Proton Driver Ring

Vacuum System

Terry Anderson

Vacuum System Design Parameters:

Average Pressure Range
~1e-8 torr

Total System Length
690 m

Vacuum Sector Length
230 m

Vacuum Aperture
5" x 9" ellipse

Maximum Pump Spacing
40 m


Primary Pump Type
Ion Pump, 150 l/s

Roughing Pump Type
Turbo Molecular, 125 l/s

Sector Pump-down Time
1/2 - 1 day

Vacuum Gauging
Pirrani and Ion Pump Read-back

Vacuum System Design Parameters: cont.

Vacuum Chamber Material
???
Inconel?, Titanium?, Ceramic?, Composite?

Vacuum Interface Type
???
Flanged w/bellows?, Welded w/bellows?  Depends on vacuum chamber material and slot length

Bake-out System
???
Depends on vacuum chamber material and out gassing rate

Chamber Cooling System
???
Depends on eddy current heating, material thickness, and material type

[image: image1.wmf]

[image: image2.wmf]Proton Driver Pumpdown Time

1.00E-07

1.00E-06

1.00E-05

1.00E-04

1.00E-03

1.00E-02

1.00E-01

1.00E+00

0

3000

6000

9000

12000

15000

Distance From Pump (cm)

Pressure (torr)

1/2 Day

1 Day

2 Days

9.5 Days



[image: image3.wmf]Proton Driver Ring Vacuum Profile 

for 

Various Outgassing Rates

1.00E-10

1.00E-09

1.00E-08

1.00E-07

1.00E-06

1.00E-05

1.00E-04

1.00E-03

1.00E-02

1.00E-01

1.00E+00

0

500

1000

1500

2000

2500

Distance from Pump (cm)

Pressure (torr)

1.00E-10

1.00E-11

1.00E-12

1.00E-13


Vacuum System Technical Issues:

Vacuum Chamber Material
???
Inconel?, Titanium?, Ceramic?, Composite? 

Evan Malone is working on prototypes.

Bake-out System
???
Depends on vacuum chamber material and out gassing rate

Chamber Cooling System
???
Depends on eddy current heating, material thickness, and material type

Vacuum System Technical Issues: cont.

Vacuum Interface Type
???
Flanged w/bellows?, Welded w/bellows?  Depends on vacuum chamber material, activation levels, and slot length
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Cost Estimate

												Proton Driver Ring Vacuum Cost Estimate

		Item		Units		Quantity Needed		Quantity Ordered		Spares		Cost /Item (FY00$)		Spares Value (FY00$)		Total Cost (FY00$)		Comments

		Vacuum Sector Totals:

		M&S		sector		1		1		0				$159,140		$1,041,020		materials, contractors, services, techs, etc

		EDI&A		sector		1		1		0				$0		$38,640		engineering, drafting

		Sector Sub-Total		sector		1		1		0				$159,140		$1,079,660

		Uncertainty Factor		% / sector		0.2		0.2		0		$1,079,660		$0		$215,932		Factor to compensate for estimators uncertainty (NOT RELATED TO PROJECT CONTINGENCY). Intended to account for scope uncertainty, specialty items in straight sections and beam lines, vacuum contributions to instrumentation, BPM's, detectors, RF, Lambertson

		Project Total:		total		2		2		0		$1,295,592		$318,279		$2,591,183		2 sectors for the ring and 0 sectors for transfer lines.

		Main Injector / Recycler / Proton Driver Comparisons:				Total Cost (K$)		Total Length (m)		Cost / meter ($/m)		EDI&A (%)		M&S (%)		Installation (%)

		MI				$6,428.3		8047		$798.84		15.20		84.80		14.60		Assumes MI, Recycler, and all beamlines

		Recycler				$1,972.0		3219		$612.61		5.40		94.60		28.50		Assumes only Recycler

		Proton Driver				$2,591.2		690		$3,755.34		7.98		92.02		11.71		Total = M&S + EDI&A

												Proton Driver Ring Vacuum Sector Cost Details

		Item		Units		Quantity Needed		Quantity Ordered		Spares		Cost /Item (FY00$)		Spares Value (FY00$)		Total Cost (FY00$)		Comments

		Proton Driver Ring Vacuum Sector

		Elliptical Beam Tubes for Drift Areas		m		300		400		100		$30		$3,000		$12,000		WAG

		Elliptical Beam Tubes for Magnets		m		400		500		100		$30		$3,000		$15,000		WAG

		Fittings:

		beam tube port		ea		15		20		5		$100		$500		$2,000		WAG

		2 1/2" elbow		ea		0		0		0		$150		$0		$0		book

		2 1/2" tee		ea		0		0		0		$200		$0		$0		book

		2 1/2" cross		ea		5		8		3		$250		$750		$2,000		book

		Spool Pieces:

										0				$0		$0

		Bellows:

		elliptical		ea		156		180		24		$600		$14,400		$108,000		MI

		2.5" round		ea		0		0		0		$150		$0		$0		MI

		Gauges:

		Pirani gauges		ea		4		5		1		$147		$147		$735		MI

		ion gauges		ea		0		0		0		$275		$0		$0		MI

		Ion Pumps:

		30 l/s		ea		10		15		5		$675		$3,375		$10,125		MI

		TSP's		ea		0		0		0		$350		$0		$0		MI

		Rough Pumps:

		5 l/s scroll pump		ea		1.00		1.50		0.50		$4,500		$2,250		$6,750		book

		60 l/s turbo pump		ea		1.00		1.50		0.50		$2,500		$1,250		$3,750		book

		Valves:

		2.5" roughing valve		ea		1		1.5		0.5		$449		$225		$674		book

		let-up Valves		ea		1		1		0		$184		$0		$184		MI

		z/n beam valve		ea		2		2		0		$10,000		$0		$20,000		book

		Flanges:

		NW63 ISO  blank		ea		1		2		1		$50		$50		$100		book

		4-1/2" OD CF		ea		15		20		5		$45		$225		$900		book

		4-1/2" OD AL-SS CF rotatable		ea		0		0		0		$300		$0		$0

		12" OD CF		ea		156		175		19		$300		$5,700		$52,500		book

		12" OD CF rotatable		ea		156		175		19		$400		$7,600		$70,000		book

		Flange Gaskets:

		NW63 ISO		ea		1		2		1		$30		$30		$60		book

		4-1/2" CF		ea		15		30		15		$2		$35		$70		book

		12" OD CF		ea		156		312		156		$32		$4,992		$9,984		book

		Flange Camps:

		chain clamp NW63		ea		2		2		0		$150		$0		$300		book

		Nut & Bolt Sets:

		beam valve		set		1		2		1		$36		$36		$72		book

		4-1/2" CF		set		15		20		5		$11		$55		$220		book

		12" OD CF		set		156		200		44		$55		$2,420		$11,000		book

		Cooling System		m		400		500		100		$1,000		$100,000		$500,000		WAG

		Stands:

		Standard Beam Tube Stands		ea		40		45		5		$50		$250		$2,250		WAG

		Pumping Station Stands		ea		1		2		1		$150		$150		$300		WAG

		Beam Valve Stands		ea		1		2		1		$200		$200		$400		WAG

		Ion Pump Stands		ea		10		12		2		$100		$200		$1,200		WAG

		Shop Equipment and Supplies:

		leak detectors		ea		1		1		0		$19,000		$0		$19,000		MI

		large ultrasonic cleaner		ea		0.00		0.00		0		$120,000		$0		$0		WAG, large cleaner for beam tubes

		small ultrasonic cleaner		ea		0.00		0.00		0		$20,000		$0		$0		MI,one for small SS parts, one for small AL parts

		tools		ea		0.00		0.00		0		$50,000		$0		$0		WAG, power tools, hand tools, tool boxes, etc

		cleaning supplies		ea		0.00		0.00		0		$100,000		$0		$0		WAG, chem. wipes, DI water, cleaning solution, alcohol, etc

		misc.		ea		0.00		0.00		0		$50,000		$0		$0		WAG, work benches, cabnets, shelves, etc

		Electronics:

		beam valve controllers		ea		1		2		1		$300		$300		$600		MI

		30 l/s IP power supplies		ea		10		12		2		$600		$1,200		$7,200		MI

		TSP power supplies		ea		0		0		0		$400		$0		$0		WAG

		60 l/s turbo controller		ea		1		1		0		$1,500		$0		$1,500		book

		ion gauge controllers		ea		0		0		0		$600		$0		$0		MI

		Pirani controllers		ea		4		5		1		$300		$300		$1,500		MI

		Cables:

		ion pump		ft		11000		11000		0		$0.08		$0		$880		1100 ft / pump, RG58-red

		ion gauge		ft		0		0		0		$0.08		$0		$0		300 ft / gauge, RG58-red

		Pirani gauge		ft		4000		4000		0		$0.13		$0		$520		1100 ft / gauge, 6 conductor #22ga  stock # 1170-0600

		valve		ft		1100		1100		0		$0.16		$0		$176		1100 ft / valve, 3 Pair # 22ga

		Labor:

		EDI&A:

		Engineering		hr		200		200		0		$65		$0		$13,000		WAG, EDI&A

		Drafting		hr		200		200		0		$45		$0		$9,000		WAG, EDI&A

		Pre-Installation Fabrication:

		Engineering		hr		100		100		0		$65		$0		$6,500		WAG, EDI&A

		Technician		hr		400		400		0		$45		$0		$18,000		WAG, cleaning, assembly, leak checking, inspection, etc

		Welder		hr		200		300		100		$65		$6,500		$19,500		WAG, pre-fab

		Installation:

		Technician		hr		650		650		0		$45		$0		$29,250		one vacuum tech 4 hrs. / vacuum interface, two vacuum techs 40 hrs. / sector for leak checking

		Contractor		hr		1248		1248		0		$65		$0		$81,120		one welder and fitter 4 hrs / vacuum interface

		Engineering Supervision		hr		156		156		0		$65		$0		$10,140		one engineer 1 hr / vacuum interface, EDI&A

		Electrician		hr		480		480		0		$65		$0		$31,200		2 electricians for 6 wks
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Outgassing Rates

		Material =		AL 6063						S.S. 304

		Treatment =		Inert Extruded / Degreased / Cleaned						Mill Finish / Degreased / Cleaned

		Qu =		1.00E-13		torr-l/s-cm2				1.00E-13		torr-l/s-cm2

		Qo =		7.73E-07		torr-l/s-cm2				5.27E-07		torr-l/s-cm2

		n =		1.12						1.14

				Qt = Qo/(t^n)

		Time		Qtal		Qtss

		(days)		(torr-l/s-cm2)		(torr-l/s-cm2)

		0		7.73E-07		5.27E-07

		0.5		4.87E-10		2.91E-10

		1		2.24E-10		1.32E-10

		1.5		1.42E-10		8.33E-11

		2		1.03E-10		6.00E-11

		2.5		8.04E-11		4.65E-11

		3		6.55E-11		3.78E-11

		3.5		5.51E-11		3.17E-11

		4		4.75E-11		2.72E-11

		4.5		4.16E-11		2.38E-11

		5		3.70E-11		2.11E-11

		5.5		3.32E-11		1.89E-11

		6		3.01E-11		1.71E-11

		6.5		2.76E-11		1.57E-11

		7		2.54E-11		1.44E-11

		7.5		2.35E-11		1.33E-11

		8		2.18E-11		1.24E-11

		8.5		2.04E-11		1.15E-11

		9		1.91E-11		1.08E-11

		9.5		1.80E-11		1.02E-11

		10		1.70E-11		9.58E-12

		10.5		1.61E-11		9.06E-12

		11		1.53E-11		8.59E-12

		11.5		1.45E-11		8.17E-12

		12		1.39E-11		7.78E-12

		12.5		1.33E-11		7.43E-12

		13		1.27E-11		7.10E-12

		13.5		1.22E-11		6.80E-12

		14		1.17E-11		6.53E-12

		14.5		1.12E-11		6.27E-12

		15		1.08E-11		6.03E-12

		15.5		1.04E-11		5.81E-12

		16		1.01E-11		5.61E-12

		16.5		9.71E-12		5.41E-12

		17		9.39E-12		5.23E-12

		17.5		9.09E-12		5.06E-12

		18		8.81E-12		4.90E-12

		18.5		8.54E-12		4.75E-12								Outgassing Rate After 100 Days

		19		8.29E-12		4.61E-12						AL =		1.29E-12		torr-l/s-cm2

		19.5		8.05E-12		4.47E-12						S.S. =		6.94E-13		torr-l/s-cm2

		20		7.83E-12		4.35E-12

		Data from JVST A, Vol. 11 No. 5, Sep/Oct 19993, "Correlation of outgassing of stainless steel and aluminum with various surface treatments"
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Outgassing Rates
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Roughing Manifold Conductance

		

		Port Conductance:				For H2O @ 20 C				1/Cmp = 1/Cml + 1/Ca

				Aperture Conductance (Ca) =		ka A		Where:		ka =		0.147				from table 2.3 pg 87 in "Foundations of Vacuum Science and Technology", J.M. Lafferty

				=		1045.384		l/s		A =		7126.000				mm2

				Duct Conductance (Cml) =		Ca a		Where:		a =		0.674				a = ac/(1+ac), Transmission probability for circular duct ac = 4d/3l

				=		704.467		l/s

				Total Conductance (1 Cmp) =		420.858		l/s

		Roughing Valve Conductance:				For H2O @ 20 C

				Aperture Conductance (Ca) =		ka A		Where:		ka =		0.147				from table 2.3 pg 87 in "Foundations of Vacuum Science and Technology", J.M. Lafferty

				=		1047.522		l/s		A =		7126.000				mm2

				Manifold Transmission Probability (am) =		0.240				am =		0.240				Transmission probability right angle fitting

				Manifold Conductance (Cmm) =		Ca a		l/s

				=		251.405		l/s

		Total Conductance Between Pump and Tube:				For H2O @ 20 C				1/CmT = 1/Cmm + 1/Cmp

				CmT =		157.388		l/s
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Conductance Calcs for H2O

		

																						Ultimate Pressure at Pump (Po) =		qd BLp/Sn

																						=		2.03E-09		torr

																						Pressure Between Pumps (PL) =		Po + qd BLp/4Cml

																						=		3.60E-09		torr

																		Where:		qd =		1.00E-12		torr-l/s-cm2

																				B =		56.2		cm

																				Lp =		4000		cm

																				Sn =		110.586		l/s

																				Cml =		35.752		l/s

		Port Conductance:				For H2O @ 20 C				1/Cm = 1/Cml + 1/Ca

				Aperture Conductance (Ca) =		ka A		Where:		ka =		0.147				from table 2.3 pg 87 in "Foundations of Vacuum Science and Technology", J.M. Lafferty

				=		1045.384		l/s		A =		7126.000				mm2

				Duct Conductance (Cml) =		Ca a		Where:		a =		0.674				a = ac/(1+ac), Transmission probability for circular duct ac = 4d/3l

				=		704.467		l/s

				Total Conductance (1 Cm) =		420.858		l/s

		Tube Conductance:				For H2O @ 20 C				Cml = Ca ae

				Aperture Conductance (Ca) =		ka A		Where:		ka =		0.147				from table 2.3 pg 87 in "Foundations of Vacuum Science and Technology", J.M. Lafferty

				=		3239.576		l/s		A =		22083.000				mm2

				Duct Conductance (Cml) =		Ca ae		Where:		ae =		0.011				ae = Transmission probability for an elliptical duct ae = .856 (a/l)ln((4b/a + 3a/4b),

				=		35.752		l/s								a = 127 mm, b = 228.6 mm, l = 30480 mm

		Effective Pump Speed at Port:				For H2O @ 20 C				1/Sn = 1/Sp + 1/Cml

				Sn =		1/(1/Sp + 1/Cml)		Where:		Sp =		150				l/s

				=		110.586		l/s		Cml =		420.858				l/s



&A

&LTerry Anderson&C&F&R&D



Conductance Calcs for Air

		

																						Ultimate Pressure at Pump (Po) =		qd BLp/Sn

																						=		2.18E-09		torr

																						Pressure Between Pumps (PL) =		Po + qd BLp/4Cml

																						=		4.17E-09		torr

																		Where:		qd =		1.00E-12		torr-l/s-cm2

																				B =		56.2		cm

																				Lp =		4000		cm

																				Sn =		103.284		l/s

																				Cml =		28.173		l/s

		Port Conductance:				For Air @ 20 C				1/Cm = 1/Cml + 1/Ca

				Aperture Conductance (Ca) =		ka A		Where:		ka =		0.116				from table 2.3 pg 87 in "Foundations of Vacuum Science and Technology", J.M. Lafferty

				=		823.766		l/s		A =		7126.000				mm2

				Duct Conductance (Cml) =		Ca a		Where:		a =		0.674				a = ac/(1+ac), Transmission probability for circular duct ac = 4d/3l

				=		555.122		l/s

				Total Conductance (1 Cm) =		331.637		l/s

		Tube Conductance:				For Air @ 20 C				Cml = Ca ae

				Aperture Conductance (Ca) =		ka A		Where:		ka =		0.116				from table 2.3 pg 87 in "Foundations of Vacuum Science and Technology", J.M. Lafferty

				=		2552.795		l/s		A =		22083.000				mm2

				Duct Conductance (Cml) =		Ca ae		Where:		ae =		0.011				ae = Transmission probability for an elliptical duct ae = .856 (a/l)ln((4b/a + 3a/4b),

				=		28.173		l/s								a = 127 mm, b = 228.6 mm, l = 30480 mm

		Effective Pump Speed at Port:				For Air @ 20 C				1/Sn = 1/Sp + 1/Cml

				Sn =		1/(1/Sp + 1/Cml)		Where:		Sp =		150				l/s

				=		103.284		l/s		Cml =		331.637				l/s
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Conductance Calcs for H2

		

																						Ultimate Pressure at Pump (Po) =		qd BLp/Sn

																						=		1.68E-09		torr

																						Pressure Between Pumps (PL) =		Po + qd BLp/4Cml

																						=		2.20E-09		torr

																		Where:		qd =		1.00E-12		torr-l/s-cm2

																				B =		56.2		cm

																				Lp =		4000		cm

																				Sn =		134.020		l/s

																				Cml =		106.867		l/s

		Port Conductance:				For H2 @ 20 C				1/Cm = 1/Cml + 1/Ca

				Aperture Conductance (Ca) =		ka A		Where:		ka =		0.439				from table 2.3 pg 87 in "Foundations of Vacuum Science and Technology", J.M. Lafferty

				=		3124.751		l/s		A =		7126.000				mm2

				Duct Conductance (Cml) =		Ca a		Where:		a =		0.674				a = ac/(1+ac), Transmission probability for circular duct ac = 4d/3l

				=		2105.717		l/s

				Total Conductance (1 Cm) =		1257.983		l/s

		Tube Conductance:				For H2 @ 20 C				Cml = Ca ae

				Aperture Conductance (Ca) =		ka A		Where:		ka =		0.439				from table 2.3 pg 87 in "Foundations of Vacuum Science and Technology", J.M. Lafferty

				=		9683.396		l/s		A =		22083.000				mm2

				Duct Conductance (Cml) =		Ca ae		Where:		ae =		0.011				ae = Transmission probability for an elliptical duct ae = .856 (a/l)ln((4b/a + 3a/4b),

				=		106.867		l/s								a = 127 mm, b = 228.6 mm, l = 30480 mm

		Effective Pump Speed at Port:				For H2 @ 20 C				1/Sn = 1/Sp + 1/Cml

				Sn =		1/(1/Sp + 1/Cml)		Where:		Sp =		150				l/s

				=		134.020		l/s		Cml =		1257.983				l/s
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Pump Down

		

								Distance from Pump (cm)		Pressure (torr) @ t = 1/2 Day		Pressure (torr) @ t = 1 Day		Pressure (torr) @ t = 2 Days		Pressure (torr) @ t = 9.5 Days

		Out Gassing Rate (qd)				torr-l/s-cm2				2.91E-10		1.32E-10		6.00E-11		1.02E-11

		Ultimate Pressure (Pu)				torr		0		5.64E-06		2.56E-06		1.16E-06		1.97E-07

								1500		9.51E-06		4.31E-06		1.96E-06		3.31E-07

		Pump Speed (Sp)		125.00		l/s		3000		1.29E-05		5.83E-06		2.65E-06		4.48E-07

		Effective Pump Speed (Sn)		69.67		l/s		4500		1.57E-05		7.12E-06		3.23E-06		5.47E-07

		System Volume (V)		5.30E+05		l		6000		1.80E-05		8.17E-06		3.71E-06		6.28E-07

		Manifold Conductance (CmT)		157.388		l/s		7500		1.98E-05		8.99E-06		4.08E-06		6.90E-07

		Tube Conductance (Cmt)		5.959		l/s		9000		2.11E-05		9.57E-06		4.34E-06		7.35E-07

		Tube Perimeter (B)		56.2		cm		10500		2.19E-05		9.92E-06		4.50E-06		7.62E-07

		Tube Length (L)		1.20E+04		cm		12000		2.21E-05		1.00E-05		4.56E-06		7.71E-07

		NOTE: Calculations assume best conditions with no conductance loss and H2O as the gas.  Assumes clean/degreased tubing.

		Equations Used from Roth:		Eq. #

		Pressure Profile (P)		3.284		qd B {(x/C)-[(x2)/(2C L)]}

		Ultimate Pressure (Pu)		3.281		qd B Lp/Sp

		Pressure Drop (dP)		3.285		qd B L/(2C)
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Pressure Profile

		

								Distance from Pump (cm)		Pressure (torr)		Pressure (torr)		Pressure (torr)		Pressure (torr)

		Out Gassing Rate (qd)				torr-l/s-cm2				1.00E-10		1.00E-11		1.00E-12		1.00E-13

		Ultimate Pressure (Pu)				torr		0		1.68E-07		1.68E-08		1.68E-09		1.68E-10

								250		1.80E-07		1.80E-08		1.80E-09		1.80E-10

		Pump Speed (Sp)		150.00		l/s		500		1.91E-07		1.91E-08		1.91E-09		1.91E-10

		Effective Pump Speed (Sn)		134.02		l/s		750		2.00E-07		2.00E-08		2.00E-09		2.00E-10

		System Volume (V)		8.83E+04		l		1000		2.07E-07		2.07E-08		2.07E-09		2.07E-10

		Port Conductance (Cmp)		1.26E+03		l/s		1250		2.13E-07		2.13E-08		2.13E-09		2.13E-10

		Tube Conductance (Cmt)		106.87		l/s		1500		2.17E-07		2.17E-08		2.17E-09		2.17E-10

		Tube Perimeter (B)		56.2		cm		1750		2.20E-07		2.20E-08		2.20E-09		2.20E-10

		Tube Length (L)		2.00E+03		cm		2000		2.20E-07		2.20E-08		2.20E-09		2.20E-10

		NOTE: Calculations assume best conditions with no conductance loss and H2 as the gas.  Assumes clean/degreased tubing.

		Equations Used from Roth:		Eq. #

		Pressure Profile (P)		3.284		qd B {(x/C)-[(x2)/(2C L)]}

		Ultimate Pressure (Pu)		3.281		qd B Lp/Sp

		Pressure Drop (dP)		3.285		qd B L/(2C)
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Thermal Analysis

		

		Thermal Growth of Proton Driver Ring Beam Tube:

				dL = a L dT =		4.318		in		Where:		a =		1.30E-05		in/in-F

												L =		31.25		m		1230		in

												dT =		150		C		270		F

		Thermal Stress if Beam Tube Ends Are Fixed:

				Sc = E dL/L =		35100		psi		Where:		E =		1.00E+07		psi

												dL =		4.318		in

												L =		1230		in

		Note:		This assumes a constant cross-section.

				If cross-section decreases at welds the compressive force will remain constant but Sc will rise.

		Mechanical Properties of 6063 Aluminum:

								Coefficient of Thermal Expantion (a) =		1.30E-05		in/in-F		for temp. between 68 and 212 F

										1.42E-05		in/in-F		for temp. between 68 and 572 F

								Modulas of Elasticity (E) =		1.00E+07		psi

								Tensile Stringth (St) =		13000		psi		annealed

										45000		psi		T6

								Yield Stringth (Sy) =		7000		psi		annealed

										31000		psi		T6
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Cost Estimate

												Proton Driver Ring Vacuum Cost Estimate

		Item		Units		Quantity Needed		Quantity Ordered		Spares		Cost /Item (FY00$)		Spares Value (FY00$)		Total Cost (FY00$)		Comments

		Vacuum Sector Totals:

		M&S		sector		1		1		0				$159,140		$1,041,020		materials, contractors, services, techs, etc

		EDI&A		sector		1		1		0				$0		$38,640		engineering, drafting

		Sector Sub-Total		sector		1		1		0				$159,140		$1,079,660

		Uncertainty Factor		% / sector		0.2		0.2		0		$1,079,660		$0		$215,932		Factor to compensate for estimators uncertainty (NOT RELATED TO PROJECT CONTINGENCY). Intended to account for scope uncertainty, specialty items in straight sections and beam lines, vacuum contributions to instrumentation, BPM's, detectors, RF, Lambertson

		Project Total:		total		2		2		0		$1,295,592		$318,279		$2,591,183		2 sectors for the ring and 0 sectors for transfer lines.

		Main Injector / Recycler / Proton Driver Comparisons:				Total Cost (K$)		Total Length (m)		Cost / meter ($/m)		EDI&A (%)		M&S (%)		Installation (%)

		MI				$6,428.3		8047		$798.84		15.20		84.80		14.60		Assumes MI, Recycler, and all beamlines

		Recycler				$1,972.0		3219		$612.61		5.40		94.60		28.50		Assumes only Recycler

		Proton Driver				$2,591.2		690		$3,755.34		7.98		92.02		11.71		Total = M&S + EDI&A

												Proton Driver Ring Vacuum Sector Cost Details

		Item		Units		Quantity Needed		Quantity Ordered		Spares		Cost /Item (FY00$)		Spares Value (FY00$)		Total Cost (FY00$)		Comments

		Proton Driver Ring Vacuum Sector

		Elliptical Beam Tubes for Drift Areas		m		300		400		100		$30		$3,000		$12,000		WAG

		Elliptical Beam Tubes for Magnets		m		400		500		100		$30		$3,000		$15,000		WAG

		Fittings:

		beam tube port		ea		15		20		5		$100		$500		$2,000		WAG

		2 1/2" elbow		ea		0		0		0		$150		$0		$0		book

		2 1/2" tee		ea		0		0		0		$200		$0		$0		book

		2 1/2" cross		ea		5		8		3		$250		$750		$2,000		book

		Spool Pieces:

										0				$0		$0

		Bellows:

		elliptical		ea		156		180		24		$600		$14,400		$108,000		MI

		2.5" round		ea		0		0		0		$150		$0		$0		MI

		Gauges:

		Pirani gauges		ea		4		5		1		$147		$147		$735		MI

		ion gauges		ea		0		0		0		$275		$0		$0		MI

		Ion Pumps:

		30 l/s		ea		10		15		5		$675		$3,375		$10,125		MI

		TSP's		ea		0		0		0		$350		$0		$0		MI

		Rough Pumps:

		5 l/s scroll pump		ea		1.00		1.50		0.50		$4,500		$2,250		$6,750		book

		60 l/s turbo pump		ea		1.00		1.50		0.50		$2,500		$1,250		$3,750		book

		Valves:

		2.5" roughing valve		ea		1		1.5		0.5		$449		$225		$674		book

		let-up Valves		ea		1		1		0		$184		$0		$184		MI

		z/n beam valve		ea		2		2		0		$10,000		$0		$20,000		book

		Flanges:

		NW63 ISO  blank		ea		1		2		1		$50		$50		$100		book

		4-1/2" OD CF		ea		15		20		5		$45		$225		$900		book

		4-1/2" OD AL-SS CF rotatable		ea		0		0		0		$300		$0		$0

		12" OD CF		ea		156		175		19		$300		$5,700		$52,500		book

		12" OD CF rotatable		ea		156		175		19		$400		$7,600		$70,000		book

		Flange Gaskets:

		NW63 ISO		ea		1		2		1		$30		$30		$60		book

		4-1/2" CF		ea		15		30		15		$2		$35		$70		book

		12" OD CF		ea		156		312		156		$32		$4,992		$9,984		book

		Flange Camps:

		chain clamp NW63		ea		2		2		0		$150		$0		$300		book

		Nut & Bolt Sets:

		beam valve		set		1		2		1		$36		$36		$72		book

		4-1/2" CF		set		15		20		5		$11		$55		$220		book

		12" OD CF		set		156		200		44		$55		$2,420		$11,000		book

		Cooling System		m		400		500		100		$1,000		$100,000		$500,000		WAG

		Stands:

		Standard Beam Tube Stands		ea		40		45		5		$50		$250		$2,250		WAG

		Pumping Station Stands		ea		1		2		1		$150		$150		$300		WAG

		Beam Valve Stands		ea		1		2		1		$200		$200		$400		WAG

		Ion Pump Stands		ea		10		12		2		$100		$200		$1,200		WAG

		Shop Equipment and Supplies:

		leak detectors		ea		1		1		0		$19,000		$0		$19,000		MI

		large ultrasonic cleaner		ea		0.00		0.00		0		$120,000		$0		$0		WAG, large cleaner for beam tubes

		small ultrasonic cleaner		ea		0.00		0.00		0		$20,000		$0		$0		MI,one for small SS parts, one for small AL parts

		tools		ea		0.00		0.00		0		$50,000		$0		$0		WAG, power tools, hand tools, tool boxes, etc

		cleaning supplies		ea		0.00		0.00		0		$100,000		$0		$0		WAG, chem. wipes, DI water, cleaning solution, alcohol, etc

		misc.		ea		0.00		0.00		0		$50,000		$0		$0		WAG, work benches, cabnets, shelves, etc

		Electronics:

		beam valve controllers		ea		1		2		1		$300		$300		$600		MI

		30 l/s IP power supplies		ea		10		12		2		$600		$1,200		$7,200		MI

		TSP power supplies		ea		0		0		0		$400		$0		$0		WAG

		60 l/s turbo controller		ea		1		1		0		$1,500		$0		$1,500		book

		ion gauge controllers		ea		0		0		0		$600		$0		$0		MI

		Pirani controllers		ea		4		5		1		$300		$300		$1,500		MI

		Cables:

		ion pump		ft		11000		11000		0		$0.08		$0		$880		1100 ft / pump, RG58-red

		ion gauge		ft		0		0		0		$0.08		$0		$0		300 ft / gauge, RG58-red

		Pirani gauge		ft		4000		4000		0		$0.13		$0		$520		1100 ft / gauge, 6 conductor #22ga  stock # 1170-0600

		valve		ft		1100		1100		0		$0.16		$0		$176		1100 ft / valve, 3 Pair # 22ga

		Labor:

		EDI&A:

		Engineering		hr		200		200		0		$65		$0		$13,000		WAG, EDI&A

		Drafting		hr		200		200		0		$45		$0		$9,000		WAG, EDI&A

		Pre-Installation Fabrication:

		Engineering		hr		100		100		0		$65		$0		$6,500		WAG, EDI&A

		Technician		hr		400		400		0		$45		$0		$18,000		WAG, cleaning, assembly, leak checking, inspection, etc

		Welder		hr		200		300		100		$65		$6,500		$19,500		WAG, pre-fab

		Installation:

		Technician		hr		650		650		0		$45		$0		$29,250		one vacuum tech 4 hrs. / vacuum interface, two vacuum techs 40 hrs. / sector for leak checking

		Contractor		hr		1248		1248		0		$65		$0		$81,120		one welder and fitter 4 hrs / vacuum interface

		Engineering Supervision		hr		156		156		0		$65		$0		$10,140		one engineer 1 hr / vacuum interface, EDI&A

		Electrician		hr		480		480		0		$65		$0		$31,200		2 electricians for 6 wks
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Outgassing Rates

		Material =		AL 6063						S.S. 304

		Treatment =		Inert Extruded / Degreased / Cleaned						Mill Finish / Degreased / Cleaned

		Qu =		1.00E-13		torr-l/s-cm2				1.00E-13		torr-l/s-cm2

		Qo =		7.73E-07		torr-l/s-cm2				5.27E-07		torr-l/s-cm2

		n =		1.12						1.14

				Qt = Qo/(t^n)

		Time		Qtal		Qtss

		(days)		(torr-l/s-cm2)		(torr-l/s-cm2)

		0		7.73E-07		5.27E-07

		0.5		4.87E-10		2.91E-10

		1		2.24E-10		1.32E-10

		1.5		1.42E-10		8.33E-11

		2		1.03E-10		6.00E-11

		2.5		8.04E-11		4.65E-11

		3		6.55E-11		3.78E-11

		3.5		5.51E-11		3.17E-11

		4		4.75E-11		2.72E-11

		4.5		4.16E-11		2.38E-11

		5		3.70E-11		2.11E-11

		5.5		3.32E-11		1.89E-11

		6		3.01E-11		1.71E-11

		6.5		2.76E-11		1.57E-11

		7		2.54E-11		1.44E-11

		7.5		2.35E-11		1.33E-11

		8		2.18E-11		1.24E-11

		8.5		2.04E-11		1.15E-11

		9		1.91E-11		1.08E-11

		9.5		1.80E-11		1.02E-11

		10		1.70E-11		9.58E-12

		10.5		1.61E-11		9.06E-12

		11		1.53E-11		8.59E-12

		11.5		1.45E-11		8.17E-12

		12		1.39E-11		7.78E-12

		12.5		1.33E-11		7.43E-12

		13		1.27E-11		7.10E-12

		13.5		1.22E-11		6.80E-12

		14		1.17E-11		6.53E-12

		14.5		1.12E-11		6.27E-12

		15		1.08E-11		6.03E-12

		15.5		1.04E-11		5.81E-12

		16		1.01E-11		5.61E-12

		16.5		9.71E-12		5.41E-12

		17		9.39E-12		5.23E-12

		17.5		9.09E-12		5.06E-12

		18		8.81E-12		4.90E-12

		18.5		8.54E-12		4.75E-12								Outgassing Rate After 100 Days

		19		8.29E-12		4.61E-12						AL =		1.29E-12		torr-l/s-cm2

		19.5		8.05E-12		4.47E-12						S.S. =		6.94E-13		torr-l/s-cm2

		20		7.83E-12		4.35E-12

		Data from JVST A, Vol. 11 No. 5, Sep/Oct 19993, "Correlation of outgassing of stainless steel and aluminum with various surface treatments"
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Outgassing Rates
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Roughing Manifold Conductance

		

		Port Conductance:				For H2O @ 20 C				1/Cmp = 1/Cml + 1/Ca

				Aperture Conductance (Ca) =		ka A		Where:		ka =		0.147				from table 2.3 pg 87 in "Foundations of Vacuum Science and Technology", J.M. Lafferty

				=		1045.384		l/s		A =		7126.000				mm2

				Duct Conductance (Cml) =		Ca a		Where:		a =		0.674				a = ac/(1+ac), Transmission probability for circular duct ac = 4d/3l

				=		704.467		l/s

				Total Conductance (1 Cmp) =		420.858		l/s

		Roughing Valve Conductance:				For H2O @ 20 C

				Aperture Conductance (Ca) =		ka A		Where:		ka =		0.147				from table 2.3 pg 87 in "Foundations of Vacuum Science and Technology", J.M. Lafferty

				=		1047.522		l/s		A =		7126.000				mm2

				Manifold Transmission Probability (am) =		0.240				am =		0.240				Transmission probability right angle fitting

				Manifold Conductance (Cmm) =		Ca a		l/s

				=		251.405		l/s

		Total Conductance Between Pump and Tube:				For H2O @ 20 C				1/CmT = 1/Cmm + 1/Cmp

				CmT =		157.388		l/s
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Conductance Calcs for H2O

		

																						Ultimate Pressure at Pump (Po) =		qd BLp/Sn

																						=		2.03E-09		torr

																						Pressure Between Pumps (PL) =		Po + qd BLp/4Cml

																						=		3.60E-09		torr

																		Where:		qd =		1.00E-12		torr-l/s-cm2

																				B =		56.2		cm

																				Lp =		4000		cm

																				Sn =		110.586		l/s

																				Cml =		35.752		l/s

		Port Conductance:				For H2O @ 20 C				1/Cm = 1/Cml + 1/Ca

				Aperture Conductance (Ca) =		ka A		Where:		ka =		0.147				from table 2.3 pg 87 in "Foundations of Vacuum Science and Technology", J.M. Lafferty

				=		1045.384		l/s		A =		7126.000				mm2

				Duct Conductance (Cml) =		Ca a		Where:		a =		0.674				a = ac/(1+ac), Transmission probability for circular duct ac = 4d/3l

				=		704.467		l/s

				Total Conductance (1 Cm) =		420.858		l/s

		Tube Conductance:				For H2O @ 20 C				Cml = Ca ae

				Aperture Conductance (Ca) =		ka A		Where:		ka =		0.147				from table 2.3 pg 87 in "Foundations of Vacuum Science and Technology", J.M. Lafferty

				=		3239.576		l/s		A =		22083.000				mm2

				Duct Conductance (Cml) =		Ca ae		Where:		ae =		0.011				ae = Transmission probability for an elliptical duct ae = .856 (a/l)ln((4b/a + 3a/4b),

				=		35.752		l/s								a = 127 mm, b = 228.6 mm, l = 30480 mm

		Effective Pump Speed at Port:				For H2O @ 20 C				1/Sn = 1/Sp + 1/Cml

				Sn =		1/(1/Sp + 1/Cml)		Where:		Sp =		150				l/s

				=		110.586		l/s		Cml =		420.858				l/s
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Conductance Calcs for Air

		

																						Ultimate Pressure at Pump (Po) =		qd BLp/Sn

																						=		2.18E-09		torr

																						Pressure Between Pumps (PL) =		Po + qd BLp/4Cml

																						=		4.17E-09		torr

																		Where:		qd =		1.00E-12		torr-l/s-cm2

																				B =		56.2		cm

																				Lp =		4000		cm

																				Sn =		103.284		l/s

																				Cml =		28.173		l/s

		Port Conductance:				For Air @ 20 C				1/Cm = 1/Cml + 1/Ca

				Aperture Conductance (Ca) =		ka A		Where:		ka =		0.116				from table 2.3 pg 87 in "Foundations of Vacuum Science and Technology", J.M. Lafferty

				=		823.766		l/s		A =		7126.000				mm2

				Duct Conductance (Cml) =		Ca a		Where:		a =		0.674				a = ac/(1+ac), Transmission probability for circular duct ac = 4d/3l

				=		555.122		l/s

				Total Conductance (1 Cm) =		331.637		l/s

		Tube Conductance:				For Air @ 20 C				Cml = Ca ae

				Aperture Conductance (Ca) =		ka A		Where:		ka =		0.116				from table 2.3 pg 87 in "Foundations of Vacuum Science and Technology", J.M. Lafferty

				=		2552.795		l/s		A =		22083.000				mm2

				Duct Conductance (Cml) =		Ca ae		Where:		ae =		0.011				ae = Transmission probability for an elliptical duct ae = .856 (a/l)ln((4b/a + 3a/4b),

				=		28.173		l/s								a = 127 mm, b = 228.6 mm, l = 30480 mm

		Effective Pump Speed at Port:				For Air @ 20 C				1/Sn = 1/Sp + 1/Cml

				Sn =		1/(1/Sp + 1/Cml)		Where:		Sp =		150				l/s

				=		103.284		l/s		Cml =		331.637				l/s
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Conductance Calcs for H2

		

																						Ultimate Pressure at Pump (Po) =		qd BLp/Sn

																						=		1.68E-09		torr

																						Pressure Between Pumps (PL) =		Po + qd BLp/4Cml

																						=		2.20E-09		torr

																		Where:		qd =		1.00E-12		torr-l/s-cm2

																				B =		56.2		cm

																				Lp =		4000		cm

																				Sn =		134.020		l/s

																				Cml =		106.867		l/s

		Port Conductance:				For H2 @ 20 C				1/Cm = 1/Cml + 1/Ca

				Aperture Conductance (Ca) =		ka A		Where:		ka =		0.439				from table 2.3 pg 87 in "Foundations of Vacuum Science and Technology", J.M. Lafferty

				=		3124.751		l/s		A =		7126.000				mm2

				Duct Conductance (Cml) =		Ca a		Where:		a =		0.674				a = ac/(1+ac), Transmission probability for circular duct ac = 4d/3l

				=		2105.717		l/s

				Total Conductance (1 Cm) =		1257.983		l/s

		Tube Conductance:				For H2 @ 20 C				Cml = Ca ae

				Aperture Conductance (Ca) =		ka A		Where:		ka =		0.439				from table 2.3 pg 87 in "Foundations of Vacuum Science and Technology", J.M. Lafferty

				=		9683.396		l/s		A =		22083.000				mm2

				Duct Conductance (Cml) =		Ca ae		Where:		ae =		0.011				ae = Transmission probability for an elliptical duct ae = .856 (a/l)ln((4b/a + 3a/4b),

				=		106.867		l/s								a = 127 mm, b = 228.6 mm, l = 30480 mm

		Effective Pump Speed at Port:				For H2 @ 20 C				1/Sn = 1/Sp + 1/Cml

				Sn =		1/(1/Sp + 1/Cml)		Where:		Sp =		150				l/s

				=		134.020		l/s		Cml =		1257.983				l/s
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Pump Down

		

								Distance from Pump (cm)		Pressure (torr) @ t = 1/2 Day		Pressure (torr) @ t = 1 Day		Pressure (torr) @ t = 2 Days		Pressure (torr) @ t = 9.5 Days

		Out Gassing Rate (qd)				torr-l/s-cm2				2.91E-10		1.32E-10		6.00E-11		1.02E-11

		Ultimate Pressure (Pu)				torr		0		5.64E-06		2.56E-06		1.16E-06		1.97E-07

								1500		9.51E-06		4.31E-06		1.96E-06		3.31E-07

		Pump Speed (Sp)		125.00		l/s		3000		1.29E-05		5.83E-06		2.65E-06		4.48E-07

		Effective Pump Speed (Sn)		69.67		l/s		4500		1.57E-05		7.12E-06		3.23E-06		5.47E-07

		System Volume (V)		5.30E+05		l		6000		1.80E-05		8.17E-06		3.71E-06		6.28E-07

		Manifold Conductance (CmT)		157.388		l/s		7500		1.98E-05		8.99E-06		4.08E-06		6.90E-07

		Tube Conductance (Cmt)		5.959		l/s		9000		2.11E-05		9.57E-06		4.34E-06		7.35E-07

		Tube Perimeter (B)		56.2		cm		10500		2.19E-05		9.92E-06		4.50E-06		7.62E-07

		Tube Length (L)		1.20E+04		cm		12000		2.21E-05		1.00E-05		4.56E-06		7.71E-07

		NOTE: Calculations assume best conditions with no conductance loss and H2O as the gas.  Assumes clean/degreased tubing.

		Equations Used from Roth:		Eq. #

		Pressure Profile (P)		3.284		qd B {(x/C)-[(x2)/(2C L)]}

		Ultimate Pressure (Pu)		3.281		qd B Lp/Sp

		Pressure Drop (dP)		3.285		qd B L/(2C)
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Pump Down

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0



1/2 Day

1 Day

2 Days

9.5 Days

Distance From Pump (cm)

Pressure (torr)

Proton Driver Pumpdown Time

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



Pressure Profile

		

								Distance from Pump (cm)		Pressure (torr)		Pressure (torr)		Pressure (torr)		Pressure (torr)

		Out Gassing Rate (qd)				torr-l/s-cm2				1.00E-10		1.00E-11		1.00E-12		1.00E-13

		Ultimate Pressure (Pu)				torr		0		1.68E-07		1.68E-08		1.68E-09		1.68E-10

								250		1.80E-07		1.80E-08		1.80E-09		1.80E-10

		Pump Speed (Sp)		150.00		l/s		500		1.91E-07		1.91E-08		1.91E-09		1.91E-10

		Effective Pump Speed (Sn)		134.02		l/s		750		2.00E-07		2.00E-08		2.00E-09		2.00E-10

		System Volume (V)		8.83E+04		l		1000		2.07E-07		2.07E-08		2.07E-09		2.07E-10

		Port Conductance (Cmp)		1.26E+03		l/s		1250		2.13E-07		2.13E-08		2.13E-09		2.13E-10

		Tube Conductance (Cmt)		106.87		l/s		1500		2.17E-07		2.17E-08		2.17E-09		2.17E-10

		Tube Perimeter (B)		56.2		cm		1750		2.20E-07		2.20E-08		2.20E-09		2.20E-10

		Tube Length (L)		2.00E+03		cm		2000		2.20E-07		2.20E-08		2.20E-09		2.20E-10

		NOTE: Calculations assume best conditions with no conductance loss and H2 as the gas.  Assumes clean/degreased tubing.

		Equations Used from Roth:		Eq. #

		Pressure Profile (P)		3.284		qd B {(x/C)-[(x2)/(2C L)]}

		Ultimate Pressure (Pu)		3.281		qd B Lp/Sp

		Pressure Drop (dP)		3.285		qd B L/(2C)
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Pressure Profile
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Thermal Analysis

		

		Thermal Growth of Proton Driver Ring Beam Tube:

				dL = a L dT =		4.318		in		Where:		a =		1.30E-05		in/in-F

												L =		31.25		m		1230		in

												dT =		150		C		270		F

		Thermal Stress if Beam Tube Ends Are Fixed:

				Sc = E dL/L =		35100		psi		Where:		E =		1.00E+07		psi

												dL =		4.318		in

												L =		1230		in

		Note:		This assumes a constant cross-section.

				If cross-section decreases at welds the compressive force will remain constant but Sc will rise.

		Mechanical Properties of 6063 Aluminum:

								Coefficient of Thermal Expantion (a) =		1.30E-05		in/in-F		for temp. between 68 and 212 F

										1.42E-05		in/in-F		for temp. between 68 and 572 F

								Modulas of Elasticity (E) =		1.00E+07		psi

								Tensile Stringth (St) =		13000		psi		annealed

										45000		psi		T6

								Yield Stringth (Sy) =		7000		psi		annealed

										31000		psi		T6
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