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	FA2-Q3 - Rank 

	 

		Vote Number:
	103
	Abstained Votes:
	7




		Rank
	RANK THIS LIST ACCORDING TO THE WHICH WOULD BENEFIT THE MOST FROM EXISTING TECHNOLOGIES
	Score
	Avg.Rank
	Std.Dev

	1
	Reduced electricity generation cost with emphasis on capital cost reduction
	5.04
	1.96
	1.34

	2
	Enhanced safety and security
	4.1
	2.9
	1.31

	3
	Better integration with a dynamic grid with large input from renewable energy
	3.74
	3.26
	1.64

	4
	Improved resource and waste management
	3.47
	3.53
	1.64

	5
	Reduced environmental impact
	2.77
	4.23
	1.16

	6
	Reduced proliferation risk
	1.89
	5.11
	1.17




	


	Comments

Reduced electricity generation cost with emphasis on capital cost reduction
1. Ranking should be based on consideration on energy productions rather than solely power generation.
2. the cost here don't seem to be driven by missing technologies, but from other impediments to reduced cost like regulatory framework and competition from other generation sources
3. Employ standard designs and construction techniques - unlike the tailored changes for each of the plants built during the 70s.
4. Should be based on consideration of "energy" production not solely power (electricity) generation.
5. Given existing technology, many of these goals would be much more influenced by policy, regulation and economics.  Technology will be on the margins of influence.
6. Reduced electricity costs with emphasis on capital cost moves the focus of innovation away from cost reductions that keep the current fleet cost effective.
7. Capital costs may be reduced with existing technologies, but additional measures would be necessary to enhance competitiveness
8. Should be based on consideration of energy productio including process heat, not solely electric power generation
9. There is evidence that regulation is not the driver for increased cost.
10. Surely, there are big gains from getting the manufacturing process absolutely right
11. Given current technology, improvements toward these goals will be marginal.  Policy, regulation and economics are far more influential in this context.
12. The likelihood of an imported technology having impact in an area is proportionate to the extent to which that area is shared by other industries
13. The benefits of existing technologies that are at present not adopted are good but of a smaller marginal impact.  Regulatory Compliance Costs make adoption of these more difficult (less cost effective, or negative cost effectiveness).
14. capital cost reduction can benefit tremendously from modern manufacturing techniques and systems
15. Modern manufacturing and construction techniques would seem to offer potential improvements
16. Technology: reduce man-hours through automation and robotics
17. revamping of regulatory requirements will reduce capital cost incurred by re-engineering and delays
18. Staffing costs are also significant especially at single unit sites.  Efforts to reduce staffing needs for future plants could be beneficial.
19. I struggle with this question and the items being ranked
20. Disagree that this goal can be most be most readily solved with existing technologoes
21. Would automation and robotics impact the capital costs that much?
22. Nuclear power is one of the most diverse engineering disciplines. If we do not take cues from the others disciplens and integrate their methods and technologies, shame on us
23. There should be some sort of incentive for utilities/vendors to adopt technology that works in other industries. Right now the economic and regulatory risk is too high, so everyone wants to be the 2nd.
24. benefit the most, not most readily solved
25. A streamlined, risk based, technology informed approach to regulatory requirements will have the single largest impact on capital and O&M costs.  There should also be an approach that more appropriately recognizes the differences in risk for reactor designs rather than one-size-fits-all.
26. Modlarization and off site manufacturing with on site assembly can help with this goal.
27. The manufacturing process can be vastly improved by taking into account gains in control, process understanding, and morphology understanding.
28. As Jose pointed out, the regulatory burdens on our industry are a key contributor to our costs. A clean sheet approach to rewriting our regulations could provide a significant boost to the industry - and I believe this can be done while simultaneously improving safety.
29. We just heard from Nuscale that they are using many existing technologies and that still leaves a $1 bil investment. Whatever technologies could be used to significantly reduce the cost?
30. don't confuse generation costs vs. capital costs.  Clearly need both to be as low as possible, but also need to have the ability to depreciate capital costs over appropriately time frame
31. Innovations in modular, factory fabrication of a standard design could drive down cost.
32. The emphasis on electricity generation is somewhat limiting. This should be expanded to energy generation thereby including other non-electric power application of nuclear technology.
33. For many current nuclear generators, the emphasis on cost control/management is significantly biased toward o&m, with less emphasis on capital costs.  This may be most relevant to regulated utilities, since there is an allowed return on capital investment

Better integration with a dynamic grid with large input from renewable energy
1. It seems that we have all of the technology to make this happen now; we simply haven't had market drivers needed to do this yet.
2. Yes, its a matter of assembly of those pieces. There are other technologies (in other fields), which are likely applicable but have not been considered
3. We would need large scale energy (electricity) storage. which we do not have
4. I'm not sure if we have the technology, but it isn't clear that we need to do this, or why it is a goal.  The others have societal benefits.  This goal seems irrelevant when we don't know if we need it.
5. This is critical to both the effective use of nuclear and increased application of renewables.
6. Load following using nuclear can be done, but under most of the current markets (particularly the merchant market) it's uneconomical.
7. My instinct is this could be advanced a great deal by existing technologies
8. One could combine the electricity generation with another function such as desalination or hydrogen generation that would allow electricity output to track the variation in grid needs while sending the rest of the reactor output (heat or electricity) to one of these other functions.
9. This goal is predicated on the assumption of having a high-renewable grid.  Which can only happen if we solve the energy storage problem.  In which case, we've also gone a long ways to solving the grid integration problem.
10. While integration with renewables will help make the nuclear fleet participate better in the electricity market, in certain regions of the country, it does not solve the fundamental challenge that nuclear cannot compete against natural gas and that is why nuclear plants will close down.
11. This goal depends on the renewables being available, in many cases they are not. And the development of renewable is outside the scope of this workshop.
12. Developed of simplified SMR that uses to extent possible the existing infrastructure while minimizing CAPEX and capable of load following could address this goal.
13. It is not reasonable to call on nuclear plants to rapidly respond to the intermittent and non-controllable performance of renewable sources.  Renewables should be required to provide also energy storage and ancillary services through other devices in order to buffer their impact to the grid or pay for that deleterious impact on other interconnected sources.
14. I would restate the financial objective - to increase value/.cost for the energy to be produced, and to provide a better investment opportunity.
15. The technology for variable power with base-load nuclear is the combined cycle gas turbine coupled to some type of high-temperature reactor-- with peak using natural gas or stored heat.
16. Integrating better control of the Grid has many knobs to turn also allows gor the greates penetetration of green technologies
17. We shouldn't worry about natural gas when it comes to innovation.  The price of natural gas will change in the future, and likely go up.  We need to innovate now to find ways to improve nuclear power regardless of the current energy landscape.
18. This is an area where innovation can really make a difference. Existing technologies may not be able to enhance integration in a grid with large input from renewables
19. What is shutting down nuclear plants is the inability to deal with variable electricity prices partly as a consequence of renewables. That implies must have the capability for variable output with baseload reactor operations to boost economics. Reducing the capital costs by 20% would have no impact decisions to shut down plants.
20. Should be characterized as dependent on local and regional grid dynamics. For example, intermountain west has substantive consideration of wind power dynamics whereas southeast does not. Another example, southwest is having to address distributed use of solar energy whereas the northeast is not.
21. this is already doable with existing plants - grey rods, market signals, steam release
22. The nation and world will have a more diverse energy portfolio in the future.  This is a fact because we will need more energy and there are only so many sources.  It is made even diverse because of climate change issues.  As such, nuclear power will need to learn how to accommodate this diverse portfolio.  Moreover, nuclear will have to learn how to not base load.  The dynamics of the grid are important, and it's not just a fact of renewables.

Enhanced safety and security
1. Perhaps we should separate the safety and security
2. Seems we are pretty good on Safety and Security Now.
3. Agreed - safety and security are two separate things.
4. Greater incorporation of passive safety conecpts would seem to hold a great deal of potential relative to the status quo
5. Safety can be improved.  If that wasn't true we wouldn't have had an accident recently.
6. A resurgence of new nuclear in this country is extremely unlikely without a dramatic improvement in safety of the technology.
7. Safety has been improved, Fukushima was a 40 year old design, BUT the risk of an accident from a larger tsunami was not considered.
8. We are already good enough on safety and security
9. not much would be gained from safety enhancement as current nuclear plants are quite safe. Maybe we are trying to enhance the perception of safety and security.
10. and despite how "safe" we perceive nuclear, new nuclear will not happen if the populace does not see it as "safe"
11. Making significant change to this item requires advanced systems.
12. Safety should be considered in a broader sense including mitigation of and recovery from a severe accident.
13. Continuing to add existing enhanced safety designs to the fleet will solve this problem.
14. I have an issue with safety and security being in the same bin. I strongly believe that safety is a real important aspect to restore public confidence, and I would rank this very high, but I think that there is an overemphasis on security that contributes to the economic woes of nuclear power. For <5% enriched Uranium, the security measures at our power plants are clearly much greater than what should be required.
15. Suggests that innovation will improve safety and security which are both regulated. Perhaps should address improved margins of safety and reduced dependence on administrative controls for security.
16. Fukushima was a 40-year old plant of a design that has been superseded several times.  We would not build this system today, so it isn't really a good marker for the safety or lack thereof relative to new nuclear.
17. Existing technology will only have marginal impact on all these goals. Policy, regulation and economic changes would be far more powerful change agents.
18. Clearly, the safety pushes this up, while the security is just a nice alliteration.  Security should be be with "non-profliferation".
19. Safety and security are both drivers for public confidence. Both ultimately seek to protect people and the environment
20. Is the current level of safety and security inadequate in the U.S.?  One may always do better, but is there a need to do so?
21. Emphasis in security is increasing more than ever
22. on the safety issue: it will become a greater concern when the US fleet continue to age. If we want to extend the operation life to 100 years, do we have sufficient technical basis, in particular the materials aging issue.
23. Need to rebuild research infrastructure for safety (including thermal-hydraulics) research.
24. Safety and security are probably adequate now in the US - but it only takes one event to change that
25. Safety and security are quite different issues. I am not sure they can be evaluated together.
26. Easy, just derate the plant - but economics would suffer
27. Modern methods and tools V&V (including uncertainty quantification) can help
28. Enhancing reliability would enhance safety, so there are existing technologies that can assist.

Reduced environmental impact
1. This is not a ranking of importance among goals, rather which ones are amenable to advancement through innovative use of existing technologies
2. Just deploying more nuclear power would benefit the environment :)
3. Exisiting technologies, if deployed, can benefit the environment.
4. The proliferation ship has sailed and this objective has become a red herring for those who object to new nuclear ideas.
5. Indispensable to put the real consequences/effects of radiation into perspective with a realistic probabilistic risk analysis.
6. Input from renewables (solar and wind) should be recognized as sporadic.
7. using the "waste" thermal energy would go a long way into minimizing environmental impacts
8. Capital costs can be improved by off-site manufacturing and on-site assembly, particularly of SMRs.
9. NE already has a low environmental impact... can we really reduce it more ?  At what cost ?  Is it the best place to put our financial resources ?
10. This is highly coupled with the waste management issue.
11. there is not much benefit /improvement possible for environmental impact, so innovation/existing technologies don't have much to contribute!

Reduced proliferation risk
1. close the fuel cycle - france has this technology
2. Closing the fuel cycle is key to reducing proliferation risk
3. and how can existing technologies help close the fuel cycle?
4. Approaches such as fuel leasing are feasible based upon technoloies curently available yet would still require innovation to make it happen
5. Not important to U.S. nuclear fuel cycle.
6. I always hear that reprocessing like the french do would *increase* proliferation risk, but perhaps this is a US bias
7. If we consider export more seriously, this factor is important.
8. Without a fundamental use of waste material ... getting more energy out...it will always be an issue
9. this is an overstated issue.
10. This is overdone.
11. Closing the fuel cycle will help to use the plutonium, but it also can make the plutonium more available to proliferators.
12. "Close the fuel cycle", BUT not using 1960s PUREX technology. Dirty, expensive, wasteful, and there are better options!!

Improved resource and waste management
1. Many other countries have been efficiently and safely performing reprocessing for years.
2. Resource and waste management is very much related to environmental impact.
3. Waste management in this country is very much related to the laws (or lack thereof)
4. US needs a strategy first
5. We have the technology at hand to implement a good, strong monitored-retrievable storage solution.  We need to implement some innovative ideas on the sociology and/or political front!
6. Making significant change to this item requires advanced systems.
7. Based on my recent research, the more judicious use of dry cask storage in the form of ISFSI, using policy that acknowledges up-front the safety and reliability of this option over the long term, would be hugely beneficial in unblocking the growth in the nuclear industry
8. Making significant change to this item requires advanced systems.
9. re-open Yucca Mountain!
10. Resource includes consideration of uranium utilization
11. governmental accountability regarding used fuel management is critical to progress
12. Agreed!!
13. Make technical decisions and not political decisions.
14. We shouldn't worry about what exists but rather what we could do.  If we stare at our navel worrying about Congress, we won't be prepared to innovate when needed.
15. Changes to these items based on existing technologies may be limited?
16. policy must be changed to allow reprocessing
17. Governmental accountability?? Oxymoron??
18. on-site storage of spent fuel is not a long-term solution
19. Waste is a PR issue... R & D on a waste burner might go a long way to address this issue.  Actual deployment of a waste burner would be even better.
20. We would all like a long-term solution but perhaps one of the worst things we can do is make it hard for future generations to undo what we did.  A monitored retrievable storage approach should be the goal.
21. I don't see how this question is going to generate useful data, but maybe i'll be surprised.
22. The technologies exist to resolve the waste management issue - the question is how we want to solve the problem
23. improved resources and waste management is possible by reduced moderation light water reactors
24. We have been safely immobilizeing radioactive waste for years in USA.
25. Politics should allow existing technology to proceed with interim storage, disposal, and ultimately recycle of used fuel.
26. Sweden and Finland agree with the concept of retrievability.
27. Both resource and waste management can be improved with incremental improvement in clads and fuel morphologies.
28. Current technology exists to adequately manage, reprocess or dispose of high level nuclear waste.  Lack of political or social will prevents it from being implemented.  The actually risk is probably higher with HLW stored at over one hundred individual units rather than in a few centralized locations.




		Rank
	RANK THIS LIST ACCORDING TO THE WHICH WOULD BENEFIT THE MOST FROM EXISTING TECHNOLOGIESBreakdown
	Std.Dev
	1
	2
	3
	4
	5
	6

	1
	Reduced electricity generation cost with emphasis on capital cost reduction
	1.34
	56
	18
	17
	5
	3
	4

	2
	Enhanced safety and security
	1.31
	17
	25
	28
	19
	12
	2

	3
	Better integration with a dynamic grid with large input from renewable energy
	1.64
	16
	29
	9
	23
	13
	13

	4
	Improved resource and waste management
	1.64
	11
	22
	24
	11
	17
	18

	5
	Reduced environmental impact
	1.16
	2
	6
	17
	32
	33
	13

	6
	Reduced proliferation risk
	1.17
	1
	3
	8
	13
	25
	53
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FA2-Q4
 If we were starting with a clean sheet of paper with today’s technologies, what would the nuclear energy systems look like?
[image: ]
1. Albuquerque / University of NM
   1. Modular replaceable digital systems that support addressing obsolescence without wholesale replacement.
   2. They would be able to load follow from 100% to 20% load range and back again at 5%/min; once a day.
   3. Gas cooled reactors at very high efficiency
   4. Utilities would be encouraged to have a diversified portfolio of nuclear reactor systems--LMFBRs, VHTRs, LWRs, etc.
   5. Plants that can supply process heat
   6. Off shore plants
   7. Many small plants integrated into communities in the way other industrial plants are.
   8. Digital I&C, advanced fuels, different coolant, higher thermal efficiency, other energy products in addition to electricity,...
   9. we would have US government run SFRs supporting closed fuel cycle
   10. A passively safe reactor design with replaceable parts (hopefully 100%) and using low activation alloys with improved radiation tolerance. The best idea.
   11. A high temperature (e.g., gas cooled) with self regulation and modular I&C and walkaway safety. Simplified operator actions
   12. A high temperature reactor (e.g., gas cooled or liquid salt cooled) with self regulation and walkaway safe. Simplified and Modular I%C with minimum safety class systems that require high QA. Easy to plug and play.
   13. Land-based, floating, and seabed fleet of passive plants with wireless I&C
   14. we would be recycling fuel for MOX in all LWRs
   15. There would be a repository, with a co-located commercial reprocessing plant. Military and civilian application of nuclear energy completely separated, thus enabling realization of NPT arms reduction.
   16. LWR like rx w improved super materials eg cables, concrete, steels, for lifetime reliability, qualification, prediction.
   17. in the USA, we would be practicing principles associated with a closed fuel cycle (i.e. Have an operating Fuel Reprocessing plant and an operating nuclear waste storage facility).
   18. with passive aafety.
   19. With 21, would would be combining the SFR developments with other advanced designs that have different merits and advantages. We would be looking to use distributed SMR to incrementally add capacity as required such in growth locations and districts.
   20. Waste management, including spent fuel, would be the responsibility of the generators.
   21. High Conversion Ratio LWRs, such as the reduced moderation BWR of Hitachi, would reduce the spent fuel disposal burden
   22. Digital I&C with automated surveillance and condition monitoring for optimal condition-driven operations, maintenance, and risk analysis; presented through advanced human machine interface technologies for situation awareness.
   23. Modular nuclear reactors with flexible combined power cycles
   24. We would have standardized plants supplying electricity and high temperature process heat
   25. A broadbased set of designs (water cooled, and other) that will strategically protect the fleet from common mode difficulties with minimum safety class systems (with an ultimate objective of minimum/no operator actions with walkaway safety) and modular I&C.
   1.1. Top 3
      1. Fast spectrum reactor operating at least at twice current operating temperatures.
      2. ideal nuclear system will capitalize on other technologies (materials, cooling systems, monitoring and controls) to make the overall system  more affordable than current systems with enhanced durability and improved safety.  It can operate in load following mode to integrate with renewables, and can scale from 250 MW to 1000 MW.  Parts and components should be easily replaceable
      3. We would be running lots of gen III LWRs, confidently storing used fuel in retreivable above ground facilities, and bring sodium-cooled fast reactor to market to close the fuel cycle. Eventual waste products would be disposed with deep borehole technology on a staged basis. The idea of geological repository would be unthinkably costly and inefficient
      4. A broad based set of reactor designs (water cooled and other) that strategiclly protect the fleet from unexpected common mode technical challenges.


2. Boise / Boise State
   1. Nuclear power plants would be both technically and aesthetically beautiful.  They would blend in to the environment, possible serving as parks people would want to visit.
   2. Design to allow replacement of large components more readily (e.g. steam generators without jeopardizing containment structure).
   3. Different fuel forms (e.g. nitride fuel, thorium, accident-tolerant)
   4. closed fuel cycle
   5. Spent nuclear fuel reprocessing and waste management would be established and required for all power reactors.
   6. Materials would be state of the art rather than 1950s to 70s vintage.
   7. standardized fuel packaging
   8. Reprocessing and closing the fuel cycle
   9. A thorium fuel cycle would simplify waste issues immensely
   10. Operators would work in an ergonomically friendly environment.
   11. Inherently safe reactors--can withstand extended loss of all AC or even DC without core damage.
   12. Enhanced safety features that would have precluded the past nuclear "accidents" and would thus have a heightened public confidence in nuclear.
   13. We would have a robust system of RDD&D and regulation that supported a range of product goals and sizes to meet varying market needs.
   14. A mixture of thermal and fast reactors operating a closed fuel cycle
   15. Mass-produced, standardized small reactors. There could be a handful of competing designs, but all factory produced.
   16. plant design would allow for replacement of components in a cost effective manner, allowing for life extension and upgrades
   17. Standardized plant designs rather than customized, so common issues can be more readily detected and addressed
   18. Low pressure, salt cooled, inherently safe, no excess fission products fast reactor.
   19. Due to our lack of capacity for fabricating large components, reactors would be smaller.  We would be deploying a cluster of small modular reactors rather than a single larger reactor per site.
   20. Collocate site with other industrial processes for maximum heat utilization
   21. Naturally self-regulating core power - based upon material characteristics, for example - to follow load.
   22. hybrid systems based on small, scalable modular reactors
   23. Better way to manage used fuel -- perhaps approaching Yucca Mountain a different way
   24. All systems inherently safe, modular manufactured, all automatic controls and monitoring, closed fuel cycle, highest practical thermal efficiency for e- and industrial applications and grid control (hybrid systems)
   25. Mass produceable modular build.
   26. Inherently safe with small EPZs
   27. Digital instrumentation and controls
   28. We would start with the end goal in mind - closing of the fuel cycle
   29. completely modular and scalable system
   30. We'd include reduction of current commercial SNF
   31. Increase uranium enrichment to levels that could maximize core design options without proliferation concerns.
   32. Comprehensive prognostic health monitoring similar to the Joint Strike Fighter.
   33. We'd model organizations for encouragement of innovation
   34. An internationally recognised regulatory framework for nuclear, transferable between nations
   35. Closed fuel cycle.
   36. We'd encourage hybrid systems (nat gas, CSP, biomass, coal conversion, et al) for use of waste heat
   37. Have pressure vessels and heavy components that can be more easily replaced.
   38. Plant sizes could be scaled to allow for different capital structures
   2.1. Top 3
      1. A mixture of Thermal and Fast reactor technologies operating a closed fuel cycle, using inherently safe designs allowing for upgrade and replacement of minor and major components, as technology improves, using prognostic health monitoring of all systems. All this regulated by an internationally recognised regulatory regime, transferable between nations.
      2. Hybrid systems driven by modular, scaleable, self-regulating molten salt reactors and including a predetermined waste management plan.
      3. Start with the end goals in mind: passive safety, close fuel cycle, automatic controls and monitoring, highest thermal potential, efficiency for electrical & industrial application and grid control, then have a range of products & sizes – with a focus on modular & mass produced.   With a range of solutions for closing the fuel cycle, include thorium, then look beyond satisfying baseload to enable industrial processes.


3. Boston / MIT
   1. They would probably be based on thorium fuel cycle for reduced TRU generation
   2. Th fuel cycle generates U-233 which carries the same burden as TRU/MAs.
   3. Inherently Safe - does not require cooling
   4. Closed fuel cycle
   5. gas turbine
   6. to the extent practical, build plants in water bodies, either bedrocked or floating
   7. refueling on line
   8. simple regulation - since it can not melt
   9. build in modules, ready to ship, construction time 6 months
   10. use structural materials such as graphite that have minimum long-term activation, relatively low cost, and not a threat to world-wide inventories of the material
   11. Ensure regulations are written broadly enough to encompass novel technologies
   12. smaller size, higher power achieved by multiple units
   13. uses natural uranium
   14. Self-sufficient sodium-cooled fast critical reactors with recycle of all uranium and plutonium and no uranium enrichment.
   15. risk informed technology neutral regulation
   16. actinide burning in the reactor
   17. Molten salt or HTGR, with passive safety, standard designs, fully instrumented with digital, wireless technology integrated.  Full use of RAMI in the design of secondaries.
   18. AVR-like pebble bed HTGRs.  Allow on-line fueling-defueling, can be inherently safe design, low activation structurals, process heat can be very high
   19. Thorium cycle with breeding integrated with existing LWR designs.
   20. molten salt reactors
   21. If clean sheet, the power cycle would be a air-Bryaton combined cycle: (1) standard and most popular utility power cycle rapidly improving with time, (2) lowest water consumption, and (3) capable of producing base-load and peak electricity to (a) improve revenue, (b), enable zero-carbon electrical grid, and (c) integrating with renewables. Heat source for peak electricity would be natural gas (near term) and stored heat when on grid where electricity at times less than the cost of natural gas. Electricity used to heat firebrick heat storage.     The debate would be over the choice of reactor. Choice of high-temperature reactor: near-term Fluoride-salt-cooled Reactor with graphite-matrix coated-particle fuel from HTGR program and liquid salt coolant from molten salt reactor. Liquid salts originally developed to couple nuclear reactors to jet engines for a nuclear bomber in the 1950s.Other candidates include MSR, higher-temp lead-cooled fast reactor, or major redesign of HTGR so high helium return temperatures to the reactor core. 
   22. group plants together regionally and work on high-efficiency transmission approaches
   23. nuclear power for process heat applications
   24. Minimize or eliminate primary loops in any concept.  Make integral plants with reactor vessels far from the core to assure long material life
   25. Gas turbines with baseload and peak power imply 50 to 100% increase in revenue relative to base-load nuclear after subtract cost of natural gas.
   26. employ control schemes that allow for tailored power shapes to allow for variable power operation that minimizes fatigue and corrosion
   27. Plug'n'Play - we standardize on the interfaces and allow for innovation for major systems/groups of components as long as they fit into the interfaces.
   28. Multiple-unit sites are more financially viable than single-unit sites.
   3.1. Top 3
      1. reactors would utilize modular construction, would not undergo runaway exothermic reactions during an accident, use digital systems, and the only waste would be fission products, the regulatory system would be risk-informed technology neutral
      2. Multi-unit sites, INHERENTLY-SAFE REACTORS (e.g., SFR, HTGR), with RECYCLE of U/Pu (PUREX variants, pyroprocessing) or U-233/Th (e.g., THOREX or variants), and power conversion cycles that don't use water (e.g., combined-cycle gas turbine, SCO2)
      3. Government should provide support to sustain nuclear power generation in unregulated markets (where economic conditions today may otherwise cause plant shutdowns), so that this source of carbon free electricity generation is available in the future (when demand increases and this electricity is needed).
      4. Reactors that are based offshore,  away from populations but with an infinite heat sink for passive decay heat removal from a more foregiving containment concept.


4. Columbus / Ohio State
   1. Government run nuclear program to ensure program sustainability, + reverse Carter's ban on reprocessing
   2. System would make use of inherently safe reactor designs coupled to a closed fuel cycle to minimize disposal impacts
   3. Designed with a broader, more systematic consideration of risk (possible accidents, their likelihoods, and consequences).
   4. Fully integrated digital autonomous control and safety systems with wireless sensor networks
   5. Overhaul the regulatory process so that it is risk-based, informed by technology, to reduce uncertainty around costs and timing; this would have a large impact on willingness for continued commercial investment.
   6. A closed fuel cycle consisting of high-temperature reactors (maximizing thermal efficiency) along with fast-flux reactors to reduce radiation toxicity.
   7. A Molten Salt Reactor - MSRs had excellent results over the four years of the MSRE, with minimal funding...  This needs to be revisited.  Bring todays materials and instrumention and control to the mix... Low pressure, no fuel fabrication.  Could be the most cost effective commercial design.
   8. Integrate a reactor site (Fast Reactor, MSR, etc using solid or liquid fuel) with a continuous fuel reprocessing facility. Final waste would be interned in a matrix storage material on site, which would be ready to transport to final storage.
   9. Employ a system similar to the French where there is competition for each component of a standard design and then one manufacturer is responsible for that component subject to periodic review.  Government selects and coordinates.  (My apologies to John Stossel with whom I usually agree.)
   10. Be able to use a mix of uranium and thorium fuels that reduce the use of water.
   11. A continuous recycle system using fast spectrum reactor using solid fuel (but alternatively with liquid fuel) for effective utilization of fuel and minimization of waste
   12. Flexible reactor operating conditions that support multiple end-user applications e.g., power generation; process heat to industry such as hydrogen production; carbon conversion; bitumen extration.
   13. Design/optimize efficient, robust decay heat removal system (new fluids or configuration); adapt the nuclear reactor to efficiently interface with this heat removal system.
   14. Highly modular design with increased automation, use of advanced materials, instrumentation and communication technologies; and fully intrinsic/passive safety behavior
   15. Nuclear systems can use present materials to have inherent safety, security without extensive engineering controls. To the extent that such systems are robust, goals such as extended burn-up become possible.
   16. Focus on separate technologies separately as sponsored by Government.
   17. Minimize regulations by solving the energy transmission and storage problem using NE system optimized to make easily transportable fuels at remote locations (e.g. hydrogen) on government reservations with closed cooling systems vs open systems like major rivers, lakes, or oceans.
   18. Develop an SMR system similar to the World Wide Web
   19. Develop modular and standardized units that easy to test, repair and update.
   20. Nuclear ​should be developed from the beginning as a versatile source of heat: for electricity and process heat production, for power sources in remote locations, and in some cases for transportation (shipping barges). Furthermore, one should design plants starting with the customer (e.g. starting with the turbine), and then move upstream to pick the best combination of reactor fuel and coolant.
   21.  Standardized designs per nuclear technology which cover the whole plant design, personnel factors, IC and regulations 
   4.1. Top 3
      1. Highly modular design with increased automation; reduced discharge of HLW; use of advanced materials, instrumentation and communication technologies; and fully intrinsic/passive safety behavior - coupled with regulatory reform to accelerate licensing.  
      2. Government-led effort to standardize designs for nuclear technology to cover whole plant designs, personnel factors, including streamlined regulations, and coordinate the competition for each component of these standardized designs
      3. Tiered nuclear power system that will employ fuel recycling and better fuel resource management. System would make use of inherently safe reactor designs coupled to a closed fuel cycle to minimize disposal impact. This will better utilize current reactors and others like the Gen IV reactors, IFR, etc.


5. Corvallis/Oregon State
   1. Answer the SMR question, can economies of modularity overcome economies of scale?
   2. Digital I and C.
   3. Overhaul regulatory and licensing processes
   4. Rethink the whole management of the back-end of the fuel cycle
   5. This can be combined w/ the "Think Backwards" idea.  Concept is the same.
   6. Think backward: from waste/spent fuels to reactors. Consider what would be the easiest wastes for disposal, and design fuel cycles and reactors to achieve those. For example, if it's deep burned, TRISO could be exempted from IAEA safeguards inspection for geological disposal
   7. Reactors that can produce useful isotopes, not only for medical purposes but also for industrial uses, such as precious metals, rare-earth metals. We started nuclear technology development for this purpose historically, i.e., production of plutonium.
   8. A very high temperature gas reactor with brayton cycle and/or process heat capabilities to allow nuclear into different markets.
   9. Uranium and Thorium fuel cycles and different cladding choices and fuel forms.
   10. Standard design.
   11. standardized parts with digital control systems and on auto-pilot.
   12. we'd have reprocessing and use fast reactors
   13. Sustained, predictable support for nuclear R&D to advance nuclear
   14. Extensive use of passive safety systems in reactor design
   15. we'd use waste heat and extra electricity (load follow/management) for something
   16. we'd have states and communities completing for plants and facilities (e.g. disposal or storage or reprocessing)
   17. we'd have reactors in more locations and potentially of more size - not constrained by existing sites or grid infrastructure
   18. An effective strategy for managing the back end of the fuel cycle
   19. Include full recycling of nuclear fuel to maximize utilization.
   20. Plants would be dramatically more efficient in the utilization of the nuclear fuel.
   21. integrated cradle-to-grave design and management appraoch
   22. Place the responsibility for spent fuel management with the generators.
   23. the nuclear energy system would have multiple standard NOAK designs - large plant options that are ready to force the retirement of coal and small plant options to compete with combined cycle gas turbines
   24. Hybrid system molten salt self regulating reactor.
   25. Plants would be smaller, more broadly distributed and sited close to the customer.
   26. Plants would contain digital I&C systems.
   27. Be air-cooled.
   28. They would be essentially accident proof from an environmental impact standpoint and therefore not present a low probability but still relevant "Black Swan Event" for a plant owner. Passive safety features would be part of that design. Simplified primary coolant circuits would also likely be part of the design--Deployment of passively safe reactors (both large and small) that don't require an emergency planning zone. 
   29. standardized NOAK designs that are economically competitive - large plants competitive with coal power so they can force the retirement of coal-fired plants and small plants competitive with gas turbines
   30. Utilize the decadal survey process to set enduring nuclear energy R&D priorities based on full community involvement.
   31. SMRs designed/built to internationally adopted standards allowing 100 percent plug and play into multi-reactor plants and BOP. Inherently safe design relying on LMR or HTGR technology.
   32. They'd not only be, but also look like (to the public) clean, safe, effectively renewable energy sources. A new means of public education.
   33. Plants would be smaller, more broadly distributed and sited close to the customer. Plants would be connected to off-takes other than the grid. Load following would emphasize diverting to other offtakes more than powering up and down. Examples are desalination, pumped storage, etc.
   5.1. Top 3
      1. Deployment of accident- proof, passively- safe reactors that don't require an emergency planning zone, and therefore eliminating potential catastrophic risk for a plant owner. 
      2. There would be a clearly stated national policy regarding the role of nuclear in the country's long term (80 year) energy plan. As a result there would be a regulatory and research road map established to make that role happen. Utilize the decadal survey process to set enduring nuclear energy R&D priorities based on a full community involvement.
      3. Think backwards; from waste & SNF back to reactor design.  In doing so, add in up front the following considerations in addition to the existing technologies:  community engagement, proliferation concerns, opportunities to design in more benefits beyond energy (including other resources such as medical isotopes, rare earth elements).
      4. Standardization of reactor designs with successive generations to incorporate improvements.  Designs would be smaller and broadly distributed.  International standards would enable integration of multi-reactor plants.


6. Raleigh/ North Carolina State
   1. implementation of wireless I&C throughout the plant
   2. The plants would be inherently safe, and that would probably mean accident tolerent fuel, liquid metal or HTGC systems.  Licensing basis would be risk-informed.  Safety would be measured by risk to human life and economic risk to surrounding areas.
   3. Passive cooling for all post natural events scenario
   4. Better integration of multiple energy technologies (not to be limited to only nuclear techniques): some of the today’s mature nuclear energy systems that are well integrated with other energy techniques, as well as take advantages of geological preferred sites...
   5. Centralized command and control of a distributed nuclear fleet for load generation, maintenance, safety and security through digital control and wireless communications.
   6. Implement a closed fuel cycle to address full utilization of resources and waste disposition.
   7. 100 % government back new build construction
   8. An abundance of the use of wireless technologies and data analytics, implemented while addressing cybersecurity requirements.
   9. Non-Zr, standardized, passively safe reactor systems
   10. Advanced digital and wireless I&C
   11. Ditto on Idea 19 - Add improved and faster regulatory review
   12. Fully automated nuclear power plant that uses digital I&C, supervisory control, and networked (wired or wireless) systems, accounting, or course, for cyber security issues.  This would use standardized (COTS?) systems.
   13. Fully closed system - fuel processing - reactor - fuel reprocessing - water desalination/purification - energy storage
   14. Fuel enrichments >5% - requires infrastructure changes in the fuel cycle and licensing...includes consideration of life of plant fuels to eliminate the need for periodic refueling outages.  This would allow the emphasis to shift toward optimizing/extending the frequency of outages for maintenance and equipment reliability concerns.  A typical outage for current nuclear generators can cost $30M -$50M
   15. Simulation based control and safety logic to interpret plant instrumentation readings and maneuver plant in optimum fashion either in response to upset event or for power maneuvering.
   16. Centralized command and control of a distributed nuclear fleet for load generation, maintenance, safety and security through digital control and wireless communications.
   17. standardized parts with digital control systems and auto-pilot capability.
   18. Plants (large or small) designed from the ground up to take advantage of advanced manufacturing techniques, virtual reality modeling, modular construction. Completely standard designs.
   19. Plants designed from the ground up to include a closed fuel cycle
   20. Small integral PWR with passive safety systems and digital I&C to support fleet operations including remote monitoring and control.
   21. Submerged NPPs
   22. Small modular plants
   23. Digital I&C with automated surveillance and condition monitoring for optimal condition-driven operations, maintenance, and risk analysis; presented through advanced human machine interface technologies for situation awareness
   24. Fully flexible (able to load follow), all digital and wireless instrumentation and controls for state awareness and resiliency, closed fuel cycles based on optimal enrichment greater than 5%, an available location of waste disposal (all categories), an increased mix of vendors and designs including small and large, and unique siting (land and sea) based on balancing load demands, environmental impact, and public advocacy.
   25. Balanced closed fuel cycle that includes fully automated small and large LWR and advanced reactors, interim storage to allow utilities to move spent fuel off-site, reprocessing and deep geological repository. The key is make a decision on the fuel cycle - R&D needs fall out.
   6.1. Top 3
      1. Fully flexible (able to load follow), all digital and wireless instrumentation and controls for state awareness and resiliency, closed fuel cycles based on optimal enrichment greater than 5%, an available location of waste disposal (all categories), an increased mix of vendors and designs including small and large, and unique siting (land and sea) based on balancing load demands, environmental impact, and public advocacy.
      2. Required system characteristics: Closed cycle, High temperature, passively/inherently safe, low pressure system. LWR technology does not make it - consider MSR or liquid metal. EPZ reduced to site boundary. Air as ultimate heat sink for decay heat removal. Risk based licensing. Consider medium power level as a balance between economies of scale and feasibility in terms of required capital at risk.
      3. SMR (designed, licensed and manufactured in the US with standardized process/parts) in 5 years that uses, to the extent possible, the existing nuclear infrastructure while minimizing capital costs applying on-line simulation employing digital I&C (wired or wireless) for fully automated control and protection. 




FA2-Q4 Top 3
If we were starting with a clean sheet of paper with today’s technologies, what would the nuclear energy systems look like?
 
[image: ]
1. Top 3
   1. Fast spectrum reactor operating at least at twice current operating temperatures.
      1. twice in C or K?
      2. Why only fast spectrum?
      3. I think the idea is generally good, but very small scope
      4. seems very specific.
      5. For the sake of what?  Presumably you want better fuel utilization and waste minimization.  What about greater proliferation risk, safety, industrial risks?
      6. because it addresses at least two of the priority criteria namely reducing the costs of electricity through efficiency and better waste/utilization management.
      7. Does existing technology really allow you to go to twice the operating temperature? You may need a lot of R&D on materials (and other)
      8. Combine this with other ideas on this list.
      9. Fast spectrum reactors may involve large cores.
      10. What goals or values are being met by using fast reactors? Need to define ahead of time
      11. A little too broad but the right direction.
      12. with a fast spectrum you just restrict it to single pass through to limit proliferation and you require passive safety through a high negative temperatur corfficient, etc.
      13. Greatly improved resource utilization, greatly reduced waste generation if no uranium enrichment is used.
   2. ideal nuclear system will capitalize on other technologies (materials, cooling systems, monitoring and controls) to make the overall system  more affordable than current systems with enhanced durability and improved safety.  It can operate in load following mode to integrate with renewables, and can scale from 250 MW to 1000 MW.  Parts and components should be easily replaceable
      1. What about the waste generated?
      2. still do not believe that load following makes a lot of sense for a nuclear plant given the high capital cost - let the other forms of generation be used for load following/peaking
      3. Combination with energy storage should be more economical than load follow
      4. don't forget almost all plants in the US were originally designed to load follow.  The fleet has since made plant modifications to remove the unused systems, but they were designed to load follow.  That is why the French are able to do it so dramatically.
      5. Load following isn't so much a matter of technical as it is of economics.  As high-capital cost systems, load-following means high economic penalty.
      6. Don't understand the rationale for setting the lower limit of 250MW.
      7. Why do we accept the idea of forcing nuclear plants to load follow, versus requiring renewables be able to supply steady power?
      8. Regulatory timeline is a major contributor to capital cost; it also creates a mismatch between nuclear and any other technology sector with which it might be paired.
   3. We would be running lots of gen III LWRs, confidently storing used fuel in retreivable above ground facilities, and bring sodium-cooled fast reactor to market to close the fuel cycle. Eventual waste products would be disposed with deep borehole technology on a staged basis. The idea of geological repository would be unthinkably costly and inefficient
      1. To be clear: "Unthinkably costly" is a matter of the perspective that may apply. We know repositories can be afforded if needed. But it would not be needed hence would appear like a waste of good dollars
      2. Should have just mentioned "repository" in the generic sense ( i.e have a waste storage strategy!)
      3. The international community is all pursuing deep geologic disposal via mined repositories.
      4. Agree that focus on boreholes is too narrow and not necessarily optimum
      5. This is great in the current framework, but how is it starting from the blank slate the question presupposed
      6. While I agree that geological disposal concept is not yet fully matured, I disagree with the remark that it is unthinkably costly and inefficient.
      7. 2. Yes, and it's not going so well and it's not necessary. Clean sheet of paper, remember?
      8. Closing the fuel cycle improves fuel utilization.  it is one but not the only concern or value.
      9. 5. I think it says we would accept the current situation as OK instead of fighting against it!!!
   4. A broad based set of reactor designs (water cooled and other) that strategiclly protect the fleet from unexpected common mode technical challenges.
      1. Some diversity is an important requirement
      2. A broad set of reactor designs means we have lots of different technologies to monitor and track, increasing cost.  Wouldn't it be better to have a single standard technology and design?
      3. Achieving a broad set of designs would imply active and productive participation of innovators and investors, with accelerated outcomes.  This will require substantial reform in policies and specifically in regulatory model & resources.
      4. The designs should look also at energy needs broadly and can nuclear supply something beyond base load.
      5. With a clean board, a single one-design-fits-all approach would be nice to have. Reality would indicate that 5-yr environment would accommodate any and all that fit the overall criteria of safe, secure, efficient, and cost effective.
      6. Ongoing research in diverse technologies sounds good, but it should be preferable to have a small number of technologies in mass use (while continuing R&D on more)
      7. One can claim we already have a diverse set of designs; W 2-loop, W 3-loop, W 4-loop, BWRs, CE WRs, B&W PWRs.
      8. A  set of a few robust designs seems preferable from a cost perspective
   5. A mixture of Thermal and Fast reactor technologies operating a closed fuel cycle, using inherently safe designs allowing for upgrade and replacement of minor and major components, as technology improves, using prognostic health monitoring of all systems. All this regulated by an internationally recognised regulatory regime, transferable between nations.
      1. Like lots here. Component replacement as an expected part of design, good idea. International transferability is critical. We must dismantle the remnants of the sovereign nature of civilian nuclear technology. It has to be a freely traded technology.
      2. 5 & 7 could be combined into a unitary R&D objective for setting the national objective on a R&D program that has public-private shared funding
      3. The internationally recognized regulator regime is not a technology.
      4. I think its the future, which includes breeding. The Uranium once through will face huge economic hurdles as U costs will go up after the weapons downblending party is over and demand doubles with international units going online.
      5. but it is an enabler
      6. This is an ideal we should be striving for now.
      7. these philosophy lends itself to life extension and technology deployment
      8. this is good, except I cannot envision US reactors regulated by an international regulatory regime.  I may be misinterpreting the intent.
      9. I like including danced prognostics.
      10. Let's do it.
      11. Good feature, although generic what to select, how to achieve
      12. What do you mean by danced prognostics?
   6. Hybrid systems driven by modular, scaleable, self-regulating molten salt reactors and including a predetermined waste management plan.
      1. Can liquid-fueled molten salt reactors load follow?
      2. What does hybrid mean?
      3. It isn't clear that load following is inherently necessary.  Baseload has value.  It won't take much to make existing types of plants load-follow, except that as high-capital cost systems, it destroys their economic value.
      4. hybrid - incorporating nuclear with other energy technologies to meet the needs of the use (in terms of location, electricity, industrial uses, etc.)
      5. "A pre-determined waste management plan" is essential to any reboot of nuclear systems
      6. MSRs are not an existing technology. They need a lot of development
      7. Rather than self-regulating, use energy storage
   7. Start with the end goals in mind: passive safety, close fuel cycle, automatic controls and monitoring, highest thermal potential, efficiency for electrical & industrial application and grid control, then have a range of products & sizes – with a focus on modular & mass produced.   With a range of solutions for closing the fuel cycle, include thorium, then look beyond satisfying baseload to enable industrial processes.
      1. Wow! Can I get one of these? :)
      2. I'll take 2
      3. Agreed - wow!
      4. Nice. Merge 1, 3 and this one. Getting at largely the same thing. Bear in mind question was currently technologies: could we confidently say LWR would have no role at present on basis of commerical readiness of advanced designs? I think transition would be underway from LWR to closed fuel cycle reactors.
      5. Software is designed with the user in mind.  This reflects this idea.  What should the system look like?  Not how do we get our current technology to behave a certain way?
      6. This ambitious outcome requires substantial change in policies and regulation, in turn enabling market decisions to achieve this optimization.
      7. Expansion of nuclear into industrial applications is essential
      8. As a clean slate, this is what we want...what is the R&D we do to modify/innovate the real world to get there in 5 years?
      9. include in end goals, minimize security needs and EPZ
      10. Closed fuel cycle with reprocessing is key!
   8. reactors would utilize modular construction, would not undergo runaway exothermic reactions during an accident, use digital systems, and the only waste would be fission products, the regulatory system would be risk-informed technology neutral
      1. Risk informed, technology neutral. Yes. That is the only framework I will advocate in Australia . BH
   9. Multi-unit sites, INHERENTLY-SAFE REACTORS (e.g., SFR, HTGR), with RECYCLE of U/Pu (PUREX variants, pyroprocessing) or U-233/Th (e.g., THOREX or variants), and power conversion cycles that don't use water (e.g., combined-cycle gas turbine, SCO2)
      1. combined cycle NG uses water
   10. Government should provide support to sustain nuclear power generation in unregulated markets (where economic conditions today may otherwise cause plant shutdowns), so that this source of carbon free electricity generation is available in the future (when demand increases and this electricity is needed).
      1. By support, do mean mean financial subsidies or policies/regulation for the power market that focres utilities to maintain baseload power?
      2. There needs to be some support to secure baseload technologies built into grid access arrangements
      3. The problem is really poorly regulated markets.    How an ISO implements a RPS distorts the market.
      4. in addition to stable electricity supply the jobs and tax base warrant federal protections much like solar recieves
      5. Would government recognition of nuclear as a carbon-free energy source satisfy this?
      6. This isn't about technology.  This idea is about policy.
      7. If climate change were the imperitive, yes. Nuclear would received support as essential.
      8. What we need is to develop better signals (beyond simple short term economics) to control deregulated markets. Pollution, long-term price stability, non intermitency, etc should be a part of the overall algorithm to set the price of electricity in a deregulated market
      9. But for how long? Beyond an election cycle?
   11. Reactors that are based offshore,  away from populations but with an infinite heat sink for passive decay heat removal from a more foregiving containment concept.
      1. Technically this is a very interesting concept.  From a public perception perspective, this has challenges.
      2. Support this idea. Couple it to mobility, submerge, modularization.
      3. Like this idea - consider including a concept of an "energy park" offshore so that different technologies can be tried and integrated more easily.
      4. Must be able to either weather hurricanes or be sufficiently mobile to get out of the hurricanes path.
      5. How would transmission costs affect this?
      6. Doesn't support the landlocked states.
      7. Corrosion issues
      8. A more comprehensive, risk-informed societal safety assessment would show that the off-shore (submerged and floating) are safer.
      9. this implies nuclear is unsafe, which is not appropriate.
      10. Its called a nuclear submarine!
      11. Why do you need to be off shore to be away from population centers?
      12. There are probably much simpler solutions.   Very regional in nature.
      13. Good luck with economics of this approach
      14. Cable is not an issue. Plants on seabed are not affected by tsunami, hurricane, or collision.
   12. Deployment of accident- proof, passively- safe reactors that don't require an emergency planning zone, and therefore eliminating potential catastrophic risk for a plant owner. 
      1. How can one plan for any possible event? There is no such thing as 100% accident proof.
      2. The word "risk" not correctly used. The risk is not catastrophic, but minor. It's the consequences of a hypothetical event that can be potentially "catastrophic."
      3. The concept here is that the potential for a significant release to the environment is essentially zero so that owning a nuclear plant does not represent a low probability but still relevant catastrophic risk to the plant owner.
      4. The economic and environmental consequences go beyond the owner.
      5. absolutely
      6. This is a very good use of existing technologies and it can also be coupled with closed fuel cycle
   13. There would be a clearly stated national policy regarding the role of nuclear in the country's long term (80 year) energy plan. As a result there would be a regulatory and research road map established to make that role happen. Utilize the decadal survey process to set enduring nuclear energy R&D priorities based on a full community involvement.
      1. best idea yet.  if you look at countries where nuclear is progressing this is the differentiator
      2. Certainly, having a long term vision and putting in place the means to implement it is critical.
      3. The failure of this country to have such a long term and clearly stated policy is the biggest problem
   14. Think backwards; from waste & SNF back to reactor design.  In doing so, add in up front the following considerations in addition to the existing technologies:  community engagement, proliferation concerns, opportunities to design in more benefits beyond energy (including other resources such as medical isotopes, rare earth elements).
      1. Absolutely! You must have a plan for the waste and a plan to educate the general public!
      2. While educating people is important, we the nuclear community should rethink our mind-setting first.
   15. Standardization of reactor designs with successive generations to advance economic competitiveness.  Designs would be smaller and broadly distributed.  International standards would enable integration of multi-reactor plants.
      1. does the regulator define which design is standardized?
      2. Who defines the "standard" design? Government?
      3. Economic competitiveness is very important, otherwise, there wouldn't be much reason to use nuclear power given its complexity and extra regulation and supporting system requirements
   16. Fully flexible (able to load follow), all digital and wireless instrumentation and controls for state awareness and resiliency, closed fuel cycles based on optimal enrichment greater than 5%, an available location of waste disposal (all categories), an increased mix of vendors and designs including small and large, and unique siting (land and sea) based on balancing load demands, environmental impact, and public advocacy.
      1. The full use of wireless is not practical.  Wireless should be used where appropriate.
   17. Required system characteristics: Closed cycle, High temperature, passively/inherently safe, low pressure system. LWR technology does not make it - consider MSR or liquid metal. EPZ reduced to site boundary. Air as ultimate heat sink for decay heat removal. Risk based licensing. Consider medium power level as a balance between economies of scale and feasibility in terms of required capital at risk.
      1. I like this one
      2. Agree with most the statements, but regarding the size (economies of scale), Westinghouse already went through this exercise (AP600 to AP1000).
      3. I like this except for closed fuel cycle-  expensive, and the source of many events and environmental damage through the years.   Also recycle is inherently the souce of most proliferation risk.
      4. Integeral design (Aero), would be needed to reduce costs, not just "better" technologies
      5. Agree with most of this statement, but don't think we should ditch LWR technology.  Many innovative concepts that are not yet licensed or built could enhance the safety, efficiency, and lifetimes of LWRs.  There seems to be a lot of "MSRs are the end-all-be-all" mentality going around the industry right now.  While they are certainly innovative, they are not failproof.  We need a balanced mix of technologies.
   18. SMR (designed, licensed and manufactured in the US with standardized process/parts) in 5 years that uses, to the extent possible, the existing nuclear infrastructure while minimizing capital costs applying on-line simulation employing digital I&C (wired or wireless) for fully automated control and protection. 
      1. Standardized designs are important to consider.
      2. This was addressed more extensively in other ideas, including other technologies, etc.
      3. An international effort would be welcomed, with international licensing, regulation and acceptability
   19. Highly modular design with increased automation; reduced discharge of HLW; use of advanced materials, instrumentation and communication technologies; and fully intrinsic/passive safety behavior - coupled with regulatory reform to accelerate licensing.  
      1. what is the method for reduced discharge of HLW?
      2. Should also include consideration for effective utilization of resources.
      3. Similar to other ideas, maybe reword and expand
      4. idea #2 and #19 could be coupled since they have similar characteristics.
      5. Like the idea of "modular" much more than "standardized."  The former would allow for more innovative ideas being implemented than the latter.
   20. Government-led effort to standardize designs for nuclear technology to cover whole plant designs, personnel factors, including streamlined regulations, and coordinate the competition for each component of these standardized designs
      1. How many standardized designs would there be? One per country, one per technology (one LWR, one SFR, one HTGR)?
      2. I think a strictly government led program will end up being limited.  It needs pirate sector drivers.
      3. Note that the UK standardized early with AGRs and had a difficult time with costs and safety.
      4. Provide several types (LWR, Fast reactor, MSR), and also sizes (300 MWE,....,1000 MWe), with a minimum of two vendors per area, and no more than one vendor design per size+area
      5. Should build on how the navy standardizes their designs per boat class and advances the concepts through rigorous R&D and validation.
      6. do not want the government involved in "coordinating the compeition" for anything
   21. Tiered nuclear power system that will employ fuel recycling and better fuel resource management. System would make use of inherently safe reactor designs coupled to a closed fuel cycle to minimize disposal impact. This will better utilize current reactors and others like the Gen IV reactors, IFR, etc.
      1. with a repository
      2. What about transportation of the reprocessed material from reactor to reactor. The inertia against is not a technology problem, but a public perception.
      3. This would be an expensive system.
      4. agreed! with a repository



	FA2-Q1 Innovation

	Completed

		Vote Number:
	97
	Abstained Votes:
	3




		

		
	Innovation
	Avg.Score
	+/-
	Std Dev
	1
	2
	3
	4

	2
	Advanced Materials made through novel methods such as additive manufacturing as being developed in other industries such as aerospace.
	2.96
	24.0%
	.94
	9
	18
	38
	32

	8
	nuclear energy micro-reactors could be used to replace diesel generators in developing world or remote power applications
	2.76
	24.0%
	.96
	11
	26
	35
	25

	9
	Air-Brayton gas turbine coupled to high-temperature reactors: (1) baseload and peak power, (2) less cooling water, and (3) take advantage of rapidly advancing technology
	2.66
	24.0%
	.95
	15
	21
	43
	18

	10
	Advanced energy  storage for making nuclear competitive. Large scale energy storage to shift electricity output (sales) to times of favorably high prices.
	2.64
	27.0%
	1.07
	20
	19
	34
	24

	1
	Enable usage of Aqueous Homogeneous Reactor (AHR) technology for licensed commercial production of medical radio-isotopes.
	2.52
	26.0%
	1.03
	18
	32
	26
	21

	5
	Use nuclear power for industrial process heat for applications such as fertilizer production, oil refining, or desalination.
	2.47
	24.0%
	.95
	17
	32
	33
	15

	11
	Tailored structural materials with improved strength and resilience have been developed; current nuclear still using 1960s steel alloys.
	2.46
	24.0%
	.94
	18
	29
	37
	13

	7
	A "Google Glass" or equivalent application that would help workers inside containment buildings with equipment layout and real time instructions
	2.34
	24.0%
	.96
	20
	38
	25
	14

	14
	Bulk production of hydrogen or water utilizing surplus electrical energy
	2.28
	23.0%
	.93
	21
	39
	26
	11

	16
	Modular fabrication and construction (standardized modules/parts/components between reactor designs and types)
	2.20
	23.0%
	.90
	22
	44
	21
	10

	13
	Autonomous drones/robots equipped with cameras and sensors for inspection of aging power plants and post-accident.
	2.14
	25.0%
	.98
	30
	34
	22
	11

	12
	Digital Instrumentation and Controls
	2.06
	22.0%
	.88
	27
	45
	17
	8

	15
	Adopt modern QA systems and concepts from other industries to replace time-worn documentation base NQA-1.
	1.96
	24.0%
	.94
	37
	35
	17
	8

	3
	Community based consent for siting plants, with licensing eased if community consent is shown.
	1.89
	23.0%
	.93
	42
	30
	19
	6

	4
	Distributed energy
	1.65
	22.0%
	.87
	55
	26
	11
	5

	6
	digital radigraphy
	1.63
	23.0%
	.92
	58
	25
	6
	8
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		Ideas	
	Any Comments

	Enable usage of Aqueous Homogeneous Reactor (AHR) technology for licensed commercial production of medical radio-isotopes.
	

	Advanced Materials made through novel methods such as additive manufacturing as being developed in other industries such as aerospace.
	

	Community based consent for siting plants, with licensing eased if community consent is shown.
	

	Distributed energy
	

	Use nuclear power for industrial process heat for applications such as fertilizer production, oil refining, or desalination.
	

	digital radigraphy
	

	A "Google Glass" or equivalent application that would help workers inside containment buildings with equipment layout and real time instructions
	

	nuclear energy micro-reactors could be used to replace diesel generators in developing world or remote power applications
	

	Air-Brayton gas turbine coupled to high-temperature reactors: (1) baseload and peak power, (2) less cooling water, and (3) take advantage of rapidly advancing technology
	

	Advanced energy  storage for making nuclear competitive. Large scale energy storage to shift electricity output (sales) to times of favorably high prices.
	

	Tailored structural materials with improved strength and resilience have been developed; current nuclear still using 1960s steel alloys.
	

	Digital Instrumentation and Controls
	

	Autonomous drones/robots equipped with cameras and sensors for inspection of aging power plants and post-accident.
	

	Bulk production of hydrogen or water utilizing surplus electrical energy
	

	Adopt modern QA systems and concepts from other industries to replace time-worn documentation base NQA-1.
	

	Modular fabrication and construction (standardized modules/parts/components between reactor designs and types)
	







	FA2-Q1 Adaptability, Integration Feasibility

	Completed

		Vote Number:
	97
	Abstained Votes:
	3




		

		
	Adaptability
	Avg.Score
	+/-
	Std Dev
	1
	2
	3
	4

	1
	Advanced Materials made through novel methods such as additive manufacturing as being developed in other industries such as aerospace.
	3.03
	23.0%
	.90
	7
	17
	39
	34

	2
	nuclear energy micro-reactors could be used to replace diesel generators in developing world or remote power applications
	2.34
	27.0%
	1.08
	28
	26
	25
	18

	3
	Air-Brayton gas turbine coupled to high-temperature reactors: (1) baseload and peak power, (2) less cooling water, and (3) take advantage of rapidly advancing technology
	2.78
	23.0%
	.91
	9
	26
	39
	23

	4
	Advanced energy  storage for making nuclear competitive. Large scale energy storage to shift electricity output (sales) to times of favorably high prices.
	2.66
	27.0%
	1.06
	18
	23
	30
	26

	5
	Enable usage of Aqueous Homogeneous Reactor (AHR) technology for licensed commercial production of medical radio-isotopes.
	2.08
	27.0%
	1.06
	37
	29
	17
	14

	6
	Use nuclear power for industrial process heat for applications such as fertilizer production, oil refining, or desalination.
	3.14
	23.0%
	.92
	9
	8
	40
	40

	7
	Tailored structural materials with improved strength and resilience have been developed; current nuclear still using 1960s steel alloys.
	3.03
	22.0%
	.89
	6
	19
	38
	34

	8
	A "Google Glass" or equivalent application that would help workers inside containment buildings with equipment layout and real time instructions
	3.16
	23.0%
	.90
	6
	15
	33
	43

	9
	Bulk production of hydrogen or water utilizing surplus electrical energy
	2.95
	25.0%
	1.02
	10
	23
	26
	38

	10
	Modular fabrication and construction (standardized modules/parts/components between reactor designs and types)
	3.20
	22.0%
	.88
	6
	12
	36
	43
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	Integration Feasibility
	Avg.Score
	+/-
	Std Dev
	1
	2
	3
	4

	10
	Modular fabrication and construction (standardized modules/parts/components between reactor designs and types)
	3.19
	20.0%
	.80
	3
	15
	40
	39

	8
	A "Google Glass" or equivalent application that would help workers inside containment buildings with equipment layout and real time instructions
	2.98
	24.0%
	.96
	8
	22
	31
	36

	7
	Tailored structural materials with improved strength and resilience have been developed; current nuclear still using 1960s steel alloys.
	2.87
	22.0%
	.89
	9
	19
	45
	24

	6
	Use nuclear power for industrial process heat for applications such as fertilizer production, oil refining, or desalination.
	2.82
	25.0%
	.98
	9
	30
	27
	31

	1
	Advanced Materials made through novel methods such as additive manufacturing as being developed in other industries such as aerospace.
	2.78
	24.0%
	.97
	9
	31
	29
	28

	9
	Bulk production of hydrogen or water utilizing surplus electrical energy
	2.65
	26.0%
	1.03
	15
	29
	28
	25

	3
	Air-Brayton gas turbine coupled to high-temperature reactors: (1) baseload and peak power, (2) less cooling water, and (3) take advantage of rapidly advancing technology
	2.55
	23.0%
	.93
	13
	35
	32
	17

	4
	Advanced energy  storage for making nuclear competitive. Large scale energy storage to shift electricity output (sales) to times of favorably high prices.
	2.45
	25.0%
	1.01
	20
	30
	30
	17

	5
	Enable usage of Aqueous Homogeneous Reactor (AHR) technology for licensed commercial production of medical radio-isotopes.
	1.99
	25.0%
	1.01
	39
	31
	16
	11

	2
	nuclear energy micro-reactors could be used to replace diesel generators in developing world or remote power applications
	1.84
	23.0%
	.93
	45
	29
	17
	6
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	Total
	Adaptability
	Integration Feasibility
	Total

	6
	Use nuclear power for industrial process heat for applications such as fertilizer production, oil refining, or desalination.
	3.14
	2.82
	5.97

	7
	Tailored structural materials with improved strength and resilience have been developed; current nuclear still using 1960s steel alloys.
	3.03
	2.87
	5.90

	2
	nuclear energy micro-reactors could be used to replace diesel generators in developing world or remote power applications
	2.34
	1.84
	4.18

	10
	Modular fabrication and construction (standardized modules/parts/components between reactor designs and types)
	3.20
	3.19
	6.38

	5
	Enable usage of Aqueous Homogeneous Reactor (AHR) technology for licensed commercial production of medical radio-isotopes.
	2.08
	1.99
	4.07

	9
	Bulk production of hydrogen or water utilizing surplus electrical energy
	2.95
	2.65
	5.60

	3
	Air-Brayton gas turbine coupled to high-temperature reactors: (1) baseload and peak power, (2) less cooling water, and (3) take advantage of rapidly advancing technology
	2.78
	2.55
	5.33

	1
	Advanced Materials made through novel methods such as additive manufacturing as being developed in other industries such as aerospace.
	3.03
	2.78
	5.81

	4
	Advanced energy  storage for making nuclear competitive. Large scale energy storage to shift electricity output (sales) to times of favorably high prices.
	2.66
	2.45
	5.11

	8
	A "Google Glass" or equivalent application that would help workers inside containment buildings with equipment layout and real time instructions
	3.16
	2.98
	6.14
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		Ideas	
	Any Comments

	Advanced Materials made through novel methods such as additive manufacturing as being developed in other industries such as aerospace.
	

	nuclear energy micro-reactors could be used to replace diesel generators in developing world or remote power applications
	

	Air-Brayton gas turbine coupled to high-temperature reactors: (1) baseload and peak power, (2) less cooling water, and (3) take advantage of rapidly advancing technology
	

	Advanced energy  storage for making nuclear competitive. Large scale energy storage to shift electricity output (sales) to times of favorably high prices.
	

	Enable usage of Aqueous Homogeneous Reactor (AHR) technology for licensed commercial production of medical radio-isotopes.
	

	Use nuclear power for industrial process heat for applications such as fertilizer production, oil refining, or desalination.
	

	Tailored structural materials with improved strength and resilience have been developed; current nuclear still using 1960s steel alloys.
	

	A "Google Glass" or equivalent application that would help workers inside containment buildings with equipment layout and real time instructions
	

	Bulk production of hydrogen or water utilizing surplus electrical energy
	

	Modular fabrication and construction (standardized modules/parts/components between reactor designs and types)
	







	FA2-Q2 Magnitude, Safety Margins

	 

		Vote Number:
	91
	Abstained Votes:
	8




		

		
	Magnitude
	Avg.Score
	+/-
	Std Dev
	1
	2
	3
	4

	3
	The present nuclear decision-making culture is risk averse and limits willingness to approach high risk, high pay off  technology changes.  This also restricts innovation that may be difficult to obtain consensus on from a financial pay back perspective or where regulatory acceptance may be challenging.
	3.29
	19.0%
	.77
	3
	9
	38
	41

	2
	Funding and consistency of funding, lack of, drives loss of focus
	3.16
	23.0%
	.92
	6
	14
	30
	41

	16
	Overall market costs are perhaps the biggest barrier.  To solve, need to attract investment capital and overcome licensing & regulatory costs.  Also have to address used and competitive commodity (materials) costs.
	3.12
	22.0%
	.87
	5
	15
	35
	36

	6
	NRC Regulatory Inertia - Industry/lab collaborations to develop new industry standards
	2.92
	24.0%
	.95
	7
	24
	29
	31

	11
	Rules of Engagement concerning codes and standards are built around history and past practices and are undefined for new innovative technologies.  This results in an inflated costs in both time and money to achieve compliance and thus is a disincentive to innovate.     Solution:  Consensus Committee 
	2.81
	22.0%
	.89
	6
	28
	34
	23

	18
	Lack of a risk-informed regulatory framework applicable to both conventional LWRs and advanced reactors.  Solution: DOE and industry may need to petition NRC for rulemaking and request Congressional support.
	2.80
	21.0%
	.84
	7
	22
	44
	18

	9
	Redoing the funding structure of the NRC (fee supported) to allow for more funding from the general fund for licensing of microreactors.
	2.74
	25.0%
	.98
	11
	26
	30
	24

	10
	Regulatory hurdles to changes in reactor and component designs (digital IC), and also simulation tools and software
	2.73
	19.0%
	.77
	5
	28
	45
	13

	19
	The return on investment of implementing innovative R&D concepts is uncertain. Enhancing national capability to test, demonstrate and validate proof-of-concepts will significantly reduce the uncertainty in the return on investments in R&D innovations.
	2.68
	22.0%
	.86
	7
	32
	35
	17

	15
	Risk magnifiers associated with the nuclear industry application: Implications of an accident/incident (all NPPs are local), economic implications of outage. Risk associated with unproven economic concepts in nuclear sector; e.g. mass manufacture offsetting economy of scale
	2.67
	22.0%
	.87
	7
	33
	34
	17

	17
	Risk-averse industrial culture (e.g. stody). Solution - small incremental opportunities to explore innovative ideas with permission to fail and ultimately change the culture.  From end user stand-point, start with new technology and integrate innovation from the beginning (easier than implementation of innovation in existing fleet).
	2.63
	23.0%
	.92
	11
	29
	34
	17

	13
	Regulatory uncertainty and hurdles associated with technology application in the nuclear power industry. Need predictable risk-informed regulation.
	2.60
	21.0%
	.82
	9
	29
	42
	11

	4
	Development of demonstration/validation/test facility for the entire process (i.e. process, component, system test validation and demonstration)
	2.53
	23.0%
	.93
	13
	32
	31
	15

	5
	Standards are a challenge.  Solution is for R&D to accelerate standards establishment and industry to adopt
	2.46
	20.0%
	.79
	9
	39
	35
	8

	12
	Regulatory uncertainty and risk with Digital I&C – Infinite state space for software which cannot be tested exhaustively
	2.46
	18.0%
	.73
	6
	44
	34
	7

	8
	Cybersecurity could be addressed by increased resiliency or self-healing systems; in short term, air gap could be applied.
	2.27
	22.0%
	.88
	18
	38
	27
	8

	14
	Obstacle: demographics gap. There has been technical, cultural, and logistical stagnation that stems from 20 years of very few people entering nuclear. Impacts in financial models, idea propagation, etc. Solution: bi-directional knowledge management.
	2.26
	23.0%
	.92
	22
	31
	30
	8

	1
	Characterization, predictability, and reproducibility of parts created using new manufacturing techniques and materials with respect to service in a radioactive environment.
	2.21
	22.0%
	.87
	22
	33
	31
	5

	7
	Idea - Google Glass for containment workers - Hurdle - Up front effort involved may make for a weak business case and possible computer security issue
	1.80
	23.0%
	.93
	45
	24
	17
	5
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		Ideas	
	Any Comments

	Characterization, predictability, and reproducibility of parts created using new manufacturing techniques and materials with respect to service in a radioactive environment.
	

	Funding and consistency of funding, lack of, drives loss of focus
	

	The present nuclear decision-making culture is risk averse and limits willingness to approach high risk, high pay off  technology changes.  This also restricts innovation that may be difficult to obtain consensus on from a financial pay back perspective or where regulatory acceptance may be challenging.
	

	Development of demonstration/validation/test facility for the entire process (i.e. process, component, system test validation and demonstration)
	

	Standards are a challenge.  Solution is for R&D to accelerate standards establishment and industry to adopt
	

	NRC Regulatory Inertia - Industry/lab collaborations to develop new industry standards
	

	Idea - Google Glass for containment workers - Hurdle - Up front effort involved may make for a weak business case and possible computer security issue
	

	Cybersecurity could be addressed by increased resiliency or self-healing systems; in short term, air gap could be applied.
	

	Redoing the funding structure of the NRC (fee supported) to allow for more funding from the general fund for licensing of microreactors.
	

	Regulatory hurdles to changes in reactor and component designs (digital IC), and also simulation tools and software
	

	Rules of Engagement concerning codes and standards are built around history and past practices and are undefined for new innovative technologies.  This results in an inflated costs in both time and money to achieve compliance and thus is a disincentive to innovate.     Solution:  Consensus Committee 
	

	Regulatory uncertainty and risk with Digital I&C – Infinite state space for software which cannot be tested exhaustively
	

	Regulatory uncertainty and hurdles associated with technology application in the nuclear power industry. Need predictable risk-informed regulation.
	

	Obstacle: demographics gap. There has been technical, cultural, and logistical stagnation that stems from 20 years of very few people entering nuclear. Impacts in financial models, idea propagation, etc. Solution: bi-directional knowledge management.
	

	Risk magnifiers associated with the nuclear industry application: Implications of an accident/incident (all NPPs are local), economic implications of outage. Risk associated with unproven economic concepts in nuclear sector; e.g. mass manufacture offsetting economy of scale
	

	Overall market costs are perhaps the biggest barrier.  To solve, need to attract investment capital and overcome licensing & regulatory costs.  Also have to address used and competitive commodity (materials) costs.
	

	Risk-averse industrial culture (e.g. stody). Solution - small incremental opportunities to explore innovative ideas with permission to fail and ultimately change the culture.  From end user stand-point, start with new technology and integrate innovation from the beginning (easier than implementation of innovation in existing fleet).
	

	Lack of a risk-informed regulatory framework applicable to both conventional LWRs and advanced reactors.  Solution: DOE and industry may need to petition NRC for rulemaking and request Congressional support.
	

	The return on investment of implementing innovative R&D concepts is uncertain. Enhancing national capability to test, demonstrate and validate proof-of-concepts will significantly reduce the uncertainty in the return on investments in R&D innovations.
	







	FA2-Q4 Innovation

	Complete

		Vote Number:
	100
	Abstained Votes:
	0




		

		
	Innovation
	Avg.Score
	+/-
	Std Dev
	1
	2
	3
	4

	7
	Start with the end goals in mind: passive safety, close fuel cycle, automatic controls and monitoring, highest thermal potential, efficiency for electrical & industrial application and grid control, then have a range of products & sizes – with a focus on modular & mass produced.   With a range of solutions for closing the fuel cycle, include thorium, then look beyond satisfying baseload to enable industrial processes.
	2.88
	24.0%
	.96
	7
	32
	27
	34

	9
	Multi-unit sites, INHERENTLY-SAFE REACTORS (e.g., SFR, HTGR), with RECYCLE of U/Pu (PUREX variants, pyroprocessing) or U-233/Th (e.g., THOREX or variants), and power conversion cycles that don't use water (e.g., combined-cycle gas turbine, SCO2)
	2.88
	22.0%
	.87
	8
	21
	46
	25

	5
	A mixture of Thermal and Fast reactor technologies operating a closed fuel cycle, using inherently safe designs allowing for upgrade and replacement of minor and major components, as technology improves, using prognostic health monitoring of all systems. All this regulated by an internationally recognised regulatory regime, transferable between nations.
	2.72
	23.0%
	.94
	12
	26
	40
	22

	17
	Required system characteristics: Closed cycle, High temperature, passively/inherently safe, low pressure system. LWR technology does not make it - consider MSR or liquid metal. EPZ reduced to site boundary. Air as ultimate heat sink for decay heat removal. Risk based licensing. Consider medium power level as a balance between economies of scale and feasibility in terms of required capital at risk.
	2.67
	24.0%
	.97
	13
	30
	34
	23

	6
	Hybrid systems driven by modular, scaleable, self-regulating molten salt reactors and including a predetermined waste management plan.
	2.64
	24.0%
	.97
	15
	27
	37
	21

	12
	Deployment of accident- proof, passively- safe reactors that don't require an emergency planning zone, and therefore eliminating potential catastrophic risk for a plant owner. 
	2.50
	25.0%
	1.00
	18
	34
	28
	20

	19
	Highly modular design with increased automation; reduced discharge of HLW; use of advanced materials, instrumentation and communication technologies; and fully intrinsic/passive safety behavior - coupled with regulatory reform to accelerate licensing.  
	2.49
	25.0%
	1.01
	22
	24
	37
	17

	8
	reactors would utilize modular construction, would not undergo runaway exothermic reactions during an accident, use digital systems, and the only waste would be fission products, the regulatory system would be risk-informed technology neutral
	2.46
	20.0%
	.82
	13
	36
	43
	8

	16
	Fully flexible (able to load follow), all digital and wireless instrumentation and controls for state awareness and resiliency, closed fuel cycles based on optimal enrichment greater than 5%, an available location of waste disposal (all categories), an increased mix of vendors and designs including small and large, and unique siting (land and sea) based on balancing load demands, environmental impact, and public advocacy.
	2.46
	25.0%
	.99
	21
	28
	35
	16

	21
	Tiered nuclear power system that will employ fuel recycling and better fuel resource management. System would make use of inherently safe reactor designs coupled to a closed fuel cycle to minimize disposal impact. This will better utilize current reactors and others like the Gen IV reactors, IFR, etc.
	2.43
	24.0%
	.95
	21
	27
	40
	12

	11
	Reactors that are based offshore,  away from populations but with an infinite heat sink for passive decay heat removal from a more foregiving containment concept.
	2.39
	27.0%
	1.09
	25
	33
	20
	22

	13
	There would be a clearly stated national policy regarding the role of nuclear in the country's long term (80 year) energy plan. As a result there would be a regulatory and research road map established to make that role happen. Utilize the decadal survey process to set enduring nuclear energy R&D priorities based on a full community involvement.
	2.38
	28.0%
	1.13
	30
	24
	24
	22

	2
	ideal nuclear system will capitalize on other technologies (materials, cooling systems, monitoring and controls) to make the overall system  more affordable than current systems with enhanced durability and improved safety.  It can operate in load following mode to integrate with renewables, and can scale from 250 MW to 1000 MW.  Parts and components should be easily replaceable
	2.37
	24.0%
	.98
	20
	39
	25
	16

	14
	Think backwards; from waste & SNF back to reactor design.  In doing so, add in up front the following considerations in addition to the existing technologies:  community engagement, proliferation concerns, opportunities to design in more benefits beyond energy (including other resources such as medical isotopes, rare earth elements).
	2.26
	27.0%
	1.06
	30
	31
	22
	17

	1
	Fast spectrum reactor operating at least at twice current operating temperatures.
	2.25
	24.0%
	.96
	26
	34
	29
	11

	18
	SMR (designed, licensed and manufactured in the US with standardized process/parts) in 5 years that uses, to the extent possible, the existing nuclear infrastructure while minimizing capital costs applying on-line simulation employing digital I&C (wired or wireless) for fully automated control and protection. 
	2.20
	22.0%
	.89
	24
	40
	28
	8

	15
	Standardization of reactor designs with successive generations to advance economic competitiveness.  Designs would be smaller and broadly distributed.  International standards would enable integration of multi-reactor plants.
	2.07
	25.0%
	1.01
	35
	36
	16
	13

	20
	Government-led effort to standardize designs for nuclear technology to cover whole plant designs, personnel factors, including streamlined regulations, and coordinate the competition for each component of these standardized designs
	2.07
	26.0%
	1.04
	37
	33
	16
	14

	3
	We would be running lots of gen III LWRs, confidently storing used fuel in retreivable above ground facilities, and bring sodium-cooled fast reactor to market to close the fuel cycle. Eventual waste products would be disposed with deep borehole technology on a staged basis. The idea of geological repository would be unthinkably costly and inefficient
	2.02
	22.0%
	.88
	34
	34
	28
	4

	10
	Government should provide support to sustain nuclear power generation in unregulated markets (where economic conditions today may otherwise cause plant shutdowns), so that this source of carbon free electricity generation is available in the future (when demand increases and this electricity is needed).
	1.91
	23.0%
	.91
	40
	35
	19
	6

	4
	A broad based set of reactor designs (water cooled and other) that strategiclly protect the fleet from unexpected common mode technical challenges.
	1.75
	20.0%
	.80
	46
	35
	17
	2
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		Ideas	
	Any Comments

	Fast spectrum reactor operating at least at twice current operating temperatures.
	

	ideal nuclear system will capitalize on other technologies (materials, cooling systems, monitoring and controls) to make the overall system  more affordable than current systems with enhanced durability and improved safety.  It can operate in load following mode to integrate with renewables, and can scale from 250 MW to 1000 MW.  Parts and components should be easily replaceable
	

	We would be running lots of gen III LWRs, confidently storing used fuel in retreivable above ground facilities, and bring sodium-cooled fast reactor to market to close the fuel cycle. Eventual waste products would be disposed with deep borehole technology on a staged basis. The idea of geological repository would be unthinkably costly and inefficient
	

	A broad based set of reactor designs (water cooled and other) that strategiclly protect the fleet from unexpected common mode technical challenges.
	

	A mixture of Thermal and Fast reactor technologies operating a closed fuel cycle, using inherently safe designs allowing for upgrade and replacement of minor and major components, as technology improves, using prognostic health monitoring of all systems. All this regulated by an internationally recognised regulatory regime, transferable between nations.
	

	Hybrid systems driven by modular, scaleable, self-regulating molten salt reactors and including a predetermined waste management plan.
	

	Start with the end goals in mind: passive safety, close fuel cycle, automatic controls and monitoring, highest thermal potential, efficiency for electrical & industrial application and grid control, then have a range of products & sizes – with a focus on modular & mass produced.   With a range of solutions for closing the fuel cycle, include thorium, then look beyond satisfying baseload to enable industrial processes.
	

	reactors would utilize modular construction, would not undergo runaway exothermic reactions during an accident, use digital systems, and the only waste would be fission products, the regulatory system would be risk-informed technology neutral
	

	Multi-unit sites, INHERENTLY-SAFE REACTORS (e.g., SFR, HTGR), with RECYCLE of U/Pu (PUREX variants, pyroprocessing) or U-233/Th (e.g., THOREX or variants), and power conversion cycles that don't use water (e.g., combined-cycle gas turbine, SCO2)
	

	Government should provide support to sustain nuclear power generation in unregulated markets (where economic conditions today may otherwise cause plant shutdowns), so that this source of carbon free electricity generation is available in the future (when demand increases and this electricity is needed).
	

	Reactors that are based offshore,  away from populations but with an infinite heat sink for passive decay heat removal from a more foregiving containment concept.
	

	Deployment of accident- proof, passively- safe reactors that don't require an emergency planning zone, and therefore eliminating potential catastrophic risk for a plant owner. 
	

	There would be a clearly stated national policy regarding the role of nuclear in the country's long term (80 year) energy plan. As a result there would be a regulatory and research road map established to make that role happen. Utilize the decadal survey process to set enduring nuclear energy R&D priorities based on a full community involvement.
	

	Think backwards; from waste & SNF back to reactor design.  In doing so, add in up front the following considerations in addition to the existing technologies:  community engagement, proliferation concerns, opportunities to design in more benefits beyond energy (including other resources such as medical isotopes, rare earth elements).
	

	Standardization of reactor designs with successive generations to advance economic competitiveness.  Designs would be smaller and broadly distributed.  International standards would enable integration of multi-reactor plants.
	

	Fully flexible (able to load follow), all digital and wireless instrumentation and controls for state awareness and resiliency, closed fuel cycles based on optimal enrichment greater than 5%, an available location of waste disposal (all categories), an increased mix of vendors and designs including small and large, and unique siting (land and sea) based on balancing load demands, environmental impact, and public advocacy.
	

	Required system characteristics: Closed cycle, High temperature, passively/inherently safe, low pressure system. LWR technology does not make it - consider MSR or liquid metal. EPZ reduced to site boundary. Air as ultimate heat sink for decay heat removal. Risk based licensing. Consider medium power level as a balance between economies of scale and feasibility in terms of required capital at risk.
	

	SMR (designed, licensed and manufactured in the US with standardized process/parts) in 5 years that uses, to the extent possible, the existing nuclear infrastructure while minimizing capital costs applying on-line simulation employing digital I&C (wired or wireless) for fully automated control and protection. 
	

	Highly modular design with increased automation; reduced discharge of HLW; use of advanced materials, instrumentation and communication technologies; and fully intrinsic/passive safety behavior - coupled with regulatory reform to accelerate licensing.  
	

	Government-led effort to standardize designs for nuclear technology to cover whole plant designs, personnel factors, including streamlined regulations, and coordinate the competition for each component of these standardized designs
	

	Tiered nuclear power system that will employ fuel recycling and better fuel resource management. System would make use of inherently safe reactor designs coupled to a closed fuel cycle to minimize disposal impact. This will better utilize current reactors and others like the Gen IV reactors, IFR, etc.
	






	FA2-Q4 Feasibility

	Complete

		Vote Number:
	99
	Abstained Votes:
	4




		

		
	Feasibility
	Avg.Score
	+/-
	Std Dev
	1
	2
	3
	4

	7
	Highly modular design with increased automation; reduced discharge of HLW; use of advanced materials, instrumentation and communication technologies; and fully intrinsic/passive safety behavior - coupled with regulatory reform to accelerate licensing.  
	2.72
	23.0%
	.93
	14
	19
	47
	19

	1
	Start with the end goals in mind: passive safety, close fuel cycle, automatic controls and monitoring, highest thermal potential, efficiency for electrical & industrial application and grid control, then have a range of products & sizes – with a focus on modular & mass produced.   With a range of solutions for closing the fuel cycle, include thorium, then look beyond satisfying baseload to enable industrial processes.
	2.68
	25.0%
	1.01
	13
	33
	26
	27

	8
	reactors would utilize modular construction, would not undergo runaway exothermic reactions during an accident, use digital systems, and the only waste would be fission products, the regulatory system would be risk-informed technology neutral
	2.53
	23.0%
	.91
	14
	34
	36
	15

	10
	Tiered nuclear power system that will employ fuel recycling and better fuel resource management. System would make use of inherently safe reactor designs coupled to a closed fuel cycle to minimize disposal impact. This will better utilize current reactors and others like the Gen IV reactors, IFR, etc.
	2.47
	23.0%
	.91
	15
	36
	34
	14

	3
	A mixture of Thermal and Fast reactor technologies operating a closed fuel cycle, using inherently safe designs allowing for upgrade and replacement of minor and major components, as technology improves, using prognostic health monitoring of all systems. All this regulated by an internationally recognised regulatory regime, transferable between nations.
	2.41
	24.0%
	.97
	20
	33
	31
	15

	9
	Fully flexible (able to load follow), all digital and wireless instrumentation and controls for state awareness and resiliency, closed fuel cycles based on optimal enrichment greater than 5%, an available location of waste disposal (all categories), an increased mix of vendors and designs including small and large, and unique siting (land and sea) based on balancing load demands, environmental impact, and public advocacy.
	2.39
	25.0%
	.99
	21
	34
	28
	16

	6
	Deployment of accident- proof, passively- safe reactors that don't require an emergency planning zone, and therefore eliminating potential catastrophic risk for a plant owner. 
	2.35
	24.0%
	.97
	21
	36
	28
	14

	2
	Multi-unit sites, INHERENTLY-SAFE REACTORS (e.g., SFR, HTGR), with RECYCLE of U/Pu (PUREX variants, pyroprocessing) or U-233/Th (e.g., THOREX or variants), and power conversion cycles that don't use water (e.g., combined-cycle gas turbine, SCO2)
	2.26
	22.0%
	.89
	20
	43
	26
	10

	4
	Required system characteristics: Closed cycle, High temperature, passively/inherently safe, low pressure system. LWR technology does not make it - consider MSR or liquid metal. EPZ reduced to site boundary. Air as ultimate heat sink for decay heat removal. Risk based licensing. Consider medium power level as a balance between economies of scale and feasibility in terms of required capital at risk.
	2.26
	24.0%
	.97
	24
	38
	24
	13

	5
	Hybrid systems driven by modular, scaleable, self-regulating molten salt reactors and including a predetermined waste management plan.
	2.17
	24.0%
	.94
	27
	38
	24
	10
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		Ideas	
	Any Comments

	Start with the end goals in mind: passive safety, close fuel cycle, automatic controls and monitoring, highest thermal potential, efficiency for electrical & industrial application and grid control, then have a range of products & sizes – with a focus on modular & mass produced.   With a range of solutions for closing the fuel cycle, include thorium, then look beyond satisfying baseload to enable industrial processes.
	

	Multi-unit sites, INHERENTLY-SAFE REACTORS (e.g., SFR, HTGR), with RECYCLE of U/Pu (PUREX variants, pyroprocessing) or U-233/Th (e.g., THOREX or variants), and power conversion cycles that don't use water (e.g., combined-cycle gas turbine, SCO2)
	

	A mixture of Thermal and Fast reactor technologies operating a closed fuel cycle, using inherently safe designs allowing for upgrade and replacement of minor and major components, as technology improves, using prognostic health monitoring of all systems. All this regulated by an internationally recognised regulatory regime, transferable between nations.
	

	Required system characteristics: Closed cycle, High temperature, passively/inherently safe, low pressure system. LWR technology does not make it - consider MSR or liquid metal. EPZ reduced to site boundary. Air as ultimate heat sink for decay heat removal. Risk based licensing. Consider medium power level as a balance between economies of scale and feasibility in terms of required capital at risk.
	

	Hybrid systems driven by modular, scaleable, self-regulating molten salt reactors and including a predetermined waste management plan.
	

	Deployment of accident- proof, passively- safe reactors that don't require an emergency planning zone, and therefore eliminating potential catastrophic risk for a plant owner. 
	

	Highly modular design with increased automation; reduced discharge of HLW; use of advanced materials, instrumentation and communication technologies; and fully intrinsic/passive safety behavior - coupled with regulatory reform to accelerate licensing.  
	

	reactors would utilize modular construction, would not undergo runaway exothermic reactions during an accident, use digital systems, and the only waste would be fission products, the regulatory system would be risk-informed technology neutral
	

	Fully flexible (able to load follow), all digital and wireless instrumentation and controls for state awareness and resiliency, closed fuel cycles based on optimal enrichment greater than 5%, an available location of waste disposal (all categories), an increased mix of vendors and designs including small and large, and unique siting (land and sea) based on balancing load demands, environmental impact, and public advocacy.
	

	Tiered nuclear power system that will employ fuel recycling and better fuel resource management. System would make use of inherently safe reactor designs coupled to a closed fuel cycle to minimize disposal impact. This will better utilize current reactors and others like the Gen IV reactors, IFR, etc.
	







FA3-Q1
 What is the one key attribute of an innovative R&D program that can reduce the cost and duration of the R&D phase to (more expediently) reach commercial readiness of (such) innovative concepts?
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1. Albuquerque / University of NM
   1. Working at the interface of basic and applied research.
   2. An acceptance of the possibility of failure as a sign that the process is proceeding.  The program has to be willing to accept high risk for the possibility of high reward.
   3. Commercial companies have oversight responsibilities throughout the R&D phase along with formal buy with additional funding (or opt out) after a specific R&D milestone(s) are achieved for the R&D.
   4. Consistent, long-term (3 years or more) funding.
   5. Funding for testbeds, intermediate-to-large-scale experiments, to balance paper studies.
   6. Open, low-cost access to the best facilities and equipment, nation-wide, to the widest range of relevant stakeholders. Better utilisation of facilities leading to higher number of experimental outputs, greater cycling and advancement of ideas.
   7. Minimised cost of participation. Drive as many costs of failure as possible to as close to zero as possible. Assess for this across the R&D lifecycle. Failure is good, failure is essential, failure means work is getting done and options are being assessed
   8. Researchers need clear definitions supplied from commercial insiders and regulatory oversite subject matter experts (SMEs) for technical readiness levels (TRLs) for innovative nuclear technologies (components, systems, etc).
   9. Tie number 7 to a level of disclosure of outcomes in recognition for subsidised access, it that is what is required, so the research outcomes are shared and may be advanced.
   10. R&D that simultaneously delineates  technologies and components that do not need NRC approval, acquire them from other industries where available.  In parallel,  focus R&D on those that require NRC approval .
   1.1. Top 3
      1. Consistent with long-term benefits of nuclear energy, sufficient funding necessary to provide dedicated research teams is needed to achieve timely and competitive results, especially at the interface between basic and applied research.   
      2. A high performance(high neutron flux multiple coolant test loops) test reactor/user facility coupled with advanced M&S to reduce risk and cost in validating technologies that enable high performance advanced reactors that significantly impact the 6 priority areas.
      3. Industry engagement to set broad goals for basic research and development and encourage scalability from the earliest phases of research.  Direct engagement is critical--report documents from industry-led workshops are useful, but not sufficient to fully guide basic R&D.  
      4. Form a consensus "group" (national labs, industry, universities) that supports design, construction, and operation of an advanced test facility (e.g., fast test reactor and associated facilities). This consensus group would approach DOE and Congress regarding roles, responsibilities,  and financial backing.


2. Boise / Boise State
   1. Set clear technology milestones and reward performance against goals.  Be willing to allow failure, but make a decision and move on.
   2. Stable funding (priorities and foci do not change year to year)
   3. Cost share opportunities for innovators to propose and lead/team on development.
   4. Fast fail / phased testing
   5. Collaboration and transfer of knowledge between universities and national laboratories. Universities provide the inexpensive - basic science/fundamental results through graduate student training and national laboratories apply that fundamental knowledge to the goal.
   6. Limit bureaucracy and micro-managing.
   7. Mission statement with clear parameters for design specification (e.g. carbon reduction, cost, proliferation resistant, inherently safe closed fuel cycle)
   8. Clearly define goals with milestones and deadlines.
   9. Target the research at a lab with the necessary experimental equipment.
   10. Focus with flexibility (establish goal(s) with allowance of new ideas and use of technology for accomplishment)
   11. Systems engineering approach using the development-design-verify spiral.
   12. The R&D system must recognize a continuum of innovation and always have new ideas working there way into the program.
   13. Design as integral part of RDD&D.
   14. Interdisciplinary industry-university-national lab collaborations on big program ideas.
   15. Define the need of the research before defining the technology to solve it (i.e. don't be brilliant for brilliant's sake).
   16. Align the roles of university and national laboratory and industry to be complementary and build upon one another, limiting redundancy of capabilities.
   17. Continuity of funding--take a multiyear project approach.
   18. Clear objective with university, national lab and industry partners and cost share
   19. Computational modelling
   20. 1. Stage gate approach to development-fail early .
   21. Stable goals and focus
   22. Consistency of funding
   23. Commitment (nationally) to a solid nuclear research focus (similar to moon landing)
   24. clearly identified benefit or incentive to finish
   25. Software engineering uses DAIT (Design, Analysis, Implement, Test).  Build your experiment to meet your research goals, analyze the expected behavior for critical faults, implement your experiment, then test it to make sure it meets design criteria.
   26. include specific call-out for need to do bench through demonstration - don't stop-short .......
   2.1. Top 3
      1. High risk - high reward projects. Many projects are funded for a short-term, but only the most promising receive long term funding. This creates a more competitive environment to develop the most innovative ideas. For example, 1st year, 100 projects are funded, 2nd year only the top 50% receive follow-on funding, etc.
      2. Establish clear objective, the Grand Challenge, and execute with an interdisciplinary team from academia, labs, and industry, having a strong business case for success, and checking progress with a stage gate approach.
      3. Consolidate research programs into centralized innovation hubs that focus on specific technological hurdles with a clear goal and timeline.


3. Boston / MIT
   1. Assign all funding to one university
   2. which one?
   3. Consistency of funding
   4. No micro-management
   5. Stability of funding
   6. Team buy-in to the goal and the process
   7. Commercial input to decisions on what to fund
   8. Scaled testing and demonstration capabilities/facilities
   9. Well defined goals
   10. ability to select a multidiscipline team
   11. A long term plan
   12. Open to new ideas but not new goals (don't move the cheese)
   13. Use only qualified materials/fuels (no need for new irradiations)
   14. Risk-tolerance commensurate with risks to yield development
   15. Allow for research and development to occur through the licensing process
   16. open access to the national laboratory resources
   17. Clearly defined specific focus and goals for the R&D program so that activities can be effectively planned, integrated and coordinated to achieve these goals.
   18. commit to a small number of approaches (1 is best) and drive to obtain enough data and analysis to make a go-no-go decision
   19. National committment to a goal.  (do you remember "Manned mission to Mars" ?
   20. Choose components that can be easily analyzed at many different organizations (broad availability of analysis tools)
   21. To develop a test reactor that can emulate LWR conditions and be tolerant to failure of the fission barrier - this would significantly reduce the duration of time to develop new fuels.
   22. more competitive process for funding awards with industry input
   23. focus and consistency of mission and funding
   3.1. Top 3
      1. National comittment to well defined focused R&D goals with sufficient and stable funding to support the R&D
      2. A multidisciplinary team covering all relevant areas of expertise working together from project inception.
      3. Incremental licensing decisions by NRC so licensing risks decrease as investments increase


4. Columbus / Ohio State
   1. Consistent funding stream
   2. Involve the regulator early and often to better understand potential issues.
   3. Parallel design maturation and regulatory requirements development with R&D phase to inform the scope of R&D required.
   4. Be able to demonstrate full-system performance using lower-size scale facilities and approaches (methods & tools), to reduce development cost.
   5. Assign all nuclear research and development to one national lab who receives all funding from the Government and coordinates all dispersion of those funds including to universities, other labs, consortiums, or vendors subject to periodic review of decisions and progress made.
   6. Clear identification of the problems/technology challenges that the R&D program needs to resolve
   7. Create a remote, regulation reduced test area (Kwajalen Atoll model)
   8. Protection from loss of funding if research is a failure by having 5 year guaranteed contract
   9. Develop unique testing niches for academic departments (physics, chemistry, engineering, etc.) that spawn undergraduate and graduate research projects.
   10. A clear path to revenue visible at the Onset. - This provides focus and an incentive to invest.
   11. Assign all funding to universities 
   12. Find ways to stream line the process from research to test to demo reactors by design or incrementation or elimination of one step depending on the maturity of the design.
   13. Integrate new ideas from universities and requirements from the regulators early on in the R&D plans.
   14. Seek industrial collaborators to provide insight on technology as it is being developed to improve understanding of characteristics that can make commercialization more likely.
   15. Implementation of combinatorial approach to the development of new technologies.
   16. Increased focus for R&D program toward demonstration of technologies, with industry participation and engagement of the NRC
   17. Small-scale demonstration facilities are needed to learn/verify the engineering issues that drive the R&D cycle.
   18. Small-scale demonstration facilities are needed to learn/verify the engineering issues that drive the R&D cycle.
   4.1. Top 3
      1. Put everyone in the same building, with lots of opportunities for cross-work and cross-talk, like the MIT media lab. There should be organic opportunities for modelers to talk to experimentalists, business people to talk to fundamental researchers, nuclear engineers to talk to electrical engineers and chemical engineers and policy people etc.
      2. Demonstrate full-system performance using small scale facilities and approaches (methods & tools) to learn/verify the engineering issues that drive the R&D cycle.
      3. The R&D phase of an innovative concept requires a rapid method of testing, measuring, modelling for understanding in order to build the robust ideas worthy of prototyping and commercialization. Presently down selecting never happens.


5. Corvallis/Oregon State
   1. Leadership
   2. Stability
   3. Maintain communication between the researcher and end-user (commercial entity) from beginning to end
   4. A mechanism to enable multi-year sustainability of funding.
   5. international collaboration so we can spread the effort into testing the many different Gen IV technologies and concepts
   6. Address needs and desire that exist among the public.
   7. Move R&D performance tracking systems from the annual/quarterly report type system to a system where representatives of the sponsor are integral parts of the research team.
   8. More R&D investments to the projects with higher technology readiness level (TRL)
   9. The development of a suite of validated models that would reduce the testing needs for regulatory acceptance for technology demonstration
   10. Persistence and focus.
   11. The research program is aligned with a clear national policy priority.
   5.1. Top 3
      1. Industry "pull" and engagement up front to clearly define performance and cost barriers that require R&D and will enable commercialization
      2. Clear prioritization/direction of this goal because _this objective_ will fulfill a clear national policy priority
      3. Investment in prototypes as a basis for validation and verification of analytical models - achieve balance between facilities and models


6. Raleigh/ North Carolina State
   1. Better communications and collaboration among industry, national labs and academia, with stable funding.
   2. Interaction up front between all players (utilities, suppliers, national labs, universities and regulators) to define the problem (focus) but not stifle innovation. 
   3. Continuous funding to avoid starting and stopping R&D
   4. Experimental proof-of-principle.  Build a small-scale test facility or prototype that is well instrumented.
   5. Understanding of static regulatory requirements up front to reduce risk.
   6. Encourage Failing Fast.  Mandate periodic project reviews and be willing to "kill" projects after ~ 3 reviews.
   7. The regulator needs to also be involved in the collaboration in #1
   8. The program needs to have an incremental goal.
   9. Sustained (across administrations) funding for a focused R&D effort.
   10. Development of plan that runs form concept to installation with funding identified.
   11. Stability of funding
   12. Accountable milestones for a cycle of experimental design that 'Models - builds - tests - models - builds - tests" within balanced stakeholder peer review.
   13. Funded VISION.
   14. Centralized and managed by one industrial company (funded by the US govt) reactor program that builds an advanced test reactor
   15. Multi-year funding commitment
   16. Develop a decision analysis tool based on achieving alignment between the regulator and end users on the specific testing/demonstration required to achieve proof of principal for commercialization...use this tool for project selection.
   17. An integrated technology-neutral system analysis that includes life cycle, risk, and regulation that guides investment and R&D program
   18. Methodology and tools to enable a formalized, computerized safety case development and assessment (helping cutting design cost, innovation evaluation, and streamline licensing)
   19. Stable, continuous, predictable funding.
   6.1. Top 3
      1. Sustained focus (with stable, continuous, predictable funding) on an impactful outcome with accountability
      2. Develop a technology development and engineering hub (CASL model) involving industry, labs, univerisities, and regulators to prototype innovative design features for new components/systems that can generate baseline data, serve as proof-of-concept, and focus on well defined challenge problems to focus R&D.
      3. Long-term National Energy Policy




FA3-Q1- Top 3
 What is the one key attribute of an innovative R&D program that can reduce the cost and duration of the R&D phase to (more expediently) reach commercial readiness of (such) innovative concepts?

[image: ]
1. Top 3
   1. Consistent with long-term benefits of nuclear energy, sufficient funding necessary to provide dedicated research teams is needed to achieve timely and competitive results, especially at the interface between basic and applied research.   
      1. Yes, but need to justify this ...
      2. sufficient funding is not sufficient in itself
      3. Agree, but funding also needs to sustained, long-term
      4. Doable from near term standpoint
      5. Agreed that sustained funding (secure teams) is important for innovation, but this applies in general not jut to the basic/applied interface
      6. The potential value of the innovation should be assessed before it's funded.
      7. Who decides long enough and sufficient?
      8. like the term "dedicated research teams".
      9. Yes.  Currently, researchers are too beholden to multiple projects and sponsors, resulting in a lack of focus at the laboratory level.  Increased funding for one project/sponsor for longer term will help retain institutional knowledge.
      10. One concern is that such a structure would enable the "strong to get stronger" -- i.e. universities and labs that currently get the bulk of the funds (the "usual suspects") will get even more of the funds, leaving smaller fish without anything.
      11. Basic-applied interface is currently the most neglected part of the development process. It needs relatively costly testbeds etc that industry doesn't want to provide, but national labs need more money and dedicated (in financial terms) people.
      12. To comment 7: "long enough and sufficient' could be decided iteratively - after 3 yrs, another 3 yrs if goals are met, etc.
   2. A high performance(high neutron flux multiple coolant test loops) test reactor/user facility coupled with advanced M&S to reduce risk and cost in validating technologies that enable high performance advanced reactors that significantly impact the 6 priority areas.
      1. like it ...
      2. what is the key attribute?  a test reactor and M&S?
      3. Assured chain of experimental capabilities that enables each TRL levels 1-9 (basis science through deployment)
      4. Test reactors that promise to do everything for everybody usually don't get built
      5. Long term yes so it should lower priority
      6. Is this on-topic with the discussion?
      7. exactly what is the key attribute (related to the question)?
      8. I think the attribute should be "don't use new materials and fuels that require these lengthy testing and qualifications, which always drive up cost and schedule", so keep the innovation in engineering without new materials, if the goal is to get to market within 5 years
      9. Such a user facility that provides for a hub for industry/academia/national laboratories will enable new science, as well as provide a place where users could formally interact with industry and be exposed to specific needs and requirements.
      10. Does this address the issue at hand?
      11. Fast neutrons?  We have a lot of thermal spectrum test facilities already.
      12. Rapid testing is needed.
      13. important and useful but without clear purpose and direction is just another test reactor - provides capability but not direction.  we lack direction today.
      14. Availability and access to test facilities (e.g., the test reactor here) are key in reducing risk (cost and duration) to commercialization.
      15. Like it
      16. Zero power critical facility would be useful
      17. We need a fast neutron irradiation machine to advance our knowledge of fuels and materials performance in a fast neutron flux..  We need a flexible test bed to advance the state of the art in any reactor technologies of interest.  This needs to be wed with a knowledge center that consolidates data, experimental knowledge and models to allow us to make the right decision in what to do next for a given technology.
      18. I think this is an enabling tool that is very valuable in progressing from first samples/prototype to a more mature design or product, but without sustained and consistent goals and funding, many current R &D efforts don't get to the testing stage.
      19. This does not seem to answer the question asked.
      20. How do more assets actually help someone take ideas to commercialization.
   3. Industry engagement to set broad goals for basic research and development and encourage scalability from the earliest phases of research.  Direct engagement is critical--report documents from industry-led workshops are useful, but not sufficient to fully guide basic R&D.
      1. Industry engagement as a funding partner?
      2. I'm curious as to which industry would be engaged.  In some areas, LMFR for example, I'm not sure where this engagement would come from.
      3. Ideas 3 and 4 (industry engagement and consensus group) would establish a much needed coalition...
      4. Given variety of industry voices and directions, who provides the final decision on guidance
      5. Industry engagement ncessary to bridge valley of deat from the lab to the commercial world
      6. Industry engagement can come through RFIs, workshops, calls for proposals - including potential cost share arrangements.
      7. Industry engagement is very important, but i'm not sure it is the one key attribute
      8. The industry voice that will be providing funding beyond the initial R&D phases would give the final decision on guidance.
      9. Ideas 3 and 4 should have been integrated but we ran out of time, flexibility
      10. What about GE PRISM?
      11. The US industry is a service industry with no R and D interests beyond their operating plants.  We need to build a vendor industry in the US.
      12. A similar idea was proposed yesterday - where the industry would have an input into which R&D grant proposals are funded by the DOE, and what in the call for grant proposals.
      13. I strongly support this idea. This will significantly reduce the amount of time needed to develop new game changing fuel designs such as Accident Tolerant Fuel. We need this design to be "failure tolerant" where the loop is designed such that the failure of the first fission barrier can be handled without major consequence. Right now, we need to go through multiple years of irradiation before a utility will even accept lead test rods due to inherent risk averse nature of the industry - a reactor like this, designed to emulate LWR conditions and chemistry, can reduce development times significantly, and the ability to experiment without failure will also produce much better solutions in the end.
   4. Form a consensus "group" (national labs, industry, universities) that supports design, construction, and operation of an advanced test facility (e.g., fast test reactor and associated facilities). This consensus group would approach DOE and Congress regarding roles, responsibilities,  and financial backing.
      1. this would be a subset of what is needed but only if we had a strong national energy policy that drove the focus
      2. Good luck!!
      3. This could really pave the way in the political process by showing maturity and assigning roles and responsibilities rather than having state political leaaders fighting for all or nothing in their home state lab.
      4. Agree with the concept in #4.
      5. Who will host it (and eventually own the decommissioned property).  This entity has a liability the others don't share.
      6. This would be OK once the community agreed to a singular focus area, but it would instantly become "exclusionary" if a wide set of ideas were still under consideration.
      7. This will likely be more successful if the test facility was capability open to all rather than a single demo.
      8. Consensus group might be good to identify some common needs, but it would be useful to find a way to support entrepreneurial innovation.
      9. This would be very helpful
      10. 2,3, and 4 could be combined into a more powerful statement.
      11. National laboratories don't lobby Congress (heh, heh)
      12. This would enable researchers to bring prototypes to the test facility and get consistent instrumentation, measurement and performance evaluation at lower cost and in a more effective manner.
      13. There needs to be a process to encourage wide collaboration effectively and not move too quickly to competitive funding calls
      14. Someone needs to be in charge.  This type of approach is inefficient and unmanageable.
      15. It is easy to form a "consensus" group, but it is not helpful if they don't play like a team.
   5. High risk - high reward projects. Many projects are funded for a short-term, but only the most promising receive long term funding. This creates a more competitive environment to develop the most innovative ideas. For example, 1st year, 100 projects are funded, 2nd year only the top 50% receive follow-on funding, etc.
      1. Mission statement can contribute to design specification e.g. carbon reduction, cost competitive, closed fuel cycle, proliferation resistant, scalable.
      2. Excellent idea
      3. Oh and inherent safety (to add to design specification)
      4. I like this... Criteria should include a path (or multiple paths) to revenue, and an honest estimate of how large (an thus how valuable) this revenue path is.
      5. But need to prioritize in any case; not sure you've provided thee way
      6. This idea aggravates instability in funding
      7. Risk is usually reduced with study, which ultimately creates a circular loop, because something new becomes the next high risk - high reward R&D area.
      8. Absolutely agree.  This assigned funding over a period of years with rewards and penalties for performance is what led to the Rocky Flats success.
      9. not sure the high risk approach, funneling down to a smaller set of ideas, will truly advance ideas to commercialization due to the high capital investment and long time to maturation.
      10. I agree with #6 .  I see this as increasing instability in funding.  What happens to the research groups whose ideas aren't picked for the next round?
      11. I like it! This prevents the good ole boys club from becoming complacent with long term funding.
      12. I really agree with "cycling" high volumes of research. It's essential to create a pipeline of viable development concepts. This idea is well-written, nice one.
      13. Time horizon may be too short
      14. Not sure one year is enough time to give each project a fair shake.  This will definitely put national labs at an advantage over universities, where recruiting and training a first-year grad student to work on a project (while taking classes) will severely limit the amount of research progress in one year.
      15. This is a good approach for innovative, high risk ideas.  Concerns about stability/consistency of funding apply to support for more mature technology development.
      16. Assumably, research groups whose ideas fail, try again with new ideas.  The funding coulld be relatively steady, providing your have multiple ideas in the queue at a time.
      17. This doesn't describe how we progress to commercialization of current innovation.
      18. This seems like instability in funding, and is in stark contrast to #1, where long-term stability will allow for focus on a well-defined problem.  This approach would only work if you have several ideas on hand all the time.
      19. This is a good idea. We just need to think of innovation a little different from silicon valley to gain the benefit of this approach.
      20. As you downselect, you need to increase project scope by including labs and universities that were originally eliminated. Otherwise there is constant pressure from unfunded groups to have a new competition or change directions or develop a different reactor technology. Funding for the selected projects must increase and be spread to other facilities otherwise downselecting threatens to degrade national infrastructure.
   6. Establish clear objective, the Grand Challenge, and execute with an interdisciplinary team from academia, labs, and industry, having a strong business case for success, and checking progress with a stage gate approach.
      1. This would be a key element of adding focus to the research portfolio
      2. Isn't this what CASL was supposed to be?  Is it working?
      3. fundamentally important - add to this the need to take these "grand challenge" programs from bench R&D through demo / validation -- don't stop-short.
      4. Grand challenge implies one thing that stands in the way. With nuclear there are many things so dump this nonsense on grand challenges.
      5. Sounds like an MBA speaking
      6. In it's limited swim lane, I think CASL is working reasonably well.  The complaints are that it is not sharing the wealth broadly enough
      7. This would be great if we could get a broad concensus in governnment that tis was vital to our long term energy stability.
      8. Who establishes the objective, how is the scheduled maintained with large, diverse teams?
      9. DARPA and private sector have utilized this Grand Challenge to get deploying technologies; DOE should adapt this concept for very hard technical problems.
      10. CASL is only a political success, but a technical failure
      11. Who sets the objective? a team consisting of academia, labs and industry sounds like same old people who did not make breakthrough successfully so far.
      12. This needs to be done as one element within a national priority setting approach - both are currently lacking.
      13. comparable to the National Energy Policy idea identified elsewhere.  The policy would be the grand challenge.  like this idea and later we are asked for R&D paradigms used by other industries and DARPA comes to mind.
      14. This can occur if there is a clear national priority and policy
      15. It's important to establish a goal
      16. In addition to the question about identifying the challenge - who benefits from the result?
      17. CASL is NOT the model
      18. The Grand Challenge is needed, like the NASA grand challenge to land on the moon.  If we had a 'moonshot' approach with associated funding, resources and support then we could have advanced, more efficient, safer reactors.
      19. The grand challenge could be a smaller thing than a national energy policy, so this could be in several more targeted areas, like CASL, for example, or like long term fuel storage. Or accident tolerant fuel. It wouldn't necessarily need to be a moonshot.  And it might be more realistic as smaller projects, and less subject to political changes.
      20. the words "business case" implies that there is a clear economic benefit to complete the research
      21. This is the correct model in my opinion.  Define the national goal or high level goals and objectives, then let the teams collaborate and then compete for the work.
      22. What is to stop the watering down of the Grand Challenge
   7. Consolidate research programs into centralized innovation hubs that focus on specific technological hurdles with a clear goal and timeline.
      1. The success of the current hubs is in doubt.
      2. I think one key part of the hubs is the centralized part - the current hubs aren't really centralized because no one wanted to move.
      3. Not impressed with what CASL has accomplished
      4. The most centralized BES hub (Caltech-Berkeley) is the one that is viewed as least-performing so far.
      5. This will reduce diverse ideas from diverse groups.
      6. With modern information technology, centralized may not be a necessity.
      7. drives mediocrity
      8. This describes an activity. What is the accountable outcome for impact?
      9. Hubs don't promote innovation.
      10. Hubs are good but should not be a dominant mode of research. Need bigger Hubs.
   8. National comittment to well defined focused R&D goals with sufficient and stable funding to support the R&D
      1. Excellent suggesiton
      2. this is a great goal - the challenge is to determine how to maintain the focus across Congressional sessions and possibly more importantly across administrations. DOE's focus could be very different in 2017 compared to today.
      3. Agree
      4. A clearly defined focus and goal(s) for the R&D is essential for planning and execution as well as for creating support for the activity.  I think that if we explain to people what is it that the R&D is trying to achieve, and if they like it, that will build support that goes across administrations (and political parties).
      5. Important, but challenging, as noted above the sustained commitment (over Project duration) is needed
      6. How do we stop the goals from changing especially from election to election?
      7. Also have the challenge of folks defending their preferred tech and program within the lab complex.
      8. Of course, but how can we achieve this??
      9. same as several other ideas
      10. This goes back to having a national energy policy. Otherwise, everyone would want to present his/her preferred nuclear technology as the silver-bullet.
      11. But what's a national commitment. Democracies bad for nuclear power
      12. Agree too!!
   9. A multidisciplinary team covering all relevant areas of expertise working together from project inception.
      1. Besides nuclear engineering departments in academia, there are usually interested parties in chemistry, physics, mechanical engineering, electrical engineering, etc. that can all contribute.
      2. Need help from business departments as well
      3. could the national labs help do this at little to no cost to non-government entitities
      4. Such a team should include an industrial review committee including potential vendors and customers.
      5. yes including policy, law, etc
      6. Agree with above, this needs accountants invoved
      7. good suggestion
      8. Yes, of course (too obvious)
      9. Forming a team is easier to do, but performing like a team is not as easy as it sounds.
      10. Isn't this what National LAbs are supposed to do?
      11. A well-run project will allocate appropriate resources for each task.
   10. Incremental licensing decisions by NRC so licensing risks decrease as investments increase
      1. This is the licensing strategy that makes possible private funding of drug development that runs about 5 billion per drug. Without it, there would not be private funding for development of new drugs.Licensing risks go down as investments go up during the development cycle. Current NRC licensing is a single decision strategy--massive investment before know likelihood of success.
      2. this is great, but more of a political issue than an R&D issue
      3. Early regulator engagement (to identify potential issues and course corrections) is important.
      4. Depending on what is meant by this - incremental licensing does exist for nuclear facilities licensed under 10 CFR Part 50.  There are two license applications to submit:  one for construction and another for operation.  Research and development may continue during the review of the construction permit application up until the submission of a final operating license application
      5. Licensing strategy changes should come after an innovative R&D paradigm has been implemented, and as a result of the innovation
      6. the NRC has a gap in its licensing process such that it requires industry to pay for work done on high risk/high payoff concepts, which prevents industry from pursuing them. It needs a special program funded by government to bring these concepts to maturity so licensing can begin.
      7. There should not be the opportunity for NRC to revisit decisions, once something has passed a licensing milestone, that should not be re-litigated later in the process.
      8. This addresses part of the issues at hand.
      9. Early licensing decisions or indecisions might kill a very good idea that needs more time to develop
      10. Perhaps an adaptation of the approach for 10 CFR Part 52 where the range of issues that can be raised early on is quite broad, but as each step is completed, that range is significantly narrowed and previous conclusions are not allowed to be revisited unless a significant new issue is identified.
      11. yes, so?
      12. This idea is implemented in many areas of the NRC, perhaps it could be more consistently applied.
      13. Ag
   11. Put everyone in the same building, with lots of opportunities for cross-work and cross-talk, like the MIT media lab. There should be organic opportunities for modelers to talk to experimentalists, business people to talk to fundamental researchers, nuclear engineers to talk to electrical engineers and chemical engineers and policy people etc.
      1. In other words, fund a hub.  How will this be more successful than the current hubs?
      2. Number 11 will only work if there is one National Lab responsible with single point accountability and subject to periodic review for approaches and accomplishments.
      3. This assumes a certain size of the R&D program, and the willingness of key participants to move. Even with advanced communication, there are still challenges.
      4. This is hard to implement, but cross-fertilization from different fields and different stages of RD&D and commercialization like this would be useful.
      5. For this model to succeed, it needs greater independence from milestones-driven culture.
      6. Some of the best ideas come from the quietest contributors,
      7. MIT is not the only university that has this.
      8. The idea would be not to have all people working on technology A working in one building, but to have people working on many different technologies working in an environment where they have in their side vision tools and problems from completely different fields.
      9. To comment #1: need more focus than the current hub (still too spread over 10 challenge problems). Need one problem, but including simulation, theory and experiments.
      10. too narrow - this is done already in several areas in several places
      11. If we think of the "room" as symbolic, then this will facilitate cross-pollination and effective synergy amongst the stakeholders
      12. Co-location should be considered 'virtual' - why not an innovative R&D program that creates the 'reach out and touch everyone through virtual space in real time' environment of what a nuclear energy research team looks like.
      13. A focused goal or direction is needed in order to centralize the "building's" focus.
      14. This is good for intermittent communication, but eventually the experts will focus in their particular scope.
      15. Isn't this exactly the definition of a national laboratory?
      16. Do you mean interdisciplinary focus? That will work.
      17. So you co-localize in a physical hub, but what happens to the people involved in the early research when the program moves to development and what are the people doing development doing while the earliest predevelopment research is being done. Maybe people don't want to wedded to a project all the way through.
   12. Demonstrate full-system performance using small scale facilities and approaches (methods & tools) to learn/verify the engineering issues that drive the R&D cycle.
      1. Not sure what "small scale" means here. Better would be intermediate-scale, between basic and applied research.
      2. absolutely
      3. Yes
      4. I agree with the concept.  Any idea on how big/small (e.g. 10 MWt, 100 MWt?)
      5. at 10 or 100 or 1000 MW you still need to do the same irradiations to accumulate dose, which drives the duration of the R&D
      6. I liken this to Idea # 2 and support
   13. The R&D phase of an innovative concept requires a rapid method of testing, measuring, modelling for understanding in order to build the robust ideas worthy of prototyping and commercialization. Presently down selecting never happens.
      1. On the other hand, downselecting too early also has consequences.
      2. Testing, building understanding to build better concepts must be a key part of any down select
      3. An actual time table is the final piece
      4. Good point.
      5. Setting technology goals and deciding on future funding based on performance against objectives is currently missing.
      6. Early decision making does not have to be permanent downselecting it can be staging to bring one technology along first and then take up the next one once the first has moved to a logical place.
   14. Industry "pull" and engagement up front to clearly define performance and cost barriers that require R&D and will enable commercialization
      1. Really, a Clear Path to Revenue !
      2. Provide a predictable path to cross teh "valley of death."
      3. Industry input, guidance and comment is vital to help technology move from proof-of-concept and lab scale to pilot and then early commercialization, to ensure that technologies will have value in the market.
      4. Agree - Suggest interacting with regulators early too to define the challenge.
      5. Very important in defining what problems need to be solved, but not how to solve them.
      6. This is really "path to revenue" as above
      7. Mutually beneficial industry pull adds significant value if the 'pull' is aligned with long-term national strategy.
      8. Is industry input or funding as well that is being sought?
      9. Maybe we could get industry agreements up front about what level of research success would have to be reached to pre-trigger industry finaincial support commitments.
      10. Industry may not have the crystal ball to know what to pull, this will limit innovation.
      11. Need to engage industry beyond nuclear vendors and supply chain to find out their energy and service needs
      12. Absolutely. Most NLs and many universities have very little idea of what is like to work in the REAL WORLD (industry, vendors, regulator). This input needs to be included early on and continuously through the R&D process.
      13. Industry doesn't know what they want.  They want to spend less money making electricity, and are very happy with the status quo.
      14. It's clearly important to add a "what's possible" part to any research.
      15. fully agree with this idea.  If the goal is to commercialize than the R&D must address barriers(near and long-term) to commercialization.  U.S. industry has the best view of what it takes to commercialize technology.Revenue is a good thing for those U.S. companies that have to compete in the market.  Universities and national labs should work on those R&D challenges that will deliver impact.
   15. Clear prioritization/direction of this goal because _this objective_ will fulfill a clear national policy priority
      1. This comment applies to several of these ideas: narrowing down options too early can be a mistake.
      2. too generic
      3. We still need to have a pocket of money for unfocused, "crazy" ideas. Otherwise, we will not have enough innovation
      4. Narrowing options early may be a mistake, but establishing a clear goal (what problem are we trying to solve) up front is important
      5. Again, who provides the priority/direction (DOE, Industry, Lab, other)?
      6. Important for this is who sets priority and direction.
   16. Investment in prototypes as a basis for validation and verification of analytical models - achieve balance between facilities and models
      1. This will assist in completion of the full-scale design and is vital to an efficient licensing process.
      2. some prototypes will be needed to see things move forward
      3. We all agree that modeling and simulation, if appropriately used will help innovative R&D, but at the end of the day we will need to build something, and depending on how disruptive the idea is, this may need to be a prototype.
      4. prototypes for entire systems - not just reactor ....
      5. Definitely need V&V, but the regulator will be mandated to have data before fully licensing a new technology/material.
      6. A prototype before commercialization of one technology is important, but building prototypes for multiple technologies may be prohibitive and unnecessary. A downselection process needs to be implemented at some point
      7. Finally, someone recognized that we need to stop playing in the sand and need to do something tangible
   17. Sustained focus (with stable, continuous, predictable funding) on an impactful outcome with accountability
      1. This would be a game-changer
      2. Extremely important. We tend to support the flavor of the week ideas, many times based on the reputation of the person/institution proposing the idea, not so much on the idea itself.
      3. Predictability of funding needs to have a feedback loop based on accountability...avoid complacency by keeping the focus on progress towards a long term strategy.
      4. This would have to provide some intelligent allocation of efforts to non-LWR technology (which currently is the only thing really being studied by major research)
      5. i like the concept of accountability
      6. Predictable funds is nice, but the feedback loop is essential As per comment 3.  Need to continously justify next level of funding.  But can't let every setback end the effort.
      7. this occurs if we have a long term energy policy
      8. Need to have a process to redirect work based on results
      9. This is the opposite of the high risk, short term decision model that was well liked.
      10. Predictable funding is the most important part.  Knowing ahead of time how winds blow helps people create ideas and minimizes the stop and start mode of operation that current funding operates in (e.g., waiting for Congress and the next continuing resolution.)
      11. this is exactly what we need
      12. R&D needs to be focused and long-term.  This will drive funding.  Accountability is a must.
   18. Develop a technology development and engineering hub (CASL model) involving industry, labs, univerisities, and regulators to prototype innovative design features for new components/systems that can generate baseline data, serve as proof-of-concept, and focus on well defined challenge problems to focus R&D.
      1. I don't think hubs promote innovation. Once you are in, you are in and you will get your piece of the pie. Thus there really is little incentive to innovate.
      2. The main issue with CASL is it is light water (in fact PWR) specific. It only provides some innovation in simulation, but is not much more advanced than state-of-practice methods
      3. consensus - only works if there is clear direction and vision
      4. I just don't see the hubs as being successful.   None of them have produced any breakthroughs so far.
      5. Hubs keep some innovators out.  It is difficult for people not involved at start-up of the hub to break in and contribute.  Funding is based upon the number of institutions involved at the beginning, and adding people is very difficult.  Moreover, it is hard to get rid of poor performers, which ends up inhibiting innovation and wasting money.
      6. This idea promotes the integration of the needed skill sets to take ideas from concepts to reality, which is positive.
      7. agree with 4 "don't see hubs as being successful" and "dedicated research teams" are problems for some of the hubs.
      8. Main driver for getting all parties together is to define a problem and then innovation to solve the challenge
      9. Funding would need to much larger than existing hubs to support validation experiments and advance to stage of demonstration.
      10. Dump hub
      11. Hubs may restrict implementing more innovation in R&D paradigm as fewer input sources will be contributing
      12. Hubs make the "rich richer" and exclude a lot of smaller universities.  "usual suspects" will continue to get all funds.
   19. Long-term National Energy Policy
      1. This is badly needed!
      2. Still provides no plan for how it is organized. Also, non-regulatory issues plague nuclear power --> non-integral design
      3. A game changer and a way to help inform capitalism alone as the driver of our national strategic energy mix.
      4. Long term energy policy is essential in order to shape and drive research and achieve cost-competitive, environmentally sound, energy secure and diverse energy generation infrastructure.
      5. There needs to be a specific purpose or goal for nuclear energy R&D, i.e., why are we doing it and what would it achieve?
      6. This is a crutch
      7. this has to be the starting point.  if you lack the direction then no amount of funding, focus, test reactors, etc., will result in the needed progress.
      8. This will tend to get skewed by people wanting help for their technology and not the other guy.  Would be useful if it could actually be done in an independent manner.
      9. yes, this is foundational
      10. This would provide a lot of what is identified elsewhere like focus and predictability.
      11. Nuclear is a part of the all of the above, on paper that is
      12. Essential, but is it key to moving an R&D program forward with lower cost and shorter time frame.
      13. This will provide the direction needed for focused RD&D in nuclear energy
      14. This is the key issue that drives everything else.
      15. Where do folks suppose this will come from? Who will come up with it? And what if you don't like it?
      16. Agree it's needed, but it's just the beginning.
      17. This is key, but is it feasible?
      18. National policy needs to cross administrations for long-term R&D
      19. Let's focus on what we control or can have an impact on, not deflection.
      20. Due to partisan nature of political system, long-term is ~ 14 months.
      21. Yes, this is THE key
      22. This is essential to everything we have talked about ... or will talk about!!!
      23. Need execution of a National Energy Policy
      24. doesn't a national energy policy risk having all direction come from above, instead of generating ideas from below, resulting in less innovation?
   20. Funding is the number 1 key issue-
      1. Agree -- need a suggested solutiuon
      2. Direction is the number one key issue.
      3. Funding is important, but funding needs focus
      4. Funding for what? basic research, demonstration, licensing?
      5. disagree - clearly define the challenge - then fund and commit.
      6. funding without goals is often not a good use of funds
      7. Funding levels follow policy and priority setting
      8. lack of clear objective is a greater issue.
      9. The program should focus on achieving on goal and stop funding in areas that will never be implemented-
      10. You have to have a clear objective, then fund it and stick with it.
      11. There are many examples of poorly funded entreprenaurs leading us down the pathway of innovation.
      12. A Clear Path to Revenue (from the sale of the commercialized tech) will increase the focus as well as the funding.



FA3-Q2
Provide an example of an innovative R&D paradigm used by other industries that nuclear energy R&D could be modeled after.
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1. Albuquerque / University of NM
   1. Open hardware/open source model.  Not sure how well that translates to nuclear energy development, though.
   2. Build a demo so that people understand how it works and then researchers have something tangible to try and improve upon.
   3. All R&D workers are given 20% of their time to pursue their own ideas.
   4. Provide a unique working environment to generate innovative ideas (Google, etc)
   5. Encourage high risk/high payoff R&D like DARPA. Use the Heilmaier Criteria to determine the values and priorities for the project.
   6. Industry/Business leadership for developing products that are market driven (i.e., market-product fit focus)
   7. Diversity! Not the whole answer, but diverse teams have been shown to be more creative. That would include gender, ethnicity, intellectual approaches, and perhaps wildly interdisciplinary, including humanities people!
   1.1. Top 3
      1. Crowd sourcing solutions is an innovative paradigm adopted by DARPA and some industries to get maximum exposure and potential solutions for highly complex difficult technical challenges....this is something DOE should do in parrallel with their own R&D program for critcal complex challenges
      2. Video game development... again, this industry show incredible creativity, prolific output and amazing rates of improvement and development of complexity.
      3. Blue-skying here... computer-based special effects industry? It just gets better, and better and better. there must be some good processes there.
      4. Apply advanced project management principles to evaluate multiple alternatives/paths with periodic off-ramps (fail early, fail cheap) - break the series paradigm versus a parallel path paradigm.


2. Boise / Boise State
   1. Like Apple, Samsung, or Toshiba, have a number of technology advances (to an existing product or to new products) always in the process.
   2. NSF panel review process
   3. EPSCoR program (used by NASA, NSF, etc.) provides funding opportunities for states that do not traditionally have large research programs
   4. Focus on user utility, such as Apple products.  Create flexible designs to enable user to maximize utility.
   5. reality tv model - have a sponsor fund idea concepts that would be competitively funded
   6. Develop a strong marketing/PR campaign to educate and get the general public excited about the opportunities of nuclear
   7. The Pharmaceutical Industry.
   8. All R&D workers get 10% of their time to pursue their own ideas as is the case at 3M, for example
   9. NASA's Commercial Crew and Cargo Development Program, guaranteed awards for any company that meets a specific tech target, increased challenge of goals and awards.
   10. model after the Gates Foundation process of identifying and selecting Grand Challenge ideas
   11. The FE coal program that has implemented the carbon capture program for the power industry
   12. Set an apparently unachievable, high stakes objective and progress to remove the barriers to development - maybe all homes, industry and businesses to be energy independent.
   13. EPAct 2005 Title X Technology Commercialization Fund
   14. all r&d paradigms will work as long as they are paired with the appropriate demand signal. if this is absent it must be replaced with policy and leadership from a national level
   15. ARPA-E for nuclear
   16. Roadmapping as in the military or NASA , winnowing out the unpromising ideas as the roadmap progresses- stakes of a successful outcome are very high.
   17. learn from naval reactors
   2.1. Top 3
      1. Procter & Gamble/3M use 80% directed research/20% blue-sky.  Directed research work has stage gate milestones and clear business cases with some flexibility for innovation.  Blue-sky is wide open assumed to be an opportunity cost.
      2. X-Prize for space travel . . . concept could be applied to "micro reactors" or other concise but daring challenge. Select group identifies objective based upon assessment of overall impact, including building excitement about nuclear energy possibilities.
      3. model after defense and NASA technology development and deployment -- importantly a) long-term, objective focused but performance based; b) mature funding business model / process; c) basic- through applied; d) appropriate combination of government, industry, and academic roles; highly functional elements (DARPA, etc)


3. Boston / mit 
   1. NIH peer review process rather than DOE roadmap process
   2. Regional funding of major demonstration projects (X billion, y years) where Federal provides a pot funding, region provides pot of funding (state and private), and regional group of states chose specific projects. It is a more decentralized strategy for major new project demonstrations. Need a couple of billion per year at the federal limits.
   3. Set an audacious goal and then establish competing, multi-disciplinary teams that have design and technologist providing push-pull to identify opportunities and overcome issues.  Set firm dates for bake-offs of the concepts and be willing to terminate ideas to allow more focus on the ones that are making more progess.  This has worked well for Naval Reactors.
   4. Establish dynamic competitive cost-sharing funding programs.  If one technology proves unviable, funding may be re-appropriated to other technologies.
   5. Start by considering the capability, i.e., the nuclear heat source, then look at the broadest range of applications for heat that one can imagine (not just where nuclear has been used before), in addition to using it to drive a steam cycle for electricity production (e.g, process, desalination, hydrogen, heating, ...) and then consider how these applications may either be supported by nuclear or used in combination, e.g., to allow a base load plant to load follow on electricity while supporting another purpose.  This is a paradigm that mimics examples of taking technologies developed for one purpose and being applied to others.
   6. EPRI model where subscribers voted on which projects to fund.
   7. X prize for nuclear energy projects, e.g., micro reactors for distributed energy
   3.1. Top 3
      1. strong involvement of all stakeholders in the definition of the R&D program objectives - use an open mechanism (welcoming input from all the following categories, rather than inviting only certain individuals) to accept input from labs, academia, DOE, industry, utilities, policymakers, and other potential customers
      2. NORA (Northeast Oil Heat Research Alliance) model.   Legislation was passed that enabled oil heat dealers (who were facing decreasing market share) to fund a central research program by 1 cent per gallon tax.   Projects are selected by a board of directors from presentations by researchers.
      3. An effective paradigm may be to start with an identified need or goal and use that to drive the creation of the R&D program, similar to what NASA did for the man on the moon, or what the military often does for new weapons systems.  This focuses activities toward the stated goal(s) and seems to increase the probability of success.


4. Columbus / Ohio State
   1. Goal-oriented R&D plan with clear measures for success.
   2. In the DOE Nuclear Complex both DWPF and SWPF had tenth scale and full scale non-radioactive models on which multiple tests were run as well as proof of principle exercises and ultimately trial runs of certain activities and maintenance evolutions.  They paid for themselves many times over.   These facilities were paid for and operated at the vendor's expense.  Although reviewed and observed by the regulator (DOE and DNFSB), the facilities were not subject to any regulations by either.
   3. Electronics Industry innovates at a high speed.  There is very little Regulation Compliance Costs (relative to Nuclear) in this industry.  Invested dollars result in their return more readily.
   4. Highly focused R&D on specific technology objective to better utilize funding and reduce time to completion. Multiple examples in military/defense application development.
   5. International collaborations on specific projects, as some other industries (electronics) appear to be doing
   6. Utilities work collaboratively to build one test facility that can be used to pilot test and evaluate multiple environmental control technologies rapidly and under field conditions.  This leads to industry-wide understanding of the pros and cons of pre-commercial technologies.
   7. As an industry person, this is probably the sure fire way to make sure that the utilities stay away.  They have to have reaal projects with return on investment to get agreement from public utility commission.
   8. Adopt R&D models from the automotive industry that has to balance (cost, feasibility, competition, public safety, regulation, etc.) with a product cycle under half a decade. The automotive industry has dramatically decreased fuel consumption, decreased emissions, created hybrid and electric cars, employed new materials like composites, aluminum, additive manufacturing, and has adopted labor reducing robotics.
   9. Public outreach has worked well for NASA to build up long-term, well-funded R&D programs
   10. Solution-driven process like the auto and aircraft manufacturing industries. This promotes the effective use of prototypes, simulations and adaptation of existing solutions in cross-cutting technological areas.
   11. Entropic-based (combinatorial) models and development paradigms exist in many industries (pharmaceutical, artificial intelligence, financial, etc).  Introduce more combinatorial learning into research and development.  This maximizes sample numbers without introducing greater cost.
   12. Consider the semiconductor/electronic device market:  Determine what the ideal goal is (e.g. have a tablet with touch sensitive glass), determine if the technology is available (e.g. conductive glass prevented the Newton from working), and don't develop the full product until all theoretical/practical technical challenges are solved (memory, battery, and glass problems were solved).
   4.1. Top 3
      1. Truly integral design, which includes system level and component level design & certification (hybrid car, aerospace) allowing for specific innovations in exisiting components and designs
      2. Pharma: multi-phase product development. Many small start-ups that will be bought out once they get to Phase 1, and then fewer ones that get bought out when they get to Phase 2 etc. Can we define "success phases" in nuclear, which somehow then translates to revenues on the shorter time-scale.
      3. Engaging the public in research can build understanding and interest in nuclear. An example comes from the stardust spacecraft where impact micrometeorites were found by engaging "dusters" on the web to search through microscope pictures to find them. An algorythm could have been built, instead a huge group of program advocates were built.
      4. Well defined technology development goals that are sustainable to better utilize funding/resources, e.g. automotive industry, defense/military applications, use of tenth scale and full scale non radioactive models.


5. Corvallis/Oregon State
   1. Competative reward-based research such as X-prize for space travel
   2. Utilizing the Decadal Survey approach to setting long-term sustainable R&D priorities and funding allocations (as used by the high energy physics and space science communities).
   3. Possibly pharmaceutical industry, but there are some constraints on that industry that don't translate to the nuclear industry, like insurance company influences, clinical trials, etc .....
   4. Reduce the types of designs on GEN IV reactors, to focus on 1 or 2 best ones and to accelerate the commercialization process.
   5. The engineering driven science based approach needs a connection to the Office of Science, industry advocacy and a path to increment regulatory risk reduction.  The industry connection needs to provide a path for incremental financial risk reduction.
   6. like open source community: use consensus and group-approval to start with setting high-level goals, derive strategies from those goals, implement those strategies, and decide when a change in course is needed.
   7. space industry - non-customer facing, high safety needed, military involvement/procurement
   5.1. Top 3
      1. We need to accelerate the Nuclear R&D process by doing, learning, fast feedback, improve, move forward (not study to death,  This is the model of our competitors around the world in many energy areas)
      2. R&D driven by line of sight to application/commercialization. Analogy is that NRC research is driven by specific regulatory user need.
      3. Learn how pharmaceutical industries under the heavily regulated environment develop seed ideas into commercial products, utilizing simulation technologies, clinical tests, etc. and how public perception toward risk is integrated in the development process. After long development time, patent could expire soon.
      4. Naval reactors.  They take a disciplined long term approach that values performance based outcomes and technical competence/quality


6. Raleigh/ North Carolina State
   1. Shark Tank model - when sharing or only using other peoples' money you give up shares in the return
   2. The Pharmaceutical Industry
   3. Skunks work/Manhatten project - big, impossible challenge with focused leadership and funding for a critical outcome
   4. Adopting technologies from other industries, such as many people at this workshop have mentioned “additive manufacture” to nuclear energy industry, or years ago implantation doping technique for semiconductor industry.
   5. The dot com explosion. Anyone with a good idea was able to get some venture capital and run with it. Afterwards, the truly good ideas became successful and stayed, and the not so good ideas failed...
   6. Bell Labs reincarnated
   7. FE model
   8. Establish a reactor development testbed that provides facilities for federal and private organizations to test and demonstrate technologies, permits failures, attracts the talent to a single location, and enables effective collaboration, as Silicon Valley has done.
   6.1. Top 3
      1. The early Apollo space program - high level vision implemented with focus nationwide to be the first to land on the moon.
      2. Incubators with easy access to seed funding and the ability to develop ideas quick and fail fast.  R&D with gated review and the ability to redirect priorities.  Other industries that do this:  software and solar power.
      3. Utilize the DOE Fossil Energy Model: 1) Key performance criteria necessary to insure competitive coal based power generation are established by NETL, with classes of technologies that meet these criteria identified with in house modeling; 2) Technology roadmaps are identified complete with funding profiles, utilizing a "walk, crawl, run" , 3) funding is highly allocated to a competitive FOA process (~90% of NETL budget).  Additionally, NETL has been successful in setting up national user facilities (National Carbon Capture Center is current effort.  Previously High Sulfur Test Center) which creates the infrastructure necessary to support early developers.  The FOA process then encourages developers to utilzie the facility and take advantage of the overhead that has been previously bought down by DOE.




FA3-Q2- Top 3
 Provide an example of an innovative R&D paradigm used by other industries that nuclear energy R&D could be modeled after.
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1. Top 3
   1. We need to accelerate the Nuclear R&D process by doing, learning, fast feedback, improve, move forward (not study to death,  This is the model of our competitors around the world in many energy areas)
      1. Yes! For example, we still study many advanced reactor designs that we know will never make it to commercial market. We must encourage new ideas and admit when an idea is no longer worth the invested funds.
      2. the key to this is a rapid method to understand material response
      3. Agree we need a process to make decisions and move on.
      4. What if we took an historical look at how our industry evolved in the 50s & 60s as a hotbed of innovation?
      5. Goes to a culture of failure acceptance, or perhaps redefining the connotations of failure in nuclear R&D
      6. Build something first so that we can can run this process against
      7. Have to reform licensing to accomplish this, that's the roadblock to faster innovation
      8. Who pays?
      9. materials, chemistry, radiation damage, and integrated system responses often lead to the unknown unknowns.  Novel ways to get to these has been hard to come by, but we need to keep looking.
   2. R&D driven by line of sight to application/commercialization. Analogy is that NRC research is driven by specific regulatory user need.
      1. Commercialization needs
      2. The trouble with the NRC program is that is focused on immediate needs, not intermediate or long term.
   3. Learn how pharmaceutical industries under the heavily regulated environment develop seed ideas into commercial products, utilizing simulation technologies, clinical tests, etc. and how public perception toward risk is integrated in the development process. After long development time, patent could expire soon.
      1. Yes, they also have stage gate approach to regulation, where companies get a clear and fast yes or no at several stops along the way
      2. The primary difference is that pharmaceutical companies have opportunities to solve thousands of diseases.  Currently our energy market is based on how do we spin a turbine.
      3. Great example/comparison.  Drug effects can be complex and hard to identify, and public safety is very important.  Yet, we recognize the value of the product.
      4. Intrinsically Pharma has really clear goals in each stage of research and development. First the drug has to "work" in vitro, then in vivo, then not be toxic, then move through trials, and cost is not much of an object if the drug is unique as it will be passed on.
      5. FDA also insists on early contact and collaboration with industry to get to the point of making decisions that keep forward momentum.
      6. Pharmaceutical industry also manages to align government research with their interests (government interest in brain research coinciding with industry interest in developing drugs for Alzheimer’s)
      7. Pharma also has a product with potentially huge payoffs - not a commodity like electricity
      8. Agree with #7.
      9. Pharma model also = spend much more on marketing than R&D, charge arm and leg for product.
   4. Naval reactors.  They take a disciplined long term approach that values performance based outcomes and technical competence/quality
      1. Are they innovative? Are they cheap?
      2. Yes, but arguably without flexibility or innovation
      3. Naval reactors have achieved success by narrowing options and focusing on very few. The stability and long-term funding associated with this has given some successes, but when the model was applied to the DOE reactor program in the late 1960s, it was a disaster.
      4. the NR approach has been to set an audacious goal and then set up competing teams of designers and technologists to independently come up with concepts encouraging push-pull between designers and technologist to creatively attack problems.  Firm bake-off dates are established and concepts with the most promise are down selected.  From time-to-time the losing concepts are revisited and sometimes they come back into the competition.
      5. NR R&D budgets are far from unlimited and for at least 2 decades the DOE-NE discretionary R&D budgets have been substantially larger.  The ability to have a long-range budget focus on a limited number of goals has been one of the keys to success.  Although a difficult model to implement for NE because of all of the pressures, it was a similar model during the AEC days that led to substantial success, e.g., FFTF, EBR-II,ATR, HFIR, state of the art hot cells in several locations.
      6. with very little cost restrictions - their objective is not to have a marketable product but to have a highly reliable product - not sure that works in the market
      7. Not a good model for commercial power - different requirements
      8. For commercial power, costs may be more of a factor than in NR
      9. This model incorporated into the national lab structure (i.e. INL) has actually hurt research and development
      10. Defense mission is fully public-sector, unlike energy.
   5. Crowd sourcing solutions is an innovative paradigm adopted by DARPA and some industries to get maximum exposure and potential solutions for highly complex difficult technical challenges....this is something DOE should do in parrallel with their own R&D program for critcal complex challenges
      1. proprietary issues?
      2. a related place to learn is open source development (software, etc.)
      3. Would companies be willing to collaborate if they plan to compete later? IP issues
      4. Opportunity for an NE User Facility at INL?
      5. Long term financing is an issue with crowd sourcing.
      6. Not sure if it works at multi-billion $$ scale
      7. This may work for subset problems within energy, I'm not sure how it would work for a new plant design.
      8. Need to get back to high risk, high return mentality (90% failure, 10% success), versus the current 7 success expected for every 3 failures.
   6. Video game development... again, this industry show incredible creativity, prolific output and amazing rates of improvement and development of complexity.
      1. What specific lessons are learned here, or could be applied to nuclear R&D?
      2. Video game development is based upon capture of user needs - which aren't known a priori by computer programmers.
      3. Video games are working only with bits, not the complexity of materials, physics, and practicality that are nuclear reactors. So changes and flexibility are easy. Also, the video game creators are largely young men creating for young men, vehemently so. I would argue the converse: that many studies have shown that diversity fosters creativity. How about considering some poets on the design team?
      4. The creativity demanded by video game development is the opposite of the fundamentally conservative nuclear enterprise.
      5. Video games are cultivating advancements in music, modeling, and data management, to name a few.
      6. The product is far from analogous to the nuclear industry, but that's not the point. The point is they are very good at R&D. It is a strong culture of creativity. There must be some real gems in the way this industry works that could transfer
      7. Videos games are one of the two things that drive most of the innovation in the computer, graphics, and internet world.
      8. On point 3 here, the point is not that the product is analogous with a NPP. The point is that these industries showing amazing creativity, they are very nimble. There must be some real gems in terms of their R&D process that could transfer
   7. Blue-skying here... computer-based special effects industry? It just gets better, and better and better. there must be some good processes there.
      1. Perhaps in simulation technologies?
      2. What are they?
      3. benchmarking opportunity?
      4. from the little I know: they have space to develop algorithms, and when something works there's rapid and widespread adoption
      5. What if we allowed modeling & simulation to sit side by side as appropriate testing mechanisms in the eyes of NRC?
      6. Simulation Software could be very useful
      7. Needs creative people, are these always STEM graduates, or do we need the challenge from other disciplines
      8. What model do we extrapolate form this industry to nuclear?
      9. This may apply to individual challenges within nuclear.
   8. Apply advanced project management principles to evaluate multiple alternatives/paths with periodic off-ramps (fail early, fail cheap) - break the series paradigm versus a parallel path paradigm.
      1. I think we probably need both - an early, high-risk, incubator system for initial concepts that transitions to long-term stable funding once an idea has shown sufficient promise.
      2. We definitely need to have multiple products in the pipeline that are advances to current products or entirely new products.
      3. The mitigation strategies can become the mainline strategy, if successful.
   9. strong involvement of all stakeholders in the definition of the R&D program objectives - use an open mechanism (welcoming input from all the following categories, rather than inviting only certain individuals) to accept input from labs, academia, DOE, industry, utilities, policymakers, and other potential customers
      1. Diversity - YES!
      2. what is the successful example here from another industry?
      3. Include the public?
      4. How do you downselect the ideas, there are sure to be many proposals and only a few are achievable.
   10. NORA (Northeast Oil Heat Research Alliance) model.   Legislation was passed that enabled oil heat dealers (who were facing decreasing market share) to fund a central research program by 1 cent per gallon tax.   Projects are selected by a board of directors from presentations by researchers.
      1. This works in regulated markets, merchant markets wouldn't have consistent profit margin to sustain a long-term effort.
   11. An effective paradigm may be to start with an identified need or goal and use that to drive the creation of the R&D program, similar to what NASA did for the man on the moon, or what the military often does for new weapons systems.  This focuses activities toward the stated goal(s) and seems to increase the probability of success.
      1. I like the idea, perhaps clarify/confirm that the goals need to be very challenging, assumed impossible.
      2. this seems to be a recurring theme among many of the ideas - just need to come up with the need/goal
      3. Requires government willingness to commit to spending this kind of money
      4. Building a coal plant is an order of magnitude or two cheaper than doing nuclear. Bring on the money!
      5. The key is getting everyone (DOE, Congress, administration) to agree on a goal that is worth going after.
   12. Procter & Gamble/3M use 80% directed research/20% blue-sky.  Directed research work has stage gate milestones and clear business cases with some flexibility for innovation.  Blue-sky is wide open assumed to be an opportunity cost.
      1. I have heard of similar models used by IBM.
      2. Maybe a component to a national R&D program could include blue sky ideas that are competed only on the expertise of the team.
      3. Used to be done at US national labs.
      4. The idea of the 3M is not that the blue sky ideas compete for funding or that this is some variation on the labs' LDRD programs. At 3M it's FTE's that are available through the set aside of 20% of the investigators' time for blue sky research of their choosing.
      5. Interesting, but what is the overhead for P&G and IBM?
   13. X-Prize for space travel . . . concept could be applied to "micro reactors" or other concise but daring challenge. Select group identifies objective based upon assessment of overall impact, including building excitement about nuclear energy possibilities.
      1. As with the Gates Foundation model, a council selects grand challenges and opens an incentivized program to novel ideas. Clear metrics for outcome evaluation are essential.
      2. Create a challenge to solve global problems: in this case, climate and energy access.
      3. The problem I see for the X-prize is that the reward money is far less than the investment money needed...someone else must pay for the research to get what basically amounts to expensive press.
      4. unlike experimental airplanes that can be built by students for a few thousand bucks, the number of people that could pay the ante for a real nuclear prototype would be very limited.  Nuclear does not need any more paper reactors.
      5. Yes, for X-prize, the award was $1 million, and all the competitors combined spent over $100 million. A nice way to leverage private capital, but it takes a lot more than $1 million to develop a reactor prototype
      6. as an addendum, a series of Energy Nobel Prizes.
      7. Access to nuclear fuel materials will be tricky.
      8. What is the lesson? Micro-reactors may solve space travel?
      9. The goal should be to achieve something operational in nature, possible, and limited (also see DARPA UGV challenge or Kremer Challenge).
   14. model after defense and NASA technology development and deployment -- importantly a) long-term, objective focused but performance based; b) mature funding business model / process; c) basic- through applied; d) appropriate combination of government, industry, and academic roles; highly functional elements (DARPA, etc)
      1. Good idea, perhaps recognize that the government-funded part may be a sunk cost.
      2. along these same lines, DOE-NE should consider EPSCoR funding, similar to what is done by NASA, NSF, etc.
      3. Defined technical readiness levels for stages of maturity of technology!
      4. EPSCoR funding is for infrastructure and is not very productive for actual research
   15. Truly integral design, which includes system level and component level design & certification (hybrid car, aerospace) allowing for specific innovations in exisiting components and designs
      1. Is this not done already?
      2. Where is the evidence that this has been done effectively and implemented? AP-1000 was not truly integral (pump design), and no SMR reactors have been built.
   16. Pharma: multi-phase product development. Many small start-ups that will be bought out once they get to Phase 1, and then fewer ones that get bought out when they get to Phase 2 etc. Can we define "success phases" in nuclear, which somehow then translates to revenues on the shorter time-scale.
      1. This sounds very similar to the pyramid model that was discussed on the previous question. High risk - high reward. Lots of different initial investments followed up with larger investments in the most successful concepts
      2. I think this has huge potential for how we reform NRC and licensing, making it more friendly for smaller developers to prove initial concepts and raise further funding in small discrete steps
      3. The national facilities can be used to support small startups in retiring risk in earlier phases
   17. Engaging the public in research can build understanding and interest in nuclear. An example comes from the stardust spacecraft where impact micrometeorites were found by engaging "dusters" on the web to search through microscope pictures to find them. An algorythm could have been built, instead a huge group of program advocates were built.
      1. Can this be tied to crowdsourcing ideas mentioned in other ideas?
      2. This might assist in community literacy or make the public feel engaged but won't contribute to a meaningful R&D effort to address complex, highly technical issues
      3. This may bring someone to the problem that the standard research interactions may not.
      4. Interesting approach that could be effective.
   18. Well defined technology development goals that are sustainable to better utilize funding/resources, e.g. automotive industry, defense/military applications, use of tenth scale and full scale non radioactive models.
      1. Intermediate-scale and larger experiments are extremely important to get to commercial scale.
      2. Nuclear already makes use of scale models and testing.
      3. The goals and the methods are disconnected for military contracts....F-22, Joint Strike Fighter
   19. The early Apollo space program - high level vision implemented with focus nationwide to be the first to land on the moon.
      1. Love this
      2. What would be the goal?  Why would the USG support it>
      3. Problem with Apollo model is that it was crazy expensive and we haven't been back in 30 years. Does not apply well if the goal is to develop a commercially successful product. Apollo works to prove the impossible is possible, not that the impossible is cheap and people want to buy it
      4. There needs to be a race to drive the innovation
      5. But we are now running Space x, so to follow paradigm, gov builds the first several and then turns it over to private sector. Love it
   20. Incubators with easy access to seed funding and the ability to develop ideas quick and fail fast.  R&D with gated review and the ability to redirect priorities.  Other industries that do this:  software and solar power.
      1. software and solar both have low upfront costs, how can you do seed funding for something that needs a few hundred million just to get licensed?
      2. Licensing is not the issue for innovation.  Getting ideas developed is.
      3. Agreed, this is not a regulation issue
      4. There is a lot of technology that can help nuclear that does not need large amounts of money to be adopted.
      5. The barriers to entry into nuclear markets are fairly high as compared to other industries.  This means that only companies with deep pockets are able to participate.
   21. Utilize the DOE Fossil Energy Model: 1) Key performance criteria necessary to insure competitive coal based power generation are established by NETL, with classes of technologies that meet these criteria identified with in house modeling; 2) Technology roadmaps are identified complete with funding profiles, utilizing a "walk, crawl, run" , 3) funding is highly allocated to a competitive FOA process (~90% of NETL budget).  Additionally, NETL has been successful in setting up national user facilities (National Carbon Capture Center is current effort.  Previously High Sulfur Test Center) which creates the infrastructure necessary to support early developers.  The FOA process then encourages developers to utilzie the facility and take advantage of the overhead that has been previously bought down by DOE.
      1. Not sure how this is different than current DOE-NE programs, such as ATR-NUSF
      2. Not sure that the rocky road of carbon capture is a model anyone would want to follow
      3. Several vendors have expressed interest in user facilities - not just irradiation (ATR), but for other technology development.



FA3-Q3
What are one or two infrastructure gaps (physical and intellectual) within the US, that if filled would allow for the adoption of a faster and cheaper R&D paradigm – or how could existing infrastructure be differently utilized for this purpose?
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1. Albuquerque / University of NM
   1. Readily available seed funding for blue-sky ideas.
   2. Lack of well educated, qualified university graduates that “dream what could be” and know how to start the process to attain the objective. Look at how Silicon Valley works and the type of graduates that go there.
   3. A location to build demo reactors (security, EP, BOP, infrastructure, etc)
      3.1. Also, perhaps some built in failure-tolerance (the ability to test things to failure safely).
   4. At one time, the national labs had large, coherent, broad programs directed toward particular goals, but with latitude to explore various ways of getting there. Oak Ridge's various reactors in the 1960s, UHTREX and NERVA reactors at Los Alamos, and other programs like Laser Isotope Separation and Hot Dry Rock, are all examples. These programs typicall addressed the gap between basic and applied research and did some of both, pre-commercially.
      4.1. Need more than just yearly appropriations - multiyear funding is key.
   5. Gap in public acceptance of nuclear limits Congress's willingness to fund nuclear energy.
   1.1. Top 3
      1. A high performance (fast, high flux, multiple coolant test loops) test/user facility to enable technologies for high performance advanced reactors, coupled with advanced modeling and simulation.
      2. Knowledge transfer vulnerabilities from late to early career (next generation) and the lack of hands on experience that new personnel don't have the benefit of (intuition development)
      3. Post irradiation examination facilities with characterization equipment for analyzing highly radioactive materials.  Some facilities are available but they need to be kept up and facilities upgraded as characterization equipment advances.


2. Boise / Boise State
   1. Radiochemistry
   2. Mitigating the perceived difference between renewable energy and nuclear (compared to other countries like the uK)
   3. Getting the best and brightest to enter the nuclear energy sector and stay there (and stay in the US)
   4. New pathway for establishing NRC ability to license advanced concepts (e.g., some kind of structured engagement with DOE/private partnership)?
   5. (intellectual gap) lack of understanding from the general public on the details of the nuclear process, its benefits and the burdens.
   6. Expanded programs to allow researchers access to unique national capability (expanded user facility model)
   7. extreme costs and barriers  to ship materials back and forth between research labs and reactors
   8. A nuclear neighborhood on DOE Land.  There's a misperception that simply locating a demo advanced reactor on DOE obviates the need for an NRC commercial license.  Let's establish a pathway for 3rd parties to place their test/demo facilities on DOE land.
   9. An NRC pathway so that investors would be more willing to provide the upfront capital that's necessary for cost share
   10. An analogy for that new contract mechanism that made it into our top 3 has an analogy in the new ACT contract mechanism.
   2.1. Top 3
      1. Technical:  New nuclear plants need new licensing regulations.  New licensing regulations require data.  Right now the current capabilities to generate the samples (research reactors) and analyze them (hot cells) are limited and often require considerable transport logistical challenges and high costs (often need international shipments too).  Intellectual:  Nuclear science and engineering needs to be prepared to accept input from non-STEM graduates and encourage Nuclear STEM graduates to broaden and diversify.
      2. New DOE contact mechanisms that improve the ability of private companies to get access to capability or real estate
      3. Policy based incentive as part of clean energy mix  which broadens the recognition of nuclear (that would be reinvested into the nuclear energy sector)


3. Boston / MIT
   1. fast neutron test reactor
   2. in-situ sensors for in-core testing that would avoid having to conduct expensive destructive post-irradiation examinations
   3. Federal position that instrumentation purchased for a project is to be used only for the project, not general use
   4. better modeling or sensors/probes to extract more information from ion irradiation of materials simulating neutron irradiations
   5. Fast neutron irradiation capability with sufficient / prototypic (for critical reactors) flux conditions to support fast reactor development, a key part of many advanced fuel cycles.
   6. More regulatory R&D for advanced reactors and technologies
   7. radiation chemists
   8. Synchrotron beamline for more highly radioactive materials to increase access to advanced X-ray characterization techniques for materials research
   9. fuel cycle science and technology
   10. Facilities for integrated nuclear fuel testing including transients
   11. Centralize hot cell capabilities so that there is a stronger skill base (tech, engineers, scientists...) and less long-term legacy infrastructure to deal with.
   12. Fast neutron irradiation testing with multiple experimental loops for testing a variety of coolant concepts.  Also capable of demonstrating power conversion technologies.
   13. Funding - adequate and consistent - we are competing with nano, bio and info, not to mention attraction of renewables
   14. A more concerted focus on predicting how materials will fail in nuclear environments using both analysis and separate effects testing.
   15. modeling and simulation experts
   16. Fission barrier failure tolerant test reactors would significantly shorten development of game changing designs
   17. Need to seriously consider how to develop an easy pathway to use foreign facilities in exchange for foreign access to selected U.S. facilities. Example, Joule Horowitz reactor coming on line in France--if we build a test reactor with a different set of capabilities, could we get X fraction of their facility for Y fraction of our facility? Industry would never consider looking at only U.S. facilities--why not the same for some set of government facilities?
   18. irradiation experimentalists
   19. Radiation chemistry and materials science, which must keep up with new materials being developed for nuclear technologies and previously uninvestigated exposure modes that may arise from new applications, however the expertise pool and number of facilities is shrinking.
   20. Make fuel that will retain fission products with such high reliability that testing of fission product barrier failure is not needed
   21. Nuclear separations technology integrated testing/demonstration capability at various scales (including multiple solvent/extraction or electrorefining processes).
   22. Swiss Army knife test facility, like the Paul Scherrer institute with mutilple facilities in one place: accerlators, hot cells, reactors
   3.1. Top 3
      1. incubator "swiss army knife" facility: prototype infrastructure at a DOE lab facility with multiple facilities in one place, PIE, security, licensing support, other infrastructure support so that private companies could build demonstration/prototype reactors.  This could become part of an international network of such facilities with international capability-sharing.  Must include materials irradiation and radiation chemistry.
      2. Providing funding for introducing bright and capable undergraduate students into research activities
      3. Development of regulatory guidance for novel designs; and have increased Congressional funding appropriated to the NRC for advanced reactor design research and reviews
      4. Facilities that would allow demonstration of integrated fuel cycle performance for recycle fuel cycles including a fast reactor, i.e., all parts of the fuel cycle represented to be able to show people what such fuel cycles can do.  This would  include developing the pathway for using foreign facilities in exchange for foreign access to the U.S. facility.


4. Columbus / Ohio State
   1. Have more technical leadership at Federal Agencies like the DOE Office of Nuclear Energy.
   2. Irradiation facilities.
   3. Digital Instrumentation and Control Test Facility
   4. Integrate the Regulation development process with the Research and Development process to insure proper and streamlined regulations are adopted as soon as possible.  Also, the scientists and engineers could promote the technology and associated safety issues while it is being developed (and fresh in their minds) to minimize regulations.
   5. Better integration between DOE-NE with NSF and DOE-BES (SC) to define actual intellectual gaps related to nuclear engineering and nuclear reactor development.
   6. Erosion of foundational academic skills (e.g., mathematics, modeling, programming) to support advanced modeling and simulation.
   7. KNOWLEDGE PRESERVATION: Relevant experimental data, numerical techniques, manufacturing, human knowledge
   8. Flexible (multi-concept) demonstration facilities (small to physical prototype) are needed to complete the R&D cycle, validate design/model refinements, and provide training.
   9. Better coordination of existing experimental facility infrastructure - especially across different Agencies of DOE Offices, as well as constructing additional test, particularly irradiation, facilities
   4.1. Top 3
      1. Facility for accelerated study of radiation damage (to accelerate development of improved materials) with in-situ examination of microstructure evolution-- to screen candidate materials, increase fundamental understanding of radiation damage, and enable predictive modeling and simulation.
      2. Knowledge preservation of corporate memory and lessons learned not well captured for industry/government - transfer to next generation is needed. Possible solutions: retirement interviews, teaching specific course segments
      3. Flexible multi-area / multi-concept demonstration facilities (small physical prototype), with improved coordination of DOE, industry, vendors, other government agencies to complete the R&D cycle. These include irradiation, digital I&C, hydraulics, materials, with the goal to improve predictive modeling, and inform decision making of experts
      4. Support the teaching of nuclear science at the K-12 level to enhance the workforce pipeline.  This also includes support and mentoring for science fair projects.


5. Corvallis/Oregon State
   1. Nation has no domestic access to fast neutrons - build irradiation facility
   2. Infrastructure gap: the ability to conduct research that is free to fail and not tied to concrete ("safe") outcomes; intellectual gap of accepting this kind of risk. Solution: funding program specifically for this type of research (blue sky, high risk)
   3. Expand NSUFs to extend beyond in-pile experiments at Reactors. Include additional valuable facilities which require minimal annual fiscal support for maintaining and provide invaluable opportunities for proposers to conduct research activities. (examples include large scale thermal hydraulic facilities, both seperate effects and integral effects)
   4. An intellectual gap in knowing how to build and develop a project. Solution: engaging universities and students as multi-disciplinary teams in building the physical test facilities that are needed.
   5. Universities should involve nuclear departments with new environmental initiatives
   6. Leverage the existing infrastructure of a shut down nuclear power plant  (grid access, cooling water, EIS, NRC licensing, ...) for a cost-shared research platform - containment housing multiple prototype reactors.
   5.1. Top 3
      1. Physical test facilities is a big gap; they allow for testing, verification, and validation and we don't have enough. Solution: expand NSUFs to extend beyond what we have. Further, developing additional facilities and creating international user facilities. This is related to an intellectual gap, because developing testing facilities requires people who know how to use test facilities. We don't have many of those.
      2. Human resources gap (number and attributes of experts). Solution: (Funding support for) Development of modern curriculum for nuclear engineering with emphasis of leadership, social literacy, and innovation, such as Master of Engineering type program.
      3. Key federal agencies (DOE (EM, NE, NNSA, SC), DHS, DOD, NSF.... need a coordinated strategy of investments in nuclear science to maintain the facilities, expertise and next generation workforces needed to meet our countries future nuclear science missions (both fundamental and applied). Build on Lab Commission report suggesting that the Federal Mission Executive Committee ( MEC) better coordinate for the greater good.


6. Raleigh/ North Carolina State
   1. Reconfigurable integral safety testing facility
   2. Fast flux neutron test facility
   3. Test Rx facility capable of testing R&D fuel assemblies, performing PIE, and subsequently storing/treating the resulting fuel
   4. Related radiation effects based on neutron radiation versus ion irradiation tests
   5. Advanced test reactor for a wide range of multi-physics transient processes for evaluation of coupled codes
   6. Hot cell facilities that can accept full fuel assemblies
   7. Material test reactor that can accomodate thermal-hydraulic loop where prototypical fuel and other materials can be inserted for both irradiation effects studies and transient performance.
   8. Cybertest bed connected to realistic test facility
   9. Thermal-hydraulic facilities covering a range of working fluids to support detailed interpretation of CHF experiments.
   10. An NRC pathway
   11. A more effective licensing framework that would enable innovation
   12. Nuclear and radiochemists
   6.1. Top 3
      1. An industry-relevant reactor development testbed that would provide facilities and capabilities to private industry and federal organizations for testing and demonstration of technologies (for both existing and advanced reactors), allow for failure, bring intellectual experts together, and support effective collaboration
      2. Dry zero-power critical facility (possible lift table design)
      3. Missing: Ability to test/get data to validate models/simulations; Solution: A larger scale re-configurable testing platform that can be use to test materials, fuel, thermal hydraulics, irradiation, etc




FA3-Q3 Top 3
What are one or two infrastructure gaps (physical and intellectual) within the US, that if filled would allow for the adoption of a faster and cheaper R&D paradigm – or how could existing infrastructure be differently utilized for this purpose?
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   1. An industry-relevant reactor development testbed that would provide facilities and capabilities to private industry and federal organizations for testing and demonstration of technologies (for both existing and advanced reactors), allow for failure, bring intellectual experts together, and support effective collaboration
      1. Common theme, faciilties
      2. Excellent idea in any case.
      3. But if the reactor concept is new enough (e.g., unproven/unqualified fuel or materials), wouldn't a test reactor would be needed first? (This does not preclude the testbed, but should be part of the testbed.)
      4. There are several proposed facilities in this list that share a common theme.
      5. Great.  Grab the conventional, already-approved User Facility model, then pair it with a contract mechanism designed especially for this.  Take cues from the ACT team
      6. Don't forget university involvement.
      7. Should be located at a university with industry leadership and lab involvement-Several missions of DOE would use
      8. Can we define "Test Bed" that all industry can agree to? or define xx types of test bed.  Also, who will pay for these, including operation and maintenance?
      9. Not the design, but the requirements of the reactor should be driven by end user - utilities - to avoid design something that is never deployed
      10. Agree with the need to better define the attributes of a test bed.
      11. The end user is not always the utilities - for the reactors, probably yes, for other fuel cycle facilities, probably not.
      12. What might be useful is a large containment facility that we could rapidly cycle reactor ideas in and out of... so we can test different ideas without having to pay for the safety in each case.  Design a robust test site and license that.  (Or put it on the moon, where we can blow reactors up as much as we please.)
   2. Dry zero-power critical facility (possible lift table design)
      1. restart ZPPR?
      2. way too specific
      3. What would be the wide use for this facility?
      4. It's called the DOE's Nuclear Criticality Experiments Research Center (NCERC) located at the Device Assembly Facility (DAF) at the Nevada National Security Site (NNSS)....two general purpose vertical lift assemblies already exist.
      5. Given the advanced development of physics methods and the long list of historical experiments is this really a priority?
      6. too specific and limited
      7. If we're going to be this specific, then we should add TREAT restart (i.e., make sure the current restart efforts continue).
      8. perhaps one of many new types & flavors of test facility.
      9. this very task is designed to help identify the gaps, i believe all that could be identified would be pertinent
      10. Needs to be able to change material temperature over a wide range to assure obtain information on resonances and thermal scattering kernels, which is today mostly not available from critical facilities.
      11. This is a current gap that exists in the US and most of the world.  It could be used to provide testing facility for the NASA ceramic fuel through some temperature deviation tests.
   3. Missing: Ability to test/get data to validate models/simulations; Solution: A larger scale re-configurable testing platform that can be use to test materials, fuel, thermal hydraulics, irradiation, etc
      1. Common theme, facilities
      2. Multi-physics simulation capability needs data the most. Need the design to allow for such multi-physics validation experiments (with control and diagnostics of multiple physics at teh same time and same location)
      3. Instrumentation is key
      4. Fast flux should be a goal of this.
      5. Again, grab the User Facility model
      6. large scale electrically heated flow loops exist, we would need them to be adaptable to different coolants and configurations, but it is much easier to do experiments in these than in a reactor
      7. This was an original INL/NRTS strength.  Need to reinvigorate with test loops, CHF loop, etc.
      8. Really need well instrumented CHF facility since current instrumentation lacks data to support development of CFD based CHF prediction capability.
      9. How do we handle the amount of data this would generate?
      10. Need hot cells that can handle full fuel assembly
      11. Irradiation facility should be such that different thermal-hydraulic loops can be placed in-core and large enough to take fuel specimens larger than rodlets and fuel that was prior irradiated in a power reactor (commercial or prototype).
      12. This is probably a set of facilities
   4. Physical test facilities is a big gap; they allow for testing, verification, and validation and we don't have enough. Solution: expand NSUFs to extend beyond what we have. Further, developing additional facilities and creating international user facilities. This is related to an intellectual gap, because developing testing facilities requires people who know how to use test facilities. We don't have many of those.
      1. I would like to see these conducted at a university with industry and national lab involvement-
      2. Our current NSUFs technically *are* international user facilities.  International users can access them, but must fund on their own.
      3. Verification has nothing to do with test facilities, since it is to confirm coded up algorithm correctly (compare with analytic solution or use Method of Manufactured Solution) and order of convergence consistent with numerical analysis.
      4. the test facilities are to generate the data to confirm that codes are giving correct predictions
      5. No analytical solution exists for many of the problems which we are required to verify and or validate... how can we validate them unless we utilize experimental data.
      6. agreed.  this is similar to item #1 and reflect a common theme
      7. Agree, with access to fast neutrons
      8. I think the international piece can be coming together as an international community to build facilities around the world (sharing the burden) and allowing other to use what gets built (sharing the benefit)
      9. In particular, it is important to include both integral and separate effects thermal hydraulic testing facilities under the NSUF umbrella to provide for validation of the computational models that have been developed in the past 20 years (including CASL activities).
      10. Yes
      11. The NSUF model is great, particularly because so many facilities do not accept radioactive materials. There should be a national network of facilities for radioactive materials that provides similar capabilities to those available to all other branches of material science.
      12. It is important to develop user communities around each of the user facilities that are maintained or developed.  This was one of the strong successes that the original ATR National Scientific User Facilities concept delivered very well.
      13. Need to expand scope of the ATR NSUF beyond materials irradiations and PIE.
      14. ATR NSUF was successful at the beginning, but now is arguably so.  Lack of availability and cost prohibitiveness has limited its current usefulness
      15. With several parties using a facility, how will the IP be handled?
   5. Human resources gap (number and attributes of experts). Solution: (Funding support for) Development of modern curriculum for nuclear engineering with emphasis of leadership, social literacy, and innovation, such as Master of Engineering type program.
      1. the MEng program being referenced contains a leadership component
      2. Social literacy is a key...we must be able to speak the language of the stakeholder and adapt to the differences in this language when move between and among stakeholders.
      3. The gap exists outside nuclear engineering.  It's also in nuclear and radiochemistry and health physics.
      4. Radiochemistry should be included with the NE degree.
      5. NEUP should fund this, but has refused multiple times to include curriculum development in scope
      6. if you build it they will come.  no shortage of bright people - shortage of vision and direction.  where the funding goes so will the best and brightest
      7. Economic literacy is more important for curriculum than social literacy
      8. Policy emphases within NE degree programs at UIUC and TAMU can be used as a model.
      9. Graduates need a broader range of skills than pure STEM eg. arts, design
      10. The policy emphasis is great when the students go into a policy career. However, there are not enough policy jobs for all of them and they often struggle in a technical position
      11. Yes, MEng includes leadership component, but it seems that nuclear needs somewhat different types of "leadership" than other industries. More fundamental problems are observed in the gap between current university education and actual business enterprises. MEng students (and those interested in applying for it) often ask how MEng education helps them start enterprise in nuclear field.
      12. I cannot agree more with #6 comment.
      13. From an academic standpoint, it is difficult to pack more technical content (e.g. radiochemistry, social literacy, innovation) in to a degree program, without sacrificing the breadth of study (e.g. art, design, humanities).  Both sides are equally valuable to a degree program and to the skills of a graduate.
      14. Codes and Standards needs participation from new generation of engineers and technical leaders.
      15. I'm not sure the curriculum development effort from NRC (now defunct) really hit this need well.  we may need a new development/funding model.
      16. At the ME/MS level, the art, design, humanities is generally assumed to have been covered at the BS level.
      17. Training on decision making under large uncertainty (incomplete information), with sparse, marginally applicable data.
      18. Nuclear engineers and innovation used in the same sentence is a culture change that needs to be dramatic
   6. Key federal agencies (DOE (EM, NE, NNSA, SC), DHS, DOD, NSF.... need a coordinated strategy of investments in nuclear science to maintain the facilities, expertise and next generation workforces needed to meet our countries future nuclear science missions (both fundamental and applied). Build on Lab Commission report suggesting that the Federal Mission Executive Committee ( MEC) better coordinate for the greater good.
      1. Completely agree with this as a long term goal. Does it currently impede R&D
      2. this is great, and provides a figure-of-merit based approach to identify decision criterion for keeping or decommissioning facilities.
      3. DOE-NE needs more integration with DOE-SC, NSF, and DOD funded scientists and engineers.
      4. Agreed
      5. I agree. Everyone want to use radiological facilities or test beds but few want to pay to build or maintain the existing ( but dwindling) infrastructure.  In today's budget environment few federal agencies can afford to build new or support existing infrastructure on their won.
      6. Agree
      7. Agree
      8. agreed
   7. Facility for accelerated study of radiation damage (to accelerate development of improved materials) with in-situ examination of microstructure evolution-- to screen candidate materials, increase fundamental understanding of radiation damage, and enable predictive modeling and simulation.
      1. This is a key need in the DOE-NE complex.
      2. Should add differences from ATR and other currently available facilities
      3. Accelerated damage can be achieved with a fast spectrum (~10E16 fast flux would be ideal).
      4. Can this be done overseas?
      5. ATR and other reactors don't allow in-situ examination; idea here is to simulate damage with ion beams and interrogate them with synchrotron x-ray analysis 
      6. A lot of this is currently available, but not in a single, cohesive location.
      7. Technology does not yet fully enable a robust in-situ study of microstructure evolution -- there are severe limitations on dose rate, total fluence, sample geometry, material type that can be accommodated.
      8. There are a few key missing in-situ instruments, such as local strain, but in areas where these instruments are available, we have saved years of time by getting the data insitu rather than having to wait for post-irradiation exams
      9. ATR can achieve ~8 dpa per year - a factor of almost 3x less than other fast flux facilities. In other words, it will take at least 3x as long to achieve the same dose as some current facilities (e.g., BOR-60).
      10. THis needs more description.  HOw is it different than ATR?   Accelerators?  What type?  what type of data is being measured?  How?
   8. Knowledge preservation of corporate memory and lessons learned not well captured for industry/government - transfer to next generation is needed. Possible solutions: retirement interviews, teaching specific course segments
      1. This goes beyond the people...must extend from Manhattan project R&D to current R&D, test and qualification data. Also, storing and accessing the data need to be combined with 'smart' data mining and text translation.
      2. There is a clear loss of institutional knowledge as people retire.  Also, we have a large wealth of knowledge from the birth of nuclear power (50's and 60's) and much of that knowledge is gone and difficult to access.  It might make sense to modernize those records and reports to make the accessible to R&D today; e.g., searchable documents.
      3. The IAEA has a full unit working on "Knowledge Management". Also, this is not a problem unique to nuclear... it is happening in many other industries. Effective processes to manage institutional knowledge exist and are well known, but they need to be used to be successful.
      4. I'd say we also need knowledge transfer from early to late career. Late career folks still have plenty to contribute, and they could learn some new ideas from the younger employees as well.
      5. The best knowledge transfer program is working together so this could be re-characterized as a need for "hire in advance" funding for critical skills.
      6. The loss, or lack of transfer, of knowledge is occurring right now, even in the ongoing programs as new people come in and the experienced people are still working, not to mention the issue with the retirees.  There needs to be an emphasis on providing the time and funding for teaching the newer people what has already been learned, along with a place to store this information, including interviews with the experienced people.
      7. ESSENTIAL
      8. Would be interesting to keep that institutional knowledge across the labs.  Common Wiki pages to create consensus knowledge repositories?
      9. Although a lot can be captured in electronic form, what really counts for nuclear is long-term experience.  Reinstating pensions so there is more incentive for long-term employment may be a good step.
   9. Flexible multi-area / multi-concept demonstration facilities (small physical prototype), with improved coordination of DOE, industry, vendors, other government agencies to complete the R&D cycle. These include irradiation, digital I&C, hydraulics, materials, with the goal to improve predictive modeling, and inform decision making of experts
      1. agreed.  similar to #1 and #4 and represents a common theme.
   10. Support the teaching of nuclear science at the K-12 level to enhance the workforce pipeline.  This also includes support and mentoring for science fair projects.
      1. This could also help educate the public
      2. Very important!
      3. Move to undergraduate area, as HS is very compressed right now.
      4. Nuclear could be part of overall energy education at the K-12 level.
      5. Good Idea!
      6. presently underway in discrete locations throughout the nation, but this is stove-piped within communities and has no national effort backing it. I completely agree programatically (and possibly fiscally) supporting the nuclear sciences in the primary education system.
      7. National labs host day visits from local elementary and high schools. A nuclear component could be introduced.
      8. undergraduate is too late - we need to reach people early enough to really change their direction.
   11. incubator "swiss army knife" facility: prototype infrastructure at a DOE lab facility with multiple facilities in one place, PIE, security, licensing support, other infrastructure support so that private companies could build demonstration/prototype reactors.  This could become part of an international network of such facilities with international capability-sharing.  Must include materials irradiation and radiation chemistry.
      1. Radiation chemistry is now limited to two labs in the US, both of which support users and collaborations. To support nuclear development we need to sustain these facilities and train new people for industry and other labs.
      2. Integration of a vritual test network across CONUS and International borders.
      3. Facilities, common theme
      4. common theme - similar to several others.  perhaps several of these, e.g., numbers 1, 4, 9 and 11 should be combined
      5. I like the "swiss-army-knife" idea - others call it reconfigurable--- whatever you call it, it is needed.
   12. Providing funding for introducing bright and capable undergraduate students into research activities
      1. Too general, how would this be accomplished
      2. In addition to Office of Science WDTS programs at all the Labs there is the Nuclear Chemistry Summer School held in two locations. Other programs aimed at specific at workforce gaps would be useful.
      3. Would be good if it extended into a masters degree.
      4. NSF is always seeking pipeline/outreach activities for undergraduates, or even high school students.  Perhaps profs writing proposals to NSF could work this approach.
      5. Lab educational program offices are moving into graduate studies and DOE BES is targeting travel fellowships for grad student in targeted disciplines.
   13. Development of regulatory guidance for novel designs; and have increased Congressional funding appropriated to the NRC for advanced reactor design research and reviews
      1. Endorse this
      2. yep
      3. Regulators get involved late in the development process and have few resources (or inclination) to be involved earlier.  Perhaps there could be a part of NRC that helps develop regulatory ideas as technology is developed so people don't need to forecast the regulator disposition years in advance.
      4. agreed, but not sure this Infrastructure.
      5. Intellectual gap? Funding could allow NRC staff to investigate advanced designs.
   14. Facilities that would allow demonstration of integrated fuel cycle performance for recycle fuel cycles including a fast reactor, i.e., all parts of the fuel cycle represented to be able to show people what such fuel cycles can do.  This would  include developing the pathway for using foreign facilities in exchange for foreign access for the U.S. facility.
      1. Good idea
      2. This is a key need in the DOE-NE complex.
      3. Yes
   15. Technical:  New nuclear plants need new licensing regulations.  New licensing regulations require data.  Right now the current capabilities to generate the samples (research reactors) and analyze them (hot cells) are limited and often require considerable transport logistical challenges and high costs (often need international shipments too).  Intellectual:  Nuclear science and engineering needs to be prepared to accept input from non-STEM graduates and encourage Nuclear STEM graduates to broaden and diversify.
      1. very well written
      2. This would be addressed by facilities (common theme) and small-scale facility for non-thermal reactor + reprocessing
      3. Maybe Integrate the Licensing development with the R and D program itself.  Should result in more streamlined regulations.
         3.1. Interesting idea.
      4. Key
      5. How to handle the maount of data?
   16. New DOE contact mechanisms that improve the ability of private companies to get access to capability or real estate
      1. And access to industry test facilities by DOE R&D programs
      2. A thousand times "yes"
      3. definitely necessary - streamline the bureaucracy
      4. This has not really come to fruition with NuScale, which got just that
      5. Nuclear assets that exist should be collectively viewed as a "User Facility", and access to the capabilities should be through a common clearinghouse (one application process, one training process, etc.)
      6. And of course we can look to the process the ACT team at HQ & in Labs went through in order to establish a new type of contract mechanism.  This is very exciting
      7. This would be huge and would facilitate the development of research ideas and the ability for people outside the national labs to make their ideas relevant to the DOE's mission.  Also, it would help industry get new ideas from the national labs.
      8. Tech Transfer? CRADAs?
      9. Most important of the ideas
      10. Contract?
   17. Policy based incentive as part of clean energy mix  which broadens the recognition of nuclear (that would be reinvested into the nuclear energy sector)
      1. Interesting idea. The only obstacle is congress
      2. Vote the bums out
      3. Is this really an infrastructure gap?
      4. out of scope!
      5. Not an infrastructure or personnel gap
      6. policy fundamentally drives infrastructure
      7. Really important to overcome barriers e.g. capital cost of building new nuclear.
      8. This is more of a policy issue than an infrastructure issue.
      9. Technology neutral within the clean energy mix bracket is a good way to change perceptions of nuclear
      10. This is a gap in the policy / intellectual infrastructure
   18. A high performance (fast, high flux, multiple coolant test loops) test/user facility to enable technologies for high performance advanced reactors, coupled with advanced modeling and simulation.
      1. Similar to facilities, which is a common theme, BUT this specific idea would be required to show non-thermal operation and reprocessing, which would be huge!!
      2. These facilities are available outside of US, is there a strong need to have one here? (the answer may be yes!)
      3. Test Facility - absolutely needed, so this should be pursued, and then we can decide how flexible and capable the facility (or group of facilities) need to be.
      4. This is a key need in the DOE-NE complex.
      5. Agree
      6. The shortage is in fast neutrons.  We have thermal neutron test reactors.
      7. But the facility needs to be both available and not cost prohibitive
      8. Who pays for a facility like this when tests aren't being run?
      9. Important, but is that what we need to build an advanced reactor?
   19. Knowledge transfer vulnerabilities from late to early career (next generation) and the lack of hands on experience that new personnel don't have the benefit of (intuition development)
      1. I'd say we also need knowledge transfer from early to late career. Late career folks still have plenty to contribute, and they could learn some new ideas from the younger employees as well.
      2. Lack of facilities for people to work at amplifies the "lack of hands on experience" problem
      3. Willingness to adopt more safety risk (yet mitigate hazards and control exposure) for early career researchers to perform the higher risk-high payoff-high consequence R&D
      4. Knowledge transfer is important, but experience is essential. It's one thing to read about plutonium in a book or hear about how someone else worked with it and it's another thing to work with it.
      5. Both grab old to young and young to old.  Let's set up knowledge transfer / sharing capabilities.  This is at the heart of STEM.
      6. Collaborative projects between early and late career staff by design could do much to foster knowledge transfer and alternate ways of exchnging skills and ways of looking at work.
      7. Nuclear industry has been debating knowledge transfer for 15+ years!
   20. Post irradiation examination facilities with characterization equipment for analyzing highly radioactive materials.  Some facilities are available but they need to be kept up and facilities upgraded as characterization equipment advances.
      1. and need to be much cheaper to use
      2. Broader support of facilities across the country - not just pointed states
      3. This is important for evaluating and qualifying advanced materials for retrofit in existing reactors as well as use in advanced reactor designs.
      4. ho-hum
      5. One of a number of facility types that would be useful.  I think we should keep comments constructive, Mr. Ho-Hum
      6. There may be issues on understanding access as currently there are user facility interface mechanisms where all cost is borne by the federal government
      7. upgrading of these aging facilities is important. Many hot labs do not have the tools to perform state of art analytical tasks.
      8. Standardized sample holders would also be useful
      9. This one should be combined with other items regarding the needs for nuclear research facilities.
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		Rank
	RANK THIS LIST ACCORDING TO  WHICH WOULD BENEFIT THE MOST FROM A FASTER AND CHEAPER RD&D PARADIGM
	Score
	Avg.Rank
	Std.Dev

	1
	Reduced electricity generation cost with emphasis on capital cost reduction
	5.05
	1.95
	1.32

	2
	Enhanced safety and security
	4.02
	2.98
	1.31

	3
	Improved resource and waste management
	4.02
	2.98
	1.53

	4
	Better integration with a dynamic grid with large input from renewable energy
	3.79
	3.21
	1.38

	5
	Reduced environmental impact
	2.56
	4.44
	1.05

	6
	Reduced proliferation risk
	1.55
	5.45
	1.0




	


	Comments

Reduced electricity generation cost with emphasis on capital cost reduction
1. Research that drives down cost matters.
2. While it matters, would it benefit the most from faster RD&D
3. Need to advance value/cost for energy, and improve capital investment proposition.  The opportunity is broader than just reducing electrical generation cost (based upon LCOE) and reducing magnitude of investment (timeline to ROI is important, for example).
4. Except, the socio-political discussion needs to first define the direction.

Better integration with a dynamic grid with large input from renewable energy
1. Seen a lot of discussion on Twitter about whether there should be an assumption that there will be a large input from renewable energy.
2. There is a giant white space left blank from the absence of our industry working with "them"

Enhanced safety and security

Reduced environmental impact

Reduced proliferation risk
1. This is much more a policy issue.

Improved resource and waste management
1. We need an immediate plan for waste (i.e. reprocessing and/or long term storage)
2. There are technical solutions for SNF/UNF - the challenges are socio-political.
3. Yes, but with more R&D we would have to face the socio-political challenges
4. Need to advance value/cost for energy, and improve capital investment proposition.  The opportunity is broader than just reducing electrical generation cost (based upon LCOE) and reducing magnitude of investment (timeline to ROI is important, for example).







		Rank
	RANK THIS LIST ACCORDING TO  WHICH WOULD BENEFIT THE MOST FROM A FASTER AND CHEAPER RD&D PARADIGM
	Std.
Dev
	1
	2
	3
	4
	5
	6

	1
	Reduced electricity generation cost with emphasis on capital cost reduction
	1.32
	51
	16
	18
	3
	2
	4

	2
	Enhanced safety and security
	1.31
	13
	25
	22
	22
	9
	3

	3
	Improved resource and waste management
	1.53
	18
	23
	21
	16
	7
	9

	4
	Better integration with a dynamic grid with large input from renewable energy
	1.38
	10
	24
	20
	20
	16
	4

	5
	Reduced environmental impact
	1.05
	1
	5
	9
	26
	43
	10

	6
	Reduced proliferation risk
	1.0
	1
	1
	4
	7
	17
	64
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Qualitative Feedback
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1. Discussions
   1. Our group was much more interactive today and collaboratively developed interesting responses.
   2. Table discussions more useful and meaningful than the speed dating process we used yesterday
   3. Need more time to comment on the "TOP 3"s.
   4. The 70 point exercises were much more interesting today.
   5. It became more fun once we worked out our own 'rules'
   6. Group discussions were better than 70 points - fostered more discussion
   7. Having table discussions to prioritize our ideas was much more productive than the 70 point yesterday.  Thanks for adapting.
   8. Table discussions more useful and meaningful than the speed dating process we used yesterday
   9. agreed group discussions are better than 70 point exercise.
   10. I think further discussion and clarification on some of the questions prior to developing answers or voting would have been helpful
   11. It has worked better without the 70 pt scoring system.
   12. group discussion is a better way to go.
   13. 70 point exercise losing "steam" and purpose.After a few of these - just encourage table discussion to surface ideas.
   14. a few things are a little unclear; it would also be helpful to have the full questions displayed when we're answering things (sometimes only truncated versions are displayed)
   15. Why do we do some speed dating and some consensus work?
   16. The 70 point system can be gamed
   17. I think that the 70 point exercise is a very valuable tool to approach a group decision.  It reaches a reasonable set of items to move forward very effectively.
   18. The 70 point model does not seem to work. Table and full location discussions seem to be much more interesting and productive
   19. I felt that the 70 point events were not as valuable as the discussions at the tables.  The points were split and then good ideas could not reach high points.
   20. With respect to using the blue cards to get input on ideas.  I suggest that we get our scores first by talking to others and then put our ideas in.  Then, when we are discussing our ideas, we can consolidate ideas if they are similar.
   21. The group discussion was very interesting.
   22. I think we need to change the color of the blue cards (maybe green for nuclear)
   23. Table discussions more useful and meaningful than the speed dating process we used yesterday
   24. I would be a lot more sparing with the 70 point option. It's competitive, it limits the chance to merge related ideas into better ones. Modifications to that felt more productive today here in NM
   25. The 70-point technique is limited by those who use it to promote their agendas regardless of the quality of their ideas
   26. 3 is just a suggestion...Kinda like speed limits!
   27. Relaxation of the meaning of "3" is a fundamental innovation. Many downstream implications. So say both of us

2. Questions
   1. making sure the question is really clear before having us answer would be helpful
   2. we are slicing and dicing these issues too many ways
   3. Seems people were more critical of the ideas and comments today.  I wonder why?
   4. Some questions were rather confusing.
   5. I think we ranked the goals too many times.  Perhaps one ranking on the last day may be better.
   6. Having the questions out of order in the morning made things fairly confusing.
   7. Some of the topics seem too generic to generate anything more than the most obvious answers.
   8. the scoring system we have been using does not really help us converge on the overall importance of some of the issues
   9. Have a default abstain option for every ballot item so partial ballots can still be valid.
   10. It would be useful to have more extensive description of the questions and input requested, to reduce the "outlier" answers
   11. The 6 innovations that we ranked against were not well defined and interpreted differently by different people.  Some initial discussion on those, and possibly some group modifications of them, would have made this more useful
   12. It seemed like it would be better to rate ideas based on feasibility and impact, BEFORE rating on innovation.  Putting innovation first could preclude any ideas that actually *work* from making the final cut/downselection.
   13. I think you can rank all three together, or simply don't downselect to the top 10.
   14. Some of catagories for ranking do not make sense for some of the items being ranked. An NA ranking should be added.
   15. Statistically, there is no difference between the best and worst ideas
   16. Some ideas/items were very similar.  Some consolidation would have made the ranking more useful
   17. I can live with and support the 70 point system.
   18. The question that included magnitude and ease of implementation & safety margin was impossible even after the safety margin portion was dropped.  The definitions should be reworked and the question reasked.  I did not vote because one could envision something that did little to close the gap but would be easy to implement!  This would give a high number but would be of little value.
   19. Using the degree of innovation as the screening criterion before evaluating feasibility ends up ensuring that only high risk/ high reward idea end up getting scored on feasibility
   20. Consider tailoring goals for the different focus areas - most of the ranking seems to end up in the same way.
   21. the multiple times we have voted on ranking the innovation goals with only subtle differences in the questions likely results in very little new information
   22. The goal ranking was confusing... I think the distinctions between why we were doing the rankings/the difference in criteria were not sufficiently clear.

3. Process
   1. Today's session was more interesting than yesterday's.
   2. I am grateful for the collaborative attitude.
   3. We are doing a better job of integrating ideas into logical pieces that paint an integrated story, but we would benefit by more time.
   4. Recognizing that innovation is the point of the workshop, I think that it is worth keeping in mind that innovation is a means to and end and not the goal on its own terms. One way to maximize innovation is to start from a very expensive starting point but the net effect might not result in commercial success.
   5. It is good organization.
   6. Some time periods were too short for effective ranking
   7. When ranking, ask how good you think the current posture is.  For example, it would be interesting to know if people think that the safety posture is great, as that might explain why they rank it low for the impact of innovation.
   8. Tuesday was substantially better than Monday. On Monday we seemed to have a lot of "wait time" and then there was not enough time to discuss. Today was better.
   9. I found today to be a little more impenetrable than yesterday, honestly.
   10. elmo
   11. I think having a mix of technical, policy, and administrative people in the room has been very effective...the discussions took on a breadth I didn't expect.
   12. It would be interesting to have answers to one question developed at one location and then evaluated and critiqued at another, rather than having all 6 locations do each and every topic.
   13. Struggling a little with measuring innovation as opposed to goodness of an idea. Many of the ideas put forward are not new but are good. And vice versa.
   14. This quick identification of ideas, lacks a place for specific technology suggestions (not just a whole reactor but also pieces of reactors or fuel cycle facilities).  Need some of those innovations as well.
   15. Grumpy attitudes should be re-aligned.  Know that people will hear you if you deliver your comments in a constructive manner
      15.1. But being snarky and anonymous is my right!
      15.2. I know it's a joke, but there was a bit of the Youtube commenter syndrome.
   16. No questions or rankings yet focused on regional differences.
   17. A lot of the results we have achieved are very similar to things that have been generated before.  Does that mean we have innovated?
   18. remember that we didn't go to the moon in one shot. We used Mercury, Gemini, and Apollo mission.
   19. Very interesting ideas and I am so glad I was able to come.
   20. I actually like having the parallel sites providing input - first time I have done this and it feels like a success.
   21. Day 2 felt a bit better than 1. I think everyone will get better at this. This has been excellent, the results should be valued. It should also be treated as something of a pilot of a process that needs to be repeated and we can be confident it will improve.

4. Next Steps
   1. I think it would be useful to have an explanation of how the information the groups have been provided will be processed
   2. Will there be similar workshops with non-expert people? Such workshops with people outside of the nuclear community would be complimentary with this workshop.  It is particularly interesting to know what the public wants and considers as innovations.
   3. People really want and need to know next steps in this effort, and be able to go back to their organizations and convey the value of having participated.
   4. We do plan on smaller focussed discussions on topics following these workshops.
   5. It would be interesting to have a venue for follow-up discussion.
   6. We can probably find a minute or two to brief on this.  It will feed into a report that will include a set of recommendations to DOE-NE that reflect the results.
   7. It would be helpful to the participants to explain how this information will be captured and used by NE, perhaps at some point during the last day.
   8. What is planned follow-up to these workshops?
   9. It would be good if we were briefed tomorrow on how all of this information will be processed and implemented upon
   10. I hope there will be follow-up on the policy stuff
   11. I'm impressed/excited at the knowledge of how much diverse input has been cached in this process and will be tomorrow. It will take some clean up, but a good analyst will be able to bring some strong outcomes from this.

5. Other
   1. I highly recommend using a Like button for comments.
   2. Facilitators are not supposed to comment
   3. Thanks to our Albuquerque hosts!
   4. We have the very best facilitator in Boise!
   5. Thank you to our Oregon State Hosts
   6. Why do other locations think Top 3 includes >3?
   7. The think tank process is cool though its the first time for many of us.  The Albuquerque facilitator did a great job.
   8. We have the very best facilitator in Raleigh.
   9. Need to mix up the top 3 so they are not always in the same order as the 1-6 locations when they are combined
   10. Will we be able to access information (to see it later) after the workshop is over?
   11. The cocktail parties in Boise are the best
   12. Yes, I'll jump in and say Jody in Boise has done a great job herding this cantankerous group of cats.
   13. Marsha and LaNay did a great job!
   14. Above freezing in Boston, lots of swimwear!
   15. We should do this next time as a giant game of Risk.
   16. there is no defined RD in D OE to reduce capital cost of generation.   I see no logic for it to be continually ranked as number one benefit of RD&D.
   17. Over 2 million impressions on Twitter over the last two days as people have been paying attention to your discussions.  Thanks All.
   18. Do we research until we know all the answers or move ahead and build upon what we know?
   19. Great job on sox media!  All should check out #nukeinnovation
   20. Need something like a big project (Like a Molten Salt Reactor Project) with the goal of bringing it to commercialization.  Integrate the Regulatory Effort.  Make it POSSIBLE on all fronts.  This will revive the Nuclear Industry.
   21. Weather in Raleigh is great (71 F).
   22. We would like to thank our MIT facilitators for an excellent job!
   23. a game changer could be an outcome of a review of ALARA and underlying LNT.
   24. A review of LNT would be a good outcome.
   25. 2 million impressions for #nukeinnovation on twitter. NBD.
   26. Intersperse some questions that are outside of the Nuclear field.  It would be interesting to see how the assembled group views, say, innovation impacts in the airline industry.
   27. You know what would be so fun if we had the bandwidth? Live, real time video from everywhere to everywhere, just silent broadcasts, with cameras to wave at each other. That would be way cool.
   28. I agree with this, there was a little disconnect with the partner university contributions.
   29. The think tank process is cool though its the first time for many of us.  The Albuquerque facilitator did a great job.
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