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Comments on Unac Cost

News on Cost Estimates I
for 800 MeV Linac Extensions

G. Schaffer, MP-14
f2-Jul-89

New Informal@n obtained from various Laboratories (CERN, CEBAF)
is summed Up in the following:

——
1)On RF Cost

. . . . . . . .

In an Interviw at CERN in June, Wolfgang Schnell m3intedout to me
that the cost of the LEP 1 RF system is now estimated to amount to
62 MSF (in 1989 prices).

I
60 % of the total cost will be caused by Ihe RF power parI (16 MW CW).

If we evaluate this with the prqsent exchange ratio of 1.60 SF per $,
the cost of a 1 MW CW power unit results in 1.46 M$.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

I I I
This means an Increase of the unit cost by &w Ut 20 %,
compared to the fkmre in my note “RF Power COSI6 from Jan, 1989.

I

2)On Cost of Superccndwtlng Structures:
. . . . . . . . . . . . . . . . . . . . . . . . . . . .

I
CERN has pla@theorderti 20 cavities (W! MHz) 10be us~ for LEP,
for an amount ~f 10 MSF. This is about 25 % more compared o the
original estimate.

I

CEBAF has DrOW?@ to order their cavities (1500 MHz) from ln!qrat~m,
but another ter derer has formulated objections yith the General Accounting

___ office.

More deJalls on these cases will b repo—.—— rted separately.
-.— —— —

I —.—

L“~
in summary, it a—— —— ppears that superconductln~ structures remain very

“....— . oompetltlve from the point of view of CQSLand that our studio$ should..——.. .——. —.
gonj@JLIJow t~ use [hem for lAM!+ Lkmc Extmdgs __ _._., ..__.

-f-
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Structure Cost 4

w STRUCTURE mm 1 I I
Informatbn from various sources

G. Schaffer, MP-14— —
JuI-89

Cost Results for Suxrconductlmi Structures
. ----- ------ . . . . . . . . . . . . . . . . . . .

I
frequency & type 352 MHz” manufacturers recent quotations, based on 20 un

4-cell active length 1.7 m per unit
CERN-LEP

guaranteed RF propwlles:
resonance frequency at room
fiefd flatness temperature

accelerating fiefd al 4.5 K
unbeded taUam faclc: (2’0 at 4,5 K
tuning range at 4.5 K

vafues aomrdlng to CERN ~fkatlon l-l 771/L
e.g. Qo mln 3 x 10”9 for E= -5 MV/m.

guaranteed mechanical
and thermal groPerties: leak tfghtness for vacuum tank at 4.5 K

leak tightness for f@lum tank at 4.5 K
mm enk bases at 4.5 K

The fol!owina cast estimates wgweQlven by 3 (out of m tenderers
jCERC~, DQRNIER, INTERATCM. The Indtvldual Items are m ed from bww &h
figures and cannot be systematically allocated to WI* 3 manl facturers,
Conversion used: 0.62 *F.

Item
——

quotation fewest selXnJ higher

Savlty 62 77 98 k$lm
nloblum

——
41 50 50

tuners 22 —
--

22 24
red. shield 11 - 13
test

—-

He-iank
—-

vacuum tank ———

---:+‘ ::~+ ‘% ii!! --+ “’%: --ii

—.——

Lowest offer:
..-. . . . . . . . . .
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Structure Cost 4

Couplers. I I I I I
In a separate tender, main input couplers and hiqher-order-mde couplers were
offered by CERCA, fXIRNIER, INTERATOMand PHIUPS.
1 main coupler + 2 HOM coupJers per cavity are needed.
Again, without w ecific allocation to tenderers, the offers are:

couplers 8 1s 20 23 k$lm

Lowest sum for
*clure incl. couplers _ 190 k$lm

~ !------,-------! I I
I I I 1 1 I

Other items belonging to our catm~ ‘Structure Cost= are estimated in analogy to
~malconductincf structures:

I I I I 1
vacuum
rauadnmoles
quad POwer supplies
beam instrum. & GOntrols,

I
subtotal all others 261k$/m

I . . . . . . . . . . . . 1
Compfeted Structure Cost 216[k$/m (352 MHz)

. . . . . . . . . . . .
Extrapolation to 402.5 MHz: I
. . . . . . . . . . . . . . . . . . . . I 1 I I I
The material reuuired is roughly inversely proportkmal tom square of the frequency.
This would Iustlfy a deductbn of 10 I@m for the nbbium. With all other Items
unchanged, the e~r apofatecf strucrure owst for 402.5 MHz vvoukf be: I

1 1

Structure Cost (402.5 MHz) 206[k$/m
. . . . . . . . . . .-

1

cost of Cryogenk Equl pment:
. . . . . . . . . . . . . . . . . . . .

1, , n , ,

H, Lengeler propcwes to use this formula for the cost of cry= nic equ~

FCost of Crycy)lgnt ‘-
I 1

2.5 x (P in kW)”O.6 in MS~A_..
orl_~l[h our conversion

“5’vwF--– ‘-
k M$ -.,_...— ~.—

F
I 1— .——.—– ——. —.. .~

P is the sum of sta~c and dynamk bsses,.—. . _,-- –~
Static thermal losses arg s

-——
.——-.- _—_—~_ .~O.!f;_~ceed liO W/mflin~udin

–1–--~-~
---- L.. __-— L —.. - I_-_ -..—L-—._ ..- ..–. -–. -– -. – . . . . . . . . .

_Wii may as:u”rne 10.., 20 W/m@namic bsses at 5 MV/m.----- ..____ . ..——— ---, —.A.—..—._..—..-. —. ..—--.—-——
The total Iossesslor 160 m active Ierqth. 800 MeV

IT T--I

30 degree synchronous phase)--. .——....——.-— ——
would Ihon be betvyeen 3.7 and15.~kW,

Rosulling Cryo-Sy~tem Cost I L41 I045”IM$ I “-” -
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A I B [ C[o I E I F [(3I H I 1 PI K L MIN 3 P Q R s T
1 supe~ rg Linac ~st Swealshea 3/31/89 (SC], RevI?Jon 7/2&8S#
2 1.1
s Pmax 1 Mw
4 Pavg 0.12)MW Linac Building Length
5 etf 0.31 equals 1.05”Swuct.Length
6 RFw!S

f
1 0 .55/ M$Jmodule hrrnpyea 4000 hrslyr

7 Life ~ 251 Yoar3 I kwh o.051$ /kW-hr

8 Slr 0.2061 M$/meter Pcwer 0.2 M$/MWvear
9 Zshunl 250~ GOhm/mater Llnac

10 & 0.01 kW/m ●l 5 MV/m+l O W/m Constr.
11 ibeam o.0221&ms Comram 33Q Installed Total cost +
12. duty 0.12 Unac Ufetlmd Unac Electr. + Linac lifetime
13 Struct. Pe#cRF LtfetimoRF m Crio Install. EDI Pro]. Contln Equlpm. Unac Cc’Mng Cryo Constr. Power
14 w Langth Power RF m S1’r.caat w- m m w m Oulldg Plant Plant w M
15 (MeV/m; (reeler (MW) (M$) (M$) (M$] (M$) (M$) (M$) (M$j (M$) (M$) (M$) (M$) (M$) (M$) (M$) (M$)
16 1 800 17.6 10.65 164. s 35.201 175.4 13.9 17.54 30 23.2 63.69 318.44 57.4 2.544 Q.7 388.1 437.2
17 2 400 17.6 10.65 82.4 35.202 93.05 8.009 0.305 20 12.3 33.78 168.88 28.7 2.825 6.97 207.2 250.4
18 3, 266.7 17.8 10.6s 54.933 35.20~ 65.58 6.5131 6.558 14 8.66 23,81 119.03 19.1 2.705 _6.15 147 188.7
19, 4] 200 17.6 10.65j 41.2 35.204 51.85 6.llfi 5.185 11 6.84 18.82 94.106 14.4 2.785’ 5.93 117.2 158.5

4.361 9.6 5.76 15.83 79.151 11.5 2.866 5.95 99.45 140.8
1211 6j 133.3j 17.6/ 10.6~ 27.487 35.20~ ‘ 3e.121 0.426! 3.812 8.4 5.03 13.84 69.181 9.57 2.Q48 6.1 87.8 129.4

-* 71 ““4.31 17.61 10.65I 23.543 35.20~ 34.14 6.81~ 3.419 7.5 4.51 12.41 82.06 8.2 3.026 8.32 79.61 121.6
23! 8f Iod 17.81 10.65 20.6 35.20fi 31.24 7.28ti 3.125 6.0 4.13 1?.34 56.719 7.18 3.fo7 6.58 73.58 116.1
24] 91 88.84 17.61 10.65 18.311 35.20~ 28.98 7.806 2.896 6.4 3.82 10.51 52.565 6.38 3.187 0.86 68.99 112

,251 lol Sol 17.61 10.6s 16.4& 35.20~ 27.13 8.363 2.713 6 3.50 9.848 49.242 5.74 3.267 7,15 2r5.4 109
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II

9 I I
9 !
10] I I
11] Distribution ol Construction Coat
12” for 5 M9V/m: I
13.

\ 20 Amel. St~rta 45.32 (M$)
21 RF Sworn 14.64 (M$)
*-
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Workshset 800.1 sr

1 I Y I z I AA I M I w I AD I AE I AF I m I An
1 II 1 J
2 jDictlona~:

,

3 I. . ---- . .
4 I. 1 1 I 1

5 JHaacbm -factor indkating sately mardn In RF mr soum
6 ‘ PmatiPavq -max puIw#averaae RF ~ ~ r m -k
7 I raft aferall eflldermy of RF mar sources bferdng to rnahm Intntt)

L 8 Rl%xst -t of RF mar *IS Id. adatd Ulul mnent (HV &Dotv, modulator,wavaguldes, bv.-rmver RF ~arl, txmtrols) i
9 [ Life -number of Yeara of accdoratrx ~ Won. used for mar * cablatbn I 1

10( Str asl of = atractwie lnd. ●-. swbrn. @06rm+vacuum avet-. baam bcus.+moas. swim., controls]
Ill ,Zshum -rasonant kneed anca Of=.6tr@u ro ~ r urdt Ierwth
12 & -energy gal n ot ~lsrated M mcla at avllctrrOriUJa Phaaa

13 ibeam *am Intensity during putse
14 d’Jw duty tacbrof RFqmatbn I
15 Power -Otmalttaxwe r
161 dynamk and $ralk hear - in awamndd rn stwr~
17 Conversion -factor Irrdlcadm ratjo ~ SYStarn input DWO r (malna) to bssos In suw c. stmcture
18 Grd -mean grad!ent hwld. struclure ●t synchrofmus Rhaue
19 EDI - cf enginaertng, design, Irlaped on
20

<) 21
22

I 23
24
25
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Chart 800.1 sr

—L Accel. Structure
k RF Svstem

‘Mac Equipment
160.0 M$

45.3 M$
14.7 M$

Buil(?g:
2J.3

800 MeV Superconducting Unac Exlenslon
Gradient 5 MeV/m

Construction Cost 99.5 M$ ‘

4’ -



Workeheet 800 o.afl.2 GHz

A I B I CID I E I FIGIH I I J K L
Hi Duty Factor Unac Cost

“M N c P
1 Spreadsheet HAT 1/1l/89+GSC 5/23/89
2 H~ 1.1.
3 Pmax ! 3 MW 1
4 ! 0.36 MW

—.
Linac Building Length

5 eff i 0.5 equals 1.1“Strut’ .Length,
6 RFu%t ] 0.87 Mwmodule hrspyea 4000 hrslyr
7 Life ~ 25 Years I kwh 0.05 $/kW-hr

.8 Slr ~ 0.0809 M$lmeter Power 0.2 M$/MWyear
9 Zshunt ~ 54.9 MOhnVmeter Structure m-axt.s coupled

10 &; 80Q PAN
—.

11 ibeam I o.0221ArnDs beam average 2.6 IllA 1--- Total
12 (ju~ [ 0.121 Ifista!led !Elsctr. + Linac
:3 ;Slruct. Peak RF , Lifetime IJnac Install. Proj. Conlin Linac Linac Cooling Constr.
14 m Power W-CM !N1. Cosl Power w m EDI Wlcy Equipm. Buildirg Plant CQst
15 (Me V!m~(melers~(MW) (M$) (M$) (M$) (M$) . (M$) (M$) . (M$) {M$) (M$) (M$) (M$)
16 :! 80~ 37 11.82 64.72 44.4 76.535 7.65 16.ti 10.1 2?.78 138.91 34.14 4.928 ~7a-
17 21 400 56.5 18.02 32.36 67.8 50.376 5.04 11.1 6.65 1!3.29 91.432 17.07 7.515 116
18 3! 26E.67 75.9 24.22 21.57 91.1 45.79 4.58 10.1 6.04 16 .%2 83.109 li .38 10.1 104.6
19 4/ 200 95.4 30.42 16.18, 114 46.598 4.66 10.3 6.15 16.91 84.575 8.536 12.69 105.8
20 5[ 16C 115 36.62 12.94 138 49.562 4.96 10.9 6.54 17.99 89. S56, 6.829 15.27 112.1,
21 6i 133.34 134 42.82 10.79 161 53.606 5.36 11.8 7.08 .4~,46 97.295[ 5.691 17.86 120,8
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worksheet 800 o.a~l .2 GHz

Q I R I SIT u v w x Y z
1 I
2

I

3 I

4 !
r

5
6 1 —
7 I —
8 [
9 L.inac : j Distrib@k~ Of b#lS~ (hSt: 4

10 ,ConsY. , 1---------------- -------

11 cost +
1

Total

12 Lifetime ! bna: Linac
13 Pcwer lW k ‘o&k@ H:tr.tinac BuiI@s. c
14 - ,Grtiient Syst. Str. Ecs@n. +Utilil. Investmj Oxt
15 (V$) ;MeV/m (M$) (M$) (M$) (M$) (M$) (M$) (M$)
16 222.43; 1 16.2 891 105.2 39.07 144.3 33.675 178
17 183.791 2 24.8 44.51 69.2+ 24.5~ 93.85 22.165 116
18 195.69 3! 33.3 29.7j 62.96 21.4~ 84.44 20.14& 104.6
1s! 220.22: 4 41.8 22.2 64.07 21.2~ 85.3 20.503i 105.8

,20 249.81’ 5 50.4 17.8 68.15 22.1 90.25 21.807 ?12. ?
21 281 .92; 5 58.9 14.8 73.71 23.55 97.26 23.587 120.8
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Chart 800.3-1.2 GHz

Accel. Structure
~stem

Inac Equipment
.0 M$

29.7 M$

333 MS

800 MeV Unac Exienslon
normaloonductlng
Gradient 3 MeV/m

ConstructIon Cost 104.6 M$


