R)*O(N)+Q(H)*S (N)+U(N) *W(N)+¥(N)
®AA(N)/10"6

vhere the first letter symtol refers to the
column designation and (N) refers to the Neh
rov. As is evident, a fouz-term cost eguation
can be accommodated in the spresdsheet. This
etandard default equation can be overridden for
& given account and an empirical costing aqua-
tion (algorithm) input to the spreadsheet,
where cols. ¥,Q,U, and Y become the coeffi-
cients of the costing equstion, and cols. O,S,
W, and AA becose the varizbles. The totai
equipment cost is calculsted in =millions of
dollars using ths default equetion

B(N) = I{N)*H(N)*AC(H)* (({LogL{N)-2)
/Log 2))/({{LegL(N)-2) /Log 2)+1

vwhere the logarithmic terms represent the
effect of the learning curve if an N-th-of=g-
kind cost is desired.
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Fig. 3. Cost estimation spreadsheet formac.

The engineering and labor costs for the for sudbtotals are included in the appropriate
coaponent/subsysten are celculaced as a function locations in the sprendsheet.
of percent of equipment cost by the respective
aquations, Inputs for calculazion of project indirect
cost subelements are introduced into the
C(N) = J(N)*D(R) and E(R) = K(¥)*D(N) appropriasce location of col. J of the spread-
sheet as 3 percentage of total direct cost.
The component/subsystea direct cost is then Thecc indirect cost subeslcments sre calculated
calculated by the equation in col. F according to the equacion
P(N) = C(E)4D(R)4EN) (M) = J(K)*F(4)
This process is repeatsd for each appropriate wvhere cell F(4) represents tha total direct
account, and the total direct cost of the cost. Equations for indirect cost subtotals
plant 1is calculated by summing the col. F are included in the appropriste locations in

totals of accounts 20 through 26. Equations the spreadsheet. The total project indirect



cost is cslculated by summing the col. F
totzle for accounts 91 through 94. The sub-
total of totsl direct cost and total indirect
cost is chen calculated in col. F.

The input for calculation of contingency
ie enterad into col. J of the worksheet in the
approprigte location gs & percentige of the
subtotaled direct and indirect cost. Con-
¢ingency is calculated irc col. F according to
the relatiomship

(W) = J{N)*{Direct+Indirect Cost)

The total constructed cost of the plant 4s
obtained by summing the col. ¥ cotals for
direct ccst, indire~t cost, and contingency.

Spreadsteet Structure

The size requirement of the computerized
cost estimetion spreadsheet and the aize
lin{tations of LOTUS 1-2-3 dictate that the
vorksheet information be atored in a series of
modules or files, The file nanmes, alcng with
the file account contents, are shown below.

Pile
Desigmation Pile Contents
™C Acet. 20 Land end Land Rights
Acct. 21  Structures & Site
Facilities
Acct. 9 ladirect Cost
RPE Acct. 221 Rezctor Systems
MAG Acct. 222 Magnet Systems
PIVS Acct. 223 Power Injection Sys.
Acct. 224 Yacuum Syctems
PCET Acct. 225 Power Conditicning Sys.
Accc. 226 Ueat Transport Sys.
¥TIC Acct. 227 Fuel Bandling Systems

Acct. 228 Instrument. & Contyel
Acct., 229 Maintensnce Equip.

Acct. 23 Turbiae Plant Equip.
Acct. 24 Electric Plant Equip.
Acct. 25 Misc. Plant Equip.
Acct. 26 Heat Rejection Sys.

The total worksheet is compiled in one
file by evaluatiny the worksheet equations ia
each fil: and storing only the res»'tant values.
in order to accommodate this compilation, each
of the above files has a rclated file¢ contain-
iag only th2 valves of the equations sad only
zols. 4 through F of the worksheet. The use of
thesz files 1g transparent to the user.

In order to minimize the tims required to
execute spresdsheet commands, soce of the more
frequently used commands have been programmed
using & LOTUS 1-2-3 feature called "macro,”

s stored sequence of xevstrokes. Thase com
mands sre executed By depraseing the "Alt" ey
and thea deprassing the respective key for @
particular command. The macro ig programmcd
dnto the spreadsheet, ard the disposition is
the following:

Updates presant file & saves, writes sum~
mary file, pulls in next file
Prints the entire spraadsheet (cols. A
hrough AD) by files
Couwdines all eummary files iInto cols. A
through F of spresdsheet. Applies only
to TDC file

-¥ Prints cols. A through P of entire spresd-
sheet. Used after "C” ccommand h2s been
axecuted. Applies only to TDC file,

Key Functions
S
P
¢

Detailed information regsrding the use of
LOTUS 1-2-3 can be found in ref. 3.

Master apreadsheets have been develcped
presently for both tokamsk and tendem airror
devices and atored on aseparate floppy dices.
These spreadsheets differ cuoly in the detailed
generic codes of acrounts incorporated inm the
two apreadsheets. Both were developed from the
aandatory level FEDC code of accounts, which
wves described in s prior section.

Output

Two types of printed output are available
from the FEDC computerized cost estimation
spreadsheet:

(1) A printout, by file, of all the informa-
tion contaiued in the entire worksheet

(2) A printout of the calculasted costs
(cols. A through F) for the entires
worksheet

COST DATA BASE FILE

The TEDC cost data base is derived mzinly
from actual cost experience and is refined to
be mode compatibla with the cost-element
definitione and costing approach described in
this paper,

The cost data base file is & catslog of
cost coefficients, cost algorithms, and “com~
ponent takeoff costs" formstted onto separate
cost data sheets corvesponding to specific
comporent/subsystens. Each cost date sheet
contains equipment, engineering, and labor
cost data, in eddition to pertinent design
paramaters, for different configurations and
types of the specific component/subsystexn.
The cost data base file ic arrvanged to cor-
respond to the FEDC code of eccounts. Both
direct and indirect cost data are cataloged in
the cos: data base file.



[N

The cost data ipput to the spreadshast for 3. "LOTUS 1-2-3 User's Manual,” Release 1A,
estimating the specific component/subsystenm Lotus Development Corporation (1983).
cost is obtained from the cost data base file
and is chosen based on the cost of a component/
subsystem of similar configurstion and type.

The scope of the cost data included in the cost
data base file is such that tkrea techmigques
can be uged to estimsts the equipment cost of
& specific component/subsystem. These costing
techniques are unit c¢osting, cost algorithms,
and "compoasnt takeoff” costing. Where a solid
historicel coet data base is available for
casting a specific component/sudsystem, the
unit costing method can be used whersby the
equipment cost is based on cost par unit
(weighe, surfsce ares, volume, power, flow,
etc.) of eiuilar equipment. Where a good cost
data base doss mot exist, the cust algoritim
sethod can be used. Cost algoriihms are

Computerized cost estimation worksheets
and an associated cost data bsse file have been
developad et FEDC in order to provide e credible
and consistent means of calculeting the con-..
structed cost of tokamak and tandem mirror
pover reactors and experimental devices. The
cost estimation worksheet utilizes LOTUS 1-2-3
software on an IBM personal computer and incor-
porates a detailed generic code of accounts,
wvhich adds conformity to the formation of the
cost estimate, and cost element definitions,
which allow cost data obtained from fusion

cgg883g593
smpirical costing equations, developed from 5288 § § g3¢cg
experience on eimilar hardvare, where the g_ cBE <2 ‘:é‘ﬁ a
equipment cost 38 ecaled as a fuaction of m'g- = § g : SgE8%
component/subsycten design parameters. Where EgPE5E s £ ".:'1 =3
the subsysten is composed of standard items 28 g8z5%8" =
vhoge costs are acturately known, & "component 02 =08 2 § -3 g 2
takeoff" method cas be used vharsby the sub- PSS
system cost is based cn the unit cost and B2 %g ~828%F
quantity of the components which comprise the 858388 cod
subsystem, Engineering and labor costs are 2 : g EE g ?-; il
compiled as 8 percentage of equipment cost on 2 g5 8
the cost data sheets. g g a g‘?
289
Indirect cost dsta is compiled in the cost UE g ,”‘f,.“ﬁ
data base file as a percentage of total direct 5 o
cost. = o
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projects to be recorded in such a vay that the -]
dete ere directly useful in estimating the & 2
cost of future fusion projects. PEE
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