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PROGRAM OBJECTIVES

Alternatives for Waste Package Final Closure Weld at Yucca Mountain
A.
OBJECTIVES

The objective of this procurement is to develop state-of-the-art alternatives for the waste package final closure welds at the proposed Yucca Mountain repository.   The alternatives will be developed through an integrated system engineering study and development of next-generation technologies and material products, which are compatible with ultimate disposition requirements of the repository.  Such alternatives will focus on enhancing process efficiency, residual stress management, and metallurgical stability of the final closure weld for the Alloy 22 outer lid of the waste package and offer a more schedule and cost effective alternative to the baseline gas tungsten arc welding (GTAW) process.  For maximum benefit, the selected alternatives should also have a capability for providing closure welds for the Stainless Steel and Alloy 22 inner lids of the waste package without a redesign of the waste package. This would optimize the fabrication of a complete waste package using a single technology within a single welding facility. The proposed work will be accomplished in three phases. Phase I will include concept demonstration, i.e., demonstrate that use of the alternative technology is possible and beneficial in the desired application through small proof-of-principle activities, analytic studies, reviews and development of a detailed project plan for the project based on the specific requirements of the proposed Yucca Mountain repository project. If appropriate, suggestions may be made for changes in waste package design that may enhance the fabrication of waste packages using the alternative welding technology. Phase II will include feasibility studies designed to demonstrate that using the alternative technology in the specific application is practical and achieves a suite of desired benefits (typically includes testing on sub-sized mock-up waste packages, for example).   Based on the successful results in Phase II, Phase III will include engineering prototype fabrication to demonstrate the use of the alternative technology to produce a full-scale component to confirm that the potential advantages of the technology are attainable and sustainable in a production environment.

B.
BACKGROUND AND GENERAL INFORMATION

The baseline approach to producing the final closure welds on waste packages to be used at the proposed Yucca Mountain repository utilizes GTAW technology. Arc welding processes, including GTAW and gas metal arc welding (GMAW) are considered “mature technology” and have been used for many years to weld critical components in the nuclear industry.  These processes are very compatible with stainless steels and nickel base alloys.  Implementation of these processes for waste package fabrication and closure, while not being technically “off-the-shelf,” would be relatively straightforward.  The technical barriers to using these and other arc welding processes (e.g. plasma arc welding) have been identified.  For these reasons, GTAW is the current baseline welding technology for performing the final closure weld.

The most critical issues with respect to GTAW and GMAW are process efficiency, residual stress management, and metallurgical stability.  Both processes would require multiple welding passes to completely fill a weld joint (assuming 20-mm thick material) and, as a result, welding time would be quite long.  

In addition, because of the heat imparted to the canister during arc welding, residual stresses in and around the weld will exist.  Techniques to mitigate these stresses include local post-weld heat treatment, low plasticity burnishing and laser peening of the weld surfaces.  

Arc welding processes are very well suited for canister fabrication since they are relatively low cost and the technology is well adapted to the construction of large components (although improvement through use of alternative welding technologies may also be possible in this area as well).  Implementation of arc welding for final closure, however, may negatively impact throughput at the welding station  and require significant post-weld processing. 

Recently, a scoping study on alternative welding technologies was completed for the DOE. The advantages and disadvantages of these technologies and issues associated with their use are summarized in Tables 2 and  3 at the end of this Statement of Work.

The benefit of the new welding technologies/methodologies is expected to:

1. Provide alternatives for more cost-effective closure welding of the inner and outer lids of the waste packages. 

2. Accelerate throughput schedules for waste package fabrication.

Factors that must be considered in selecting an alternative welding technology for potential Yucca Mountain applications are shown in Table 1.
Table 1.  Factors to be Considered
	Category
	Criteria

	Materials
	Suitable for use on austenitic stainless steels and Ni-base alloys

	Material thickness
	20 – 25 mm

	Waste Package dimensions
	Up to 10 meters in length, 2 meters in diameter

	Closure weld conditions
	Hot cell, remote access only

	Postweld processing
	Minimize or eliminate all postweld machining, heat treatment, etc.

	Residual stresses
	Minimize or eliminate

	Weld microstructure
	Minimize microstructure “degradation” that would influence long term stability or corrosion resistance

	Inspection
	Closure weld must be 100% inspectable with standard NDE approaches

	Weld Passes
	Minimize number of required passes


General Information

Spent nuclear fuel (SNF) and high-level radioactive waste (HLW) have accumulated in the United States during the last half-century from nuclear weapons production, nuclear‑powered naval vessels usage, Department of Energy (DOE) test reactors, research reactors, and electricity generation.  The United States has evaluated methods for the safe storage and disposal of SNF and HLW for more than 40 years.  After analyzing a range of options, disposal in mined geologic repositories emerged as the preferred long‑term environmental solution for the management of SNF and HLW.  Congress assigned responsibility to the DOE to: site, apply for a license, construct, operate, and close a repository for the disposal of SNF and HLW.  In addition, the Nuclear Waste Policy Act (NWPA) assigned responsibility to the generators and owners of SNF and HLW to pay the costs of disposal of such radioactive materials. 

The NWPA established the Office of Civilian Radioactive Waste Management (OCRWM) Program within the DOE.  OCRWM’s current mission is to “manage and dispose of high-level radioactive waste and spent nuclear fuel in a manner that protects health, safety, and the environment; enhances national and energy security; and merits public confidence.”  With site designation, OCRWM has initiated the next phase of repository development; namely, licensing in accordance with applicable U.S. Nuclear Regulatory Commission (NRC) regulations and authority and funding in accordance with DOE and Office of Management and Budget requirements and regulations.  OCRWM, with the support of its management and operating contractor (M&O), is preparing a license application (LA) for submittal to the NRC in December 2004.

Program Description: The necessary geologic repository system for the emplacement of SNF and HLW will be the first of a kind in the world.  The transfer of material from commercial utilities across the country and from DOE sites to the geologic repository will be a major undertaking.  The repository licensing by the NRC will be in accordance with 10 CFR Part 63.  While commercial utilities have been making contributions into the Nuclear Waste Fund, annual appropriations from the Congress are required to utilize these contributions and provide the government’s share for disposal of defense materials.  

There is a statutory limit of 70,000 metric tons of heavy metal (MTHM) of SNF and HLW, which can be emplaced in the first geologic repository.  The materials may include about 63,000 MTHM of commercial SNF (90 percent of the repository capacity); 2,333 MTHM of DOE SNF, to include Naval Reactor SNF (3 percent of the repository capacity); and 4,667 MTHM of defense and commercial HLW (7 percent of the repository capacity).  OCRWM will be the “licensee” and will prepare a license application for submittal to the NRC.  DOE is responsible for: 1) “taking title” to the commercial SNF and shipping it to the repository, 2) accepting the Department’s nuclear SNF (except for the Naval Reactor fuel) and HLW and shipping it to the repository, 3) accepting Naval Reactor fuel upon delivery by the Navy to the repository, and 4) obtaining the services and capital assets for the construction and operation of the necessary facilities to receive, transport and emplace the material.

C.
SCOPE OF WORK

The Scope of Work for this project will be accomplished in three phases.  In Phase I, the selected vendors will be expected to carry out all activities necessary to assure concept demonstration, i.e., demonstrate that use of the alternative technology is possible and beneficial in the desired application through small proof-of-principle activities, analytic studies, reviews and development of a detailed project plan for the project based on the specific requirements of the proposed Yucca Mountain repository project.  It is anticipated that two contractors will be selected from the list of Phase I contractors to proceed to Phase II.  In Phase II, the selected vendors will be expected to perform all necessary feasibility studies designed to demonstrate that using the alternative technology in the specific application is practical and achieves a suite of desired benefits (typically includes testing on sub-sized mock-up waste packages, for example).   Based on the successful results in Phase II, Phase III will include engineering prototype fabrication to demonstrate the use of the alternative technology to produce a full-scale component to confirm that the potential advantages of the technology are attainable and sustainable in a production environment.

While contractors may make site visits during Phases I through III, actual research and development activities are expected to be non-intrusive and performed at the contractor’s facilities.  Full-scale demonstration of the selected technologies in Phase III will be performed at the contractor’s facilities.  All environmental, health, and safety issues related to hazardous operations are the responsibility of the contractor.  

Phase I   Conceptual Studies
The goal of Phase I is to carry out all activities necessary to assure concept demonstration, i.e., demonstrate that use of the alternative technology is possible and beneficial in the desired application through small proof-of-principle activities, analytic studies, reviews and development of a detailed project plan for the project based on the specific requirements of the  Yucca Mountain Project (YMP).  Specific goals for this stage of the project include demonstration of successful alternative welding technology on small sections (coupons) of Alloy 22 [UNS N06022] (of comparable thickness to a YMP waste package); demonstration of alternative welding process robustness (e.g. weld joint tolerances, strength of bond) that either equals or exceeds robustness of GTAW welds; demonstration (using forward and reverse cyclic accelerated corrosion testing in concentrated salt solutions) that alternative welds of Alloy 22 would have an equal or greater corrosion and metallurgical performance as compared to GTAW welds (the Contractor shall provide DOE with duplicate sample welds for further corrosion performance testing); demonstration that alternative welds of Alloy 22 have an equal or more favorable distribution of as-welded residual stresses as compared to GTAW welds (including characterizing the heat-affected zone (HAZ) to determine residual stresses (quantify maximum and where occur – e.g. on surface)); demonstrate minimization of  microstructure “degradation”  (size and distribution of defects, and the extent of migration/segregation of alloy elements); demonstrate Alloy 22 alternative weld integrity per compliance with ASME Section III non-destructive and mechanical properties standards; begin optimizing studies for weld parameters; and introduce a weld defect and show how it can be identified and repaired.

This task shall include the necessary activities to ensure coordination and planning of the project with the DOE/OCRWM, representatives from the DOE/Office of Repository Development (DOE/ORD) management and operating contractor (M&O), and the DOE OCRWM program. The Contractor(s) and DOE shall develop a list of technical success criteria and measures that shall be used upon completion of Phase I, for review of Phase I results, down-selection, and continuance of the project into Phase II.  The list shall be submitted to DOE for review and approval.   A proposal for Phase II will be submitted with this material 60 days prior to the end of Phase I to allow DOE ample down-select time to avoid a gap in work activity for the Phase II selectees.  

The deliverable for this phase would include a comprehensive report documenting the results of Phase I activities; a recommendation whether  to conduct more extensive tests/demonstrations of  the evaluated alternative technologies,  or  to use an existing technology/baseline approach that has regulatory acceptance and needs no further testing or evaluation; the rationale for selecting the alternative welding technology in terms of cost, worker health and safety, performance or process improvement; and duplicate sample welds for further testing..
If changes to the baseline waste package design would simplify the welding process , while promising the same or better waste package integrity, suggestions for such changes need to be made as part of this effort for consideration and evaluation by the DOE/ORD Engineering Division. This effort would result in suggestions for changes only, and not include the prototyping of an alternative waste package design.
In Phase I, the contractor (s) will also develop a Project plan for Phase II – feasibility study.  The Project Plan will be submitted to DOE for review and approval, as part of the proposal to move forward into Phase II of the work. If a change to waste package design is suggested that will better accommodate the alternative welding technology, then an optional task  to perform a feasibility demonstration at the sub-scale (~1/2 scale) size should be proposed for consideration by DOE as part of the Phase II effort.
Phase II
  Feasibility Demonstrations

This task shall proceed only after the review of Phase I contract results and the Phase II Project Plan by DOE and DOE-selected representatives, and the approval to proceed from the DOE/ORD Contracting Officer.  In Phase II, the selected vendors will perform all necessary feasibility studies designed to demonstrate that using the alternative technology in the specific application is practical and achieves a suite of desired benefits.  Specific goals for this stage of the project include demonstration of the alternative welding technology to conduct a full circumference weld on a sub-sized (~ half-scale) Alloy 22/Stainless Steel waste package mockup with dimensions that would simulate realistic welding behavior of a full-scale waste package (e.g. simulation of as-welded residual stresses).  The sub-sized mockup should include all features in the current waste package design to demonstrate that the alternative welding technology is compatible with the baseline design.  The mockup should be instrumented to measure weld cool-down behavior and weld distortion time history to optimize welding parameters.  Standard NDE should be performed on the mockup weld to verify integrity of the alternative technology welds.  Results from this phase will address: the time to make the weld in normal operation (including all necessary set-up and preparation time); an inspection method and the time to inspect the weld in normal operation; the time and operations needed in order to repair and inspect the weld (an off-normal event); and analysis to show that weld properties are analyzable – bounded, controlled, and/or defined by process parameters.

In Phase II, the contractor (s) will prepare a comprehensive report on the performance of the alternative technology for producing final closure welds in a YMP waste package to enable decision making for full-scale demonstration and potential large scale deployment.  This report should include how the alternative welding technology would be accommodated in the current design of the hot cell. It should also provide a discussion of the alternative technology in terms of acquisition and installation costs, worker health and safety, corrosion performance of the closure welds, and process improvement over the current baseline 
The Contractor (s) will prepare a Project Plan for full-scale demonstration of the selected technology. The Project Plan will be submitted to DOE for review and approval.  A proposal for Phase III will be submitted with this material 60 days prior to the end of Phase II to allow DOE ample down-select time to avoid a gap in work activity for the Phase III selectees.

Phase III Full Scale Engineering Prototyping  
This task shall proceed only after the review of Phase II contract results by DOE and DOE-selected representatives, and the approval to proceed from the DOE/ORD Contracting Officer.  Phase III would include activities necessary to perform full scale engineering prototype fabrication of the alternative welding system.  Specific goals for this stage of the project include demonstration of the alternative welding technology to produce a full circumferential weld on a full circumference-sized Alloy 22/Stainless Steel waste package in a simulated shielded cell. The full-sized mockup should include all features in the current waste package design to demonstrate that the alternative welding technology is compatible with the baseline design’s inner and outer lid structure.    The full-sized mockup should be instrumented to measure weld cool-down behavior and weld distortion time history to optimize welding parameters.  Standard NDE should be performed on the full-sized mockup weld to verify integrity of the alternative technology weld.  Results from this phase will address: the time to make the weld in normal operation (this time in a simulated shielded cell, with remote access only and including all necessary weld set-up and preparation time); an inspection method and the time to inspect the weld in normal operation (in the shielded cell); the time and operations needed in order to repair and re-inspect the weld (in an off-normal event, in a shielded cell); and confirmatory test data to show that the as-welded characteristics are analyzable – bounded, controlled, and/or defined by process parameters.

In Phase III, the contractor (s) will prepare a final comprehensive report on the performance of the alternative technology for producing final closure welds in a YMP waste package to enable decision making for potential large scale deployment of the technology in a closure weld cell at Yucca Mountain.  This report should include consideration of all relevant technical and economic parameters related to second generation implementation, including especially any necessary modifications to planned welding facilities to accommodate the welding technology.

System Description Documents (SDDs)

To assist potential contractors in developing their proposals, the following SDDs define the requirements and describe the current design for the waste package and the waste package closure system are attached (See Attachment D).  

BSC (Bechtel SAIC Company) 2004. Naval Spent Nuclear Fuel Waste Package System Description Document. 000-3YD-DN00-00100-000-004. Las Vegas, Nevada: Bechtel SAIC Company. ACC: ENG.20040726.0001.
BSC (Bechtel SAIC Company) 2004. Waste Package Closure System Description Document. 100-3YD-HW00-00100-000-002. Las Vegas, Nevada: Bechtel SAIC Company. ACC: ENG.20040713.0002. 

BSC (Bechtel SAIC Company) 2004. DOE and Commercial Waste Package System Description Document. 000-3YD-DS00-00100-000-004. Las Vegas, Nevada: Bechtel SAIC Company. ACC: ENG.20040720.0009. 

Table 2. Comparison of Candidate Welding Processes

	Welding Process 
	Advantages 
	Disadvantages 
	Comments 

	Gas Tungsten Arc Welding (GTAW) 
	· Mature technology

· Narrow joint gap can minimize number of passes

· Equipment cost low 

· Maintenance costs low

· Process is robust/dependable

· Weld quality monitors are very sophisticated

· Low spatter and fume

· Repair technology available 
	· High weld times – as much as 5-10 hours to complete closure weld

· Moderate to high residual stresses

· Equipment must be contained and maintained in hot cell

· Moderate potential for weld defects

· Segregation during weld solidification may affect microstructure stability 
	Both these process have been used for welding pipelines, pressure vessels, and other critical structures in thick sections (> 15 mm). Making a continuous closure weld (no stopping) would be very difficult.  Maintenance is also an issue, since it would require hot cell access to change electrodes or make other in-process modifications. Positional flexibility is also limited, with vertical positioning of welding torch preferred. Thermal management during the welding process would be a key element in controlling residual stress.  A postweld stress relief treatment would be required. These processes may be better suited for canister fabrication than for final closure. NDE of welds made using these processes may also be an issue. GTAW may be useful for repair of closure welds made using other processes. 

	Gas Metal Arc Welding (GMAW) 
	· Mature technology

· Higher metal deposition rates than GTAW – reduced weld time

· Low equipment costs

· Maintenance costs low

· Process is robust

· Weld quality monitors available

· Repair technology 
	· Somewhat wider weld joints than GTAW

· Moderate to high residual stresses

· High fume and spatter

· Equipment must be contained and maintained in hot cell

· Potential for weld defects

· Segregation during weld solidification may affect microstructure stability 
	

	Plasma Arc Welding (PAW) 
	Similar to GTAW and GMAW in most respects.  PAW does provide better weld penetration because of its “keyhole” nature, but it is not clear how this could be advantageous.  This process is not used very widely and would not be considered as robust as GTAW and GMAW.  

	Electron Beam Welding (EBW) 
	· Single pass process

· Simplified weld joint preparation – a “square-butt” joint is standard

· Low distortion and residual stress

· Equipment operates outside hot cell

· Positional flexibility – vertical or horizontal

· Use of reduced pressure improves process efficiency

· Refined (finer-grained) weld microstructure • Narrow HAZ 
	· Equipment very expensive

· Moderate to high maintenance costs

· Requires reduced atmosphere – welding cell must be pumped to full or partial vacuum

· Fitup and alignment are critical

· Moderate risk of weld defects

· High spatter

· Not as robust as arc welding or IFW

· Repair scenario not clear

· Technology (reduced pressure) not mature 
	This “single shot” process will significantly reduce weld times and provide distinct advantages with respect to the level of residual stress that is present following welding. It is possible that postweld stress relief can be eliminated with EBW. It is also possible that the electron beam itself can be used for “in-situ” stress management.  The reduced pressure EBW process is particularly attractive because it will reduce the overall welding time without significantly compromising weld quality. 


	Welding Process 
	Advantages 
	Disadvantages 
	Comments 

	Laser Beam Welding (LBW) 
	• Single pass process • Simple joint preparation • Lower residual stress than arc welding • Mature technology • Positional flexibility • Refined weld metal microstructure • Equipment isolated from hot cell 
	• High initial equipment costs • High maintenance costs • High power CO2 process not as robust as arc welding or IFW • Nd:YAG process not capable of required weld penetration • Moderate risk of weld defects • High spatter • Repair scenario not clear 
	This is also a “single shot” process that is potentially attractive for hot cell applications because most of the equipment can be completely external with a “beam port” into the hot cell. Reliability and maintenance issues are the main concerns. LBW does not require vacuum or reduced pressure, although some local shielding may be required. The evolution of high power “fiber” lasers would overcome many of the disadvantages by allowing beam delivery through a fiber optic cable. 

	Inertia Friction Welding (IFW) 
	•  
	Single shot process Simplified joint prep No shielding gas required Little, or no, residual stress Extremely robust Large process window Weld refinement by dynamic recrystallization Potential for weld defects is very low 
	• • • • • • • 
	No precedent for machine this large (scale-up issues) High equipment development costs Special tooling and canister design High forces must be applied to the canister Removal/containment of weld flash Risk of not detecting lack of bonding Repair scenario not clear 
	In a scoping study performed in the late 1980’s by B&W, the IFW process was ranked #1 for canister closure applications. The process is simple (only 2 variables to control) and extremely reliable. Because it is a solid-state weld, the concerns regarding microstructure stability in fusion welds are eliminated. Residuals stresses will be low, eliminating the need for postweld stress relief. The fine grained microstructure will facilitate inspection. The major issue with IFW is that a machine large enough to perform canister closure welds does not exist. 

	Friction Stir Welding (FSW) 
	• • • • 
	Single pass process Simplified joint prep Low residual stress Refined microstructure 
	• • • • • 
	Technology not in place for Ni-base alloys and stainless steels Not robust – tool wear and/or breakage an issue Thickness limitations Equipment very expensive Repair scenario not clear 
	This process has revolutionized the welding of aluminum alloys and is currently being considered for closure of copper canisters in Sweden. Although “demonstration welds” have been made in Ni-base alloys, the technology is currently not available for performing closure welds. Without some revolutionary tool technology, it may never be a competitive process for YMP. 

	Hybrid Processes – Arc and Laser Welding 
	• • • 
	More efficient than arc processes alone Coupled energy sources will reduce welding time Possible reduction of residual stresses and distortion relative to GTAW and GMAW 
	• • • • 
	May be difficult to implement in hot cell environment Alignment issues critical Potential for weld defects Segregation during weld solidification may affect microstructure stability 
	Hybrid processing attempts to couple two processes to improve efficiency and productivity. The Navy is currently investigating the hybrid laser/arc process for shipbuilding. Its application for canister fabrication is promising. Its use for closure welds would be challenging. 


	Table 3. Issues Associated with Hot Cell Design 

	
	IFW 
	RP-EBW 
	LBW 
	GTAW 
	GMAW 

	Canister rotation 
	No 
	Yes 
	Yes 
	Either stationary or rotation 
	Either stationary or rotation 

	Equipment required in hot cell 
	Shaft feedthrough to hold lid 
	Final focusing lenses 
	Final focusing mirror system or fiber feed through 
	Welding head and ancillary control and monitoring devices 
	Welding head and ancillary control and monitoring devices 

	Hot cell atmospheric control 
	None required 
	Reduced pressure requires pumping system 
	Local gas shielding 
	Local gas shielding 
	Local gas shielding 

	Canister 
	
	
	
	
	

	support and 
	Significant 
	Minimal
	Minimal
	Minimal
	Minimal 

	fixturing 
	
	
	
	
	

	Space required around canister 
	Very little 
	Moderate 
	Moderate 
	Moderate 
	Moderate 
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