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ABSTRACT

The DOE-oryanized Laboraiory Microfusion Facility (LMF)
has a goal of generating 1000 MJ of fusion yield in o-dar to
perform weapons physics experimanis, simulate weapons
effects, and develop high-gain inertial confinemsens fusion
(ICF) targets for military and civil applications. There are
currently thres options seriously being considered jor ihs
driver of this facility: KrF lasers. Nd:glass lasers, and light-
ion accalerators. In order to provide a basis for comparison
of 1he cost astimates for each of the differems driver
technologies, a standardixed costing methodology has been
devised. This merhodology defines the driver-independent
costs and indirect cost mullipliers for the LMF to aid in the
comparison of the LMF proposal cost sstimaies.

INTRODUTION

The goal of the DOE-organized Laboratory Microfusion Fa-
cility (LMF) Scoping Study is to determine the
characte natics and gather information on the different driver
options for an insrtial confinement fusion (ICF) facilit

capshle of penerating 1000-MJ of fusion yield per shot. ! -

Basal on current experiance, the :ost of the driver will
probably dJominate the total cost of the LMF.
Complicaons cen arise :f the LMF srudy is used w compere
different driver options because each organization is
performing cost estimates for their driver concept usirg
dif{erent assumptions for technology projections, ccsts, and
work breakdown swucture (WBS). Thaersfore, ss pent of
Phase | of the LMF Scoving Study, this methodology has
been developed to establish a standardized costing
methodology that wili Jiminish mislesding comparisons in
the csrimated LMF cost for differemt driver options.

The' s are four problems with aitampting to comp=re cost
estimatas for diffsrent [MF drivenn generated st different
Inboratories:

1. Vauying dogrees of completeness may cause one
cost e&sumaie to include an iteen that is excluded by
wwother. Examples of this for the LMF rrudy may
include the target fabrication facility, rediation
wusta disposal, or fire/satety/security cosi.

2. Differing indirect cost multipliers can lead 10
tignificantly different total cost estimates. For
exampie, in a recent cost eslimate, the cost of
ED&I (engineering, design, and inspection) was
estimated al only 3%, and no a'owance was made
for conungency. Thowe underestimaies am totally

unacceptable for construction of a first-of-a-kind
facility that is estimated to cost one- to two-
billion dollars.

3. Differing degrees of optimism or assumptions on
technology development can significanily affect
cost estimates.

4. Projecting future umit costs and quantity scaling in
a subjective way can have a strong impact on the
cost estimate.

The LMF standardized costing methodology solves the first
twn problems by defining what is o bs included in the LMF
cost estimates, providing cost estimates for the driver-
independent itams, and specifying the indirect cosuts for all
of the items 0 be included in the LMF cost estimate. Items
three and four list subjectiva factors that will have to be
weighed by decusion makers. One opuon being considered
for the LMF Study is to hire a contractor that has the ability
10 estimate the cost of all of the driver candidates being
considered.

WORK BREAKDOWN STRUCTURE

A general work breakdown structure has been defined in order
1o classify all of the components required for the LMF (sce
Table 1). This particular WBS was devised o be driver
uidependent. Some dnisers may not use all of the cost
categories, whily others may need (o include additional
categories. In all cases, tha WBS is not defined in sufficient
dawil for accurais cost estimates. For example. the driver is
listad as just one cost zloment because any additional detail
will be driver dcpendant. Clearly a finer detail is needed to
estimats the cost of the LMF driver.

The WBS is organized into the six major sections defined
below:

1.1  Sits lpspre.vement includes clearing the site
and prepas...g for construction of the buildings,
all roads on the site, a parking lot | and all
general land improvemenus. It has been assumed
tha! a road to the site already exists and thiy cout
ilem 18 not ineluded.

1.2 Bulldings consists of an nffice building. o
building for targer fahrication, shapy,
laboratories, and support buildings such av .
warehouss and a fire/secunty facility.

1.3 Special Structures include the driver anid
target buildings hecause of therr speciyg
construchion  and/or  safety  requirements
Facilities in this rection nclude vome



TABLE 1
LMF WORK BREAKDOWN STRUCTURE

1. LABORATORY MICROFUSION FACILITY

1.1 1.3
SITE 1.2 SPECIAL.
IMPROVEMENTS BUILDINGS STRUCTURES
Clear and grubd site Office ; ildi
Roads O Target fabrication ?,’,‘,‘;: gﬂ;,‘“‘,,g
Parking lot Shops Oil handlin
General land improvenent  Laboratories Water handling
Support Rad waste siorage

potentially driver-dependent facilities such as
structures for the handlirg and storage of
deionized water and transformer oil.
Additionally, a radioactive waste storage facility
is included in this category.

1.4 Specisal Equipment is where the driver ind
target systems sre categorized. Most of the
items in this s+ n are clearly driver dependent.
The cost of .16 items in this section wil
probably dominais the LMFs total cost.

1.5 Utllitlas consist of sewage, water, elecirical,
and natural gas connections. Radioactivs waste
disposs} snd a capsbility w handls liquid helium
are included here. Only on-site utilities costs ard
included. The cost of bringing uti'ities to the
sits can depend strongly on the site selection,
and the electrical power iequirement may be
srongly dnver dipendent. Because s sits has
not been selected, these costs have not been
estimatad.

164 Standard Equipmont includes fumishings for
the office building, communications equipment,
computars (both mainframe snd personal),
ttandard equipment for the laboratories and
shops, and otker off-the-shelf scientific
equipraent.

Thesa sactiuns of the WRBS define the major items in the
second and third level of tha WBS for tha LMF. Finer detail
will by noadod to accurately estiimata the coat of the LMF.

1.4
SPECIAL
EQUIPMENT

DRIVER SYSTEM

Protorype module
Laser or accelerator
Driver diagnostics
Vacuum subsysiem

1.5
UTILITIES

Sewage

Waer

Electricity

Natural gas

Rad waste disposal
Liquid He

1.6
STANDARD
EQUIPMENT

Fumishings
Commurucatons
Computers
Scienufic equip
Mechanical equip

Alignment subsystem
Control subsystem

Gas-handling subsystem
TARGET SYSTEM

Target chamber

Target diagnostice
Target fabrication equip
Target assist equip

V acuum subsystem
Remote handling equip

DRIVER-INDEPENDENT COST ESTIMATES

The cost data developed for the driver-independent aspects of
the LMF are presented in 1987 dollars. All estimstes are
develaoped according o the WBS format shown above in
Table 1. The cost estimates for the driver-independent
systems come from several different sources. Very few of
the components needed for the LMF have ever been
constructed. Therefore, the main source of cost informastion
is obtained from expsrienced experts in the different
iechnical areas. These estimates will need to he refined as
more detailed designs are done for the LMF.

Refined cost estimates will be possible after certain
decisions are made about thea LMF. For example, site
selection will have signifi-ant cost implications. The cost
of installation and connection of wutilities it strongly
dependent on the site seloction, as is the cost of labor. The
cost of construction can vary by as much as a factor of two
between statas Jr cven between regions of a siste For the
purpase of this study, national average labor rates have heen
assumed. This results in an approximate uncertainly of 0%
for the cost of labor.

Escalation is not included 1n thit study because the date and
schedule for construction are nat determined When
construcion date and schedule are defined, then escalition
can be ecumatnd. Escalation will need (o be included 1 the
hine item proposal for the L.MF.



Several assumptions are needed before making cost estimues
for the driver-in.‘ependent aspects of the LMF. Whereas the
site has not been selected for the LMF. it was assumed in
this study that the site would be on existing federal land.
This siting would sreamline environmental approval and
there would be no cost for the land. It was also assumed
that utilities and roads exist at the site boundary, so no
costs of bringing these items to the site are included.
Finally. it was assumed that target fabrication will exist at
the site: (acilities enisting elsewhere will not be used. The
advantage of this system is it avoids urisportaton of
largets and poor responss tume. It was esumated that target
fabrication needs to have the capability to produce and
deliver two targets per day; therefore, the wansportation and
response time faclors werm considered quite important,

Standard values of indirect costs for the construction of the
LMF are used. The indirect cost values were obtained from
References © and 10 and are shown in Table 2. Varauons
from the standard markup values are allowable if done in a
corsistent manner for all of the driver candidates. For
example, thers is no question that certain diagnostics for
high-yield target shous will be difficult. It may be
sppropriate that diagnostics have a 30% contingency (or
more!) instead of the default 25% and that the program
management markup for target diagnostics be 5% instead of
2%. The most imporwant aspect of the cost estimates be

TABLE 2
MARKUP RATE FACTORS

Markup Ratwe
Labor fringes, axes, and insurance 0.30
Warehouse and handling rase 0.04
Subcontracto: mark-up rate 0.0}
Equipment rate 0.04
Overhead rase 0.07
Profit rate 0.04
Gross receip’s tax rate 0.05
Bond rase 0.01
Special engineering rate 0.0?2
Escalaton rate” 0.00
Engineering, design, and inspection rate

Sundard Equipment 0.00

Construction a.18

Special facilives equipment 0.10
Project management mark-up rats

Swndard Equipment 0.03

Constructinn 0.03

Special faciliries equipment 0.02
Conungency

Standard Equipmemnt 0.15

Construction 0.20

Spocial facilioes equipment 0.25

* Future escalaton is not included in this smdy as there
11 no assumed construcuon date

that agreement is reached on the velues and that they be
consistently . “ed in esch of the driver design cost estimates.

Table 3 shows :he direct cost analysis for all of the
elements of tha WBS that are considered (0 be driver
independent. The direct cost of an item is defined as the
sum of the matenial cost; the labor cost; cost of rental,
maintenance, and fuel for construction equipment; and a
markup for a subconuasctor. Cost estimates in Table 3 are
qualified under the column called "Note.” All the costs in
Table 3 are site dependent as the labor rates vary in different
locationa. If & cost is judged to be site dependent by mare
than a factor of two, an estimate is still given with an
indication of the uncertainty. Other costs have been
determined to be driver dependent so esumates are not given
here.

The 1otal cost of an item is the sum of the the direct and
indirect costs. As shown in Table 4, the indirect costs
consist of contractor mark-up; project management cosls;
engineering, design. and inspection (ED&I): and
contingency. The velues used for the indirect cost
multipliers are taken from Table 2 with some variations
based upon engineering judgments about the specific item.

SUMMARY

The swundard costing methodology described here addresser
the problem of comparing different LMF cost estumares.
This methodology lists the itsms o be included in LMF cost
estimates, defines the cost of all driver-independent
components, and defiaes the indirect cost multipliers 1o be
used for tha cost esumats. A work breakdown structure has
been daveloped for driver-independant items as s means to
subdivide the cost of the LMF. A more detailed work
breakdown structurees will be needed for each slternanve
dniver concept in order to est.mats the tota] cost of the
LMF: thess will require conceptual designs for each
alternative. The problems a.sociated with normalizing
assumptions on projections of technology advancemenus,
future unit costs, and cost scaling are not addressed with this
methodology. However, the issues not solved will need 0
be resolved by other means in order for L MF proposal cost
esumates 0 be compared farly.

A means of fair compurison of tha allernative drivers has
been devised. For example, default values of indirect cost
fraicions have been defined. Varistions from these defaults
are approgriate il they are Jone cons:stently for all driver
altermatives.

The cost estimates for the dniver independent elements ol the
WBS for the LMF are listed in Tables 3 and 4. and ‘be

indirect cost mulupliers for all items of the WRBS are
defined. The dniver.independent cost estimates and niirect
cost muluipliers will be subject to change us more detais

hecome known about the denign of the LMF.

The dniver independent costa of he ILMF total approvmace’y
$304) million and sre not insignificant since the total [\
cost goal is less than $2 hilhon. It ae alvo expecried thoe
the dniver and target systems (that have not been et
will dominate the cost of the LMF  Hased on thin 10 o



TABLE 3
DIRECT COQST ANALYSIS

TOTAL TOTAL CONSTRUCTION SUB COMPONENT
WBS MATERIAL LABOR EQUIPMENT CONTRACTOR DIRECT
DESIGNATION DESCRIPTION NOTE QUANTITY COST COST CcosT MARK-UP cosT
] il i3 'S | k3 K5
1. LABORATORY MICROFUSION CAPABILITY
.1 SITE IMPROVEMENTS
1.1.1 Clear wnd grub (1.2} - - - - -
1.1.2 Roads 2000 m 195 95 57 n 178
1.1.3 ing lox 1252 250m 404 164 72 52 692
1.1.4 Genen) land improvemams (2] - . - . .
1.2 BUILDINGS
1.21 Offica bidg (3.4} 1 20000 0 %00 600 21400
1.22 Targm (ab blig (4] 1 14230 0 570 428 15248
123 Shope (4] 3 3000 0 ‘20 90 3210
1.24 Laborswoie [4) 3 3000 0 320 240 8560
1.2.5 Suppan bidgs (4] 2 4000 0 160 120 4280
1.3 SPECIAL STRUCTLRES
1.3.1 Driver bldg 2] 1
132 Targo bldg (2] lar2
1.3.3 Oil handling (2] .
134 Waer handling (2] - - - -
1.8 Rad waste uoregs (4) 1 3000 0 200 150 3150
1.4 SPECIAL EQUIPMENT
1.4.1 Driver moduls prosotyps (2] 1
142 Laser or scoslerrear 2} 1
1.43 Driver diagnomies {2}
1.44 Vecuum subsysan (2]
1.4% ubsystem (2]
14.6 Cantral subsystems 2] 1
147 CGas handling subsyma (2] -
1.40 Turgm charnbar (2) lor2 . - - - -
1.49 T rpm diagmosias 30000 0 0 0 MXN00
1.4.10 Targm fab agup 23500 0 0 0 28509
1.4.11 Targst ssmin aquip (4] - . - - .
1.4.12 Vnoums ssbeysiam (2] - - - - - -
n,;.lj ‘!-nnuh-ﬂqqup 1 5000 0 0 0 3000
1
151 Sowugn (1) 1009 m 43 &5 1) 16 163
152 W m 1000 m 30 p ] ] 2 61
133 Elo.arignl (1.4} - . - .
154 Neumrnl gae (1} 1000 m 13 pa) 4 4 “
159 Rad waste dispor ol 31 1 23 0 10 [} 4)
156 Lauud He 3] I 10 0 2 2 14
16 STANDARD EQUIPMENT
1.6.1 Furrushings M) 400 200 0 0 0 800
162 Cansmumnstions () . 1600 [+] [1) [} 1 600
1631 Campussrs - meinfremes ] 2 3000 0 0 0 $000
1632 Compaun - }Cs (« 400 PCs 2000 0 ()} 0 2000
164 Saerufin aguyp 0] . 24000 0 0 0 24000
169 Mechasioal apip 19 7000 V] 0 0 T000
Notes: -
(1] Com is sw dapmndans, whish rembs @ mare then & ('wcY of twe uROERANY.
2]  Comw driver dependan » nare then o (amer of five massuinry
(3] Com ia bussd upnm offies spoms fur 40 [l andl .Day newl @ be scaled

edimated

(4)

that

the minimum

Lalws oot in comblawd with _quiol som.

cost of the

total LMF s

probably in the range of one- 10 two billion dollars.
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TABLE 4
TOTAL COST ANALYSIS

INDIRECT
COST MULTIFLERS LNDIRECT COSTS AND SUBTOTALS
COMPONENT CONTRACTOR COMPONENT

wBS RATES DIRECT MARK-UP 5UB PM EDv CONTINGENCY TOTAL

DESIGNATION  DESCRIPTION PM® EDWMI® CONT" COST COST TOTAL COST COST COST COST
9 1 , ' e S Y | ki il i1

1 LABORATORY MICROFUSION CAPABILITY

11 SITE IMPROVEMENTS

11.1 Qlanr and grub jo 150 200 - - - . - .

1.1.2 Ronds 30 150 W0 L3 ] 95 47} 14 n 99 653

1.1.3 Purking tot 30 150 200 692 174 866 26 130 174 1196

1.1.4 Genarl Lard urprov 30 150 200 - . . . . .

12 BUILDING?

121 Office hidg 30 1350 00 21400 5350 m»7%0 w2 4012 5190 P14

1212 Targs fab bhidy 30 200 230 15248 2 19060 570 12 4767 20209

123 Shope 3o 130 200 210 [ _1}] 401} 120 602 [14) 5

124 Laborssanes 30 200 200 1560 2140 10700 n 2014 2014 1 5049

125 Suppan bldgs 30 1350 2.0 4230 1070 5350 161 ) 1070 7184

1.3 SPECIAL STRUCTURES

131 De v Ble g So 150 wo

132 Tarpm bisg 40 200 %0

1.3) Ou hamdang 10 150 200

114 W mar handinng 3o 150 200 - - - - - -

133 Rad vams morsge 30 200 250 53%0 1449 6783 204 1359 | 699 10057

14 SPECLAL EQUIPMENT

| 41 Dnve modul> penctyps 30 230 30

1412 ey or scoslersor 20 100 30

14) Dnver dusgrosas 10 100 250

144 Veoamn suile ystan 20 100 250

143 Algwnes subaymam 20 130 30

146 Canlural subsyan 30 200 00

147 Gas handlisig subsysam 20 100 250

148 Targst charnber S0 200 W0 . . . : : _ )

i49 Tuge disgnasaos 40 250 o 30000 1100 Wi 1324 9523 11430 B

1410 Targst [ eqpap 3o 130 250 500 1693 L IL LT & 429 2049 5156

141] Targst ssmm squip 40 200 o - - - . -

| 412 Vacuum sube yswn 20 100 250 - - - - E . .

141) Ramcis handlng epup 20 200 ¥o $000 1350 63150 g 1770 1903 952

13 UTILIMES

151 Sawoge o 150 o0 163 4] p. o] .3 11 4] 282

192 W ahar 3o 130 wo 61 13 16 2 I 13 104

19} Hlaunal 3o 150 00 . . .

144 Naturel ges 30 150 00 4 1 39 2 ] 11 76

1993 Rad wame daapossi 40 1350 290 4] 1 34 2 [ ] 1l 73

1356 | xpod He o 100 150 14 3 17 1 2 b) n

16 STANDARD EQUIPMENT

161 Furmusiungs o 0o 150 100 0 00 24 0 120 P4t

1612 Cornumure € auond Jo 0o 1350 1600 0 1600 L1} 0 40 1)

1631 Campuaess - mandreenms 10 00 150 3000 1230 6250 138 1} LAl ] T8

1631 Compaers - PCy 10 00 10.0 3000 0 1000 20 0 00 nx

164 Scmnafic aqup 30 00 p- 10} 24000 6480 0480 914 0 6094 17490

1693 Machamm| equyp 39 00 130 To00 1759 1780 p. 3] 0 3 10328

I'™M = Propect mansgamant
I D% = 'ngneenng, design. snd nipecuon
COND = Contuvgency

REFERENCES

! D J Dudriak. U B. Hams, and J. H Pendergrass.

“Goals, Requirements, and Desirable Charsttensics
Fusion Dniver.”
Engineening,

of the LMF
Symposium

Inertial
on Fusion

California, 12 16 (Xwober 1987

12th

IEEE
Monterey,

R E. Olon, "Concepual Design of a 10 MJ o
for a High Gun Target Develonment Facility 111}
I2th IEEE Symponium on Fuvion Prgoes: -
Monterey, Califormia, 12 16 October 1987

I H Put, "Using the Nave Target Chaoter
Hllh Yirld Tlrll.‘(l,” 1 2th B g‘vl”[\n\l'l\”
FFasion bngineenng, Monterey, Calilorm

October 987



M. T. Tobin, "Neutronics I[ssuee for s Laboratory
Microfusion Capability,” 12th [EEE Symposium on
Fusion Engincering, Monterey, California, 12-16
October 1987.

W. J. Hogan, "Design Issues for s High Gain Fusion
Facility: [mplications of Recent Program Results,”
12th IEEE Symposium on Fusion Engineering,
Monterey, California, 12-16 Octobzr 1987.

C. Orth, "Calculstions of Ablated Mass and Ablauon
Momentum Transfer for the First Walls of ICF
Facilities,” Bulletin of the American Physical
Sociery, 32, 9. 1788 (1987).

W. J. Hogan, “Target Chember Design Issues for a
High-Gain Inertial Fusion Test Facility,” Bulletin of
the American Physical Society, 32, 9. 1788 (1987).

D. B. Huris and D. J. Dudzisk, "Major Cost Facton,”
Los Alamos National Laborarory report LA-UR-87-
4142 (December 1987). Prepared for inclusion in the
Laboratory Microfusion Facilicy Phase I Final Repon.

“Dual-Axis Radiographic Hydrotest Facility:
Conceptual Design Repont,” Los Alamos National
Laboratory document ENG- CD-82.13, revised March,
1986.

"SSC Conceprual Design Cost Estimate Derails,”
prepared by the SSC Central Design Group. report
SS5C-SR-2020D (March, 1986).



