DRAFT

Statement of Work 

and

Technical Specification

for the

Design, Fabrication, Installation and Test

of the

MECO Superconducting Magnet System

Revision Draft 3.0
Prepared by

Bradford A. Smith

Plasma Science and Fusion Center

Massachusetts Institute of Technology

Cambridge, MA  02139

Date: November 12, 2003

1. INTRODUCTION

The Muon-to-Electron Conversion Experiment (MECO) seeks to detect muon to electron conversion, providing evidence that the conservation of muon and electron type lepton number can be violated.  Observation of this violation would suggest physics beyond the Standard Model. The experiment is to be installed in the Alternating Gradient Synchrotron (AGS) facility at Brookhaven National Laboratory (BNL), Long Island, New York.
During this experiment, a high energy proton beam produces pions when it hits a heavy target inside the 1.5 m diameter by 5 m long Production Solenoid (PS). A fraction of the muons resulting from pion decay are captured in the 0.5 m diameter bore by 13 m long, S-shaped Transport Solenoid (TS), which contains collimators, providing sign and momentum selection. The muons are stopped in a target inside a 1.9 m bore by 10 m long Detector Solenoid (DS) that houses detectors to measure the energy of the conversion electrons. Magnetic field is controlled to 5 T ±5% at the high-field end of the PS and to 1 T ±0.2% in the detector region of the DS. Detection is at the unprecedented level of 2 conversions in 1017 stopped muons.

2. Scope

This document identifies those work items and requirements applicable for the design, fabrication, installation and test of the MECO magnet system.
The MECO Magnet System Conceptual Design Report (CDR) is considered a reference design document.  The Subcontractor, when designing and fabricating the MECO Magnet System, may use any or all parts of the reference design. Whether the Subcontractor chooses to follow or modify the reference design, the Subcontractor assumes responsibility for meeting the subcontract requirements.
3. APPLICABLE DOCUMENTS

3.1 Binding project documents

Documents listed below shall be binding requirements on the Subcontractor. Also, verify each is cross referenced in the appropriate section of the SOW where it is applicable. This still  needs to be done.

3.1.1 MECO Magnet Field Specifications, May 11, 2001, W. V. Hassenzahl. 

This needs to be updated for PS and DS fringe field effects.

3.1.2 PS Magnet Iron Specification

This needs to be written. This spec should be written to capture the nuclear shielding requirement, if that is the primary purpose of this iron. Also, this spec needs to identify any special field shaping requirements imposed on the magnet iron to control fringe fields from the PS magnet into the muon path through the TS. As written, the magnet SOW of this document requires that the Subcontractor provide the PS iron. 

3.1.3 DS Magnet Iron Specification

 This needs to be written. This spec should be written to capture the cosmic ray shielding requirement, if that is the primary purpose of this iron. Also, this spec needs to identify any special field shaping requirements imposed on the magnet iron to control fringe fields from the DS magnet into the muon path through the TS. As written, the magnet SOW of this document requires that the Subcontractor provide the DS iron.

Check with Tracey/Mike: If part of a document is invoked, do we reference it as binding or non-binding? For example, several of the MECO documents on the web page (e.g., MECO-MuonBeam-03-002: WBS 1.5.2) contain the best present definition of interface requirements, along with a host of other info that is not directly relevant for the magnet. What do we do with these? Cite the relevant sections only? For now they are left in the non-binding category. Ultimately, the interface documents should stand on their own and be binding.
3.1.4 Facility layout drawing

This will be a binding document and must be provided by BNL.

3.2 Non-binding project documents 

3.2.1 MECO Superconducting Solenoid System Conceptual Design Report, June 6, 2002

3.2.2 SSC Cable Test Data, (DELETE AND MOVE TO RFP) 

SSC cable test data is included as Appendix B. Note: leave intact until completed.

3.2.3 MECO Construction Project DRAFT Management Plan, Version: June 21, 2001 (or latest version of this document in effect at the time of contract placement). (DOES THIS HAVE DIRECTION OR INFORMATION – I AM THINKING IT SHOULD BE AN RFP DOCUMENT FOR INFOR)

3.2.4 Tables of SSC Inner and Outer cable spools and lengths set aside for the MECO Project. (DELETE AND MOVE TO RFP FOR INFO)
3.2.5 Magnet Interface Control Documents

The following is listing of current documents available at http://meco.ps.uci.edu/ref_design/ref_design.html:

3.2.5.1 MECO-Standards-03-001: MECO Standard Coordinate System

3.2.5.2 MECO-Target-02-001: WBS 1.3.2 - Heat and Radiation Shield Reference Design

3.2.5.3 MECO-MuonBeam-03-003: WBS 1.5.1 - Muon Beamline Vacuum System Reference Design

3.2.5.4 MECO-MuonBeam-03-002: WBS 1.5.2 - Collimator Reference Design

3.2.5.5 MECO-MuonBeam-03-004: WBS 1.5.6 - Muon Beam Stop Reference Design

3.2.5.6 MECO-MuonBeam-03-005: WBS 1.5.5 & 1.5.8 - Detector Shields and Absorber Reference Design

3.2.5.7 WBS 1.5.7 - Anti-Proton Stopping Window Design Report

3.2.6 BNL Outside Contractor Site Access Document (DELETE /MOVE TO SUBCONTRACT) leave here until move confirmed.
The Subcontractor shall comply with the conditions outlined in the BNL document “Work by Contractors on the Brookhaven National Laboratory Site – Supplemental Conditions”, available at http://www.bnl.gov/PPM/suppl.htm.

3.2.7 MECO Safety Plan 

(Needs to be written)

3.2.8 MECO Insulation Report, Cryogenic Materials, Inc., March 21, 2003

3.2.9 MECO Management Plan (DELETE – This is not a SOW requirement, can reference in RFP for information if want) Is this redundant with 3.2.3?
A draft copy of the MECO Management Plan is currently available at http://meco.ps.uci.edu/. 

3.3 Other documents

The following documents form a part of this specification to the extent specified herein.  The issue date shall be the one in effect on the date of bid submittal. 

3.3.1 American Society of Mechanical Engineers Boiler and Pressure Vessel Code

Section II

Material Specifications

Section VIII
Rules for Construction of Pressure Vessels

Section IX

Welding and Brazing Qualification

ASME Y14.5M
Dimensioning and Tolerancing for Engineering Drawings

3.3.2 American Welding Society (AWS)

A2.4
Symbols for Welding and Nondestructive Testing

A5.9
Corrosion Resisting Chromium and Chromium Nickel Steel Welding Rods

D1.1
Structural Welding Code – Steel

D10.4
Welding of Austenitic Chromium-Nickel Steel

QC-1-88
Certification of Welding Inspectors

3.3.3 American National Standards Institute (ANSI)

ANSI/ASQC C1-1996
General Requirements for a Quality Program

B46.1


Surface Texture

3.3.4 International Organization for Standardization 

ISO 9000 2000 Standards

ISO 9001 2000 Quality Management Standard 

3.3.5 American Society for Testing and Materials (ASTM)

E493 
Testing for Leaks Using the Mass Spectrometer Leak Detector in the Inside Out Testing Mode

E 498 
Testing for Leaks Using the Mass Spectrometer Leak Detector in the Tracer Probe Mode

E 499 
Testing for Leaks Using the Mass Spectrometer Leak Detector in the Detector Probe Mode

B193
Test for the Resistivity of Electrical Conductor Materials

B577
Test of Hydrogen Embrittlement of Copper

E8
Tension Testing of Metallic Materials

E18
Test for Rockwell Hardness and Rockwell Superficial Hardness of Metallic Materials

B170
Oxygen-Free Electrolytic Copper Wire Bars

B188
Seamless Copper Bus Pipe and Tube

B187
Copper Bus Bar, Rod and Shapes

B353
Chemical Analysis of Copper (Electrolytic Determination of Copper

B342
Electrical Conductivity by Use of Eddy Currents

3.3.6 American Society for Nondestructive Testing, Specification 1A

3.3.7 Copper Development Association (CDA)
CDA Standards Handbook, Part 2 (Wrought Products) Alloy Data, CDA Alloy No. 10200.

3.3.8 Lawrence Livermore National Laboratory

MEL95-001817-00
Welding of Stainless Steel Components for Ultra-High Vacuum Environment

MEL95-001818-00
Fabrication and Handling of Components for Ultra-High Vacuum Environment

4. STATEMENT of work 
The Subcontractor shall, unless otherwise noted, furnish all labor, materials, equipment and facilities to design, fabricate, assemble, install and test the MECO magnet system in accordance with this specification and statement of work. 
4.1 Subcontractor’s general responsibilities 
The Subcontractor shall design, fabricate, assemble, ship, install, align, commission and perform acceptance testing on the MECO magnet system and the refrigerator/liquefier? in the experimental hall at Brookhaven National Laboratory.  In addition, Subcontractor shall provide all required spares, software, reports, documentation and technical data in accordance with the subcontract requirements. Specific services to be provided by the Subcontractor include, but are not limited to, the following:

· Management

· Design

· Fabrication

· Quality Assurance

· Installation

· Acceptance Testing
4.2 Management
The Subcontractor shall provide project management team capable of contract administration support tasks and planning and managing overall project performance. At a minimum, this team shall consist of a Project Manager, Project Engineer(s), Quality Assurance Manager and Production Manager. The Project Manager shall be the central point of contact for the University’s technical and procurement representatives.  This team shall be responsible for supporting the items listed below.
4.2.1 Key Personnel Listing
At time of award, Subcontractor shall furnish a listing of key personnel, including the project management team identified above, and their functions, together with home addresses and telephone numbers for use in the event of an emergency. Subcontractor shall update the listing as changes occur.  The University shall keep this list in confidence.
4.2.2 Correspondence

The Subcontractor shall serially number all correspondence issued concerning the Subcontract and maintain a log. Subcontractor shall include the Subcontract number on all correspondence directed to the University’s technical and procurement representatives. Informal e-mails need not comply with this requirement. (NOTE WE NEED TO ID A CENTRAL POC FOR OUR PM &DISTRIBUTIONS) 
4.2.3 Project Cost Schedule Baseline
Subcontractor shall update and resubmit the initial cost and schedule baseline established at the time of the 
proposal if the contract award is deferred, to incorporate and items finalized during the final design activity, or to expand project milestones.  This data shall serve as the baseline for all progress reporting, cost reporting, earned value management, any work breakdown structures and payment milestones.  The project cost and schedule data shall be capable of being imported by the latest versions of Microsoft Excel and Project, respectively.
4.2.4 Status Reporting
The Subcontractor shall furnish progress reports to the University every month prior to release for fabrication, and every two weeks after release for fabrication. Each progress report shall be in sufficient detail to allow a realistic evaluation of the Subcontractor's progress in meeting all schedule dates.  These reports shall summarize unresolved issues and list outstanding Requests for Information (RFIs), Deviation Requests (DRs) and Non-conformance Reports (NCRs).  In addition, the reports shall serve ten work day’s advance notice of critical witness and hold points during the manufacturing process.
4.2.5 Cost and Schedule Reporting

The Subcontractor shall submit monthly progress reports that discuss the progress of the major activities against the baseline cost and schedule. The reports shall assess the Budgeted Cost of Work Performed and Actual Cost of Work Performed against the Budgeted Cost of Work Scheduled and provide schedule and cost variances for the month and for the project to date.

4.2.6 Program Reviews

(NEED TO DEFINE MEETINGS TO BE HELD _ QUARTERLY? TO REVIEW STATUS OF PROJECT IDEALLY AT SUB OR KEY SUB FACILITIES).
4.2.7 Property Management
Subcontractor shall manage all government property delivered to its facility or those of its subcontractors.
In addition, Subcontractor shall be responsible for supporting all property management audits, inventories, reporting and recordkeeping requirements in accordance with the subcontract provision TBD.
4.3 Design
Subcontractor shall provide an engineering team capable of managing all engineering aspects of the MECO magnet system to ensure that all aspects of the design, from its interim and final stages, through system acceptance at BNL, move forward in a coordinated, systematic fashion, with minimal risk, and in a manner that meets the requirements of this specification.
4.3.1 Systems Engineering Management Plan
Subcontractor shall submit and implement a plan that documents process controls for key design elements, drawing release, and configuration during design and fabrication to preclude violations of the technical requirements.
4.3.2 Drafting and Drawing Requirements
The Subcontractor CAD software shall have a full 3-dimensional capability, and all assembly drawings shall be integrated from the lower level parts in 3 dimensions with appropriate fit and interference checks.

The Subcontractor shall deliver CAD drawings electronically to the MECO Project in a timely manner, on CD or other appropriate media, as the drawings are created and as needed by the Project. 
The Subcontractor shall define a drawing review process (both internal and Project) and release for manufacture, as well as drawing revision control. 
Final, as-built, CAD drawings are required on all delivered hardware. 
4.3.3 Design milestones

Subcontractor shall identify key design milestones in the project schedule. Milestones shall be organized to show completion of topics planned for the interim and final design reviews. Milestones shall include but not be limited to:

· Plan updates from the proposal

· R&D task completion dates

· Interim design review

· Fabrication specifications complete

· Final design review

4.3.4 Analyses

Subcontractor’s design shall integrate the results the key analyses that the subcontractor shall carry out during the design phase. These key analyses include:

· Magnetic analyses coupled with modeling accuracies, material property variances and tolerance studies that are an integral part of the magnetic verification plan (see below).

· 2 and 3D finite element modeling and other structural analyses of all components against the structural design criteria (see below). Analyzed components and assemblies shall specifically include conductor, conductor joints, conductor leads, windings, coil mandrels, cold mass assemblies including welded connections and fasteners, cold-to-warm supports, magnet iron, vessels and vessel-to-experimental-hall-floor supports.

· 3D quench analysis for all magnet systems, with temperature distributions as a function of time evaluated against the quench voltage and temperature requirements. Quench analysis shall be coupled with a coordinated structural analysis of the transient electromagnetic and thermal loads to ensure that the design criteria are not exceeded at any time during quench.

4.3.5 Structural design criteria document

Subcontractor shall prepare a structural design criteria document during the design phase on a schedule consistent with the baseline project schedule. Structural design criteria shall be consistent Specification requirements (5.12). As part of the design criteria document, stress/strain allowables for all materials used in the design shall be identified for the temperature range over which the materials will be operated, generally 300 K – 4.2 K.

4.3.6 Recommendation for specific electrical insulation

MECO has invested in a study by industrial experts (3.2.8) who recommended a specific set of insulating materials and methods to be employed to meet the MECO requirements. Subcontractors are requested to follow the insulation materials and methods guidelines presented in this report, unless they can provide compelling evidence to do otherwise prior to or during the final design review. 

Subcontractors shall be responsible to defend their choice of insulating materials and methods at the final design review, and be independently responsible for meeting the requirements of this document.

Subcontractor shall provide drawings and procedures for coil impregnation and cure at the Final Design Review.
4.3.7 Magnetic verification plan
The magnetic verification plan shall describe a complete process for integrating the magnetic, structural and thermal design, including the material properties design data base and analytical calculations, with the manufacturing, assembly, installation, and in-process tests, to assure that the final operational magnetic field of the magnet system, following cooldown to operating temperature, will meet the field specification. The thrust of this requirement is for the Subcontractor to demonstrate in advance of final acceptance testing that by maintaining strict control over all processes the magnet will meet the requirements of the magnetic field specification when operated at design current and temperature. 
To achieve this, this plan shall be fully integrated with Subcontractor’s manufacturing, installation and quality assurance plans.
Subcontractor’s plan shall follow the approach below or its functional equivalent: 
· Perform an  interim magnet system design. The design description shall update the preliminary design description to include current descriptions of the conductor, coil arrangement to meet the field specification, coil insulation system, coil cooling arrangement, joint, bus and lead design, structural solutions and cryogenic system design. Items requiring further verification during final design shall be identified.
· Calculate the margin of the preliminary design’s nominal, operational magnetic field at the cold operating temperature to the magnetic field specification over the specified volume.

· Allocate the available margin to all sources of error including those attributable to manufacturing, assembly, installation, cooldown, operation, differences in material properties from those assumed in the design data base, and modeling inaccuracies.

· Assure that the assigned errors can be achieved in the presence of the allowable tolerances. 

· Highlight those particular processes whose tolerances have the greatest impact on field margin.

· Identify inspections to be made at the earliest possible time to ensure that the tolerances associated with each critical step are achieved. Proceed to the next step of manufacturing only after all requirements at the current step are met, consistent with the plan. Each subsequent successful inspection builds confidence that the fabrication is proceeding according to plan.

· Iterate this process until self-consistent results are achieved throughout.
· Support the plan with a complete 3-D structural and magnetic analysis.
4.3.8 Quench detection circuitry calibration plan

The Subcontractor shall submit a quench detection calibration plan as part of final design documentation. This plan shall outline the approach to be followed to set up and calibrate the quench detection system once all magnets are installed in the operating facility and cooled to operating temperature.

4.3.9 Refrigerator/liquefier functional requirements and specification

The Subcontractor shall provide functional requirements for the refrigerator/liquefier (R/L) such that it will properly interface with the Subcontractor supplied control cryostats, valve boxes and all distribution lines, including connections between the R/L and the control cryostats and between the control cryostats and the magnets. The functional requirements shall include specifications for the following:

· the compressor return-side pressure and temperature,

· liquefaction requirement (l/hr) for the vapor cooled leads individually and in total,

· refrigeration requirement (W) at the compressor return-side pressure and temperature,

· a flow schematic of the Subcontractor’s helium system design, including the refrigerator/liquefier, control cryostats, valve box(es), and the magnets, and

· helium state (pressure, temperature, and quality) identification at the key points in the system.

4.3.9.1 Minimum boil-off goal 

The magnet system and interfaces to the R/L shall be designed for reasonable (not excessive) cryogen use. It is understood that Tthe largest single 4.2 K heat load in the magnet system be is due to the nuclear radiation heating in the PS cold mass. All other He refrigeration and liquefaction loads shall be driven in the design to a practical minimum. These loads include, but may not be limited, to the conduction loads through the cold-to-warm supports, cryogenic valve lead stems and vacuum separators, joule heating in the electrical joints, thermal radiation loads, and boil-off in the vapor cooled leads.

4.3.9.2 Component locations and helium line lengths

The exact placement of magnets, refrigerator/liquefier components, and control cryostats, will be determined interactively between the Subcontractor, BNL and the MECO project. Generally, the magnets will be inside the shielded area of the hall, while the control cryostats and the refrigerator/liquefier components will be outside the shielded area. 

The BNL proposed floor layout will be one of the referenced interface documents. This needs to be completed.

4.3.10 Interim Design Review and Package 
The Subcontractor shall prepare an interim design review package for distribution to the review committee 2 weeks prior to the interim design review identified on the baseline schedule. Ideally, the package shall be in the form of an interim design report that includes a detailed description, including drawings, of the key components of the Subcontractor’s design. The intent of the interim design review is to enable a timely and independent technical, cost and schedule analysis of the Subcontractor’s work, and provide an opportunity for constructive feedback into the design process in a manner beneficial to the Subcontractor and the MECO project.

The interim design review package shall contain at least preliminary descriptions of a significant number of the topics listed for coverage under the final design review activity. Subcontractor’s program plan shall identify those topics that will be discussed at interim design review. As a minimum, these topics shall include interim design information on the following.
· Field specification, field matching and projected margin at acceptance testing based on the magnetic verification plan

· Conductor design and margin discussions

· Coil insulation design
· Conductor joint design

· Current lead and bus bar design
· Magnet iron design
· Quench detection systems—primary and backup
· Quench protection system
· Magnet slow discharge
· Power supplies, dump resistors and switches

· Structural design criteria

· Structural analyses 
· Warm-to cold-supports

· Preliminary leak rate specifications for vessels 
· Cryostat design, including thermal radiation shields and multilayer insulation, integration of the warm-to-cold supports, cryostat gravity supports and vacuum design

· Cryogenic system design, including cryogen flow schematic 

· Preliminary refrigerator/liquefier requirements document
· Magnet interfaces to experimental equipment and facility
· R&D plan updates:  Subcontractor shall describe all R&D activities required to support the design.

· Specification verification matrix:  The Subcontractor shall update its draft specification verification matrix to demonstrate how compliance with each specification requirement shall be achieved. Compliance demonstration can be by analysis, certification, sample testing, or full component or system testing.
4.3.11 Final Design Review and Package
The Subcontractor shall prepare a final design review package for distribution to the review committee 3 weeks prior to the final review design review identified on the baseline schedule. The package shall be in the form of a draft final design report that includes a detailed description, with drawings, of the components of and integrated approach (analysis, R&D and fabrication) to the Subcontractor’s design. The Subcontractor shall update the draft final design report based on final review committee comments.
Final design shall include the effects of the magnet iron in the magnetic field analysis, magnetic verification plan, and structural design. The magnetic field analysis shall fully account for the presence of the iron at the design operating current, as well as the hysteresis effect, if any, in the iron through multiple cycles of magnet excitation. The maximum allowable off-center positions of the coils relative to the iron shall be determined and specified by the Subcontractor such they are consistent with the Subcontractor’s magnetic verification plan and the structural analysis.
Subcontractor shall submit a final magnetic verification plan at the Final Design Review milestone, supported by a complete 3D structural and magnetic analysis. 

All documents, drawings and topics presented at or for the interim design review shall be updated at the final design review.
Specific topics that shall be described in detail at final design shall include but not be limited to the following:

· Field specification, field matching and projected margin at acceptance testing based on the magnetic verification plan

· Conductor design and margin discussions

· Coil insulation design: 

· Conductor joint design

· Current lead and bus bar design
· Magnet iron design
· Quench detection systems—primary and backup
· Quench protection system
· Magnet slow discharge
· Power supplies, dump resistors and switches

· Structural design criteria

· Structural analyses of all components
· Warm-to cold-supports

· Acceptable leak rate for all vessels: During the design phase, Subcontractor shall define and defend an acceptable leak rate for all vessels. In any event, allowable leaks shall be no larger than that which results in negligible heat load on cold components from conduction or convection in residual gas when compared with other heat loads on cold structures. 
· Cryostat design, including thermal radiation shields and multilayer insulation, integration of the warm-to-cold supports, cryostat gravity supports and vacuum design. Heat loads shall be tabulated for each cryostat.

· Control dewars

· Bore vacuum closures and cryostat-to-cryostat displacements

· Cryogenic system design, including cryogen flow schematic with identification of fluid states 
· Draft refrigerator/liquefier requirements document
· Magnet interfaces to experimental equipment and facility
· Magnet manufacturing plan
· Installation plan

· Acceptance testing

· R&D plan updates:  Subcontractor shall describe all R&D activities required to support the final design.

· Specification verification matrix:  The Subcontractor shall update its draft specification verification matrix to demonstrate how compliance with each specification requirement shall be achieved. Compliance demonstration can be by analysis, certification, sample testing, or full component or system testing.
4.4 Fabrication (NEED TO ADDRESS FACTORY TEST PLAN)  Significant number of items added for this.
Subcontractor shall be responsible for the fabrication of the MECO magnet system and all its components in accordance with subcontract requirements.
4.4.1 Final manufacturing plan
  Subcontractor shall update its manufacturing plan as required by the project schedule, but no later than so that it may be included in the final design review package.  It shall fully describe the baseline approach to the fabrication of the major elements of the magnet system. Manufacturing approaches shall be described for conductor fabrication, coil winding, coil insulating and impregnation, coil mandrel
 fabrication, shell fabrication, cryostat fabrication, including thermal conduction and radiation reduction measures, cold-to-warm supports, and the integration of the magnetic verification plan measures. The manufacturing plan shall delineate, down to WBS Level 4, (NOTE: MANUFACTURING PLAN IS AT LOWER WBS THAN MANAGEMENT PLAN –is this a problem UCI to address this)  those items which will be manufactured within the Subcontractor’s facility, those that will be manufactured by identified Subcontractors, special tooling, and purchased parts. The manufacturing plan shall clearly identify those items, if any, requiring manufacturing release prior to the final design review.
Subcontractor shall notify the University of any proposed changes to the manufacturing plan after the plan is reviewed at final design review. 

Subcontractor shall fully integrate his magnetic verification plan with his manufacturing plan to ensure that all components are produced to tolerances that are acceptable for the magnetic field performance of the system.

4.4.2 Fabrication milestones and activities

Subcontractor shall identify key fabrication milestones and activities on the project schedule. Fabrication milestones and activities shall include but not be limited to the following for each magnet (PS, TSu, TSd, DS), as applicable:

· Acceptance of SSC cable, if applicable

· Conductor fabrication tooling complete

· Begin dummy conductor soldering trials, if applicable

· Conductor fabrication release and completion

· First and last coil mandrel fabrication complete

· First and last coil winding complete

· First winding hipot and turn-to-turn short test

· First and last coil impregnation

· Demonstrate dummy conductor joint fabrication

· First and last conductor joint complete

· Cold mass assembly complete

· Helium vessel fabrication complete, if applicable

· Helium vessel leak testing complete, if applicable

· Warm-to-cold support fabrication complete

· First and last warm-to-cold support installed on cold mass

· Thermal radiation shield fabrication complete

· Installation of thermal radiation shield

· Vacuum vessel fabrication complete

· Vacuum vessel leak testing complete

· Cryostat pre-shipment testing

· Ship cryostat

4.4.3 Additional fabrication and testing requirements

All magnet system components, subassemblies and assemblies shall be produced in accordance with the Subcontractor’s current manufacturing plan. 

Data taken on individual coils from the tests and measurements identified below shall be retained on a coil-by-coil basis in a separate document, each with a unique identification traceable to the specific coil, and shall be available at any time for inspection. Complete test results for each coil shall be a deliverable.

Data taken on each component other than coils shall be recorded on a uniquely identifiable document traceable to the component. Subcontractor shall define the structure for these reports.

4.4.3.1 Conductor

Magnet coils shall be wound from conductors having superconducting strands that are fully continuous, undamaged, and without breaks. Any detected strand damage shall be cause for rejecting that conductor piece length or coil assembly, and the rejected part must be replaced. Subcontractor shall notify the University immediately of any damaged conductor, as well as his proposed replacement length from the provided overage quantity. 

Finished conductor shall be checked to ensure envelope dimensions are within acceptable limits.

If Subcontractor’s conductor uses a cable-in-channel design, a dummy length of cable shall be soldered into a dummy length of channel to debug the soldering process prior to the fabrication of actual conductor.

Cables soldered in channels, if used, shall be completely wetted with solder. 

Sufficient copper stabilizer shall be used to meet the quench protection requirements.

4.4.3.2 Coil mandrels

Coil mandrels shall be individually checked for compliance with their required dimensions and shapes, required by design and in accordance with the manufacturing plan.

4.4.3.3 Coil winding

Subcontractor shall wind a single pancake for each coil to bring the winding-start lead to the OD of the winding. The balance of the turns shall be layer wound, with the winding-end lead ending at the outer layer. Subcontractor shall place a layer of insulation rated at the full ground insulation potential between the lead-out pancake and the balance of the winding. If the turns in the outer layer of the winding do not constitute a complete layer, these outer layer turns shall be evenly spaced along the full axial extent of the winding, with intervening mechanical support. Turns shall be applied in an orderly manner, with no crossovers except at the layer ends. 

Subcontractor shall use pre-formed, insulated turn transitions to ensure smooth transitions from layer to layer. The Subcontractor shall identify the materials for these transitions in the Final Design Review. Transitions shall be fabricated such that they present no sharp edges to adjacent insulation.

Conductor winding tension shall be limited and prevented from exceeding the conductor yield stress by a reasonable margin under all winding conditions.

Subcontractor shall employ insulation taping heads designed so that conductor damage or breakage shall not occur because of a failure (including jams) of the taping head.

Subcontractor shall monitor and record the turn count in each coil in an error-free manner during winding. Turns, and fractional turns, shall be automatically recorded and stored in a non-volatile manner such that loss of power does not result in loss of information. The turns counter shall correctly adjust the count in the event that the winding line needs to be reversed, and turns or fractional turns are temporarily removed from the winding. The turns counter shall maintain a correct turn count to an accuracy of 0.1 turn throughout the winding process, including all starts, stops and reversals. Turn count for each coil shall be consistent with the manufacturing plan.

Subcontractor shall monitor and record winding electrical resistance throughout the winding process to help with the timely detection of turn-to-turn shorts. For each coil, resistance shall be correlated with turn count, and total length of conductor applied to the winding at any time. If turn-to-turn shorts are suspected, they shall be verified, documented and repaired before proceeding.

Subcontractor shall test turn insulation in the winding line prior to turn forming over 100% of its surface for voltage withstand at twice the maximum turn insulation voltage plus 1 kV. Any insulation failures shall be repaired and retested prior to proceeding. Locations of repaired areas shall be documented in the traveler.

4.4.3.4 Completed coils prior to epoxy impregnation

Subcontractor shall insulate wound coils from ground consistent with the ground insulation requirements

Completed coils shall be tested for turn-to-turn shorts such that turn-to -turn voltage is everywhere at least as great as the maximum turn-to-turn voltage that can occur during operation, including quench. 

Following the application of the ground insulation, coils and voltage tap leads shall be hi-pot tested to 2200 V dc. Leakage currents shall be less than 20 A.

4.4.3.5 Epoxy impregnation

Epoxy mixing and preparation shall follow the manufacturing plan. Epoxy subjected to improper mixing, handling, heating or pressure at any step of the process shall not be used for impregnation of the windings. 

Component weights, temperature, and pressure of the coil, the resin components and the mixed resin shall be carefully monitored. Pressures and temperatures of the resin and the coil shall be continuously recorded through resin mixing, coil evacuation, filling and curing.

Coil lead splice regions shall be adequately protected so epoxy does not flow into areas to later be joined or insulated by alternative means.

Whether the subcontractor follows the recommended insulation system (3.2.8) or develop their own, the following requirements shall be met:

4.4.3.5.1. Resin containment and distribution system

The resin containment and distribution system for each coil shall be designed to ensure that the resin fully wets all insulation volumes in accordance with the final design and analysis. Resin void volumes shall be no greater than specified.

4.4.3.5.2. Resin mixing, degassing and transfer protocol

Resin mixing, degassing and transfer protocol, including appropriate temperatures and pressures, shall follow approved and controlled procedures. Resin that has been subjected to improper mixing, temperature or pressure shall not be used.

4.4.3.5.3. Resin volume calculation and measurement

The Subcontractor shall provide a method to insure that the resin volume required in the coil matches the design impregnation volume prior to epoxy cure.
4.4.3.5.4. Sight tube

A means shall be provided at the top of the resin containment system to visually verify the resin level over the coil.

4.4.3.5.5. Alternating pressure and vacuum cycles

A means shall be provided to insure that voids and pockets have been filled prior to epoxy cure.  A suggested method is as follows.  

When the initial transfer of resin to the coil is complete, and the resin has reached the appropriate level in the sight tube, transfer shall stop. The pressure in the coil will be raised to at least atmospheric to allow the resin to soak and fill additional voids, as applicable. In no case, once the resin level has been verified to be above the coil, shall the level be allowed to fall below the top of the coil. If the resin level in the sight tube has dropped after a minimum of 20 minutes, vacuum shall be re-established in the coil and resin shall be added to refill the sight tube to the “full” level. This process shall be repeated a minimum of 3 times, or the number of times necessary to reach a condition where the level does not drop after the 20 minute period, whichever is greater.

4.4.3.5.6. No unfilled, epoxy-rich volumes

The impregnated coil shall have no unfilled, epoxy-rich volumes larger than 0.5 cm3. 

4.4.3.5.7. Curing temperature and schedule

The cure time-temperature profile shall be in accordance with the submitted procedure. Resin temperature in the coil shall be monitored and recorded. Violations of the time-temperature profile, including those that may be due to an exothermic reaction, are not allowed.

4.4.3.5.8. Post cure cleanup

Following resin curing and cooling, the coil shall be cleaned and excess epoxy outside the defined coil envelope removed.

4.4.3.6 Cold mass assembly

Structurally interconnected mandrels containing coils constitute the cold mass assembly.

Dimensions of the cold mass shall be verified against the manufacturing plan at each step in the assembly process.

The conceptual design for the production solenoid required axial pre-stress to ensure that axial tension would not develop during a quench event. Coils which require pre-stress for proper structural performance based on the final design shall be checked for this pre-stress in accordance with the manufacturing plan.

4.4.3.7 Quench detection circuitry warm verification

The voltage tap wiring polarity and continuity shall be verified with a low level current in each magnet at room temperature, prior to helium vessel closure, or prior to installation of the thermal radiation shield or multi-layer insulation, whichever is first applicable.

4.4.3.8 Conductor joints

Conductor joints refer to coil-to-coil joints and coil-to-bus joints at each end of the magnet.

The joint fabrication process shall be facilitated by fixtures, clamps and heaters as necessary such that the fabrication process is repeatable and consistent.

Joint soldering shall not melt cable-to-channel solder.

All conductor joints and leads to and from the joints shall be structurally supported against violation of the structural design criteria.

All conductor joints and leads to and from the joints shall be adequately cooled, consistent with the joint temperature margin and conductor fraction-of-critical current requirements.

4.4.3.9 Helium enclosure

The helium enclosure refers to the large volume structure that contains the helium in a bath-cooled magnet. Relative to the CDR design, this is applicable for the PS magnet.

Helium enclosures shall be acceptably tested against Subcontractor’s specified leak rate as identified for all vessels during the design phase.

Surface finishes shall be inspected for compliance with Subcontractor’s design and manufacturing documentation. Use of surface-finished components degraded by any means (including fingerprints and scratches) is not allowed.

4.4.3.10 Multi-layer insulation

Multi-layer insulation (MLI) shall be applied in a total thickness and manner consistent with the design and with the heat load calculations. Crushing or compressing the layers during the fabrication process in such a way as to degrade the effective thermal resistance of the MLI is not allowed. 

4.4.3.11 Vacuum vessel

Vacuum vessels shall be acceptably tested against Subcontractor’s specified leak rate as identified for each vessel during the design phase.

Surface finishes shall be inspected for compliance with Subcontractor’s design and manufacturing documentation. Use of surface-finished components degraded by any means (including fingerprints and scratches) is not allowed.

4.4.3.12 Magnet iron

The Subcontractor shall provide PS and DS magnet iron in accordance with 3.1.7 and 3.1.8, respectively. Magnetization (B vs. H) curves shall be provided on one sample from each heat of delivered iron.

4.4.3.13 Control dewars

The conceptual design included control dewars to regulate the temperature and flow rate of liquid helium to the magnet cryostats. Control dewars, if used in the final design, shall be have all fluid spaces helium leak tested for acceptable leak rates in accordance with the manufacturing plan.

Flow resistance in heat exchanger coils shall be verified by recording pressure drop and flow rate using liquid nitrogen an appropriate fluid. Measured pressure drop and flow rate shall be corrected to reflect the equivalent pressure drop and flow rate for helium at the corresponding design state.

4.4.3.14 Power supplies

Power supplies shall be provided for each magnet circuit in accordance with the specification.

Power supplies shall be tested at rated voltage and current for a minimum of 8 hours. Temperatures of components shall not exceed those allowed by the manufacturer. Power supply regulation and ripple shall not exceed the specified allowable.

Control signals for remote control of the power supply shall be tested for proper operation.

4.4.3.15 Quench detection and protection systems

Subcontractor shall supply a magnet quench detection and protection systems in accordance with the specification. 

The quench detection system shall be designed, fabricated and tested to be fully consistent with the Subcontractor’s quench analysis to show that the maximum voltages, temperatures and stresses, as allowed by the design criteria document, are not exceeded at any time during the quench transient.

4.4.3.16 Vacuum equipment

Subcontractor shall provide vacuum equipment, including pumps, gages, instrumentation, lines and interconnections shall be provided for each cryostat. 

4.4.3.17 Mass spectrometer leak detector and leak testing equipment

Subcontractor shall purchase a mass spectrometer leak detector and two standard calibrated leaks. This equipment and all interconnections shall be used for all cryostat leak testing and delivered with the magnet.

4.4.3.18 Cryostat bore vacuum interconnections

Subcontractor shall provide cryostat bore vacuum interconnections between the PS and TS cryostats and between the TS and DS cryostats in accordance with the specification. These bore vacuum interconnects shall be capable of withstanding all relative displacements between cryostats during all operating modes, including cooldown, all combinations of each magnet being energized or not, normal operation with all magnets energized, quench, and warmup.

4.4.4 Magnet and vessel testing prior to shipping to BNL

The Purchaser or Purchaser’s Agent shall be notified at least 10 working days in advance of acceptance testing at the Subcontractor’s facility so that Purchaser or his Agent can be sent to witness the tests.

4.4.4.1 Leak testing

Upon completion of the vacuum vessel close-out welding, the Subcontractor shall perform vacuum leak testing of the vacuum jacket in accordance with this specification under the following conditions:

1)  Vacuum during the final leak test shall be established using the cryostat vacuum equipment that will be delivered with the cryostat.

2)  Close all ports to the LHe compartment.  Evacuate the vacuum jacket and perform vacuum helium leak checking of the outer surface of the vacuum jacket.

3)  Evacuate, back fill, and pressurize the LHe compartment with helium gas up to 15 psig and hold for 10 minutes while the helium leak detector is leak checking the vacuum space inside the vacuum boundary.

4.4.4.2 Continuity checks

Demonstrate that all sensors and diagnostic wires are exhibit appropriate continuity when tested from the vacuum feedthrough connector.

4.4.4.3 Hipot test

Perform a final hipot test of the windings and voltage tap wires with 2200 VDC between the coil and the vacuum shell. Maximum leakage current shall be less than 100 A.
4.5 Quality Assurance (QA) (SHOULD WE ID minimum WITNESS & HOLD POINTS for which we want notice) Now addressed (see the list under 4.5.3 Audits and Inspections).
4.5.1 Program Requirements
The Subcontractor shall prepare and implement a Quality Assurance (QA) program covering the design, procurement, inspection, testing, fabrication and installation of the MECO magnet system. The Subcontractor’s existing QA program may suffice if it adequately implements the quality requirements specified herein.  The Subcontractor’s QA program shall be consistent with requirements and guidelines established in ISO 9000 and address the following:

4.5.1.1 Organization:  All organizations responsible for procurement and manufacture of the  MECO magnet system shall be identified.  The duties, responsibilities, and authority of each functional group shall be established and the interfaces between them defined.

4.5.1.2 Procurement Control:  Procedures shall be implemented to assure that the Subcontractor’s procurement activities are in compliance.  All raw materials shall be procured with a material certification.  The material of all procured components shall be identifiable.  All raw materials and components shall be stored in a controlled area.

4.5.1.3 Process Control, Inspection and Testing:  Quality requirements for manufacturing functions and the associated material handling and control, inspection and testing activities, and process equipment identification shall be planned and performed to written procedures. Their results shall be documented.
4.5.1.4 Creation of a Project QA Plan:  Subcontractor shall prepare a Project QA Plan that shall be implemented upon receipt of University approval.
4.5.2 Project QA Plan:
The quality assurance plan shall be fully integrated with the Subcontractor’s Quality Assurance Program and identify key QA checkpoints for the fabrication, assembly, installation and test of the MECO magnet system and its components. 
In addition, the plan shall address processes for reporting deviations, nonconformances, and corrective actions to the University, and for requesting technical information as detailed below.
· Deviations and Nonconformances:  Subcontractor shall implement a deviation request (DR) process to disposition and resolve planned departures from drawings, specifications, data, procedures, standards, material, workmanship, dimensional tolerances, records, or qualifications and a non-conformance reporting (NCR) process to disposition any unplanned violation of requirements that has already occurred.  Subcontractor shall request the University’s acceptance of a deviation or nonconformance by completing the form included herein and sequentially numbering, dating, and submitting it to the University for response.

· Corrective Action Requests:  Subcontractor shall implement a corrective action reporting and investigation process (CAR) to determine and address root causes of critical and/or repetitive issues identified by DRs and NCRs.  In such cases, and as requested by the University, Subcontractor shall generate a Corrective Action Report (CAR) for University approval. CARs shall be sequentially numbered and dated for record control.  Subcontractor shall complete the form with references to relevant DRs or NCRs. Subcontractor’s QA Plan shall include controls to ensure corrective actions specified by approved CARs are implemented.

· Requests for Information (RFI): Subcontractor shall implement a request for information (RFI) process to document technical information exchanges. Subcontractor shall initiate technical exchanges with the University by completing the RFI form and sequentially numbering, dating, and submitting it to the University for response.

· For purposes of prioritizing the University’s review of this documentation, Subcontractor shall code it in accordance with the following:
· Routine:
Seven days response required

· Urgent:
Three day response required

· Emergency:
24 Hour response required

· Subcontractor shall maintain logs of all the above documents that list all forms submitted to date and their status.

· No work shall proceed on the proposed deviations, nonconformances or corrective actions prior to receipt of written authorization from the University.
4.5.3 Audits and Inspections:
Quality surveillance inspections and quality assurance program implementation audits by the University do not relieve the Subcontractor of the obligation to implement quality control and assurance measures and to perform inspections to ensure full compliance with the subcontract requirements.

Through any of its authorized representatives, the University may inspect or audit the plant or plants of Subcontractor or any of Subcontractor’s Subcontractors engaged in the performance of this subcontract. Inspections may include, but not be limited to, observation of manufacturing operations and quality control milestones. Audits, which may be unannounced, may include, but not be limited to, the following: welder qualification records, weld inspector qualifications, material certifications, leak rate measurements and electrical test data.  Accordingly, Subcontractor shall incorporate the applicable inspection and quality assurance requirements contained in this section in its Subcontractors which require compliance with this Subcontract.
The University considers the following key milestones in the manufacturing process. Subcontractor shall provide the University with a two week notice prior to the scheduled date for the first article of each type (PS, TS, DS, as applicable) of the following events:

· Cable soldering into copper channel

· Mandrel fabrication 

· Winding line prior to winding 

· Winding, in process

· Winding complete, ready for testing prior to epoxy impregnation

· Epoxy impregnation tooling prior to impregnation

· Epoxy impregnation

· Testing after epoxy impregnation

· Joint fabrication

· Cold mass assembly, in process

· Warm-to-cold support attachment

· Cold mass assembly complete

· Helium vessel leak test

· Application of multi-layer insulation

· Thermal radiation shield installation complete

· Vacuum vessel leak testing

· Cryostat ready to ship

· Power supply testing prior to shipping

4.6 List of hardware to be delivered to BNL 

Subcontractor shall deliver the following hardware to BNL under this Statement of Work:

· Production solenoid cryostat and supports

· Transport solenoid cryostats and supports

· Detector solenoid cryostats and supports

· Quench detection system—primary and backup

· Quench protection system

· Control dewars for controlling cryogen flow to the magnets from the refrigerator liquefier

· Vacuum-insulated superconducting buses for each magnet 

· Vacuum-insulated cryogenic lines

· Magnet power supplies

· Cold-to-warm leads for each magnet circuit

· Warm bus connections between each power supply and each cold-to-warm magnet lead

· Instrumentation and control equipment

· All vessel port closures and blank-off flanges used by the Subcontractor for intermediate and final leak testing.

· Mass spectrometer leak detector and two calibrated leaks

· Cryostat and control dewar vacuum pumps, gages, instrumentation and interconnections
4.7 Installation
Subcontractor shall be responsible for the installation of the MECO magnet system and its components at the BNL.  The Subcontractor shall provide all special tooling necessary for the installation and perform or subcontract all installation of all delivered equipment.

4.7.1 Installation plan
 The Subcontractor shall submit his magnet installation plan at least 9 months prior to the scheduled delivery of the first magnet to the experimental facility at BNL. The installation plan shall outline the general installation sequence and identify any special handling requirements for the installation, including special site preparatory work. The installation plan shall be subject to approval by the MECO Project.
4.7.2 Installation Milestones and Activities

Subcontractor shall identify on his project schedule key installation milestones and activities. Key milestones and activities shall include but not be limited to the following, for each magnet cryostat, as applicable:

· Acceptance testing at BNL

· Initial cryostat placement on experimental floor

· Interconnection of cryogenic equipment and lines

· Interconnection of instrumentation and control equipment

· Cooldown 

· Initial magnetic field testing

· Quench detection system calibration complete

· Final alignment

· Acceptance testing
4.8 Acceptance Testing
4.8.1 Subcontractor shall be responsible for acceptance testing the MECO magnet system at the BNL in accordance with subcontract requirements.  
4.8.2 Acceptance of the magnet shall be based on all tests leading up to and including the operation of the full magnet system in the experimental hall at the peak field profile while meeting the field specification. In addition, the proper operation of key magnet system features required in off-normal operation (e.g., primary and backup quench detection and protection) shall be demonstrated. 

4.8.3 Acceptance test plan:  The Subcontractor shall update the acceptance test plan for the magnet system as necessary prior to the final design review. 

4.9 Documentation and Reporting Requirements
Subcontractor shall furnish all documents and reports in accordance with this document and the Documentation Submittal Requirements Matrix.

4.10 Record keeping
Subcontractor shall be responsible for maintaining records of all paperwork generated as a result of this subcontract for a period of not less than five years from the date of final payment.
Subcontractor shall make such documentation available at its facility to designated MECO representatives throughout the subcontract performance period as necessary to support audits, reviews, or inspection and quality assurance activities.
5. SPECIFICATION / TECHNICAL REQUIREMENTS
General Description
The MECO magnet system shall consist of all items required for the full functioning of the magnet system in accordance with this specification, including, but not limited to, conductor fabrication, coil mandrels, support shells and coil support flanges, fully insulated superconducting coils and electrical joints, quench protection voltage taps, PS and DS iron return frames, helium vessels, if used, liquid nitrogen shields, cryostat vacuum shells, PS, TS and DS cryostat vacuum systems, pressure safety relief valves and burst discs, vapor cooled leads, power supplies, room temperature DC bus, cold DC leads, dump resistors, cryogen control dewars, cryogenic valves, cryogenic interconnection piping, quench detection and protection system, instrumentation, controls
 and readouts, all necessary interconnecting wiring, spares, software and the refrigerator/liquefier. 

5.1 General magnet requirements

5.1.1 Independent operation of PS, TS and DS

Each of the PS, TS and DS solenoids shall be capable of independent operation at their nominal full operating current, while any or all of the others are warm and de-energized. This requirement is necessary to facilitate initial testing following magnet installation and maintenance activities.

5.1.2 Expected number of thermal cycles

The MECO magnet system shall have a useful life of at least 6 years. The magnets shall be designed so they can be cooled (and warmed) once per year. The magnets shall also be capable of operating for their full number of magnet energizing cycles over the 6 year period with warm-up to room temperature no more often than once every two years. 

5.1.3 Expected number of magnet cycles

The MECO Magnet System shall be capable of a minimum of 30 full excitation cycles per year.
5.1.4 Expected number of electrical interruptions

The MECO Magnet System shall be self-protecting from electrical disturbances originating on the AC electrical supply system.  The MECO control system, including the magnet quench detection and protection systems, shall be protected against a loss of electrical power for the time required to slow discharge the magnet system.  

Brief electrical interruptions, spikes or dips on the AC power grid may occur as often as once per week in the BNL area. These disturbances shall not cause the magnets to quench or cause a loss of vacuum. These two sentences need clarification from BNL. They are too general for a spec requirement. Extended disturbances require that the magnets discharge in a safe manner. If, inadvertently, these or other effects cause the magnets to quench, the design should allow quench recovery to be rapid, minimizing down time.

5.1.5 Magnet bore vacuum

The PS cryostat warm bore shall carry the weight of the heat shield that surrounds the target and limits radiation exposure to the production solenoid. A detailed interface document needs to be developed for the PS interface to the shield. MECO also needs to clarify whether the TS cryostat warm bore mates with the PS cryostat warm bore or to a separate vacuum insert.

The bore regions of the transport and detector solenoids will be evacuated during the running of the experiment. Any combination of vacuum and/or atmospheric pressure in the cryostat and in the bore shall not cause stress outside allowable limits. The pressure in the clear bore may be cycled frequently (once per week) in order to effect changes to the equipment or repair of the system. Sudden loss of vacuum in the bore shall not cause failure of the cryostat. 

The Subcontractor shall provide a vacuum closure between the TS and DS cryostat warm bores. The vacuum closure shall be capable of handling the relative displacements of the two warm bores without loss of vacuum integrity under all design conditions, including cooldown/warm-up, normal operation, quench and operation of individual magnets in any combination. 

5.1.6 Requirement to reverse polarity and reduce field

The fields in the three solenoids should be reversible as a system. The field in the detector solenoid, separately, shall be capable of operating at field strength between 60% and 100% of its full design value. An anti-hysteresis loop shall be employed to return the both the PS and DS to the required excitation, if necessary. 
5.1.7 Energizing the magnets

The MECO Magnet system shall be capable of ramping from zero to full excitation, defined as that excitation required to reach the magnetic field specified by the field specification, in 60 minutes or less.  The MECO Magnet System shall be capable of ramping from full to zero excitation in 60 minutes or less.

5.1.8 Magnet slow discharge

Each magnet shall be capable of being slowly discharged from full current to zero current at the fastest rate that does not induce a quench in any magnet by reversal of the power supply voltage. The slow discharge rate by voltage reversal shall not exceed 1 hour. Also, as a backup to power supply failure, each magnet circuit shall be capable of being slowly discharged through a slow discharge resistor. Slow discharge of each magnet shall occur at the fastest practical rate which does not cause any magnet to quench. 
5.2 Magnetic field specification

The magnetic field produced by the MECO magnets in their site-installed, cold (~4.5K), energized state must meet the field requirements identified in 3.1.2.

5.3 Conductor 


Conductors, whether furnished from SSC stores or acquired by the Subcontractor, shall meet the following requirements:
5.3.1 Conductor margin requirements

When the magnet system is cooled to operating temperature and energized to operating current to meet the field requirement of 3.1.2, all conductors, busbars and conductor joints shall have a temperature margin of at least 1.5 K, and be at a fraction of critical current no greater than 0.40. These requirements shall be met at each and every location within the winding volume, and also at the joints and superconducting leads, with the proton beam on, and with the nuclear heating in the Production Solenoid at least as great as that given in 3.1.4.

5.3.2 Conductor current

The choice of the conductor currents for the final design shall satisfy the conductor margin requirements (5.3.1) and the Subcontractor’s Magnetic Verification Plan (4.3.8).
5.4 Quench protection

The following requirements shall apply to the quench protection system. 
5.4.1 Hot spot temperature

5.4.2 
The hot spot temperature of the conductor shall be limited to a maximum of 150 K following a quench.

5.4.3 Maximum coil internal and terminal voltage

The maximum voltage within the circuit of windings driven by each power supply shall be limited to 2000 volts. This limit applies both at the room temperature lead connections to the coil and also differentially from any point to any point within the coil/power supply circuit.

5.4.4 Satisfying structural design criteria

Each magnet shall comply with the structural design criteria for all magnet components throughout a quench event. Allowable structural loads, as defined by the Subcontractor’s structural design criteria, shall not be exceeded

5.5 Electrical insulation

The electrical insulation for all coils shall be designed to meet the voltage withstand requirements throughout the life of the experiment. The maximum integrated lifetime dose due to ionizing radiation for all insulating materials in the PS windings, joints and leads is 31.7 Mrad, and a significant fraction of the radiation damage comes from high energy neutrons. The radiation environment for the Production Solenoid is further specified in 3.2.5.1. Integrated lifetime dose due to ionizing radiation to the TS (Is this still true? Need to capture requirements in an updated target interface document) and DS are negligible.

All insulation requirements shall be met throughout the operating life of the MECO experiment.. 

All insulation shall be sufficiently robust to reliably withstand stresses, strains, and local contact loads that will be experienced during winding and other manufacturing operations.

5.5.1 Turn and layer insulation

Turn and layer (if any) insulation shall be designed for two times the maximum voltage stress that might appear during all modes of operation and quench, plus 1 kV.  If there is no layer insulation, the maximum turn-to-turn voltage shall be taken to be the maximum layer-to-layer voltage.

5.5.2 Ground insulation

Subcontractor shall size ground insulation for the maximum terminal-to-terminal voltage that can appear across the coil. For consistency with the maximum allowable quench protection voltage with some margin, this design voltage shall be 2200 V. 

5.5.3 Insulation mechanical requirements

Insulation mechanical stresses, including those that are induced from the combined effects of cooldown, warm-up, operation, quench, and integrated lifetime radiation dose, shall meet the structural design criteria over the lifetime of the experiment.

5.5.4 Joint and lead insulation

All coil leads and joints shall be insulated with a full thickness of ground insulation.

5.5.5 No bare surfaces

No bare conductor surfaces shall be exposed either to vacuum or to helium, except at the vapor cooled leads.

5.5.6 Tracking distances

Surface tracking distances shall be designed to be greater than 1 inch (25.4 mm) for every 1000 volts of potential difference.

5.6 Winding impregnation requirements

Each coil shall be vacuum impregnated with an epoxy suitable for the voltage and radiation environment of the MECO magnet system. 
5.7 Electrical joints

Electrical joints are required between those individual coils which are connected in series to one power supply, and between the winding ends and the superconducting buses that connect to the vapor-cooled current leads.

5.7.1 External to the winding pack

All electrical joints shall be located external to the winding pack. Conductor lengths shall be made in continuous lengths sufficiently long to completely wind each coil without internal splices. 

5.7.2 Margin requirements

Each electrical joint shall meet the simultaneous requirements of a minimum 1.5 K temperature margin and a maximum fraction of critical current of 0.40 when carrying transport current to meet the overall field requirement. This requirement shall be met both for coil-to-coil and coil-to-lead joints.

5.7.3 Insulation

Each joint shall be insulated to the full potential withstand requirement of the ground insulation, and shall meet the minimum tracking requirements.

5.7.4 Length

Each joint shall be a soldered lap joint of sufficient length and low enough resistance to meet the margin requirements.

5.7.5 Solder

Joints shall be soldered to ensure electrical integrity over the experimental lifetime of the magnet. Solder resistivity shall be sufficiently low to meet the margin requirements.
5.8 Current leads and bus bars

5.8.1 Vapor-cooled current lead location

To facilitate service and access, vapor-cooled current leads which make the cold (~4.5 K) to warm (room temperature) transition, shall be placed outside the shield walls of the experiment, away from the magnets to which they are connected.

5.8.2 Lead and cold bus bar margin requirements

Bus bars which connect the winding ends to the vapor cooled current leads shall meet the conductor margin requirements.

5.8.3 No intermediate joints

At one end, the bus bar shall be lap-solder-joined to the conductor outside the body of the coil winding with joints similar to those joining adjacent coils. At the other end, the bus bar shall be soldered with a low resistance connection to a vapor cooled lead. No intermediate lap solder joints between the two bus bar ends are allowed.

5.8.4 Insulation and field cancellation

Bus bars carrying outgoing and return current from the same power supply shall be insulated for the full coil-to-ground withstand potential and clamped together over most of their length
, so as to maximize field cancellation and minimize the size of their inductive loop.

5.8.5 Continuous operation for magnet slow discharge period without cooling

Current leads shall be designed to be self-protecting against loss of coolant flow over the slow discharge period of the magnet. This means that during a slow discharge without helium flow, the lead temperature shall not rise above the level that will permanently degrade lead performance from specified requirements.

5.9 Quench detection
 system
The MECO magnet system contains approximately 150 MJ of stored energy based on results from the Conceptual Design activity, and as documented in the CDR. Proper design, fabrication and test of a quench detection system is imperative to ensure that when a magnet quench occurs, the quench is reliably detected and appropriate protective action is initiated, ensuring safe discharge of the magnet energy. The quench detection system shall be sufficiently robust so as to not cause spurious or false trips of the protection system. 

5.9.1 Consistency with the Subcontractor’s quench analysis

The quench detection system shall be designed, fabricated and tested to be fully consistent with the Subcontractor’s quench analysis. For example, the CDR quench analysis showed that maximum coil temperature, voltage and mechanical stresses remain below allowable values following quench if a quench detection threshold voltage of 0.1 V lasting for at least one second is used as a detection criterion for all coils. 

5.9.2 Quench detection and complexity/risk tradeoff

Sensitivity of the quench detection circuitry to valid quench signals can be improved through the used of insulated wires co-wound with each coil’s conductor. Voltages from these wires can be used to buck out the inductive component of the coil voltage, leaving only the resistive voltage component to trigger a quench detection/protection action. There is an added cost and an added risk of undesired shorts with this approach. Such an approach shall not be used unless the Subcontractor has clearly shown coil quench cannot be reliably detected without it.

5.9.3 Voltage taps

It is possible no two coils within a single power supply circuit will have the same inductance. The lack of balanced inductances, which might otherwise be used to buck out inductive voltages during a quench transient, makes the problem of quench detection all the more difficult. As a minimum, therefore, if co-wound voltage wires as discussed above are not used, the voltage rise across each individual winding and each individual joint shall be derivable as a differential signal from a set of voltage taps, the number determined by the Subcontractor.  This quench detection system shall have sufficient redundancy for the design life of the magnet system. It is recommended each tap have its own reference ground wire that is brought out with the tap as a twisted pair. Each voltage tap wire shall be isolated from its coil connection with a minimum series resistance of a value to be recommended by the Subcontractor. The intent of the isolation is to limit current flow should a voltage tap wire accidentally become grounded. Voltage tap wires shall be insulated and tested to 2200 V.

5.9.4 Transient and inductive voltage protection

Transient and inductive voltages that appear on the voltage tap wires during a quench or any other time shall not damage the Subcontractor-provided quench detection electronics.

5.9.5 Loss of power

The quench detection circuit shall be placed on an Uninterruptible Power Supply (UPS). Upon loss of power, all magnets shall be slowly discharged through their slow discharge resistors. Quench detection shall remain operative throughout a loss of power event. Should any magnet quench, the quench shall be detected, and the coil shall be fast discharged in accordance with the overall quench protection scheme. This means that the quench protection system shall also function under a loss-of-power event.

5.9.6 Backup quench detection system

Subcontractor shall provide a backup quench detection system. The function of the backup quench detection system is to ensure quench is detected and initiated should the primary quench detection system fail to function for any reason.

5.10 Quench protection

The primary function of the quench protection system is to safely remove the stored energy in the one or more of the magnets (PS, TS or DS), should a quench be detected in any magnet. 

5.10.1 Magnet safe-discharge function

If a quench is detected in any magnet system (PS, TS or DS), that magnet system shall be discharged (its current shall be decreased to zero) in a timely fashion, consistent with the Subcontractor’s quench analysis, while simultaneously meeting the following constraints:

5.10.1.1 The magnet hot spot temperature shall not exceed 150 K.

5.10.1.2 The maximum voltage within the magnet or across its terminals shall not exceed 2000 V.

5.10.1.3 Stresses within the magnet winding and its support structure shall not exceed values allowed by the structural design criteria. 
5.10.2 Sequential discharge requirement

If any magnet can sustain an over-current condition as a result of a quench protection action being initiated within another magnet, then the magnet susceptible to over-current must also be discharged in a timely fashion to both meet the same constraints on itself as listed in 5.10.1, and to prevent the current from exceeding design-specified levels.

5.10.3 Quench protection during loss of power

All quench detection and protection features shall remain fully functional and operative during a loss of power event. Should power be lost more than momentarily, all magnets shall begin to slowly discharge at the most rapid rate possible so as to not cause a quench in any magnet. Should a magnet quench for any reason during a loss of power, that magnet and any magnet meeting the sequential discharge requirement shall be discharged rapidly in accordance with the normal quench protection procedure.

5.10.4 Dump resistor

Dump resistors shall be air-cooled by natural convection so as to provide reliable operation  during a loss of AC power.
5.11 Power supplies

The CDR has shown that different magnets must operate at different currents to ensure that conductor operating margins are met and/or to ensure that turn placement offsets during winding do not result in a violation of the magnetic field specifications. Power supplies shall have operating currents, regulation and ripple consistent with the field specification requirements (3.1.1) and the Subcontractor’s magnetic verification plan. 

5.11.1 Current requirements

Each magnet power supply shall be capable of operating its respective magnet in a steady state condition at 105% of normal operating current, where nominal operating current is defined as the current required for achieving the field specification. 

Reverse current is not a requirement on the power supplies per se, but all the magnets, as a system, shall be capable of being operated at full reverse field, which may be achieved by reversing power supply leads. 

If, however, reverse magnet currents are required to provide the anti-hysteresis loop (5.1.6) to return the magnet iron to its proper level of residual magnetism to meet the field specification, the associated power supplies shall be provided with reverse current capability directly. In other words, 4-quadrant power supplies shall be provided if needed to meet the field specification repeatedly through multiple magnet excitations and de-excitations.

5.11.2 Voltage requirements

Each magnet power supply shall be capable of charging its magnet load from zero to full operating current in one hour. Each magnet power supply shall have the capability, at anywhere between 0 and 100% current, of applying anywhere from minus 100% to plus 100% of the normal charging voltage to its magnetic circuit load. Voltage reversal shall be available as a means for discharging the magnet current to zero as a normal mode of magnet discharge. 

5.11.3 Current and voltage control

Each magnet power supply shall be capable of being operated in either current or voltage control mode to within 0.1% of full range accuracy and stability.

5.11.4 Current ripple

Each magnet power supply shall have a maximum current ripple no greater than 0.1% of full operating current.

5.11.5 Remote control

Each magnet power supply shall be capable of being operated remotely. Power supply voltage and current shall be each controlled remotely by a separate 0-10 V signal.
5.11.6 Interface with the quench detection system

Power supplies shall be fully compatible with the Subcontractor’s quench detection and protection systems with which  they must interact.

5.11.7 Power supply bus

Power supply bus shall be provided in sufficient length that power supplies may be located up to 200 feet, one way, (BNL confirmation required) from their respective warm-to-cold lead connections. The bus terminations shall be compatible with the Subcontractor’s warm-to-cold lead warm-end terminations, the Subcontractor’s quench protection system hardware, and the Subcontractor’s power supply terminals. Subcontractor shall provide all interconnecting and fastening hardware.

5.12 Structural design criteria

5.12.1 Use of ASME Boiler and Pressure Vessel Code

All Vessels shall be designed analyzed, fabricated and tested in accordance

with ASME VIII division 2.

5.12.2 Magnet structural design criteria

Magnet windings and their support structures shall be designed in accordance with a magnet structural design criteria document developed for use in a US laboratory familiar with magnet design, analysis and construction. An acceptable criteria document is "Fusion Ignition Research Experiment Structural Design Criteria”; Doc. No. 11_FIRE_-esCrit_IZ_022499.doc; February, 1999. This was used for the FIRE conceptual design and is available at WWW.fire.pppl.gov, or from the MECO Project. If this document is not used, equivalent criteria shall be developed and specifically identified, and submitted for review.

5.13 Structural requirements

5.13.1 Consistency with Subcontractor’s structural analysis

The structural design of all deliverables shall be self-consistent with the Subcontractor’s structural analysis and Subcontractor’s structural design criteria.

5.13.2 All modes of operation

All structural design criteria shall be met for all defined modes of operation. These defined modes include:

5.13.2.1 Normal operation

5.13.2.2 All combinations of vacuum and atmospheric pressure in the warm bores of the magnet cryostat

5.13.2.3 Quench

5.13.2.4 Operation during a seismic event (Need BNL input on the appropriate seismic criteria to invoke)
5.13.3 PS cryostat supports radiation shield

The bore of the Production Solenoid cryostat shall be capable of supporting the weight of the radiation shield, which is approximately 68,100 kg and is distributed as defined in 3.2.5.2.

5.13.4 TS cryostat straight sections support collimators

The bore of each cryostat straight section at the end of each Transport Solenoid shall be capable of supporting a collimator, the designs, masses and center of mass locations of which are summarized in 3.2.5.4.

5.13.5 DS cryostat supports experimental equipment loads

Proton and neutron absorbers shall be supported off the DS cryostat wall, as specified in 3.1.10.6. Other experimental equipment loads need to be identified, e.g., the loads for the calorimeter and tracker, and these need to be captured in the appropriate interface documents.

5.14 Vessel requirements

Vessel components including the cryostat and vacuum jacket, shall be manufactured, inspected and tested in accordance with ASME VIII. In recognition of the non-standard design features of the MECO magnet vessels, a code stamp need not be applied. 

Base materials for the vessels shall conform to the Subcontractor’s drawings and fabrication specifications, and shall be procured under an ASTM or ASME specification. 

5.14.1 Vessel welding requirements

Weld joints shall blend into the adjacent base metal in gradual smooth curves, using acceptance criteria consistent with ASME Boiler and Pressure Vessel Code Section VIII. All welds shall be visually inspected by AWS Certified Weld Inspectors (CWI), Certified Associate Weld Inspectors (CAWI) under the supervision of a CWI, or in-house NDE inspectors trained in accordance with the ASME Code. All final weld inspection shall take place after straightening, realignment, or stress relieving of welded assemblies.

5.14.1.1 Weld design

Unless otherwise specified in the Subcontractor’s drawings,  or approved by the Purchaser or his Agent, the design of pressure boundary welds shall conform to the ASME Boiler and Pressure Vessel Code, Section VIII, Division 2 and the component design report.  Non vacuum boundary structural welds on low carbon steel (where applicable) shall conform to AWS D1.1.

5.14.1.2 Weld procedures and welder qualifications

The Subcontractor shall fabricate welded vessels only at a facility that has an established weld quality assurance program that establishes written procedures and qualification records as described below. Welding documents identified below shall be submitted as deliverable documentation prior to the shipment of any vessel to BNL. Documents shall be keyed for easy correlation with a specific vessel.
(PARAGRAPHS NEED NUMBERING AND DEFINITION WITHIN A CDRL LIST) see additional sentence added above.

5.14.1.2.1. Weld Procedure Specification (WPS)

A WPS is required for each weld process, and the combination of wire filler and base metal type and size to be used in the construction of this vessel. The format of this procedure shall be equivalent to AWS D1.1 Appendix E. 

5.14.1.2.2. Procedure Qualification Record (PQR)  

A PQR is required for each Weld Procedure Specification. Each PQR shall be prepared in accordance with ASME Boiler and Pressure Vessel Code or AWS D1.1, and signed by a Certified Welding Inspector, NDE inspector, or qualified QC inspector. 

5.14.1.2.3. Welder Qualification Test Record  

A Welder Qualification Test Record is required for each welder or welding operator covering each welding process, and shall be prepared in accordance with ASME Boiler and Pressure Vessel Code or AWS D1.1, and signed by a Certified Welding Inspector. Certifications shall indicate that the welder has demonstrated the ability to make sound welds of the same type and position, for the same process and materials, using the same equipment as specifically required for fabrication. 

5.14.1.2.4. Weld Inspector Certification  

Weld inspectors shall be certified in accordance with ASME Section VIII or AWS QC1-88, as appropriate, for the specific type of testing or inspection being accomplished. 

5.14.1.3 Filler Metal Storage  

All welding wire and flux (if applicable) shall be stored in accordance with AWS D1.1 or ASME Boiler and Pressure Vessel Code, as applicable.  

5.14.1.4 Weld Symbols  

Weld symbols on sketches and drawings shall be interpreted in accordance with AWS. 

5.14.1.5 Weld Identification  

Subcontractor shall maintain records identifying the welders associated with each weldment.  Each welder shall be assigned a unique symbol or identification number that cannot be transferred.

5.14.1.6 Weld Filler Metal

Electrodes and filler wire for vacuum boundary welds shall conform to ASME Boiler and Pressure Vessel Code, Section II, Part C.

5.14.2 Tests

5.14.2.1 NDE examination and certification  

Non-Destructive Evaluation (NDE) personnel shall be qualified in accordance with ASNT-TC-1A.

5.14.2.2 Proof pressure test

The proof pressure test shall be in conformance with ASME VIII, Division 2.

Sufficient notice of these tests shall be provided to the Purchaser or his Agent to allow the Purchaser’s Inspector to witness the tests.

5.14.3 Vacuum vessel requirements

The Vacuum jacket/vessel shall be constructed in accordance with the Subcontractor’s drawings and fabrication specifications and the following additional requirements

5.14.3.1 Vacuum Boundary Welds

Weld joints shall be welded so that there are no cracks, crevices or incomplete fusion remaining on the vacuum side of the joint.  Within the joint, there shall be no trapped volumes that could act as a virtual leak.  There shall be no welds that consist of continuous partial penetration welds on both sides of a vacuum boundary joint. For partial penetration joint designs, the vacuum side shall be continuous and the outside weld shall be intermittent. The skin surface of the vacuum side of the joint shall not be broken or machined.

Weld smoothness shall be sufficient to facilitate cleaning by hand with clean room quality wipe cloth to Mil-Std-1246C level 500 without snagging or tearing the wipe material.

5.14.3.2 Vacuum vessel fabrication Requirements

5.14.3.2.1. Cutting Fluids

The following cutting fluids have been tested for low residual outgassing after high pressure, hot water washing with surfactants.  No other cutting fluids shall be used unless specifically approved by the Purchaser or his agent.

Synspar GP

IPG Industrial Products Group

A Division of Spartan Chemical Company, Inc.

110 N. Westwood Ave, Toledo, OH 43607

(604) 526-0551
Blaser 4000 Strong

Swiss Instrument/Belmag Machinery

71A Clipper St

Coquitlam, B. C.

1-800-537-8990


Dascool #2227 & #2227B 

D.A. Stuart Company

4580 Weaver Parkway

Warrenville, IL 60555

630-393-0833
Trim-Sol 

Master Chemical Corp.
501 W. Boundary
Perrysburg, Ohio  43551-1263
1-800-537-3365

Cimtech #410

Cincinnati Milacron Corp.

Cincinnati, Ohio 45209

513-841-8978
Ecosyn  #00SND
Fuchs Lubricants Co.

Harvey, Ill.  60426

(709) 333-8900

Cimtech #3700

Cincinnati Milacron Corp.

Cincinnati, Ohio 45209

513-841-8978
Orion Synthetic #7397-2

Vulcan Oil & Chemical Products

5353 Spring Grove Ave

Cincinnati, Ohio  45217
(513) 242-2672

WOCO WS-6500

Wallover Oil Company

1032 Pennsylvania Ave.

East Liverpool, Ohio  43920

(330) 385-9336
WISCO #4776\

Wisco

P.O. Box 20893

Indianapolis, Indiana  46220

(317) 784-4689

WOCO WS-8065

Wallover Oil Company

1032 Pennsylvania Ave.

East Liverpool, Ohio  43920


(330) 385-9336




5.14.3.2.2. Tool Materials

If any stainless steel weld slag requires removal, it shall be done with a clean stainless steel brush, file, burr, or chisel.  Abrasive cutting and grinding wheels are acceptable for use on stainless steel only if they are used exclusively on stainless steel and not contaminated with other material.  Abrasive polishing compounds shall not be used.

5.14.3.2.3. Vacuum Sealing Surfaces  

All surfaces which interface with a vacuum seal shall have a 0.80 micrometer RMS (32 microinch) finish.  All o-ring seal surfaces shall be free of dirt, grit, dust and any other contaminants that would prevent a seal or compromise a high vacuum system.  Machining or polishing marks shall run parallel to the o-ring seal.

5.14.3.2.4. O-Ring Surface Protection  

O-ring surfaces shall be protected during subsequent assembly, packaging, or shipping operations to prevent contamination or scoring.  Type of protection selected shall not leave residues that could contaminate a vacuum system.

5.14.3.2.5. Vacuum Vessel Interior Wall

Final surface finish of all vessel walls exposed to vacuum shall be sufficient to facilitate cleaning by hand with clean room quality wipe cloth to Mil-Std-1246C level 500. This can be accomplished by pre-polishing the construction material prior to fabrication. Leak check acceptance testing shall be accomplished only after any internal polishing or finishing is complete.

5.14.3.2.6. Exterior Painted Surfaces

If low carbon steel is used in a part of the fabricated assembly (such as a support stand) these surfaces shall require preparation, priming, and painting. Paint shall be Sherwin Williams designated Polane paint #63EXL609-4394 (Emeryville, CA 510-658-0877) or Purchaser-approved equivalent.

Painting preparation shall remove mill scale, dirt, rust, grease, oil and foreign matter. Sandblasting, bead blasting, or wire brushing is recommended for surface preparation.  Prime with E65A71 Polane Plus Sealer available from Sherwin Williams, lightly sand with #220 wet dry paper, and apply designated polane paint.

The Purchaser reserves the right to approve surface preparation before all painting. 

5.14.3.2.7. Exterior Unpainted Surfaces

Exterior stainless steel surfaces that are not vacuum sealing surfaces shall be bead blasted to a matte finish or electro polished.

5.14.3.2.8. Forming 

If brake forming is selected as a fabrication process by the Subcontractor, it shall be followed by a visual inspection of bend points to verify that cracking has not occurred.  

5.14.4 Vacuum vessel inspection and testing

The Subcontractor shall perform inspections and tests to assure conformance to this specification.

5.14.4.1 Visual inspection

The minimum inspection requirement for all welds in this specification shall be a visual inspection in accordance with ASME Section VIII or AWS D1.1, as appropriate. Visual inspection shall include a pre-weld check of joint preparation and fit-up, as well as for straightness, alignment and perpendicularity, as specified in the drawing.

5.14.4.2 Leak Testing with a Helium Leak Detector

The Subcontractor shall assign a trained personnel and provide all equipment necessary to perform helium leak testing, which includes helium leak detectors with a dry pump or a diffusion pump with a LN cold trap, calibrated leaks, calibrated sniffer, roughing pump with cold trap, traps, port covers, valves, piping, bellows, connection hardware, gauges, bottled helium, and liquid nitrogen.

Vacuum leak test will be the only acceptable leak checking procedure in the present project.  The sniffing method will be used as rough screening when the targeted boundary cannot support a negative pressure in the contained volume.  Any inspection with sniffing method shall be re-inspected with vacuum leak test in the later assembly stage.

Alternate leak checking procedures proposed by the Subcontractor shall not be substituted unless specifically approved in writing by MECO Magnet Subsystem Manager. 
The checkpoints and the type of helium leak checking during assembly stage shall be defined by the Subcontractor in the fabrication plan and approved by MECO MDMG.

5.14.4.3 Vacuum tests

The following shall be performed in the prescribed order:

1)
Evacuate vessel to maximum pressure of 10-3 torr using a dry pump or a LN trapped roughing pump.

2)
Leak testing shall be performed with a mass spectrometer leak detector in accordance with ASTM E493, ASTM E 498, or ASTM E 499.  Two standard calibrated leak devices (do we want the Subcontractor to provide and turnover to us at test completion? Probably not a bad idea—see 4.4.2.16, where I added this equipment as a deliverable) are required for this test.  Both shall have been calibrated within two years of the test, and both shall be used to calibrate the leak detector immediately prior to the leak test.  After leak detector calibration, one calibrated leak shall be connected directly to the vessel through an isolation valve, and the other shall be connected directly to the leak detector through an isolation valve.  Appropriate valving shall be provided so that the roughing pump and the leak detector can be individually isolated from the vessel.

3)
Spot leak checking shall be performed using an external helium source while the leak detector is pumping the vessel.

4)
Final leak checking shall be performed by enveloping (bag) the entire vessel in a helium filled enclosure for a minimum of 10 minutes while the leak detector is pumping the vessel.

5)
The maximum allowable leak rate shall be 10-8 std atm-cc/second (helium) with all pump effluent to a residual gas analyzer or mass spectrometer leak detector.

5.14.4.4 Sniffing tests

The following shall be performed in the prescribed order:

1)
Confirm the sensitivity of sniffer is better than 5 x 10-5 std atm-cc/second helium with a calibrated helium source.

2)
Use an appropriate temporary cover to close the vessel / volume, and introduce helium gas into the test volume without cracking the temporary seal.

3)
Confirm the background helium reading is below the sensitivity of the sniffer.

4)
Spot leak checking shall be performed by inserting the sniffer in the envelope, which covers the outer surface of the joint area.

5)
At high background helium count, consider isolating the first envelop from the background with a second envelope, which is flushed with nitrogen gas.

6)
Remove leak checking attachments and clean up the surface.  Flush out helium gas if necessary.

5.15 Refrigerator/liquefier Specification 
The Subcontractor’s refrigerator/liquefier functional specification shall be fully integrated with the magnet system’s final design requirements and those for the helium and liquid nitrogen systems stated below.   The functional specification, inclusive of a detailed process distribution system, shall be reviewed and approved by the BNL cryogenic group for compliance with MECO process design criteria, including critical helium state points, redundancy, failure modes, process control philosophy, control and instrumentation hardware, ASME code compliance, BNL cryogenic and pressure vessel safety, etc.  A BNL representative will be available to interact with the Subcontractor during the development of the helium process system. 

5.16 Helium system requirements
The refrigerator/liquefier (R/L) for the MECO magnets shall be configured to provide two phase liquid helium with single phase cold return for cooldown and refrigeration of the magnets, and an elevated temperature single phase supply and return for refrigeration of the magnet heat shields to the MECO magnet system. The cryogenic plant shall be specified to be of sufficient capacity to meet at least 150% of both the refrigeration and the liquefaction requirements, as specified in Subcontractor’s final design.  The BNL cryogenics group shall review the calculation of nominal magnet refrigeration capacity for magnets and heat shields.
5.17 Nitrogen system requirements (NOTE: This needs to be rewritten to reference requirements and information provided by BNL)
BNL shall supply the Liquid nitrogen. from a bulk storage tank located outside and adjacent to the experimental hall. BNL shall identify the location of the liquid nitrogen Dewar and related piping sizes, elevations, etc. 

All distribution
 lines from the BNL bulk supply, supplying saturated liquid nitrogen, to the magnet/ refrigeration system and from the magnet/ refrigeration system to the outdoor vent connection shall be provided by the Subcontractor. LN2 supply and vapor return manifolds shall be provided by the Subcontractor with appropriately sized liquid and vapor ports, respectively, that will connect with the BNL supplied piping. The Subcontractor’s final design shall identify the calculated LN2 boil-off under all modes of operation. Liquid nitrogen usage shall be kept to a practical minimum.

5.18 Instrumentation and Control

Instrumentation and control systems need to be integrated with the I&C for the experiment. Is there an overall I&C plan? Will there be a MECO control room? How and what are signals sent to the central control area? Is there a communication protocol? Who has the lead on this? Note that MECO I&C components will interface not only with its own I&C but also with the RHIC experiment. MECO needs an interface document for this.
General comments for 5.18.  The process control system specifically PLC hardware should be consistent with present and proposed equipment used in the RHIC cryogenic control systems.  The MECO refrigeration and distribution system should have a dedicated stand alone PLC driven control system, with redundancy, that will interface with the RHIC controls to facilitate interface and operations convenience.  The refrigeration controls should not be integrated into the experimental control system, but should provide necessary data exchange for purposes of magnet protection and cryogenic system status.  The stand-alone requirement is necessary because so many modes of operation are required for operation of the system that fall outside of steady state operation. 
5.18.1 Known areas of I&C

5.18.1.1 Quench detection

5.18.1.2 Quench protection

5.18.1.3 Power supply data (voltage, current, control signals)

5.18.1.4 Cryogenic instrumentation (level meters, pressure, temperature)

5.18.1.5 Overall system control scheme for remote control



5.19 Experimental interfaces
  

Much of this material is written as it was in the original CD RFP. It all needs to be clarified and updated by the Project to the maximum extent possible, ideally through the drafting of WBS-specific interface documents which can be referenced in Section 3 of this document, rather than including the details here, as is largely the case for now.

5.19.1 PS Shield and Clear Bore Vacuum

The bore of the production solenoid will have a production target and a massive heat and radiation shield. These will be supported off the PS cryostat warm bore in accordance with 3.2.5.2 (Interface needs clarification). The PS bore vacuum vessel shall mate to the transport solenoid cryostat, the inner wall of which will serve as the vacuum vessel in the transport solenoid bore; the TS design shall make provisions for mating of the cryostat end wall to the PS bore vacuum to provide a continuous vacuum vessel connecting the bores of the PS and TS. The shield will reduce the heat load on the magnet cold mass to the values given in 3.2.5.2.  The conductor temperature margin shall be met in the presence of this heat load.

5.19.2 Incoming proton beam

There shall be provisions in the PS and TS cryostats as necessary for a proton beam entrance channel at the region of the transition between the production and transport solenoids. The proton beam centerline enters the magnet system envelope in a horizontal plane. The proton beam tube has an ID of 80 mm and a 3.2 mm wall thickness. The centerline of the port projects to a point that is approximately 1590 mm to the right of z=0 on the PS axis relative to the field specification coordinates and will subtend an angle of 210 mrad with respect to the PS axis. Small changes in the approach angle of the beam tube relative to the PS axis may be acceptable, but require the approval of the MECO Project. Provisions will be made for a vacuum chamber separate from the TS cryostat vacuum to penetrate the TS cryostat in order to connect the PS clear bore vacuum to the proton beam line vacuum. This vacuum chamber will connect the PS bore vacuum to the proton beam transport vacuum and isolate both from the TS cryostat vacuum. The proton beam line will be limited by both active and passive means to remain within the region of the beam port entrance into the magnet system envelope. The proton beam line configuration is not yet complete. The position and properties of possible nearby magnets and magnetic materials must be provided as part of the final magnet system specification. 

5.19.3 Outgoing proton beam and required clear bore access

The outgoing proton beam will exit through a port interior to the strongback. The effects of the outgoing proton beam on the heat and radiation load on the PS cold mass are included in the heat and radiation loads that are specified herein. The PS cryostat and service ports should not extend inside a radius of 0.75 m. This precludes interference with the proton beam exit and access to the interior of the production solenoid clear bore.

5.19.4 Heat and radiation load on the production solenoid

Interactions of the proton beam with the production target will heat the target to approximately 2200 K; it will radiate about 5 kW of thermal radiation. Most of this will be absorbed by the cylindrical thermal shield consisting of some combination of copper, tungsten and/or depleted uranium. The heat shield will be maintained at ambient temperature by a special cooling system. The shield will reduce the heat load on the magnet cold mass to the values given in 3.2.5.2.  The conductor temperature margin shall be met in the presence of this heat load.

5.19.5 Service ports for the production solenoid

The service ports for the production solenoid shall be located in the zone of least radiation, near the transition to the transport magnets. To the extent possible, components that might fail should be located in this region of the cryostat and should be accessible through these ports. The precise location of service ports will be developed in collaboration with the MDMG. 

5.19.6 Service ports for the transport solenoid

The service ports for the TS shall be located near the anti-proton-stopping window that separates the bore vacuum spaces of the upstream half of the TS from the downstream half of the TS. Note that this is reworded from the CD RFP. 

5.19.7 Service ports for the detector solenoid and vacuum interface

Service ports for the DS shall be in the region between the TS and DS. The precise location of service ports will be developed in collaboration with the MDMG.

5.19.8 Use of cryostat as vacuum vessel for transport and detector solenoids

The inner bore of the cryostat for the DS shall mate with the inner bore of the cryostat for the TS, to form a continuous inner bore vacuum space. This inner bore vacuum space shall be extended to a flange at the end of the DS bore region, so that the vacuum region may be extended by others beyond the DS. The Subcontractor shall provide a vacuum blank-off to mate with the downstream bore flange. The DS and TS bores will be evacuated during data taking. Alternatively, the DS and TS may be operated during initial testing with atmosphere in the bores. Thus, the DS and TS cryostats shall be capable of withstanding all possible combinations of vacuum and atmospheric pressure in their bore regions. The TS bore vacuum shall be provided with a flange and vacuum boundary extension that mates with the PS bore vacuum. 

5.19.9 Support of collimators off transport solenoid

The Subcontractor shall make provisions for installation of a collimator in each of the straight sections of the transport solenoid. Collimator geometries and masses are specified in 3.2.5.4. They will be supported off the transport solenoid cryostat. 

5.19.10  Vacuum Window 

The TS magnet shall be divided into two parts, each centerline of which shall trace an approximate 90-degree arc on a radius of about 2.9 m. A vacuum window will be placed between the two TS cryostats to isolate the upstream and downstream portion of the beam vacuum. TS cryostat designs must accommodate the vacuum window and its mounting hardware, as specified in 3.2.5.7. 

5.19.11  Support of experimental equipment off the detector solenoid

The internal components of the detector shall be supported off a set of rails mounted on the DS inner cryostat wall. These rails shall be provided by the Subcontractor. The calorimeter cart, tracker cart, target cart, polyethylene shielding, rails and miscellaneous produce a total local loading at various positions along the rail of 4250 kg and a distributed weight of 6800 kg to yield a total 11, 050 kg. 

5.19.12  Steel cosmic ray shield and muon beam dump

Needs coordination with 3.2.5.5 and the cosmic ray shield interface document, which is TBD.

A massive shield will surround the DS to absorb cosmic ray particles, which are a source of background in the experiment. It consists in part of a 0.5 m thick steel box beginning 30 cm from the cryostat wall. The box will be closed at the ends by both magnetic and non-magnetic material. The magnet design and magnetic field analysis shall include the effects of the steel shield. It is desired that the field beyond the end of the DS decrease to below 0.05 T in less than 1 m to improve the performance of the beam dump. Is this still a requirement? There should be no flux return or pole piece material at a radius smaller than the cryostat OD. Subcontractor shall develop the design of the and provide hardware for thie interface to the the muon beam dump in collaboration with the MDMG. Penetrations through the cosmic ray shield will be required for cable and cryogenic service runs.   Subcontractor shall locate these penetrations in collaboration with the MDMG. The type of steel, thickness and the minimum length of the box will be specified by the MECO Project and the specific design will be developed in collaboration with the MDMG.

5.20 Facility interfaces

The MECO magnet system shall be installed by the Subcontractor in the AGS facility at Brookhaven National Laboratory. It is assumed that BNL will provide a magnet installation requirements document and drawing of the experimental area, identifying the location of the magnet system, shield blocks, control dewars, power supplies, and electrical and cryogenic distribution centers. The drawing should also identify the overhead crane span, hook height and other limitations, if different than stated below. The installation requirements document and drawing then will be included in the applicable documents section of this specification. 

5.20.1 Overhead crane

The BNL overhead crane has a capacity of 40 tons. The crane is capable of making vertical lifts to above 31 feet as limited by the bottom of the bridge, but permanent structures shall not exceed 24’ 6”, which represents the bottom of the crane cab. Based on the Conceptual Design, it is expected that the MECO magnet cryostats will have individual weights that exceed 40 tons. Therefore, the Subcontractor shall be responsible for providing temporary rigging equipment and labor necessary for magnet installation in the experimental facility.

5.20.2 Electrical interfaces

BNL should identify where power panels will be located within the AGS, and what voltages and current or kva ratings are available. 

5.20.3 Cryogenic interfaces

BNL should identify where the LN2 manifold described herein will be located and what volumetric flow rate can be obtained at various pressures at that location.

5.21 Safety requirements 

The MECO magnet system shall comply with the MECO Safety Plan.

(This section will be completed following resolution of items from the BNL safety reviews of MECO held June 3, 2003.)

5.21.1 Subcontractor supplied electrical equipment shall be provided in accordance with the NFPA National Electrical code. 

5.21.2 Compliance with ASME VIII

5.21.3 Pressure relief valves and burst disks.

5.22 Software
All non-commercially available software used in the Subcontractor’s delivered MECO magnet system shall be from a controlled and tested release with a clearly identifiable version number. Each program shall be fully documented, including a detailed description of the program’s function, and a listing of the source code(s) in text format that corresponds to the embedded version. The Subcontractor shall maintain a full set of development tools needed edit, compile, link and reinstall the program into an updated executable through the duration of the subcontract warranty period.

5.23 Spare parts

· The Subcontractor shall supply spare parts to ensure no loss of operation of the MECO magnet system by component failures for one year beyond completion of the warranty period. (WHY NOT ONE YEAR AFTER WARRANTY EXPIRES? IF WARRANTING MATERIALS AND WORKMANSHIP –WHY SHOULD YOU PAY FOR REPLACEMENT MATERIALS DURING WARRANTY? I agree—it has been changed)

· These spares shall include but are not limited to spare o-rings, vacuum seals, fuses, five (5) rupture disks of each pressure rating, liquid level probes, connectors, vacuum feedthroughs and miscellaneous hardware. 

· Spare Parts List:  The Subcontractor shall submit, at the completion of his final design, a list of spare parts recommended for delivery with the magnet system. The list shall include the following information:  part name, part number, quantity required per end item, recommended quantity for spares, manufacturer, manufacturer or distributor’s contact information, lead time, shelf life, and any special storage instructions.
· The Subcontractor shall replace any spare parts used through acceptance testing. (NEED TO DISCUSS HOW THIS WILL BE PRICED PREAWARD)

Appendix A

MECO Magnet Work Breakdown Structure (WBS)
(NOTE: THE MILESTONE SCHEDULE IS OUT OF SYCH WITH THIS I think this has now been fixed.)
1.4.1 Design INTERIM & FINAL (NEED TO BREAK OUT PER DESIGN MILESTONES IN 4.4.2. Now see 4.4.3, 4.3.10, and 4.3.11.Also, consider stuff from page 6 slides. These have been added).
1.4.2 PS fabrication


1.4.2.1
Conductor

1.4.2.2
Cold structure (Al shells)

1.4.2.3
Winding tooling

1.4.2.4
Winding + VPI

1.4.2.5
Coil Assembly

1.4.2.6
He Can

1.4.2.7
LN2 Shield + MLI

1.4.2.8
Support rods

1.4.2.9
Vacuum shell and gravity supports

1.4.2.10
Vapor cooled leads

1.4.2.11 Misc instrumentation + cryo lines

1.4.2.12 PS magnet iron

1.4.2.13 Shipping

1.4.3 TSu fabrication

1.4.3.1  Conductor

1.4.3.2 Cold structure (coil mandrels)

1.4.3.3 Winding tooling

1.4.3.4 Winding + VPI

1.4.3.5 Coil Assembly

1.4.3.6 LN2 Shield + MLI

1.4.3.7 Support rods

1.4.3.8 Vacuum can + gravity supports

1.4.3.9 Vapor cooled leads

1.4.3.10 Miscellaneous instrumentation + cryogenic lines

1.4.3.11 Shipping

1.4.4 TSd fabrication

1.4.4.1 Conductor

1.4.4.2 Cold structure (coil mandrels)

1.4.4.3 Winding tooling

1.4.4.4 Winding + VPI

1.4.4.5 Coil Assembly

1.4.4.6 LN2 Shield + MLI

1.4.4.7 Support rods

1.4.4.8 Vacuum can + gravity supports

1.4.4.9 Vapor cooled leads

1.4.4.10 Miscellaneous instrumentation + cryogenic lines

1.4.4.11 Shipping


1.4.5 DS fabrication


1.4.5.1 Conductor

1.4.5.2 Coil Mandrels

1.4.5.3 Winding tooling

1.4.5.4 Winding + VPI

1.4.5.5 Coil Assembly

1.4.5.6 LN2 Shield + MLI

1.4.5.7 Support rods

1.4.5.8 Vacuum can and gravity supports

1.4.5.9 Vapor cooled leads

1.4.5.10 Miscellaneous instrumentation + cryogenic lines

1.4.5.11 DS magnet iron

1.4.5.12 Shipping

SOME OF THESE ITEMS ARE MISSING FROM MILESTONES.
1.4.6
Cryogenic equipment
1.4.7
Vacuum equipment
1.4.8
Power supplies and protection equipment
1.4.9 Installation
1.4.10 Refrigerator/liquefier

These have been added.

�This suggests that one intendes to allow the cost to grow during the contract- that is, it will not be FFP.  Is that what you intend here?


�Mandrel is traditionally used for a removable winding form, while a bobbin is used for a permanent winding form.  Since both are required for MECO, what do you intend here?


�Again- local controls versus remote, analog versus digital, data logging needs etc, interfacing to the Lab… some big cost numbers that will be ignored or interpreted differently by the Subcontractor and the Project


�Generally, one multiples the expected cyclic frequencies by a factor of three—this does not significantly alter the fabrication cost, adds a little to the design cost,  but gives the customer more operational margin for unexpected events 


�Let’s talk about this one Brad- there are normal and fault modes that the vessels must be designed for, but require failure modes assessment and stress analysis during final design.  And there are likely specific vessel requirements at BNL as well.


�Brad, you are noe ‘controlling’ the winding technique- isn’t it better to have the Subcontractor design a technique and have you approve it at the final design review?


�Again, the Subcontractor is responsible for the design- the project treads on interference if it specifies the details…


�Brad- this is a bad requirement.  There must be a ground plane such that leads cannot short together- no direct path from one to the other


�28 pages into this thing- one gets a little bleary-eyed.  However, this QPS section is excellent and well written!


�Brad, the welding for MECO is probably going to have to be non-magnetic to some feeble magnetization level that is below 304SS + 308/309 filler.  You need to handle that somewhere, or ask the Subcontractor to determine that welding will not affect field qualtiy


�Brad, these are details that are better generalized to following the Subcontractor’s usual practice, or practice that is consistent with the intended end use of the MECO system.


�This is okay, but must be specified in detail prior to the RFP


�Follow G0 controls and instrumentation here


�Write stand-alone interface control documents; identify a project cognizant party for each one; get that party to sign off on it before providing it to the Subcontractor.





We agree on the listed interfaces- I added them to the luist of applicable documents rather than including them in this spec.  the reason is that they are likely to evolve and you don’t want to keep rev’ing the spec 
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