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Table 2. Typical learning curve slopes [20].

Manufacturing process or item

Range of learning
curve slopes

Raw materials

Repetitive electronics manufacturing
Repetitive machinmg or punch-press operations
Repetitive welding operations

Purchased parts

Repetitive clerical aperations

Construction operations

8 m\/
T5-85%
70-90%




Fractional discount

0.30

0.25

0.20

0.15

0.10

0.05

0.00

& AAH R D5

20 30

Ratio of numbers of units

40

50

Learning curve slopes

= 94%

— 95%

= 96%
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15.8 EEZa X+ (Value/Labor ) DEEH
15.8.1 RDR @ (escalation) 8 1E

RDR escalation from 2007 to 2012

Area-specific Systems

Other HLRF B RDR(2007 ILCU)

Computing Infrastructrure

® RDR(2012 ILCU)

Integrated Controls and LLRF
Dumps and Collimators
Instrumentaion

Vacuum

Magnets and Power Supplies
Cryogenics

Installation

CFS-other

CFS-Civil construction
L-band HLRF
Cavity-SC Mat.

Cavities and CM: w/o SC Mat.

I I
0 500 1000 1500
MILCU

X15.6 RDR Rf&2007 &£%2012 FIZ{EIELT-£ D . RDR RFEDIEIE (Fr) 1£7,266 MILCU . F1X2007 FEDPPP
PRI EDZILCU B TICHE L1- ROR RFET 6,312 MILCU , 2012 4 (7,266)& 2007 £E (6,312)(DRDR RIED
FE(L1.15 T. AR RILETTADIVMDIARMERENENDEHDAUILETH S,
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Arsa-specific Systems 53

Cher HLRF 43

: TOR: T.7BO MILCU
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Ciomputing Infrastrucirure 118
Imtegrated Controls and LLREF
Dumps and Coflimators
Imstrurmentation

Wacuum

Magnets and Power Supplies
Cryoganics

Installation

CFS-other
CFS-Civil construction
L-band HLRF

Cavity-5C Mat.

Cavities and CM: wio SC Mat. 2313

iII] 500 1000 1500 2000 2500
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11359

000 B Conventional Facilities: 2,055 MILCLU
Components: 5,725 MILCU
4500

A2 MiLCU

1500

10600

154 i

500 E=3 N 437 172 =

477 339 - [ i 184 54

o , . 269 . 1682 . 223 . ——

Main Linac RTML Damping Rings Cioemimon BDS Positron Souwrce IR Eleciron Soaurce

M@ X, STEA2 75, EEEEET 1Y (high-voltage transmission line) ., 1R ZE E 2% (main
substation) , BRI AT L, —MREREWRE. A EEROT S A0 NREH. B ERRR
(temporary construction utilities) . LIER—) 2T - H A MAE. REVATL-BEVRATLIGEDA
VISHEHBENEEND, FI67%EESA TV I EH TS,

30



15.8.3 TDR [ZH [T B EIEF 75 (explicit Labor) RF&

Sirrmdations and Operations
Laboratory Managemsent and...
Area sysem speciic

" ey S ) PR K person-hrs

Integrated Controls and LLRF
Dumips and Collimators
Instrumentation

Vacuum

Magnets and Power Supplies
Cryogenics

Installation

Sunvey and abgnment

CFS

L-band HLRF

1,000 2000 3.0l 4 0oa £.000 4,000 7.000 B.000
Thousand Person hes

L-band Cavities and Cryomodules 3,554

X159 HBAMEAREISHEEINSIRBEINIEEFTHZ. EHAVATLARUMNRESRBEED AT LEITRL
TS, TDRIZEITEHE L AT LDLabor RIEIXF ABFEAL, LEERDT-6RDR MLabor RFELTRT,
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TDR IZH T HE#EF 75 (explicit Labor) R F&

F A

ﬁ'lz)'ﬁtf&o'c
O, BEREE

e TDRIZHEWVNTI B TEHLTEH L -LaborBFE(%22,613

e RDR Tif{fiL7=24,427 F ANFFELLER T HEEAETHT7%D

L\é ;;ho' [j: ﬂﬂﬁﬁ%nxd‘@:lxl*ﬂ_:@ﬂ:

AT LATIL—aV DA EAN

BEORELMANTIS,

« BA/REIL. EERFTHFOEARDR24%EXRSEEIETS

HTLVD, CNIZRNTSARIMN) —BEENEERDFI18%F
G FEOTLNAVREREITAAED 2—ILDEEDE
16%%Z L 8HTLVS,




X]15.10 IHEEF AT LEBDILC DLabor R FE

4,000
8,000
Installaton: 5,433 K person-hrs
2.087 ” "
7.000 Oither; 17,180 K person-hrs
M7

g.,000
&
o
E 5,000
[T
(=
& 4,000
5
o
(=
F 2,000 S35 B.035

2,000

SR 1.000
TOE
1.000 L | g
1.215 200
! 1.000 B3
s 126 e
Main Limac RTML Damping Rings Common BDS Positron Source IR Electron Source

ZIEZBZ AT LAVR—RU D Labor RFEEIZIE S AT L DA /HKE . MHEFIAVR—RED
EDIA, VAT LAVTI L—av TRV IEMN, TREIZIE, HEAV75. RSN —FE,
UEal—2a o &ERR, CFSICBAT 5 0—/NIILER, RA/FRE. TLU GERRHIHICEAH 57BN E
TFNd, EEDET7%EESAFTVINED., HFELNT3I1%ZE LB INEHTLNS,
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15.8.4 Value/LaborRIEIZH [T A5 M MKFMHE

Value/LaborRiE L. YA MNFHE L BE A ZHEET S,

HAMIEDER: TORBEO B HMLOFEMZZERELT. KR
ALEGHEENA YA MFEDE N ZEIBTH5EHD, HELT, LRI
F(;oRIL, ¥ TR T HR—ILEF Y=t EEBER. (M

REX). TESEEREE. PREERK. PRABREEDE. XED
A > (transmission lines) . & A #EN/KIE (primary water-cooling tower) . E
BRVTRAT—av BERE,

HBEI,DESR: RAESMBEREATHETLIED, HIZ L. RERHD
MERZZAVIR—RURPCFS DZFDMDIEH REBEEB ARSIV AT
L EEREER. BIEVATLA HAC. BBREVATL O BHBNUARATL, =
REVKGENV AT L, ILAR—F3— JL—2 RA R, BEV AT L,
BlE,. 72A4AVUREE,



Value/LaborRFEIZH THH 1M METFE

$+15.12 32D UTILYAMNMIBITS

Value M%#8ETJL (2012 FEMILCU) SEZEFE S A FDIFOINEL
— " T HAHD . CNIEEMAEKCS /N1 LA

Hig 14 Mif o] ool . — s ke

e e L7 O JLRF S AT LB EITIEDT=0,

M 413 6 310 o 3 #uig DY A MZE TS Value ST

T— A 1,330 6, 304 7,634 SAREDOIEHZFRE (980 &

T 499 6,281 7780 147 MILCU(1.9%) T 5.

#15.13 3 DY UTILYAMIHEITS

Labor D BETIL (F AEF)
H A MFH DLabor &lE. A M

ol ¥4 M&F i b BEDIRXNERIZEEHHEDIA 1O,
TYT 4,53 18, 356 22,892 RS —EBEEFED L%
7AUA 4,012 18, 096 22, 368 Ly, 3D YA K& 1+ SHLabor
F-HyA 4, 4% 18, 034 22, 580 AMmEAREOTFYN —FRE (2
Ty 4,435 18,178 22,613 B IX1%Th b,




15.9 ARMDAETEE. EFEE. RUVIRMILIT LA

e TDR MValue/Labor FHfiICH (T HAHEEEFE M TIL, AXN) R D A% 5Ffh
(BRI R a—I)L)RI . HiFEIRI . HHAWNIERE T BRI SNT-IE
BE(X. EFENTULEL, £f-. KEDin-kindIZ&ATAD OIS BEMNL
OARN)ROORT O a— )L RTEFEHTULVELY)

7E)ILC CostD ANHETE M4 5T (XL VAP 5 F fiE & (contingency) ERIZE TIXAELY,

« JARMJRYORNEE (FIZ L E—mOER:ER., Bl oE<HESRS. TP
—T7IVERRRF OFENSPREISERT HE0,

« BTV RVEIL, HAEB MR ERZTZERTESEN S IHELEEICELHERE
RELFICHIRT V21— )LEECEROBEMISERT 510,

© RTTVaA—IWIRVER HHEBERTVA-IILEBYICHMTSEN 2 5E
FISERIT LD T, AAMERZFRCEBIE (EITHROES, MG T B H
EEIHUEICKD)DFEET HERENEN DD

. HBURSEIE. FEL-TEEN IR R T A LSRR T 25D T, 5
R SR DR F TS DR RE LA EE LS,



TDR CostDAMHETEHET M TIREL =2 HETLIT L

« TDR Cost®D AHE5E M4 514 Tl&.
AR HHIRELTHOD RS

(EER7fm) EREL. KYUFELME 07 e
B (849%) 2BBT-8. AR o AN L e
TULE7L(P) IEMEIENSF R Differential cost Scsl i bution
EMNASDIORNEEEZE A LT, distribution

50% .,

- [BUMEHEEDOFMEE IZEEH
F=HIZIXZ DR NEEE G
REM)IZHHNTE2HENH
Y, AR FBREEAIRE
DAESDERZFEYIZFERLT 0
WAETNIK, TOSIMNEST
hZCDIELVEFERE O %S
(M +P)ZEEROIAXIA EMES
HEERL16%THS,

M



TDRTIEALE-OAMEHRIBEDEWNZKSETLIT L

Technical Systems: Value Basis Premium
Commercial off-the-shelf or catalog item 5%
Procurement 8%
Vendor quote 10%
Engineering estimate: component requires no R&D 15%
Industrial study utilizing mass production 20%
Engineering estimate: component requires R&D 30%
Technical Systems: Labor Basis Premium
Scaling from similar experience 15%
Scaling from bottoms-up Value estimate 20%
Engineering estimate: bottoms up 20%
Engineering estimate: top down 35%
Conventional Facilities Basis Premium
Estimate from consulting firm, with good design basis, amended by lab as needed 15%
In-house technical engineering estimate, based on established technology 20%
Civil engineering estimate, based on geotechnical conditions in the local area sup- 20%

ported by contract data and local experience

TDRDAHEEHE ERTLITL  HEL5|OFEE. FRITLIT7 LOERI
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X15.11.TDR [ZHTH YT X T L DXt Value TLIT L

TDR MValue FEEEAZEDHERMN TLIT LIF26%

Area-specific 5}'5tem5:lﬂ

Ctther HLF!F_*

Computing Infrastructrure | ;
Integrated Controls and LLFEF-
Crumps and -Cul]i'rnah:ﬁ-

Instrumentation

Vacuum

1 |
Magnets and Power Supplies

Cryogenics

Installation

| |
CFS-other
CF5-Civil construction

L-band HLRF
J ! | |

| |
Cavity-5C Mat. | | | | |

Cavities and CM; wic SC Mat. _

0% 5% 10% {1 5% 20% 25%, 30% 355 40% 450 5%
Fractional increase



X]15.12.TDR YT R T LD XtLabor LI 7 L
TDR M Labor F@ZEERIZE 1T D4 xfLabor TLI7 L(E24%

Simulations and Operations # ‘
Laboratory Management and Al:lmmst'annn

Arza system 5pe-|::ﬁc
(her HLAF |

Computing Infrastructrurs |
integrated Cantrols and LLRF E'
Dumps and Codimators

Instrumentation

Vapuum

Magnets and Fower Supplies

Cryogenics W

InﬁdMDn—

Survey and algrment NG
CFS—
L-band HLRF-*
Lobend Caviies and Cryomocles I
6 S 0% 5% 2% 2% W% % A% &% 0%
Fractional increase




15.10 Value &labor DAALTAT7A )L

1200

Area system specific

' % Other HLRF
1000 +  Vacuum
B Durnps and Colimators
M [nstrumeniaticn
B Computing Infrastructure
B Integrated Controls and LLRF
B Magnets and Power Supplies
B Instaliation
B Cryogenics
B L-band HLRF
2 i B L-band Cawities and Cryomadules
B CFS-ather
1 2 3 4 i & T ] g
ear

o
&

Value (MILCU)
i
&
|

B
=

B CFE-Civil construction

X15.13 —EDEETOT7AILEFRHRELI-IESE S AT LRIDValue DEALTOT7AIL
TARIENFFEICERTLHER, FER/ITAAETD2—ILIZELTIE7 ERIOEERST
Ta—ILD536496 ERICRENERTHEFTRLTWS, TEIRMI4 EBESEHIZE—
H7EMZ  E—IEBOFREIARMI$I1,200 MILCU &5,
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MRS AT LBIDLaborDFA LTAT7AIL

1600

1400

1200

1000

BOO

Labor {FTE})

600

4-DD—

200 -

(R A £5%

BE% <

! Simazlations and Operatons

B Laboratory Managemsnt

Area sysiem specific

Other HLRF
BV acuum
M Dumps and Cofmators
W Instnementation
B Computing Infrastructure
W Iniegrated Controds and LLRF
B Magnets and Power Suppies
B Cryogenics
B L-band HLRF
B L-band Cawities and Cryomodubss
W Sureey and alignment
W CFS-other

W CF3-Civil constriection

X|15.14 HNEIB/ AT LF|IZLabor DARAALTAT7AIL A LHREZKRL)
JO77A4JLIZANBEEL(FTE) TRLTHY ., ERAAEANE(E1700 AFEFRELTLS,
FHEOMEARIIS FBIZE—9F0 %, E—UR(E$91600 FTE TH 5,
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(0]

HA/REDAINERFFE a7/ IL

1000
a0
B0
7O Common
A mBDS
i 600 3
E mMain Linacs
g =00 mRTML
ﬁ 400 m Damping Rings
= Positron Source
300 ___
EElectron Source
200 —
100 I
ﬂ T T T T T T T T ] |
1 s 3 4 5 6 Fi ] L! )

Year

B15.15 #EA/FREDLabor TRT7AIL

JOJ77A4ILIZANB AL (FTE) TRLTEY ., ERIMEANE(X1700 ABEF{RTE
LTS, IRA/REIZBAOIZRFIZEFT S, BMA/ZEILX7T EFBE—V%
HZ . #9950 FTE TH B,
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1512 PTG U—RERT—O0 AT avIZBT 5
Value/Labor R &

15.12.1 LS/ T4—TvT I L—R: N\ FHEEET L ETEHE—LI R — 51
>  EFSAFTVIITEMDORF BAR(VSARNAVEED 2 L—3) 1%
> AUEUHYUT R RILRISEMOBEF A EL T Y E e

e 15.12.1.1.1 L/NUFNALARJLRF VAT LDEE
220 YhDIZA RO EED AL —FH I ER (KCS system)
189t YRDITAAMAVEED A L—4) Z1EER (DKS system)
3EYRDITA ROV EED AL —R) E LK (5 Gevi RO OV T —RX A2 —)
e 15.12.1.1.2 CFSDZ =
E— AT RILE—HERETSAF VI DRF BIEDRERITEESCRS M/ 5255 B 0 18k
T A)OHIF DIEEHGR—RSA RIEICE D=
e 151211348 EVH) T DER
roRILVAICEEFEED T T H 1
4 & DRF ZERAZEM
R—R5/( BRI DEE
e 1512.1.1.4 HBEDEE  HBIEH (CFS. A/GRE . FIEHI AT L) (E, EFIEES X T L
MDValue £fzlELaborZEEMNLBHMIZ Ry —1) Y

Value/Labort& il B &
o  L{KRBY%EValue BENNZEIL483 MILCU :500 GeV DAR—RXS5A U NNEZE DValue Sl D #96%
o KB Labor EAN%EIL1,537 F AFF:500GeV XR—RX 54 U NMNEREE D Labor Sl D97 %



15.12.2 1 TeVI R JILFX—FvTH L—K DValue/Labor R &

WEIoTA—TvTTU—FRLIR—RASA U MNEBZDE — LI R ILF—%250GeVIEN
T 5, BIMDSCRF IN—F DI T7H#BRETA=OESATVIDIRILEERL, £54
FIIDFHLIMEIRIILE—RIZ RTML A= T 5OV RENVFAV Ty — X T
LZE#HT-ITEERL,. ZLTRULS GeVE—LBIESA VA ER TS BEFERT V2
L—A—I[%. 500 GeV E—ALAIRIILF—ITHEL-ELDIZKEEL, HELLZLIEMER %
BAH=OIRRIERA%BDS [ZHEERT 5,

X A FEHMRERBE3L.5 MV/m DZERLEEDR—RTAUSCRF HfixAWNT, S/ FTVIDEREITI, VF)A
A TlX260 GeV D ESAFTVIEIERT D, RA—RSA T4 FTVIDIRILF—H235 GeV THAHEN D, EARMIZ(X
COEMIZEYTRILF—IF260/235 =1.106 [ZRT—ILTVTEINDBEIZHD, FILLWSA TV I DIEGE IEA—X
SAVDMRBEERLTH SO, BMT A RILRUVTATVIDREIE, COIRILF—LRILEBTRT—IL
TyILizRaELS, BIAENER (oad) [ER—RS12D70% TH D,

2F1)A B: EHIE A ER45 MV/m D ZER7E DR BSCRF HMTEAWNT,. A FTVIDEEEZTS, > FUAB TH260
GeVDESAFVIEEHTEH, EAMICIEIZDERIZCEYIRIILF—IF1.106 IZRT—ILTYTENBZEIZHS L
ML FLWSAFTYIDFEHMRBE(XL5 MV/m D=8, BINT D RILETAFTYIDREIE1.106 X 31.5/45 =
0.774 TR =T vILI=RSEGSD BMD AR N AT (load) [FRN—R5A2D60% TH S,

FVA CESAFTVIEEREEEL ., EIESEALS MV/m DZERGZEHBLIZSCRF Hff#ALVT. E—LIRIL
F—500 GeV Z1FoNDICRIRIDIAFTVIDEREITI. U FAC TIK. BH-45ER-CFs ZEICEALTIE.
260GeV DESAFVvIEEBLTHNT ZZEIZHEMN, LMALSAFTVIEERDEREISAFED 12— ILDXRELT
S, CDARHEITA85 GeV DTAFVIHFIERTADITHYET 5, NA—RSAVIZHT BS54 T VIDREIRT—ILIiR#IZ
485/235 X 31.5/45 = 1.445T&HBHN, 18RI BS54 T VI RILD R —)LIRERF0.445 THD. BIMDAEHER
(load) [(ER—RXZAL2D50% TH 5,



1 TeVIRILFXF—TvTF L—K®DValue/Labor R FE

R 7E

o U2/ TA=TYTITL—FHREIZfTThN S,

o WBLISCRF HEMiERAWEZREISAAEDS 21— ILDValue EETIL BREHT-YDIAXRMEIR—X
54 SCRF HTDELDERELC,

o L RXTLDValue/labor [FAVHR—R U MEANEHLHENWEEFHRIC. TNENRILT DINEZRT R
TLDAVKR—R N DHART—ILT B,

e AR—ZXSAURTML [FERMIZ2 EIZLTITeV IV DEIRIILF—EIZHZESINDS, FD=6HTART
DFYATIZ R—RXS5A42RTML DValue &laborZMME T 3,

- HBIEB (CFS. RA/ERE . FIEIL AT L) B, MEBFEED AT L DValue Ff=[FLabor DEE AL E
IR —)2 095,

15.12.2.2 Value &labort&€ I NDEED

Value

FYUAA: 6,706 MILCU (81%)
FJAB: 5,489 MILCU (66% )
F)AC: 7,082 MILCU (86% )

Labor

FYAA: 11,988 F AHF(50% )
FUAB: 9,416 FAFF(42% )
FYAC: 14,256 F AE(59% )



15.12.3 1 RT7—oA4 T3y
A eV R T7I R )—DValue &labor

> BIDRIRAILE—250GeV DILESFIZCDWVNT2EBYD L F)A

F)AL: 250GeV IUVITHERF O RILETEVYINTHOERABE) DHEERL.
Z{d_;y’]é‘w*)bmlzéﬁﬁﬁ“%o HMRIFE L5160, AT UICBITAFEaRR
N9 o

UFUA2: 500GeV IVUHADR O RIVERIEDV Y INTIVERABR) —XEFE1L R T—
OND—RELTEERL. SAFTVIFE LR ILDRETAER (first half of each tunnel) [ZERE
L. ZIh P REBICELCIE—LEETAUEHRET 5, FEARRE (X RIEBFEERR) D%
BEIIRELBZD . FEMICEDRIRILE—ETVTIL—RSELIONLEENES.

O 250 GeVDILERIE. EFRUVBEFR.FELT)V T  E—LBESATLIE, R—
ATAVIRERERILED, EBE6DFUFH, 10H: (BFEFERA) TEREI T 5150 GeV
BFTATVIEL125 GeV IGBFTAFTVIDNDELLS, T, OF AL ER—RF/A4Y
ATLDESDESDEHEESAVDHARIMLEZEL, OF)A2 (FEKRMIZR—XS514Y
DRTMLZET 5,



SAheEYT X T7I8)—MDValue &LaborD i,

oy e
100 GeV DBEFTA TV (RULUHRIL) . 125GeV DIGEEF ATV . FLTENLIZHIET HRTML
DERWEHRES A ZHIR.
R—RSA 4T VI EERNGHIBESNSOBEF A4V I DENIE1X100/470=0.212 . BZEFF4Fv0
[£125/470 = 0.266 . RTML DKL \EiE 512 1£0.212 +0.266 = 0.479,
Value/Labor i ZE H T 5I2HT=>TlL. > X T LValue/Labor [, AV R—R U ME@ANEH LN
EERHRELT. FNFNDOIER AT LOEENSBEHIZRy—1)2 Y,
HBIER (CFS. W A/RE . FIHS AT L)DEBELEHMICRS—)V U TEH,

& EHEE Value: -2,425 MILCU ($931%) . Labor : -4,583 F A ($920%)
A2

100 GeV B FT7M4 V7,125 GeV [GEFTAFT VIR RIL, AT HRTML DEWEHES A %BN,

125 GeV F£1=1£150 GeV DE—LZEZSAFYIDIUREMSBDS DIUN) —EEFTESNT=HDE —L
SAVPHET, COARMEIBE LF5GeV DRTMLE —LSAVDEILESE DI DERZEEIETE,

& EHEE Value: -1,934 MILCU ($925%) . Labor : -3,563 F ABEf ($916%)



100%)

Fractional Value (Baselinge

250%

200%

150%

100%

20%

0%

AT avIzE T BValue/Labor DA

250%
£
1 Tel/ SoznaoC = 2007
1 TeV Scenario A -
1 TeV ScenarioB @ A
&
% 150%
@
Baseline with luminosity upgrade E
I % 100%
First siage scenanio 2 Panewe E
4 =
First 5t.age‘5~cnen.rin 1 E
o0%
; : : : | 0% -
0 250 200 720 1000 1250
CM Energy (GeV)

X15.16 7w I L—KREEFA T avIC

H 175 xfValue 5l

A7ALE

1 TeV Scenarno
[ ]
{1 TeV Scenarod @

[ ]
1 TeVf ScenaricB

Bazedine with luminosity upgrads

First stage scenario 1 Baselinz

First stage soenarno 2

200 730 1000

CM Energy (GeV)

X15.17 7yvFIL—REE /AT
AVIZH T S xfLabor FT

250

1250
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