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THE LABORATORY MICROFUSl(lNFACILITY STANDARDIZED COSTING METHC)DOLC)GY

D. B, Hti ml D. J. Dudzizk
Lcs fiaWNM Nuicmnl Lafxmory
hi Almmm, New Mexico 87545

(S05) 667-0852

The DOE-wSaru”zd Lz&raIwy Mur@sim Ftwil~ (l#F)
bs a gad of 8L”nwatint i~ MJ ~@on yidd h o.nfer to
perform weapats physus uperi~nls, simmlate weapons
effects. ad develop high-gah tirrial coqtiiruti jmsion
(ICF) targets fw m“luq d civil wplictnitnu. Tkre are
currently thrw oplims swiw~ beiq corutired J-m lb
&iver c# Ibis fudity: KrF kwers. Nd:glazs Lrwrs, ad ligti -
ion txceferdtms. In cwdu 10 provti a ibis @ c~isom
O! Ihe cost ●stimatas for each of Ihe diflerwu driver
techmlosics. a stbdisd co~irq nuthodolo~ h been
&vised. This meIhodo&gy dejks the driver-idependent

costs (zA idirect cost mdtipbs jar k LMF 10 aid in tk

comparison qf tk LNF proposal cost utimares.

The god of the DOE+rgarri.zd ti~ Microfusion Fo-
cility (LMF) Scoping Study is 10 determina Iho
charxtc .i~tics d ga~ i.nfmmdmt rns the diff~mt tiv~
optiom for m inmtiai conftimcm furion (ICF) facilit

cnpabla of ~umuin~ IW-MJ of fusiat yield p ~hti.’ - i

B-1 on current •x~-o, h :ost of dto driver will
probably dominala [ha 10tal COSt Of Iha LMF.
Compbcmuorts cur - lf he LkfP I* is usd m carrpwa
different dnvcr options bumrao ●ach orgusizaion is
pfrforrrring cost ●timatu for this &iv= ar~~ usirg
difh’mm usL9rlpr&m for tahnoko~ pmrjatiom, ash d
work tm9m,k&wrt suutun (WBS). Tk9fctms m ~ of
mu I of rho LMF sarpin~ S*, this m~lou hu
bacn dovalopsd to astabliah a n[andnrdizad tooting
method.ob~ *W Wih dimti misb~ mtts~ in
k cnrimti LMP CWI ftx difl~ &iVW @om

I Vuyirrg do- of complatavrun may ctma one
coat WUIIIW ~ klr.wk ml IturI that is ●xclucid by
uwdnT, flxmrrpf~ 4 dt.is for Mm LMF Prudy may
include t.fm Iugal fdxicalicwt fwcilily. mdialion
Wnsu Cuspoml, a flrW/9dacy/wdty Cosu.

2. Diffm-irrg indiract cost multiplbrs CUI l~ad to
ti~rrificmtly diffmwn[ Iotd comi as~immcs. For
●xunp;a, in ● rumt COSI .stimma, Iha cosi of
EDAI (anginusirrg. doaign. and irrqmction) wa-

cstimald U omly 3*, WA my ●l!owmrwo w- mda
rot Cmflflrrgmq. ThUW Lmdamlimala mm roldly

unwceptabla for construction of t first-of-a-kind
fscility that is estimated 10 cost one- to Iwo-
billion dollars.

3. Differing degreas of optimism or m~umptions on
technology development can significurlly affect
cost esti.nmtcs.

4. Projacring future tit c06sJ md quantity scaling in
m subj~rive w-y cur have ● srsong impact on the
cost estinmtm

Tho LMP Itatdmlized cohIs methodcrlo~ solves the tint
two @dmrts by &f@ what is to h incldcd in tie Lhl F
cost esti.mates, providing cost estimates for the driver-
indeptdwil ilmru, ad s~ifyi~ th indirect cosu for W
of th itmstsLOh itwlutkd in th. LMF cost esrirruta. Itmru
tic d fotm list mbj=tiva f~ Otat will havo to ba
weiglwd by daisicm mmkem GM option bing consicbmd
for tho LMF Study is to him a contr~rm that hss the ability
m eclimata dm cmt of ●ll of du driver candidates being
consi&rd.

~ BWAKM)WN STRWfVRE

A g~af wwrk ~wm SSNC- hmsk defmccf in OKkt

10 clusify d of he com~mrtts reqti for *O LMF (SM
Table l). This particu:u WBS wu d~isd m b driver

kbperrdam Some d.nsars may not UM all of rho co-[
catatorias, whils othars may nod 10 include addiliorrd
cucgoriu. fn all casa, h WBS is rmt defuwd in ~ufficien[
dad fcw~~ cost MIimatM. For ●xunplo. rhc ,Iriver i!
Iistd u just cwracost IBlammt kmtsa w addimrral demd
will h rkiv~ &pon&rlr_ Clearly a fm~ derail is neerkl 10
ellitrru9 Ltu m of Llwl Lhw driwu.

TfM WBS is orgrnizcd into tha six major mc[ions defined
below:

1.1

12

11

Slta lmpr~,vcmamt irwludm clemlng dre sl[a
md mepm~:;s fov construction of ha Imrlldlngg,
ill rotds on rho site. ● pukin~ I(II , and all
genard land impuvemarru. II hu hccn aIIIImc(l
thti a road 10 d’ra IIIe alredy CKISUand [hi! , 11,,1
item u mm Irwluded.
Bulldlrsgs conmlsts of an t)[fice tmIIIIIIIK, I
buildina for lar[at fahricattnn, 111(111!,

Iatmratoriat. ●nd Jupporr bulldln~i !I]ch .Is J
wuetmusa mrf a fire/g~un(y f-lllly,
Spcclml Struclur@s include [he [Irl.rr 1111

!arsal buildings because (I( (hr!r ,,lIr{ I ii

conllrucllon andfnr lmfc[y rr(itllrrrrlrl\l\
Fac II IIIrs In !his ?cc[t{)n III, III!IC \IIII,.



TABLE 1

LMF WORK BREAKDOWN STRUCTURE

1. LABORATORS MICROFUSION FACILITY

1.1
SITE

IMPROVEMENTS

Clear ad grub site
Roadx
Parking lot
General land illtpSOV&-

1.4

15

Itl

potentially
S[mclures

deionized

1.2
BUILDINGS

Targetfabricstim~
Shopa
Lebcrah
Sufqmrt

1.3
SPECIAL

STRU(XJ-RES

Driva fntilding
Targettmdding
OJ hamllin

Lwatahmd 8
Rad WMSS stor~e

driver-depmsdcnt facilities such as
for tho handling and storage of

wrnter ●nd transformer oil.
Additionally, t radioaccivmwmxtestorage facdity
is included in this categor$f.
Speclrnl Equipment is where the driver md
target syateme era categwi md. Moat of Me
items in this s? n are c!Gerly drhs tbpetd@YsL

The coat of ,te itorna in this section WII!
probably dominate the LMFa totAI coat.
U t I Ilt la- consist of sewage. wamr. ●lectrical.
and natural gaa cmmedosta. ReJMoactivJ weate
dixpod end a capebdity tsshmndle liquid helium
are includd hare. On& on-site utilhiee coate U*
included. I%. coat of bristgi.q utilkia to the
lltt cart dqmd stmrtgly on the site sclectiom
end the ektricai pow- ~equiromant may be
scrongiy drivm @9rtthnL Becauae ● site haa
not bean solocte& these cocu have not been
eotimetod.
Stamdersll Eqdp-tmt includes fumishincs for. .
Ihe ofrlca building, comunumcmiorm equtpmenr.
computws (both main framo and personal),
rmndxrd equipment for the laboratories ●nd
shopt, and other of fthe-shelf sclenttfic
equlpfrrerw.

These sw:ticrsaof OM WIJS riefme the may]r itcma m the
mtond and th,ti Iavstlof the WBS for the LMF. Finer detad
WIII hu nawlod to mccurate!yestimam the cost of [he LMF.

1.4

SPECIAL
EQUIPMENT

DRIVER SYSTEM

Prototypernodub
faer or acudemtor
Drtvexdiapetica
vacuumSutmwxrs

Alignment xt&yatern
Con&ol subaysrcrn
Gu-handling StlbXyS~

TARGET SYSTEM

Target:hsm&
Targetdi~oxti
Tsrget fa&cation equip
T=get axaiatequip
Velxlum Subsystem
Remotehmdling Oc@p

1.6
I .5 STANDARD

UTILITIES EQUIPMENT

Sewage
Wtd!r

Fumuhi.rrgs

Ekctricity
Commurucanons

NULUXIgas
Comfnmrs
Scientl!-iiequip

R~ WSltediXJXJS~ Meckd ~p
Liquid He

mlvER—lNDEPENDENr COST EsnMAms

The cost data developed for the tiver-indepndent aspactaof
the LMF era prcxentsd in 1987 do!lara. All estimates are
devtloped ●ccording to the WBS format shown above In
Table 1. The cost es!imate~ for tJte driver-independrn[
systems come from snveral different xourcee. Very few of
the components need~d for the LMF have ever been
constructed. ‘fhrefor9. thn main source of cost infrmnat]on
is obtained from exprwienced experts in [he different
-hnical areaa. These estimmaa WIII need 10 he refined u
more detaded designs are dorm for the LMF.

Refined cost estimat~s will be possible after certain
decisions era made ●bout the LMF. For example, SIIe
selection will have significant Lost Implications. The cow
0! ;r,::a~!=: ior, ~.,~ cuml~ciion of u[iiilles IS strongly
dependent on the site sektion. xx is tk COM of Idmr, The
cost of conatmction can vary by u much xx s factor nf Iwn

betwesm states dr even bcl-ween reglrmx of a state F~wIhc

pupae of this study, nmmrml average Iatmr rates have lwcn
xxsumed. This resul~ m m ap~xtmsle uncertainly of $()’%
for the cost of Idror.

Escalath is not included m this ~tw{v Iwcauw !hr 11.IIcIII!I
s~hcdula for cnnstructmr are not (~clrrrrllnrd Wile!, ,1

construc(iorr date and whedule ●re ilrf Inrd. then r<, ,11111,,11

cm be etumatd, Escalatmn WIII nre(l II} Iw III( II I) I(S,I III I! Il.

Ilne Itrm proposal for the I.MF,



Several uaumpritrrum neald bfore making ‘xm[ eatirrtaM

for rk driva-in.kprdealt aqxu of rhe LMF. Wkeu b
si[e ham not k Mlatd for t.tw LMP. it WM usumd in

his SIUdY hat LIM sitm would h m ●xisting fedmel led.
This sitin- would rrrearrrlina environmen[nl appraval xnd
there would be no co-t for rJU lend. 1[ weJ SISO assumed
lhat u[llities and roada exist at We site bound~, so no
cosu of brin~ing rhese items 10 r.he sito are included.
Finally, it wu assumed IJSat mrget fabrication will exist at
rhe site: (acllitiea existing elaewhcre WIII not tm used. The
sdvmtage of ~is system is it avoida UP upormtion of
[argeta ad por reaprua time. [t WM eswnated hat terget
fabrlchcion needs to IMva the capability [o produce md
delivm two [azgeta per day; therefore, dre rxanapo~tion and

reqmnse tirrra f-ton warmconaicfcrd qulra iJTIportML

Sundud vdaea of indirrct cOsU for SJUconstruction of rhe
LMF ue uaad The irsdir=t cost vaJuea were obtained from
Referenca 5 amf 10 and ue ShOVSSin Table 2, Variations
from the srmrdmd muksrp veha are allowsble if done m a
coruisten[ manmr for d] O( LJSe <tiv~r candidates. For
exampla, rhara u no quemiora that coruirr dilgnosticc for
tsi~h-yield tmgat shotJ will h difficult. It may be
appropriMo ht diagnostic hava R 30% contingency (or
morel) instead of Me defurlt 25% and th~t [he pogram
mentgemant markup for Luget diagnostics & 5% insIcad of

2%. TFhe most imporuttl -t of tie cost es[imetea be

TABLE 2

MARKUP RATI? FACTORS

n

LabIYfnngcs, Mu, d ~
w~UUl&KlltllgraM

sulXXm~- rnuk-up me
Equrpatt *
~m
Prdu tam
Grossraapm taa ram
EOdm
Spm8f enga.nemngrate

Exalatton rota”

Enganeemg, dasgn, aid Irrspdmft rate
Stmdlud Eqalpnau
Conmucwm
sped kdltla cqt.qmem

Pro)axl marU@m?tmrawhtp ma
smd,d Equpnm
Corlurr.tctml
Spd fadma cqurprrscati

Conwlgesxy
Stmdud Lquqnmw
csmlatnKt.Krfs
Spmrd fatlstaa equrpllwm

0.30
0,04
0,03
0.04
0,07
0,04
0.05
0.01
0,02
0,00

0,00
(3,15
0.10

0.03
().()3
0,02

0.15
9,20
() 25

“ FuIuamemal,mom u nu Irducfd m *U USKIy u &

11no a.MUrncd cOrssUsXUorldua

thatsgreement u reached on tie valuea and Umt hey be
caruistundy ~‘~ in cdt of the driver design cost ewirnau.

Table 3 shows RIe direc[ cost analysi~ for all of lhe

elcmenrs of dra Wf3S [ha[ are considered [o be driver

mdependem. The direct COSI of an lum IS defined as f.he

sum of [he ma:enal COSI; the labor cosI; COSI of ren!al,
mainrene.rw, and fuel for corurruction equipment; and u
mukup for a subtxnuactor. Cost estima[ea m Table 3 are

quahfied under the column calld ““NoM.” All tie costs U-I
Table 3 are sirmdepdent u he laborrales vaay in dlfferem
Iocationn. If s am u judged to & site dependent by more
dm.n ● factor of IWO, en estimate ia still gi~en ~lth an
indication of rhe uncertainty. Olher cosu have been
determined to lx driver deperaden! w esrirnama are no[ given
here.

The total WSI of an iwm is r.he sum of [he I-he direct urd
tndlrat COSU. Aa shown in Table 4. Ihe indirect cow
COIISISIof concr=tor merk-up: prrrJect management cos[~:
engineering, design, ●nd inspection (ED&I): znd
contingency. The valuet u~ed for tie indirect COSI
multipliers Ma Iakass from Table 2 with some varla[lon~
baaed upon engirmring Judpmnta atuul dse specific I[enl

SUMMARY

The mndad coating metfsodogy deacnbed here address=
tie problem of comparing different LMF COII esuma~rna.
This medwlology liaU LtU iterru to b tilti in IMP 03s1

eu[imatea. defines tha cost af all driver .indepandem
compoasanu, and deFJIe.alha mdtiecl coal muhipliera to be
used for !IM coaf esi.irnatm A work Lweak&wrr auucoara has
been dave!opd fm drivm-indepndant itama as ● meuu m
sulxfivlda Usc cost of SJSaLMF. A more delalled work
hreakdow-rt strrlcturaa will be neded for exh altemmuve
driver concep in ordm [o esllmate the [ofel coat of tie
LMF; them WIII require conceptual de~igru for each
al[emaliva. The problems ●~ao.ciamd wish nomraltzmg
msumplions on pro~clions of Iechrsology advnncemenu,
(umre unit cars, uad cost scaling are not addreaaedWIIJS IJUI

methodology. Howevm. the imauaanot aolvd will need m
be rewlved by otier meeru in orda for LMF pmpMeJ coat
csumua IO be rxrmpared faarly.

A means of fair comparison of Ura m:wmativa drivers h-
lKen devised. For cnunpla. default values of mdirecl COSI
frrnctiom havo beers cbfiiad VUl~llON fmm [he~o dcfwlu

am ~pase If Lhay ar9 .lona cont:stenllv for all drlvtr

al[emallveo,

The COSIealimates fmr rha driver independent clcmrn!~ Of IIIC
WRS for tie LMF are lls[cd In Tahlcs J WI(1 ,4. JIId I1O

tndirecl cosl multipliers for all I[ems of the W1l’i irr

dehned. The dnvm. mdepal~dent cou e~{lmalcs and lntll~rtI
co~t mul[!plmrs WIII M sub]cc! 10 change us n]orr I(.I his
become known about b demlgn Of [he I,MF



TABLE 3
DIRECT COST ANALYSIS

TUTAL WAL CON~UCllON Su Cowm%lxr

W’Bs MATs3uA.L lABOU EQL~ Comcron DIRE~
D~IZU4T7014 DES~ Ncn-E C4MNrm COST COST COST ML? cOST

ks kl kS ks k!

1.
1.1
1.1.1
I 1.2
1.1.2
11.4
I .2
1.21
1 12
1 23
1.14
1.25
1.2
1.s.1
I 3.2
I 1.3
1.3.4
1.3.5
14
1.4.1
I 4,2

1 4s

1 4.4
I .4.s
1.4,4

14.7
l,4a

I .49
1.4.10
1,4.11
I 4.12
, 4.13
15
I 3.1
132
I 5s
1 5.4
I 55
156
16
I 6.1
161
16;,1
i6>2
1 6.4
I 6.J

LABORATORY MICROFUSION CAPABILITY
SITE move~

[12]

[12]

[3.41
[4]
[4]
[4]
[4]

[2]
[21
(2]
[2]
[4]

[2]
[2]
[2]
[2]
[2]
:2]
[2j
[2]

[4]
[2]

[1]
!1]
[1.4]
(II
[3]
[3]

;;
[’i
[4j
[4]
~q

a

195
404

2m
I4U0
3m
am
40M

lam
2ssal

m

la
Km

mm

Maa
7(DO

%

o

0

0

0

0

0

0

0

0

M
n

i

o

0

0

0

0

0

0

0

37
72

m
570
‘ 29
320
I@

m

o
0

0

II
5

4
10
2

0
0
0
0
0
0

31
52

m
41s

90
x
Im

150

0

0

0

16

2

4

I

2

0
0

0

0

0

0

3-78
692

214M
15’A8
3210
8%0
4280

5350

w
2SW

m-m

16J
61

44
43
14

.KQ
Im
!m
mm

U(D
lrml

conrrilmtions of Timothy Hcrulcrwm and Jtm [ .Irst)rl ,11 k, ‘ I .
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TABLE 4

TOTAL COST ANALYSIS

Li&&acw
cohmwENr ccMn.Acrca

NW mm D-
cowFCNENr

UARKUT SUB PM EDAl TWTAL

msmncm DESCRIPTION PM” W“ CO# COST COST TUTAL CCUT can Cosr COST
s s s U Ill kl k~ kl U ki

1
II
Ill
112
113
114
12
I 21
I L2
1 23
1 14

I 15
13
Ill
132
Ill
134
13J

14
141
142

141
144

14~
146
147

14s

i4?
1410
]411

1412
141]

1}

151
IJ2

IJ3
194

15>

116

16

161

162
16JI

1611
164

16>

LA BOUATO~Y MICBOWSIOF4 CAPABILITY
Sill? lMmf3WW2Nr3
mdp 30 150

JO 150

40 200

JO IJO
30 150
30 200

30 250
20 100
20 100
Zo 100
20 150
30 200
20 100
$0 200
40 150

Jo 150
40 200
20 100
20 200

10 150
10 1!0
10 IJO

30 150

40 150

10 100

5TiNoMD EQ4muPNr
!=!JrrIA.Op 10 00

r—-c- 10 00
~~ mad- JO 00

(“lxlpmm IT’8 10 00

SCmtibf qq 10 00
~ql+ 19 00

200

mo
MO

200

mo

730

mo

Zno

mo

mo
2J0

mo
mo
250

Joo

Zo

250

2_50

250

mo
Z50

100

mo

250

MO

250

Mo

200

mo
mo
mo
no

1s0

150

1!0

150

100

mo

110

371

6?2

21402

1524
3T410
Ma
4m

5350

m

163

61

44
43

14

#m

la

w

m

Wxn
mm

RWERD4CH

I D J Dudn& D B Hi,mII, md J H Pcmjcrpus.

“GOOIJ. Requlreman[s. and Dettr~bla Chmrti[enstlcm
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Callfomia. 12 16 fkmtmr 19R7

95
I 74

5350

3112
m3

21UI
I070

I 445

II(KI
7W3

1150

41

IJ

II

II

1

0

0

Ii%

o

w

I 7W

473
M6

B750
19X42
4011

Im
5M

6-5

Mlm
M195

62M

m
76

51
54
17

w
I&m
6B0

mxr

14
24

m
!70

Im

I-21
161

En

1324
la]

127

6
2

2
2
I

24
48

III
20

914
26)

71

Ilo

44312

3612

m
m14

14M

I 359

93U
34n

I no

Jl

II

I

I

2

0

0

0

0

0

0

95
I14

5MO

4767

WI
2014

I070

11430

41
15

II
II
1

120
240
910

Mm

1113

651
11’w

MIA

:Im

5JU
IM
73M

Ilm57

mm
111!4

!%32

282
)cn

76
75
n

w
IILS
7111

nm
174al

Iolm
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