A. Appendix: Cost Estimates for Major Substyems of the Facility

The charge for this study requested an identification of cost drivers for the facility. Identification of cost drivers requires an estimation of the cost of  major subsytems and components, and a set of estimates has been done.  However, establishing the costs associated with a facility as complex as the neutrino source presented here is a very difficult task within the short time period of six months. Three factors contribute to a significant uncertainty: 

1. The number of subsystems in the facility, which are described throughout the report, is comparatively large. All of the subsystems contribute a considerable amount of complexity and cost that have to be addressed by specific expertise in order to find a technical solution and a reasonable cost estimate. The variety of technologies is large and many of them have to be pushed to the edge or beyond and therefore have to be addressed with an appropriate R&D program. Cost savings from mass production will not be major for any of the subsystems in the neutrino source. 

2. For many of the subsystems specific R&D has not even started. Although we are confident that the R&D programs will be technically successful, we do not exactly know what the cost of the final device is going to be. For many things estimates were based on present experience and on educated guesses.

3. Many things that are fairly conventional, for example, vacuum systems, correction magnets, and some of the diagnostics, have not been worked on by specialists. Again, educated guesses and experience from other projects have been used in order to determine cost figures. The overall contribution to the total cost from these systems is not more than approximately 10%, but this number could easily be wrong by a factor of two.  

It must be understood that the cost estimates presented in the accompanying tables are very preliminary and although they represent our best effort, they have large uncertainties. Some areas are more difficult to estimate than others and it is pointed out chapter by chapter where this is the case. For the large systems either engineers or project leaders for comparable programs have determined the cost numbers to their best knowledge. For the large systems, like the superconducting rf-accelerators and the high field solenoidal channels, experts (sometimes from all over the world) were brought together; this certainly helped us arrive at a more realistic cost figure. Nonetheless, the outcome of the R&D program could have a significant impact (either favorable or unfavorable) on the estimated cost of some components.

The Overall Cost of the Facility

The motivation for development of costing information is the identification of cost drivers. Such an identification is useful for establishing targets for an associated R&D program, and for understanding potential trade-off between performance and cost. The costs presented are for a 50 GeV facility and are based on the particular facility configuration described in this report. Cost information is presented in two bar charts and the accompanying table. One chart shows the distribution according to the different subsystems, the other shows the distribution according to the components summed up over all subsystems (magnets, power supplies etc). The total represented in the table and charts is $2.4B. 
We have not attempted to do what would be considered a “project” estimate. As such the numbers presented do not  include any contingency, EDIA, project management, indirects,  or escalation. Only the basic investment costs that have been estimated. Under the column called "Others," typically ten percent of the facility cost was added to account for those items not included; this should not be construed as contingency. The numbers also do not include the R&D money necessary to develop the different systems.  Appendix B contains a discussion of how facility costs could be modified if the configuration were readjusted to other performance goals.
The Power Consumption of the Facility

The power consumption of the facility is significant. Approximately two-thirds of the power goes into the accelerating rf systems (70–80) MW. The proton driver will require approximately 30 MW of average power and the rest of the power is roughly evenly distributed. A total of 170 MW will be required for a 50 GeV facility. 
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Proton Driver
37.0
20.5
20.5
10.0
59.0
5.9
0.0
30.0
1.5
22.0
20.6
227.1
9.3
30.0

Target Systems
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7.2
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3.2
14.0
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0.0
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0.7
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22.0
42.0
51.0
1.0
0.6
11.7
1.0
8.0
1.3
5.9
13.9
158.3
6.5
8.0

Capture+

Mini c.
27.0
24.8
5.2
0.3
0.3
5.8
0.1
2.5
0.6
1.8
6.8
75.2
3.1
3.0

Cooling Channel
168.0
124.0
15.7
55.0
2.5
36.5
19.4
15.0
4.2
13.8
44.0
498.0
20.5
15.0

Capture Linac
10.8
48.0
87.0
9.8
1.0
15.7
20.4
24.2
1.9
20.5
23.9
263.3
10.8
24.2

RLA 1
92.0
34.7
58.0
4.5
6.5
19.6
8.1
26.2
2.2
31.0
28.3
311.0
12.8
26.1

RLA2
89.5
37.8
188.0
5.9
7.0
32.8
57.0
29.2
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Table of cost for the facility divided according to subsystems and components.

1) Cost estimates either from experts or from other labs 

2) mainly from D. Sprehn and J. Reid plus the workshop on sc rf and power sources on Feb 17th and 18th

3) nc cavities from technical support (BD), sc cavities from the same workshop mentioned before

4) rough guesses scaled with the aperture and the complexity of the expected systems. Anywhere between 2k$/m to 20k$/m.

5) based on estimates from Fermi (D. Wolff) or from other labs,  rarely guessed.

6) most critical part. Nobody worked on this. Basically  our expectation. Often assumed to be 10 % of the equipment cost. Much more than usual projects because more complex

7) Mike McAshan. Total Facility cost given by Mike distrubted to subsystem according to load contribution

8) General Assumption: 1 Million per MW of power consumption for most of the systems. Not always

9) Usually 1 % of the facility cost (without civil). For storage ring and target more (10%) because more complicated permits are needed.

10) All done by FESS. Only target hall by Oak Ridge

11) 10 % of all the items in leftmost columns. It should basically cover what we forgot. 

12) sum of all previous items 
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Distribution of cost in percent of the total for the different subsystems and for the components summed up over the subsystems.
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Distribution of cost in $M of the total for the different subsystems and for the components summed up over the subsystems.

Proton Driver

With the ongoing proton driver study at Fermilab, the cost of the Proton driver is much better understood than for the other subsystems. Each of the subsystems in the proton driver has been worked on for quite some time. The study is expected to be ready by the end of this year ( '00). The cost numbers are entirely based on the estimates of the people working on this study (W. Chou et al). 

The results from the yield optimization based on the carbon target in this report (see chapter 4) clearly indicate that a lower energy proton accelerator would reduce the total beam power that is required to achieve the foreseen pion flux. A lower energy synchrotron as well as a lower required beam power should both reduce the total cost. This has to be investigated in more detail. 

The total cost for the proton driver is $227.1M, including the beamline from the booster tunnel through the Tevatron tunnel to the target station.
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Target System and Support Facility

The target systems have been estimated by experts from Oak Ridge and from the National High Magnetic Field Laboratory. The major systems are the target building and the high field 20 T magnet surrounding the target. 

The total for the target station is $78.7M.
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Decay Channel

Although the decay channel is dominated by the cost of the magnets, the total is not very much. The assumption is that the proton beam dump is part of this channel. It was verified that at 1.5 MW the beam actually can be dumped within the channel. There is some uncertainty here, but not very much. The cost was taken from John Miller's (NHFML) estimate. It is a factor of 3.5 above what people from Protvino think they can achieve. There might be some safety in this estimate. 

The total for the decay channel  is $17.M.

[image: image5.wmf]Cooling Channel

168.0

124.0

15.7

55.0

2.5

36.5

19.4

15.0

4.2

13.8

44.0

0.0

25.0

50.0

75.0

100.0

125.0

150.0

175.0

200.0

Magnets

RF Source

RF Cav

Vacuum

PS

Diagn.

Cryo

Utilities

ES&H

Civil

others

Investment cost


The Induction Linac

The induction linac was designed and developed mainly by experts from LBNL. Independently an effort was made at Fermilab together with colleagues from Dubna (JINR, Russia) to develop a similar system. Both cost estimates came up (independently) with approximately the same amount of money required which is slightly above 100 million dollars. Nevertheless, we believe that this is probably underestimated. 

The total for the induction linac is $158.3M.
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 Capture, Mini Cooling and Bunching Section

The capture and bunching happens after the phase rotation. It is a smaller piece (~50 meters) of acceleration at lower gradient plus one long hydrogen absorber.

The total for the system is $75.2M.
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Cooling

The cooling channel is one of the most uncertain and most expensive items. The uncertainty mainly comes from the magnet/solenoid cost. The design of the magnets and the cost estimate used here have been provided by colleagues from Protvino. They were much more optimistic about the current density that can be achieved in the conductor given the large force on the alternating field coils. This is definitely an R&D item. If this optimistic assumption turns out to be not valid, then the cost for the magnets will more than double and make the cooling channel the most expensive subsystem. We have reason to believe that one can improve in several directions,  both from the design point of view as well as from the technological point of view. This clearly needs a strong R&D program. 

The total for the cooling channel is $498.0M.

[image: image8.wmf]RLA 2: 11-50 GeV 

89.5

37.8

188.0

5.9

7.0

32.8

57.0

29.2

4.2

93.9

54.5

0

25

50

75

100

125

150

175

200

Magnets

RF Source

RF Cav

Vacuum

PS

Diagn.

Cryo

Utilities

ES&H

Civil

others

Investment cost


Acceleration  for the Neutrino Factory

The acceleration of the muons was considered to be the cost driver from the very beginning and a lot of attention was paid to the design of this system. For the design, expertise from Jefferson Lab was brought in. For the feasibility study of  the cavities and the operating mode more expertise from Jefferson Lab, SLAC, LBNL, Cornell University, Fermilab and CERN was brought together in a two day meeting to cover the basic questions. Many items have to be addressed with an appropriate R&D program in order to come to a final conclusion. Superconducting cavities have to be built, power sources have to be developed and large aperture spreader magnets have to be designed. 

[image: image9.wmf]Proton Driver

37.00

20.50

20.50

10.00

59.00

5.90

30.00

1.53

22.00

20.64

0

10

20

30

40

50

60

70

Magnets

RF Source

RF 

Cav

Vacuum

PS

Diagn

.

Cryo

Utilities

ES&H

Civil

others

Investment cost

The total for the pre-accelerator is $263.3M.

The total for RLA 1 is 311.0 million dollars. 

[image: image10.wmf]Storage Ring

24.0

18.0

5.0

25.0

10.0

5.0

3.0

38.0

9.0

0.0

10.0

20.0

30.0

40.0

Magnets

RF Source

RF Cav

Vacuum

PS

Diagn.

Cryo

Utilities

ES&H

Civil

others

Investment cost


[image: image11.wmf]Cost Total for each Sub-System

9.3%

3.2%

0.7%

6.5%

3.1%

20.5%

10.8%

12.8%

24.7%

5.6%

0.0%

5.0%

10.0%

15.0%

20.0%

25.0%

30.0%

Proton Driver

Target Systems

Decay Channel 

Induction Linac

Capture+Mini c.

Cooling Channel

Capture Linac

RLA 1

RLA2

Storage Ring

Sub-systems

percent of total

20.1%

13.7%

17.5%

4.3%

3.4%

6.4%

4.8%

6.4%

0.9%

13.8%

0.0%

10.0%

20.0%

30.0%

Magnets

RF Source

RF Cav

Vacuum

PS

Diagn.

Cryo

Utilities

ES&H

Civil

Systems

percent of total

The total for RLA 2 is 599.8 million dollars.

The Muon Storage Ring
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The storage ring, although it has a comparatively complex geometry is not a cost driver at this point. The basic reason is the comparatively conventional design and civil engineering. With a slope of 22 % standard engineering designs can be made for most of the components. Cryogenics can be handled and installation and operation does not appear to be a specific problem. For the ring no rf was included, because it is not obviously necessary.

Summary

The cost estimates presented here are the result of six month work of a group of approximately 20 FTEs at Fermilab, a large contribution from various other labs, probably another 50 FTEs in total and a number of external experts who were brought in for a couple of todays or for very specific topics. From the result it is obvious that for a complex of that size and complexity this is not enough to give precise estimates, but it is certainly enough to define the R&D programs and to get a first handle on how to stage and how to optimize such a facility. The number as well as the distribution of the cost will allow us to define a route towards such a facility with a minimum of risk and a maximum of physics for each step. It also gives us a clear idea on how to improve performance and on what technological improvements have to be made for each step.
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		The Cooling Channel (magnets and rf), assumption is based on the cost of a 150 meter long channel which requires

		approxmately 10 MW/m of peak power and a 5 T magnetic field on axis with magnetic period length of 2.5 m

		all prices are in M$

		length of the cooling channel:						150		m						Investment Costs

		System Description						Magnets		RF Source		RF Cav		Vacuum		PS		Diagn.		Cryo		Utilities		ES&H		Civil		others		Total Invest.

								1)		2)		3)		4)		5)		6)		7)		8)		1% of		11)		10 % of total

								mod include																total

		Cooling channel								124.0								36.5		19.4		15.0		4.2		13.8		44.0

		150 m						168.0				15.7				2.0

																0.5

		Ed Black cooling cells for 150 m												55.0

		Total						168.0		124.0		15.7		55.0		2.5		36.5		19.4		15.0		4.2		13.8		44.0		498.0						15

								33.7%		24.9%		3.1%		11.0%		0.5%		7.3%		3.9%		3.0%		0.8%		2.8%		8.8%		100.0%

		1)		solenoid channel prices are based on the protvino study, taking the optimistic price , according to John Miller law: this would be 180 M$, study was based on 100 m

		2)		based on 75 rf stations according to J. Reids paper(=75 stations) (who worked on a 150 meter channel. With 5MW/m which is not enough in the preseent desing

				first number is for the modulator, second number assumes 3 of the ps the protvino proposed 150 k$ each, Wolffs estimate on quench prot=.9 M$

		3)		cost for cavity according to Mechanical support

		4)		includes the hydrogen absorbers according to Kaplans cost estimate

		5)		look description in money folder: cost of neutrino source. Number is deducted from McAshans write. Under nr 17 of the folder

		8)		utilities for the rf according to J. reid are included, nothing for magnets yet

		11)		see fess sheet

		8)		utilities is proportional to power consumption										~ 1M$/MW

		Power supply number used from Wolff

		civil enegineering according to cost sheet form 03/19/00

		tunnel				per foot								0.003				per meter				0.010

		gallery				per foot								0.025				per meter				0.082

		sum=				per foot								0.028				per meter				0.092
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Sheet1

		last updated:				4/2/00

		The preaccelerator is assumed to be purely superconducting

		The rf is coming froma modified Daryl Sprehn Table

		all prices are in M$

																																				Total power

		length of the cooling channel:						480		m						Investment Costs

		System Description						Magnets		RF Source		RF Cav		Vacuum		PS		Diagn.		Cryo		Utilities		ES&H		Civil		others		Total Invest.						MW

								1)		2)		3)		4)		5)		6)		7)		8)		1% of		10)		10 % of total

										mod included														total

		preacclerator  sc part						10.80		48.01		87.00		9.78		1.00		15.66		20.44		24.24		1.93		20.47		23.93								24.24		from report an 30  % overall rf efficiency assumes

																																						greens email

		Total						10.80		48.01		87.00		9.78		1.00		15.66		20.44		24.24		1.93		20.47		23.93		263.26						24.24

								4.1%		18.2%		33.0%		3.7%		0.4%		5.9%		7.8%		9.2%		0.7%		7.8%		9.1%		100.0%

		1)		according to Mike Green: the numbers have not been take from his email, 0.3Million per sol; the number of solenoids is from Valeries mail: 16 sol. 1st part, 20 second part.

				Quads from there for higher than 2 GeV. Cost seem mraginal. Not included.

		2)		daryl sprehn spreadsheet

		3)		According to our working meeting on feb17th +18th

		4)		180 m arc x 4 arcs x 5k$/m for vacuum system

		5)

		6)

		7)		McAshans Table in his write upm plus email 20.44 % of the load means same amount from the total cost

		8)		1M$/MW

		9)

		10)		FESS tunnel cost

		11)

		civil enegineering according to cost sheet form 03/19/00

		tunnel								per foot				0.003				per meter				0.01

		gallery								per foot				0.01				per meter				0.03

		sum=								per foot				0.013				per meter				0.04
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Sheet1

		The rf is coming froma modified Daryl Sprehn Table

		all prices are in M$

																																				Total power

		length of the accelerator channel:						346		m						Investment Costs

		length of addtonal linear tunnel:						174		m

		System Description						Magnets		RF Source		RF Cav		Vacuum		PS		Diagn.		Cryo		Utilities		ES&H		Civil		others		Total Invest.						MW

								1)		2)		3)		4)		5)		6)		7)		8)		1% of		10)		10 % of total

										mod included														total

		acclerator  sc part								34.67		58.00		2.90		0.50		19.56		8.10		26.18		2.23		14.19		28.27								18.18		from report an 30  % overall rf efficiency assumes

		nc arc=						80.00						3.60		4.00										12.00										7.00		greens email

		splitter						12.00						0.87		2.00										4.80										1.00

		Total						92.00		34.67		58.00		4.47		6.50		19.56		8.10		26.18		2.23		30.99		28.27		310.98						26.18

								29.6%		11.1%		18.7%		1.4%		2.1%		6.3%		2.6%		8.4%		0.7%		10.0%		9.1%		100.0%

		1)		according to Mike Green: the numbers have not been take from his email;

				Quads from there for higher than 2 GeV. Cost seem marginal. Not included. Quads in straight are not included

		2)		daryl sprehn spreadsheet

		3)		According to our working meeting on feb17th +18th

		4)		180 m arc x 4 arcs x 5k$/m for vacuum system, 170 meters splitter vacuum system too

		5)

		6)

		7)		McAshans Table in his write upm plus email 20.44 % of the load means same amount from the total cost

		8)		1M$/MW

		9)

		10)		FESS tunnel cost

		11)

		civil enegineering according to cost sheet form 03/19/00

		tunnel								per foot				0.005				per meter				0.02

		gallery								per foot				0.0075				per meter				0.02

		sum=								per foot				0.0125				per meter				0.04

		other civil stuff:								enclosure arc for RLA												12

										service building 1 at each arc end=4												4.8
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		last updated:				4/2/00

		The bunching section is assumed to be only 30 meters long. The magnetic field is 5 T but without any field reversal

		The rf is assumed to be similar like in the cooling channel although that is not quite true

		all prices are in M$

		length of the cooling channel:						30		m						Investment Costs

		System Description						Magnets		RF Source		RF Cav		Vacuum		PS		Diagn.		Cryo		Utilities		ES&H		Civil		others		Total Invest.		Total norma				Power Requirement

								1)		2)		3)		4)		5)		6)		7)		8)		1% of		10)		10 % of total				in %				MW

										mod included														total

		Cooling channel								24.8		5.2		0.3		0.3		5.8		0.1		2.5		0.6		1.8		6.8

		30 m 5.0 T						27.0

		Total						27.0		24.8		5.2		0.3		0.3		5.8		0.1		2.5		0.6		1.8		6.8		75.2						3

								35.9%		33.0%		6.9%		0.4%		0.4%		7.7%		0.1%		3.3%		0.8%		2.4%		9.1%

		1)		solenoid channel prices are based on the protvino study, taking the optimistic price. Magnets are simialr to cooling channel

		2)		based on 75 rf stations according to J. Reids paper(=75 stations) (who worked on a 150 meter channel. With 5MW/m which is not enough in the preseent desing

				first number is for the modulator, second number assumes 3 of the ps the protvino proposed 150 k$ each

				0.5M$ is inlcuded per station for pwer distribution

		3)		cost for cavity according to Mechanical support 26 M$ for 150 m

		4)		10 k$ /m

		5)		only the Protvino guess on the quench protection system

		6)		10 % of the technical stuff is diagnostics

		7)		negligible

		8)		utilities for the rf according to J. reid are included, nothing for magnets yet

		civil enegineering according to cost sheet form 03/19/00

		tunnel				per foot								0.003				per meter				0.010

		gallery				per foot								0.015				per meter				0.049

		sum=				per foot								0.018				per meter				0.059
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		last updated:				4/2/00

		The storage Ring

		very different tunnel conditions. See FESS write up.

		all prices are in M$

		Circumf. Of Ring						1800		m						Investment Costs

		System Description						Magnets		RF Source		RF Cav		Vacuum		PS		Diagn.		Cryo		Utilities		ES&H		Civil		others		Total Invest.						Power rewuirement

								1)		2)		3)		4)		5)		6)		7)		8)		1% of		9)		10 % of total		11)						MW

																								total

		the ring												18.0		5.0		25.0		10.0		5.0		3.0		38.0		9.0

								24.0

		Total						24.0		0.0		0.0		18.0		5.0		25.0		10.0		5.0		3.0		38.0		9.0		137.0						5

								17.5%		0.0%		0.0%		13.1%		3.6%		18.2%		7.3%		3.6%		2.2%		27.7%		6.6%		100.0%

		1)		Andreevs price +25 % safety

		2)

		3)

		4)		10K$/m

		5)		guess-> number from wolff missing

		6)		more diag than for the other because of more fancy stuff

		7)		McAshan

		8)		1M$/MW

		9)		more than usual because of ground water and neutrino Stuff
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Sheet1

		The rf is coming froma modified Daryl Sprehn Table

		all prices are in M$

																																				Total power

		length of the accelerator:						1133		m		(for Klyst. Gall)				Investment Costs

		length of additional linear tunnel:						1170		m		(matching between splitter and arc)

		System Description						Magnets		RF Source		RF Cav		Vacuum		PS		Diagn.		Cryo		Utilities		ES&H		Civil		others		Total Invest.						MW

								1)		2)		3)		4)		5)		6)		7)		8)		1% of		10)		10 % of total

										mod included														total

		acclerator  sc part						77.50		37.82		188.00		13.28		2.00		32.82		57.00		29.21		4.18		46.45		54.53								21.21		from report an 30  % overall rf efficiency assumes

																										19.19										7.00		greens email

		splitter ~ 1200 total						12.00						5.85		5.00										8.00										1.00

		arcs																								20.30

		Total						89.50		37.82		188.00		5.85		7.00		32.82		57.00		29.21		4.18		93.94		54.53		599.85						29.21

								14.9%		6.3%		31.3%		1.0%		1.2%		5.5%		9.5%		4.9%		0.7%		15.7%		9.1%		100.0%

		1)		Magnets are the same like arc for storage ring * 5, splitter same like RLA 1: 16 sol. 1st part, 20 second part.

				Quads from there for higher than 2 GeV. Cost seem marginal. Not included. Quads in straight are not included

		2)		daryl sprehn spreadsheet

		3)		According to our working meeting on feb17th +18th

		4)

		5)

		6)

		7)		McAshans Table in his write upm plus email 20.44 % of the load means same amount from the total cost

		8)		1M$/MW

		9)

		10)		FESS tunnel cost

		11)

		civil enegineering according to cost sheet form 03/19/00

		tunnel								per foot				0.005				per meter				0.016

		gallery								per foot				0.0075				per meter				0.025

		sum=								per foot				0.0125				per meter				0.04

		other civil stuff:								enclosure arc for RLA												20.3

										service building 1 at each arc end=4												8
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Sheet1

		last updated:				4/2/00

		The target section is combined from many pieces. Civil come from oak ridge basically. There numbers are used

		all prices are in M$

		length of the cooling channel:								m						Investment Costs

		System Description						Magnets		RF Source		RF Cav		Vacuum		PS		Diagn.		Cryo		Utilities		ES&H		Civil		others		Total Invest.						Power Requirement

								1)		2)		3)		4)		5)		6)		7)		8)		10% of		10)		10 % of total								MW

										mod included														total

		Target +Target Area						9.88						0.25		1.00		1.11		0.82		14.00		2.71		41.81		7.16

		Total						9.88		0.00		0.00		0.25		1.00		1.11		0.82		14.00		2.71		41.81		7.16		78.73						14

								12.5%		0.0%		0.0%		0.3%		1.3%		1.4%		1.0%		17.8%		3.4%		53.1%		9.1%		100.0%

		1)		according to John Miller inlcuding the nc bitter coil

		2)

		3)

		4)		good guess : mainly beamline to Target and target window

		5)

		6)

		7)		According McAshan 19 % of the 4.3 for the inj

		8)		utilities is proportional to power consumption

		9)

		10)

		11)

		civil enegineering according to cost sheet form 03/19/00

		tunnel				per foot								0.003				per meter				0.01

		gallery				per foot								0.015				per meter				0.049

		sum=				per foot								0.018				per meter				0.059
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		The induction linac is assumed to be 100 meters long with a klystron gallery on top.

		it requires a pulse power system and a wider tunnel

		all prices are in M$

																																				Power requirement

		length of the cooling channel:						100		m						Investment Costs																				MW

		System Description						Magnets		pulsed power supplies		core		Vacuum		PS		Diagn.		Cryo		Utilities		ES&H		Civil		others		Total Invest.

								1)		2)		3)				8)		4)		5)		6)		1% of		7)		10 % of total

																								total

		Cooling channel								42.0		51.0		1.0		0.6		11.7		1.0		8.0		1.3		5.9		13.9

		100 m						22.0

		Total						22.0		42.0		51.0		1.0		0.6		11.7		1.0		8.0		1.3		5.9		13.9		158.3						8.00

								13.9%		26.5%		32.2%		0.6%		0.4%		7.4%		0.6%		5.1%		0.8%		3.7%		8.8%		100.0%

		1)		solenoid channel prices are based on Mike Green, which is aproximately a factor of three larger than the protvino study, taking the optimistic price

		2)		includes the switches and delay lines

				first number is for the modulator, second number assumes 3 of the ps the protvino proposed 150 k$ each

		3)		cores according to ptimization

		4)		10 % of the total

		5)		only the Protvino guess on the quench protection system

		6)		1 Million dollar per 1 MW average power to be removed

		7)		see fess sheet

		8)		PS for the sc coils inlcuding quench protection, ps price inlcuded in magnet estimate.

		civil enegineering according to cost sheet form 03/19/00

		tunnel				per foot								0.003				per meter				0.010

		gallery				per foot								0.015				per meter				0.049

		sum=				per foot								0.018				per meter				0.059
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		last updated:				4/2/00

		The Decay channel

		all prices are in M$

		length of the cooling channel:						50		m						Investment Costs

		System Description						Magnets		RF Source		RF Cav		Vacuum		PS		Diagn.		Cryo		Utilities		ES&H		Civil		others		Total Invest.						Power Requirement

								1)		2)		3)		4)		5)		6)		7)		8)		10% of		10)		10 % of total								MW

										mod included														total

		Target +Target Area						9.00						0.50		0.30		0.98		0.45		2.00		0.13		2.95		1.63

		Total						9.00		0.00		0.00		0.50		0.30		0.98		0.45		2.00		0.13		2.95		1.63		17.95						2

								50.2%		0.0%		0.0%		2.8%		1.7%		5.5%		2.5%		11.1%		0.7%		16.4%		9.1%		100.0%

		1)		according to John Miller. This price isa factor of ~3.5 higher than the russian estimate. Nevertheless, we want to be conservative.

		2)

		3)

		4)		10 k$ / m

		5)

		6)

		7)		According to McAshan 10.5 % of the 4.3 for the injector

		8)		utilities is proportional to power consumption

		9)

		10)

		11)

		civil enegineering according to cost sheet form 03/19/00

		tunnel				per foot								0.003				per meter				0.01

		gallery				per foot								0.015				per meter				0.049

		sum=				per foot								0.018				per meter				0.059
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