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WORKSHOP ON COMMISSIONING AND
OPERATION OF THE SSC

II. RESULT OF WORKSHOP SHOULD BE:

e TO DETERMINE THE IMPORTANCE OF VARIOUS MAGNET FEATURES TO
THE EFFICIENT OPERATION AND/OR COMMISSIONING OF THE MACHINE.
GRADED FROM 0 TO 10, SUCH THAT: j

0 = IRRELEVANT
5 = IMPORTANT
10 = CRUCIAL

e TO DETERMINE HOW WELL A MACHINE BUILT WITH A PARTICULAR
MAGNET TYPE ACCOMMODATES THOSE FEATURES.
GRADED FROM 0 TO 10, SUCH THAT: |
0= NOT AT ALL
5 = POSSIBLE
10 = EXCEPTIONALLY WELL

e TO ASSIGN AND SCHEDULE COMPLETION OF THE WORK BY APRIL 1, 1985.
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Workshop on $SC Commissioning and Operations

! January 14-18, 1988~

HAT

News Reports
Summary Session

Cryogenics Workroom
Cryogenics Reports

Operations Workroom
Operations Reports

Design Workroom
Design Reports

Systems Workroom
Systems Reports

Coffee Break
Secretarial

Meeting Rooms

WHEN
T,W,Th 8:30-9:30
Friday 8:30-Noon

Always
T.W,Th 11:00-Noon

Always
T,W,Th 1:30-2:30

Always
T,W,Th 2:45-3:45

Always
T.W,Th 4:00f5:00

9:30-10:00
8:30-5:00

WHERE
308 LeConte
308 LeConte

349 LeConte
308 LeConte

430 Birge
308 LeConte

347 LeConte
308 LeConte

343 LeConte
308 LeConte

375 LeConte
375 LeConte
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Crvogenic Questions

Large Scale Cooldowns
Time, cost, how often?

Magnet Replacement

Time required, beam valves, how is it done, how
often?

Steady State Operation

Removing heat from synchrotron radiation and
ramping.

Two Phase Flow
Is it stable?

One Phase Flow
What do the recoolers look like?

Quench Recovery
Two-in-one implications.

Separate Cryogenics

Should one-in-one magnets have separate
cryostats?



Design Questions

Magnet Selection

Is it desirable? What are the two-in-one
implications?

Fractional Testing

During commissioning, how many magnets will
have to be changed?

Field Level

What is the difference between very large and
ultra large rings?

Optics Restrictions

How do they depend on magnet type? How
important are they?

Beam Crossing
Problems related to magnet type.

Correction Elements

Probiems related to magnet type. What level of
redundancy?



Operations Questions

Installation
Questions related to magnet type.

Ramp Cycle Time
Is a slow ramp okay? What about eddy currents?

Beam Injection and Abort

Questions related to magnet type, and side-by-
side/over-under configurations.

Quenches

How often might we expect them? Are they at
injection or high field?

Beam Conditioning

How long does it take to fill, accelerate, condition,
collide, etc.?

Partial Acceleration

Is it possible to accelerate one beam while injecting
the other? Is it useful?

Overall Complexity of Machine Operation
Related to magnet type.



Systems Questions

Quench Detection and Protection
Different methods for different magnet types.

Power Supply Configurations
Refated to magnet type.

Regulation Requirements

Electromagnetic coupling. Transmission line
effects. |

Vacuum System, Control System
Differences related to magnet type.
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Workshop on $SC Commissioning and Operations
January 14 - 18, 1988

Participants

Workshop € nation

Don Groom University of Utah
Peter Limon Central Design Greup
Karen Larsen Lawrence Berkeley Laboratory
Cryogenics Group
William Fowler, Coordinator Fermi National Accelerator Laboratory
Donald Brown Brookhaven National Laboratory
Claus Rode Fermi National Accelerator Laboratory
Peter VanderArend Cryogenics Consultants, inc.
John Van Sloan Air Products & Chemicals, Inc.
Richard Wolgast Lawrence Berkeley Laboratory
Desiqn Group
Christoph Leemann, Coordinator Lawrence Berkeley Laboratory
Alex Chao Central Design Group-SSC
Ernest Courant Brookhaven National Laboratory
Don Edwards Fermi National Accelerator Laboratory
Eugene Fisk Fermi Natoinal Accelerator Laboratory
Albert Hoffman Stanford Linear Accelerator Center
Steve Peggs Central Design Group-SSC
Jack Peterson Lawrence Berkeley Laboratory
Operations Group
Paul Reardon, Coordinator Brookhaven National Laboratory
Phil Bryant CERN
Lyn Evans CERN .
Mike Harrison fermi National Accelerator Laboratory
Russ Huson Texas Accelerator Center
Andrew Hutton Stanford Linear Accelerator Center
Derek Lowenstein Brookhaven National Laboratory
Robert Mau Fermi National Accelerator Laboratory
Rich Orr Fermi National Accelerator Laboratory
John Poole CERN
LucVos CERN
Peter Wanderer Brookhaven National Laboratory
Systems Group
Donald Hartill, Coordinata Cornell University
Dixon Bogert . Fermi National Accelerator Laboratory
Richard Cassel Stanford Linear Accelerator Center
Karl Koepke Fermi National Accelerator Laboratory
Gerry Tool Fermi National Accelerator Laboratory

John Zeigier Texas Accelerator Center
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CRYQGENIC AND MAGNET SYSTEM INTERFACES

MAGKET OPERATING TEMPERATURE
ﬁﬁé—ﬁchﬁcBLs AT fov M\‘h.\e\e_
A+ SUPPORT HEAT STATIONING
B. HEAT SHIELDS
® HieH TEMPERATURE (80°k)
®  LOW TEMPERATURE
- 1IN OR 0UY?
~ MEAN OPERATING TEMPERATURE?
~ PIPING SPACE?
C. # [NSULATION SYSTEM
PRESSURE DROP IN MAGNETS - ALL OPERATI NG CONDI TIONS
PIPING - NUMBER AND S1ZE OF PIPES REQUIRED
A. OPERATING FLEXIBILITY VSe COST AND SPACE
B. PRESSURE DROP VS» OPERATING TEMPERATURE
C. PRESSURE DROP VS. OPERATING EFFICIENCY (COST)
HELIUM VOLUME IN MAGNET SYSTEM '
COOLDOWN MASS OF MAGNET SYSTEM

SPACE REQUIRED FOR RECOOLERS, ETc.,
WARM ye
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Crveuenic Questions

Large Scale Cocldowns
Time, cost, row often?
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Two-in-ore implications.

Separate Crycgenics
Should one-in-oine magnets have separate
cryostats?
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MAGNET
Fleld (T)
Cold Mass (MJ)

Cold Mass/Ref (MJ)
Cold Mass/Section (MJ)
Section (F)
Section/Ref

MAGNET COOLING

Type
Main Flow

Pressure  (atm)

Flow (g/sec)
Temp. Gradient (%K)
Subcooler Spacing (M)
Subcooler

Shields

6 1/2
5,100
420,103
35,10
600
12

Orifice Flow
Two 2” holes

2 X 140 -
~ .05
200
Dewar
80°

)

)
MAGNET COMPARISON
_D

6.10°

500.10°

20,10°
600
24

# Direct + Cond.

? Ring Between
iron & collar

4
? 4 x 100

.04 alum/.07 SS
200
Dewar

[ 4
+/0
&0

5
2,4 100
200,103
12.10°
1070
16

Direct

Bore +
8 wedges

y
4 x 50
.03
107
28 exch,
30%+100

3,3 100
140.10°
33.10°
150.
142

Conduction

Two 4%
high D’s

2
2 X 56
.07

300
Dewar
80%+10°
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ALTERNATE MAGNET He FLOW SCHEMATIC - 4 PIPE
CHR 1I- 8 -84
26g/sec
10° SHIELD - s
15t 2No joTH 20TH _
FULL CELL FULL CELL FULL CELL FULL CELL ;
\ Y It al
L i 0{ L L
i0 He SU?PLY P N 100g/sac AN AP WA AN e—" VWV~
\_J _J L —J U
T49/s8c
LIQ.He RETURN —egf eee
4.50 - - 4.50
4‘45 q | \/\/\ . 4"5
4.40 4 \/\/\._-°. | - 4.40
4.35 | ) ~———1 4.35
4.30 - a  4.30
4.25 - | 4.25
MAGNET TEMPERATURE PROFILE
10 - 10
9- -9
8 " I f— __I'.. s 8
T ) “s 2 7
6- 6
5 | 5
4- \ L 4

10° SHIELD TEMPERATURE PROFILE
FIG.4



NORMAL OPERATION

ALTERNATE
ST SSC MAGNET PARAMETERS

STRING LENGTH 4,27 KM Flow 100. q
10 Magnet Input 4.0 otm  4.38°K
Output 3.7 atm 4,469
Lig. Return Input 3.7 oatm  4.40%
Qutput 3.4 atm  4.429K
10° shield Input 1,123 atm 4,359
Output 1,113 atm 8. 9%
300 shield Input 5.0 atm 74, 9%
Output 4.0 atm  89. %
ONE He REFRIGERATOR COMPLETELY OFF
LONGEST STRING 8,53 KM Flow 100, s
18 Magnet Input 4.0 atm  4.38%
Output 3.4 atm 4,469
Lig, Return \ Input 3.4 oatm  4.400
Output 2.9 atm  4.42%
10° shield Input  1.123 atm  4.359%
Qutput 1.043 atm 8. 9K
809 Shield No Changes

Table 1

g/sec

g/sec

Liq.
Liq.

Liq,
Liq, 74. g/sec

Gas
Gas 26, g/sec

Liq.
Liq.

Lig.
Lig.

Lig,
Lig. 48. g/sec

Gas
Gas 52. g/sec
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He REFRIGERATOR CONFIGURATION
REFRIGERATOR ¥ 7 COMPLETELY DOwN FOR REPAIR

OPTION: IF NEEDED REF.¥#44 #10 cAN SUPPLY EXCESS LIQUIC




INITIAL COOLDOWN:
N,
Temp

Tunnel “MTF” TESTING:

N

REPAIR SEQUENCE:
Time (days)
Repair Isolation

Bore Isolation

Warm Up Using
Warm Up Location

) J )

. . g.:_. . ) )

MAGNET OPE

A

Buy 13,000 tons Buy 16,000 tons

80,20,5

Buy 300 ton/day Buy

~5 5
Valves on some lines

| He & N2 purges

Purge with He

Gas

1 cell to 300%
2 cells to 809K + drift
14 cells drifting

\

Al_IMP

)

f)

.

3
U-tubes

Valves

Electric Heaters
1 Section

e L

Pre test all

4-5
Purge with He

Purge3.3 km
with He
Gas

1 magnet + 2 enc
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1982 DATA — TONS PER DAY

* —— 500 — 1000
* — 10002000

® -— 2000 -5000

# — >%000

@ — ssC SITE PROPOSALS

AIR SEPARATION CAPACITY

e
P ad
[ 1)

55C COLD IRON USAGES

OPERATE 250
SECTOR FAST COOLDOWN 500
FULL RING COOLDOWN 10Q0




BNL - FiNAL CKYOGENIC NTS_1-10-85

USE CONDUCTION COOLING
" USE TWO SHIELDS: 86°% rLUS 10 to 209K
ALL CRYOGENIC CIRCUITS 20 ATM MAWP

VACUUM SHELL 5 ATM MAWP IS USEFUL

\

AREAS FOR FURTHER DISCUSSION WITH MAGNET DESIGNERS

BORE TUBE FOR 4 CM MAGNET | 29MM / 33.4MM ID

HOLES IN IRON/SLOT BEIWEEN Eg&bﬁg AND IRON MAGNET IMPACT
(TWO HOLES BETTER 1:IAN QNF) - {_CRYOGENIC IMPACT
(MEASURE CONDUCTIVITY_UF IRON)

)

WARM-UP BY ELECTRIC HEATERS ' IMPACT
COST VS ADVANTAGES OF ADDITIONAL PIPES $30M 3
COLLAR MATERIAL AL / SS
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MAGNET CRYOGENIC DESIGN GOAL

LOW HEAT LEAK

Dipole Ny 1.25 w/m
“ Dipole He .15 w/m

MINIMUM NUMBER OF PIPES: 4 EACH MAGNET

80%K Shield

10% shield (Quench Header)
Return Header (28 or Liquid Return) ... -
Supply Header (18 Coils)

Yo7

4in ‘e~ 2 atm lead flow

NOTE: Two additional in tunnel .
\ 3in N, 20 aun return

NON FRAGILE

20 atm all clrcuits
?? 5 atm vacuum shell
He circuit 3009 step
Ny circit 200°K step (Lia. 277)

VAC. (oSS
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QPERATIONS SUMMARY

_~Period of Time Covered: 'WEEK #21
~  “ates:__3/21/84 ,0000 hrs, through__ S/27/84 2400 Nows .
Energy: 800 Ge¥ Flattop 20 Seconds
Mode of Extraction:___SLOW
Total No. of TeV Protons Accelerated: .281 x 10"
Total No. of MR Protons Accelerated: .219 x 1017
Total No. of Main-Ring Ramps: 10072
Total No. of TeV Protons Injected: uNk_ x 1017
Total on TH Loss Monitor: UNK__ 2 \o"
Total to Meson Area: .010 x 10"
Total to Neutrino Area: .012 x 10"
Total to Proton Area: X 10"
Average/Pulse: 2.79 x 1012
~ 7™ Average/Pulse: 7.87 _x 1012
For HEP
-verage Injection
Efficiency: UNK %
Average Extraction
Loss: UNK %
M Aborts: UNK
TeV Aborts: UNK
MR Charge Aborted: UNE % 101‘
TeV Charge Aborted: UNK
Scheduled Hours Actual Wours
High-Energy Physics 112.0 67,45 Efficiency: 60.2 g
Accelerated Studies 29.0 19.38 Efficiency: 66.8 3%
Startwp: 16.0
Tuning: 1.86
Accelerator Failure: 68.31
~ Operation Hours: 157.0 157.00
Scheduled Shytdown: 11.0 11.00

—

d Hoc Shutdown:
Total Hours:

l

168.0

168.00
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Ret. © (D
Tunnel Pugnet Hagnet " Date
location Removed l”hcennt M““ z‘

¢
~ C-\-95 2092 R382

Inspector of upstream & downstream magnets WM. ALRERTUS

Replacenent Low Incorrect
Stacus [Xox Field Series

If magnet removed is & quad, vas

it surveyed prior to removal? Yes No

REASON FOR REPLACEMENT

1. B Short: failed under power BJAck Lsted pace MARew 2112
2. Hi-pot Milliamps Vcﬂt‘: Date
3. Convenience

BENDING MAGNET LEVELING DATA

—_ (Fill in appropriate bubble location)
i Level
"014d" Magnet Location "Hew' Magnet

Y
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2092 RBiack lsted TwieEd S pan

bistridution: H. Edwards/342, R. Gerig/306, S. Hickey/314, R. Ma
R. Orr/306, & D. Plant/306 y u/306, C. Moore/306,
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) ) ) ) ) ) ) ) y

) VERY GENERAL O\ ) VIEW OF STUDIES VS HEP )

l. WE ATTEMPED TO BREAK THE RUNNING WEEK UP AS FOLLOWS:

7 STUDY SHIFTS (ALSO INCLUDED M&D)
14 HEP SHIFTS

2. STUDIES HAD 3 MAJOR PURPOSES

A. TO ENHANCE THE PRESENT RUN
EXAMPLES ARE TEV QUENCH RECOVERY, SPILL QUALITY STUDIES, SY APERTURE STUDIES

B. TO LEARN HOW TO RUN PARASITIC ACCELERATOR STUDIES DURING HEP
FLYING WIRE STUDIES.

C. TO PREPARE FOR FUTURE HEP MODES AND FUTURE ACCELERATOR OPERATING MODES
EXAMPLES ARE FAST EXTRACTION STUDIES, BO LOW BETA STUDIES, MRRF PARAPHASING &
LOW FREQUENCY CAVITY WORK.

3. IN GENERAL PARASITIC STUDIES DURING THIS YEARS RUN WERE PARASITIC AND DID NOT INTERPFER

WITH HEP.
STUDIES STATISTICS

. TOTAL
WEEK § 40-43 44-52 1-6 14-21 22-28 846
SCHEDUELED STUDIES HRS. 106 272 107 212 149 452
ACTUAL STUDIES HRS. 46.6 168 71.6 131.9 34
STUDIES/SCHEDULED  44% 61.8% 66.9% 62.2% 22.8%
SCHEDULED HEP HRS. 529 1019 799 1020 792 4159
SCHEDALED STUDIES HRS. 106 272 107 212 149 046
STUDIES/HEP 20% 2693 13. 4% 20% 18. 0% 200
ACTUAL HEP HRS.. 101 529 $03 $77.3 461.5 2197
ACTUAL STUDIES HRS. 46.6 168 71.6 131.9 34.0 452

ACT. STUDIES/ACT. HEP 46% 1. 14.2% 22% 7.3% 208



ENERGY 400 400 | 400 800 800
WEEK ¢ 40-43 44-52 1-6 14-21 22-28
LINAC 3.9 5.5 .8 2.7 4.3
BOOSTER .7 1.2 ¢ 1.4 4.3
R 22.7 6.0 3.6 5.1 5.2
=V 233.0 56.0 32.7 48.0 70.8
sY 41.9 5.5 3.6 12.3 2.9
UTILITIES 39.8 2.5 4.6 4.8 1.2
TUNING 4.3 6.3 6.4 7.0 7.2
CONTROLS 7.6 4.5 2.6 6.3 1.0
TOTAL 353.9 87.5 49.9 66.3 100.1
THIS DATA IS DOWMNTIME x 100 DOWNTIME
ACTUAL HEPSACTUAL STUDIES/TUSING  UPTINE



TEV DOWNTIME

ENERGY . 400 400 400 400 400

WEEK § 40-43 44-52 1-6 14-21 T 21-28
CRYO CHL 19.5 14.3 16.7 16.4 31.4

‘ .
P.S. GPM 54 12.8 7.99 8.8 6.2
CONTROLS 7.6 4.5 2.9 1.8 2.2
TEV INJ. 0 2.3 1.7 .8 .7
TEV RP 2% 3.3 1.2 .91 .8
TEV VAC 0 1 .4 1.9 .3
TEV CORR 1.5 1.2 .4 4.4 .6
TEV MISC 7 11.77 1.4 1.4 3.4
TEV MAG 141 4.4 0 .78 18.1
T QUENCH 5.2 8.2 5.3 9 4.7
TOTAL 260.8 63.8 38 46.2 70.4
THIS DATA IS DOWNTIME x 100 DOWNTIME
a %

ACTUAL HEP+ACTUAL STUDIES+TUNING UPTIME



QUENCHES

1983 1984

ENERGY - 400 400 400 800 800
WEEK T 40-43 44-52 1-6 14-21 22-28
MEEKS 4 9 6 8 7
SAVER QUENCH
TOTAL 29 197 68 69 39
QUENCH/#WEEKS 7 21.9 1.3 8.6 5.6
SY LB 6 0 1 10 0

R8 12 9 ) 5 4
TOTAL 18 9 9 15 4
SY QUENCH/# WEEKS 4.5 1 1.5 1.9 .6
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POWER USAGE AT SAMPLE TIMES
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Beam QUENCHES

InJecTION QUENCHES .33 HRS.
ACCELERATION QUENCHES | 42 RS,
FLAT Top QueENcHES .76 HRS,
FLaT Top QueNCHES 85

OmHER QUENCMES

FuLt House 4.26 HRs,
QPM Fa1LURES 78
P.S. FalLures | 4,08

= .- ‘*i.....‘.,. f..""": ? o : £
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S. Heifets W. Schmidt Electrical:
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FUNDING

HARC Texas AgM Univ. of Houston
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MAGNET CRYOGENIC FEATURES

4 DESCRIPTION A | > |» jC

’ 1 Supmbowd Maxinum Operating Temperature 10

, 2 m sr.Tab:ll:lty ) - 8.
_ : : Ralf Cell ‘g

Sector 8

3 Magnet Mass Ei ag‘ofdlc;\‘l.nk |

- :ﬁﬁi Pressure Drop 10

: 5 Helium Inventory S

6 Design Pressure ]
-~ ~3 Space for Recooler 7
8 Piping (Distribution) 8
9 Heat Shield at 80K and 10K - 20K 8

-~ 10 Magnet Stiffnum B‘w_,’ L.g'a(k‘ S

i1l Quench Recovery Time I a - ] E ) s ]

12 Ring Length =, \ 5 N

T3 Magnet Replacement / 8
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MAGNET COMPARISON
_A D B _ L
MAGNET
Fleld (M 6 1/2 6 5 3
Cold Mass () 5,100 6.10° 2.4 10° 3.3 100
Cold Mass/Ref  (MJ) 420.10° 500.10° 200,10° 140.10°
Cold Mass/Section (MJ) 35.10° 20.10° 12.10° 33.10°
Sectlon () 600 600 1070 150.
Section/Ref 12 24 16 42
MAGNET COOLING
 Type Orifice Flow & Direct + Cond. Direct Conduction

Main Flow Two 2* holes ? Ring Between Bore + Two 4*

‘ | iron & collor 8 wedges high D’s
Pressure  (Otm) 4 4 4 2
Flow (g/sec) 2 x 140 ? 4 x 100 4 x S0 Z X 56
Temp. Grodient (%K) ~.05 .04 aluw/.07 SS 03 .07
Subcooler Spacing (M) 200 200 107 300
Subcooler Dewor Dewar 28 exch. Dewar
Shields 80° ”’o‘l‘g' 30°+10° 800+10°
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f'_ ;-. TO(.EIFRMINE THE lNPOR!AhCE OF YARIOQUS MAM‘ FEATURES TO
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. MACNET CRYOGENIC FEATURES
~

- DESCRIPTION 0 B
Sogquised Maxinum Cperating Temperature 18 E 3‘52 10 E { i 5
T AT Stability 8 5 : f
h n.-u Cell 2 [ § 5|5 5
Sector 8 5 5 v_;_ 5
Magnet Mass  B) §§‘gng__f:o§3" A #xf' 6.2 5°¢
B Pressure Drop 10 ‘-9 ‘:9 ‘8 70
. Helium Inventory s |66 51 "" 7.0
; Design Pressure s |5¢14p160 ff '
rn Space for Recooler ? ‘.2 ‘ﬁ‘ f?’ “f
3 Piping (Distribution) s |15¢|5¢8 é2 6.7
5 | Heat shield ac 80K and 10K - 208 8 |%6146|64 7.0
0 Magnhet Stiifnem/ﬁupports 5 7.3 ‘,L z.‘ ;0
1 (uench Recover} Time “a) z ; E; s 1501 66|22 56
2 | Ring Length 5 |70 7ol LY 2
3 Magnet Replacement 8 f‘ {f ‘-’ f,i_
1’.;_‘;,1‘3,..\,,,,,%_,‘,44 57 0|l ©
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Design Questions

Magnet Selection

Is it desirable? What are the two-in-one
implications?

Fractional Testing

During commissioning, how many magnets will
have to be changed?

Field Level

What is the difference between very large and
ultra large rings?

Optics Restrictions

How do they depend on magnet type? How
important are they?

Beam Crossing
Problems related to magnet type.

Correction Elements

Problems related to magnet type. What level of
redundancy?
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BASIC REQUIREMENTS FOR REASONABLY RAPID COMMISSIONING

MAGRETICALLY DE-COUPLED CORRECTIONS OF SUFFICIENT MAGNITUDR
TO COMPENSATE FOR ERRORS AND CYCLING PHENOMEKA IN THE
MAGNETICALLY COUPLED BENDS AND QUADS

[2-1N-1; AND, POSSIBLY, DUAL MAGNET STYLE])

DESIREABLE REQUIREMENTS POR COMMISS1ONING

o

o

DE-COUPLED BEAMS IN THE IR'S

SINGLE BEAM CPERATION WHEN ONE RING 1S DOWN OR NOT COMPLETED
CAPABILITY TO OPERATE BOTH RINGS AT DIFFERENT ENERGY

LEVELS WITH OR WITHOUT BEAM

CAPABILITY TO RAPIDLY ACCELERATE AND HOLD BEAM IN ONE RING AT
LOW ENERGY (SAY 3 TeV) WHILE FILLING AND ACCELERATING BEAM

IN THE OTHER RING




POR 1/17/85

BASIC REQUREMENTS FOR OPERATING EFFICIENCY

Simplicity of Design

(e.g. Not too many multiple corrector systems and associated
complex software systems)

Installed redundancy in control, RF, power supply and other distributed
systems

Very high relfability (and design simplicity) in magnet and cryogenic
systems

Use of fdentical components whenever possible

Demonstrated reproducibility of performance in subsystems



PIR 1/17/85

OPERATING COSTS

DIFFERENCE BETWEEN LARGE RING AND ULTRA-LARGE RING

PROBABLY LESS THAN 10X AND PROBABLY MORE LIKE 35X

PRESENT APPROACHES TO MAGNET REPLACEMENT INADEQUATE,

MUST BE IMPROVED, TOO TIME CONSUMING

MAGNET RELIABILITY MUST BE IMPROVED TO ESSENTIALLY

ELIMINATE MAGNET REPLACEMENT REQUIREMENT

BASE OPERATIRG COST ESTIMATE LIKELY TO DECREASE AS A

RESULT OF IMPROVED SITE LAY-0QUT AND ADVANCES IN AUTOMATION



OBSERVATIONS

A. ALL MAGNET STYLES MEET BASIC SSC REQUIREMENTS

B. ORDER OF STYLE PREFERENCE

(IF COST OR OTHER FACTORS NOT OVERRIDING)

1. 1-IN-1 MAGNET SYSTEM WITH NEITHER MAGNETIC OR CRYOGENIC
COUPLING
(a) MOST FLEXIBLE FOR COMMISSIONING, OPERATIONS, MACHINE
DEVELOPMENT |
(b) ALSO ALLOWS FOR ACCELERATOR DEVELOPMENT STUDIES WHEN
ONE RING IS DOWN
(c) ALLOWS FOR ASYMMETRIC ENERGY OPERATIONS
(d) A}LOHS FOR P P OPERATION USING BOTH RINGS
2. NON-MAGNETICALLY COUPLED DUAL NAGNET SYSTEM
(a) ALLOWS POR-AéYHHETRIC-ENERGY OPERATION

(b) ALLOWS FOR P P OPERATION USING BOTHE RINGS

3. 2-IN-1 MAGNET SYSTEM



PRJ o185

FINAL COMMENTS

THERE ARE NOW NO OBVIQUS SHOWSTOPPERS IN PRESENT SET OF
PROPOSED MAGRET STYLES IF BOTH BEAMS ARE ALWAYS TO OPERATE
THROUGH THE IR'S IN THE COUPLED MODE AND ASYHﬁETRIC ENERGY
OR ENHANCEMENT OF SINGLE RING OPERATIONS FOR ACCELERATOR

TUNE-UP, OPERATIONS, OR PARTICLE PHYSICS 1S NOT REQUIRED OR
DESIREABLE.
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