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ABSTRACT 

This report discusses the most important economic considerations 
involved in the design of a superconducting synchrotron. The cost of all the 
important accele rator components is estimated for a numbe r of type s of 
acce Ie rator s. 

The effect of the important machine parameters on machine cost is 
discussed. The important physical and economic differences between super
conducting and conventional synchrotrons are pre sented. The effect of these 
differences on the design of machine is investigated. 

The importance of the ac loss is discussed. In conclusion, this report 
shows that a number of the machine parameters should be determined by 
economic factors rather than by fiat. 

':'Work performed under auspices of the U. S. Atomic Energy Commission. 



., 

-1- UCRL-1S1S6 

INTRODUCTION 

A synchrotron with a superconducting guide field will be justified if the 
synchrotron can be built and ope rated in such a way that it ultimately save s 
money. Although it may be argued that a superconducting facility of high 
cost is justified because it will speed development of the art, the arguments 
in favor of a superconducting facility must utlimately be economic ones. 

I believe that one must take a careful look at the overall properties of 
supe rconducting accele rator s. This report discus se s a number of the import
ant economic considerations that are involved in the design of a superconduct
ting synchrotron or storage ring. This report shows that a superconducting 
synchrotron is competitive with a conventional machine even when today I s 
high costs and equipment are used. 

A cost estimate of energy expansion of the 200 GeV machine using a 
superconducting ring was made in August 1967. 1 That report showed that it 
might be feasible to expand the. energy of the 200 GeV accelerator at a cost 
lower than was proposed by some schemes. The most iJ;nportant advantage 
was that one did not have to commit himself to ene rgy expansion at an early 
date. The cost figures are comparable with ones that were suggested by 
Smith2 , 3 and Lewin. 3 

This paper discusses the unique properties of a superconducting mag
net ring and how they should be utilized in a magnet ring. The machine 
parameters that strongly influence cost are also discussed. The interaction 
of the vq.rious machine components strongly influence cost of a superconduct
ing ring, hence the whole system must be looked at in detail. 

UNIQUE SUPERCONDUCTING SYNCHROTRON PROPER TIES 

The strong focusing synchrotron with a superconducting guide field is 
quite differ~nt from the conventional AGS machine. The se difference s effect 
the de sign oJ a supe rconducting machine. The important diffe rence s are: 

J, Superconductors are capable of operating at high fields and current 
densitie s, which permits high-field air-core magnets to be built. 

2. Supe rconductors have zero re sistance except during charging, hence 
superconducting storage rings appear to be feasible. 

3. The energy lost per cycle in the superconductor is independent of 
frequency, hence the power consumed goes down as the cycle tirn,e increases. 
(It should be noted that superconducting systems with large eddy-current 
los se s behave in the same general way.) Conventional machine s require 
the same amount of power regardless of the cycle time. Long cycle times 
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and storage rings have ITluch lower power consuITlption a.nd their costs are 
-power·~dependent. -. 

4. Horizontal and vertical aperture ·cost nearly the saITle in supercon-
ducting dipole s and quadrupole s. A s a re sult ITlagnets with a round aperture 
are of interest froITl both an econoITlic and an engineering standpoint. 

It should be noted that superconducting device s have a unlque set of 
probleITls as well as advantages. The s,-+perconducting currents ITlust be 
carefully placed. The high stre ss levels in a high-field supe rconducting 
ITlagnet ITlake it difficult to insure proper ITlagnet perforITlance. A nUITlbet of 
probleITls are associated with the cryogenic environITlent needed to produce 
superconductivity. Control of the ITlagnet stored energy.during a quench is 
also needed. A large nUITlber of these probleITls can be solved only by 
building a nUITlbe r of ITlodel magnets and te sting them. 

BASIC MACHINE PARAMETERS 

A 100 GeV machine is used as an example case. It is a bare-bones 
machine with no external beam lines, target areas, or injector. The mach
ine is as sumed to be a separated -function machine with a nu value of between 
10 and 11. The machine is assumed to have fourfold symmetry with four 
straight sections that are each one betatron wavelength long. (See Fig. 1,) 
The straight sections are assumed to have the same quadrupole structure as 
the bending sections. They are one betatron wavelength long to minimize the 
radiation dumped into the superconductor during injection and extraction. 

The machine parameters are divided into two basic categories, fixed 
parameters and variable parameters. The primary fixed parameters are 
final energy, injection energy, and intensity in protons per second. The 
variable parameters are those determined by economics rather than by fiat. 
The most important variable parameters are repetition rate or cycle time, 
aperture, and magnetic field. 

The injection energy is assumed to be 5 GeV, the peak or final energy 
100 GeV. The study used intensities of 5 x 10 12 protons per second. The 
100 GeV machine was ass,-+med to have a rather large R /~ ratio of two 
because of the low nu value and the one -betatron-wavelength long straight 
sections. The 1000 GeV example s have a much more reasonable R / \2 ratio 
of L 5. 

The repetition rate of the machine is directly related to its ape rture if 
the intensity in protons per second is kept constant. There are compelling 
arguments both from a power standpoint and from a capital cost standpoint 
to go tolong cycle times. Longer cycle times result in larger apertures if 
a constant average beam current is maintaine.d. The aperture is assumed 
to be nearly independent of peak magnetic field. This assumption holds if 

o 
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the beam aperture is emittance-limited. Arguments can be made for or 
against the preceding assumption; as a result, one has to look at a particu
lar machine in order to find out whether the aperture is dependent on the 
magnetic field. The magnetic field is strongly dependent on economic factors 
for the machine of lowe st cost per GeV. The optimum magnetic field is also 
dependent on aperture and repetition rate. (It should be noted that one might 
want to use a nonoptimum field for other reasons, such as physical site limi
tations. ) 

A computer program was written to calculate the costs of a large num
ber of superconducting ma~hines. 4 The program calculates the size of and 
the cost of the following machine components: (1) the supe rconducting mag
net ring, (2) the ring magnet power supply, (3) the magnet cryostats, (4) 
the 4. 2 0 K helium refrigeration system for the magnets, (5) the rf system, 
(6) the machine injection and extraction system, (7) the vacuum system, (8) 
the machine control system, and (9) the conventional plant facilitie s (includ
ing tunnel, earthwork, foundation, and utilitie s). 

THE METHOD OF COST ANALYSIS OF MACHINE COMPONENTS 

The detailed equations and assumptions are omitted from this section. 
One may find these equations and a listing of the program in Ref. 4. The 
main cost relationships are presented for each of the components. 

This paper is relatively conservative in its presentation of costs. 
Todayis costs are used as much as possible. Neither the upward nor down
ward trend in costs for some products is considered. This report shows that 
even at today's costs the superconducting synchrotron can be built cheaper 
than the conventional machine. 

The superconducting magnet cost can be estimated by knowing the cost 
of the superconductor, because 70 to 80% of the magnet cost is the supercon
ductor itself. One may calculate the cost of supe rconductor by calculating 
the number of ampere meters of superconductor in the system and multiply
ing it by the cost of the superconductor in dollars per ampere meter. The 
cost of a typical niobium-titanium and niobium-tin superconducting material 
is shown in Fig. 2. The cost per ampere meter is a function of winding 
peak field. It is assumed there is no gradation of the superconductor in the 
magnet. The number of ampere meters of superconductor is a function of 
magnet length and ampere turns required. The ampere turns is a function 
of coil current density, peak central field, and aperture. The coil current 
density is a function of the peak field in the coil, as shown in Fig. 3. 

A 2/3'-rule dipole and quadrupole were used as models to calculate the 
cost of material (see Figs. 4 and 5). Detailed analyses of such a dipole or 
quadrupole are given by Asner, 5 Bronca, 6, and Halbach. 7 Ampere turn 
requirements and stored energy, calculated by using the 2/3-rule model, 
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com.pare within 10% with those that would be calculated by using a varying 
current density or intersecting-ellipse m.odels.. The use of iron was not con
sidered in the cost e stim.ate. 

The m.agnet cost is one of the largest item.s in a superconducting 
synchrotron. Several conclusions can bem.ade that relate m.agnet cost to 
m.achine param.eters: (1) The cost of the m.agnet ·goes up as the peak central 
field gees up despite the reduction in m.agnetic radius. (2) low-current
density m.agnets require m.ore ampere m.eters of m.aterial than high-current
density m.agnets. (3) Quadrupoles require m.ore m.aterial than dipoles of 
the sam.e peak field and current density. 

The power supply is assum.ed to be a conventional m.otor generator 
set sl;lch as the one s used on today I s synchrotrons. The cost of the power 
supply is proportional to the m.agnet stored energy and inversely propor
tional to the m.achine rise time. The m.agnet stored energy goes up as the 
peak central field to the N power, where N is greater than unity. The power 
supply costs also go up with aperture to the m. power, where m.is som.ewhat 
Ie ss than 2. 

There appear to be several schem.e s which may re sult in large de
creases in power supply cost; one such schem.e has been advanced by Sm.ith 
of R uthe rford. 8 This schem.e m.ay be particularly prom.ising for short-cycle
tim.e m.achine s. Long flat-tops will require an extrem.ely low ripple factor. 
Today's power supplies have too high a ripple factor to perm.it long beam. 
spills. However, superconducting m.agnets can be m.ade to run in the per
sistent m.ode, which is essentially ripple -free. 

The m.agnet cryostat cost is a function of its length, hence is inversely 
proportional to the peak central field. The cryostat is assum.ed to beas 
sim.ple as possible, because the high heat leak found in the sim.plified Dewar 
is dom.inated by othe r load s in the system.. The cryostat is e stim.ated to 
cost about $3000 per m.eter. 

The liquid helium. refrigeration system. would consists of one or m.ore 
large refrigerators and the approRriate transfer linees. The large system. 
is applicable for an accelerator 9 , 10 because: (1) the loads are relatively 
concentrated, (2) the load in the accelerator system greatly exceeds the 
transfe;r line losses, (3) the system. position is fixed. The system. is 
assum.ed to consist of a group of central refrigerators with cold gas trans
port. The J-T (Joule-Thom.son) valves and final J-T heat exchangers are 
located at the Dewar (see Fig. 6). 

There are three prim.ary sources of heating in· . .the 4.2 oK region: (1) 
heat leaks from. the outside through the Dewar and powe r supply lead s, (2) 
heating due to energy loss from. the beam., (3) various kinds of ac losses. 

o 



.. ' 

.. 

-5- UCRL-18186 

Heat leaks into the system are roughly proportional to the cryostat 
length. It is assumed that 10% of the beam is lost at extraction and 5% of 
the beam is lost during injection. It is further assumed that 20% of the lost 
beam energy is dumped into the 4 0 K region. There could also be a severe 
local heating problem; it can be reduced by the long s~raiglit sections and 
the use of special quadrupoles in these sections. It is desirable to have as 
high an extraction and injection efficiency as possible to reduce the beam 
heating. 

The ac losses are divided into two basic terms, a hysteresis-like 
los s and an eddy-current-type loss. I use Smith I s2 ac los s equation, which 
is being experimentally confirmed by work at LRL, Ll BNL,12 Rutherford, 13 
and other places. I have assumed that the basic wire dimensions are 0.0025 
cm (0.001 inch). There is strong evidence that such a material can be 
made in a high-re sistance substrate. Work is proceeding on such an Nb- Ti 
material. The same dimensions are used for both the Nb-Ti and Nb 3Sn 
case s. An eddy-current term is included in the program. Prevention of 
eddy-current losses will require extensive use of high-resistivity metals 
and nonmetallic materials in the 4 0 K region. 

The refrigeration cost is based on the Strobridge, Chelton, and 
Mann 14 estimate. It is assumed that there is one refrigerator at each point 
where leads leave the enclosure. The cost of each refrigerator can be cal
culate,d by using the relationship 

Refrigerator cost = $3720 (
4. 20K) 2/3 

power ' 

where the 4. 2 0K power required is greater than 100 watts. The above 
relationship fits the Strobridge, Chelton, and Mann curve very well. The 
actual cost of large u~its is tending to be somewhat lower than the cost 
predicted by the above relationship~ 15 

The rf system cost is primarily a function of rf power, which is a 
function of the beam power. The injection extraction system consists of 
fast kickers, then septums, deflectors, and magnet to get the beam into and 
out of the machine. The cost of injection and extraction elements is a 
function of the injection and extraction energie s re spectively. 

The vacuum system consists of vacuum piping in regions whe re there 
are no magnet cryostats, vacuum joints, a roughing pump system, and high
vacuum cryogenic pumps using liquid helium. The cost of the vacuum system 
is roughly proportional to the ring radius. The accelerator control system 
is assumed to be 5% of the sum of the accelerator cost. 

The cost of tunnel, earthwork, and plant facilitie s is an extremely 
important part of the cost analysis. The compute r program is capable of 
calculating the conventional facilities cost for three types of sites: hard 
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sites .withcut-and-fill methods used, soft sites with cut-and-fill methods 
_ used, .and a hard-rock bored tunnel site. The soft site was used for the 100 

GeV example. The cost of enclo.sure, shielding, foundation, and earthwork 
is estimated to be about $7400 per meter. The tunnel is much like the LRL 
200 GeV design study tunnel 16 (see Fig. 7), which may be larger and more 
expensive than needed. The utilitie s or plant facilitie s cost consists of an 
electric power distribution net and a cooling water system (cooling water is 
required for the rf systerp and refrigerators). The cost of the utilities is 
about $100 per kilowatt fed into the power consuming systems. The 
machine subtotal cost is the sum of all the systems. An additional 50% was 
added for engineering development, civil engineering, architecture ,and 
contingency. The latte r was added to make the estimate comparable to 
today I s actual conventional machine costs. 

THE EFFECT OF MAGNETIC FIELD, APERTURE, AND 
CYCLE TIME ON TOTAL MACHINE COST 

A number of interesting things can be seen from looking at the whole 
system cost. The variable parameters have a strong effect on machine 
cost, therefore it is possible to minimize machine cost by varying the 
variable parameter s. 

Figure 8 shows clearly that there is a field for which the machine cost 
is minimum. Also shown in Fig. 8 is the effect of cycle time on both the 
optimum field and the optimum machine cost. The machine apperture affects 
the machine cost at all cycle times (see Fig. 9). The difference in cost 
between Nb-Ti and Nb3Sn machines is greater for larger apertures. 

The optimum field increases as the cycle time increases (see Fig. 10). 
The Nb 3Sn systems at long cycle time have a higher optimum field than the 
Nb-Ti systems. The optimum field at long cycle times is strongly affected 
by the current density in the magnet coils. Today Nb3Sn coils have a larger 
coil current density than Nb-Ti except at very low fields. A factor-of-two 
increafle in current density for Nb-Ti, which will be achieved within a year, 
will result in higher optimum fields and somewhat lower costs than shown 
m Figs. 9 and 10. 

There is also an aperture and repetition rate which will result in a 
minimum-cost machine for a given average beam current and duty factor. 
Table I illustrates that the slow-cycle large-aperture machine may be very 
attractive from a cost standpoint. A 100-GeV storage ring was included for 
comparison with the accelerators. A more detailed cost breakdown of the 
machine s shown in Table I is given>in the appendix ... 

A 1000 GeV accelerator and storage ring are shown in Table II. The 
1000 GeV machines have a ratio of average radius to magnetic radius of 
1. 5 instead of 2. O. The nu value for the 10pO GeV machine is approximately 
100, hence the long straight sections don It take up a large part of the 

" 
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machine circumference. It should he noted that the 1000 GeV accelerator 
has an injection energy of 25 GeV and an aperture diameter of 8 cm. A 
storage ring is also shown in Table II for comparision with the synchrotron. 

GENERAL CONCLUSIONS AND THE EFFECT OF 
FUTURE DEVELOPMENTS 

A number of conclusions can be drawn from the studies that have 
been made on the economics of superconducting synchrotrons. These con
clusions will be greatly affected by change s in cost and technology of supe r
conductors and either equipment. 

This report shows that niobium-titanium alloys are promising from a 
cost standpoint. If high fields are required (greater than 50 kG), Nb 3Sn 
appears to be the cheapest material, particularly if the aperture of the 
magnet is small. It is not inconceivable that the quadrupoles may use 
Nb 3Sn while the dipoles are made of Nb~Ti. Ductility and the ability to 
form Nb-Ti into a large variety of shapes are very advantageous. There 
are Nb-Ti materials that could be used in storage rings today. It is quite 
evident, howeve r, that more work is required on magnet de sign so that 
reliable, uniform magnets are built. Current densitie s achievable in Nb - Ti 
mate rials can be expected to double in the next year or two (to 40 000 
A./cm2 or more in 60-kG coils). As a result Nb-Ti will become increasingly 
attractive at 50 or 60 kG. There has been a downward trend in material 
cost" due primarily to improvement in manufacturing techniques, and the 
possibility of running these materials at their critical current. No definite 
material choice can be made at this time. 

This study indicate s that the magnetic field for a minimum-cost 
machine is lower than what is talked about by Smith2 , 3 and Sampson. 17 
Fields of 60 kG are high for today's technology. However, changes in 
material cost, supe rconductor current density, and the power supply may 
make the 60-kG field level practical (particularly for long -cycle -time 
machine s) from an economic standpoint. It should be noted, however, that 
if tunnel cost and cryostat cost can be reduced below the numbers given in 
this report, the optimum magnetic field will also be reduced. 

This report indicate s that long cycle time s are attractive even when 
the aperture is increased to accommodate a larger beam current. A long 
flat-top adds very little to the cost, but the ability to produce long beam 
spill has to be perfected. Superconducting magnets can be made ripple
free if they are run in the persistent mode, which may help solve long spill 
problems. Short cycle time s are de sirable for some kind s of experiments. 
Changes in power supply technology may make shorter cycle times more 
attractive. It is clear that some thought is required to find a solution that 
is best with respect to both physics and economics. 
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In conclusion the ~ollowing statements can be made. (1) Supe rcon
ducting technology has advanced far enough that storage rings are pos sible 
to build. (2) It appears that costs for a 50 to 100 GeV superconducting 
synchrotron are competitive with today's conventional machines. (A con
ventional bare ~bone s machine would cost 0.7 to 0.8 million dollars per 
GeV.) (3) A large economic advantage is likely to be gained when machines 
in the Te V (trillion electron volt) range are built. (Machine costs should 
be reduced by a factor of 2 or more.) (4) Changes in superconducting 
technology, cryogenic s, and power supply technology should have a favorable 
ef£es:t on the projected cost of a supe rconducting synchrotron. 

Supe rconductivity has a bright future, but a great deal of realistic 
thinking and hardware development is required before superconductivity 
becomes a tool of high energy physics instead of a plaything. The full 
utilization of supe rconductivity in high ene rgy physic s will require both 
money and manpower. We must commit ourselves to superconductivity if 
we are going to realize its promise. 

•• 
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COST BREAKDOWN FOR TWO 100 GEV SYNCHROTRONS 
AND A STORAGE RING 

TABLE I 

Short-cycle machine Long-cycle machine 

MACHINE PARAMETERS 

Final ene rgy 100 GeV 100 GeV 
Injection ene rgy 5 GeV 5 GeV 
Beam intensity 5xlO 12 P/sec 5 x 10 12 P/sec 
Magnetic field 30 kG 40 kG 
Cycle time 2.0 sec 20 sec 
Aperture 5.0 cm 12.5 cm 
Material Nb-Ti Nb-Ti 

MACHINE COMPONENT COST 

Magnets 1. 9 M$ 6.6 M$ 
Magnet powe r supply 7.9 M$ 6.3 M$ 

. Magnet cryostat 2.5 M$ 2.1 M$ 
Helium. refrige ration 7.1 M$ 3.2 M$ 
RF system 2.9 M$ 2.9 M$ 
Inje ction-extraction system 1. 0 M$ 1. 0 M$ 
Vacuum system 0.8 M$ 0.6 M$ 
Control system 1. 2 M$ 1. 1 M$ 
Enclosure and plant facilitie s 12.3 M$ 8.7 M$ 

SUBTOTAL COST 37.6 M$ 32.5 M$ 

TOTAL COST with EDIA 
56.4 M$ 48.7 M$ 

and contingency 

YEARLY POWER COST 1. 55 M$ 0.65 M$ . 

~ 'J 

Storage ring 

100 GeV 
-------
-------

45 kG 
-------

12.5 cm 
Nb-Ti 

8.3 M$ 
0.2 M$ 
1. 9 M$ 
1. 5 M$ 
0.2 M$ 
1. 0 M$ 
0.5 M$ 
0.7 M$ 
7.1 M$ 

21. 4 M$ 

32. 1 M$ 

0 .. 11 M$ 
) 

I 
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00 
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COST ESTIMA TE FOR A 1000 GEV SYNCHR OTR ON 
AND A STORAGE RING 

TABLE II 

Synchrotron 

MACHINE PARAMETERS 

Final energy 1000 GeV 
Injection ene rgy 25 GeV 
Beam intensity 3.3 x 10 12 P/sec 
Magnetic field 40 kG 
Cycle time 30 sec 
Aperture 8. 0 cm 
Material Nb-Ti 

MACHINE COMPONENT COST 

Magnets 44.3 M$ 
Magnet power supply 29.6 M$ 
Magnet cryostat 19.2 M$ 
Helium refrigerator 14.8 M$ 
RF system 28.7 M$ 
Injection-extraction system 4.6 M$ 
Vacuum system 3.8 M$ 
Control system 7.2 M$ 
Enclosure and plant facilitie s 63.4 M$ 

SUBTOTAL COST 215.6 M$ 

TOT AL COST with EDIA 
323.4 M$ 

and contingency 

YEARLY POWER COST 3.95 M$ 
---- - - ~- ---- -~ --- - -------

• }. 

Storage Ring 

1000 GeV 
--------
--------
45 kG 
--------
8. 0 cm 
Nb-Ti 

56.9 M$ 
1. 0 M$ 

17.9 M$ 
7.3 M$ 
0.4 M$ 
4.6 M$ 
3.4 M$ 
4.6 M$ 

52.7 M$ 

147.9 M$ 

216.6 M$ 

0.82 M$ 
-- ---

(f -) 

I 

...... 
o 
J 

c:: 
() 
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...... 
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...... 
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APPENDIX 

A DETAILED COST BREAKDOWN OF THE 
100 GeV MACHINE SHOWN IN TABLE I 

Table A. 100 GeV machine parameters . 

2':'second cycle 20"';second cycle Storage 
Parameter accelerator accelerator rin 
----------------------------,~~----------------------------------------------~~~------

General parameters 

Peak final energy 

Injection energy 

Average proton intensity 

Peak dipole field 

Ape rture d iamete r 

Cycle time 

Detailed parameters 

Machine average radius 

Dipole magnetic radius 

Superconducting material 

Supe rc onductor cost 

C oil current density 

Dipole ampere turns 

Peak magnet stored energ 

Peak MG set power 

Magnet rise time 

Magnet flat top time 

100 GeV 

5 GeV 

5xl0 12 P/sec 

30 kG 

Scm 

2 sec 

224.2 m 

112. 1 m 

Nb-Ti 

$2. 55xlO- 3 /Am 

31 400 A/cm2 

5 3.57 x 10 

25.5 MJ 

84.7 MVA 

0.6 sec 

O. 7 sec 

100 GeV 

5 GeV 

'5xl0 12 P/sec 

40 kG 

12.5 cm 

20 sec 

168.2 rn 

84. 1 m 

Nb-Ti 

$3. 48x10- 3 / Am 

23000A / cm2 

6 
1.04 x 10 

170.5 MJ 

68.0 MVA 

5 sec 

7 sec 

100 GeV 

45 kG 

12.5 cm 

149.6 m 

74.8 m 

Nb-Ti 

$4. 07xl0 -3/ Am 

19600A/cm
2 

6 
1.23 x 10' 

210.2 MJ 

500 sec 
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Table A (cont 'd) 

2-second cycle 20-,second cycle Storage 
"" Parameter accele rator accele rator rin 

Injection time (front porch) O. 1 sec 3 sec ------ • 
Number of refrigerators 4 4 4 

Refrigeration required 27 300 watts 7600 watts 2000 watts 

rf Powe r required 504 kW 605 kW --- 20 kW 

Accelerating voltage 1. 49xl06 V /turn 
5 

1.34xlO V/turn -------

Injection efficiency 95% 95% 95% 

Extraction efficiency 90% 90% 90% 

Total power required 19.0 MW 8.5 MYV 1.5MW 

Type of site Soil Soil Soil 

• 
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Table B (cont'd) 

5. ri System cost 2861 2906 183 

6. 
1'\ 

Injection-extraction system 

Injection system cost 270 270 270 • 
Extraction system cost 725 725 725 

Injection-extraction <system 
995 995 995 cost 

7. Vacuum system 

Vacuum piping 235 166 147 

VacuuITl joints 151 122 109 

CryopuITlpS 180 129 114 

Roughing pUITlpS 211 159 141 

Total vaCUUITl cost 777 576 511 

8. Control systeITl cost 1205 1135 683 

9. Tunnel earthwork and plant 
facilitie s 

Tunnel cost 4651 3488 3100 

Earthwork cost 3946 2960 2631 

Foundation cost 1832 1374 1221 r" 

Utilitie s cost 1903 846 132 

Total plant cost 12332 8668 7084 



Table B (cont'd) 

,. 

~ Machine subtotal cost 

50% EDIA and contingency 

Total machine capital cost 

-17 -

2-second cycle 
accelerator 

37 628 

18 815 

56 443 

UCRL-18186 

20- second cycle 
accelerator 

32 499 

16 250 

48 749 

Storage 
ring· 

21 426 

10 716 

32 140 
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Table C.- Operating power and annual power cost 
for the 100 GeV 'machine s shown in Table 1. 

Power required by the 
a-cceierator 

MG' setpowe r 

Refrigerator power 

r.f Station power 

Tunnel power 
Include air condition-
ing ,lights, etc. 

Total power required 

Annual power cost @$0.01/ 
kWhr deliv"e'red to the equip
ment 
(cost in thousands of dollars 
per year) 

2-second cycle 20-second cycle 
accelerator accelerator 

3776 kW 2936 kW 

13643 kW 3783 kW 

1890 kW 1428 kW 

423 kW 317 kW 

19032 kW 8464 kW 

1553 645 

Storage 
Ring 

V 

50 ¥Yl 
975kW 

160 kW 

282 kW 

1477 kW 

106 

• 
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A dipole cross section based on the % rule 
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Fig. 4 
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45 kG bending magnet Q 

Typical Tunnel Cross Section 
showing 45kG Magnet Installed in Tunnel 

Fig. 7 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com
mISSIon, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor
mation, apparatus, method, or process disclosed in 

this report. 

As used in the above, "person acting on behal f of the 
Commission" includes any employee or contractor of the Com
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 

of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor . 




