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PROJECT SUMMARY

CENTRAL DESIGNGROUP(COO)

Task Force on Radiation-Hardened Electronics

In the continuingstudyof radiation levels and effects at the SSC, high-energyphysicists,
engineers, and industryrepresentatives experiencedin the design and fabrication ofradiation­
hardenedelectronicssystemsmet June 27-28 at the CentralDesign Group.

Presentations were made on the perceivedelectronicsneeds for experiments at the SSC,
emphasizing areas in which radiation hardening is believedto be an importantissue. Electronics
systemsfor silicontrackingdevices,drift chambers,calorimetry, and more generaldata
acquisition systemswere described. Capabilities for designing and producingradiation-hardened
circuitryand systemsin a varietyof technologies applicableto the SSC were discussedin some
detail.

Clearly, substantial expertiseexists that may be brought to bear upon the electronicsissues
anticipated for the SSC. Becausemuch of theexistingcapability is aimed at a radiation
environmentthat is somewhatdifferent than that expectedat the SSC, in some cases (e.g., low­
noiseanalogcircuitry)the prevailing opinionwas that additional R&D will be required to
determine the feasibility of radiation-hardened technologies for certainSSC applications.
Considerable interest in exploringfurther effortson radiation-hardened electronicsfor the SSC
was evinced.

Magnet Program

At the MagnetSystemsIntegrationmeeting (June 17 at BNL), test results from long and short
magnetswere reported. Plans for the disassemblyofDDOOIO were discussed.

Preparation for the MagnetIndustrialization Programcontinued in anticipation of the program's
initiationnext month.

The group studyingtheinterfacebetweenthecryostat and the tunnel held a secondmeeting at the
COO. Thefirst edition of theCOO Cable Databasewill be releasedfor review shortly.

Mathematical analysis studiesfocusedon the distribution of stresses in thecoil during operation
and on a comparisonof the C358A and NC-9 cross sections. Steps were taken toward verifying
the NC-9 finite-element model and preparinga code for studyingquench behavior.
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Design studies for magneticmeasurement hardwarecontinued, and initial coil insulation tests in
helium gas were carried out.

Plans were laid for the construction of threeonline cable measuringmachines.

Studieson the programof Bayesiananalysisof magnetaccelerated life tests and of the fault-tree
analysisfor the magnetcold mass systemcontinued.

BROOKHAVEN NATIONAL LABORATORY (BNL)

Recollaring of 000015 with compensatedcollar packs was completed.

Productioncontinued of 1.8-m R&D coils, using the single cure procedure.

Testing of DSS11 was completed. Its excellentperformancecontinued, and it exhibited no
retraining followinga thermalcycle.

Warm field measurements weremadeon 000013.

FERMI NATIONAL ACCELERATOR LABORATORY (FNAL)

ODOO12 has been completelytested. Followingthe thennal cycle, the magnet demonstratedthe
same outstandingperfonnance at 4.6 K as after the initial cooldown. Erratic performance at 2.8
K and currents around 7600 A suggests some mechanical limitationat high stress levels.

Magnet000014 is mountedon test stand 4 and is nearlyready for cooldown. Magnet000011
will replace000012 on test stand 5.

The assemblyof magnetODOO13 is under way and is expected to be completed in late July.

Procurement of cryostat materialsand subassemblies is takingplace in anticipationof magnet
assemblyactivityin early FY 89.

The dipole pilot productionfacility is takingshape on the floor of the Industrial Center Building.
Procurementofpans for the curing. collaring, and yoking presses has resumed after a six-month
budget-related hiatus.
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LAWRENCE BERKELEYLABORATORY (LBL)

The prototypeproductioncablingmachine, whichis being built at Dour Metal in Belgium,was
tested successfully at the Dour plant Cable was made to sseouter-layerspecifications at the
maximumdesign operatingspeed of 30 feet per minute. The cable met sse mechanical and
dimensional specifications; cable critical-current measurements are in progress at BNL. The
machinewill be packaged and shipped to theNew EnglandElectric Wire plant in New
Hampshire, and it should be operationalby September.

Superconductor wire intendedfor use in long magnets ODOO17 and 000018 was completedby
IOC (inner layer) andSupercon (outer layer). However, the production cabling runs originally
plannedfor late June were delayed pending strandquality investigations; preliminary results
indicatedthat some of the IGC wirehas poor mechanicalpropertiesand may have to be rejected.
Trial lengths of cable were made from the Superconwire, and sampleswere sent to BNL for
criticalcurrent measurements. The productionrun will be made when these tests are completed.

MagnetD15A-5 was disassembledand then reassembledwith all the originalparts, except for
new sheet insulation, as DI5A-5Rl. The training quenchesof the rebuilt magnet were in the
outer layer; the original magnethad trainingquenches in both layers. The differencein training
behaviorshows that there may be sensitivity to small, undetectedvariations in assembly
procedures. A second reassembly,designatedD15A-5R2, will have a higher outer-coil prestress
and will be tested in July.

Model015A-6 assemblywas completedJune 23. Final inner- and outer-coil prestresses were
8300 and 6400, respectively. This magnet incorporatesa new conductor in which proximity
couplingof the5 JLIIl filaments is preventedby doping the copper matrix between the filaments
with manganese. The complete testperiod will extend into most of July. The first and third
quencheswere in the outer layer at 5737 A and at 6671 A, respectively. The plateau quench at

4.3K was in the inner layer at 6890 A.

Parts are completedfor a third test coil with internally supportedstraightends. A conceptual
design was made of a flared-endwinding with acceptablemultipoles.
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eDG REPORT

MAGNET PROORAM

MSI Meeting

The MSI meeting was held at BNL on June 17. Discussions began with a review of test results
for DoooI0 and of the plan for its disassembly at BNL. When it is reassembled, the effort will
concentrateon making the magnet similar to DDOOI2. (That is, axial collar-yoke shims and other
features found in DOOO12 will be provided.) The magnet was returned to BNL in its cryostat,
which is intended to serve as a horizontaldewar for future single magnet tests at BNL.

Voltage-tapand strain-gaugeresults for both DDOOIO and DIXXH2 were discussed in
considerabledetail. A report on the excellent training perfonnance of DSS11 followed.

Magnet DDOO14 was reported to be on test stand 4 t and it is expected to be ready for
testing in early July; 000011 was partiallycryostated;DDOO13ts cryostating was predicated on
completionofDDOOII; Dooo15 awaited skin welding. Coil winding for 000016 is scheduled
for August, timed to have test results in hand from several short magnets prior to the long
magnet's final assembly. Among the various new features in this long magnet will be a method
of yoke support without shims.

Azimuthal stresses were discussed from various perspectives: data comparisons (DSS6,
10, 11, and DDOOlO, 12), simplified models, detailed ANSYS modeling, and the utility of the
Fuji paper technique in stress measurements.

BNL's short-samplecable test procedure was reviewed; the ensuing discussion focused on
the desirabilityof small R&D billets to resolve outstandingquestions pertaining to filament size
and Cu:se ratio. BNL is considering two possible cable test facility improvements: lower
temperature (-3 K) and/or higher fields (-8 T with a CBA yoke and sse cable). LBL is also
considering a high-field (-71) possibility, in this case a I-m sse dipole model with iron
collars.

The next MSI meeting will be held at BNL in August

Industrialization

Work continuedon planningand developmentdocumentation for the Magnet Industrialization
Program; it is expected that the CommerceBusinessDaily announcementinitiating the program
will be published next month. Preliminaryplans were also made for developing commercial
activities in FY89 that are not currently a pan of the formal magnet program. This could possibly
includeprocurement of industrialcable measuringand taping machines.
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Systems Integration

The secondcryostat-tunnel interfacemeetinginvolvingFNAL and theCOO was held at theCOO
on June 2. Discussions included methods for installing, supporting, and aligning the magnets in
the tunnel. A first draft of a magnet installationprocedure was developed. A preferred stand
configuration was selected as the basis for engineering studies at FNAL. For the purpose of this
exercise, the beam-to-beam centerlinespacingwill be permitted to increasefrom 700 mmto as
much as 800mm, so that the impact of this dimensionon the support stand and interconnect
design can be studied.

At a separatemeetingheld at FNAL, detailsof the design of the cold mass interconnect
were studied. The impact of the design of the quench protection system on this area was also
reviewed.

Cable Database

Design workcontinued on the COO superconductor database. The first release will bea
combination of data from LBL tables, BNL electrical tests, and manufacturers' test data.
Nomenclature and formats will be adjusted following a review by the originatorsof the data and
by the end users. The Tuneline program is now being used to obtain LBL superconductor
ordering infonnation.

MagnetDivisionpersonnel began to acquaint themselves with the AcceleratorDivision's
new Sybase database system on a Sun workstation. They also established a VAX link for BNL

personnel to learn about the system.

Mathematical Analysis

Work continuedon finite-element modelsof the collaredcoil. The model of the NC-9 dipole
shows an uneven stressdistribution in the coils after preloading. In an effort to understand this
distribution, models of an isolated coil and of a homogeneouscylinder were analyzed. This
study showed that rather smallperturbations in the coil dimensionsat the midplaneproduce
unexpectedly large variations in the stress distribution at the midplane.

Preliminaryanalysisof the loss in preloadat the coil poles under magnet excitation
indicates that the loss is not at all uniform across the pole. In particular, the analysis indicates
that for the inner coil the loss at the inner radius is several times greater than at the outer radius.
To gain a better understanding of the preload loss. work is continuing in this area.

In a step toward verificationof the current finite-element model of the NC-9 dipole, the
horizontal stiffnessof the collaredcoil assembly was calculated with the model. The calculated
resultscompared quite well withexperimentally detennined values. A detailed report is being
prepared.

sse MONTHLY REPORT 5 JUNE 1988



A report was prepared documentingthe variationin calculatedmidplane and pole stresses in
the C358A model due to assembly and cooldown. The qualitative behavior is very similar to that
notedpreviously for the NC-9 dipole model. The quantitative behavior is somewhat different,
due to the difference in stiffness between aluminumand steel collars. This report is being
reviewed.

The computer code QUENCH has existed for many years, and it has been modified and
extended by numerous authors,often in ways that are not well documented. Consequently, the
code does not conform to modem standardsof software construction and is inadequately
referenced and thus difficult to read. (Perhaps it is more correct to say that the versions of the
code available to us have these failings.) These problems have surfaced because the code needs
to bemodified significandy in order to more adequatelymodel quenches in SSC dipoles. The
principal changes will be(i) to alter the velocitycalculations to reflect experimental experience
and (ii) to model the effect of the strip heaters in initiatinga distributedquench front beginning in
the outer coils. The goal is to produce a code that can be used on-line during magnet quench
testing to predict maximumcoil temperature (MilTs) and voltages. As a first step in performing
these modifications, however, it was found necessary to clean up the existing code. This step
has been accomplished: complicatednests of GOTO statementswere replaced by subroutine
calls, comments were added, sections of obsolete code were removed, and several errors were
corrected.

Magnetic Measurements

Design studiesof hardware for performing field-quality measurementscontinue. The intention is
to develop modular systems in which a drive mechanismis capable of transportinga variety of
measurementheads. Two types of driving systems are· under consideration: in one, the drive
stops each time a measurement is performed; in the other, the motion is continuous. Work is
also proceeding on a measurementhead that incorporatesmultipleHall probes suitable for room­
temperature harmonic measurements.

Insulasion Tests

High-voltage testing of an NC-9 collared-coilend assembly began, using the test chamber
described in the March Monthly Report. The principal effort has been to develop the techniques
required for connectingand potting the high-voltage leads to the individualcoil turns. As stated
in the May report. thechamber allows high-voltage testingof turn-ta-tum, mid-plane. layer-to­
layer. and coil-to-groundinsulationofcollared coil end assemblies in 1 atm of helium gas.
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Cable Measuring Machines

A decision was made to fabricate andassemble threemoremagnetcablemeasuring machines
underthe direction of the COO. Thesemachines will be similarto the four existingmeasuring
machines assembled at FNAL. A drawingpackagehas beenreceivedfrom FNAL; it is being
reviewedfor completeness prior to being sent to a vendor for pans fabrication. The first machine
will beassembled in the LBL shops; the followingtwo will be assembledby industry.

Magnet Reliability/Availability Studies

Studies havecontinuedon theprogramof Bayesian analysis of magnetaccelerated life tests
(AL1'). Tworeports were filed: one on the necessary modeldependence of any formulation of
probabilities analysis of ALT results.and one on the implications of the existenceof model­
dependent sufficient statistics for certainALT objectives. An important practical consequence of
the latterwas a mathematical proofof the impossibility of improving estimatesof failurerates
inferred from ALTs by manipulations of the ALT sampling protocols. A report was also filed on
the role of a stableform of the probability density, or "natural conjugateprior," for Bayesian
analysis of magnetALT results. Besides affording natural quantifiers for augmentable ALT
probability densities, theseresults will dictate. to a large degree. the storage mode for ALT
statistical databases. Workcontinueson analysis of the maximumadditional information
obtainable from a new experiment or modification or continuation ofa currentexperiment
Absoluteand relativeinformation-theory measures of differenttest parametersandobservables
are quantified. This quantification will beimportant, for example, in determining thepoint
beyondwhichit is inefficient to continue ALT fordifferentgivenobjectives.

The fault-tree analysisfor the magnetcold-masssystemcontinues. A report was filed by
the Operations ResearchCentergroup under R. E. Barlow. This group launcheda new program
on computerized analysis of decisional influencediagrams for superconducting cable statistics.

ACCELERATOR PHYSICS

Analytic Calculation ofSmear

The horizontal rms smearS is a measureof the nonlinearity ofa storagering. For sextupole and
octupole contributions. a first-order perturbation calculation has beencarriedout to give an
analytic expression for S in tenns of the Collinsdistortionfunctions. Preliminary computation
indicates that this analytic formula reproduces the observedsingle-particle smear in Tevatron
experiment E778. An analytic formula can also be writtenwhenall highermultipoles are
included. IT the multipoles are due to randomerrors only, it is shown that the nus smear is
identically the same at everypoint around the ring. (Resultswill be reported in an sse Note.)
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Accelerator Physics Studies at Snowmass

A working group on sse acceleratorphysics was organized at Snowmass for the DPF meeting
on high-energyphysics in the 1990s. Approximately 25 people expressed interest in workingon
various acceleratorphysics issues at the meeting. Several working groups were established on
topics includinghigh-energy test beams (>1 TeV), IR hall design specitications,long-term
(>10000 turns) tracking, new predictions for the sse total cross-sections,cost and efficiency of
1-versus 2-campus laboratories, and some specifications for polarized beams in the sse. In the
last weekof the Snowmass workshop. a study will be initiated to look into the optimizationof
the linac chain design as part of the sse injector.

Injector Booster Chain

A possible new design for the three boosters has been presented (1... K. Chen and M. A.
Furman, SSe-I64). The complex is matched so that the sse filling faetoris 94 percent; it is
designedso that there is no transition crossing at any point of the injectionchain. The optics are
much improvedfrom theCDR design; in particular, thedispersionfunction is substantially
reduced: it is now zero or close to zero in the straight sections. The impedance thresholdsfor
single-bunch instabilities are believedto be easily achievable. One significantchange is a
substantial increase of low-energybooster circumference (340 m from 250 m in the CDR); this
implies an increased space-charge tune shift, which now is -0.2 at injection energy. However,
single-particle trackingresults- includingthe effects of the space-chargeforce, synchrotron
oscillations, sextupoles and dipole errors - indicate that the dynamic aperture is sufficiently
large.

Database

Work has begunon SYBASE, a relationaldatabasemanagementsystem. It is hoped that this
will provide the hub of a hub-and-spoke arrangement for the managementof many different
kinds of sse data. The first databasesto be installed underSYBASE are related to lattice
description,design, and surveying, Tools are being developed to connect SYBASE to the
outside world of the normal computingenvironment, so that these databasescan be profitably
used. In particular, it is necessaryto be able to conven the internal database representation
(tables)to a latticedescription representation that can be input by tracking and lattice design
programs (the standard format). Such a parser has already been demonstrated. in prototype
form, during an evaluation of the !NORES database. A more rugged parserand its interface to
SYBASE will soon be completed.
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E778

Publicationofresults from the E778 experimenthas begun: an article was submitted to Physical
ReviewLetters, two papers were included in the proceedings of the Lugano workshop of the
International Committeefor Future Accelerators (lCFA), and two papers were presented at the
RomeEuropeanParticle AcceleratorConference(EPAC). The main thrust of the Physical
ReviewLettersarticle concerns the general nature of the resonance phenomena observed in
E778. Thesephenomena are quantifiedby thestrength and the decay rate of the copious
persistentsignal data taken in the February 1988ron. One of the ICFA papers surveys the
successfully completed statusof the smeardata; theother presents a consistent theoretical
Hamiltonian frameworkacross thethree different time scalesof E778 phenomena. One of the
EPAC papers surveys the smearanalysis and the preliminarysignal analysis; the other focuses
on the dynamicaperture measurements. It should be noted that thepersistent signal data have
been only partiallyanalyzed; there are more results to come from the continuinganalysis.

ACCELERATOR SYSTEMS

Self~Describing Data Formats Workshop

A small workshop was held June 9-11 at the COO to study the use of self-describingdata
fonnats (SDS). These will have wide-ranginguse in the SSC control system, but theearly
emphasis is on magnet data from Fennilab MlF. The workshop had attendees from Fermilab,
LBL, SLAC,Loma Linda Hospital, and the COO. The general consensus seemed to be that
SDS should bepursued vigorously. Fermilab attendeesagreed to work it into the MTF data
collection system. In the workshop,version-l interfaces to "C' and FORTRAN were written.
The will becirculated to the labs for test in July.

Working Groupfor RFP Studies

A workinggroup was formed to start studies that will lead to writing an RFP for an R&D
Magnet Test Laboratory. A very aggressiveplan has been formulatedto make this laboratory
availableas early as possible at or near theeventual SSC site. P. Vander Arend made a fU'St pass
at a cryogenic design and generateda flowsheet 1. Rasson used the static simulator Aspen/SP to
start a systematic study of the flowsheet for optimization. Prior to establishing laboratory
specifications, the refrigeratorflowsheetwill beintegratedwith therest of the test laboratory to

obtain state points for all the proposed operatingmodes.
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Quench Protection Diodes

A paper by J. Ziegler and R. Carcagno, "Feasibility of Passive Quench Protection in the SSC:'
was submittedto the IEEE-sponsored MlDCON/88 technicalconferenceon electronic and
electrical technology. It was accepted as part of a session on "Power Engineering and Power
Electronics." The conference is scheduledfor August 3O-September1 in Dallas, Texas.

Imegrationof the bypass diodes with the rest of the machine began with an exchange of
information among the people involved in different aspects of this work. On June 29, R.
Carcagnoparticipatedin a meeting at Fermilab concerningthe SSC InterconnectRegion and
presented an update on diode R&D. S. Plate (BNL) presented the latest design of the cold mass
region, focusing on the expansionjoints. The preliminary design of the interconnect region
includesa diode holder attached to the end plate of the magnet One problem with this design is
that the heat sink is small compared with the optimum size proposed in SSC-N-432 (R=5 em,
L=4 em),

General Dynamics Thermal Analyzer

The GeneralDynamics thermalanalyzerprogram and its plotting program were installed in the
LBL VAX. 8650. Some softwaremodifications were necessary, because the General Dynamics
CYBERmachine is a higher precisionmachine than the LBL VAX. (64-bit compared with 32­
bit). As a result. for the sse cooldown model there was a lack of convergence error during
program execution. All the SSC models provided by General Dynamics (cooldown, heat leak,
and cold mass temperature under sychrotronradiation load), and a complete set of outputs and
plotting files are now available.

APeI Dynamic Simulator

Air Productsdelivered two magnetic tapes with the following items:

(1) FORTRAN source for the SSC dynamic simulator,

(2) FORTRAN source fa- the thennodynamic routines (final version),

(3) Data files and VAX/VMS executableimages for the three scenariosrequired by
theircontraet: (a) startup from standby, (b) magnet "quench:' (c) 4-K compressor
trip, and

(4) Speakeasydata files containing the results.

The tapes were loaded into the VAX. machine. Verification and analysis of results is in progress.
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Air Productsalso delivered the following printeddocuments:

(1) Draftcopy of the Task 3 report on the simulation results of the three sse scenarios,
and

(2) Draftcopy of the user manualfor the SSC dynamicsimulator.

Heat Transport under Sychrotron Radiation

An analysis of ways to reduce the temperature rise in the coils is in progress. Thereare basically
two approaches: to increasethe solidthennal conductance in the cold mass, and to carry away
heat from the beamtuberegionby heliumconvection (forexample, includinga heliumtransverse
flow betweenlamination gaps, increasingthe mass flow rate in the annularpassage,using bore
liners, etc.),

Redesigned Sample Holder for SRC Photodesorption versus Temperature Experiment

Pan fabrication was 90 percent completed and assembly was started. Temperature-sensing
resistor'S and a diode were receivedfrom Lake Shore Cryotronics. Sampleholder testing should
begin in mid-July.

Vacuwn Considerations for an sse Bore Tube with a 20-K Liner

SSCrefrigeration requirements will be significantly reducedif the bore tube has a 2O-K liner to
intercept sychrotron radiation heat. However, becausea 2~K liner will not cryopump
hydrogen, the gas with the greatesteffecton luminosity lifetime, the liner must have holes to

allowthe 4-K bore tube to cryopump the hydrogen. Holes in 5 to 10percentof the liner will
ensurean acceptable vacuumfor initial and long-term SSCoperation. (D. Bintingcr reports these
conclusions in SSC-N-527.)

CONVENTIONAL SYSTEMS

Magnet InstallationITunnellnterface Meeting

A meetingwas held on June 2 ofrepresentatives from the MagnetDivision, AcceleratorSystems
Division, the Fennilab magnetprogram, and the Conventional Systems Divisionto continue
discussions of installation requirements, as reportedabove. These meetings, led by R.
Coombes. are proving helpful to all divisions.

The Conventional SystemsDivision is examining spaceand transport issues. RTK is
working on a magnet transporter that wouldfit into the tunnel transport system. D. Shumanhas
developed ideas for lowering the magnets to tunnellevel at the serviceareas. At theprevious
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meeting,questionswere raised about the flatnessof the invert surface. LEP's specificationfor
flatness around the circumferenceof +0. -2 em was improvedon in the construction to hold the
actual flatness to +0. -1 em.

Safety Review Document

On June 7, Dr. R. Mayes and Dr. J. Nelson from the Environmental and Health group at
ChicagoOperationsvisited COO to discuss the Safety Review Document.

Electrical Load Profile Studies

RTK has completed the characterization of the SSC electricalload profilefor a fully operating
sse laboratory. Meetings were held at RTK on June 9 to begin the next phase of the
characterization: the load profile during a long shutdown. For these purposes, the standby mode
for the refrigerator system was defined by the AcceleratorSystemsDivision as one refrigerator
on each sideof the ring operating at any time. To take into account power distributionpractice.
the Conventional Systems Division further refined this to be one refrigerator on each of the two
separategrids feeding the site.

Tunneling Seminar

Professor P. Nelson of theUniversity of Texas at Austin presented the history and current status
of tunneling technology to the Hadrons and Cheese Seminaron June 10. The talk was very well
received. At the request of the COO, Professor Nelson was good enough to supply a set of
tunnelingslides for the COO slide files.

Preparations for FY89 and FY90

A major effort for Spring 1989is seen to be preparationof a Site Specific ConceptualDesign
(SSCD) to specialize the lattice for the chosen site. This conceptdesign would then serve as the
basis for initiatingdesign with the AF/CM firm, In anticipationof that work: C. Laughton, who
played a leading role in tunnel work for LEP, has agreed to join the project along with A. Autin.
an architeet.

Concept Design: Background Studies

In preparationfor the SSCD, a seriesof task orders with RTK is being developed to refme
certain aspectsof the conventionalfacilitiesfor the sse. At a meeting with RTK on July 21, a
plan was outlined to model representative detectorsfrom the 1987Berkeley summer study. in
order to refine collision hall requirements. A second program will involve modeling studiesof
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the tunnelcross-section and the transport system. (The magnet transporter, noted above, is one
elementof this broader study.)

Snowmass Presentation

T. Toohig made a presentation at the Snowmass summer studyon planning for IRs. The goal
was to convey to the community present thinkingand schedules for IR construction, to elicit
comments and, perhaps,some help in clarifyingthe designs. The communitywas responsiveto
the clarityand depth of the COO plans.

R&D Magnet Test Laboratory Meetings

Several meetings were heldof the interdivisional workinggroupon the laboratory for testing
production magnetsat or near the site. A fast design and constructionschedule.involving
cooperative work among all divisions, is envisagedfor this laboratory.

ISP Footprint

In preparation for adaptingthe definitivesse lattice to the final site.I. Sanforddevoted
considerable effort to orderingthe techniques required to translate the latticegivenby the
Accelerator PhysicsDivisionto a land footprint to be used at the chosensite.

FRomCf PLANNING AND MANAGEMENT

FY90 Program Plan

The SSC R&D programplan for FY90 was revised and distributed to the COO groupleadersfor
final approval. The FY90 plan, togetherwith minorrevisions to the FY89 plan, servedas the
basis for the Field Task Proposal/Agreement. The FIP/A was completedand submittedto the
DOE on Iune 17.

Construction Plans

On Iune 9, COO staff met with DOE programpersonnelin Germantown to reviewsse
construction plans. Projectplans werepresentedfor the case of a total FY89 budgetof $147
million. An outlineplan was also considered for the case of a reducedFY89 budgetof $100
million.

On June 21, PPM staffmet with OOErepresentatives in Germantown and presenteddetails
of the FY90 construction plan to the OOE validationgroup. Costs, schedules,and manpower
projections werereviewed. The magnetR&Dplans and the projected programfor magnet
industrialization were also presented.
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Networking and Software Support

A meetingwas held in mid-June with the SSC accounting group.LBL"s work: station group, and
representatives from Symproand Novell to discuss the COO's current and future networking
needs. Telephoneconferences were also held with Novell's technical engineering staff.
Representatives of the NovellEngineering groupwill attendthe next meeting, scheduledfor July
7. The SSel LAN serverhas been configured to enableinstallation of the new"Platinum"
accounting softwarefrom AdvancedBusinessMicrosystems (Sympro). The PCs of the
accounting grouphave been adapted to accommodate the new software.

Efforts are continuingon the development of the latest versionof Open Plan (3.0) in
preparation for testingand implementation in specified areasof theFY89 program.

Support was providedto other sse divisionsin the following areas:

• sse magnetR&D schedule(V-25) revision,

• Laboratory ProgramAgreements development,

• COO personneldata base development,

• Exploration of large storage systems for magnetdata togetherwith searchand
retrieval capabilities,

• Installation of Microsoft "Windows"for the Administrative Services Group,

• Installation of "Time Line" up-grades to version3.0,

• Development of "Time Line" schedules for conventional systems, and

• Development of a magnetinstallation schedule to assessequipment and manpower
needs in the installation process.
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BNL REPORT

MODEL MAGNETS

The collared coil assembly for Doon5 wascompleted with thenewcollarpacks that incorporate
standard and opposing weldorientations. Negligible longitudinal twist wasmeasured after
assembly. However, due to elasticdeformation of the collars, the horizontal tab widthgrew
beyond the specified limitsat certainplaces, necessitating manual filing for a smooth fit to the
DU channels.

Production continuedof 1.8-mR&Dcoils, usinga constantpredetemrined shim and the
singlecure procedure. Duringthe ongoingsinglecure test runs, variations in the amountof
"prepreg' materials wereinvestigated. A method was developed for chemically removing
material on wedgeends. This will reducebuildup at the wedge-wedge tip transition in coils for
fonhcoming magnets with the new C358Dcross section.

Wedgetip designwork was completed for the C358Dcross section,and a start wasmade
on adapting the coil compression gaugetooling to the new cross section. Some wedgesfor
C358D werereceived; moreare expected.

The purchase order was expedited for reworking existingrectangular-key collarsto
tapered-key collars. Phosphorbronzetaperedkeys for six 17-mdipoles (3000 keys) were
received, inspected, and rejected. Replacements werepromised by thevendor by August 1.

A visit was made to Remmele Engineering in St Paul, Minnesota, in connection with
precision shellfabrication. Thisvendorappears wellqualified to undertake accurate machining
of preformed full-length shells. Visitswere made to FNAL for discussion ofcryostat insulation
tooling, in anticipation of a similarfixture at BNL, and for discussions on the proposedredesign
of the interconnection region. The movable and fixed legsof the expansion joint have been
reversed for a betterfit in the available space. Funher modifications, suggested at the FNAL

meeting. are intended.
All partsof the strain-gauge compression fixture have been machined, and assembly of the

complete unit is nearly complete. A hydraulic pump and accumulator were procured for
operating the press. The strain-gauge temperature calibration systemwas completed and is now
in use. An inner-coil "ten stack"creep fixture was designed, and the drawings weresubmitted to

the shops.
Test trim coil number12 wasfabricated and prepared for testing. Substrate sampleswith

varying amountsof glasswereproduced at Multiwire and delivered to BNL. Superconductor
withvaryingCu:SCratios was also receivedfrom thevendorand forwarded for insulation.
Rogers Corporation has produced a radiation-resistant polyimide that is ultrasonically bondable;
samples are beingsent to Multiwire for wiringtests. Sheldahlis presently producingsubstrates
for FY89 long magnets. Key stockis being produced, bumper stripsare beingcoated with
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adhesive, wire is being wrapped with Kapton, preparations are under way for slitting and
punching of substrates, and Multiwire wiring machinery is serviced and ready to go.

Various polyimide films were tested for their mechanicalpuncture properties. The results
show that Du Pont XT and MT alumina-filledKapton films are superior to other film products.
No qualitativeeffects were apparenton examiningsamplesof polyimide thermal plastic adhesive
irradiated in BNL's BLIP facility.

Equipment, power supplies, and tubing to be copper plated were shipped to the Silvex
Company. Anode material sent to BNL for welding was found to have several problems. In the
interim, Silvex expects to proceed with the plating of initial samples using an improvised
procedure.

TOOLING ANDFACILITIES

Coils

The first set of drawings for 17-m curing-press safety hoods were released to the shops.
Engineering continues on the new 1.8-m curing press.

Collars

Drawings for the lower platen extension of the collaring press were released to the shops. A start
was made on the design of tapered-keyinsertion equipment for the preproduction curing press.

Shell

The carriage drive motor for the longitudinal shell-welding fixture is not strong enough to drive
the carriages at a constant speed; it will be replaced with a motor of higher torque.

Test Facilities

Design work continueson various aspectsof Mole C; many components are either in the Central
Shops or being prepared by outside vendors. Design work has been completed for the gravity
sensor andencoder assembly parts; this job is now in the Central Shops.

After discussions with FNAL, BNL agreed to order the :required warm bore tubing. The
warm bore tube design will be compatiblewith test facilities at either laboratory as well as at the
AcceleratedLife Test A good stan was made on the engineeringof the tube assembly.
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SUPERCONDUCTOR

Cable Procurement

NewEnglandElectricWire requested the loanofBNVs RHIC turksheadroller assemblies for
the manufacture of SSC outer cable, as their rollers had not yet arrivedfrom Fenn. BNL's
rollers were shipped by air to NEEW, to ensure that there would be no delay in deliveryof cable
toLBL.

Tooling

Modifications to the wrappingline to pennit higher wrappingspeed shouldbe completedin July.
Tooling to producefiber glass splices"in thefield" is being investigated, following

successfulsplicing tests at BNL.

Miscellaneous

Test resultson a corrected glass sampleindicatethat there is no differencein "build up" between
standardslit fiber glass and woven fiber glass. Further discussionsof production and quality
control issues are planned with the woven-glass vendor. One of the specificationsfor woven
fiber glass will bethe measurement of width under the same tension as when it is wrapped
around the cable.

TESTS ANDMEASUREMENTS

Testingof 1.8-mdipoleDSS11 was completed. The magnet continuedits excellent
performance, exhibitingno retrainingfollowing a thermalcycle. A seriesof spot heater-induced
quencheswas also made.

Wann measurements were made on 17-m dipoleDooo13. A preliminaryanalysis of the
data indicates that the multipolesare less than a unit, with the exceptionof the skew quadrupole
(about4 units), the normal sextupole (-4 units), and the normaldecapole (2 units).
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FNAL REPORT

DIPOLE CRYOSTAT

Procedures for handling and securing insulation continue to be improved They will be
incorporatedas appropriate into the long magnet models. Insulation blankets for five additional
magnet models, beginning with DIXXH3t have been produced The "Proud Mary" insulation
fabricationfacility will be decommissioned in July.

DDOO14 was installedon the MTF test stand and will be cooled down in July. Critical
cryostat parameters will be monitored during cooldown, steady state, and wannup. Modal
analysis of DDOO14 was rescheduled for September.

Long magnet model DDOOll was completed
Subassembly preparations, including fabrication of support posts, anchor assemblies, and

insulation blankets, are under way for long magnet DDOOI3.
Two designs for a vertical plane probe transporterare being developed in conjunction with

GDSS. One design incorporates a self-propelled walker; the other uses a deployable boom.
Models will be built and evaluated.

Plans are being developed for the procurement of components for FY89 long magnet
cryostat kits. It is planned to procure components like support posts, vacuum vessels, etc., in
final form for kit incorporation. Components for sixteen models will be procured

Work continues on magnet design for installation. Initial studies were completed on the
magnet vertical-centerline-to-centerline spacing and bottom-magnet-floor spacing. Effort is
planned for magnet support stand design.

Preparation for industrializationcontinues. The draft of the Fennilab On-Site Program for
Phase 1, Technology Orientation, was sent to the COO.

MAGNETIC MEASUREMENTS

Tests of magnet DDOO12 were completed. It was warmed to room temperature and will be
removed from test stand S. where DOOOll will be mounted.

On the second thermal cycle of DDOOI2. a total of 18 spontaneousquenches were taken:
three at 4.4 K and 4 atm, six at 3.2 K and 4 atm, five at 2.8 K and 4 atm, and four at 4.3 K and
1.5 atm. One training quench at 4.4 K followed the warmup-eooldown cycle before the magnet
returned to quenching at the short sample limit of approximately 6S00 A. (There were no
training quenches on the first cooldown.) At 3.2 K a single training quench at 7360 A was
followed by four plateau quenches at approximately7600 A. At 2.8 K, the quench currents were
somewhat erratic, ranging between 7050 A and 7640 A. The cause of this behavior is unknown
at present Two more quenches were taken at 3.2 K, which were at the previous plateau current.
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Four quenches were taken in sub-cooled liquid at 4.3 K and 1.5 atm. These quenches do not
appear significantly differentfrom the quenches in 4-atm supercritical fluid. Quenches were
induced with spot heaters at each end of the magnet at 7400 A at 3.2 K and at 6460 A in sub­
cooled liquid.

Strain-gaugedata were taken up to 6360 A at 4.4 K and up to 7370 A at 3.2 K. At the
highestcurrent measured, the inner coil stressesrange from 1400 psi to 2100 psi and are clearly
fallingmore slowly thanquadratically with increasingcurrent. The total force of the coil on the
end plate is 10500pounds at 7360 A and is increasinga little faster than quadraticallywith
increasingcurrent.

Cooldown of magnet DDOO14 is anticipatedto begin in mid-July. The new electronicsand
readoutequipmentneeded to read the extensiveinstrumentation on the cryostat have been
installed. Several leaks in themagnetvacuum vessel were encounteredin mounting and

checking the magnet, principallyin severalof the special ports used to bring out the cryostat
instrumentation signals.

LoNG MAGNET FABRICATION

Component Magnets

MagnetDDOOII was completedon June 30.
Magnet DDOO13 was received from BNL June 9. Vertical plane measurementswere

completed, and strain gauges were installed on the cold mass. Posts for the cradles are
completedand await inspection. These parts will be available on July 12.

Optical surveyingof the cold mass and assembly'of the vacuum vessel is in process. All
other subassemblieswere completed, and the magnet should becomplete by July 25.

Progress on Pilot Production Facility

Spacehas been cleared to allow the installationofpress staging tables. One table will be used to

assemble laminated tooling. Thecuring-press heat-plantheat exchanger is being connected to the
building's air-conditioning system.

A load test was successfullyconductedfor an H-frame assemblyof the collaringpress.
Procurementof press and toolingcomponentscontinues. A potentialproblem exists in the

delivery time required for the press tie rods. The stress-proofsteel selectedfor the tie rods
wouldrequire a mill ron, and delivery would take 22 weeks. Possible substitute materials are
being investigated.

Coil-sizedata acquisitionsystem specifications are beingreadied. Following a reviewof
the data acquisitionspecification, procurementwill proceed.
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The center section of the winding tablewasreceivedfrom BNL. The control panel and
somemiscellaneous parts are still to come.

F-Series Model Program

MagnetF2 has been assembled and welded into its skin. It shouldbeready for testing by July
18. Coil sizingof magnetF3 is completed, andcollaringwill bepossibleafter the sizing curves
are analyzed. Also required for F3 are innerand outer end saddles(providedby LBL), some
collarpacks, gauge packs (beingassembled now), iron laminationpacks, and some wedge and
end-piece modifications.

0-10 inner retum-endparts for magnetF-4 were released to the machine shop. TooI­
pathingand drawing the parts have begun. A similarouter return-endpart layout was started.
All other winding and curingparts will be releasedin July; windingshouldbepossible by the
end of August.

Coil compression gaugesfor NC-9 innerand outer analysishave been released and are to
be completed by July 18.Photoelastic stress analysis mockupsfor NC-9collaring toolingare
released and due by July 8.

Accelerator
A program to calculate energydeposition in arbitrary geometry and magneticfields for

SSC-typeincident energies is now up and running. Work on energy deposition in a large,
genericSSC detector was writtenand shouldsoon be ready for distribution.
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LBL REPORT

SUPERCONDUcroR AND CABLE

The prototype productioncablingmachine,which is being built at Dour Metal in Belgium,was
testedsuccessfullyat the Dour plant. During this acceptancetest, cable was made to sseouter­
layer specifications at the maximumdesign operating speedof 30feet per minute. (ReportSSC­
MAO-208.by 1. Royet, contains details.) The cable meets SSC mechanical and dimensional
specifications; critical current measurements arein progress at BNL. Mter a few minor problems
identifiedduring the acceptance trials arecorrected, the machinewill be packagedand shippedto
the New England Electric Wire plant in New Hampshire. A final series of tests will be
performed by personnel from Dour, LBL, and NEEW. After these tests are complete, the
machinewill be availablefor fabrication of ssecable. If shippingand customs clearance
proceed smoothly, the cabling machine shouldbe installedand operational by September.

Superconductorwire intended for use in long magnets Dooo17 and Dooo18 was
completedby IGC (inner layer) and Supercon (outer layer). However, the productioncabling
runs originally planned for late June were delayed. The IGC runwas postponed pending an
evaluation of trialcables made at LBL and of wire breaks that occurred during wire
manufacturing. Preliminaryresults indicated that someof the wire had poor mechanical
propertiesand may have to be rejected. Detaileddiscussionsof these results will take place at
IOC on July 12 with R. Scanlan (LBL), D. Larbalestier (University of Wisconsin), and R.
Remsbottom (UniversityofWisconsin).

Trial lengthsofcable were made from the Supercon wire, and samples were sent to BNL
forcriticalcurrent measurements. The productionrunwill be made when these tests are
completed.

MAGNETMODELS

Dipole Mockls

DlSA-SRl. Rebuilt dipole D1SA-S, called DlSA-SRl, was tested May 31-Iune 14. The room
temperature thermal cycle occurredJune 8-9. MagnetDI5A-S was originallytested March 11­
18 and had somewhatpoorer-than-average training, although very high plateau currents were
reached (7140 A at 4.3 K and 9400 A at 1.8 K).

The magnet was rebuilt with new sheet insulation to see whether training can beundone by
a reassemblyoperation. Would the rebuiltmagnetretain the training,retrain as the original
magnet,or train in a new pattern?
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In this case, the rebuilt magnet trained in a somewhatdifferent pattern. All the training
quenchesof the rebuilt magnet were in the outer layer; the original magnet had training quenches
in both layers, predominantly in the inner layer. The magnets reached similar maximum
currents. Our conclusion is that, in this case, the magnet's training memory was destroyed by
rebuilding; however, the difference in training behavior shows that details may be sensitive to
small undetectedor uncontrolledvariations in assemblyprocedures.

After testing, this model was disassembledand found to have an outer-coil pressure gauge
reading incorrectly. Gauges have been repaired and are ready for collaring. This reassembly,
designatedD15A-5R2,will attempt to "fix" the outer layer trainingof theRl test by assembling
to a higher outer coil prestress of 8000 psi.

DI5A~6. Model D15A-6 assemblywas completedJune 23. Final inner- and outer-coil
prestresses were 8300 and 6400, respectively. This magnet incorporates a new conductor, in
which proximitycoupling of the 5-1J.ID. filaments is prevented by doping the copper matrix
between the filaments with manganese. The complete test period will extend into most of July.
The first and third quenches were in the outer layer at 5737 A and at 6671 A, respectively. The
plateau quench at 4.3 K was in the inner layer at 6890 A.

End Desip. N.C. machining of the third straight-end test coil is complete. The coil will
be wound, impregnated with epoxy, and autopsied in mid-July.

Conceptual design of flared-end windings that produce acceptable integrated multipoles is
finished. (A report should be available soon.) Several difficulties associated with the theory of
three-dimensional iron and the reductionof three-dimensional magneticproblems into a more
simple two-dimensionalversion have been resolved. In the future, it should be possible to
computeend harmonics and fields from a three-dimensional end that includes axisymmetrical
iron. The computations, however, will be carried out using two-dimensional codes.

Clamped-Collar Model. A modifiedclamping system was fabricated to clamp the iron yoke
blocks firmly against the collars (either aluminumor iron) during assembly and operation. The
model in which this will be incorporatedhas not been determined. We have punched magnetic
iron collars for a proposed close-in iron system. (Stainless steel collars could be used as well.)

mAL Style Curine Fixtures. New l-m dipole coil-curing fixtures will be built at LBL.
FNAL will provide the laminationassemblies, and the other machinedparts will be fabricated at
LBL according to FNAL drawings.
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1.1

1.2

1.3

1.4

1.41

TABLE C-1

CENTRAL DESIGN GROUP - SUPERCOLL IDER

JUNE 1988 COST REPORT (1($)

MAT'L & MONTH YEAR TO ANNUAL
PROGRAM ELEMENT LABOR SERVICES G & A TOTAL DATE BUDGET
----------_ ...... ----- -_ ..-----

ADMINISTRATION 46.2 82.5 67.0 195.6 2300.3 3600.5

PROGRAM PLANNING & MANAGEMENT 31.0 3.7 11.3 46.0 429.8 554.0

ACCELERATOR R&D 105.4 180.7 114.8 400.9 3821.7 5891.5

CONVENTIONAL SYSTEMS DEVELOP. 19.2 22.2 14.3 55.7 405.0 793.0

PROGRAM COSTS 201.7 289.1 207.3 698.2 6956.8 10839.0

RTIe COSTS 0.0 2.8 0.0 2.8 31.9 130.0

CDG/RTIe COSTS 201.7 291.9 207.3 701.0 6988.7 10969.0

COMMI TME!IITS 490.4
CHANGE IN COMMITMENTS (Delta) -31.7
EQUIPMENT COSTS 0.0 229.0

TABLE C-2

BROOKHAVEN NATIONAL LABORATORY • SUPERCOLLIDER

JUNE 1988 COST REPORT (1($)

MAT'L & MONTH YEAR TO ANNUAL
PROGRAM ELEMENT LABOR SERVICES G &A TOTAL DATE BUDGET
-_ ................ _--. -_ ..... -_ .. _--_ ..

2.1 LONG MAGNET FABRICATION 41.4 132.0 80.2 253.6 2417.3 3600.0

2.2 TOOLING &FIXTURES 26.4 11.8 17.6 55.8 1819.3 2271.0

2.3 SHORT MODEL MAGNETS 18.8 0.0 8.7 27.5 278.8 375.0

2.4 INDUSTRIALIZATION 7.5 0.0 3.5 11.0 125.4 175.0

2.5 ACC. LIFE TEST (CRYO) 15.1 3.7 8.7 27.5 499.3 650.0

PROGRAM COSTS 109.2 147.5 118.7 375.4 5139.9 7071.0

COMMITMENTS 634.0
CHANGE IN COMMITMENTS (Delta) -44.0
EQU IPMENT COSTS 0.0 165.3 0.0 165.3 346.0 500.0
EQUIPMENT OPEN COMMITMENTS 50.8



TAB.LE C-3

FERMI NATrONAL ACCELERATOR LABORATORY - SUPERCOLLIDER

JUNE 1988 COST REPORT (K$)

MAT'L & MONTH YEAR TO ANNUAL
PROGRAM ELEMENT LABOR SERVICES G &A TOTAL DATE BUOGET
.. __ ............. - .... ----- -_ .........

3.1 GENERAL 0.0 6.3 2.5 8.8 79.6 220.0

3.2 LONG MAGHET FABRICATrON 38.5 60.3 38.5 137.3 1116.1 1242.0

3.3 MAGNETIC MEASUREMENTS 59.5 19.6 30.8 109.9 1931.2 1363.0

3.4 COLO MASS FABRICATION 2.2 '155.1 -59.6 -212.5 512.8 2241.0

3.5 INDUSTRIALIZATION 3.3 1.3 1.8 6.4 65.0 214.0

3.6 CELL TESTS 0.0 0.0 0.0 0.0 0.0 0.0

PROGRAM COSTS 103.5 -67.6 14.0 49.9 3704.7 5280.0

COItI THENTS 330.2
CHANGE IN COMMITMENTS (Delta) -85.8
EQUIPMENT COSTS 0.0 0.0 0.0 0.0 19.9 271.0
EQUIPMENT OPEN COMMITMENTS -10.3

.._----------- ..------------------------_ .._---_._---- .._------_ .......__.. _--_._-_ ..._------

TABLE C-4

LAWRENCE BERKELEY LABORATORY· SUPERCOLLIDER

JUNE 1988 COST REPORT (1($)

MAT'L & MOHT" YEAR TO ANNUAL
PROGRAM ELEMENT LABOR SERVICES G&A TOTAL DATE BOOGET-

--------------- ----- --------

4.1 GENERAL 7.6 0.0 3.6 11.2 85.5 190.0

4.2 SUPERCONDUCTOR 1.9 129.9 22.8 154.6 461.7 750.0

4.3 QUADRUPOlE DEVELOPMENT 0.0 0.0 0.0 0.0 0.0 100.0

4.4 ClJ4P. DEVELOP. & TESTS 21.5 2.3 11.3 35.1 944.7 1175.0

4.5 INDUSTRIALIZATION 0.0 0.0 0.0 0.0 0.0 50.0

MAGNET R&D TOTALS 31.0 132.2 37.7 200.9 1491.9 2265.0

4.6 ACCELERATOR PHYSICS R&D 21.8 1.2 11.0 34.0 283.3 380.0

LBL/THEORY COSTS 52.8 133.4" 48.7 234.9 1775.2 2645.0

COItITMENTS 143.0
CHANGE IN COMMITMENTS (DeLta) -135.0



----_ ..-------_.---------_.------------------_.---------_._------------------------~---------

TABLE C-5

PROGRAM SUMMARY - SUPERCOllIDER

JUNE 1988 COST REPORT (K$)

MAT'l & MONTH YEAR TO ANNUAL
PROGRAM ELEMENT LABOR SERVICES G &A TOTAL DATE BUDGET

-------------_ .. ----- -...... __ ...
1. COG PROGRAM 201.7 289.1 207.3 698.2 6956.8 10839.0

1.41 RTIC PROGRAM 0.0 2.8 0.0 2.8 31.9 130.0

2. BNL SSC PROGRAM 109.2 147.5 118.7 375.4 5139.9 7071.0

3. FNAl SSC PROGRAM 103.5 -67.6 14.0 49.9 3704.7 5280.0

4. lBl SSC PROGRAM 52.8 133.4 48.7 234.9 1m.2 2645.0

TOTAL SSC PROGRAM COSTS 467.2 505.2 388.7 1361.2 17608.5 25965.0

C04MITMENTS 1597.6
CHANGE IN C04MITMENTS (Delta) -296.5
EQUIPMENT COSTS 425.9 1000.0
EQUlPMENT OPEN COMMITMENTS 40.5



TABLE C-6

MONTHLY AND CUMULATIVE SUMMARY OF PLANNED AND ACTUAL COSTS AHD COMMITTMENTS

1.0 CENTRAL DESIGN GROUP - SUPERCOLLIDER
_._.--- ... _-- .. _-- - ------------.

MONTHLY FY MONTHLY FY MO ACT+ CUM ACT
PLANNED PLANNED ~CTUAL ACTUALS DELTA + CURRENT DELTA

DATE COSTS CUMULAT COSTS CWlULAT COMMITS COMMITS COMMITS COMMITS
OCT 903.3 903.3 33.4 33.4 496.4 496.4 463.0 463.0
NOV 903.3 1806.5 747.4 780.8 572.4 1068.8 288.0 -175.0
DEC 903.3 2709.8 1221.6 2002.4 1199.6 2268.4 266.0 -22.0
JAN 903.3 3613.0 549.0 2551.4 478.2 2746.6 195.2 -70.8
FEB 903.3 4516.3 781.8 3333.2 995.0 3741.6 408.3 213.1
MAR 903.3 5419.5 931.9 4265.1 898.0 4639.5 374.4 -33.9
APR 903.3 6322.8 1129.4 5394.6 1398.8 6038.3 643.7 269.3
MAY 903.3 7226.0 893.1 6287.7 771.5 6809.8 522.1 -121.6
JUN 903.3 8129.3 701.0 6988.7 669.3 7479.1 490.4 -31.7
JUL 903.3 9032.5
AUG 903.3 9935.8
SEP 903.3 10839.0

2.0 BROOKHAVEN NAT'L LAB - SUPERCOLLIDER
_._--_ •••• ----- _e•• ---.- ..._----

MONTHLY FY MONTHLY FY NO ACT+ CUM ACT
PLANNED PLANNED ACTUAL ACTUALS DelTA + CURRENT DELTA

DATE COSTS CUMULAT COSTS CUMULAT COfiIlITS COfiIlITS COfiIlITS COMMITS
OCT 589.3 589.3 498.0 498.0 2095.0 2095.0 1597.0 1597.0
NOV 589.3 1178.5 643.0 1141.0 995.0 3090.0 1949.0 352.0
DEC 589.3 1767.8 763.6 1904.6 632.6 3722.6 1818.0 -131.0
JAN 589.3 2357.0 894.9 2799.5 831.9 4554.5 1755.0 -63.0
FEB 589.3 2946.3 702.0 3501.5 516.0 5070.5 1569.0 '186.0
MAR 589.3 3535.5 708.7 4210.2 431.7 5502.2 1292.0 -277.0
APR 589.3 4124.8 265.8 4476.0 265.8 5768.0 1292.0 0.0
MAY 589.3 4714.0 287.7 4763.7 -326.3 5441.7 678.0 -614.0
JUN 589.3 5303.3 375.4 5139.1 331.4 5773.1 634.0 -44.0
JUL 589.3 . 5892.5
AUG 589.3 6481.8
SEP 589.3 7071.0

3.0 FERMI NAT'L ACCEL LAB - SUPERCOllIDER
... _- ----- _.--- .... ..... _----- ......_-

MONTHLY FY MONTHLY FY NO ACT+ CUM ACT
PLANNED PLANNED ACTUAL ACTUALS DELTA + CURRENT DELTA

DATE COSTS CUMUUT COSTS CUMULAT COMMITS COMMITS COMMITS COMMITS
OCT 440.0 440.0 314.7 314.7 792.5 792.5 477.8 477.8
NOV 440.0 880.0 390.6 705.3 353.1 1145.6 440.3 -37.5
DEC 440.0 1320.0 694.7 1400.0 462.4 1608.0 208.0 -232.3
JAN 440.0 1760.0 307.3 1707.3 465.3 2073.3 366.0 158.0
FEB 440.0 2200.0 120.2 2427.5 722.5 27'95.8 368.3 2.3
MAR 440.0 2640.0 457.2 2884.7 566.6 3362.4 477.7 109.4
APR 440.0 3080.0 412.7 3297.4 410.5 3m.9 475.5 -2.2
MAY 440.0 3520.0 357.4 3654.8 297.9 4070.8 416.0 -59.5
JUN 440.0 3960.0 49.9 3704.7 -35.9 4034.9 330.2 -85.8
JUL 440.0 4400.0
AUG 440.0 4840.0
SEP 440.0 5280.0



4.0 LAWRENCE BERKELEY LAB - SUPERCOLLIDER
.--~ .. -- -------- ._- - -----_.... ---

MONTHLY FY MONTHLY FY Me ACT+ CUM ACT
PLANNED PLANNED ACTUAL ACTUALS DELTA + CURRENT DELTA

DATE COSTS CLMJLAT COSTS CUMULAT CCMUTS COMMITS COMMITS COMMITS
OCT 220.4 220.4 230.5 230.5 662.5 662.5 432.0 432.0

NOV 220.4 440.8 191.1 421.6 191.1 853.6 432.0 0.0

DEC 220.4 661.3 135.9 557.5 135.9 989.5 432.0 0.0
JAN 220.4 881.7 263.3 820.8 175.3 1164.8 344.0 -88.0
FEB 220.4 1102.1 185.8 1006.6 135.8 1300.6 294.0 -50.0
MAR 220.4 1322.5 238.5 1245.1 165.5 1466.1 221.0 -73.0
APR 220.4 1542.9 213.9 1459.0 105.9 1572.0 113.0 -108.0
MAY 220.4 1763.3 81.3 1540.3 246.3 1818.3 278.0 165.0
JUN 220.4 1983.8 234.9 1775.2 99.9 1918.2 143.0 -135.0
JUL 220.4 . 2204.2
AUG 220.4 2424.6
SEP 220.4 2645.0

0.0 PROGRAM SUMMARY - SUPERCOLLIDER
----~.- ------- - .------------

MONTHLY FY MONTHLY FY Me ACT+ CUM ACT
PLANNED PLANNED ACTUAL ACTUALS DELTA + CURRENT DELTA

DATE COSTS CUMULAT COSTS CUMULAT CCJlMITS CCJlMITS ClJItlTS ClJItlTS
OCT 2152.9 2152.9 1076.6 1076.6 4046.4 4046.4 2969.8 2969.8
NOV 2152.9 4305.8 1972.1 3048.7 2111.6 6158.0 3109.3 139.5
DEC 2152.9 6458.8 2815.8 5864.5 2430.5 8588.5 2724.0 -385.3
JAN 2152.9 8611.7 2014.5 7879.0 1950.7 10539.2 "2660.2 -63.8
FEB 2152.9 10764.6 2389.8 10268.8 2369.3 12908.5 2639.6 '20.6
MAR 2152.9 12917.5 2336.3 12605.1 2061.8 14970.2 2365.1 -274.5
APR 2152.9 15070.4 2021.8 14621.0 2181.0 17151.2 2524.2 159.1
MAY 2152.9 17223.3 1619.5 16246.5 989.4 18140.6 1894.1 '630.1
JUN 2152.9 19316.3 1361.2 17601.1 1064.7 19205.3 1597.6 -296.5
JUL 2152.9 21529.2
AUG 2152.9 23682.1
SEP 2152.9 25835.0
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2.0 BROOKHAVEN NAT'L. LAB
Monthly Costs in K$
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;3.0 FERMI NAT'L ACCEL LAB
Cumulatives in K$
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3.0 FERMI NAT'L ACCEL. LAB
Monthly Costs in K$
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4.0 LAWRENCE BERKELEY LAB
Cumulatives in K$
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0.0 PROGRAM SUMMARY - SUPERCOLLIDER
Cumulatives in KJ
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FNAL REPORT

DIPOLE CRYOSTAT

Proceduresfor handling and securinginsulationcontinue to be improved. They will be
incorporatedas appropriate into the long magnetmodels. Insulationblanketsfor five additional
magnetmodels, beginning withDooo13, have been produced. The "Proud Mary" insulation
fabrication facility will be decommissioned in July.

DDOO14 was installedon the M1F test stand andwill be cooled down in July. Critical
cryostat parameterswill be monitoredduringcooldown, steady state, and wannup. Modal
analysisof DDOO14 was rescheduledfor September.

Long magnet model000011 was completed.
Subassemblypreparations. including fabrication of support posts, anchor assemblies, and

insulation blankets, are under way for long magnet DDOO13.
Two designs for a vertical plane probe transporter are being developed in conjunction with

GOSS. One design incorporatesa self-propelled walker; the other uses a deployable boom.
Modelswill be built andevaluated.

Plans arebeing developedfor the procurementof componentsfor FY89 long magnet
cryostat kits. It is planned to procure components like support posts, vacuum vessels, ete., in
final fonn for kit incorporation. Components for sixteen models will be procured,

Wark continueson magnet design for installation. Initial studies were completedon the
magnetvertical-eenterline-to-eenterline spacingand bottom-magnet-floorspacing. Effort is
planned for magnet support stand design.

Preparationfor industrialization continues. The draft of the Fermilab On-SireProgramfor
Phase 1,Technology Orientation,was sent to theCOO.

Magnetic Measurements

Tests of magnetDDOO12 were completed. It was warmed to roomtemperature and will be
removed from test stand 5, where000011 will be mounted.

On the second thennal cycle ofDDOO12, a total of 18spontaneous quenches were taken:
threeat 4.4 K and 4 atm, six at 3.2 K and 4 atm, five at 2.8 K and 4 atm, and four at 4.3 K and
1.5 atm. One training quench at 4.4 K followed the warmup-cooldown cycle before the magnet
returned to quenchingat the short sample limit of approximately 6500 A. (There were no
training quenches on the first cooldown.) At 3.2 K a single training quench at 73&J A was
followed by four plateau quenches at approximately 7600 A. At 2.8 K. the quench currents were
somewhaterratic, ranging between7050 A and 7640 A. The cause of this behavior is unknown
at present Two more quenches were taken at 3.2 K, which were at the previous plateau current.
Four quenches were taken in sub-cooled liquid at 4.3 K and 1.5 atm. These quenches do not
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appearsignificantly different from the quenches in 4-atm supercri.tical fluid. Quencheswere
inducedwith spot heaters at each end of the magnet at 7400 A at 3.2 K and at 6460 A in sub­
cooled liquid.

Strain-gaugedata were taken up to 6360 A at 4.4 K and up to 7370 A at 3.2 K. At the
highestcurrent measured,the inner coil stresses range from 1400psi to 2100 psi and are clearly
falling more slowly than quadratically with increasing current, The total force of thecoil on the
end plate is 10500pounds at 7360 A and is increasinga little faster than quadratically with
increasingcurrent.

Cooldown ofmagnetDooo14 is anticipated to begin in mid-July. The new electronics and
readoutequipmentneededto read the extensiveinstrumentation on the cryostathave been
installed. Severalleaks in themagnetvacuumvessel were encountered in mountingand
checkingthe magnet,principallyin severalof thespecialports used to bringout thecryostat
instrumentation signals.

LONG MAGNET FABRICATION

Component Magnets

MagnetDDOO11 was completedon June 30.
MagnetDDOO13 was received from BNL June 9. Verticalplane measurements were

completed. and strain gauges were installedon the cold mass. Posts for the cradles are
completedand await inspection. These parts will be availableon July 12.

Optical surveying of the cold mass and assemblyof the vacuum vessel is in process. All
other subassemblies were completed,and the magnet should be complete by July 25.

Progress on Pilot Production Facility

Space has been cleared to allow the installation of press staging tables. One table will be used to
assemble laminated tooling. The curing-press heat-plant heat exchangeris beingconnectedto the
building's air-conditioning system.

A load test was successfully conductedfor an H-frame assemblyof the collaringpress.
Procurement ofpress and toolingcomponents continues. A potentialproblemexists in the

delivery timerequired for the press tie rods. The stress-proofsteel selectedfor the tie rods
wouldrequire a mill ron, and delivery would take 22 weeks. Possible substitutematerialsare
beinginvestigated.

Coil-sizedata acquisition system specifications are beingreadied. Following a review of
the data acquisition specification, procurement will proceed.

The center sectionof the winding table wasreceivedfrom BNL. The controlpanel and
some miscellaneous parts are still to come.
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F-Series ModelProgram

MagnetF2 has been assembledand welded into its skin. It should be ready for testing by July
18. Coil sizing of magnetF3 is completed, and collaring will be possible after the sizing curves
are analyzed. Also required for F3 are inner and outer end saddles (provided by LBL), some
collar packs, gauge packs (being assembled now), iron laminationpacks, and some wedge and
end-piecemodifications.

0-10 inner return-end parts for magnetF-4 were released to the machine shop. Tool­
pathing and drawing the parts have begun. A similarouter return-endpart layout was started.
All other winding and curing parts will be released in July; winding should be possible by the
end of August.

Coil compressiongaugesfor NC-9 inner and outer analysis have been released andare to

be completedby July 18.Photoelastic stress analysismockups for NC-9 collaring tooling are
released and due by July 8.

Accelerator
A program to calculateenergydepositionin arbitrarygeometryand magnetic fields for

SSC-typeincident energies is now up and running, Work on energy deposition in a large,
generic SSC detector was written and should soon be ready for distribution.
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LBL REPORT

SUPERCONDUCTOR ANDCABLE

The prototypeproduction cabling machine,which is being built at Dour Metal in Belgium,was
tested successfullyat the Dour plant. During this acceptancetest, cable was made to sse outer­
layer specifications at the maximum design operating speed of 30 feet per minute. (ReportSSC­
MAO-208t by I. Royet, contains details.) The cable meets sse mechanical and dimensional
specifications; critical currentmeasurements arein progress at BNL. After afew minor problems
identifiedduring the acceptancetrials arecorrected, the machinewill be packaged and shipped to

the New England Electric Wire plant in New Hampshire. A final series of tests will be
performed by personnel from Dour, LBLt and NEEW. After these tests are complete, the
machinewill be availablefor fabrication of sse cable. If shippingand customs clearance
proceed smoothly. the cabling machineshould be installed and operationalby September.

Superconductorwire intendedfor use in long magnets Dron7 and Dooo18 was
completedby IGC (inner layer) and Supercon (outer layer). However, the productioncabling
runs originally planned for late June weredelayed. The IGC run was postponed pending an
evaluationof trialcables made at LBL and of wirebreaks that occurred during wire
manufacnning. Preliminary results indicatedthat some of the wirehad poormechanical
propertiesand may have to be rejected. Detailed discussions of these results will take place at
IOC on July 12 with R. Scanlan (LBL), D. Larbalestier (University of Wisconsin), and R
Remsbottom (UniversityofWisconsin).

Trial lengthsof cable were made from the Supercon wire. and sampleswere sent to BNL
for criticalcurrentmeasurements. The productionrun will be made when thesetests are
completed.

MAGNET MODELS

Dipole Models

DI5A-SBl. Rebuilt dipole D15A~5, called DI5A-5Rl t was tested May 31-June 14. The room
temperature thennal cycle occurredJune 8-9. MagnetD15A-5 was originallytested March 11­
18 and had somewhatpoorer-than-average training,althoughvery high plateau currents were
reached (7140 A at 4.3 K and 9400 A at 1.8 K).

The magnet was rebuilt with new sheet insulation to see whether ttaining can be undone by
a reassemblyoperation. Would the rebuilt magnetretain the training,retrain as the original
magnet,or train in a new pattern?
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In this case, the rebuilt magnet trained in a somewhat different pattern. All the training
quenchesof the rebuilt magnet were in the outer layer; the original magnet had training quenches
in both layers, predominantly in the inner layer. The magnets reached similar maximum
currents. Our conclusion is that, in this case, the magnet's training memory was destroyed by
rebuilding; however, the difference in training behavior shows that details may be sensitive to
small undetected or uncontrolledvariations in assembly procedures.

After testing. this model was disassembled and found to have an outer-coil pressure gauge
reading incorrectly. Gauges have been repaired and are ready for collaring. This reassembly,
designatedD15A-5R2, will attempt to "fix" the outer layer training of the Rl test by assembling
to a higher outer coil prestress of 8000 psi.

D15A-6. Model D15A-6 assembly was completed June 23. Final inner- and outer-coil
prestresses were 8300 and 6400, respectively. This magnet incorporates a new conductor, in
which proximity coupling of the 5-JlI1l filaments is prevented by doping thecopper matrix

between the filaments with manganese. The complete test periodwill extend into most of July.
The fIrst and third quenches were in the outer layer at 5737 A and at 6671 A, respectively. The
plateau quench at 4.3 K was in the inner layer at 6890 A.

End Desip. N.C. machining of the third straight-end test coil is complete. The coil will
. be wound, impregnated with epoxy, and autopsied in mid-July.

Conceptual design of flared-end windings that produce acceptable integrated multipoles is
finished. (A report should be available soon.) Several difficulties associated with the theory of
three-dimensional iron and the reduction of three-dimensional magnetic problems into a more
simple two-dimensional version have been resolved. In the future. it should be possible to
compute end harmonics and fields from a three-dimensional end that includes axisynunetrical
iron. The computations. however, will be carried out using two-dimensional codes.

Clamped-CollarModel. A modified clamping system was fabricated to clamp the iron yoke
blocks firmly against the collars (either aluminum or iron) during assembly and operation. The
model in which this will be incorporatedhas not been detennined. We have punched magnetic
iron collars for a proposed close-in iron system. (Stainless steel collars could be usedas well.)

fNAL Style Curini Fixtures. New l-m dipole coil-euring fixtures will be built at LBL.
FNAL will provide the lamination assemblies, and the othermachined pans will be fabricated at

LBL according to FNAL drawings.
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