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ABSTRACT 

This report compares the costs of the MURA proposal accelerator, 
a 15 Bev two-way radial sector type, with a similar 10 Bev machine, and 
a 10 Bev one-way spiral sec!or accelerator. 
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INTRODUCTION 

This report compares the costs of tbe MURA proposal accelerator, 

a 15 Bev two-way radial sector type, with a similar 10 Bev machine, and 

a 10 Bev one-way spHal sector accelerator. The Brobeck and Associates 

cost analysis of the 15 Bev machine has been assumed for this comparison. 

The costs of the others were then roughly estimated by comparison with the 

15 Bev machine. Total machine costs are given, including experimental 

areas and starting experimental equipment. 

The two radial sector machines are identIcal in every respect save 

energy and Slze; both are two-way and reqUire high vacuum and efficient rf 

stacking, The 10 Bev spiral machine is one-way and requires only a stand­

ard vacuum and a slmpler rf acceleration procedure. 

Table I is a summary of the relative costs for the three accelerators, 

Table II lists the major design parameters assumed or computed. Table III 

lists the cost dependences assumed in making tne comparison. In the table 

the dependence is usually expressed in terms of the ratio of machine radii, 

R, The 10 Bev Mark I costs were obtained directly from the 15 Bev Mark I 

Brobeck estimates; the 10 Bev Mark V costs were then obtained from the 

10 Bev Mark I results. 

2� 
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TABLE I� 

Summary� 

FFAG Accelerator Cost Estimate Comparison (in thousands)� 
~ 

15 Bev 10 Bev- 10 Bev 
Mark I Mark I Mark V 
Two-way Two-way One-way 

Ao Site, Utilities, DC SupplIes, 
Buildings and Tunnels 

Brobeck 
E;:,~imate 

Engineering, Design & Supervision 
Site Development 
Plant Utilities 
Accelerator 'Ctllit:es 
Accelerator Tunnp] & Beam Vaults 
Buildings 
Magnet and RF System DC Power 

$ 2,517 
435 
973 

8,74s 
19" t:35 

3 :;'82 
10;835 

$ 46,722 

$ 1 250 
300 
670 

3,940 
9,391 
2, 660 
5,020 

$ 23,231 

$ 980 
120 
420 

3,0130 
6,877 
2 1 660 
4,035 

$ 18,222 

Bo Accelerator Consr:ruction 

Engineering, Design & Supervlsion 
Magnet Core 
Magnet Coils 
Magnet Accessories & Miscellaneous 
Vacuum Tanks & Accessories 
Vacuum Pumping System 
Injector 
Radio Frequency System 
Auxiliary Magnets & Power SupplIes 
Instruments and Controls 

$ 7,800 
31,340 
24.051 
2984 

12. 807 
1, 763 
2 212 

12,615 
2.211 

671 
$ 98,454 

$ 3,420 
10 330 
11, 100 

2,060 
6.090 

840 
2,212 
6,000 
1,050 

463 
$ 43,565 

$ 2, 500 
9;300 
9,450 

830 
2,350 

450 
2,212 
3. ZOO 
1,050 

290 
$ 31,632 

C. Accelerator Development $ 13. 160 $ 9 000 $ 6, 750 

Total 1 $158 336 $ 75, 796 $ 56,604 
~ 

D. Project Administration & Services $ 2 900 $ 1.. 390 $ 1,035 

Eo Construction Management $ 3,708 $ 1. 780 $ 1,330 

F. Research and Operat1ng EquIpment $ 9 200 $ 4. 370 $ 4,370 

Total 2 $174,144 $ 83, 336 $ 63,339 

G. Escalation $ 26.619 $ 12 700 $ 9,670 

Ho Contingency $ 24,312 $ 11 620 $ 8. 840 

GRAND TOTAL 
3 

$225.075 $107,656 $ 81,849 
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TABLE II 

Machme Parameters 

Energy 15 Bev Mark r 10 Bev Mark I 10 Bev Mark V 
Two-way Two-way One-way 

Radius 180 meters 124 meters 50 meters 

6.0 2.0 

H max on Eq. orbit 17, 000 gauss 17,500 14,400 

N 62 62 30 

k 212 212 53 

tanY , 1 

7'.r 1. 05 meter 

V x 
24.75 

Vz 

Stability limIts (in 
radius units) 

x 1. 3 x 10- 3 1" 10- 3o" x ..L 
LOx 10- 3 

z 1.0xl0- 3 LOx 10- 3 O. 7 x 10- 3 

Magnet vert. gap 15 em 15 cm 15 em 
(min. ) 

T inj 50 Mev 50 Mev 50 Mev 

Pf 50 35 35 
Pi 

rf ­ ri::: .6r 
r -r­ .0187 .0169 ,068 

(mom. difference) 

. .6r 3.35 meters 2.03 ill 3.4 m 
(momo difference! 

.6r 4.9 meters 3.25 m 4m 
-(vac chamber) 

Iron 60,100 tons 20,000 tons 13; 300 tons 

Current density Z70 a/cm2 270 a/cmZ 270 a/cm2 

Copper 3 000 tons 1, 330 tons 1 140 tons 

Main magnet power 45 MW 20 MW 17 MW 

RF power (peak) 9 MW 4.3 MW 2.3 MW 

4 



• • ,. 5� -MURAk..460 

TABLE III� 

FFAG Accelerator Cost Estimate Comparison� 
Including Assumed Dependences� 

j\ 0 Site, Utilities. DC Supplies, 
Buildings and Tunnels 

Engineering, Design & Supervision 

Site Development� 

Plan t Utiliti(~s
 

Aceelerator Utilities� 

Accelerator Tunnel & Beam Vaults 
Excavation - Earth 
Excavation - Rock 

Tlmnel, Including FoundationR 

Colliding Beam Vaultp (2) 

Single Beam Vaults ('4) 

Cranes 

Service Area 

Injector Area 

Shielding ~  Concrete 

Shielding - Earth 

Buildings 

Magnet and RF System OC Power 
Magnet DC Power 8upply & Distribution 

High Voltage DC Power Supply & 
Distribution for RF System 

Experimental & Auxiliary Magnet Power 
Supply 

15� Bev Mark I 10 Bev Mark I 10 Bev Mark V� 
Two-way Two-way One-way� 

(Brobeck Dependence Dependence� 
EStimate) (Relative tu (Relative to� 

15 Bev Mark I 10 Bev Mark I� 

R. 124� 50�
Cost .... 69) Cost� CostR""124 =.403)

180� 

$ 2,517 Rest of A $ 1,250 Rest of A $ 980� 

435 R 300 R 120� 

973 R 67 () R 1 / 2 420� 

8,745 24.3/54(1 ) 3,H40 19.3/2403 3,130� 

4 R(2)�209 R2 99� 53� 
3� 

754 R2 360 4R 192� 
'3" 

4,450 R 2 2.110 _.4 R 1.120 

R 2� 3� 
2.761 1, 310 0 0 

5,142 R2 2.440 1 2.440 

2.547� R2 1.210 1 1,210� 

263 R2 125 1 125� 

147 1 147 1 147� 

2.814� R 2 1.330 1 1, 3:30� 

548 R2 260 1 260� 

3.582 R 2.660 1� 2,660 

5.653� Tons Cu1330 2.500 Tons Cu 1140 2.120� 
3000 1330� 

2.550 R2 1.270 4 R� 665� 
3� 

2,632 R 2 1.250 1� 1.250 
46.722� 23,231 18,222 
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TABLE III (Colltinued) 
15� Bev Mark I 1 0 B,~v  Mark I 10 Bev Mark V 

Two-way Two-way One-way 
0;~ Accelerator Construction Cost� Dependence Cost Dependence Cost 

Engineering, De;.:'igu & Supervision $ 7.800� Rest of B $ :i. 420 Rest of B $ 2;500 

R3_20;o OOO(:~)Magnet Cure� 31;~4P 1.!\ :-130 13.300 9,300 
60. J. 00 

Magnet� Colls i!.4, 051 ~.  R= 1330 (5) 11,100 ~40Tons  Cu ~J.  450
:1 :3 000 1330 
TOllS Cu 

Magnet Ac;~essories  & Miscellaneous 2,984 R 2. 060 H Ino 
7·){6)Vacuum Tunks & Accessories� 1:';,807 R2 G.O!)() 

~ 

4 Rx . ,- 2;350 

Vacuum Pnmping System� 1. rill;i R2 840 41' 450'3" <­

Injector :Z.~12  1 2.212 1 2 9 212 

Radio Frequency System 1:".G15 R2 n.ooo 4 :3.2003- R 

n,2Auxiliary Magnets & Power Supplies 2.211 1, 05.0 1 1. 050 

Instruments and Controls 671 R 463 R 1 / 2 290 
~~-

98.454� 43;565 31,632 
O.J 

" C)Co Accelerator Development 13. 160 R n.ooo -- ! G.750 

Total 1 158.336 75.796 
,~ 

56 j 604 

Do Project Administration &, Services 2.900� Ratio cf D 1» 3l1O RittLo of D J ; n:i 5 
tu TobJl 1 to 'rut 1 

Ratio of E� Ratio of EE, Construction Management� 3.708 t.780 1.330 
to� Total 1 t.o 'J\;t:.J 1 

R2c:f~_  R~~!";~ch~"Equipment  n.200 :1, ;ri 0 1 1.37 [) 

Total. 2 174.144 S:i, :33 fi b3.339 
Ratio of G Ratio of GG, Escalation� 26.61 H 12.,700 9 1)7 n 
to Total 2 to Total 2 

3 

RatlO of H Halla of HH, Con.tingency� 24.312 11. 620 8,840 
.-,o",~__~_~~,_~.~~  to Total 2 to Tottil 2 

GRAND TOTAL $225,075 $107.656 $ 81.849 
Footnotes as follows: (1) I'Vpower raTro:- (2J 4/3 f~om  ArV/ArI :ii4/3. (3) Iron at $520!ton9 

(4) Tons at $700/ton, (5) 2/3 from winding in three magnet units. (6) No inner liner for high vacuum. 

(7)� No high vacuum,easier RF. 
6 



TABLE :V� 
BEAM ClHREi'n' ESTLMA l"ES FOIl THREE Ft·'AG AC'(TLERJ..\, TOnS� 

AJnp:;tl'dc 
L.: rnt 1 ~_ .. ~ r 

Sta .. ;,'v 
1 r~ "t S ~ ~ 1(' 

:3 

10 BEV IvIk 1 

3 

10 Be\ NIk V 

3 
+ 7:1-= lC 

!}~-Je(-,,1l\"lr S~-,cd (' j"i,d rge , 

T L'\'" ,,[>eve ;-Jnlp;:~'-,de 

rn ~ ..f 

tamp amp 1 amI' 

,F 
8-1 5 

1/4) 
rna 

HrqL]lf'~ ~)U 1l,: ',,~ 

2.5 a 2S a 

fOSiOn ble wrt 11 

5u l'vlev ) ,I"t' 
x 
z 

400 
70 

40 
15 

n //a� o 8 

--_._._--,.., .. '" -,- .. --

CLiJ"er' DpPS.;lf'S Fe,r� Assu rne Sfr.rage H.:.r,g 
Colhdl.rg Beams� wl~.h ap~ rox same 

I'd,r arnete rs ns abcvE' 

Mt: V! ~ 

,J ai fu~j enel'g\ frr one pl"l::::e� 
)2.� " 2. 

spare (,harge Lm,;ed ai lrJec1 10rl 36 mal em 52 mal (nl ~)7 rJlal \_ Tn L.< 

,('\ r� 
r fOi' Cl,e 'c,:SE' a; fun ent';gv� 

(be 10 rto k"v cLf:'l'gy spread a' 
, 

Sf) Mev: ,1 ,,) x 
~, 

N"lnber (,I' s";pe; Des,tHlns dlll.wed 
'< 

~- F~} 'C) rYl ,1'. n' a': r ad: c"~1 spre ad ('~f 1 () 'J 

,d](-''-'J5',il >ss fd"C< nf 4.p' RF 

0t'riEj' ", 8'3(' 

., 
180 3, m 1q 0 ;~ C T11 L.

) 

470 a ,rn 2 
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