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To: Ron Strykowsky, Brad Nelson

From: Wayne Reiersen

Subject: Review of the proposed ECP5 baseline for WBS 12/13

I managed to wade through the proposed ECP5 baseline for WBS 12 and WBS 13.  My comments are listed below.  I hope you they are helpful.  Let’s discuss them after you have had a chance to read through them.

WBS 12 – Vacuum Vessel

Design.  The FDR scheduled for 21 May 2004 is really the FDR for the VVSA.  It will be combined with the FDR for the MCWF.  Other elements of WBS 12 should be at least at the PDR level (i.e., we have a design for these other elements and we are convinced that it will work, including field period assembly).  We should formally schedule a comprehensive FDR for WBS 12 (including the insulation, heating and cooling elements, and vacuum vessel supports and taking credit for the VVSA FDR) towards the end of the fiscal year (August-September).  For the comprehensive VV FDR, all of the specifications and drawings necessary to support all remaining procurements should be complete.

A detailed plan for analysis of the vacuum vessel has been discussed, but not documented.  However, the discussions are documented here.  The ECP5 cost and schedule baseline should be revised consistent with those discussions (as amended by Goranson and Nelson).  Ditto for the to-be-developed plans for completing drawings and interfaces.

Following the comprehensive VV FDR, development of formal procedures for vacuum vessel assembly, installation, and testing (in support of WBS 18) would commence.  My inclination would be to move Activity 1203-271, Develop Assembly and Installation Procedures, into a new job (named Develop Assembly, Installation, and Test Procedures) that would not start until after the comprehensive FDR and would extend into FY05.  The activities in the job would be expanded in more detail.  The job would culminate in an installation readiness review for the vacuum vessel.

Final design of the insulation, heating, and cooling is split between Jobs 1203 (1203-361) and 1204 (122-011, 124-011, and 125-011).  My inclination would be to move all the final design work of the vacuum vessel (other than tooling and R&D) into Job 1203.  All final design tasks after the VVSA FDR would be linked to the comprehensive WBS 12 FDR towards the end of the fiscal year.

Preliminary design of the VV I&C is not scheduled for completion until 30 July 2004 (125-001).  We should move the completion date for this activity forward to coincide with the 21 May FDR.  This ensures that all WBS 12 elements are at least at the PDR level at the time of the VVSA FDR.

Resource loadings with Goranson are a concern.  His level of effort peaks at 3.3 in February, drops off to 1.5 in March, and drops below 1.0 until September.  Delaying the start of the Final Design of Insulation and Heating/Cooling (1203-361) from 03 Nov 2003 until after the 21 May 2004 FDR would help smooth things out.  In reality, until we have a list of deliverables for the May FDR and an idea of the hours required to finish each of those, we do not have a clear idea of what shape we are in with respect to resource loading.  Brad, please expedite completion of this list.  The longer we wait, the less benefit we will derive from it.

R&D.  R&D tasks include production of the two prototype vacuum vessel segments (PVVS) and the welding of a spool piece.  Evaluation of the PVVS articles is required fro the May FDR and subsequent evaluation of suppliers.  Completion of the PVVS evaluation should be linked to final preparations for the May FDR.

Design of the weld joint R&D articles (1203-405) should be under Job 1202 even though Goranson is responsible for that work.  If the durations are correct, then we are getting into schedule trouble on this one.  Consideration should be given to assigning the design work to someone other than Goranson who is more lightly loaded at the present time and to re-schedule the work consistent with reasonable forecast finish dates.  (This will help alleviate the immediate resource loading problem with Goranson.)  It is not clear to me that we will be ready to place the order the week after next, as indicated.  Welding of the spool pieces should verify the welding procedure to be used for machine assembly.  Consideration should be given to doing trial welds on sample pieces to refine the welding procedure before verifying it on a large spool piece.  (This does not show up in the plan.)  Completion of the weld joint R&D should be linked to the comprehensive VV FDR towards the end of the fiscal year (because it cannot be wrapped up in advance of the May VVSA FDR).  Weld joint R&D plans should be peer reviewed as soon as the design of the articles is complete and the test plans have been drafted.  The results of the weld joint R&D should also be peer reviewed upon completion.

Title III Engineering.  Title III extends for thirty (30) months in the Master Schedule including twenty-two (22) months til delivery of the 1st VVSA.  During this period, there are 348 hours of PPPL engineering labor and 939 hours of ORNL engineering (121-031).  Mike Viola has been the Princeton Technical Representative on the PVVS contracts and is head of the SPEB for selecting the VVSA supplier.  I think he has been doing an outstanding job in this capacity and assumed he would also be the tech rep on the VVSA contract, traveling to the supplier’s facility, overseeing their progress, and working to get issues resolved.  If so, then the PPPL and ORNL hours should be switched.  The 939 hours corresponds to about a week per month over 22 months which seems reasonable for the tech rep and (hopefully) more than would be required to support the resolution of technical issues that might arise which is a WBS Manager responsibility.  (We should put in names [rather than the generic EA//EM or ORNLEM for key roles wherever we have a clue to facilitate identification of resource loading problems.)

WBS 13 – Conventional Coils

Preliminary Design.  I see the PDR date has slipped until the end of April.  This looks more reasonable than the previous end of March date, but far from cushy.  Kalish and Heitzenroeder have agreed to combine the Conventional Coils (WBS 13) and Structures (WBS 15) in a single subsystem development spec and PDR.  Len Myatt is handling the PD analysis tasks.  He is supposed to finish these early in March.  However, I do not see any resources to cover Myatt under WBS 13.  Kalish is the WBS Manager for WBS 13 and is also the Princeton Technical Representative for Myatt’s contract.  Please close the loop with Kalish about where the funding for Myatt is coming from and how it is distributed between Conventional Coils (WBS 13) and Modular Coils (WBS 14).

Kalish is in the process of developing a subsystem development spec (aka an SRD) for WBS 13/15.  A spec review should be scheduled in advance of the PDR to ensure that the requirements are valid and that the design and analysis address all of the requirements.

The proposed schedule shows preliminary design of the local I&C not starting until October 2004, long after the April PDR.  Local I&C is an important aspect of coil protection and can also impact the design of the coil assembly where the instrumentation interfaces with the coil assembly.  Functional requirements for local I&C (including control and protection) and physical interfaces should be defined for the April PDR.  I would argue that the preliminary design of the local I&C was complete at that time.

Final Design. Heitzenroeder suggested that we consider procuring TF coils with a constant, rectangular cross-section and shaving the noses here at PPPL.  This was previously done on PLT without a hitch.  It might open up the pool of suppliers willing to bid on the TF coils and put us in a stronger position.  The ECP5 baseline does not allow any time (or resources) for this option.  I think that if this option is still being considered, we should develop the schedule to accommodate it.  If it goes away, then the time (and resources) can be given back to the supplier’s activities.  (By the way, Activity 722.010 under WBS 183 is entitled Receive/inspect TF & Mod Coils.  Inspection and testing of the modular coils will be performed under WBS 14.  This activity (722.010) should cover only the TF, PF, and external trim coils.)

The FDR for the TF coils is scheduled for 30 September 2004.  The FDRs for the PF and external trim coils are scheduled to occur at the same time, on 30 September 2005.  However, there are three award dates.  This suggests that we are planning to have three major procurements for coils – one for the TF coils, one for the PF coils, and one for the external trim coils (plus ones for the CS support structure and local I&C which are not coil procurements).  Personally, I would prefer combining the PF and external trim coils into a single procurement.  The TF coils are of different construction than the PF and external trim coils and are needed sooner.  The PF and external trim coils are basically all of the same construction.  Procuring them under a single contract has the attractions that [1] the bigger award amount (bigger than if we broke them into two or three separate procurements) will tend to draw bigger companies with (hopefully) better facilities and QA programs and [2] we only have to dig into the QA programs of prospective suppliers for one procurement rather than several, and [3] we only have to oversee fabrication in one location with one group of people, thereby reducing the strain on the project in Title III.  Furthermore, [4] lessons learned in fabricating one coil could be readily transferred to the fabrication of the other PF and external trim coils.  Kalish should consider the streamlined option discussed above and document the procurement plan for conventional coils.  The schedule should clearly reflect the procurement plan for conventional coils.

The FDR for the TF local I&C should be concurrent with the TF FDR.  The FDR for the remaining local I&C is already concurrent with the FDRs for the PF and external trim coils.

In general, I found the schedule for Conventional Coils (WBS 13) hard to follow.  Final design and fabrication for PF coils, trim coils, and local I&C are lumped under a single job.  However, this job appears under three different WBS headings.  If we were to schedule an FDR for these elements, the same FDR would appear in three places.  The schedule would be easier to understand if all activities in a single job appeared in a single place, namely [1] the preliminary design of the local I&C was moved under Conventional Coils Preliminary design (Job 1301) where it rightfully belongs, [2] the final design of the TF coil local I&C was moved into TF Final Design and Fabrication (Job 1303) where it rightfully belongs, and [3] all of the design, procurement, and fabrication activities for the final design of the PF and external trim coil (including local I&C) appeared in one place under Final Design and Fabrication of the PF and External Trim Coils (Job 1304), not under separate WBS headings.

The WBS Dictionary has been updated to include the central solenoid support structures (formerly part of WBS 152) in WBS 132.  References to WBS 152 under Job 1304 should be corrected.

Title III.  There is a six (6) month gap between the PF FDR on 30 September 2005 and the award of the PF coils on 03 April 2006.  Fabrication of the PF coils would commence in April 2006.  The long delay between the FDR and award of the PF coils seems wasteful.  If the PF and external trim coils were done as a single procurement, as suggested above, then the award would be made in October 2005.  The trim coils would be the first coils fabricated, followed by the lower ring coils, followed by the remaining coils in order of need.

Activity 184-015 (under WBS 133) should be Title III engineering, not design.

There are no PPPL/ORNL activities for development of detailed assembly, installation, and test procedures between the time of the FDRs and when the coils, CS structures, and local I&C are delivered to PPPL.  Is not anything required in this regard?

WBS 18

Design.  At the time of the joint VVSA/MCWF FDR in May, the field period and machine assembly plans (which define the sequence of operations) should be finalized, allowing the development of detailed tooling design and assembly procedures to begin.  Trajectories for assembling the coils over the vacuum vessel should be finalized.  Motions of the field period assemblies and spool pieces during final assembly should also be finalized. 

Pre-May 21 Peer Reviews

Peer reviews are being scheduled for two reasons.  Having external reviewers at the FDRs does not give us control in measuring ourselves against our own standards.  Peer reviews provide a formal mechanism (chits) for getting expert input and tracking resolution of that input.  Below are a list of peer reviews that we might consider scheduling between now and the May FDR.  The list is not yet complete, as I’ve only gone through the WAFs for WBS 12 and 13 so far.

VV port configuration.  Part I of this peer review was exemplary.  We need to hold Part II to close out the action items in a timely manner.  At the conclusion of this peer review, the [1] port allocations will be completely defined, [2] port sizes, locations, and orientations will be finalized, and [3] clearances between the port extensions and other stellarator core hardware will be confirmed to be adequate.
Field Period Assembly.  The purpose is to critically review the motions of the coils and vacuum vessel required for field period assembly, to verify that adequate clearances exist at all times, that the implied tooling requirements are reasonable and achievable, and that appropriate provisions for metrology and in-process sensors have been made.
Machine Assembly.  The purpose is to critically review the motions of the field periods and spool pieces required for machine assembly, to verify that adequate clearances exist at all times, that the implied tooling requirements are reasonable and achievable, and that appropriate provisions for metrology and in-process sensors have been made.  Machine assembly requirements for the design of the base support structure should also be finalized at this time.

Seismic Design.  Our plan is to do a seismic analysis of the whole stellarator core using a simplified “stick” model.  The purpose of this analysis is to develop loads to be used in the seismic analysis of specific components.  This information is required to complete subsequent analyses required for upcoming PDRs and FDRs.

VV Development Spec.  A subsystem development spec has been drafted that defines the performance requirements for the vacuum vessel (WBS 12).  A spec review should be conducted to assure that all relevant requirements have been captured; that we are confident that the design meets the requirements; and that evaluation criteria for verification of the requirements have been established.

VVSA Product Spec.  A product spec is needed that defines the requirements and the quality conformance inspections and tests that are needed in order to verify that the requirements have been met.  A spec review should be conducted for the product spec prior to the May FDR (and also prior to preliminary release of the product spec to the suppliers for starting development of their proposals).

VV Structural Design.  Detailed analysis plans have been drafted for the vacuum vessel.  As the analyses are completed, they should be peer reviewed to assure that everything that needs to be done has been done, understand the implications of the results, and modify the design of the vacuum vessel and its interfaces as required.

Weld joint R&D.  Weld joint R&D plans should be peer reviewed as soon as the design of the articles is complete and the test plans have been documented.  We have been caught once already by having the R&D completed before we carefully reviewed what we were doing.
Evaluation of the PVVS.  The two PVVS are supposed to be delivered to PPPL by the end of March.  We will evaluate each prototype here at PPPL.  The results of the evaluations should be peer reviewed to identify issues that might affect our designs, drawings, specifications, or MIT/QA plans.

Review of VV Drawings.  Prior to the FDR (and also prior to preliminary release of the drawings to the suppliers for starting development of their proposals), a peer review should be conducted for all VV drawings that will be part of the VVSA procurement.

Conventional Coils and Coil Structures Development Spec.  A subsystem development spec is being drafted that defines the performance requirements for the conventional coils (WBS 13) and coil structures (WBS 15).  A spec review should be conducted in advance of the PDR to assure that all relevant requirements have been captured and that the design and analysis address all of the requirements.

Cc:  P. Goranson, M. Kalish, P. Heitzenroeder, R. Simmons, H. Neilson

