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FDR Charge

Are ES&H issues being properly addressed for the fabrication, assembly and testing?

Does the final design meet the requirements for the NSTX Upgrade Project as delineated in
the General Requirements Documents (attached)?

Does the Final Design Review satisfy the objectives of PPPL Procedure ENG?033, ""Design
Verification, Attachments 4 and 6, 'Design Review Objectives and Input Documentation"'
and ""Human Performance Improvement/Factors Considerations in Design Reviews""
(attached)?

Have previous recommendations from previous reviews been adequately addressed?

Have risks been appropriately identified? Are project plans adequate to address/retire the
identified risks? Are there any "'show stoppers' to starting fabrication and assembly?

Have the cost and schedule estimates been updated? Do they reasonably reflect the cost,
schedule, and resource efforts required to complete the project?

Given the current stage of the project, is the project's management structure and team
appropriate, and are the plans to support the next phase of the project sufficient?

Is the project proceeding along a plan to be CD-3 ready by this summer? Has the required
documentation been identified and currently being prepared as required by DOE 413.3B?

Outage planning and coordination -Has a construction plan been developed that adequately
ensures the proper sequencing of field tasks? Have key positions and responsibilities been
defined? Has worker coordination been addressed (i.e. daily job briefings, hazards analysis,
procedures etc.)?
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General Comments

* The committee recognizes the significant amount of work
that has been applied to advancing the NSTX Upgrade
Project to Final Design status.

* The organization and efficiency of the management and
design team is exemplary.

* The Information presented to the review committee was
extensive and comprehensive, as appropriate for an FDR.

* We appreciate the support given to the committee and the
responsiveness of the project team during this review.
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|. Center Stack Upgrade: Findings

1. A summary of the large amount of detailed design and technical analysis was presented
by the project team. It was clear that nearly all significant outstanding issues, chits, and
many risks have been resolved or retired.

2. The project team detailed the plans to fabricate the new TF inner leg bundle in-house and
then wind the OH coil onto the TF legs. A dissolvable filler product called Aqua Pour® will
be used to fill the gap between the TF inner stack and the OH windings to maintain
concentricity during winding. This material has been shown to be fit for the purpose and
detailed process steps are being developed to be used during the fabrication phase.

3. All the TF inner leg copper extrusions have been purchased and delivered by Luvata.
They are slightly oversized to be machined to final dimensions and installation of an axial
cooling tube.

4. Friction stir weld tests have been performed with successful results. This process will be
used to connect the flexible copper flags to the TF legs .

5. Vendors have been identified for many of the major components and bids/contracts are
being evaluated for some.
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|. Center Stack Upgrade: Findings

6. The outer TF cage and PF supports design has been finalized.

7. There is a location on the inner TF near the TF fIaBs where the temperature exceeds
100 C during the maximum power pulse. The CTD 101 epoxy resin system will not
provide suitable shear strength at this temperature. The project plans to use CTD 425,
a Cyanate Ester/epoxy resin blend, for this impregnation. Three-point-bending shear
lé):ond tests have been performed, including development of an S/N curve at 80 and 100

8. The inner vessel protective tiles are now made from radiatively cooled ATJ, some with
Grafoil™. The mechanical fastening method is similar to that ‘used in other machines.
CFC will only be used on the beam armor[,olates. ATJ is used everywhere else where
radiative cooling is sufficient. The CFC tiles are already on hand and thus cost and
schedule savings are realized.

9. The DCPS (two independent systems) has been further developed with an algorithm-
based scheme and all the components needed to assemble the system have been
specified. Software development is underway and will be tested during the upcoming

STX run. This system will be ready for FDR in July 2012.

10. The project critical path now runs through center stack fabrication. Tiles are no longer
on critical path thanks to switching from CFC to ATJ in most locations.

11. 40 minute rep rate is limited by ?_ower system TF cabling and not by thermal (cooling)
performance on the OH coils (éstimated at 15 minutes).
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|. Center Stack Upgrade: comments

1. There are no show-stoppers in the chits. The amount of work performed by designers
and analysts meets FDR requirements. The team is to be commended for their extensive
work.

2. In-line braze joints in the central solenoid conductor may be eliminated using the
CONFORMT™ continuous extrusion process presently being used by Luvata in Finland. If
joints are kept, then careful NDT of the joints is needed, which has been demonstrated
many times before at PPPL.

3. CTD 425 has been selected with the Cyanate Ester primer as the insulation system. The
CTD fatigue data on insulation shear strength was carried out at 10 Hz, but normal
operations are at a much slower rate (2-5 seconds). Hence, the fast fatigue data may be
optimistic and not correctly account for combined creep and fatigue.

4. Friction stir welding (FSW) is a good solution for joining the flags to the wedges. Test
results are now available for FSW and indicate acceptable use for copper connections on
NSTX and future fusion applications.
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|. Center Stack Upgrade: comments

5. Heat loads in the divertor area develop high temperatures and a radiatively
cooled scheme is proposed. The GRD can be met by tuning (if necessary) the
standard 96 operational scenarios.

6. Further work is needed to resolve stress analysis discrepancies (i.e. slow
discharge disruption calculations which showed 10 x difference).
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|. Center Stack Upgrade: Recommendations

1. Aluminum blocks support the TF legs at the umbrella structure. Consider
thermal expansion mismatch and eddy currents. Does this still work effectively
with larger thermal and EM forces in upgrade configuration?

2. Recommend building a mock-up fixture to simulate OH and TF inner leg
interface to practice working with a long length of Aqua Pour ® removal in
relevant geometric configuration.

3. Recommend developing a controlled access procedure for the DCPS hardware
and software changes.

4. PF Bus leads appear to diverge. This separation increases the torques on the
leads. Can this be reduced?

5. Please put wrench flats on struts at the ends, not the middle. The flat at the
middle degrades buckling.
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|. Center Stack Upgrade: Recommendations

6.

10.

Almost all TF and PF coil loads are carried by the NSTX-U vacuum vessel. The vacuum
vessel should be subjected to a buckling analysis using combined disruption and coil
loadings.

Actual vessel measurements showing dominant deviations from design dimensions should
be included in computer models used for mechanical analysis.

Consider reducing the GRD specified number of full power load cycles for the center column
structures, i.e. TF inner legs/OH coil and possibly the center vacuum tube.

If funding becomes available, please consider purchasing TF power cabling.

Perform insulation strength tests at a reduced cyclic rate.
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II. Second Neutral Beam: Findings

» The second neutral beam scope includes:

Disassemble and evaluate a TFTR beamline
Decontaminate the beamline and internal components
Refurbish for reuse

Relocate numerous diagnostic systems, work platforms, etc., to make
room for beamline in the NSTX Test Cell

Replace bay K, J ports with new design to accommodate beamline
Move NB2 to the NSTX Test Cell

Align beamline and ion sources

Run services (power, water, cryo and controls)

Connect and activate instrumentation and control systems
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II. Second Neutral Beam: Findings

. Decontamination efforts on the TFTR beamline have been successful enough
to allow the beamline to be moved and installed into the NSTX Test Cell.

" Appropriate radiological control procedures are going to be used near the
beamline throughout the relocation and after, as necessary. When the
beamline is installed and closed, the area may be released from the RWP if it
Is determined to be safe.

" Plans for relocating the beamline and supplying it with necessary services are
comprehensive and incorporate a large number of other coordinated system
relocations.

" The beamline armor protection system has been improved and analyzed
extensively, with several “worst case” scenarios studied. Results indicate the
system will perform adequately in all cases. Several methods are used to
prevent an excessively long beam pulse into the armor, even if the plasma
current interlock fails.

. The port modifications to incorporate the second beamline and the MPTS
system require a significant amount of cutting and welding on the vacuum
vessel. The new port cap has been strengthened to restore vessel integrity
after these modifications.
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1. Second Neutral Beam: Comments

* The team is to be commended for the
accomplishments of refurbishing and
decontaminating TFTR beamline safely.

» A planned reduction and future phase-out of
CAMAC equipment is applauded.

= Care should be taken to perform large vacuum
vessel welds appropriately to avoid creation of
virtual leaks within the welds.

= Aiming the new beams to larger radii allows
exploration of promising new off-axis current drive
scenarios.
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1. Second Neutral Beam: Recommendations

= Expecting all the old CAMAC equipment to
function properly after years of hibernation
IS not wise. Plans should incorporate some
significant debugging and repair time to
bring up the old equipment.
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Management/cost/schedule —
findings

» The NSTXU project team is in place, fully staffed and functioning
effectively.

= Lab management strongly supports the NSTX Upgrade Project

= CD-2 was approved by DOE in December 2010 with a TPC of
$94.3M and CD-4 date of September 2015

= The current BAC is $77.3M with an early finish date of September
2014.

= The DOE funding plan is supportive of the project schedule.
» Long lead fabrication work has been approved by DOE.
= Through May 2011 the project is 22 % complete.

= An initial bottoms up ETC was just completed. Based on this, the
available contingency is 21% of remaining work.
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Management/cost/schedule —
Findings, Continued

= An EVMS certification review will be conducted by SC
In October 2011.

= A Lehman Review to assess readiness for CD-3 will be
conducted in October 2011, which is expected to
support a CD-3 approval by December 2011.

= An Integrated Project Team is in place and functioning.

» A Risk Management Plan is in place. The current Risk
Register has 77 identified risks. 27 have been retired.
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Management/cost/schedule - Comments

= The cost estimates are considered to be at the midpoint of the estimating
range, which PPPL project management believes that a moderate number
of setbacks in execution can be accommodated without drawing on
contingency. This seems reasonable but needs to be monitored closely.

= PPPL is highly motivated to keep NSTX-U on or ahead of schedule in
order to minimize the downtime from physics operations. The intent is to
advance work if there is favorable cost experience during execution. This
seems reasonable.

» The fact that staffing required to support the schedule consists of people
already on board adds to schedule credibility. Also, essentially all of the
necessary work is similar to work previously performed at this facility.

» The proposed use of the work control center by Perry for the outage work
IS cited as good management practice. It supports safety and regulatory
compliance.



U.S. DEPARTMENT OF  Office of
N S TX Supported by ENE RGY Science

Management/cost/schedule -
Recommendations

1. Revise the Project Execution Plan by
September 2011.

2. Establish an independent, external Project
Advisory Committee by September 2011.
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Answers to FDR Charge

1. Are ES&H issues being properly addressed for the fabrication, assembly and
testing?

« The NSTX Upgrade Project has incorporated ES&H into its activities, including
fabrication, assembly and testing, and will draw on the well-established ISM
culture and infrastructure at PPPL.

« A Construction Health and Safety Plan has been drafted.

2. Does the final design meet the requirements for the NSTX Upgrade Project as
delineated in the General Requirements Documents?

* The project designs are consistent with the PEP and GRD deliverables.
3. Have recommendations from previous reviews been adequately addressed?

* Previous review chits and recommendation have been incorporated or
reconciled. Results are being independently verified by QA.



U.S. DEPARTMENT OF Office of

NSTX SHoporied oY ENERGY Science

4. Have risks been appropriately identified? Are project plans adequate to
address/retire the identified risks? Are there any "show stoppers" to starting
fabrication and assembly?

* Risks are being retired consistent with a more mature design.

« Opportunities are continuing to be explored that could reduce cost and
accelerate schedule.

 The project continues to identify and track risks and their impact on fabrication
and assembly.

 There are no show stoppers. Project should proceed with procurement,
fabrication and assembly as planned.

5. Have the cost and schedule estimates been updated? Do they reasonably reflect
the cost, schedule, and resource efforts required to complete the project?

* The project has performed a bottoms-up estimate-at-completion which reflects
the more mature design. The updated cost profile is consistent with available
funding. Opportunities for future savings are being pursued.

 The overall project schedule is on track. The critical path through the center
stack fabrication is being supported with advanced procurements.

« Staffing needs have been identified by name and are achievable to support the
project based on the current foreseen workloads at PPPL.
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6. Given the current stage of the project, is the project's management structure and

team appropriate, and are the plans to support the next phase of the project
sufficient?

 The project has implemented sound management processes and has effective
communication with all stakeholders.

 DOE has demonstrated their support and confidence in the project by
authorizing advanced procurements and field tasks (pre- CD-3 scope).

7. Is the project proceeding along a plan to be CD-3 ready by this summer? Has the

required documentation been identified and currently being prepared as required
by DOE 413.3B?

« CD-3 checkpoint documentation per DOE 413.3B is currently being updated and
will be completed this summer.

8. Outage planning and coordination - Has a construction plan been developed that
adequately ensures the proper sequencing of field tasks? Have key positions and

responsibilities been defined? Has worker coordination been addressed (ie daily
job briefings, hazards analysis, procedures etc.)?

« A Machine Installation and Outage Coordination Plan has been drafted and

currently being iterated. The plan will be instrumental to ensure that field work is
conducted efficiently and safely.
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9. Does the Final Designh Review satisfy the objectives of PPPL Procedure ENG-033,
"Design Verification", Attachments 4 and 6, "Design Review Objectives and Input
Documentation" and "Human Performance Improvement/Factors Considerations in
Design Reviews"

 The final design satisfies the requirements and is ready for implementation. The
designs and analyses have been iterated with project physics and meets the
design requirements as defined in the GRD and deliverables in the Project
Execution Plan.

« Detailed analyses, calculations, and tests to validate the design are 90%(Per DOE)
complete and documented. Most R&D, mockup and developmental trials have
been completed.

« The final product, both the new center stack and second beamline, can be
manufactured, inspected, assembled and installed reliably, safely and cost
effectively. This is based on previous experience with the first beamline
installation and decades of experimental magnet fabrication as well as
experience removing, rebuilding and replacing the existing center stack on
NSTX.
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9 (contd). Does the Final Design Review satisfy the objectives of PPPL Procedure
ENG-033, "Design Verification", Attachments 4 and 6, "Design Review Objectives and
Input Documentation” and "Human Performance Improvement/Factors
Considerations in Design Reviews"

Human performance and human factor considerations are appropriately
addressed in the design. A center stack manufacturing plan has been
developed, a construction safety and health plan has been drafted, and job
hazards analysis will be prepared for all fabrication and assembly work.

Procurement issues have been identified and resolved. Vendor contacts have
been made for manufacturability and cost estimating where appropriate. Lists
of procurements have been tabulated in the work authorization forms (WAF’s).
Long lead and critical procurements have been identified and approved for
procurement by DOE.

Appropriate documentation is available for producing the final product .
Detailed part drawings will be produced from the completed models. Installation
procedures have been identified and will be prepared prior to assembly.

Appropriate test plans for the final product have been identified and they will be
prepared prior to the component testing and ISTP tests.

Previous review chits and recommendations have been incorporated or
reconciled. Results are being independently verified.

Manufacturability of the critical hardware and assemblies has been verified.



